
Date:  31/3/2017 

ang Bo 

/2) 

i 	Signature: 

r)--N Cc.), 

CEO of 

Pak Matiari-Lahore Transmission Company (Private) Limited 

dress: No.177-A, Street-6, DHA, Lahore, Pakistan 

: +92-42-3574 6855 	Fax: +92-42- 3574 6869 

Pak Matiari-Lahore Transmission Company (PriOate) Limited 

The Registrar, 
National Electric Power Regulatory Authority. 

NEPRA Tower Attaturk Avenue (East), Sector G-5/l, Islamabad. 

Subject: Application for Special Purpose Transmission License (Original) 

I, Wang Bo, being the duly authorized representative of the Pak Matiari-Lahore 

Transmission Company (Private) Limited by 	virtue 	of Board 	Resolution 

dated February 7th 2017, hereby apply to the National Electric Power Regulatory 
Authority for the grant of a Special Purpose Transmission License to the Pak 

Matiari-Lahore Transmission Company (Private) Limited, pursuant to Section 19 of 

the Regulation of Generation, Transmission and Distribution of Electric Power Act, 
1997. 

I certify that the documents-in-support attached with this application are prepared and 

submitted in confoimity with the provisions of the National Electric Power 
Regulatory Authority Licensing (Application and Modification Procedure) 

Regulations, 1999, and undertake to abide by the terms and provisions of the 

above-said regulations. I 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. 

A [Demand Draft/ Pay Order] in the sum of Rupees [ 2 '2- , I 5-6 – ], being the 

non-refundable license application fee calculated in accordance with Schedule II to 

the National Electric Power Regulatory Authority Licensing (Application and 

Modification Procedure) Regulations, 1999, is also attached herewith. 
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CHINA ELECTRIC POWER EQUIPMENT AND TECHNOLOGY CO.,LTD. 

30th  March 2017 
The Registrar, 
National Electric Power Regulatory Authority. 
NEPRA Tower Attaturk Avenue (East), Sector G-5/1, Islamabad. 

Declaration for the Qualified Applicant 
On 27th  March, 2017, China Electric Power Equipment and Technology Company 
Limited ("CET" or the "Sponsor"), as the sponsor for ± 660kV HVDC 
Matiari-Lahore approximately 878 km Transmission Line Project (the "Project"), was 
granted the Letter of Intent (the "LOT") dated 27' March 
2017(No.1(102)PPIB-A001/17/PRJ/0-48576) for the Project by Private Power & 
Infrastructure Board ("PPM") . 
Pursuant to the LOI, CET is required to submit, within one (1) month from the date of 
issuance of the LOI, petitions before National Electric Power Regulatory Authority 
("NEPRA") for the approval of tariff (the "Tariff Approval") and for grant of special 
purpose transmission license (the -Transmission License") under Regulation of 
Generation, Transmission and Distribution of Electric Power Act 1997. 
Pak Matiari-Lahore Transmission Company (Private) Limited (the "Project 
Company") has been incorporated dated 16th  September 2015 (Corporate Universal 
Identification No.0095286, issued by Securities and Exchange Commission of 
Pakistan) under the Companies Ordinance, 1984 to act as a special purpose vehicle to 
undertake the Project, which is under actual control of CET as explained below. The 
Project Company will act as the qualified applicant for the Tariff Approval and 
Transmission License for the Project pursuant to the LOI. 

Investment and share-holding structure of the Project Company is as follow: 
State Grid International Engineering Limited, as a wholly-owned subsidiary of the 
Sponsor, is duly incorporated under the laws of Hong Kong. Zhong Cheng Xin 
International Limited and Zhong Zhuo Yue International Limited, shareholders of 
sixty-ninety point ninety-eight percent (69.98%) and thirty percent (30%) of the total 
shares of the Project Company respectively, are wholly-owned subsidiaries of State 
Grid International Engineering Limited. Furthermore, Mr. Wang Bo and Geng Jialing, 
directors of the Project Company, respectively hold one (1) share of the Project 
Company. 
Based on the above, we hereby declare that Pak Matiari-Lahore Transmission 
Company (Private) Limited, as the executor for the Project and contracting party of 
main transaction documents of the Project, will submit the petitions for the Tariff 
Approval and Transmission License as the qualified applicant and take full 
responsibility to the above applications. 

Attachment 1:Share-holding structure chart 
Attachment 2:Certification of incorporation and other supporting documents 

Yours Sincerely, 

Jia Zhiqiang 
General Manager of 

China Electric Power Equipment and Technology Company Limited 

c13131IttlittAtrAlsV.kfil 
CHINA =scram POWER EQUIPMENT AND TECHNOLOGY CO-LTD. 

ZS .61-3 100052  
Du Cheng Building, No.8, Nanheng East Street, Xicheng District. Beijing 100052, China 

Tic /Tel 86-10-63412099 	%A/Fax 86-10-63412040 

(qt.E.t http: / /www.cet.sgcc.com.cn  



Pak Matiari-Lahore Transmission Company (Private) Limited 
EV0121 U*RI-V-i. AMIkitA 1=1 

RESOLUTION OF BOARD OF DIRECTORS 

Board of Directors of Pak Matiari-Lahore Transmission Company (Pvt) Limited hereby make 
that the following resolutions in the board meeting held on February 7th,2017. 
RESOLVED THAT Pak Matiari-Lahore Transmission Company (Pvt) Limited (a company 
incorporated under the laws of Pakistan with its registered office located at House No.177- 
A,Street No.6,Phase-A,D.H.A, Lahore, Pakistan), Pakistan. Pak Matiari-Lahore Transmission 
Company (Pvt) Limited is hereby authorized to file application for the grant of Special 
Purpose Transmission License for submission at National Electric Power Regulatory 
Authority (NEPRA) in respect of its ±660kV 878 km HVDC Transmission Project(the 
Project) and in relation thereto, enter into and execute all required documents, make all 
fillings and pay all applicable fees, in each case, of any nature whatsoever as required. 
FURTHER RESOLVED THAT in respect of application for the Grant of Special Purpose 
Transmission License(including any modification to the application for the Grant of Special 
Purpose Transmission License) for submission to National Electric Power Regulatory 
Authority, Mr. Wang Bo as Chief Executive Officer be and hereby empowered and 

authorized for and on behalf of the Company to: 

(i) review,execute,submit and deliver the Special Purpose Transmission License 
Application (including any modification to the application for the Grant of Special 
Purpose Transmission License) and related documentation required by National Electric 
Power Regulatory Authority,including any contracts,documents,power of attorney, 

affidavits,statements,letters,forms,applications,deeds,guarantees,undertakings,approvals,  

memoranda,amendments,letters,communications,notices,certificates,requests,statements,  

and any other instruments of any nature whatsoever; 

(ii) sign and execute necessary documentations, pay the necessary fees, appear before the 
Electric Power Regulatory Authority as needed, and do all acts necessary for completion 
and processing of the Special Purpose Transmission License Application(including any 
modification to the application for the Grant of Special Purpose Transmission License); 
(iii)do all such acts, matters and things as may be necessary for carrying out the purposes 

aforesaid and giving full effect to the above resolutions/resolution. 
AND FURTHER RESOLVED THAT Mr. Wang Bo as Chief Executive Officer be and is 
hereby authorized to delegate all or any of the above powers in respect of the foregoing to any 

other officials of the Company as deemed appropriate. 

Board of Directors 
Pak Matiari-Lahore Transmission Company (Pvt) Limited 

Signature: 

Yang Wenyu 

Address: No.177-A, Street-6, DHA, Lahore, Pakistan 
Tel: +92-42-3574 6855 	Fax: +92-42- 3574 6869 
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CXCHANIGL LOMMIS51ON IaF=  PAKI'STAN 

ANN" IIECISTRAhlul8 OFFICE., LAHORE 

CERTIFICATE OF INCORPORATION 

uI the Compailica Ottlithince 198-1 (XLV ot 

'orporate Universal Identification Nikr.(1095286 

hereby eertify that 	PAK NIATIARJ-LAHORE 

TRANSMISSION COMPANY - (PRIVATE) 1-1MITE1) 	is this (lay 

ineutportited tinier the Coinnailles Ordinanee, 1984 (XLVII of 1(1184) and that the 

ekantene, is Limited 	Shares. 

(liven kind ink hand at Lahore this Sixteenth de kit Septembers  I 

Thousand kind Fifteen 

(11;titf/A1r 

-Addition tl Registrar 

No.AP,Ll - 	 DATED: 16-119-2015  



c`(\:\14 THE COMPANIES ORDINANCE, 1984 

(COMPANY LIMITED BY SHARES) 

MEMORANDUM OF' ASSOCIATION OF 

PAK MATIARI-LAIIORE TRANSMISSION COMPANY (PVT.) LIMITED 

o 
	

`"ore 0 \ 

I. The name of the Company is PAK MATIARI-LAHORE TRANSMISSION COMPANY (P\.-I 	TMIT.E 

	

••, 	iS 
CD 1) 

'Fhe objective for which the Company,  is established will he all or any of the followings: 	 411,7  

1 	To carry on in Pakistan or abroad the business of design, engineering, construction, commission, ow 	tipiruarn 	ent. control, 

operation and maintenance of electricity facilities including transmission lines, electrical transmission face electrical circuits. 
converter stations, transmission towers, transformers and sub-stations, the movement and delivery of electric power, distribution and 
transmission activities and business. interconnection services and facilities and the matters connected therewith and incidental thereto 

subject to permission from NEPRA/other regulators authorities. 

2 	To earn on, manage, supervise and control the business of transmitting, manufacturing, supplying, distributing and dealing in electricity 

and all forms of energy and power generated b∎  any source, including but not limited to coal, oil, gas. bagasse. biomass, hvdel or tidal, 

water, wind, solar. hydrocarbon fuel or any other form. kind or description of renewable or non-renewable resources. subject to approval 

from NEPRAlother relevant authorities. 

3 	To carry on in Pakistan or abroad the business of designing. engineering, constructing, establishing. commissioning, setting up. operating 
and maintaining electric power transmission systems/networks, power systems for transmission, trading or supply of power through 
establishing or using stations, tie-lines, converter stations, sub-stations and transmission lines and any other electricity transmission 

facilities in any manner, including build, own and transfer (SOT), and/or build, own and operate (BOO) and/or build, own, lease and 

transfer (BOLT) and/or build, own, operate and transfer (BOOT) basis or otherwise and to acquire in any manner power transmission 

systems/networks, power systems, tie-lines, sub-stations converter stations, transmission systems and any other electricity transmission 

facilities from relevant regulator including NEPRA, distribution companies and transmission companies utilities, generating companies. 
Federal Government or Provincial Government Undertakings, other local authorities or statutory bodies. other captive power producers. 

II. The Registered Office of the Company will he situated in the Province of Punjab. 



new- captive power producers, small power producers, isolated generating companies, independent distribution companies, andlor 
independent power producers and distributors and to do all the ancillary, related or connected activities as may be considered necessary 
or beneficial or desirable for or along with any or all of the aforesaid purposes which can be conveniently carried on these systems, 
networks or platforms subject to approval from relevant authorities. 

4 	To plan, develop, establish, erect, construct, acquire, operate, run, manage, hire, take on lease, buy, sell, maintain, enlarge, alter, renovate, 

modernize, work and use power system networks of all types including high voltage direct current (HVDC), ultra-high voltage (UHV), 
extra-high voltage (EFIV), high voltage (1-1-V), medium voltage (MV) and low voltage (LV) lines and associated stations, converter 
stations, sub- stations, transmission and distribution centers, systems and networks and to lay cables, wires, accumulators. plants, motors, 

meters, apparatus, computers, telecommunication and telemetering equipment and other materials connected with generation, 
transmission, distribution. supply and other ancillary activities relating to the electrical power and to undertake for and on behalf of 
others all these activities in any manner subject to approval from relevant authorities. 

5 	To carry on all or any of the businesses of purchasing, importing, transforming, converting, supplying, exporting and dealing in 
electricity and all other forms of energy and products or services associated therewith and of promoting the conservation and efficient 
use of electricity and to perform all other acts which are necessary or incidental to the business of electricity transmission and supply 
subject to approval from relevant authorities. 

.6.°  
(b I 
* + 

7 	To carry on all or any of the businesses of wholesalers, retailers, traders, importers, exporters, suppliers, distribli`eX-,,ag.ilhers s 
.. 	.- 

developers, manufacturers, installer, filters, testers, repairers. maintainers, contractors, constructors, operators. 	 a2e11,:-. 
reconditioners, improvers, alterers, protectors, removers, hirers, replacers, importers and exporters of and dealers in, electrical appliances, 

users:---_. ,.a.-aa.  ,;..stecsc,„- 

systems, products and services used for energy conservation, equipment, machinery, materials and installations, including but not limited 
to cables, wires, meters. pylons, tracks, rails, pipelines and any other plant, apparatus equipment. systems and things incidental to the 
efficient generation, procurement, transformation, supply and distribution of electricity. 

8 	
To ascertain the tariff for bulk supply that will secure recovery of operating costs, interest charges and depreciation of assets, redemption 
at due time of loans other than those covered by depreciation, expansion projects, payment of taxes, and reasonable return on investment. 
to quote the tariff to bulk purchasers of electrical power, and to prefer petition to the appropriate authority for approval of the schedule of 
tariff and of adjustments or increases in its bulk supply tariff, where desirable or necessary. 

6 	To locate, establish, construct, equip, operate, use, manage and maintain power grid station, transforming, switch in . 
transmission facilities, grid stations, converter stations, cables, overhead lines, sub- stations, switching stations, tun 
link boxes, heat pumps, plant and equipment for combined heat and power schemes, offices, computer centers 
machines for pre-payment cards and other devices, showrooms, depots, factories, workshops, plants, printing faciliti 
other storage facilities subject to approval from NEPRAIrelevant authorities. 



9 	To carry on or undertake in Pakistan and/or elsewhere the business to market, import, export, buy, sell, resale. research and to act as 
agent, broker, supplier, contractor, consultant, engineer, collaborator or otherwise to deal in all types of plants. machineries, equipment, 

components, instruments. parts. fittings, accessories. implements systems, devices used in electrical and electronics industry. 

10 For the purposes of achieving the above objectives, the Company is authorized: 

(a) 	to purchase, import or otherwise deal with any raw materials, equipment, facilities, machinery and allied items required in connection 

thereto in any manner the Company may think fit from any market whether in Pakistan or any part of the world: 

(h) to acquire or obtain for use, whether by purchase, take on lease, concession, grant, hire or otherwise. from a government department. a 
private owner or from any company, body corporate or other entity. properties. assets and undertakings, including but not limited to 

land and right of way: 

(c) to prepare feasibilities and to conduct surveys and studies for transmission line projects or any other enaineering,, electrical, 

mechanical and allied project; 

to expand, upgrade or restore the transmission line projects or any other engineering, electrical, mechanical and al Hied- 

(e) 	to own. establish or have and maintain shops. branches and agencies all over Pakistan or elsewhere for sale air9ristributio,a cYfitalPf •.- 

/ 

wires, meters, pylons, tracks, rails, pipelines and any other plan:, apparatus equipment, systems and things ziden'fdr.16
• 
 thets-'ficie 

generation, procurement.. transformation, supply and distribution of electricity, 	
•  

to make known and give publicity to the business and products of the Company by such rneans as the Compa 

to purchase, acquire. protect, renew, improve, use and sell, whether in Pakistan or elsewhere any patent, 
protection or concession which may appear advantageous or useful to the Company for running the business; 

to pay all costs, charges and expenses. if any. incidental to the promotion, formation, registration and establishment of the Company: 

to purchase, hold and get redeemed shares, debentures, bonds of any business, company, financial institution or any Government 

institutions but not to act as an investment company; 

to apply for tender, offer, accept, purchase or otherwise acquire any contracts and concession for or in relation to the projection, 
execution, carrying out, improvements, management, administrations or control of works and conveniences and undertake, execute. 

carryout. dispose of or otherwise turn to account the same: 

(r) 

(g) 

(h)  

(i)  



connection v ith or secured under entry of any certificate of trade- marks or otherwise, and to use, exercise, develop and grant licenses in 
respect of or otherwise turn to account any such trade-marks, copyrights, patents, licenses, processes and the like or any such property or 
rights, necessary or incidental thereto. 

13 To construct, erect and build structures and buildings including, but without prejudice to the generality of the foregoing, factories, 
warehouses, workshops, offices, sheds, dwellings. stores and any other works or convenience which may seem directly or indirectly 
conducive to any of the objects of the Company. 

14 To buy, sell, manufacture, store, repair, alter, improve, exchange, hire, import, export and deal in all factories, works, plant, machinerv, 
tools, utensils, aircraft, vehicles, appliances, apparatus. products, materials, substances, articles and things capable of being used in any 
business which the Company is competent to carry on or required by any customers of or persons dealing with the Company or 
commonly dealt with by persons engaged in any such business or which may seem capable of being profitably dealt with in connection 
therewith and to manufacture, experiment with, render marketable and deal in all products of residue and by-products incidental or 
obtained in any of the business carried on b> the Company. 

16 To construct and provide or otherwise acquire. whether by purchase, take on lease or otherwise, residenti 
engaged in the business of the Company. 

17 To purchase or otherwise acquire and undertake the whole or any part of the business, property, assets and ha 
body or company carrying on any business which the Company is authorized to carry on. or possessed of 
purpose of the Company. 

18 To support and subscribe to any charitable or public object, and any institution, society or club which may be for the benefit of the 
Company or its employees or may be connected with any town or place where the Company carries on business. 

19 To enter into any arrangement and to take all necessary or proper steps with the Government of Pakistan, and, with the approval of the 
Government of Pakistan (if required), with any provincial government or foreigm government or public authority, local, municipal or 
otherwise or with any corporation or private persons or all or any of these for the purposes of directly or indirectly carrying out the 
objects of the Company or effecting any modification in the constitution of the Company or furthering the interests of the Company and 
to oppose any such steps taken by any other authority, firm or person which the Company considers likely, directly or indirectly, to 
prejudice its interests, and to obtain from any such governmental or other public authority any charters, contracts, decrees, rights, grants, 
loans, subsidies, privileges, concessions, indemnities, sanctions or consents as the Company ma` think proper. 

/ 
o" 	 , 

15 To sell, exchange or mortgage all or any of the property of the Company and to grant licenses, easements, opl,goicg or othsj,.1,iftbk,8,0 the 
same and to accept such consideration as my he thought fit for the same. 



20 To enter into partnership or into any arrangement for sharing profits, union of interest. co-operation, joint venture, reciprocal concession 
or amalgamation with any person or Company carrying on or engaged in , or about to carry.' on or engaged in any business or transaction 
which this Company is authorized to carry on or engaged in . or any business or transaction capable of being conducted which may, 
directly or indirectly, benefit this Company. and to guarantee the contracts of, or otherwise assist, any such person or company, and to 
take or otherwise acquire shares and securities of any such Company, and to sell, hold, re-issue with or without guarantee, or otherwise 

deal with the same. 

21 To sell or otherwise dispose of the whole or any part of the undertaking of the Company for such consideration as the Company may 

think fit, and in particu. lar for shares, debentures or securities of an company purchasing the same. 

 ,,,,-------------. - 
22 To open bank accounts either in local or foreign currency with any local. foreign banks and financial institutions-aittli, d2*-„w'ithdraw 

 _ -a,st,, 	. 
money from such account or accounts and accept, discount, endorse, execute or negotiate and issue chequAromissom5Bortx: ills of 
exchange, bills of lading and other negotiable instruments as required by the bank(s) and financial ins .ittitions Jotlle,bAef9, 	the 

Company's business. 	 r 
 

Zi 

23 To expend money in experimenting on and testing and in improving or seeking to improve any patents, Irkghtventic->rts; 	* scoN(9  ics, 
,. 	. 

processes or information of the Company or which the Company may acquire or propose to acquire. 	 ..., 

24 To form. incorporate or promote any company or companies whether in Pakistan or in any foreign countn,.,trig,aLoagrg.t. , „, or their 

objects the acquisition of all or any of the assets or control, management or development of the Company or any 	cts or object 

which in the opinion of the Company could or might directly or indirectly assist the Company in the management of its business or the 
development of its properties or otherwise prove advantageous to the Company and to pay all or any of the costs and expenses incurred 
in •connection with any such promotion or incorporation and to remunerate any person or company in any manner it shall think fit for 
services rendered or to he rendered in obtaining subscriptions for or placing or assisting to place or to obtain subscription for or for 
guaranteeing the subscription of or the placing of any share in the capital of the Company or any bonds, debentures, obligations or 
securities of any other company held or owned by the Company or in which the Company may have an interest or the promotion or 
formation of any other company in which the Company may have an interest subject to prior permission of the Federal Government. 

25 To take or otherwise acquire and hold shares, stock, debentures, debenture-stock and other securities whether convertible into shares, to 
acquire and undertake the whole or any part of the shares, business, property or liabilities of any other company having objects altogether 
or in part similar to those of the Company or carrying on any business capable of being conducted so as directly or indirectly to benefit 

the Company. 

26 To pay any premiums or salaries and to pay for any property rights or privilege acquired by the Company or for services rendered in 
connection with the promotion of the objects or the business of the Company or in connection with the acquisition of any property, rights 

6 



or privileges for the Company or otherwise howsoever, either wholly or partially in cash or in shares, bonds, debentures or other 
securities of the Company and to issue any shares, bonds, debentures or other securities, and to charge any such bonds, debentures or any 
part of the property of the Company. 

27 To pay all costs, charges and expenses which the Company may lawfully pay with respect to the promotion, formation and registration of 
the Company. 

28 To distribute any of the property of the Company among its members in specie or otherwise in the event of winding up. 

29 To do all or any of the things herein in any part of the world either as principals, agents, trustees. contractors or otherwise, and either 
alone or in conjunction with others. 

30 To do all and everything necessary, suitable or proper or incidental or conducive to the accomplishment of any of titepAcycis. he 
attainment of any of the objects or the furtherance of any of the powers hereinbcfore set forth, either alone or in 4461)gtion 4-4* 
corporate bodies, firms or individuals and to do every other act or thing incidental or appurtenant to or arising o,t,(t,.' or csaarkeet,e(d* 
the business or powers of the Company or part thereof provided the same he lawful. 

I/ 

o
-, 

31 It is hereby undertaken that the Company shall not engage in banking or the business of an investment company,0 pa .entSales 	ipto 
scheme, or leasing business or insurance business or in any unlawful business and that nothing in this object cla4e.shalt be•wt.:13.t.e.  d tc s" 
entitle the company to engage in such business. The Company shall not launch multi-level marketing„ pyramid an 	nit setiett 	. Z5' 

.,,, 
,,•,:,-,;0._,:,- --- 

32 Notwithstanding anything stated in any object clause, the Company shall obtain such other approval or license frog 	. etent 
authority, as may he required under any law for the time being in force, to undertake a particular business. 

IV. The liability of the members is limited. 

V. The authorized capital of the Company is Rs. 100,000/- (Rupees One Hundred Thousand only) divided into 10,000 (Ten Thousand) 
ordinary shares of Rs. 10/- (Rupees Ten only) each with power to enhance, increase, reduce or consolidate the share capital and to 
divide the shares of the Company into different classes and kinds subject to the provisions of the Companies Ordinance, 1984. 



We, the several persons, v, hose names and address are subscribed below, are desirous of being formed into a Company in pursuance of this 

Memorandum of Association, and we respectively agree to take the number of shares into the capital of the Company set opposite our 

respective names. 

 	_ . 

Names & Surname 

In Full 

Father's 	, 

Name in 

Full 

ationality with 

ny Former 

ationalitv 

Occupation Residential 

Address in Full 

No. of 

shares 

Taken by 

each 

Subscriber 

Signature- 

A 

.- 

N/A Hong Kong. 

China 

Corporation Suite 17)04, Great 

Fugle Centre, 23 

Harbour Road. 

Wanehai, Hone 

Kong 

6.998 (six 

thousand, 

nine 

hundred 

and ninety-

eiithti 

Zhong Cheng Xin 

I nternational Limited 

represented by Mr. 

IYao Yousheite. 

lholding Chinese 

passport PE.0110835) 

iZhom.t Zhu() Yue 

International Limited 

l(represented by Ms. 

Nine Yi, holding 

Chinese passport 

PE061854S) 

N/A Hong Kong. 

(China 
Corporation 

Suite 1304, Great 

Eagle Centre. 23 

Harbour Road. 

Wanchai, Hone 

Kong 
 

3.000 (three 

thousand) 

Wang Bo 

(holding Chinese 

Passport P01292673) 

Wang 

Deben 

Chinese Service 

. 

Room 1201. The 

Fourth Floor, 12 

Building, Nanhual 

Community, 

X icheng District, 

Beijin2. City, P.R.  

China 

(tone) 

, 	I 

/1(I  

I 

8 



1Geng J ialing 

(holding Chinese 

passport 

P01465163) 

Geng, 
Chuande 

Chinese Service 7-1-702, Shah ll 

Colony, No.315, 

Xudong Avenue. 
Wuhan, Hubei 
Province, P.R. 

China 

1(one) i 
	
.. 

•,... 	...,::: 	•:n. 

,.. 	'.-o-' 	,.. 
,, 	, 

- 	 „ — 

w 	 / 
' 

. 	----...., 

Total Number of 

Shares 

10.000 (ten 
thousand) 

`Z..9)111miss\cic ....,— 

Dated: Thel t hday of August 2015. 

Witness to above signatures: 

Signature: 

Full Name: So Hau Man Herman 

MC Number: Hong Kong SAR Passport No. K02863341 

Father's Name: So Wai Keung 

Occupation: Trainee Solicitor 

Full Address Flat IC, Merlin Court , 6 Marigold Road, Yau Yat Chuen, Kowloon. Hong Kong 

9 
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THE COMPANIES ORDINANCE 1984 

(COMPANY LIMITED BY SHARES) 

ARTICLES OF ASSOCIATION OF 

PAK MATIARI,LAHORE TRANSMISSION COMPANY (PVT.) LIMITED 

PRELIMINARY 

1 	Table 'A' not to apply 

The regulations contained in Table 'A' in the First Schedule to the Companies Ordinance, 1984 shall not apply to the Company except in so far as these are 

adopted or contained in these Articles. 

2 	Rule of Interpretation 

(1) 	The chapter headings shall not affect the construction hereof. 

( ) "In Writing-  and "Written" include printing, lithography and other modes of representing or reproducing words in a visible for 

(3) Words importing the singular number include the plural number and vice versa. 

(4) Words importing persons include bodies corporate. 

(5) Words importing the masculine gender include the feminine gender. 

3 Definitions 	 o 0.1 

Words or expressions contained in these Articles shall, unless otherwise defined herein or unless inconsistent with the subject or context, have the same meanings 

as in the Companies Ordinance, 1984. In these Articles, unless there is something in the subject or context inconsistent therewith: 

(1) "Articles" means these Articles of Association. as originally framed or as altered from time to time by Special Resolution. 

(2) "Board" shall mean the Board of Directors from time to time of the Company. 



(3) "Company" means the PAK MATIARI-LAHORE TRANSMISSION COMPANY (PVT.) LIMITED. 

(4) "Chief Executive • means the Chief Executive of the Company appointed from time to time pursuant to Section 198 of the Ordinance and these 

Articles. 

(5) "Debenture" shall include Term Finance Certificates. 

(6) "Directors" means the Directors of the Company appointed from time to time pursuant to these Articles and shall include the alternate directors. 

(7) "Dividend" means the distribution of profits of the Company to its Members. 

(8) "Member" means a member of the Company within the meaning of Clause (21) of sub-section (1) of Section 2 of the Ordinance. 

(9) "Memorandum" means the Memorandum of Association of the Company as originally framed or as altered from time to time in accordance with the 

provisions of the Ordinance. 

(10) "Month" means a calendar month according to the Gregorian calendar. 

(I I) "Ordinance" means the Companies Ordinance, 1984 as amended and now in force in Pakistan and any amendment or re-enactment thereof for the time 

being in force.  

(12) "Register" means the Register of Members to be kept pursuant to Section 147 of the Ordinance. 

(13) "Registered Office" means the Registered Office of the Company. 

(14) "Registrar" shall have the meaning assigned thereto in clause (31) of sub-section (1) of Section 2 of the Ordinance. 

(15) "Section" means Section of the Ordinance. 

(16) "Seal" means to common Seal of the Company. 

(17) "Special Resolution" shall have the meaning assigned thereto in clause (36) of sub-section 1 of Section 2 of the Ordinance. 



FORMATION OF COMPANY 

4 Private Limited Company 

The Company is a Private Company and accordingly the following provisions shall have effect: 

The number of the Members of the Company (exclusive of persons who are for the time being in the employment of the Company.) shall not am 

time exceed fifty. (50): Provided that where two or more persons hold one or more shares in the Company jointly, they shall, for the purpose of these 

Articles, he treated as a single Member. 

The Company shall not at any time offer any of its shares, Debentures or Debenture stock to the public for subscription. 

(3) 	The right to transfer shares in the Company is restricted as provided in these Articles. 

5 Registered Office 

The Registered Office of the Company will be situated in the in the Province of Punjab. 

SHARES 

6 	Issuance and Allotment of Shares 

Subject to the provisions of the Ordinance and of these Articles, the shares shall he under the control of the Board. The Company shall not issue partly 
paid shares. In the ease of an issue of shares for cash, the amount payable on application shall be the full nominal amount of the share, except where shares are 

issued at a premium or at a discount in accordance with the provisions of the Ordinance. 

The Board shall, as regards any allotment of shares, duly comply with the direction of the General Meeting and such provisions of Sections 67 to 73 of the 

Ordinance as may be applicable. 

Shares may be registered in the name of any limited company or other corporation body but not in the name of a minor or a person of unsound mind. 

(1)  

(2)  



7 	Further Issuance and Allotment of Shares 

The Board may issue, allot or otherwise dispose of any shares of the Company to such persons, on such terms and conditions and at such times as the Board 

thinks fit, and at a premium or at par or (subject to the provisions of the Ordinance) at a discount and for such consideration as the Board thinks fit: 

Provided that, where at any time the Board decides to increase the issued capital of the Company by issuing any further shares, such shares shall be offered to 
the Members in proportion to the existing shares held by each Member, and such an offer shall he made by a notice specifying the number of shares to 
which the Member is entitled, and limiting a time within which the offer, if not accepted, will be deemed to be declined; and on the expiration of such time, 
or on receipt of information from the Member to whom such notice is given that he declines to accept the shares offered, the Board may, subject to the 

pro\ ision of Section 86(7) of the Ordinance, dispose of the same in such manner as it may consider most beneficial to the Company. 

8 	Shares for Consideration Other Than Cash 

Subject to the provisions of the Ordinance and these Articles, the Board may allot or issue shares in the capital of the Company as payment for any property, 
(tangible) sold or transferred, goods or machinery supplied, or for services rendered to the Company or expenses :ticurrefil, n behalf of the Company or in the 

conduct of its business or affairs, any shares which may be so allotted shall be issued as fully paid up shar 

CERTIFICATES 

9 Certificates 

The certificates of title to shares shall be issued under the Seal of the Company. 

10 Members' Right to Certificates 

Every Member shall be entitled. after issuance, allotment or registration of transfer of shares, within the time period prescribed under Section 74 of the Ordinance 
unless the conditions of issue of the shares otherwise provide, without payment_ to one (1) certificate for all of the shares registered in his name, or upon 
paying such fee as the Board may from time to time determine, to several certificates, each for one or more shares. Every certificate of shares shall specify and 

denote the number of shares in respect of which it is issued, and the amount paid thereon. 

In respect of a share or shares held jointly by several persons. the Company shall not be bound to issue more than one certificate and deliver. of the share 

certificate to anyone of the joint holders shall be sufficient delivery to all. 



11 Issue of Duplicate Certificate 

If any certificate is worn-out, defaced or rendered useless, then upon production thereof to the Board, the Board may order the same to he canceled and may 

issue a new certificate in lieu thereof, and if any-  certificate is lost or destroyed, then, on proof thereof to the satisfaction of the Board and on such indemnity as 

the Board deems adequate being given, a new certificate in lieu thereof may be issued on such terms and fee as may be prescribed by the Board including 

payment of expenses incurred by the Company in investigating title. 	 . 

• 

c•47) , 
The instrument of transfer of any share in the Company shall be duly stamped and executed both by the 	eridodntedrtf or and transferee. The transferor shall he 

deemed to remain holder of the shares until the name of the transferee is entered in the Register. After the'riti.ire---e-the transferee is entered in the Register, the 

transferee of shares shall, if not already a Member become Member and shall be bound by the terms of these Articles in the same manner and to the same extent 

as the transferor of shares. 

The instrument of transfer of any share shall be in writing in the form specified in regulation 9 of Table A of the First Schedule to the Ordinance or in any 
other form which the Directors shall approve and must he left at the Registered Office accompanied by the certificate or, if no certificate is in existence, such 

evidence as the Directors may require to prove the title of the transferor or his right to transfer the shares. 

13 Restricted Right of Transfer of Shares 

No Member shall, except in accordance with the following provisions of these Articles: (a) pledge, mortgage (whether by way of fixed or floating charge) or 

otherwise encumber its legal or beneficial interest in its shares: (h) sell, transfer or otherwise dispose of any of such shares or any legal or beneficial interest 

therein); or (c) enter into any agreement in respect of the votes attached to shares; or (d) agree, whether or not subject to any condition precedent or 

subsequent, to do any of the foregoing. 

(2) 	Notwithstanding the above clause, a Member may: (a) pledge, mortgage (whether by way of fixed of floating charge) or otherwise encumber its legal or 
beneficial interest in its shares to the financier(s) for the purposes of banking finance; (b) sell, transfer or otherwise dispose of any of such shares (or any 
legal or beneficial interest therein): (i) with the approval of the Board; or (ii) as part of the enforcement of the pledge, mortgage (whether by way of fixed of 
floating charge) or other encumbrance granted to the financier(s) for the purpose of banking finance. 

TRANSFER OF SHARES 

12 Instrument of Transfer 
011 

A share may, subject to provisions of Section 76 of the Ordinance, he transferred, by a Member -p. other.persOneriraded fOransfer. provided it is approved by 
• )- 	 // 

the Board in accordance with the Ordinance and these Articles. 	
/ 

 

(It 



(3) The Directors may refuse to transfer any shares to a non-member of the Company after assigning sufficient reason. If any Member of the Company shall 
desire to sell his shares, he shall convey such desire to the Company by a written notice. The directors shall offer these shares to the existing Members. If 
any one or more of the existing Member(s) is are willing to purchase those shares, then the transferor shall be bound to transfer such shares to the existing 
Member on receipt of sale price determined by the auditor of the Company. If the existing Members refuse to purchase these shares, the transferor shall he 

at liberty to sell these shares to non-Member(s) and Directors will not refuse such transfer of shares. 

(4) The Directors may also refuse to transfer any shares if the transfer deed is for any reason defective or invalid: Provided that the Company shall, 
within thirty (30) days from the date on with the instrument of transfer was lodged with it, notify the transferor and transferee to the defect or 

invalidity, either of whom shall, after removal of such defect or invalidity, be entitled to re-lodge the transfer deed with the Company. 

ctilcoPWRiTh 	)f transfer was lodged with 
(5) 	If the Company refuses to register the transfer of an shares, the Company shall, within thirty (30) days 

it. send to the transferor and the transferee notice of the refusal indicating the reasons for such refusal. 

TRANSMISSION OF SHARES 

14 Transmission of Shares of Deceased Member 

ole holder of a share shall 
of two or more holders, the 

The executors, administrators, heirs or nominees (as specified in Section 80 of the Ordinance), as the case m 

be the only persons recognized by the Company as having any title to the share. In the case of a share registe 

survivors or sun Ivor, as the case may he, shall be the only person(s) recognized b\ the Company as having any title to 

15 Right of Successor to Become Member or Transfer Shares 

An) person becoming entitled to a share in consequence of the death or insolvency of a Member shall, upon such evidence being produced as may from time to 
time be required by the Directors, have the right, either to be registered as a Member in respect of the share or, instead of being registered himself. to make 
such transfer of the share as the deceased or insolvent person could have made; but the Directors shall, in either case, have the same right to decline or 
suspend registration as they would have had in the case of transfer of the share by the deceased or insolvent person before the death or insolvency. 

lithe person so becoming entitled shall elect to be registered himself, he shall deliver or send to the Company a notice in writing signed by him stating that he so 
elects. If he shall elect to have another person registered he shall testify his election by executing to that person a transfer of the share. All the limitations, 
restrictions and provisions of these Articles relating to the right to transfer and the registration of transfers of shares shall be applicable to any such notice or 

transfer as aforesaid as if the death or insolvency of the Member had not occurred and the notice or transfer were a transfer signed by that Member. 

16 Right of Successor to Receive Dividends and Other Advantages 



Any person becoming entitled to a share by reason of the death or insolvency of the holder shall he entitled to the same Dividends and other advantages to which 
he would be entitled as if he were the registered holder of the share, except that he shall not, before being registered as a Member in respect of the share, be 

entitled in respect of it to exercise any rights in relation to meetings of the Company. 

17 Company not to be Liable 

The Company shall incur no liability or responsibility whatever in consequence of its registering or giving effect to a transfer of shares made or purporting to 
he made by any apparent legal owner thereof (as shown or appearing in the Register) to the persons having or claiming any equitable right, title or interest in 
the same shares notwithstanding that the Company may have had notice of such equitable right, title or interest or notice prohibiting registration of such 

transfer, and the Company shall not he hound or required to regard to or attend or give effect to any t20t7ritiVeqt,
_ may be given to it of any equitable right, title 

rop-c.,:,  

or interest, or be under any liability W h at s o e v e r for refusing or neglecting so to do.   ix ., 

ALTERATION OF CAPITAL 	 ,..-- s \ 

18 Power to Increase Authorized Capital 	 :--,t:t 
0 

 OF 

o 1
i  

The Company may, from time to time by ordinary resolution of the General Meeting, increase it'rtzei-daite-  eapia, 	y such sum, to be divided into such 
•,,,, 	,;;:s_•- 	c 

number of shares, as the resolution shall prescribe. 	 ,.,s'" 
<:47iss!Of! etY:2" 

Except so far as otherwise provided by the conditions of issue, or by these Articles, any capital raised by the creation of new shares shall he considered part of the 

original capital, and shall he subject to the provisions herein contained with reference to transfer, transmission, right to Dividend, bonus and otherwise. 

19 Power to Reduce Share Capital 

The Company may by Special Resolution reduce its share capital in any manner and with and subject to any incident authorized and consent required by law 

and the Ordinance. 

20 Power to Sub-Divide or Consolidate Shares 

Subject to the provision appearing after clause (d) of sub-section 1 of Section 92 of the Ordinance, the Company may in General Meeting by ordinary 

resolution of the Members alter the conditions of its Memorandum as follows: 

(1) Consolidate and divide the whole or any part of its shares into shares of larger amount than its existing shares; 

(2) 
Sub-divide its shares or any of them into shares of smaller amount than is fixed by the Memorandum; or 



Cancel any shares which, at the date of passing of the resolution in that behalf. have not been taken or agreed to he taken by any person, and diminish 

the amount of its share capital by the amount of shares so canceled. 

MODIFICATION OF RIGHTS 

If at any time the share capital is divided into different classes of shares, the rights attached to any class (unless otherwise provided by the terms of issue of the 

shares of that class) may, subject to the provisions of Section 108 of the Ordinance and whether or not the Company is being wound up, be varied extended or 
abrogated with the consent in writing of the holders of three-fourths of the issued shares of that class passed at a separate General Meeting of the holders of the 
shares of the class. To every such separate General Meeting the provisions of these Articles relating to General Meetings shall mutatis mutandis apply, and the 
necessary quorum shall he at least two (2) Members entitled to vote and representing not less than twenty-five percent (25%) of the total voting power of that 

class of shares either of their own account or as proxies, provided that if within half an hour from the tim 	oirttcctfor the General Meeting a quorum is not 

present. the General Meeting, if called upon the requisition of Members, shall be dissolved. in any o 	 nd adjourned to the same day in the 

next week at the same time and place, and if at the adjourned meeting a quorum is not present with' Alf an hour 	time appointed for the meeting, the 

Members present holding that class of shares, being not less than two. shall be a quorum.. 

GENERAL MEETINGS 

22 Annual General Meetings 

.An Annual General Meeting of the Company shall be held in accordance with the provisions of Sectio 

form the date of incorporation of the Company and thereafter once at least in even,  calendar year within a per 

financial year at such time and place as may be determined by the Board: Provided that no greater interval than 
elapse between two consecutive Annual General Meetings. Subject as aforesaid each such Annual General Meeting shall 
may be determined by the Directors, provided that the Company may, for any special reason and with permission of the 
within which such Annual General Meeting, not being the first such meeting, shall he held by a period not exceeding thirty 

Such General Meetings shall be called "Annual General Meetings" and all other General Meetings shall be called "Extraordinary General Meetings". 

23 Extraordinary General Meetings 

Subject to the provisions of Section 159 of the Ordinance, the Directors may at any time call an Extraordinary General Meeting of the Company to consider any 
matter which requires the approval of the Company in a General Meeting and shall also, on the requisition of Members representing not less than one-tenth of 

the voting power on the date of the deposit of the requisition, forthwith proceed to call an Extraordinary General Meeting. 

tnance within eighteen (18) Months 
ur (4) months following the close of its 

fifteen (15) months shall be allowed to 
be held at such place and at such time as 
Registrar of Companies, extend the time 
days. 

24 Notice of Meetings 

(3 ) 

21 



Subject to the provisions of Section 158 and 159 of the Ordinance, twenty-one (21) days' notice at the least (exclusive of the day on which notice is ser-ved or 

deemed to he served, but inclusive of the day for which notice is given) specifying the place, the da■
, and the hour of meeting and. in case of special business, 

the general nature of that business, shall he given in the manner provided by Section 160 of the Ordinance for the General Meeting, to such persons as are 

under the Ordinance or these Articles, entitled to receive such notices from the Company. 

The notice of every General Meeting shall prominently specify that a proxy may he appointed who shall have the right to attend, demand and join in demanding a 
poll and vote on a poll and speak at the meeting in the place of the Member appointing him and shall be accompanied by a form of proxy acceptable to the 

Company. 

25 Special Business 

All business shall he deemed special that is transacted at an Extraordinary General Meeting. and also all business that is transacted at an Annual General 
Meeting, with the exception provided by clause (b) of subsection (1) of Section 160 of the Ordinance, of (i) declaring a Dividend, (ii) the consideration of the 
accounts, balance sheet and reports of the Directors and auditors. (iii) the election and appointment of Directors and (iv) the appointment, and the fixing of the 

remuneration of, the auditors. 

26 Shorter Notice 

In the event of an emergency affecting the business of the Company, the Board may. in accordance with he provisions of Section 159(7) of the Ordinance, 

make application to the Registrar for a shorter notice period. and, if the Registrar authorizes 	AA4- 	iod, then an Extraordinary General Meeting 

may be convened upon such shorter notice as authorized by the Registrar. 

27 Omission to Give Notice 

The accidental omission to give notice of a General Meeting to any Member of the Company o 
Member shall not invalidate the proceedings at any such General Meeting. 

PROVEEDINGS AT GENERAL MEE)I-AG,.• 

of a General Meeting by any 

0- 

the accidental nonTec.etlof notice 

28 Quorum at General Meetings 

At least two (2) Members present in person or by proxy entitled to vote and representing not less than twenty-Five percent (25%) of the total voting power either 

in their own account or as 
proxies shall be quorum for a General Meeting, and no business shall be transacted at any general Meeting unless the quorum 

requisite is present at the commencement of the business. 

29 Who to Preside General Meetings 



The Chairman of the Board of Directors shall preside as the Chairman of the General Meetings, and it at any General Meeting the Chief Executive is riot present 

within fifteen minutes after the time appointed for the meeting or is unwilling to take the Chair, then any one of the Directors present may be 

elected to be Chairman and if none of the Directors is present, or willing to act as Chairman. the Members present shall choose one of their 

number to be Chairman . 

30 Adjournment of Meeting for Lack of Quorum 

11 within thirty (30) minutes after the time appointed 
the Members, shall be dissolved, and in every other 

appointed for holding the General Meeting, and if at 
entitled to vote not being less than two (2) shall he a 

for the holding of General Meeting a quorum is not present, the meeting, if convened on the requisition of 
case it shall stand adjourned to the same day in the next following week at the same time and place as was 
such adjourned meeting a quorum is not present within half an hour, those Members who are present and 

quorum and they may transact the business for which the meeting was called. 

31 Adjournment by Chairman 

The Chairman of General Meeting may, 
Meeting), adjourn any General Meeting 
unfinished at the General Meeting from w 
meeting shall be given as in the case of or 

transacted at an adjourned meeting. 

with the consent of the General Meeting at which a quorum is present (and shall, if so directed by the General 

from time to time, but no business shall he transacted at any adjourned General Meeting other than business left 
hich the adjournment took place. When a General Meeting is adjourned for ten (10) days or more, notice of adjourned 

iginal meeting. Save as aforesaid, it shall not be necessary to gi 	n't-ric-alit.qf an adjournment or of the business to be 
- 

- 

32 Voting on Resolution and When Poll Demanded 	 (' \ , 	:14, 	: 
At any General Meeting a resolution put to the dote of the General Meeting shall he decided by 	ove..!iof hands, uillessg#011 is demanded (before or on the 

.., 
declaration of the results of the show of hands) in accordance with the provisions of Section 167 of t ei.: Ordinance: .. 	. ..,. .. 	

io 
0 1h .. 	, 

, 41 

( I 
	

by the Chairman of the Meeting: 

(2) by one Member having the right to vote on the resolution and present in person or by proxy if not more than seven (7) such Members are personally 

present, and by two (2) such members present in person or by proxy if more than seven (7) such Members are personally present: 

(3) by any Member or Members present in person or by proxy and holding not less than one-tenth of the total voting power in respect of the resolution: or 

(4) by any Member of Members present in person or by proxy and holding shares in the Company conferring a right to vote on the resolution, being shares on 

which an aggregate sum has been paid up which is not less than one-tenth of the total sum paid up on all the shares conferring that right. 



Unless a poll is so demanded, a declaration by the Chairman that on a show of hands, a resolution has or has not been carried, or lost, and an entry to that 
effect in the hooks containing the minutes of the proceedings of the Company, shall, until the contrary is proved, he evidence of the fact, without further proof of 

the number or proportion of the votes recorded in favor of or against such resolution. 

33 When Poll Taken 

Any poll demanded on the election of a Chairman of a Meeting or on any question of adjournment shall he taken at the General Meeting and without 

adjournment. 

A poll demanded on any other questions shall he taken (subject to Section 168 of the Ordinance) in such manner and at such time and place as the Chairman 
of the General Meeting directs, and either at once or after an interval or adjournment of not more than fourteen (14) days from the day on which the poll is 

demanded, and the results of the poll shall he deemed to be the resolution of the General Meeting at which the poll was demanded. 

34 Effect of Demand for Poll 

The demand for a poll shall not prevent the continuation of a General Meeting for the transaction of any business nits than the question on which the poll was 

demanded. The demand for a poll may be withdrawn at any time by the person or persons who made the 	iany r 

35 Minutes 

Minutes shall be made in books provided by the Board pursuant to Section 173 of the Ordinance for t Pc:-fpurkes:of; 	olutt9 s and proceedings at General 

meetings, and any such Minutes if signed by the Chairman of the General Meeting or of the next fol4wink':;(deneral M4ctin..7:S

' 
 all be receivable as evidence 

of the facts therein stated without further proof. 

VOTES OF MEMBERS 

36 Votes of Members 

Except as to voting for the election of Directors as provided in Section 178 of the Ordinance, every Member, either present in person or by proxy, shall have 
votes proportionate to the paid—up value of the shares or other securities carrying voting rights held by him according to the entitlement of the 
class of such shares or securities, as the case maybe, provided that, at the time of voting, fractional votes shall not be taken into account. 

37 Voting by Joint Holders 

In the case of joint holders, the vote of the senior who tenders a vote, whether in person or by proxy, shall he accepted to the exclusion of the votes of 

other joint holders: and for this purpose seniority shall he determined hr the order in which their names stand in the Register. 



38 Representative of Corporate Members 

Subject to Section 162 of the Ordinance, a company being a Member may by a resolution of its Directors authorize any of its officers or any other person to act as 

its representative at any General Meeting  and the person so authorized shall be entitled to exercise the same powers on behalf of the Company which he 

represents as if he were an individual Member. 

39 Instrument of Proxy 

The instrument appointing a proxy shall be in writing under the hand of the appointer or of his attorney dully authorized in writing, or if the appointer is a corporate, 

under its common seal or the hand of the attorney so authorized and in default of the instrument of proxy shall not be fully aruthorized. A proxy may be a non-

Member of the Company. 

The instrument appointing a proxy shall he lodged with the Company not later than forty-eight (48) hours before the time of holding the General Meeting at which 

the person named in the instrument proposes to vote. and in default the instrument of proxy shall not be treated as valid. 

An instrument of proxy shall be in the form specified in Regulation 39 of Table A in the First Schedule 
oll.19. /14:11

,..):.--, or in any other form which the Board 

may approve. 	 <:f 

•
. 	 o 

The instrument appointing a proxy shall be deemed to confer authority to demand or join in demanding .pollWariquaciilt, ti.,:-.% 
ht.' ' 	• 	\ 	0) :t .;•,, 

40 Validity of Proxy 	 ..),k 	
r 
1 A vote given in accordance with the terms of an instrument of proxy shall be valid notwithstanding the •-fite*ik*ath 9t, e principal or revocation (where 

permissible) of the proxy or of any power of attorney or other authority under which such proxy wa -_singeZI: 15'rovicK4 at no intimation in writing  of the 

death or revocation shall have been received at the Registered Office before the General Meeting or t• -:,a,d_toultk eneral Meeting  at which the proxy is 

used. 

41 Validity of Vote 

Subject to Section 160A of the Ordinance, no objection shall be made to the validity of any vote except at the General Meeting  or at the poll at which such vote 

shall be tendered except the General Meeting or adjourned General Meeting  at which the vote objected to is given or tendered, and every vote whether given 

personally or by proxy not disallowed at such General Meeting or poll shall be deemed valid for all purposes of such General Meeting or poll. Any such objection 

made in due time shall be referred to the Chairman of the General Meeting. 

42 Chairman to Decide 



If any question or objection is raised. the Chairman of the General Meeting shall decide the validity of every vote tendered at such General Meeting in 

accordance with the Ordinance and these Articles. whose decision shall be final and conclusive. 

In the case of an equality of votes, whether on a show of hands or on a poll, the Chairman of the General Meeting at which the show of hands takes place, or at 

which the poll is demanded, shall have a second or casting vote. 

43 Special Resolution 

Except for the matters specially required for Special Resolution at General Meeting under the Ordinance. all other matters and business that is decided and 

transacted at a General Meeting shall he resolved by ordinary resolution, i.e. simple majority, by the Members at the General Meeting. 

DIRECTORS 

44 First Directors 

Subject to the provisions of these Articles and the Ordinance the Directors shall all he elected by the Members in General Meeting. Inc following shall be the first 

Directors of the Company,  who shall hold office until the election of Directors at the first Annual General Meeting: 

( I ) 	Mr. Wang Bo 

(2) 	Mr. Geng Jialing 

E?,1fir  

The Directors may elect one of their members as the Chairman of the Board and vest in him such powers and functions d'-the?1, 	y deem fit in relation to the 

management and administration of the affairs of the Company subject to their general supervision and controN.: • 

46 Number of Directors 

The number of Directors to be elected shall be fixed. according to the provisions of Section 178 of the Ordinance, from time to time h) the Board, subject to the 
condition that the number of Directors shall not be less than two (2). The Board shall fix the number of Directors of the Company to he elected not later than 
thirty-five (35) days before the convening of the General Meeting at which Directors are to be elected, and the number so fixed shall not be changed except with 

the prior approval of the Company in General Meeting. 

47 Election of Directors 

45 Appointment of Chairman 



ection of Directors by election of the Members in General Meeting from amongst the candidates eligible, 

enerAt 	 wtki h Directors are to be elected (and such number shall not be less than two (2)) and Directors shall 

S.:,?ino4General;' `tetit. 	unless the number of candidates is not more than the number of Directors to be elected, in the 

following manner. RetiriniOrKe,c6.3.rs shalLI:ffintiniii to perform their function until their successors are elected. 

A Member shall have such n'iliriber of votes *as,'ifs equal to the product of the voting shares held by him and the number of Directors to be elected; 

(b) A Member may give all his votes to a single candidate, or divide them between more than one of the candidates in such manner as he may choose: 

and 

(c) The candidate who gets the highest number of votes shall be declared elected as Director and then the candidate who gets the next highest number of 

votes shall he so declared, and so on until the total number of Directors to he elected has been so selected. 

No person, whether a retiring director or otherwise, shall be eligible for election as a Director unless notice of his candidature for election has been 

(2) lodged in writing at the Registered Office not less than fourteen (14) days before the date of the Meeting at which the election of Directors is to take 

place. 

(3) Where the number of candidates is equal to or less than the number of Directors to be elected, it will not be necessary to hold an election as laid down in 

paragraph ( I ) above of these Articles and all candidates shall be deemed to have been elected under these Articles. 

48 Qualification for Election as Directors 

Members in General Meeting shall elect the Directors from amongst persons who, not being ineligible in accordance with Section 187 of the Ordinance, offer 
themselves for election as Directors in accordance with these Articles. Any person claiming to be eligible who desires to offer himself for election shall, whether he 
is a retiring Director or not, file with the Company not later than fourteen (14) days before the date of the General Meeting at which Directors are to be elected, a 
notice that he, being eligible, intends to offer himself for election as a Director at that meeting. A person offering himself for election as a Director may withdraw 
his candidature at any time before the holding of the election and may do so by withdrawing the notice in which he offered himself for election. Not later than seven 
(7) days before the date of the meeting the Company Will notify the Members of the persons offering themselves for election as Directors at such meeting and shall 

so notify the Members. 

49 Term of Office 

( I) 

The provisions or these Articles shall,ariZi-i; 
s,e',N,-,\ 

•he 
namely: 

1.*  

After the expiry of term
` 
 ilie f 

before convening of th 

be elected by the Memb 

er DirectOrs; the number of Directors to be elected shall be fixed by the Board not later than thirty five (35) days 

(a) 



he is a partner or any private company of whifii  to 	direetdr.. Vitftoiii\ he sanction of the Company in General Meeting accepts or holds any office of profit under 

the Company; (5) he absents himself from thfrgconsectitive rneetjngs,I$.i.! the Directors or from all meetings of the Directors for a continuous period of three months 

whichever is the longer without leave of abse,h.Ve A•otin the Board,":74'Diie tors; (6) he acts in contravention of Section 195 of the Ordinance; (7) he resigns his office 

by notice in writing to the Company; (8) 	ers'I>.fromeany46f 	isabilities. or disqualifications mentioned in Section 187 of the Ordinance; or (9) he has 

betrayed lack of fiduciary behavior and a declarationtto 	 Court under Section 217 of the Ordinance. c/ 
 

S AND DUTIES OF DIRECTORS 

56 General Powers of Company vested in Directors 

The control of the Company shall be vested in the Board and the business of the Company shall be managed by the Board, which may pay all expenses 
incurred in forming and registering the Company, and may exercise all such powers of the Company as are not by Ordinance or any statutory modification 
thereof, for the time being in force, or by these Articles, required to be exercised by the Company in General Meeting, subject nevertheless to the regulations of 
these Articles, to the provisions of the Ordinance and such regulations, (not being inconsistent with the aforesaid regulations or provisions) as may be 
prescribed by the Company in General Meeting; but no regulation made by the Company in General Meeting shall invalidate any prior act of the Board which 

would have been valid if the regulation had not been made. 

A resolution at a meeting of the Directors duly convened and held shall be necessary' for excising the powers of the Company specified in Section 196(2) of the 

Ordinance. A decision shall be made by a majority vote of the Directors present at the meeting of the Directors duly convened (in person, or through alternative 

director). 

57 Power to Obtain Finances and Giving of Securities 

I) 	For the purposes of the Company only, the Board may obtain finance or borrow moneys and secure payment of such sum or sums of money in such manner 
and upon such terms and conditions as it may think fit, and in particular by the issue of bonds, perpetual or redeemable Debentures, or by mortgage or 
charge or other security on the whole or any part of the property. assets and rights of the Company (both present and future), and the undertaking of the 
Company: Provided, however, that the above power of the Board shall not entitle the Company to carry on the business of banking / finance / 

investment company. 

(2) 	Any bonds, Debentures or other securities issued or to be issued by the Company shall be under the control of the Board which may issue them upon such 

terms and conditions and in such manner and for such consideration as shall be considered by the Board to be for the benefit of the Company. 

58 Power of Attorney 

The Directors may from rime to time and at any time by power of attorney appoint any company. firm or person or body of persons, whether nominated directly or 

indirectly by the Directors, to be the attorney or attorneys of the Company for such purposes and with such powers, authorities and discretion (not exceeding those 



_.. ..-- 
F-;,-:.,..,;ii\52,1 in iio, - ,.,.,  

..0.--,-,..— * 	 • 
vested in or exercisable by the Directors under these Al'Ueles)(9rAcli,  

attorney may contain such provisions for the protectio /''''`fi'd cpiPenie4iie,0 if 

and discretion vested in him; and without prejudice t ,'Lle geiterality: of\  ,,. 

defend, compound or abandon any legal proceedings war agOnst theCti" .  
- 	"i.';!,, 0 ',,, 	. 	i 

subject to such conditions, if any, as they may think fit, and any such powers of 
ns dealing with any such attorney to delegate all or any of the powers, authorities, 

ing any such power of attorney may authorize the attorney to institute, conduct, 

hether generally or in any particular case. 

59 Compliance with Laws 	 ,:•;;:,,,ct,,, 
cP 

The Directors shall duly comply with the provisions of th 	261'rniAttct'ir*  y statutory modification thereof for the time being in force, and in particular with the 

provisions in regard to the registration of the particulars of mortg 	
and charges affecting the property of the Company or created by it, and to keep a Register of 

the Directors and Members and to send to the Registrar an annual list of Members and a summary of particulars relating thereto and notice of any consolidation or 

increase of share capital and copies of the resolutions and a copy of the Register of Directors and notification of any changes. 

60 Minute Books 

(I) 

(a) 	Of the names of Directors present in person, at each meeting of the Board or any committee of the Directors: 

(b)°  Of all resolutions and proceedings at all meetings of the Company, and the Board, and of the committees of Directors, and 

(c) 	Of appointments of officers made by the Directors. 

(2) 	Any such minutes of any meeting of the Directors or of a committee of Directors or of the Company, if signed by the Chairman of such meeting or of the 

next succeeding meeting, shall be receivable as evidence of the matters stated in such minutes. 

(T's) 	Ever. Director present in person at any meeting of the Directors shall sign his name in a hook to he kept for that purpose and a list of the Directors 

present in person shall he listed as such in the book by the Chairman of the meeting. 

PROCEEDINGS OF DIRECTORS 

61 Meetings of Directors 

The Directors may meet together at least twice a year for the dispatch of business, adjourn and otherwise regulate meetings of the Board as they think fit. The 

Chairman may at any time, and shall on the written requisition of any two (2) Directors. summon a meeting of the Directors. 

The Board shall cause minutes to be made in books provided for the purposes: 



At least seven (7) days' notice will be given to all Directors for a meeting of the Board, and such notice shall set forth the purpose or purposes for which such 
meeting is summoned, and such notice shall be sent by registered air mail or telexed or e-mailed to any Director residing outside Pakistan. With the consent 
in writing of the majority of Directors entitled to receive notice of a meeting, or to attend or vote at any such meeting, a meeting of the Board may be convened 

by shorter notice than specified in these Articles. Any Dixettii4HinaY--waive notice in writing for the time, place and purpose of any meeting either before, 

at or after such meeting. 	 • 

. 	 • 	• 
The Chairman of the Board shall preside the ineetingthe„,.&irectors. It at any meeting of the Directors the Chairman is absent, the Directors may elect any 

Director to act as the Chairman for the meeting. 

62 Quorum of Directors' Meeting 

A meeting of the Board, at which a quorum is present,4tiatcbe corn 	o exercise all or any of the authorities, powers and discretion by or under the 

Articles or by or under any law vested in or exercisable 	 ally. Except as hereinafter provided, two (2) Directors shall constitute a quorum. If 

there is no quorum at a meeting properly called, the meeting~ ìf tTie Board will be adjourned for seven (7) days. Questions arising at any meeting shall be 

decided hy a majority of votes. 

63 When acts of Meetings of the Board or a Committee Valid Notwithstanding Defective Appointment 

All acts done by any meeting of the Board or of a Committee of Directors, or by any person acting as Director or Alternate Director shall, notwithstanding that it 
be afterwards discovered that there was some defect in the appointment of any such Directors or persons acting as aforesaid, or that they or any of them were 
disqualified, be as valid as if every such Director or person had been duly appointed and was qualified to act: Provided that as soon as any such defect 

has come to notice, the Director or other person concerned shall not exercise the right of his office till the defect has been rectified. 

64 Resolution By Circulation 

Questions arising at any meeting of the Directors shall he decided by a majority vote. In case of a;equality of votes, the Chairman shall have a second or casting 

vote. 

Except as otherwise provided in the Ordinance, a resolution in writing which is circulated together with the necessary papers, if any, to all Directors and signed 
by all of the Directors (or in their absence their alternate directors) entitled to vote thereon shall be as valid and effectual (if approved by majority 
Directors) as if it had been passed at a meeting of the Directors duly called and constituted. Transmission of documents and signature of resolutions by 

facsimile or other electronic transmission shall be effective for purposes of circulating and executing documents and resolutions. 

ALTERNATE DIRECTORS 

65 Power to Appoint Alternate Directors. 



Any Director not permanently resident in Pakistan or any Director so resident but intending to be absent from Pakistan for a period of not less than three 
(3) Months may appoint any person being eligible in accordan7eiqtrovision of Section 187 of the Ordinance acceptable to the Board to be his alternate 
director to act for him. Every such appointment shall be in wrifigrtiriderlheT.  nd of the Director making the appointment. The alternative director shall not be 
deemed to be an agent of the Director appointing him but4111 neda.8 e with his appointer. An alternative director need not to be a Member of the 
Company. 

1 0 	', An alternate director so appointed shall not be entitled '-7-).appoint .ariather; I (rect ,t nor receive remuneration from the Company, but shall otherwise be subject \\\ 
to the provisions of the Articles with regard to Directors.'1?.1,7n('-k11671\...  ate direct. -40'. 'r st-A be entitled to receive notice of all meetings of the Directors, and to attend 
and vote as a Director at any such meeting at which thOre6tol-'4,priiik* g . 	is not personally present, and generally to perform all the functions of his 
appointer as a Director in the absence of such appointer. 	..,::--:).? 

\z,,,
,,...tiPrAtio'....---7,.  
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An alternate director shall ipso facto cease to be an alternate directeff''his appointer for any reason ceases to be a Director or if and when his appointer returns 
to Pakistan, or if the appointee is removed from office by notice in writing under the hand of the appointer. An alternative director may resign as such upon 
giving thirty (30) days prior notice to the Board to this effect. 

CHIEF EXECUTIVE 

66; Appointment of the Chief Executive 

( I ) 	The Board shall, within fifteen (15) days of the incorporation of the Company, appoint, subject to the provisions of Section 198 of the Ordinance, any 
person including, a Director as the Chief Executive of the Company. The first Chief Executive shall hold office until the first Annual General Meeting 
of the Company {unless he earlier resigns or otherwise ceases to hold office). If the Chief Executive ceases to hold office before the first Annual 
General Meeting, the Board shall fill the vacancy within fourteen (14) days, but the person so appointed to fill the vacancy shall hold office only until the 
first Annual General Meeting. 

(2) Within fourteen (14) days from the date of an election of Directors or the date the office of Chief Executive becomes vacant, as the case may be, the 
Board shall appoint, subject to the provisions of Section 198 of the Ordinance, the Chief Executive of the Company, but such appointment shall not be 
for a period exceeding three (3) years from the date of such appointment. 

(3) Upon the expiry of the terms of appointment under (a) or (b) above, the Chief Executive shall be eligible for reappointment. 

(4) The Chief Executive shall be appointed on such terms and conditions including remuneration {whether by way of salary, commission, participation in 
profits, allowances, perquisites, etc.; or partly in one way and partly in another) as the Board shall fix. 

67 Powers of Chief Executive 



The Board may delegate to the Chief Executive such of its powers, authorities and discretion as are necessary for and consistent with the effective management of 
the Company, and as are not required to be exercised by the Directors at their meetings, subject to the supervision of the Board and upon such terms and 

conditions and with such restrictions as they may think fit, and either collaterally with or to the exclusion of their own powers. 

68 Without prejudice to the general powers conferred above and to any other powers or authorities conferred by these Articles on the Chief Executive, and 
subject to the provisions of Section 196 of the Ordinance, subject to the limit fixed by the Directors, the Chief Executive may from time to 
time raise or borrow any sums for and on behalf of the Company from other com anies, banks or financial institutions on such terms 

as may be approved by the Directors from time to time 

69 Remuneration of Chief Executive 

Chief Executive shall receive such remuneration as the Directors may determine an ,'pit mal be made aerm -et; his appointment that he be paid a pension and/or 
,., 

gratuity and/or other benefits on retirement from his office. 	 c.. 	
•t . 	,:1 

‘,.‘...1 
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70 Official Seal 

The Board shall provide a Seal for the purposes of the Company and shall provide for the safe custody of the Seal. The Seal shall never be used except by the 
authority of the Board or a committee of Directors previously given, and two Directors at least shall sign every instrument to which the Seal is affixed: 
provided, nevertheless, that any instrument bearing the Seal of the Company and issued for valuable consideration shall be binding on the Company 

notwithstanding any irregularity. 

DIVIDENDS AND RESERVES 

71 Declaration of Dividends 

The Company in General Meeting may declare Dividends, but no Dividend declared shall exceed the amount recommended by the Board. 

72 Interim Dividends 

The Board may from time to time pay to the Members such interim Dividends as appear to be justified by the profits of the Company. 

73 Dividends Payable out of Profits 



No Dividend shall he paid otherwise than out of profits of the year or any other undistributed profits and in the determination of the profits available for Dividends 

the Boards shall have regard to the provisions of the Ordinance and in particular to the provisions of Section 83. 235, and 248 of the Ordinance. 

74 Distribution of Dividends 

The profits distributed as Dividends shall be declared and paid according to amounts paid on the shares and the number of shares themselves. 

75 Right to Dividends and Apportionment 

76 Subject to the rights of persons (if any) entitled to shares with special rights as to Dividends, all Dividends shall be declared and paid according to the 
amounts paid on the shares, but if and so long as nothing is paid upon any of the shares in the Compatw,..Dividends may be declared and paid accordingly 
to the amounts of the shares. No amount paid on a share in advance of calls shall be treated for the pt pds of?t s provision as paid on the share. Time for 

Payment of Dividend 

All Dividends shall be paid within thirty days of the declaration in accordance with the Section 251A5Pthe,  

77 Receipts for Dividends by Joint Holders 

If several persons are registered as joint holders of any share, any one of them may give effect

: 	

nds payable on the shares. 

4LiedWOO  
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78 No Interest on Dividends 

No Dividend shall bear interest or mark-up against the Company. The Dividends shall be paid within the period laid down in the Ordinance. 

79 Reserves 

The Directors may, before recommending any Dividends, set aside out of the profits of the Company, such sums as they think proper as a reserve or reserves, which 
shall, at the discretion of the Directors, be applicable for meeting contingencies, or for equalizing Dividends, or for any other purpose to which the profits of the 
Company may he properly applied, and pending such application may, at the like discretion, either be employed in the business of the Company or be invested in 

such investments (other than shares of the Company) as the Directors, subject to the provisions of the Ordinance, may from time to time think fit. 

80 Carrying Forward of Profits 

The Directors may carry forward any profits, which they may think prudent not to distribute, without setting them aside as a reserve. 

81 Unclaimed Dividends 



Subject to compliance with Section 251 of the Ordinance, unclaimed Dividends may be invested or otherwise used by the Board for the benefit of the Company 

until claimed. 

CAPITALIZATION OF PROFITS_ 

82 Power to Capitalize 	 /, 

The Company in General Meeting may upon the recommendation of the Boards resolve t 	
de§itab'reto:cakt alize any part of the amount for the time being 

standing to the credit of any of the Company's reserve accounts or to the credit of the pr 	
and joss accountior of v ise available for distribution, and accordingly 

that such sum be set free for distribution amongst the Members who would be entitle Ae.., 	distribut bv 	y of Dividend and in the same proportions on ,  

condition that the same be not paid in cash but be applied either in or towards payink:Up.any:..mOunts.-  r ime being unpaid on any shares held by such 

Members respectively or paying in full un-issued shares or Debentures of the Company toesaliOtterand-distrilattL,ted credited as fully paid up to and amongst such 

Members in the proportion aforesaid, or partly in the one way and partly in the other an4e-- ,Boa4-ds;0413ai:1;prve effect to such resolution. provided that a share 

premium account may, for the purposes of these Articles, only be applied in paying up of unissn'ect,sh , 

	
allotted to Members as fully paid bonus shares. 

83 Effect of Resolution to Capitalize 

Whenever such a resolution as aforesaid shall have been passed. the Boards shall make all appropriations and applications of the undivided profits resolved to be 
capitalized thereby, and all allotments and issues of fully paid shares or Debentures, if any, and generally shall do all acts and things required to give effect thereto. 
with full power to the Boards to make such provision by payment in cash or otherwise as they think fit for the case of share or Debentures becoming distributable in 

fractions and also to authorize any person to enter on behalf of all the Members entitled thereto into an agreement with the Company providing for the allotment to 
them respectively, credited as fully paid up, of any further shares or Debentures to which they may be entitled upon such capitalization, or (as the case may require) 
for the payment up by the Company on their behalf by the application thereto of their respective proportions of the profits resolved to be capitalized of the amounts 
or any part of the amounts remaining unpaid on their existing shares and any agreement made under such authority shall be effective and binding on all such 

Members. 

ACCOUNTS 

84 Books of Account to be Kept 

The Board shall cause to be kept proper books of account as required under Section 230 of the Ordinance. 

85 Where to be Kept 

The books of account shall be kept at the Registered Office or at such other place as the Board think fit and shall be open to inspection by the Directors 

during business hours. 



86 Profit and Loss Account and Balance Sheet 

As required by Section 233 and 236 of the Ordinance, within eighteen (18) Months of the incorporation of the Company, and subsequently once at least in every 
year, the Directors shall cause to be prepared and laid before the Company in Annual General Meeting a balance sheet and profit and loss account, both made 
up in accordance with the Ordinance and to a date not more than four (4) months before the date of the General Meeting. Every such balance sheet and profit and 

loss account shall be accompanied by an auditor's certificate and the Directors' report, in accordance with the provisions of the Ordinance in that behalf. 

87 Copies of Directors' Report and Balance Sheet to be Sent to the Members 

A copy of the report of the Directors and of the balance sheet (including a report of the Auditors an every document required by law to be annexed thereto), 
and of the profit and loss account shall be sent to all Members along with the notice conveninglherGenerat Meeting before which the same are required to be 

laid at least twenty-one (21) days preceding the General Meeting. 

88 Directors to Comply with the Ordinance 

The Directors shall in all respect comply with the provisions of Section 230 to 247 of the Or 

AUDIT 

89 Appointment of Auditors and Their Duties 

Auditors shall be appointed and their duties regulated in accordance with Section 252 to 255 of the Ordinance. 

NOTICE 

941 How Notices to be Served 

A notice may be given by the Company to any Member or Director either personally or by sending it to him by mail, postage prepaid, or by facsimile, at his 
registered address, or if he has no registered address in Pakistan, to the address supplied to the Company for the giving of notices to him. Notwithstanding the 

foregoing, notices to Members and Directors that are located outside Pakistan may he sent by facsimile. 

91 Personal Delivery of Notice 

Where a notice is delivered personally, the recipient shall sign a receipt in such form as the Board shall determine. 

92 Service by Post 

	141 



t UD!;;■., 

Where a notice is sent by post, service of the notice shall be deemed to be effected by properly addressing prepaying and posting a letter containing the notice 
and, unless the contrary is proved, to have been effected at the time at which the letter would be delivered in the ordinary course of post. 

93 Notice to Joint Holders 

A notice may be given by the Company to the joint holders of a share by giving the notice to the joint holder named first in the register in respect of the share, 

and a notice so given shall be sufficient notice in the ordinary course of post. 

94 Notice of General Meetings 

* 
Notice of every General Meeting shall be given in the same manner herein authorized to (a)'0,enly‘ ernbee:,arid al 	(b) every person entitled to a share in 

consequence of the death or insolvency of a Member, who but for his death or insolvency w.,OuId 	 otice of the General Meeting, and (c) to 

the auditors of' the Company for the time being. 

SECRECY 

95 Secrecy 

Every Director, Chairman, Chief Executive, general manager, auditor, trustee, officer, servant, agent, accountant or other person employed in the business of the 
Company shall, if so required by the Board before entering upon his duties, sign a declaration in the form approved by the Board pledging himself to observe strict 
secrecy representing all transactions of the Company with the customers and the state of accounts with individuals and in matters relating thereto, and shall by 
declaration pledge himself not to reveal an of the matters which may come to his knowledge in the discharge of his duties except when required so to do by any 
law for the time being in force, the Board, or by any General Meeting, or by a court of law, and except so far as may he necessary in order to comply with 

any provisions in these presents contained. 

96 Restrictions on Inspection of Books of Account of Company or on Entering Into Property of Company 

Save as otherwise provided by the Ordinance, no Member or other person (not being a Director) shall be entitled to enter the premises or property of the Company, 
or inspect any account or books of account Or document of the Company or properties of the Company, without permission of the Chief Executive or the Board, 

and to require disclosure of any information respecting any detail of the Company's trading, or any matter which is or may be in the nature of a trade 
secret, mystery of trade, or secret to the conduct of the business of the Company and which in the opinion of the Board will be in expedient in the interest of 

the Company to communicate. 

WINDING UP 

97 Distribution of Assets on Winding Up 



We, the several persons, whose names and address are subscribed below, are desirous of being formed into a Company in pursuance of this Articles of 

Association, and we respectively agree to take the number of shares into the capital of the Company set opposite our respective names. 

Names & Surname In Full Father's 
Name in 
Full 

Nationality 
with any 
Former 
Nationality 

Occupation Residential 
Address in Full 

No of shares 
Taken by 
each
Subscriber 

Signature 	--/--,..---;;;;.---- ,.;.7._ 	r.oci‘v.i:Jr 	4... 
./.,, 	--- 	,, 
c, 

ev,  
2̀ 	 .'..:/ 

- 

I 

Zhong Cheng Xin International 

Limited 

(represented by Mr. Yao 
Yousheng, holding Chinese 

passport PE0110835) 

N/A Hong Kong, 

China 

Corporation Suite 1304, Great 
Eagle Centre, 23 
Harbour Road, 
Wanchai, Hong 
Kong 

6,998 (six 
thousand, nine 
hundred and 
ninery-eight) 

t 	(f,1 

`. -: 

\; 	s-, 

41 	, 4 

Mr 1 

l' _'r  

0.01V 	s_11,--' 
 

 -..-.•-•--" 

0 ' 

e 
-i, 

Zladng Zhuo Yue International 

Limited 

(represented by Ms. Ning Yi. 

PE0638548) 

N/A Hong Kong, 

China 

holding Chinese passport 

 

Cor p oration 
Suite 1304, Great 
Eagle Centre, 23 
Harbour Road, 
Wanchai, Hong 
Kong 

3,000 (three 
thousand) 

of 

Wang Bo 

(Chinese Passport 

P01292673) 

Wang 
Deben 

Chinese Services Room 1201,    The 
Fourth Floor, 12 
Building, 
Nanhuali 
Community, 
Xicheng District, 

China 
Beijing City, P.R. 

 

I(one) 



1(one) 

I ft 

Sere ices 

Chinese passport P01465153) 

Total Number of 

Shares 

Dated: The 14th day of August 2015. 

Witness to above signatures: 

Signature: 

10,000 (ten 

thousand) 

o
copai?y 

7-1-702, Shahu 

Colony, No.3 15, 

Xudong Avenue, 

Wuhan, Hubei 

Province, P.R. 

China 

Geng Iialing 	 Geng 	Chinese 

Chuande 

Full Name: So I lau Man Herman 

NIC Number: Hong Kong SIR Passport No. K02863341 

Father - s Name: So Wai Keung 

Occupation: Trainee Solicitor 

Full Address: Flat IC, Merlin Court , 6 Marigold Road, Yau Yat Chuen, Kowloon, Hong Kong 



Debt 80% 1326 
Total 100% 1658 

  

Projec Financing 
Equity 

Percentage rUSD in million 
20% 332 

Part B-Financial Proposals 

Matiari-Lahore ±660kV HVDC Transmission Line project is a ±660 kV HVDC Bipole Transmission Line, 
which is approximately 878 km in length, with Design Transmission Capability of 4,000 MW 
from Matiari to Lahore on Built Own Operate and Transfer (BOOT) basis. 

This project intends to adopt project financing mode and the IRR of 17% is guaranteed under 
CPEC Cooperation agreement. As per Pakistan transmission policy, capital investment of 
project financing mode shall be no less than 20%. Therefore, the proposed project investment 
a total of USD1.658 billion is consist of a debt to equity structure of 80 : 20. 

Overseas investment company of State Grid of China, State Grid International Engineering 
Limited, will provide about USD332 million as the equity through 2 Special Purpose 
Vehicles. 

China Development Bank has been appointed to provide financing of USD1.326 billion as the 
debt on the provision of Sinosure insurance coverage, accounting for 80% of the total 
investment. CDB has offered preliminary financing conditions as follow, interest rate at 6 
months LIBOR+4.5%(whereas in case of local financing,interest rate is 6 month KIBOR with 
a spread of 3%) which was approved by determination dated November 24th  2016 read with 
determination dated August 18th  2016 in Case# NEPRA/TRF-351/PPIB-2016 and may be 
adjusted according to the Financing Agreements,the lender up-front fee at 1%, commitment 
fee not higher than 0.2% and repayment period of 10 years plus 36 months grace period.In 
case, the spread on LIBOR/KIBOR is negotiated by ITC at lower than 450/300 basis points 
respectively, the benefit of such reduction in rate will be adjusted in proportion of 40% to ITC 
and 60% to the consumer through necessary adjustment in tariff at COD. 

As per Determination by NEPRA dated Nov. 24, 2016, total financial charges including the 
cost related to the debt financing of the project will be adjusted at COD on the basis of actual, 
up to a maximum of 3% of the total debt allowed (excluding the impact of interest during 
construction, Sinosure fees and financial charges).Also, the Interest during Construction (IDC) 
will be adjusted at COD on the basis of actual debt composition, variation in PKR/USD, debt 
drawdown (not exceeding the amount allowed by NEPRA) and applicable 6-months 
LIBOR/KIBOR during the project construction period allowed by the NEPRA. 



Exhibit-XIV -The type, technology, model, technical details 
and design of the facilities proposed to be acquired, 
constructed, developed or installed 

Please refer to Exhibit- X III,Part A 



Exhibit-XV - Territorial map of the service area proposed to be 
covered 



Exhibit-X VI - Particulars in respect of the availability, sources, 
rates and evidence of commitments from the sources of 

electric power 

TO BE PROVIDED BY NTDC 



Exhibit-X VII -Feasibility report in respect of the project 

ATTCHED 



Exhibit-X VIII - Prospectus 

To promote development of coal and electricity base at the south of 
Pakistan and meet increasing need for electricity in Lahore, it is planned to 
construct the ±660kV HVDC Project from Matiari to Lahore. 
The ±660kV HVDC Project from Matiari to Lahore is planned to be 
completed and put into operation around 2019 with a capacity of 4000MW. 
The line extends about 878km from Matiari of Sindh Province to Lahore of 
Punjab Province. 
The project is the first HVDC transmission project in Pakistan. It will be 
constructed by State Grid Corporation of China with the BOOT mode and 
have a commercial operation period of 25 years. ' 



Exhibit-X IX - Schedule III 
Please Note: The following information is based on the Feasibility report in 
respect of the project and may be revised and adjusted according to the change 
of actual condition from time to time. 

1.Purpose 

In order to promote the development coal power base in the south of Pakistan, and satisfy the 
increase of electrical load in Lahore area, the Matiari—Lahore ±660kV DC power transmission 
line is planned to be constructed. The beginning point of the line is Matiari in Sindh province 
and the terminal point is Lahore in Punjab province, the length of the power transmission line 
is about 878km. 

2.Line route and territory maps 

The Matiari-Lahore ±660kV HVDC transmission line starts at Matiari converter station about 
38km northeast to Hyderabad and ends at Lahore converter station about 40 km southwest of 
Lahore City. The line goes from southwest to northeast and crosses Sindh and Punjab, 
measuring 810km in aviation line. The length determined at feasibility study stage (the 
recommended route) is 878km, with a buckling factor of 1.08. The altitude ranges from 20 to 
200m along the line. 

The Land Route of the transmission line is as follows: 

ro-xf 
The line corridor width is controlled by the electromagnetic environment, the demolition line 
and the wind deflection distance. The corridor is shown below. 



Schematic diagram of the transmission line corridor 

3.Line lengths, starting point, termination point, year of completion 

Line lengths: 878 kilometers 
Starting point: Matiari converter station about 38km northeast to Hyderabad 
Termination point: Lahore converter station about 40 km southwest of Lahore City 
Year of completion:27 months after Construction Start Date 

4.System studies 

1- Power Flow Contingency Analysis of the Year 2018 
2- Security and Stability Study 
3- Access System Design of Matiari Converter Station 
4- Access System Design of Lahore Converter Station 
5- Study of System Short Circuit Characteristics 
6- Study of Reactive Power Compensation of Converter 

5.ESSA 

The proposed T/L and Converter Stations will not cause potentially significant environmental 
and social adverse impacts on the local environment after the implementation of mitigation 
measures. Considering the current electricity situation and the efforts being made by the 
Government to generate electricity in Thar, T/L to dispatch the generated Power to the 
upcountry is a prerequisite. It is suggested that the proposed T/L should be implemented as 
soon as possible after all necessary approvals, design provisions and the implementation of 
EMMP and LARP. 

Please refer to HVDC ± 660 KV TRANSMISSION LINE FROM MATIARI TO LAHORE 
Environmental Impact Assessment (EIA) Report for more details. 

6.Structures: type, number/km 

Tower famil 

Tower 
pattern 

Angle Wind span (m) 
Weight span 

(n) 

Range of 
Nominal 

height (m) 

Basic 
Nominal 

height (m) 



ZP1 0-2° 480 600 33-51 42 

ZP2 0° 580 750 54-75 69 

ZPT 0-2° 480 600 33-51 42 

JP1 0-20° 450 650 27-42 42 

JP2 20-40° 450 650 27-42 42 

JP3 40-600  450 650 27-42 42 



Outlines of tower 

7.Line characteristics 
The Matiari-Lahore ± 660kV HVDC transmission line starts at Matiari 
converter station about 38km northeast to Hyderabad and ends at Lahore 
converter station approximately 40km southwest of Lahore. The line goes 
from southwest to northeast and crosses Sindh and Punjab, measuring 810km 
in aviation line. The length determined at feasibility study stage (the 
recommended route) is 878km, with a buckling factor of 1.08. The altitude 
ranges from 20 to 200m along the line. 
The line corridor is mainly flat terrain, including flat ground of 342km 
(38.9%), and desert of 496km (56.5%), swamp of 40km(4.6%). The highest 



temperature is 52.5°C, the lowest temperature -5°C, the 3-sec gust wind speed 
at 10m above ground is 160km/h(44.44m/s), the corresponding 10-minute 
average wind speed at 10 meters above ground is 31.1m/s.The corridor goes 

through ice-free areas. 
According to the feasibility study, the following are recommended: conductor 
uses 4xM1/G3A-1250/70 and 4xMl/LHA1-800/550;both2 shield wires use 
24-fiber OPGW-120;towers use lattice steel self-supported type (1977 towers, 
2.25 towers/km), including 257 tension towers (13%), 1720 suspension towers 

(87 %). 
8.Conductor, type, current carrying capacity, circuit power transfer 

The conductor type is: 4x.Th1/G3A-1250/70 and 4xTh1/LHA1-800/550-54/37 

Current carrying capability is :3030A. 
Circuit power transfer: 4000MW. 

9.Insulators 

Conductor suspension string: 
300kN composite insulator single string V type suspension string 
420kN composite insulator single string V type suspension string 
300kN composite insulator double string V type suspension string 

Conductor tension string : 
Triple string 420kN disc type insulator string 
Double string 210kN disc type insulator string 
Jumper string 
Double string 160kN V-type string cage type hard jumper insulator 

Ground wire string 
Single string 120kN hardware string 

10.Shield-wire: number, size 

Size: 24 core OPGW-15-120-2 
Number: 2 

11.Compensation employed: series, Shunt, SVC 

Matiari CS: 
According to calculations, the total capacity of capacitive reactive power 
compensation of Matiari converter station is taken as 2610 Mvar provisionally. The 
reactive power compensation capacitors are divided into 4 banks and subdivided into 
16 sub-banks. Each sub-bank has a capacity of 150 Mvar to 180 Mvar (there are two 
sub-bank sizes: the low capacity size is 150 Mvar, and the high capacity size is not 

greater than 180 Mvar). 
It is recommended that at least one 500kV power source in the vicinity be started 



when the DC system is put into operation. 
The final division of sub-banks should be determined by further studies according to 
the actual conditions including switching level, system harmonics, and the 
arrangement of converter station. 
As for inductive reactive power compensation, in this phase, 4 banks of low-voltage 
reactors are provided on the 35 kV low-voltage side of Matiari converter station 
preliminarily, each bank with a capacity of 60 Mvar. These reactors should be of 
outdoor dry-type air-core design. In the actual engineering design, the configuration 
of low-voltage reactors should be further optimized according to the actual condition 
of the low-voltage bus of converter station. 

Lahore CS: 
According to calculations, the total capacity of capacitive reactive power 
compensation of Lahore converter station is taken as 2480 Mvar provisionally. The 
reactive power compensation capacitors are divided into 4 banks and subdivided into 
16 sub-banks. Each sub-bank has a capacity of 150 Mvar to 160 Mvar (there are two 
sub-bank sizes: the low capacity size is 150 Mvar, and the high capacity size is not 
greater than 160 Mvar). 
The final division of sub-banks should be determined by further studies according to 
the actual conditions including switching level, system harmonics, and the 
arrangement of converter station. 
As for inductive reactive power compensation, in this phase, 3 banks of low-voltage 
reactors are provided on the 35 kV low-voltage side of Lahore converter station 
preliminarily, each bank with a capacity of 60 Mvar and each phase with a capacity of 
20 Mvar. These reactors should be of outdoor dry-type air-core design. In the actual 
engineering design, the configuration of low-voltage reactors should be further 
optimized according to the actual condition of the low-voltage bus of converter 
station. 

12.Communication system: PLC, fibre optics, microwave 
The system communication design of this project mainly includes DC fiber-optic 

communication, DC power line carrier communication, relevant channel organization, 
communication equipment configuration in converter stations, etc. 

13.Grid station(s) involved: number, existing/new and details of the following: 
■ Scope, size, number of transmission circuits, in and out 
Matiari CS: 
The long-term targets for Matiari converter station include 12 AC 500 kV outgoing 
lines, 4 banks of AC filters (hereinafter referred to as "ACF"), and 2 banks of 
converter transformers, i.e., totally 18 elements, which constitute 8 complete strings 
and 2 incomplete strings. Either of the two buses will be connected with one 500/35 
kV step-down transformer. All of the long-termed planned 12 outgoing lines will be 
provided with high-voltage reactors, except the Jamshoro double lines and Moro line. 
The converter transformers are provided with AC PLC at their line incoming points 



provisionally. 
In the current phase, 8 outgoing lines (1 to Dadu New,2 to Jamshoro, 1 to Moro, 2 to 
Hubco New power station, 2 to Qasim power station, and 2 to Thar power station), 4 
banks of ACFs, and 2 banks of converter transformers will be built. A total of 16 
elements will be incorporated into the strings, constituting 7 complete strings and 2 
incomplete strings. Each of the two buses will be connected with one 500/35 kV 
step-down transfoliner. All the outgoing lines will be provided with outgoing 
disconnectors. All of the outgoing lines will be provided with high-voltage reactors, 
except the Jamshoro double lines and Moro line. 

Lahore CS: 
The long-term targets for Lahore converter station are the same as the current target. 
In the current phase, 6 outgoing lines (2 to Lahore North Substation, 2 to Lahore 
South Substation, and 2 to Lahore Substation), 4 banks of ACFs, and 2 banks of 
converter transformers will be built. A total of 12 elements will be incorporated into 
the strings, constituting 6 complete strings. Each of the two buses will be connected 
with one 500/35 kV step-down transformer. All the incoming and outgoing lines will 
be provided with outgoing disconnectors. The converter transformers are provided 
with AC PLC at their line incoming points provisionally. 

■ Type: 
outdoor, transformation/switching 

■ Arrangement scheme: 
breaker and a half, double bus 

■ Basic insulation level: kV 
AC:500kV 
DC:660kV 

■ Control and protection system 

(1)HVDC control system 

In addition to basic control of various operation modes, the HVDC control system 
includes various basic controllers and limiters, and is capable of maintaining the 
controlled signals such as DC power, DC current, DC voltage and converter firing 
angle within the steady state limits of primary DC equipment. The control system also 
has the ability to suppress transient overcurrent and overvoltage, and to recover 
steadily within the specified response time after AC or DC system failures. 
The HVDC control system will be of a hierarchical distributed architecture. With the 
purpose of assigning control functions to the lowest possible layer, the HVDC control 
system is divided into the following by function: double-pole control layer, pole 
control layer and converter valve control layer. 

4 



The sampling units, data bus, master device to control port, should be fully in 
duplicated configuration. 

(2) HVDC protection system 

The HVDC protection system is arranged based on protection zones. The protection 
system of the converter station is divided into the following seven protection zones: 
AC filter/shunt capacitor protection zone, converter transformer protection zone, 
converter protection zone, DC line protection zone, DC filter protection zone, DC 
switchyard protection zone, and DC earth electrode line protection zone. Each 
protection zone and adjacent protection zone are overlapped to ensure that there is no 
dead zone. Triple redundant protection will be used for the HVDC system. 
Among them, the DC filter protection and converter transformer protection will be 
provided by the pole protection; three sets of electrical quantity protection and non 
electrical quantity protection will be provided for each pole; duplicated protection will 
be provided for the AC filters based. 
DC protection of the two poles are completely separate. HVDC protection and DC 
control systems will be relatively independent, both in redundancy. 

■ Specification of equipment: 
breakers-type,re-.closing mechanism,duty cycle,isolators,transformers-type, size, 
cooling system,tap-change,protection 
■ Lightening arresters, shunt reactors, metering and instrumentation 
The details for above two items as follows: 
Matiari CS: 
The main AC equipment used in this project is summarized as follows: 
Table 1: Selection of main AC equipment 
No 

Equipment Description Main Parameters and Type Selection 

I 500 kV AC switchgear 

1 Circuit breaker 

550kV 4000A 	63kA(3s) 160kA, with closing 
resistor[1] 
Circuit 	breaker 	failure protection, automatic 
reclosing 

2 Current transformer 500kV 2 x2000/1A 

3 
500kV 	vertical 	break 
disconnector 	with 	single 
earth switch 

550kV 	3150A 	63kA(3s) 160kA 

4 
500kV 	disconnector, 	with 
single 	stationary 	contact 
and single earth switch 

550kV 3150A 	63kA(3s) 160kA , dual-column, 
horizontal type 

5 
500kV 	disconnector, 	with 
double 	stationary 	contacts 
and triple earth switches 

550kV 	3150A 	63kA(3s) 	160kA 	, 
three-column, horizontal type 

• 



No 
Equipment Description Main Parameters and Type Selection 

6 Maintenance earth switch 550kV 	63kA(3s) 160kA 

7 

500kV 	capacitive 	voltage 

transformer 	(three-phase, 
used on the incoming line, 
bus, and outgoing line of 
converter transformer) 

500kVhi3/0.1N3/0.1/-\13/0.1N3/0.1kV 

8 
500kV 	metal-oxide 	surge 

arrester 
Y20W 

9 500kV shunt reactor 

550N3kV, 50Mvar 

550/Ai3kV, 40Mvar 
 

550/13kV, 	34Mvar,over 	current 

protection,restricted earth fault protection 

10 
Neutral-point 	reactor 	of 

500kV shunt reactor 
66kV, —500 (+10% to 10%)S2 

II AC filter switchgear 

1 
500kV AC filter/capacitor 

bank 

Rated capacity: 150Mvar 
Rated capacity: 180Mvar 

2 

Porcelain knob type circuit 
breaker for the 	incoming 

line of capacitor bank 

Dual-break, 550kV, 3150A, 631(A/3s, 160kA 

3 
Current transformer for the 
incoming line of capacitor 

bank 

500kV, 1000/1A 

4 
Vertical break disconnector 
for the 	incoming 	line of 

capacitor bank 

550kV, 3150A, 63I(A/3s, 160kA, with single earth 

switch 

5 
Earth 	switch 	for 	the 
incoming line of capacitor 
bank 

550kV, 631(A/3s 	160kA 

6 
500kV metal oxide surge 
arrester 

Y2OW 

7 
500kV 	capacitive 	voltage 

transformer 
500N3/0.1/13/0.1/0/0.1N3/0.1kV 

8 Earth switch for 500kV bus 550kV, 631(A/3s 160kA 

III Station service system 

1 
500kV 	three-phase 
oil-immersed transformer 

SFP-130000/500, 	 525±2x2.5%/35kV, 

non-exciting 	regulation, 	differential 

protection,over current protection 

2 
132kV 	three-phase 

oil-immersed transformer 

8MVA, 	132±2x2.5%/11.5kV, ONAN, YN,d11, 

non-exciting regulation 

3 132kV SF6 circuit breaker 145kV 	1600A 	40kA 100kA 

4 500kV circuit breaker 550kV 4000A, 63kA(3s), 160kA 



No 
Equipment Description Main Parameters and Type Selection 

5 
500kV 	horizontal 	break 
disconnector 	with 	single 
earth switch 

550kV 3150A 63kA/3s 160kA 

6 132kV disconnector 
145kV 	1600A 40kA 100kA, 	dual-column, 
horizontally opening, single earth switch 

7 500kV earth switch 500kV, 63kA (3s) 160kA 

8 132kV disconnector 
145kV 	1600A 	40kA 100kA, 	dual-column, 
horizontally opening, double earth switches 

9 500kV current transformer 500kV 2x2000/1A 

10 132kV current transformer 132kV 

11 
500kV metal oxide surge 
arrester 

Y2OW 

12 132kV surge arrester 132kV 

13 
500kV 	capacitive 	voltage 
transformer 

500kV 

14 
132kV 	capacitive 	voltage 

transformer 
132kV 

15 
35kV 	three-phase 
two-winding 	non-exiting 
regulation transformer 

8MVA, 35/11.5kV 

16 40.5kV circuit breaker 40.5kV, 2500A; 40kA; 100kA 

17 40.5kV circuit breaker 40.5kV, 2000A; 40kA; 100kA 

18 35kV current transformer 35kV, routine outdoor type 

19 35kV voltage transformer 35kV, 35A/3: 0.1/-0: 0.1N3:0.1/3kV 

20 
Dual-column 
horizontally-rotation 
disconnector 

(1) 40.5kV, 2500A; 40kA; 100kA; with double 
earth switches 
(2) 40.5kV, 2000A; 40kA; 100kA; with single 
earth switch 
(3) 40.5kV, 2000A,: 40kA; 100kA; with double 

earth switches 

The main DC equipment used in this project is summarized as follows: 
Table 2: Selection of main DC equipment 

No. Equipment Description Main Parameters and Type Selection 

1 
Dry-type 	smoothing

680kV, 
reactor for pole line 

3030A, 75mH 

2 
Dry-type 	smoothing 

reactor for neutral line 
150kV,3030A, 75mH 

3 680kV DC disconnector 3030A 

4 
DC 	high-speed 	switch3030A, 
NBGS 

including circuit breaker, capacitor bank, 
reactor, and arrester 



No. Equipment Description Main Parameters and Type Selection 

5 
DC 	high-speed 	switch3030A, 
NBS 

including circuit breaker, 	capacitor bank, 
reactor, and arrester 

6 
Metallic 	return 	transfer3030A, 
breaker (MRTB). 

including circuit breaker, 	capacitor bank, 
reactor, arrester, disconnector, and earth switch 

Ground 	return 	transfer3030A, 

switch (GRTS) 

including circuit breaker, capacitor bank, 
reactor, arrester, disconnector, and earth switch 

8 
DC 	current 	measuring680kV, 

devices 

optical 	current 	transformer, 	with 	optical 

connectors and photoelectron equipment 

9 
DC 	voltage 	measuring 

devices 
680kV 

10 DC pole bus arrester 680kV 

11 
Smoothing 	reactor 

arrester 
680kV 

12 12th/24th DC filter 

Including 	Cl -high-voltage 	capacitor, 	high-voltage 

capacitor imbalance 	CT, 	L1-high-voltage reactor, 

L2-neutral point reactor, T3-reactor L2 branch CT, 
T4-CT on the neutral point side, F3-arresters on both 
ends of Ll, Fl-arrester on the high-voltage end of 
Ll, C2 low-voltage capacitor, F2-arresters on both 

ends of L2, etc. 

13 6th/42th DC filter 

Including 	C 1-high-voltage 	capacitor, 	high-voltage 

capacitor imbalance 	CT, 	L1-high-voltage reactor, 

L2-neutral point reactor, T3-reactor L2 branch CT, 
T4-CT on the neutral point side, F3-arresters on both 
ends of Ll, Fl-arrester on the high-voltage end of 
Ll, C2 low-voltage capacitor, F2-arresters on both 

ends of L2, etc. 

14 
Other equipment on DC 

side 

Including 	high-voltage 	and 	low-voltage 	post 

insulators, 	low-voltage 	disconnector/earth 	switch, 
DC neutral bus impulse capacitor, PLC reactor, 

capacitor, etc. 

Lahore CS: 
The main AC equipment used in this project is summarized as follows: 

Table 3: Selection of main AC equipment 

No. Equipment Description Main Parameters and Type Selection 

I 500 kV AC switchgear 

1 Circuit breaker 
550kV 4000A 	63kA(3s) 160kA, with closing 

resistor[1] 

2 Current transformer 500kV 2x2000/1A 



No. Equipment Description Main Parameters and Type Selection 

3 
500kV 	vertical 	break 
disconnector 	with 	single 
earth switch 

550kV 3150A 	63kA(3s) 160kA 

4 
500kV disconnector, with 
single 	stationary 	contact 
and single earth switch 

550kV 3150A 	63kA(3s) 160kA, dual-column, 
 

horizontal type 

5 
500kV disconnector, with 
double stationary contacts 
and triple earth switches 

550kV 3150A 	63kA(3s) 160kA , three-column, 
 

horizontal type 

6 Maintenance earth switch 550kV 	63kA(3s) 160kA 

7 
500kV capacitive voltage 
transformer 

500/V3/0.1/-J3/0.1/J3/0.1k3/0.1kV 

8 
500kV metal-oxide surge 
arrester 

Y20W 

II AC filter switchgear 

1 
500kV AC filter/capacitor 
bank 

Rated capacity: 150Mvar 
Rated capacity: 160Mvar 

2 
Porcelain knob type circuit 
breaker for the incoming 

line of capacitor bank 
550kV 3150A 63kA/3s 160kA, Dual-break 

3 
Current transformer for the 
incoming line of capacitor 
bank 

500kV 1000/1A 

4 
Vertical break disconnector 
for the incoming line of 
capacitor bank 

550kV 3150A 63kA/3s 160kA, with single earth 
 

switch 

5 
Earth 	switch 	for 	the 
incoming line of capacitor 
bank 

550kV 63kA/3s 160kA 

6 
500kV metal oxide surge 
arrester 

Y2OW 

7 
500kV capacitive voltage 
transformer 

500N3/0.1N3/0.1/V3/0.1h13/0.1kV 

8 Earth switch for 500kV bus 550kV 63kA/3s 160kA 
III Station service system 

1 
500kV 	three-phase 
oil-immersed transformer 

SFP-130000/500 510±2x2.5%/35kV, 
non-exciting regulation 

2 
132kV 	three-phase 
oil-immersed transformer 

8MVA 	132±2x2.5%/11.5kV ONAN , 
non-exciting regulation 

3 132kV SF6 circuit breaker 145kV 1600A 40kA 100kA 
4 500kV circuit breaker 550kV 4000A 63kA/3s 160kA 



No. Equipment Description Main Parameters and Type Selection 

5 

500kV 	horizontal 	break 

disconnector 	with 	single 

earth switch 

550kV 3150A 63kA/3s 160kA 

6 132kV disconnector 
145kV 	3150A 	40kA 	100kA, 	dual-column, 

horizontally opening, single earth switch 

7 500kV earth switch 500kV 631(A/3s 160kA 

8 132kV disconnector 
145kV 	1600A 	40kA 	100kA,dual-column, 

horizontally opening, double earth switches 

9 500kV current transformer 500kV 	2x2000/1A 

10 132kV current transformer 132kV 	800/1A 

11 
500kV metal oxide surge 

arrester 
Y2OW 

12 132kV surge arrester 132kV 

13 
132kV capacitive voltage 

transformer 
132/A/3/0.1/A13/0.1N3/0.1/-0/0.1kV 

14 

35kV 	three-phase 

two-winding 	non-exiting 

regulation transformer 

8MVA 	35/11.5kV 

15 40.5kV circuit breaker 40.5kV 2000A 40kA 100kA 

16 35kV current transformer 35kV, routine outdoor type 

17 35kV voltage transformer 35/-q3/0.1/A/3/0.1N3/0.1/-0/0.1kV 

18 

Dual-column 
horizontally-rotation 
disconnector 

(1) 40.5kV, 2000A; 40kA; 100kA;with double 

earth switches; 
(2) 40.5kV, 2000A; 40kA; 100kA; with single 

earth switch 

The main DC equipment used in this project is summarized as follows: 

Table 4: Selection of main DC equipment 

No. Equipment Description Main Parameters and Type Selection 

1 
Dry-type 	smoothing 

reactor for pole line 
680kV, 3030A, 75mH 

2 
Dry-type 	smoothing 

reactor for neutral line 
150kV,3030A, 75mH 

3 680kV DC disconnector 3030A 

4 
DC 	high-speed 	switch3030A, 

NBGS 

including circuit breaker, capacitor bank, 

reactor, and arrester 

5 
DC 	high-speed 	switch3030A, 

NBS 

including circuit breaker, capacitor bank, 

reactor, and arrester 

6 
DC 	current 	measuring 

devices 

680kV 	,Optical 	current transformer, with optical 

connectors and photoelectron equipment 

7 
DC 	voltage 	measuring 

devices 
680kV 

a 



No. Equipment Description Main Parameters and Type Selection 
8 DC pole bus arrester 680kV 

9 
Smoothing 	reactor 
arrester 

680kV 

10 12th/24th DC filter 

Including 	Cl -high-voltage 	capacitor, 	high-voltage 
capacitor 	imbalance 	CT, 	L1-high-voltage 	reactor, 
L2-neutral point reactor, T3-reactor L2 branch CT, 
T4-CT on the neutral point side, F3-arresters on both 
ends of LI, Fl-arrester on the high-voltage end of 
Ll , C2 low-voltage capacitor, F2-arresters on both 
ends of L2, etc. 

11 6th/42th DC filter 

Including 	Cl-high-voltage 	capacitor, 	high-voltage 
capacitor imbalance 	CT, 	Ll -high-voltage reactor, 
L2-neutral point reactor, T3-reactor L2 branch CT, 
T4-CT on the neutral point side, F3-arresters on both 
ends of Ll, F 1 -arrester on the high-voltage end of 
Ll, C2 low-voltage capacitor, F2-arresters on both 
ends of L2, etc. 

12 
Other equipment on DC 
side 

Including 	high-voltage 	and 	low-voltage 	post 
insulators, low-voltage disconnector/earth 	switch, 
low-voltage 	current/voltage 	measure 	device, 	DC 
neutral bus impulse capacitor, PLC reactor, capacitor, 
power line carrier equipment,etc. 

■ SCADA and communication 

The SCADA information shall satisfy the following principles: 
(1) Complete telecontrol information should be collected in a timely manner to fully 
reflect the operating conditions of the power grid. 
(2) Information collection shall meet the needs of all levels of dispatch centers for 
hierarchical management and independent accounting. 
(3) Information collection shall meet the requirements of power grid security 
monitoring and advanced application functions. 
(4) The SCADA information shall be directly collected and transmitted to NPCC in 
real-time. 
The converter station will be designed on a manned basis. The computer monitoring 
and control system will be of object-oriented design. Through full use of computer 
technology, modern control technology, network communications technology and 
graphics technology, an integrated automation system of control, measurement, 
telecontrol and modern comprehensive management. The computer monitoring and 
control system will be of modular, hierarchical distributed network architecture. The 
operators may use the HMI in the control room to monitor, control and record all the 
equipment in the converter station, and send related information to control centers 
through remote communications devices. 



Communication system 

System Dispatch Exchange 
One system dispatch and station administrative exchange will be provided for Matiari 
Converter Station and Lahore Converter Station respectively. The exchange can be 
connected to the private power dispatch exchange network via 2Mbitis and E&M 
digital interface, thereby realizing communication with the dispatch center(NPCC). 

Communication Power Supply 
Two sets of communication power supply will be provided in duplicate configuration 
for both Matiari and Lahore Converter Stations, each including two sets of high 
frequency switching communication DC power supply equipment, two DC 
distribution panels, and two maintenance-free battery banks. 
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TECHNICAL DEFINITIONS 

The following technical definitions apply to this Specification: 

HVDC System 

HVDC Project 

M-L T/L 

AC yard 

DC yard 

Life yard 

T area 

M-E T/L 

M E/G 

L-E T/L 

L E/G 

M C/S 

L C/S 

M AC busbar 

L AC busbar 

M AC system 

L AC system 

National Transmission And Dispatch Company Limited (NTDC) 

The project company for development, investment, construction, 
operation and maintenance of the ± 660kV HVDC project from 

Matiari to Lahore in Pakistan. 

All of the relevant equipments and systems in bipolar operation, 

including converter transformers, Converter valves, DC yard 

equipment, AC filter, control& protection system, DC transmission 

line, electrode and electrode line, etc. 

HVDC System and the relevant construction works in this project. 

the relevant construction works including outlet and inlet line of 

converter station, buildings and structures, related auxiliary 

production facilities and living facilities. 

Matiari-Lahore Transmission Line 

AC switchgear area in converter station 

DC switchgear area in converter station 

Living facilities and part of auxiliary production facilities area in 

converter station 

Transformer area 

Matiari Electrode Grounding Transmission Line 

Matiari Electrode Grounding 

Lahore Electrode Grounding Transmission Line 

Lahore Electrode Grounding 

Matiari Converter Station 

Lahore Converter Station 

Matiari AC busbar 

Lahore AC busbar 

Matiari AC system 

Lahore AC system 

Purchaser 

Company 
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4 
	The following abbreviations apply to this Specification: 

AC 	 Alternating Current 

ACI 	 American Concrete Institute 

A/D 	 Analog to Digital 

AN 	 Audible Noise 

ANSI 	American National Standards Institute 

ASCE 	American Society of Civil Engineers 

ASTM 	American Society for Testing Material 

BIL 	 Basic Impulse Insulation Level 

BS 	 British Standard 

BSL 	 Basic Switching Impulse Insulation Level 

CB 	 Control Building 
Ik 

CCITT 	International Consultative Committee on Telephone and Telegraph Systems 

CT 	 Current Transformer 

CTV 	Capacitive Voltage Transformer 

D/A 	 Digital to Analog 

DC 	 Direct Current 

DIN 	 Deutsches Institute fur Normung 

EEI 	 Edison Electric Institute 

EIA 	 Environmental Impact Assessment 

ESCR 	Effective Short Circuit Ratio 

ESDD 	Equivalent Salt Deposit Density 

FAT 	 Factory Acceptance Tests 

HF 	 High Frequency 

HVDC 	High Voltage Direct Current 

IEC 	 International Electrotechnical Commission 

3 
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IEEE 	Institute of Electrical and Electronics Engineers 

I/O 	 Input/Output 

ISO 	 International Standards Organization 

LED 	Light Emitting Diode 

MMI 	Man Machine Interface 

MVU 	Multiple Valve Unit 

NFPA 	National Fire Protection Association 

OPGW 	Optical Fiber Composite Overhead Ground Wire 

P&C 	Protection and Control 

PLC 	 Power-line Carrier 

PT 	 Potential Transformer 

RF 	 Radio Frequency 

RI 	 Radio Interference 

RIV 	 Radio Interference Voltage 

11, 	RTU 	Remote Terminal Unit 

RFC 	Reactive Power Controls 

SCADA 	Supervisory Control and Data Acquisition 

SER 	Sequence of Events Recorder 

SLG 	Single Line to Ground Fault 

SMC 	Station Master Clock 

SPC 	 Software Production Control 

SWC 	Surge Withstand Capability 

TFR 	Transient Fault Recorder 

UPS 	 Uninterruptible Power Supply 

VDT 	Video Display Terminal 

VDU 	Video Display Unit 

VF 	 Voice Frequency 

VT 	 Voltage Transformer 
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1. 	General 

1.1 	Project Overview 

To promote development of coal and electricity base at the south of Pakistan and 
4 	 meet increasing need for electricity in Lahore, it is planned to construct the ±660kV 

HVDC Project from Matiari to Lahore. 

The ±660kV HVDC Project from Matiari to Lahore is planned to be completed and 

put into operation around 2019 with a capacity of 4000MW. The line extends about 
878km from Matiari of Sindh Province to Lahore of Punjab Province. 

The project is the first HVDC transmission project in Pakistan. It will be constructed 

by State Grid Corporation of China with the BOOT mode and have a commercial 
operation period of 25 years. 

1.2 	Design Basis 

1.2.1 	National Power System Expansion Plan 2011-2030, Main Report, Canada 

SNC-Lavalin International Corporation, Pakistan National Technology Service 
Company, 2011 

1.2.2 	State of Industry Report 2013, Pakistan National Electric Power Regulatory 
Authority (NEPRA) 

• 
1.2.3 	The Feasibility Study Report of HVDC/HVAC 1300km Long Transmission Line 

from Karachi to Up-country for Dispersal of 2500-3000MW Power from Imported 

Coal Based Power Project, Canada SNC-Lavalin International Corporation, Pakistan 
National Technology Service Company, 2013 

1.2.4 NEPRA Grid Code 

1.2.5 	Transmission Services Agreement 

1.2.6 	Minutes of meeting signed between China and Pakistan 

1.2.7 ±660kV HVDC Transmission Line From Matiari to Lahore Environment Impact 

Assessment (EIA) Report. 

1.2.8 	±660kV HVDC Transmission Line From Matiari to Lahore Initial Poverty and Social 

Analysis (IPSA) Report. 

1.2.9 	Laws, regulations, specifications and codes of Pakistan 

1.3 	Technical Standard 

The engineering, construction, operation and maintenance of the HVDC 

Transmission Project will be performed according to: (i) IEC and/or IEEE for the AC 

portion of the HVDC Transmission Project; and(ii) the IEC, IEEE, or the Chinese 
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Standards for the DC portion of the HVDC Transmission Project. 

1.4 	Design condition 

1.4.1 Environmental Conditions 

1.4.1.1 Climatic Data 

Table 1.4-1 Environmental Climatic Data 

Matiari Lahore 

Data Remark Data Remark 

a) Temperature 	( ° C) 

max. dry bulb temperature 52.5 201506MOM 

150701Cheema 

52.5 

201506MOM 

150701Cheema 

min. dry bulb temperature -5 -5 

average year temperature 27.7 
Hyderabad 

weather station 
25 

average month temperature 

of the hottest month 
34 

Hyderabad 

weather station 
33.6 

Lahore weather 

station 

10% wet bulb temperature 29.6 
Hyderabad 

weather station 
28.2 

Lahore weather 

station 

b) Air pressure 	(Hpa) 

average year air pressure 1001.2 
Hyderabad 

weather station 
983.1 

Lahore weather 

station 

c) Relative humidity 

average relative humidity 

(%) 
58 8 . 

Hyderabad 

weather station 
63 

Lahore weather 

station 

min. relative humidity 	(%) 23.3 
Hyderabad 

weather station 
24.5 

Lahore weather 

station 

d) Wind direction and 

velocity 

average wind velocity 

(m/s) 

5.6 	(3s) 

3.9 
( 10min ) 

Hyderabad 

weather station 

1.6 	(3s) 

1.1 
( 10min ) 

Lahore weather 

station 
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Matiari Lahore 

Data Remark Data Remark 

average maximun wind 

speed (within 50 years 10 

minute measured at 10m 

height maximum wind 

speed, m/s) 

31.1 20150303MOM 31.1 20150303MOM 

prevailing direction S 
Hyderabad 

weather station 
NW 

Lahore weather 

station 

e) 	Precipitation 	(mm) 

normal for year 171.8 
Hyderabad 

weather station 
679.7 

Lahore weather 

station 

max. monthly 

max. 24 hours 153.0 
Hyderabad 

weather station 
274 

Lahore weather 

station 

f)others 

icing 0 20150303MOM 0 20150303MOM 

percentage of sunshine(%) 70 66 

Sunshine intensity (kW/m2 ) 0.7 NASA data 0.7 NASA data 

1.4.1.2 Thunderstorm Days 

Table 1.4-2 Thunderstorm Days at Converter Station 

Matiari Lahore 

average thunderstorm days/year 8 32 

maximum thunderstorm days/year 18 

1.4.1.3 Seismic Conditions 

Table 1.4-3 Seismic Conditions at Converter Station 

Matiari Lahore 

Seismic intensity 7 degree (0.14g) 7 degree (0.14g) 
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1.4..1.4 Altitude 

Table 1.4-4 Altitude of Converter Station 

Matiari 
	

Lahore 

approximate elevation above sea level (m) 
	

25 
	

195 

1.4.1.5 Recommended values for air pollution and external insulation 

N.A. 

1.4.2 Data of AC System 

Currently, the highest voltage of Pakistan's transmission network is 500 kV, and it has formed a main 

frame structure covering main regions in Pakistan, which consists of 2-4 south-north 500 kV lines 

used to transmit power to load centers of Punjab and Islamabad and a ring network in load centers. 

Pakistan's national grid is divided into two parts by power transmission region: one is operated by 

NTDC and the other by KESC Industrial Park. 

The main grid of NTDC operates at 500 kV and 220 kV while the grid of local distribution company 

operates at 132kV and 66kV which is transferring to 132kV preliminarily. Up to the end of 2014, 

kr 	Pakistan's grid has 12 500 kV substations with a total capacity of 15,750 MVA, 29 220 kV substations 

with a total capacity of 18,231 MVA, 5144 km 500 kV lines, and 8358 km 220 kV lines. 

According to geographical locations, local distribution companies of Pakistan include IESCO, LESCO, 

GEPCO, FESCO, and MEPCO in Punjab and Islamabad, SEPCO, HESCO and KESC Industrial Park 

in Sindh and Karachi, QESCO in Balochistan, PESCO and TESCO in the north. 

1.4.2.1 Connection of Matiari Converter Station 

AC side of the Matiari converter station is at 500 kV voltage, and is n-connected to Jamshoro-Moro 

and Jamshoro-Dadu New 500 kV power line. The associated thermal power projects are collected to 

the converter station at 500 kV. There will be ten incoming lines leading to the converter station at the 

first stage, with two from Jamshoro, one from Moro, one from Dadu New, and six from the associated 

power sources. 
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Figure 1.4-1 Grid Connection of M C/S 

1.4.2.2 Connection of Lahore Converter Station 

AC side of the Lahore converter station is at 500 kV voltage, and is 7c-connected to the Lahore-Lahore 

South 500 kV double-circuit line. Also, a 500 kV Lahore North substation, and Lahore-Lahore 

North-Gakkhar 500 kV double-circuit line need to be built. There will be six outgoing lines led from 

the converter station, two to Lahore, Lahore South, and Lahore North each. 

41,  
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Figure 1.4-2 Grid Connection of L C/S 

1.4.2.3 Normal and Extreme Voltage Range of Converter Station AC Buses 

The normal operating voltage of the Matiari converter station AC bus is recommended to be 500kV, 

the normal continuous operating voltage range will be from 475 to 540kV, the voltage variation 

generally remains 505-525kV and the extreme continuous operating voltage range is from 450 to 

550kV. 

The normal operating voltage of the Lahore converter station AC bus is recommended to be 500kV, 

the normal continuous operating voltage range will be from 475 to 530kV, the voltage variation 

generally remains 490-510kV and the extreme continuous operating voltage range is from 450 to 

550kV. 

1.4.2.4 Normal and Post-Disturbed Frequency Variation 

•0) The normal frequency variation of the Matiari converter station AC bus is within the range of 50+ 

0.1Hz, the post distribution frequency variation is within the range of 49.4-50.5Hz, and the frequency 

after fault clearance is within the range of 50+ 0.2Hz. 
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The normal frequency variation of the Lahore converter station AC bus is within the range of 50± 

0.1Hz, the post distribution frequency variation is within the range of 49.5-50.5Hz, and the frequency 

after fault clearance is within the range of 50 ± 0.2Hz. 

1.4.3 DC Transmission Line 

Location: from Matiari Converter Station, Hyderabad to Lahore Converter Station, Lahore. 

Rated voltage: 	 ±660 kV 

Number of transmission line: 	 Single Circuit 

Rated current: 	 3030A 

Transmission line length: 	 878km 

1.5 	Conclusions 

1.5.1 	Primary System 

1.5.1.1 Project Necessity 

(1) Accommodate power demands of load centers in Pakistan; 

(2) Optimize resource allocation across the country; 

(3) Enable power evacuation from southern Pakistan. 

1.5.1.2 Transmission Scheme 

It is recommended to adopt 	±660kV/4000MW HVDC transmission scheme 

characterized by: (1) Satisfying the requirement on transmitting capacity of this 

Project, requirements of medium- and long-term grid planning of Pakistan, and 

south-north power transmission requirements; (2) Isolating disturbance between 

sending- and receiving-end systems, and facilitating control of short-circuit current 

level of Pakistan's grid; (3) Controlling project cost, and achieving good project and 

economic benefits by using construction contractor's rich design, construction, and 
O&M experience. 

1.5.1.3 Connection of Converter Station to System 

(1) Connection of Sending-End Convertor Station 

AC side of the sending-end converter station is at 500 kV voltage, and is 

7c-connected to Jamshoro-Moro 500 kV power line. 2X10 km new lines are 

required. Thermal power units are connected to the convertor station at the 

voltage of 500 kV. There are 10 outgoing lines led from the sending-end 
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convertor station, 1 to Dadu New, 2 to Jamshoro, 1 to Moro and 6 to power 
stations. 

(2) Connection of Receiving-end Converter Station 

AC side of the receiving-end converter station is at 500 kV voltage, and is 

7E-connected to the Lahore-Lahore South 500 kV double-circuit line, for which 

2x1 km and 2x10 km new lines are required. Also, a 500 kV Lahore North 

substation, and receiving-end-Lahore North-Gakkhar 500 kV double-circuit line 

(around 2x110 km) need to be built. There are six outgoing lines led from the 

receiving-end converter station, two to Lahore, two to Lahore South, and two to 
Lahore North. 

	

1.5.2 	Secondary System 

See Volume 11-2 for details. 

	

1.5.3 	Converter Station 

1.5.3.1 Overview of Site Selection of Sending-end Converter Station 

(1) Siting Process 

In August 2014, China Electric Power Equipment and Technology Co., Ltd. 

(CET) carried out site survey for the convertor station site and selected three 
sites for preliminary feasibility study. 

In March 2015, personnel from Pakistan and CET carried out investigation and 

survey for three sites, among which one was suggested by personnel from 

Pakistan and the other two were proposed sites for preliminary feasibility study. 

Finally, the site suggested by personnel from Pakistan was determined as the 
candidate for feasibility study, and the two parties carried out on-the-spot 
investigation. 

(2) Main Technical Schemes 

The converter adopts bipolar wiring scheme with one 12-pulse valve group per 

pole and 6-pulse midpoint grounded via arrester. The converted power, rated DC 

voltage, and rated DC current is 4000 MW, ±660 kV, and 3030 A respectively. 

The converter valves are air-insulated, forced water-cooled 5-inch thyristor 

valves which are implemented in suspended double-valve structure. 

There are 12 single-phase dual-winding converter transformers in service and 

two standby converter transformers (one YNyO-connected transformer and one 

YNdl 1-connected transformer) at the Matiari converter station. The line-side 

bushings of single-phase dual-winding converter transformers are YN-connected 

on the line side and then directly connected to the AC system, the valve-side 
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bushings are Y- or d-connected in the valve hall and then connected to the valve 
tower. The three-phase wiring groups of converter transformer are YNyO and 
YNdl 1 respectively. The converter transformers are oil-immersed single-phase 
dual-winding OLTC transformers. 

The long-term targets for Matiari converter station include 12 AC 500 kV 
outgoing lines, 4 banks of AC filters (hereinafter referred to as "ACF"), and 2 
banks of converter transformers, i.e., totally 18 elements, which constitute 8 
complete strings and 2 incomplete strings. Either of the two buss will be 
connected with one 500/35 kV step-down transformer. All of the long-termed 
planned 12 outgoing circuits will be provided with high-voltage reactors, except 
the Jamshoro double lines and Moro line. The converter transformers are 
provided with AC PLC at their line incoming points provisionally. 

In this phase, 10 outgoing circuits (1 to Dadu New, 2 to Jamshoro, 1 to Moro, 2 
to Hubco New power station, 2 to Port Qasim power station, and 2 to Thar 
power station), 4 banks of ACFs, and 2 banks of converter transformers will be 
built. A total of 16 elements will be incorporated into the strings, constituting 7 
complete strings and 2 incomplete strings. Either of the two buses will be 
connected with one 500/35 kV step-down transformer. All the outgoing lines 
will be provided with outgoing disconnectors. All of the 10 outgoing lines will 
be provided with high-voltage reactors, except the Jamshoro double lines and 
Moro line. 

500 kV AC filter yard employs single-bus connection mode. There are four 
banks of 500 kV AC filters and parallel capacitors, which are subdivided into 16 
sub-banks consisting of eight 150 Mvar sub-banks and eight 180 Mvar 
sub-banks. In this phase, 16 sub-bank circuit breakers are installed. The AC 
filters are of outdoor open type and arranged in a line. SF6 live tank circuit 
breakers with the ability to break/make capacitive current are recommended. 

The 35 kV AC switchyard employs single-bus connection mode. The switchgear 
is arranged outdoors. The Matiari converter station has two 35 kV buses, 4 banks 
of 60 Mvar low-voltage reactors, and two 35/11.5 kV auxiliary transformers. 

Three circuits of auxiliary power supply are proposed for Matiari converter 
station; two circuits will be led through 35/11.5 kV auxiliary transformers on 
two 35 kV AC buses; the other circuit will be led from the from 132 kV 
transmission line near converter station. The specific power supply lines will be 
determined by Pakistan. 

1.5.3.2 Overview of Site Selection of Receiving-end Converter Station 

(1) Siting Process 
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In August 2014, CET carried out site survey for the convertor station site and 
selected three sites for preliminary feasibility study. 

In March 2015, personnel from Pakistan and CET carried out investigation and 
survey for three sites, among which one was suggested by personnel from 
Pakistan and the other two were proposed sites for preliminary feasibility study. 
Finally, the site suggested by personnel from Pakistan was determined as the 
candidate for feasibility study, and the two parties carried out on-the-spot 
investigation. 

In May 2015, CET indicated that the site suggested by NTDC is located at a 
low-lying place requiring high backfilling workloads. Therefore, CET hopes that 
an alternate site shall be proposed. After measuring the elevation of the other site 
suggested by NTDC and the alternate site proposed by CET, it is found that the 
elevation of the original site is relatively high. Therefore, it is still recommended 
to select the original site since NTDC insists on selection of the original site. 

(2) Main Technical Schemes 

The converter adopts bipolar connection scheme with one 12-pulse valve group 
per pole and 6-pulse midpoint grounded via arrester. The converted power, rated 
DC voltage, and rated DC current is 4000 MW, ±660 kV, and 3030 A 
respectively. The converter valves are air-insulated, forced water-cooled 5-inch 
thyristor valves which are implemented in suspended double-valve structure. 

There are 12 single-phase dual-winding converter transformers in service and 
two standby converter transformers (one YNyO-connected transformer and one 
YNdl 1-connected transformer) at the Lahore converter station. The line-side 
bushings of single-phase dual-winding converter transformers are YN-connected 
on the line side and then directly connected to the AC system, the valve-side 
bushings are Y- or d-connected in the valve hall and then connected to the valve 
tower. The three-phase connection groups of converter transformer are YNyO 
and YNdl 1 respectively. The converter transformers are oil-immersed 
single-phase dual-winding OLTC transformers. 

3/2 circuit breaker connection method is used for 500kV AC side. The long-term 
targets of this converter station are the same as this phase. In this phase, there are 
6 AC 500 kV outgoing lines (two to Lahore North, two to Lahore South, and two 
to Lahore), 4 AC filter banks and 2 converter transformer banks. There are 12 
elements, which form 6 complete strings. Either of the two buses will be 
connected with one 500/35 kV step-down transformer. All outgoing lines will 
be provided with outgoing disconnectors. The converter transformers are 
provided with AC PLC at their line incoming points provisionally. 

500 kV AC filter yard employs single-bus connection mode. There are four 
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banks of 500 kV AC filters and parallel capacitors, which are subdivided into 16 

sub-banks consisting of eight 150 Mvar sub-banks and eight 160 Mvar 

sub-banks. In this phase, 16 sub-bank circuit breakers are installed. The AC 

filters are of outdoor open type and arranged in a line. SF6 live tank circuit 

breakers with the ability to break/make capacitive current are recommended. 

The 35 kV AC switchyard employs single-bus connection mode. The switchyard 

is arranged outdoors. The Lahore converter station has 2 35 kV buses, 3 banks of 

60 Mvar low-voltage reactors, and two 35/11.5 kV auxiliary transformers. 

Three circuits of auxiliary power supply are proposed for Lahore converter 

station; two circuits will be led through 35/11.5 kV auxiliary transformers on 

two 35 kV AC buses; the other circuit will be led from the 132kV transmission 

line nearby or the 132 kV bay within the SARFRAZ NAGAR 220 kV 

substation. 

1.5.4 	DC Transmission Line 

The Matiari-Lahore ± 660kV HVDC transmission line starts at Matiari converter 

station about 38km northeast to Hyderabad and ends at Lahore converter station 

approximately 40km southwest of Lahore. The line goes from southwest to northeast 

and crosses Sindh and Punjab, measuring 810km in aviation line. The length 

determined at feasibility study stage (the recommended route) is 8781un, with a 

buckling factor of 1.08. The altitude ranges from 20 to 200m along the line. 

The line corridor is mainly flat terrain, including flat ground of 342km (38.9%), and 
desert of 496km (56.5%), swamp of 401cm(4.6%). The highest temperature is 52.5°C, 

the lowest temperature -5°C, the 3-sec gust wind speed at 10m above ground is 

1601cm/h(44.44m/s), the corresponding 10-minute average wind speed at 10 meters 

above ground is 31.1rn/s.The corridor goes through ice-free areas. 

According to the feasibility study, the following are recommended: conductor uses 

4xJL1/G3A-1250/70 and 4xJL1X1/LHA1-800/550;both2 shield wires use 24-fiber 

OPGW-120;towers use lattice steel self-supported type (1977 towers, 2.25 

towers/km), including 257 tension towers (13%), 1703 suspension towers (87%). 

1.6 	The HVAC system interconnection requirement 

a) Interconnection with a total of 16 No. 500 kV circuits at both ends (10 circuits at 

Matiari and 6 circuits at Lahore) will be up and become operational no later than the 

COD time of Matiari - Lahore HVDC project. 
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b) If each of the Interconnection with a total of 16 No. 500 kV circuits at both ends 

hasn't become operational with the COD time of Matiari - Lahore HVDC project, it 

may cause significant impacts on the power grid. 

c) In/Out of 3rd  Jamshoro — Moro T/L and Jamshoro — Dadu New T/L at Matiari end 

provides essential condition for start-up of converter station, it should be completed 

and become operational no later than the COD time of Matiari - Lahore HVDC 

project. 

d) If Lahore Switching/Converter station — Lahore (North)/ Gakkhar 500 kV D/C T/L is 

delayed by the Purchaser and the HVDC Transmission Project is not operated at full 

load (i.e. Design Transmission Capability 4000MW) due to this grid constraint. In that 

case, Section 5.4 of TSA will prevail. 

e) Following the No. GMPP/CEMP/TRP-304/4996-5000 Sub: Looping In/out of 

Existing Jamshoro-Dadu New 500kV Circuit at Matiari dated Nov.25, 2015, the 

change of interconnection at Matiari end will affect the grouping variation of the 

reactive power compensation at Matiari converter station and the specific 

configurations of filter, so the configuration scheme of filter will be confirmed after 

the calculations. 

0 In accordance with your letter on China Experts Group Report (F.No.2(24)/2015-1C 

dated Nov. 18, 2015), NTDC recommended the HVDC 4000MW ±660kV 

transmission line project with proposed HVAC reinforcement as the most viable 

option, THE COMPANY will be responsible to complete the Matiari - Lahore HVDC 

Project by BOOT model, however, the HVAC reinforcement project shall be 

established and completed by NTDC no later than the COD time of Matiari - Lahore 

HVDC project. 
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2. 	Power System Study 

	

2.1 	Overview of Power System 

At present, Pakistan has transmission grids with the ceiling voltage of 500kV, and its 
main grid structure covers the main areas of the country with 2-4 circuit 500kV 
transmission channels from the south and north to the load centers with loop 
networks in Islamabad and Punjab. The State Grid of Pakistan is divided into NTDC 
and KESC Industrial Park in Karachi according to transmission areas. 

NTDC has main grid structure with voltages of 500kV and 220kV, and local power 
distribution companies have grids of 132kV and 66kV, of which the 66kV is being 
transited to 132kV. At present, Pakistan has twelve 500kV substations with 
transformation capacity of 15750 MVA, twenty-nine 220kV substations with 
transformation capacity of 18230 MVA, and has 5,144km of 500kV line and 
8,358km of 220kV line. 

On the basis of geographical location, the local distribution companies of Pakistan 
include IESCO, LESCO, GEPCO, FESCO and MEPCO in Punjab and Islamabad, 
SEPCO and HESCO in Sindh and Karachi, KESC Industrial Park in Karachi, 
QESCO in Balochistan, PESCO and TESCO in the north of Pakistan. 

As for the power consumption structure, residential electricity accounts for a largest 
proportion of about 45%; the proportion of industrial electricity takes second place 
with about 29%; and power consumption proportions for agriculture, business and 
other large users are about 11%, 8% and 7% respectively. Punjab and Islamabad 
consume most of the power, accounting for about 60% of the whole country while 
Sindh and Karachi for about 20%, and Balochistan and Khyber Pakhtunkhwa and its 
surrounding northern area for about 6% and 14% respectively. There forms the 
pattern that the hydropower in the north and the thermal power in the south are 
supplied to the middle area. The maximum load demand of power grid in Pakistan in 
2014 is 23040 MW with actual maximum load of 18830 MW and installed capacity 
of 24110 MW, and the power utilization capacity is about 67%. 
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Figure 2.1-1: Geographic connection diagram of Pakistan's 220 kV and above power 

grids in 2014 
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2.2 	Plan of Power System Development 

Pakistan's national grid is divided into two load areas by power transmission region, 
one operated by NTDC and the other by KESC Industrial Park. According to the 
latest load prediction data provided by Pakistan, the maximum load of Pakistan's grid 
in 2017 and 2020 will be 26680 MW and 30820 MW respectively, and the average 
annual growth rate in 2015-2020 will be 4.9%. 

The Project Team and China Communication Planning and Design Institute for 
Waterway implemented technical exchange on June 19, 2015, defined the power 
project scale and production sequence of CPEC, and considered the connection of 
production power plants and strengthening of supporting grid during the study of 
system scheme. 

To promote the construction of CPEC and facilitate the social and economic 
development of Pakistan, the National Energy Administration implemented energy 
planning for CPEC in 2014, and the bilateral governments signed "Cooperation 
Agreement for the Energy Project of CPEC" in November 2014. 21 planned power 
projects will be put into operation before 2023 as per the agreement with total scale 
of 17705 MW, of which the thermal power for 13665 MW, hydraulic power for 2690 
MW and new energy for 1350 MW; it includes priority project and promotion 
project. 

The total installed capacity of priority projects is 10400 MW. The thermal power 
projects of 7560 MW are mainly located in Punjab and Sindh. The hydraulic power 
projects of 1590 MW are located in the north area. New energy projects of 1250 MW 
are mainly located in Punjab. The total installed capacity of promotion project is 
7305 MW. Of which, the thermal power for 6105 MW, hydraulic power for 1100 
MW and the new energy for 100MW. 

A balancing study on Pakistan power shows that from 2017 to 2020, the power 
shortage of Pakistan will be 10100MW, 6000MW, 6620MW and 6890MW 
respectively and the shortage of Punjab and Islamabad will be 10490MW, 
9810MW, 10760MW and 11160MW respectively. 

According to the Pakistan's latest power grid planning, from 2015 to 2018, 
Matiari-Lahore Transmission Project is planned to meet load development and grid 
strengthening demands and to satisfy power gaps in load center in the middle and 
power delivery demands in the South; 3-circuit power transmission from South to the 
North 500kV transmission line is constructed (Jamshoro-Moro-R.Y.Khan);500kV 
power transmission and transformation projects such as South Lahore have been 
constructed; cooperate with CPEC power project and construct Shahiwal Power 
Plant and thermal power 500kV sending project in the South. 

By 2023, as the operation of K-2 and K-3 nuclear power projects and planned 
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thermal power projects, Matiari-Faisalabad 2-circuit power transmission project from 
South to North is planned to meet power delivery and load demands. 
Tajikistan-Peshawar DC and 500kV auxiliary project shall be constructed; 500kV 
substation such as Chakwal, Isd West and Ludewala will be constructed in load 

OP, 	 center of Punjab and Islamabad, receiving-end 500kV ring network structure power 
supply capacity will be improved. K2 and K3 nuclear power stations, Muzaffargarh, 
R.Y.Khan, Gaddani, Oracle and hydropower 500kV delivery project in the North 
will be constructed to cooperate with the CPEC power project. 

60% load demands of Pakistan concentrates in Punjab and Islamabad in the middle 
part and energy resources are mainly in Sindh and Karachi in the South and power 
supply pattern of power transmission from South to North will be kept for a long 
time in Pakistan. According to the National Power System Expansion Plan 
2011-2030 (2011), during 2020-2030, large-scale thermal power/nuclear power 
supply will be planned for southern part of Pakistan and installed capacity scale will 
be over 37000 MW. With continuous operation of large-scale power supply, the 
power delivery demands in the southern part of Pakistan will increase year by year. It 
is suggested to construct power transmission from 8-circuit 4000 MW DC to load 
center in the middle part by 2030 to meet long-term Pakistan load center power 
demands and power delivery demands in the South. 

2.3 	Project Necessity 

It is necessary to construct the project for reasons below. 

(1) accommodate power demands of load centers in Pakistan; 

Power loads in Punjab and Islamabad account for about 60% of the national total; 
therefore, Punjab and Islamabad are the load centers and receiving-end system 
of the entire grid. Based on power balance and considering definite power 
sources, the power shortage of Punjab and Islamabad will be 10490 MW and 
11160 MW respectively in 2017 and 2020. This Project will make it possible to 
transmit bulk power from southern Pakistan to load centers of Pakistan, satisfy 
load demands of Pakistan, especially Punjab and Islamabad, and provide 
guarantee for continuous and fast economic development. 

(2) optimize resource allocation across the country; 

The development of Pakistan's power industry at this stage focuses on satisfying 
the power demands of national economic and social development. As the 
energies and loads are distributed unevenly, to solve the power shortage problem 
of Pakistan, it is necessary to optimize the allocation of energy resources to the 
maximum extent possible by using platforms such as grid and transportation 
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system, build multiple energy supply channels, and improve power safety and 
reliability. Therefore, the construction of this Project is the need of optimized 
allocation of energy resources and power supply for places lack of energies. 

(3) enable power evacuation from south Pakistan. 

Currently, the prominent problem of power shortage has significantly restricted 
the continuous and fast economic development of Pakistan. Since oil-fired and 
gas-fired power has been dominant in power mix for a long time, power 
generation cost is high, output is insufficient, and energy is highly dependent on 
foreign trade, greatly affecting the power generation efficiency and further 
deteriorating power shortage situations. Therefore, the power mix needs to be 
optimized. To mitigate this problem, Pakistan will build large fossil-fired power 
plants based on Thar coalfield in the south of Pakistan and large nuclear power 
plants in the south. The power projects are far away from the load centers; 
therefore, the construction of this Project is the need of long-distance 
transmission of power from southern Pakistan. 

2.4 	Study on Power Transmission Scheme 

This section analyzes the transmission scheme of this Project based on medium- and 
long-term grid planning of Pakistan, distribution characteristics of power sources and 
loads, construction and operation of this Project, and grid operation situations. 

Currently, the prominent problem of power shortage has significantly restricted the 
continuous and fast economic development of Pakistan. Since oil-fired and gas-fired 
power has been dominant in power mix for a long time, power generation cost is 
high, output is insufficient, and energy is highly dependent on foreign trade, greatly 
affecting the power generation efficiency and further deteriorating power shortage 
situations. Therefore, the power mix needs to be optimized. To guarantee medium-
and long-term power supply, 2011-2030 Power Development Plan of Pakistan (the 
Plan) makes an in-depth planning and research on medium- and long-term power 
development of Pakistan. According the Plan, during 2017-2030, Pakistan will build 
large fossil-fired power plants in the south based on large energy bases such as Thar 
coalfield and nuclear power plants with an expected installed capacity of more than 
30000 MW. Pakistan plans to transmit bulk power from the south to load centers of 
Punjab and Islamabad in the north through six 4000 MW DC transmission lines. 
From the medium- and long-term grid planning of Pakistan, we can see that adopting 
DC transmission mode in this Project complies with relevant requirements and this 
Project is one of the important projects in grid planning. 

Based on the load distribution of Pakistan and the latest load prediction data issued 
by Pakistan, the maximum load in Pakistan will be about 30820 MW, 44000 MW, 
and 65000 MW respectively in 2020, 2025, and 2030, and about 70% of the loads 
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concentrate in Punjab and Islamabad in the north. The load in central Pakistan along 
Matiari-Lahore transmission line increases slowly, and therefore, there is no need to 
build power supply stations in the middle of Matiari-Lahore line. For this reason, 
from the view of distribution characteristics of loads and power sources in Pakistan, 
it is suitable to employ DC transmission mode in this Project. 

From the view of safe and reliable operation of system, DC transmission mode can 
isolate disturbance between sending- and receiving-end systems because Pakistan's 
grid is weak and this Project is a long-distance transmission project with a large 
capacity. Besides, DC transmission mode is beneficial for control of short-circuit 
current level of Pakistan's grid because the DC system usually doesn't supply 
short-circuit current to the AC system. What's more, DC transmission mode allows 
for simply and clear interface between this Project and Pakistan's main grid, 
facilitating energy metering and definition of O&M responsibilities and creating 
good preconditions for international cooperation. 

From the view of design, construction, and O&M of this Project, if DC transmission 
mode is used to transmit 4000 MW power over 1000 km, China's 
Ningdong-Shandong DC transmission project (660kV/4000MW/1300km) which has 
rich design, construction, and O&M experience and satisfactory technical and 
economic indicators can be used as a reference. Therefore, with reference to the 
successful experience in Ningdong-Shandong DC transmission project, ±660 kV DC 
voltage and 4000 MW transmitting capacity will contribute to smooth construction 
and operation of the Project. 

In summary, it is recommended to adopt ±660kV/4000MW DC transmission scheme. 
It has the following advantages: (1) Satisfying the requirement on transmitting 
capacity of this Project, requirements of medium- and long-term grid planning of 
Pakistan, and south-north power transmission requirements; (2) Isolating disturbance 
between sending- and receiving-end systems, and facilitating control of short-circuit 
current level of Pakistan's grid; (3) Controlling project cost, and achieving good 
project and economic benefits by using construction contractor's rich design, 
construction, and O&M experience. 

2.5 	System Connection Scheme Study 

2.5.1 	Study on System Connection Scheme of Sending-end Converter Station 

(1). Scheme of Sending-end Power Sources 

The power grid in Sindh has two voltage classes, 500 kV and 220kV. Given that 
it is not suitable to connect 660 MW and above power plants to 220 kV grid, the 
power sources will be combined together at 500 kV voltage. In particular, two 
500 kV outgoing lines are led from one power plant or two series-connected 
power plants. 
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Sending-end power source scheme: Hubco New is connected to the converter 

station via a 200 km long 500 kV double-circuit line, Port Qasim via a 180 km 

long 500 kV double-circuit line, and Engro and SSRL respectively via one 270 

km long 500 kV one-circuit line. The latter two power sources are connected 
together via one 500 kV one-circuit line. 

In; 	 141' 
I Ark 

ti 

Figure 2.5-1: Sending-end power sources scheme 

(2). System Connection Scheme of Sending-end Converter Station 

With Matiari and its surrounding area as the sending end of the DC power link, 

the following connection scheme is proposed: 

AC side of the sending-end converter station is at 500 kV voltage, and is Tr 

-connected to Jamshoro-Moro 500 kV power line. 2 x 10 km new lines are 

required. DC matching thermal power generating units with the voltage class of 

500kV are connected into the convertor station. There will be ten incoming lines 

leading to the converter station, with two from Jamshoro, one from Moro, one 

from Dadu New, and six from the associated power sources. 
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Figure 2.5-2: Connection of sending-end converter station (M CIS) 

2.5.2 	Study on System Connection of Receiving-end Converter Station 

With south Lahore as the receiving end of the DC power link, the following 

connection scheme is proposed: 

AC side of the receiving-end converter station is at 500 kV voltage, and connected to 

the Lahore-Lahore South 500 kV double-circuit line, for which 2x1 km and 2x10 km 

new lines are required. Also, a 500 kV Lahore North substation, and 

receiving-end-Lahore North-Gakkhar 500 kV double-circuit line (around 2 x110 km) 

need to be built. There will be six outgoing lines led from the receiving-end 

converter station, two to Lahore, Lahore South, and Lahore North respectively. 
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Figure 2.5-3: Connection of receiving-end converter station (L C/S) 

2.6 	Project Scale 

The project is about one-circuit 660 kV DC transmission, and has a transmission 

capacity of 4000 MW. 

2.7 	System Requirements on DC Operating Mode and Main Technical Parameters 

2.7.1 	Requirements on DC Operating Mode 

This project is a typical bipolar DC transmission line with both neutral points earthed. 

Conventionally, its basic operating modes shall include: bipolar mode, monopole 

ground-return mode, and monopole metallic-return mode. 

According to the previous Ningdong-Shandong ±660 kV HVDC transmission line 

project, this project adopts one 12-pulse converter valve bank for either pole. The 

operating modes of Matiari-Lahore ±660kV DC transmission line mainly include: 

(1) Bipolar full-voltage mode; 

(2) Monopole metallic-return mode; 

(3) Monopole ground-return mode; 
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(4) Reverse power transfer mode; 

(5) Reduced voltage mode. 

	

2.7.2 	Requirements on Main Technical Parameters of Converter Station 

(1) Ratings of DC System 

When DC system continuously operates at its ratings and power is transmitted 

from Matiari converter station to Lahore converter station, the continuous 

operation ratings of the DC line side of DC smoothing reactor used at converter 
station are as follows: 

Rated Power: 4000 MW in bipole, and 2000 MW for either pole; 

Rated voltage : ±660 kV 

Rated current : 3030 A 

(2) Minimum Transmission Power of DC System 

To prevent interrupted DC current when the average DC current is too low, a 

minimum DC current of DC system should be specified, which generally is 

taken as 5% to 10% of the DC current rating. According to the previous 

engineering experience, the minimum DC current of this project is taken as 10% 

tentatively, i.e., the minimum power transmitted by DC system is 10% of its 
power rating. 

(3) Reduced-voltage Operation Capability of DC system 

According to the previous engineering experience and the performance of 

related equipment, the maximum permissible reduction of operating voltage of 

Matiari-Lahore ±660kV DC transmission line is taken as 70% tentatively, that is, 
at 100% to 70% of normal voltage, the DC system is capable of transmitting 100% 
to 70% of rated power. 

(4) Reverse Power Transfer Capability of DC System 

There is no special requirement on reverse power transfer, i.e., the reverse power 

transfer only relies on the DC equipment, and additional equipment investment 
is not required. 

	

2.7.3 	Operating Voltage and Frequency of AC System 

According to the related conclusions of power flow and stability calculations, the 

operating voltage and frequency ranges of AC busbar of Matiari converter station are 
tentatively determined as follows: 

(1) System Operating Voltage 
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The normal voltage of 500 kV busbar of sending-end converter station is taken 

as 475kV to 540 kV, the rated voltage and post-emergency voltage of 500 kV 

busbar on the AC side of the converter station are taken as 500 kV and 450-550 

kV respectively. 

(2) System Frequency 

The normal frequency of busbar of sending-end converter station is 50±0.1Hz, 

the post-emergency frequency is 49.4-50.5Hz, and the steady frequency after 

faults are eliminated is 50±0.2Hz. 

According to the related conclusions of power flow and stability calculations, the 

operating voltage and frequency ranges of AC busbar of Lahore converter station are 

tentatively determined as follows: 

(1) System Operating Voltage 

The normal voltage of 500 kV busbar of receiving-end converter station is taken 

as 475 kV to 530 kV, the rated voltage and post-emergency voltage of 500 kV 

busbar on the AC side of the converter station are taken as 500 kV and 450-550 

kV respectively. 

(2) System Frequency 

The normal frequency of busbar of receiving-end converter station is 50±0.1Hz, 

the post-emergency frequency is 49.4-50.5Hz, and the steady frequency after 

faults are eliminated is 50±0.2Hz. 

2.7.4 Requirements on Overload Withstand Capability of DC System 

DC transmission system generally operates at a continuous rated power. But 

considering equipment design margin, ambient temperature variation, and other 

related factors, DC system must some overload withstand capability. The overload 

withstand capability of DC system can be classified into transient and short-term 

overload withstand capabilities according to the duration of overloading. 

The higher the DC transient overload withstand level, the higher the transient 

stability level of system. The main function of DC short-term overload withstand 

capability is to supply more power by using the overload withstand capability of 

operating DC equipment and reduce the effect on grid operation after the AC and DC 

equipment stops operating due to faults. 

This project has no specific requirement on DC overload withstand capability. 

According to the related DC project at home and abroad, the 2-hour overload 

withstand capability of DC system is taken as 1.1 times the rated transmission 

capacity without increasing additional commutation equipment, the 3-second 
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overload withstand capability of DC system is taken as 1.2 times the rated 

transmission capacity without increasing additional commutation equipment. 

The exact overload withstand capabilities of Matiari-Lahore ±660kV DC 

transmission line shall be determined in combination with the development of related 

equipment at the next stage. The determination of the overload withstand capabilities 

should not increase investment and the degree of implementation difficulty. 

	

2.7.5 	Requirements on Additional Control Functions of DC System 

To improve the operational performance of AC system, according to the previous 

construction experience, DC system shall have the following control and auxiliary 

control functions: 

1. Power swing damping in case of major incident of AC grid; 

2. Reactive power control over the converter station transmitting power; 

3. Emergency active support or power flow reversal; 

4. Control of AC system frequency; 

5. Control of voltage of AC busbar of converter station; 

6. Suppression of subsynchronous oscillation of AC system. 

	

2.7.6 	Requirements on the Electrical Connection of Converter Station 

It is recommended that the either pole of converter station be wired in one 12-pulse 

valve bank mode. The converter station is provided with one 500 kV busbar, which 

is wired in one-and-a-half circuit breaker arrangement. The sending-end converter 

station plans to have 18 500 kV bays. In this phase, 16 500 kV bays will be 

constructed, among which, 6 are for the incoming lines of power sources; 4 are for 

the grid connection line; 2 is connected to Jamshoro substation; 1 is connected to 

Moro substation; 1 is connected to Dadu New substation;capacitors and filters are 

connected into 4 banks; and the remaining 2 are for the incoming lines of converter 

transformer. The receiving-end converter station will be provided with 12 500 kV 

bays, among which, 6 are for grid connection lines; 2 are connected to the Lahore 

substation; 2 are connected to Lahore North substation; 2 are connected to Lahore 

South substation; capacitors and filters are connected into 4 banks; and the remaining 

2 are for the incoming lines of converter transformer. 

	

2.7.7 	Requirements on Determination of Converter Transformer Parameters 

4' 	 (1) Determination of Parameters of Sending-End Converter Transformer 
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Percentage of short-circuit impedance: Uk is taken as 18% tentatively. It will be 

further optimized at the next stage according to equipment manufacturing 

capability and transportation condition. 

Type of converter transformer: single-phase dual-winding transformer, which 

uses two connection modes: Yo/L\ and Yo/Y. 

Capacity of converter transformer: 	 12+2. 

Capacity of single-phase dual-winding transformer: 	Uk=18%, capacity: 401 

MVA. 

Tapping range on the high-voltage side 

of converter transformer: 	 Uk=18%, -7—+23 

(2) Determination of Parameters of Receiving-End Converter Transformer 

Percentage of short-circuit impedance: Uk is taken as 18% tentatively. It will be 

further optimized at the next stage according to equipment manufacturing 

capability and transportation condition. 

Type of converter transformer: single-phase dual-winding transformer, which 

uses two connection modes: Yo/A and Yo/Y. 

Capacity of converter transformer: 	 12+2. 

Capacity of single-phase dual-winding transformer: 	Uk=18%, capacity: 401 

MVA. 

Tapping range on the high-voltage side 

of converter transformer: 	 Uk=18%, -7—+23. 

2.7.8 	Requirements on Grouping of Capacitors 

(1) Matiari Converter Station 

Configuration of AC filters and capacitor banks: The total capacitive reactive 

power compensation capacity in this phase is tentatively taken as 2610 Mvar, 

composed of 4 banks and 16 sub-banks (9 sub-banks of 150 Mvar and 7 

sub-banks of 180 Mvar capacitors). 

Configuration of low voltage reactors: 4 banks of 60 Mvar low voltage reactor 

will be configured at the low voltage side of Matiari converter station. 

(2) Lahore Converter Station 

Configuration of AC filters and capacitor banks: The total capacitive reactive 

power compensation capacity in this phase is tentatively taken as 2480Mvar, 
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composed of 4 banks and 16 sub-banks (8 sub-banks of 150 Mvar and 8 
sub-banks of 160 Mvar capacitors). 

Configuration of low voltage reactors: 3 banks of 60 Mvar low voltage reactor 
will be configured at the low voltage side of Lahore converter station. 

The final division of sub-banks should be determined by further studies according to 
the actual conditions including switching level, system harmonics, and the 
arrangement of converter station. 
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3. 	Secondary System 

	

3.1 	500kV Protection 

Refer to Volume II-1 

	

3.2 	Dispatch Automation 

Refer to Volume II-1 

	

3.3 	System Communication 

Refer to Volume 11-2 
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4. 	Converter Station 

4.1 	M C/S Site Selection and Project Planning 

4.1.1 	Site Selection 

Site 1 (center coordinates: 25°38'25"N, 68°30'32"E) is located at about 30 km 
northeast of Hyderabad and at the east side of national trunk highway N5. The site 
with flat terrain has the natural ground level of about 21 to 24 m (MSL 
altitude datum, the same below). Wheat and banana are planted on most of the site 
and there is some wasteland with shrubs. Some simple houses (single adobe houses) 
at the sides of the country road at the north of the site need to be removed. The 
access road will be led from the country road which connects with the N5 highway. 
The flood level of 100-year return period is 24.96m, and flood prevention measures 

are required. 

Site 2 (center coordinates 25°29'34"N, 68°24'49" E) is located north of national trunk 
highway N5 (National Highway No. 5). The site has an open topography and a flat 
terrain. There is mostly shrub wasteland and partially crops planted on the site. There 
are about 10 simple houses (single floor adobe houses) to be removed from the site. 
The access road can be led from the N5 highway. The site is low-lying, located on 
the east bank of the Indus River, and flood should be considered. 

The site 3 (center coordinates 25°28'35"N, 68°25'20"E) is located at the east side of 
national trunk highway N5 (National Highway No. 5). The site has an open 
topography and a flat terrain. There is lush land vegetation and wheat and other crops 
planted. There is no house and other buildings and structures to be removed with the 
range of the site. The access road can be led from the N5 highway. The site is located 
on the east bank of Indus River, so the influence of flood may need to be considered. 

The site 4, with center coordinates of 25°42'51"N and 68°31'12"E, is located at about 
38 km northeast of Hyderabad and on the east side of national trunk highway N5. 
The station site is featured with flat terrain with a natural ground level of about 
21-24 m (MSL altitude datum, the same below). Farmland spreads across the site 
area and dense irrigation ditches along with more than ten water wells are scattered 
therein. There are two neighboring brickyards to the west of the station site and one 
circuit of south-north 132 kV transmission line runs at a distance of about 350 m. All 
the residential areas around the station site are more than 200 m away from the latter. 
The access road is connected to the country road diverged from the national trunk 
highway N5. The 100-year flood level at the site is 23.8 m and, therefore, flood 
protection measures are required for the site. 
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4.1.2 Technical and Economical Comparison of the Sites and Recommendation 

According to the comments of NTDC, site 1 is recommended for Matiari Converter 
Station and feasibility study was made, and the feasibility study report was completed 

in December 2015. 

Because of the difficulty in land acquisition for site 1, NTDC proposes to change the 
station site in August 2016. From August 14-20, 2016, under the organization of CET, 
CSEPDI professionals and Pakistan personnel jointly carried out supplemental site 
survey for the station site in Pakistan and proposed a new station site (i.e., site 4) 
which is about 8 km away from site 1 and is to north by east of site 1. This feasibility 

study is completed based on site 4. 

4.1.3 	Construction Scale 

According to system data, the construction scale of the sending-end converter station 

is as follows: 

.
4  

0 
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Table 4.1.3-1: Construction scale of M C/S 

No. Item Scheme 

1 Conversion power Rated 4000MW 

2 Converter valve 
Double pole, each in a 12-pulse valve group connection. Rated ±660kV, DC 
3030A, 7.2kV/3030A 5-inch thyristor valve 

3 Transformer Single-phase two-winding converter transformer, each 401MVA, 12+2 

4 500kV AC yard 

Open outdoor arrangement 

Future: 8 complete string , 2 incomplete strings and 2 bus bays, 12 500kV 
outgoing lines, 4 banks of ACF, 2 converter transformers; 
This phase: 7 complete strings, 2 incomplete strings, 2 bus bays, 10 500kV 
outgoing lines, 4 banks of ACF, 2 converter transformers 

5 500kV AC filter 
Open outdoor equipment, 4 banks, 16 sub-banks (9 rated 150Mvar and 7 
rated 180Mvar) 

6 500kV AC PLC 
One will be installed at incoming line of converter transformers of P 1 and P 
II 

7 35kV AC section 
The converter station has two 35 kV buses, 4 banks of 60 Mvar low-voltage 
reactors, and two 35/11.5 kV auxiliary transformers. 

8 Smoothing reactor 8+1 (dry type, each 75mH) 

9 
Auxiliary power 
supply 

Three auxiliary power supplies, two of which are led from two 35kV AC 
buses through two 35/11.5kV auxiliary transformers, the other is led from 
the 132kV transmission line near the station 

4.1.4 	Technical Proposal 

4.1.4.1 Main Electrical Connection 

Each pole of the converter transformer will be of a 12-pulse group connection, with a 

conversion power of 4000MW, rated ±660kV, DC 3030A. The 6-pulse midpoint will 

be connected to the ground through lightning arrester. The converter valves feature 

5-inch thyristor valve disc, forced water circulation, and air insulation, in suspended 

double valve arrangement. 

Typical bipolar DC connection is used for DC yard and smoothing reactors, DC 

passive filters, DC voltage measuring devices, DC current measuring devices, DC 

disconnectors, high-speed transfer switches, neutral equipment and overvoltage 

protection devices are symmetrically provided according to the polarities. 

The station will be provided with 12 operating single-phase two-winding converter 

transformers, along with two transformers standby. The line side bushings of the 

converter transformers will be connected to the AC system through YN connection, 

and the valve side bushings will be respectively connected to the valve tower through 

Y or d type connection. YNyO and YNdl 1 connection will be used for the three 

phases of converter transformers. Single-phase two-winding, oil immersed, on-load 

tap changing converter transformers will be used. 

The AC side of the 500kV system will be connected in the form of 3/2 circuit 

breaker. In future there will be 12 500kV AC outgoing lines, 4 banks of AC filters 
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(ACF) and 2 groups of converter transformers. There are 18 elements in total, which 
form 8 complete strings and 2 incomplete strings. Each of the two buses will be 
connected with one 500/35 kV step-down transformer. All the 12 outgoing lines will 
be equipped with HV reactors on the lines (except Jamshoro double lines and Moro 

4, 
	

line). For now AC PLC is considered for incoming lines of converter transformers. 
In the current phase, 10 outgoing lines (1 to Dadu New, 2 to Jamshoro, 1 to Moro, 2 
to Hubco New power station, 2 to Qasim power station, and 2 to Thar power station), 
4 banks of ACFs, and 2 banks of converter transformers will be built. A total of 16 
elements will be incorporated, constituting 7 complete strings and 2 incomplete 
strings. Each of the two buses will be connected with one 500/35 kV step-down 
transformer. All of the 10 outgoing lines will be provided with high-voltage reactors, 
except the Jamshoro double lines and Moro line. 

The string configuration is as shown in the following table: 

Table 4.1.4-1: String configuration of 500 kV AC switchyard of M C/S 

String No. Line on 1M Side Line on 2M Side 

Bus connection No. 1 500/35 kV step-down transformer No. 2 500/35 kV step-down transformer 

#1 string #1 bank of AC filters Converter transformer for P II 

#2 string #2 bank of AC filters Thar power station 2 

#3 string Converter transformer for P I Thar power station 1 

#4 string NA Reserved 

#5 string Qasim power station 2 Reserved 

#6 string #3 bank of AC filters Qasim power station I 

#7 string #4 bank of AC filters Hubco New power station 2 

#8 string Hubco New power station 1 Jamshoro2 

#9 string NA Jamshorol 

#10 string Moro Dadu New 

500kV AC filter yard will be connected in the form of single bus. 500kV AC filters 
and shunt capacitors will be in 4 banks, 16 sub-banks, with 8 rated 150Mvar and 8 
rated 180Mvar. In this phase, 16 sub-bank circuit breakers will be installed. AC 
filters will be of open outdoor type, arranged in a line. SF6 live tank circuit breakers 
are recommended, with capability of switching capacitance current. 

The 35 kV AC switchyard employs single-bus connection mode. The switchgear is 
arranged outdoors. The station has 2 35 kV buses, 4 banks of 60 Mvar low-voltage 

of 	 reactors, and two 35/11.5 kV auxiliary transformers. 

Three station power supply lines will be used for the station. Two of them are 
connected from two groups of 35kV AC buses by using two 35/11.5kV high voltage 
station transformers respectively and one of them is connected from 132kV 
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transmission line nearby this station. The specific power supply lines will be 

determined by Pakistan. 

4.1.4.2 Selection of Main Equipment in Converter Station 

A. 	 The following equipment will be used for the converter station: 

Table 4.1.4-2: Selection of main equipment in M C/S 

Number Name Specifications 

1 
Converter 

transformer 
Single-phase, two-winding, each 401MVA, short-circuit impedance 18% 

2 Converter valve ±660kV, 3030A, 5-inch thyristor disc, double valve tower, suspended. 

3 
Smoothing b 

reactor 
660kV, 3030A. 75mH, dry type 

4 500kV AC yard 
Outdoor, open type 
This phase: 7 complete strings, 2 incomplete strings, and 2 bus bars 
Future: 8 complete strings, 2 incomplete strings and 2 bus bars 

5 
Equipment 

outside 500kV 
AC filter fence 

16 sub-bank bays, outdoor open equipment, including circuit breakers, 
disconnectors, CT and earth switches 

6 
Equipment inside 
500kV AC filter 

fence 
16 sub-banks, 9 rated 150Mvar and 7 180Mvar 

7 35kV AC part 4 banks of 60Mvar LV reactors, two 35/11.5kV auxiliary transformers 

4.1.4.3 Electrical Equipment Layout Plan 

The electrical equipment layout plan of the Matiari converter station is as follows: 

control building, valve hall, converter transformer and 35kV switchgear will be 

arranged in the center, the DC switchyard in the east, and the ±660kV DC lines leave 

the station towards east. The 500kV AC switchgear will be arranged in the south. 

Except the lines to Moro, which are led to north, all other 500kV AC lines will go 

south. The AC filters will be arranged in north of the site. Spaces will be reserved for 

expansion of main transformers and 500kV and 220kV outgoing lines. 

4.1.4.4 Secondary Electrical Systems 

(1) The converter station will be manned. The AC and DC systems will share a 

unified computer monitoring and control system. 

(2) The monitoring, measurement and control of all station equipment will be 

realized by the computer system, which will be of modular, layered and 

distributed, and open structure. 

(3) High voltage DC control system is of layered and distributed structure. 

Configuration is made from sampling unit, data transmission bus and primary 

device to control outlet based on the principle of full duplication. 
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(4) The HVDC protection offers protection for pole/two poles, DC switchyard, DC 

lines and earth electrode lines, which are divided into multiple overlapped 

protection zones. The protection zones and configuration shall ensure all devices 

are under comprehensive protection. Triple redundant protection will be used for 

the HVDC system. 

(5) High voltage DC protection and control systems are separated and independent 

and the protection systems of two poles on functions and group panels are 

completely independent. 

(6) The HVDC control and protection system is suitable for rectification and 

converter operation. 

(7) In the 500kV AC switchyard, a relay bay will be provided, and control and 

protection devices will be provided corresponding to the AC equipment bays. 

HVDC control and protection cabinets, converter transformer control and 

protection cabinets will be arranged in the respective rooms in the control 

building; the control and protection cabinets of AC filters, capacitors and reactor 

banks, and AC lines will be arranged in the local AC relay room. 

(8) Based on the characteristics of HVDC systems, auxiliary DC power supplies 

will be provided respectively to DC P I, P II, common equipment of the station 

and AC local relay room. 

4.1.4.5 Civil Works 

4.1.4.5.1 Buildings 

Buildings in the station include a valve hall for P I, a valve hall for P II, a control 

building, a 11 kV switchgear room, a 400V common power distribution room, 

three 500 kV relay and battery rooms (respectively the first 500 kV relay room 

and battery room, the second 500 kV relay room and battery room, the third 500 

kV relay room and battery room), a spare parts warehouse, an integrated pump 

house, a deep well pump house, an administrative building, a security guard 

room and a gate. The total construction area is about 25781 m2. 

4.1.4.5.2 Structures 

(1) Structural Type 

Buildings will be constructed to be cast-in-situ R.C. frame structure or steel structure. 

The gantry and equipment support will be latticed steel structure with cast-in-situ R.C. 

stepped footing. .Connections of members will be bolted. Gantry will be mounted on the 

foundations by means of anchor bolts embedded in the foundation concrete. 

(2) Soil and Foundation 
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Foundation dimensions and buried depth are calculated based on the data available from 

the geological report. Gantry foundation will be buried to 2.0m-3.5m deep. Equipment 

support foundation will be buried to 1.5m-2.5m. Foundation shall be placed on undisturbed 
soil layer, otherwise pile foundation should be adopted. 

(3) Standard for structural design 

A) RC structure 

Deflection of members shall be no greater than L/240 (9.5.2.6 of ACI 318, the latest 

version) 

B) Steel structure 

Deflection of framework beams shall be no greater than L/300, and deflection of 

framework columns shall be no greater than H/150. 

C) Slenderness Ratio 

Table4.1.4-3 	Limiting Slenderness Ratio (refer to ASCE 10 part 3.4, the latest version) 

Main compression member 150 
Secondary members carrying calculated 

stresses 
200 

Redundant members without calculated 
stresses 

250 

All tension-only members 350 

D) Connection of steel structure 

Connection method: Factory fabrication -- Bolt connection & welding; On-site-- Bolt 

connection. 

Bolt: Grade 4.8 6.8 and 8.8 galvanized bolts will be used, with minimum diameter 

12mm. All bolts will be completed with galvanized washers. Each bolt will be provided with 

one flat washer and one spring washer. 

Welding: Q235B and Q345B steel electrodes shall use E43 type and E50 type. The 

welding operation shall be avoided as far as possible for the Q420B high-strength steel. Weld 

metal shall match the metal material of members to be connected. When steels of different 

strength are to be connected, the weld material matching the low strength steel way be used. 
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Table4.1.4-4 Summary of bolt Strength 

Material origin Grade 
Yield strength 

(N/mm2) 

Tensile strength 
(N/mm2) 

China 

4.8 320 400 

6.8 480 600 

8.8 640 800 

(4) Materials 

A) Steel 

Steel Q235B and Q345B will be used as steel for gantry and equipment support. 

Calculation shall be carried out as per ASCE or ACI standard. 

a) Main member angle steel : Q345B 

b) Web member angle steel: Q235B 

c) Walkway, ladder: Q235B 

d) Anchor bolt: Q345B 

Table 4.1.4-5 Summary of Steel Strength 

Material 
o rigin 

Brand Thickness 
(mm) 

Yield strength 
(N/mm2) 

Tensile strength 
(N/mm2) 

China 

Q235B 
t<16 235 

375 
16<t<40 225 

Q345B 

t<16 345 
170 16<t<35 325 

35<t<50 295 

B) Concrete 

Table4.1.4-6 Summary of Concrete Strength 

Item 

THE 	SPECIFIED 	COMPRESSIVE 

STRENGTH 	OF 	CONCRETE, 
CYLINDRICAL MODEL ON 28-DAY 
TESTS: fc' 

Foundation 28 N/mm2  

Beam, column, slab 28 N/mm2  

Cable trench 28 N/mm2  

Pre-fabricated member 28 N/mm2  

bedding course 14 N/mm2  

Others 28 N/mm2  
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C) Steel bar 

Table 4.1.4-7 Summary of Steel Bar Strength 

Category 
(N/mm2 ) 

Yield strength Remark 

Grade 40 280 

Grade 60 420 

Grade 75 520 

(5) Anti-corrosion of steel structure 

The steel for gantry and equipment support will be hot-galvanized for corrosion 

resistance. The steel buildings will be painted for corrosion resistance. And zinc-rich painting 

will be used at site for local anti-corrosion treatment where the zinc coat is damaged. 

(6) Noise 

The noise at the boundary of the converter station is in accordance with Chinese 
standard ( Emission Standard for Industrial Enterprise Noise at Boundary 

GB12348-2008 ) 2 level: the daytime noise level is less than 60dB(A) and night 

noise level is less than 50dB(A). And for residential area around the converter station, 

the noise should be less than 45dB(A) in night time. 

4.1.4.6 Water, Heating, Ventilation and Fire Protection 

(1) Water supply 

Water for the converter station mainly includes comprehensive domestic water, 

production water and fire water. Production water is mainly used to supply water 

for external cooling system of the converter valve and water consumption varies 

based on different external cooling schemes of the valve. Water consumption of 

the only water cooling scheme is about 600 m3/d and water consumption of air 

cooling + water cooling scheme is about 300 m3/d. Comprehensive domestic 

water and fire water is 180 m3/d, so total water consumption is about 780 m3/d 

when only water cooling is used for external cooling of the valve and it is about 

480 m3/d when air cooling + water cooling method is used for external cooling 

of the valve. 

According to site survey, ground water can meet water requirements of 

converter station. 

(2) Valve cooling system 
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Each valve hall will be provided with one valve cooling system. The cooling 

system will be designed to cool the heat generated by thyristor valves and 

capable to operate and guarantee the design temperature range of cooling water 

for two hours and three seconds overload conditions, up to max specified design 

dry bulb ambient temperature. 

Thyristor valve will be cooled by water, the hot water from the valves will be 

cooled down by closed evaporative cooling towers and spray water for cooling 

towers will be treated by reverse osmosis installation and chemical dosing unit. 

(3)Heating and ventilation 

Each valve hall and control building will be provided with a separate ventilation 

system, which is consisted of air cooled water chillers, modular air handling 

units and supply/return air ducts, to maintain temperature and relative humidity 

required for normal operation of equipment and personal comfort. Other 

buildings will be provided with air cooled split air conditioning unitsc. Each 

valve hall will be provided with a mechanical smoke exhausting system after the 

fire is extinguished. 

Mechanical ventilation systems are provided for battery room, power 

distribution room, 11kV switchgear room, valve cooling equipment room and 

comprehensive pump room etc. 

(4) Fire protection 

The main objects of the fire protection system are the control building, valve 

halls, administrative building, spare parts warehouse, as well as converter 

transformers and other oil-containing equipment. 

Each converter transformer will be provided with a water spray system, 

including deluge valve, signal butterfly valve, nozzle and pipe. 

4.2 	L C/S Site Selection and Project Planning 

4.2.1 	Site Selection 

Site 1 (center coordinates: 31°15'35"N, 73°49'54"E) is located about 50km southwest 

of Lahore and east of Bhai Pheru-Mor Khunda highway. The site has a flat terrain, 

the natural ground level is about 191-191.4m. Wheat is mostly grown on the site. On 

and around the site some houses need to be removed, so does some 11. kV lines. The 

access road will be led from the Bhar Pheru-Mor Khunda road. The prevention 

measures are required. 

Site 2 (center coordinates: 25°29'56"N, 68°24'13"E) is located south of national trunk 

highway N5 (National Highway No. 5). With an open and flat terrain, the site is 

covered by lush vegetation, mostly wheat. On the site there is an abandoned house 
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and reinforced concrete shed which need to be demolished. A 220kV line crosses the 

site, and there is a natural gas pipe about 200 west of the site. The access road can be 

led from the N5 highway. The site is located on the east bank of the Indus River, and 
flood should be considered. 

Site 3 (center coordinates: 25°29'56"N, 73°59'06"E) is located south of Bhai 

Pheru-Kot Radha Kishan road. With an open and flat terrain, the site is covered by 

lush vegetation and wheat and other crops. There is no house and other buildings and 

structures to be removed from site. The access road can be led from Bhai Pheru-Kot 

Radha Kishan road. The site is low-lying, located on the east bank of the Indus River, 

and flood should be considered. 

4.2.2 Technical and Economical Comparison of the Sites and Recommendation 

Based on NTDC's opinion, feasibility study is conducted for Lahore Converter 

Station that uses site 1 as the recommended site and surveys are not made for other 

sites in this phase. It is planned to carry out the converter station project on the basis 

of site 1. 

4.2.3 	Construction Scale 

According to system data, the construction scale of the receiving-end converter 

station is as follows: 

Table 4.2.3-1: Construction scale of L C/S 

No. Item Scheme 

1 
Conversion 

power 
Rated 4000MW 

2 
Converter 

valve 
Double pole, each in a 12-pulse valve group connection. Rated ±660kV, DC 
3030A, 7.2kV/3030A 5-inch thyristor valve 

3 Transformer Single-phase two-winding converter transformer, each 401MVA, 12 I-2 

4 500kV AC yard 
Open outdoor arrangement 
The same for this phase and future: 6 complete strings and 2 bus bays, 6 500 kV 
outgoing lines, 4 banks of ACF, 2 converter transformers 

5 
500kV AC 

filter 
Open outdoor equipment, 4 banks, 16 sub-banks (8 rated 150Mvar and 8 rated 
160Mvar) 

6 500kV AC PLC One will be installed at incoming line of converter transformers of P I and P II 

7 
35kV AC 
section 

The station has two 35 kV buses, 3 banks of 60 Mvar low-voltage reactors, and 
two 35/11.5kV auxiliary transformers. 

7 
Smoothing 

reactor 
8+1, (dry type, 75mH) 

8 
Auxiliary 

power supply 

Three auxiliary power supplies, two of which are led from two 35kV AC buses 
through two 35/11.5kV auxiliary transformers, the other is led from 132kV 
transmission line nearby or the 132 kV bay within the SARFRAZ NAGAR 
220kV substation. 
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4.2..4 	Technical Proposal 

4.2.4.1 Main Electrical Connection 

Each pole of the converter transformer will be of a 12-pulse group connection, with a 

conversion power of 4000MW, rated ±660kV, DC 3030A. The 6-pulse midpoint will 

be connected to the ground through lightning arrester. The converter valves feature 

5-inch thyristor valve disc, forced water circulation, and air insulation, in suspended 

double valve arrangement. 

Typical bipolar DC connection is used for DC yard and smoothing reactors, DC 

passive filters, DC voltage measuring devices, DC current measuring devices, DC 

disconnectors, high-speed transfer switches, neutral equipment and overvoltage 

protection devices are symmetrically provided according to the polarities. 

The station will be provided with 12 operating single-phase two-winding converter 

transformers, along with two transformers standby. The line side bushings of the 

converter transformers will be connected to the AC system through YN connection, 

and the valve side bushings will be respectively connected to the valve tower through 

Y or d type connection. YNyO and YNdl 1 connection will be used for the three 

phases of converter transformers. Single-phase two-winding, oil immersed, on-load 

tap changing converter transformers will be used. 

The AC side of the 500kV system will be connected in the form of 3/2 circuit 

breaker. The scale will remain the same for the current phase and future. The current 

phase will have 6 500kV AC outgoing lines (2 to north Lahore, 2 to south Lahore, 

and 2 to Lahore), 4 banks of ACF, and 2 converter transformers, with 12 elements 

forming 6 complete strings. Each of the two buses will be connected with one 500/35 

kV step-down transformer. All outgoing lines will be provided with outgoing 

disconnectors. AC PLC is considered at incoming line of converter transformer. 

The string configuration is as shown in the following table: 

Table 4.2.4-1: String configuration of 500kV AC switchyard 

String No. Line on 1M Side Line on 2M Side 

Bus connection No. 1 500/35 kV step-down transformer No. 2 500/35 kV step-down transformer 

#1 string Lahore South 1 #1 bank of AC filters 

#2 string Converter transformer of P I Lahore 1 

#3 string Lahore 2 Converter transformer for P II 

#4 string Lahore North 1 #2 bank of AC filters 

#5 string #3 bank of AC filters Lahore North 2 

#6 string #4 bank of AC filters Lahore South 2 

500kV AC filter yard will be connected in the form of single bus. 500kV AC filters 

and shunt capacitors will be in 4 banks, 16 sub-banks, with 8 rated 150Mvar and 8 
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rated 180Mvar. In this phase 16 sub-bank circuit breakers will be installed. AC filters 
will be of open outdoor type, arranged in a line. SF6 live tank circuit breakers are 
recommended, with capability of switching capacitance current. 

The 35 kV AC switchgear yard employs single-bus connection mode. The 
distribution equipment is arranged outdoors. The Lahore Converter Station has two 
35 kV buses, 3 banks of 60 Mvar low-voltage reactors, and two 35/11.5kV auxiliary 
transformers. 

Three auxiliary power supplies will be used, two of which are led from two 35kV 
AC buses through two 35/11.5kV auxiliary transformers, the other is led from 132kV 
transmission line nearby or the 132 kV bay within the SARFRAZ NAGAR 220kV 
substation. 

II 
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4.2.4.2 Selection of Main Equipment in Converter Station 

Table 4.2.4-2: Selection of main equipment in L C/S 

Number Name Specifications 

1 
Converter 
transformer Single-phase, two-winding, each 401MVA, short-circuit impedance 18% 

2 Converter valve ±660kV, 3030A, 5-inch thyristor disc, double valve tower, suspended. 

3 
Smoothing 
reactor 

660kV, 3030A, 75mH, dry type 

4 500kV AC yard 
Outdoor, open type 
The same for the current phase and future: 6 complete strings, and 2 bus 
bays 

5 
Equipment 	' 
outside 500kV 
AC filter fence 

16 sub-bank bays, outdoor open equipment, including circuit breakers, 
disconnectors, CT and earth switches 

6 
Equipment inside 
500kV AC filter 
fence 

16 sub-banks, 8 rated 150Mvar and 8 160Mvar 

7 35kV AC part 3 banks of 60Mvar LV reactors, two 35/11.5kV auxiliary transformers 

4.2.4.3 Electrical Equipment Layout Plan 

The electrical equipment layout plan of the Lahore converter station is as follows: 

The control building, valve hall, converter transformer and 35kV switchgear will be 

arranged in the center, the DC yard in the west, and the ±660kV DC lines leave the 

station towards west. The 500kV switchgear will be arranged in the east. The six 

500kV AC lines will go north. The 4 banks of AC filters will be arranged in the 

south. The switchgear for external auxiliary power supply will be arranged in the 

space in ACF area, in southeast of the site. Spaces will be reserved for expansion of 

main transformers and 500kV and 220kV outgoing lines. 

4.2.4.4 Secondary Electrical Systems 

See 4.1.4.4. 

4.2.4.5 Civil Works 

(1) Buildings 

Buildings in the station include a valve hall for P I, a valve hall for P II, a control 

building, a 1 1 kV switchgear room, a 400V common power distribution room, 

two 500kV relay and battery rooms (respectively the first 500 kV relay room 

and battery room and the second 500kV relay room and battery room), a spare 

parts warehouse, an integrated pump house, a deep well pump house, an 

administrative building, a security guard room and a gate. The total construction 
area is about 26468 m2. 

(2) Structures 
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The similar as in 4.1.4.5.2. Foundation dimensions and buried depth are 
calculated based on the data available from the geological report. Gantry 
foundation will be buried to 2.0m-3.5m deep. Equipment support foundation 
will be buried to 1.5m-2.5m. Foundation shall be placed on undisturbed soil 
layer, otherwise pile foundation should be adopted. 

4.2.4.6 Water, Heating, Ventilation and Fire Protection 

See 4.1.4.6. 
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5. 	HVDC Transmission Line Route Selection and Project Planning 

5.1 	Project Overview 

5.1.1 	General 

The Matiari-Lahore ± 660kV HVDC transmission line starts at Matiari converter 

station about 38km northeast to Hyderabad and ends at Lahore converter station 

approximately 40km southwest of Lahore. The line goes from southwest to northeast 

and crosses Sindh and Punjab, measuring 810km in aviation line. The length 

determined at feasibility study stage (the recommended route) is 878km, with a 

buckling factor of 1.08. The altitude ranges from 20 to 200m along the line. 

The line corridor is mainly flat terrain, including flat ground of 342km (38.9%), and 
desert of 496km (56.5%), swamp of 40Icm(4.6%). The highest temperature is 52.5°C, 

the lowest temperature -5°C, the 3-sec gust wind speed at 10m above ground is 

160km/h(44.44m/s), the corresponding 10-minute average wind speed at 10 meters 

above ground is 31.1m/s.The corridor goes through ice-free areas. 

According to the feasibility study, the following are recommended: conductor uses 

4xJL1/G3A-1250/70 and 4xJL1X1/LHA1-800/550;both2 shield wires use 24-fiber 

OPGW-120;towers use lattice steel self-supported type (1977 towers, 2.25 

towers/km), including 257 tension towers (13%), 1720 suspension towers (87%). 

5.1.2 	Design Scope 

The scope of design of this project covers the Matiari-Lahore ± 660kV HVDC 

transmission line and investment estimation. 

5.1.3 	Main Design Basis 

(1) LAVALIN feasibility study report provided by NTDC 

(2) NTDC Draft Reply on Queries from CET - Gadani HVDC Transmission Project 

(Transmission Lines Part) 

(3) "Minutes of meeting of Pakistan HVDC transmission project feasibility study" 

China Power Equipment Co., Ltd., July 14, 2014 

(4) MINUTES OF MEETING HELD ON DATED 04.03.2015 IN WAPADA 

HOUSE, LAHORE HVDC PROJECT (SPIP) CMB networking summary 

(5) Minutes of Meetings for HVDC Transmission Line Project from Matiari to 

Lahore Held on Marchl6-25, 2015 at NTDCL Head Office Wapda House, 
Lahore, Meeting Minutes March 25, 2015 

(6) Minutes of Meetings for HVDC Transmission Line Project from Matiari to 

Lahore Held on May 20, 2015 at GM Planning (Power), PIA Building, Lahore, 
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Meeting Minutes May 20, 2015 

(7) May 4, 2015 NTDC's reply to route recommendation by us Preliminary Route 

alignment / coordination from MATIARI-LAHORE HVDC transmission line 

414 	 (8) May 19, 2015 NESPAK adjustment (KMZ files) on the recommended route 

(9) The summary of internal audit meeting of the project on feasibility study report 

5.1.4 	Standards and Specifications 

According to the main design principles agreed with NTDC, the engineering, 

construction, operation and maintenance of the HVDC transmission project will be 

performed according to the IEC, IEEE or the Chinese Standards for the DC portion 

of the HVDC Transmission Project. The following standards and specifications will 

be used at the current stage: 

(1) Electrical design and material standards and specifications 

DL 5497-2015:Technical code for design of HVDC overhead transmission line 

IEEE 142-2007 Grounding of industrial and commercial power system 

pe 	 CIGRE 388 Impacts of HVDC Lines on the Economics of HVDC Projects 

IEC 61089 Round wire concentric lay overhead electrical stranded conductors 

IEC 60794-1-1,2001 Optical fibre cables-Part 1-1:general specification —general 

IEC 61396 Electrical mechanical and physical requirements and test methods of 

Optical ground wire 

IEC 61284 Overhead lines-requirements and tests for fittings 

IEC 61325-1995 Ceramic or glass insulator units for d.c. systems-

definitions,test methods and acceptance criteria 

(2) Structural design and material standards and specifications 

ASCE 74-2009-Guidelines for Electrical Transmission Line Structural Loading 

IEC 60826 - Design criteria of overhead transmission lines 

ASCE 10-97 - Design of latticed steel transmission structures 

American concrete institutes (ACI318) 

IEEE Guide for Transmission Structure Foundation Design and Testing (IEEE 

Std 691-2001) 
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of tmed and Plain 
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5.2 	Route 

5.2.1 	Route Overview 

The project starts at Matiari converter station in Hyderabad, Sindh, and ends at Lahore 

converter station, Lahore, Punjab. The overall direction is from southwest to northeast, 

passing through the Sindh and Punjab provinces. The route length in the recommended plan 

is 878km. 

5.2.2 	Route Plan 

5.2.2.1 Route Selection Principles 

Before selecting the route, technical, social, economic, environmental, planning and other 

factors shall be considered. As for this project, following factors have been mainly 

considered: 

Minimum line length. In terms of requirements of power system plan, the line length, 

topography, geology, hydrology, meteorology, traffics, trees, minerals, handicap facilities, 

cross-cutting, construction, operation, views of local government and other factors have 

been considered to make and compare several kinds of plans, so as to secure and 

economize the route. 

- Avoid complex obstacles to reduce the impact of line construction on local economic 

development. 

- Close to the road to facilitate construction, operation and maintenance. 

Parallel to the existing line. 

Close to load centers in order to facilitate power network plan 

- Avoid house demolition in accordance with the Pakistani Engineering Construction 

habits and requirements 

5.2.2.2 Factors Affecting Route Selection 

Main obstacles and cross-cutting of this project are as follows: 

Deh-akro wildlife sanction (Wildlife protection area); 

lal-suhanra Forest Park, changa-manga Forest Park; 

Rahim Yar Khan, Bahawalpur, and Bhai Pheru towns (county scale) 

SINDH River; 

SUTLEJ River; 

RAVI River; 
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5.2.2.3 Route Plan Selection 

According to reconnaissance in mid-March 2015 and route report of LAVALIN, in 

feasibility study stage, 3 route plans--East, Middle and West plans---have been made. The 

east plan maximizes the use of Thar-Lahore HVDC line route of LAVALIN, and feasibility 

of these 3 plans have been preliminarily investigated and confirmed through site 

reconnaissance. Route sketch map of 3plans are shown in Figure 5.2.2-1 and 5.2.2-2. 

Figure 5.2.2-1: Line route sketch map (administrative division) 
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Figure 5.2.2-2: Line route sketch map (satellite map) 

According to feedback on routes from NTDC, the middle plan is recommendatory. The 
middle route starts at Matiari converter station in Hyderabad, Sindh, and ends at Lahore 
converter station, Lahore, Punjab. The overall direction is from southwest to northeast, 
passing through the Sindh and Punjab provinces. The route length in the recommended plan 
is 878km. 
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5.3 	Meteorological Conditions 

Refer to Table 5.3-1 for the main meteorological elements in the project. 

Table 5.3-1: List of main meteorological elements for project design 

Meteorological 

element 

Temperature 

(°C) 

Wind 

Speed 

(m/s) 

Ice 

Thickness 

(mm) 

Minimum 

temperature 
-5 0 0 

Annual 

average 

temperature 

25 0 0 

Maximum 
wind speed 

15 44.44(31.1) 0 

Icing 

conditions 
/ / / 

Maximum 

temperature 
52.5 0 0 

Failure -1.1 0 0 

Thunderstorm Days 32/year 

Note: The reference wind speed is the 3-sec gust wind speed at 10m above ground, the 

corresponding 10-min average wind speed at 10 meters above ground is in the 

following bracket. 

5.4 	Selection of Conductor and Earth Wire 

5.4.1 	Selection of Conductor 

5.4.1.1 Principles for Selection of Conductor 

According to the characteristics of DC transmission line, as selecting conductors, 

comprehensive consideration shall be given to the following factors in term of 

electrical characteristics, mechanical properties and economic efficiency: 

(1) Current density; 

(2) Current carrying capacity; 

(3) Radio interference level (RI); 

(4) Corona audible noise (AN); 
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(5) Electric energy loss 

(6) Mechanical properties; 

(7) Annual cost; 

(8) Others (impacts on tower weight, insulators, fittings and foundation; and 

manufacturing and construction conditions, operational experience and so on). 

5.4.1.2 Boundary Conditions for Selecting Conductors 

(1) Power system conditions 

The power system boundary condition for selection of conductor is shown in 

Table 5.4.1-1. 

Table 5.4.1-1 Powers System Boundary Condition for Selection of Conductor 

Operating voltage (kV) ±660 

Transmission capacity (MW) 4000 

Rated current (A) 3030 

Overload current(A) 3333 

Annual maximum loss hours ( hours) 6200 

Electricity price ($) $0.0838 (¥0.5) 

Operation period (year) 30 

Discount rate 10% 

(2) Electromagnetic environmental requirements for selection of conductor 

There are no relevant standards available in Pakistan, so China's standard DL 
5497-2015: Technical code for design of HVDC overhead transmission line 
will apply, which specifies that: 

For an area at an altitude of 1000m or below, the radio interference limit shall 

not exceed 58 dB Oa V/m) at 20m from the projection at the ground of the 

positive polarity conductor of DC overhead transmission line, at 80% time, 80% 

confidence degree, and 0.5MHz frequency. 

For an area at an altitude above 1000m, the audible noise limit (L50) caused by 

corona at 20m from the projection at the ground of the positive polarity 

conductor of DC overhead transmission line in a sunny day shall not exceed 

45dB (A); in the case of the above sea level above 1000m and the line is 

passing through a non-residential area, it shall be controlled below 50dB (A). 

5.4.1.3 Selection of Conductor 

When selecting the type of Conductor, 13 schemes of conductor are compared. They 
are respectively: 

4 xTh/G3A-900/40,4 xTh/G3A-1000/45,4 xTh/G1A-1120/90,4 xTh1/G3A-1250/70,4 xJ 
Ll/G2A-1520/125; 
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6 xTh/G1A-630/45,6 xTh/G2A-720/50,6 xTh/G1A-800/555,6 xTh/G3A-900/40,6 xJL/G 
3A-1000/45,6 xTh/G1A-1120/90,6 xJL 1 /G3A-1250/70,6 x H., 1 /G2A-1520/125. 

Taking current-carrying capacity, electromagnetic environment, mechanical 
properties, tower load, economical efficiency, conductor manufacture, stringing 
construction, operation, maintenance and various other factors into comprehensive 
consideration, and integrating the actual situation of natural conditions in the work, 
aluminum conductor steel reinforced 4xM1/G3A —1250/70 is the optimal scheme 
for this HVDC line project. The sub-conductor is square arrangement with the 
spacing of 500mm.Pole spacing for 4 xJL1/G3A — 1250/70 will be 17m. 

. Refer to Table 5.4.1-2 for the technical parameters of conductors. 

Considering the Matiari converter station is about 170km north to the coastline, and 

the HVDC goes north to Lahore which will be further away from the coastline, 

aluminum alloy-core aluminum stranded conductor will used for about 214km from 
Matiari converter station 

Table 5.4.1-2 Technical parameters of conductors 

Conductor type 

Item 
JL1/G3A — 1250/70 JL1/LHA1-800/550-54/37 

Structural 
strands/diameter, mm 

Outer layers Aluminum 76/4.58 
High Conductivity 
Aluminum 54/4.35 

Core Steel 7/3.57 Aluminum Alloy37/4.35 

Cross section, mm2 

Outer layers Aluminum 1252.09 
High Conductivity 

 
Aluminum802.53 

Core Steel 70.07 Aluminum Alloy 549.88 

Total Total cross section 1322.16 Total cross section 1352.41 

Diameter, mm 47.35 47.85 

Elastic modulus, N/mm2  62200 55000 

Coefficient of thermal expansion, 1/°Cx 10-6 21.1 23.00 

Calculated weight, kg/km 4011.1 3744.5 

Calculated tensile strength, kN 294.23 292.96 

DC resistance of conductor at 20°C (a/km) 0.02291 0.02260 

5.4.2 	Selection of Earth Wire 

The earth wires use 2 OPGW cables by the requirement of communication. According to the 
conclusion on selection of typical earth wire, the cross-section of OPGW for this project shall 
apply 120mm2, and the diameter shall be about 14mm. In this stage the provisionally applied 
OPGW model is OPGW-15-120-2 (24-fiber), for which the main technical parameters are 
given in the below table. 
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Table 5.4.2-1 Summary of OPGW parameters in the project 

Item OPGW-15-120-2 

Calculated sectional area (mm2) 121.1 

Calculated outside diameter (mm) 15.2 

Calculated weight (kg/m) 0.711 

Calculated tensile strength (N) 101300 

Elastic modulus (N/mm2) 132000 

Coefficient of thermal expansion(1/°C) 13.8 x  1 0-6  

Breaking stress (N/ mm2) 836.00 

Maximum operating stress /safety factor (N/ mm2) 280/2.98 

Average operating stress /% (N/ mm2) 115/13.76% 

	

5.4.3 	Safety factor for Conductor and Earth Wire 

The safety factor of conductor and earth wire should be no less than 2.5.The everyday tension 
of conductor and earth wire should be not more than 25%. The sag of earth wire should be not 
more than the sag of conductor. 

	

5.4.4 	Anti-Vibration solutions for Conductor and Earth Wire 

For the conductors in the project, it is recommended to take protective measures by 

spacers, vibration dampers and preformed armor rods. And anti-vibration solutions 

for OPGW will be provided by the manufacturer during construction. 

5.4.4.1 Vibration Dampers for Conductor 

Refer to Table 5.4.4-1 for the installed quantity of vibration dampers for conductors. 

Table 5.4.4-1 	Installed quantity of vibration dampers on conductor 

Span range (m) 
Installed Quantity (pieces) 

( one sub-conductor, one side) 

500m and below 0 

500-800 1 

800-1200 2 

1200-1500 3 

5.4.4.2 Spacers for Conductor 

It's proposed in the project to apply four-bundle conductor, arranged as a normal 

quadrilateral, with a sub-conductor spacing of 500mm. Space dampers for 

four-bundle conductor are recommended for the project. The space damper shall be 

installed unequally distantly. The average sub-span is 55m. 
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5.5 	Insulation Coordination 

5.5.1 	Pollution 

According to the investigations made on the insulation configuration of existing lines 

along the line to be built in the project, on the basis of the analysis on the general 

situation with respect to meteorology, environment and pollution of the areas that the 

line corridor pass through, and as well as our operational experience in electric 

power system, the length of segments partitioned on the basis of pollution area 

throughout the line and the salt deposit density are recommended in Table 5.5.1-1. 

Table 5.5.1-1 	Partition of pollution area throughout the line 

Pollution area 
Equivalent salt 
deposit density 

(mg/cm2) 

Non soluble 
deposit density 

(mg/cm2) 

Length of line 
segment 

(km) 

Light pollution area 0.05 0.30 0 

Medium pollution 
area 

0.08 0.48 221 

Heavy pollution 
area 

0.15 0.90 657 

5.5.2 	Type and Parameter of Insulator 

Synthetic insulator can be adopted for suspension string, and porcelain insulator for 

tension string in the project. Outside dimensions and technical parameters of DC 

porcelain insulators shall be selected as per Table 5.5.2-1. 
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Table 5.5.2-1 	Outside dimensions and technical parameters of DC porcelain 

insulator 

Insulator 
Model 

Rated 
Electro 

mechanical 
failure load 

kN 

Structural 
height 

mm 

Nominal 
diameter  

of 
insulato 

r 

mm 

Creepage 
distance 

mm 

Flashover voltage kV 

Ball&Socke 
t Size 

Single 

weight 

kg 

DC 
flashover 
voltage 

50% lightning 
impulse flashover 

voltage 

Dry Wet 
Positive 
polarity 

insulator 
 

Negative 
polarity 

XZP-420 420 205 400 650 150 60 150 160 28 24.0 

XZP-210 210 170 320 545 140 55 140 150 20 13.6 

5.5.3 	Number of Disk Insulator and Length of Synthetic Insulator 

Refer to Table 5.5.3-1 and Table 5.5.3-2 for the selected number of disk insulators 

and the length of synthetic insulator for this project. 

Table 5.5.3-1 Insulation Configuration of Tension Insulator String 

Pollution area 
Light pollution area 

(0.05mg/cm2) 

Medium pollution 
area 

(0.08mg/cm2) 

Heavy pollution area  H 
(0.15mg/cm2) 

Number of Insulators 56 73 81  

4' 
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Table 5.5.3-2 	Insulation Configuration of Synthetic Insulator 

Pollution area 
Light pollution area 

(0.05mg/cm2) 

Medium pollution 
area 

(0.08mg/cm2) 

Heavy pollution 
area 

(0.15mg/cm2) 

Length of synthetic insulator 
string (m) 

/Creepage distance (m) 
8.5/33.4 8.5/33.4 9.2/38.4 

5.5.4 Clearance 

Refer to Table 5.5.4-1 for the clearance of tower recommended for the project. 

Table 5.5.4-1 	Clearance at tower head for ±660kVDC line (m) 

Above sea level (m) 500 

Operating voltage clearance(m) 1.70 

Switching 	overvoltage clearance (m) 4.40 

Note: The maximum switching overvoltage ratio throughout the line is provisionally 

taken as 1.82pu. 

5.6 	Insulator String and Hardware 

5.6.1 	Value of Safety Factor 

In reference to the stipulations of "Technical regulations on design of HVDC 

overhead transmission line", combined with the experience in construction and 

operation of Ningdong-Shandong ±660kV HVDC lines and other ±500kV HVDC 

lines, the safety factor adopted for the hardware in this project is shown in Table 

5.6.1-1. 

Table 5.6.1-1 	List of safety factor for hardware 

Condition Maximum load Maintenance Line breakage 
String 

breakage 

Safety factor 2.5 1.5 1.5 1.5 

5.6.2 	Suspension String of Conductor 

In general, it is recommended to use V type string for the suspension insulator string 

in this project. 

Refer to the following drawing for the pattern of arrangement. 

+It 	 The conductor suspension string adopted in this project is shown in the following 

table through calculation: 

Table 5.6.2-1 	Main hardware string of conductor 
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Name Applicable circumstance 

300kN composite insulator single string V type suspension string Ordinary load 

420IcN composite insulator single string V type suspension string Relatively high load 

300kN composite insulator double string V type suspension string Important crossing 

	

5.6.3 	Strain String of Conductor 

Triple-string 420kN disc type insulator string can be selected for strain string at 

ordinary segment through calculation, and double string 210kN disc type insulator 

string shall be adopted for the slack span of tower into gantry. 

	

5.6.4 	Jumper String 

Double string V type string cage type hard jumper of 160kN composite insulator 

shall be adopted for the whole line. According to the structural arrangement and 

clearance analysis, the included angle of V type string shall not be less than 85°. 

	

5.6.5 	Earth Wire String 

Single string 120kN hardware string shall be adopted for earth wire suspension 

hardware string and strain hardware string, and the whole line shall be reliably 
4 	grounded. 

	

5.6.6 	Main Fittings 

The main fittings in the line shall include tower connecting fittings, suspension wire 

clip, split yoke plate, spacer and grading ring, etc. 

5.6.6.1 Tower Connecting Fittings 

For simplifying the design of suspension point and facilitating construction, it is 

recommended to adopt GD suspension plate for the hardware at suspension point of 

strain string, and adopt EB suspension plate for the hardware at suspension point of 

suspension string. The diameter of screw shall no longer been changed, and only the 

aperture and thickness of connection between suspension plate and hardware shall be 

adjusted. 
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0 

5.6.6.2 Yoke Plate 

It is recommended to adopt integral yoke plate for the suspension yoke plate and 
strain yoke plate in this project. 

5.6.6.3 Wire Clip 

It is recommended to adopt handbag type corona shielding suspension wire clip for 

the conductor suspension wire clip in this project, and it is recommended to adopt 

hydraulic type for the conductor strain wire clip. 

5.6.6.4 Grading Ring and Shielding Ring 

For suspension ring and strain ring, the installation position of grading ring shall be 

between the second piece and the third piece of insulator, the grading effect is 
relatively good, 100mm annular pipe shall be adopted for both grading ring and 

shielding ring and the radius of ring shall be 500mm. 

5.7 	Distance to Ground and Clearing of Route 

Value for the distance to ground and overhead crossing of ±660kV HVDC transmission line 

shall be taken temporarily by relevant requirements in chapter 13 of "Technical regulations 

for design of HVDC overhead transmission line" and the experience in design of 
Ningdong-Shandong ±660kV HVDC project. 

For residential areas, the synthetic field intensity shall be limited at 30kV/m in rainy days and 

25kV/m in sunny days; and the ion flow density shall be limited at 100nA/m2  in rainy days 
and 80nA/m2  in sunny days. 

For non-residential areas, the synthetic field intensity shall be limited at 36kV/m in rainy days 

and 30kV/m in sunny days; and the ion flow density shall be limited at 150nA/m2  in rainy 
days and 100nA/m2  in sunny days. 

5.7.1 	Distance to Ground 

The distance to ground of this project is shown in the following table. 

ilk 
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Table 5.7.1-1 	Distance to ground of ±660kV HVDC line 

Place Vertical distance (m) 
Clear distance 

(m) 

Horizontal 

distance 

(m) 

Agricultural cultivation area 16 

Non-agricultural cultivation area 14 

Difficult transport area 13.5 

Hillsides accessible on foot 11 

Hillsides, cliffs and rocks 

inaccessible on foot 
8.5 

Building 15 

Building (maximum designed sag) 14.0 

Building(maximum designed wind 

deflection) 
13.5 

Building(Conductor at opposite side 

under circumstance of no wind) 
6.5 

Tree (fruit tree) 10.5(12.0) 10.5 

Note: The calculation condition for distance to ground is the sag at +75°C. 

5.7.2 	Distance of Overhead Crossing 

The distance of overhead crossing to the object of crossing in this project is shown in 

the following table. 

	

Table 5.7.2-1 	Distance of crossings 

No. 
Name of object of 

crossing 

Minimum 

distance 

(m) 

Calculation condition 

1 Railway 

To the rail top 18 
The sag when conductor 

temperature is + 80°C 

To the catenary or line 

of contact (pole top) 
8(10.5) The sag at +52.5°C 

2 Road Grade 1-3 18 

Grade 1 Road shall be calculated by 

80°C, and others shall be calculated 

by +52.5°C 

3 Non navigable river 
To once-in-a-century 

water level 
10 The sag at+52.5°C 

4 Power line 
Within length of span 8 The sag at +52.5 °C 

Pole top 10.5 The sag at+52.5°C 

5 Communication line 14 The sag at+52.5°C 

6 Special pipe 14 The sag at+52.5°C 
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No. 
Name of object of 

crossing 

Minimum 

distance 

(m) 

Calculation condition 

7 Cableway 8 The sag at+ 52.5 °C 

Table 5.7.2-2 Minimum horizontal distance 

Item Minimum horizontal distance (m) 

Railway 
Tower boundary to track 

center 

Crossing 
35 m, or determined through 

negotiation 

Parallel tower height plus 3.1 m, 

Road 

Crossing  
Tower boundary to track ry 

center 

15.0 or determined through 

negotiation 

Parallel 

Track 
boundary 

to 
subgrade 
boundary 

Open area tower height 

Route 
restricted 

area  

10.5 or determined through 
negotiation 

Navigable River Side phase conductor to upper limb of slop 
(lines in parallel 

with guying road) 
tower height Non-Navigable 

River 

Telecommunication 

Line 

To side pole 

conductor (Parallel) 

tower height tower height 

Route restricted 
area under the 

maximum wind 
deflection) 

11 

Power Line 
To side pole 

conductor (Parallel) 

Open area tower height 

Route 
restricted 

area 

13 m to closest conductor and 8.5 
to tower(under the maximum wind 

deflection) 

Special 

Pipeline&Cableway To 	part any 

Open area tower height 

Route restricted 
area under the 

maximum wind 
deflection) 

13 
 

5.7.3 	Principle for Clearing of Route 

When HVDC transmission line is adjacent to private house, the undistorted synthetic 

electric field on the ground surface in the location of private house under 

circumstance of wet conductor shall not exceed 15kV/m. The scope of house 

demolition in the line corridor shall be as follows in principle: 

(1) It shall be demolished without exception when it is located at and within 6.5m 
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from the ground projection of side conductor. 

(2) For houses outside 6.5m, the clear distance shall be guaranteed to be 14m at the 

time of maximum wind deflection, and they can be left unmoved when the 

synthetic electric field of house ground 6.5m outside the side conductor is less 

than the restricted value of 15kV/m, otherwise, the all houses within the line 

corridor shall be pulled down and removed. 

Ordinary forest trees below the line corridor shall be removed in principle, and 

economic crops and fruit trees shall be overhead crossed. 

5.8 	Lightning Protection and Grounding 

For design of grounding for lightning protection of transmission lines, it is proposed to mainly 

adopt the following measures: 

(1) Dual earth wire shall be adopted for the whole line, and the protection angle of earth 

wire shall be not more than V. 

(2) The distance between two earth wires on the tower shall not exceed 5 times the vertical 

distance between conductor and earth wire, so as to guarantee the joint protection effect 

of two earth wires. 

(3) At the time of no wind at +15°C, the distance between conductor and earth wire at the 

center of span shall meet the stipulations in "Technical guide for HVDC overhead 
transmission line": S 0.012L+1.5 (S is the distance between conductor and earth wire, 

and L is length of span); 

(4) The footing resistance of tower should be restricted as to table 5.8-1.. 

Table 5.8- 1 The limiting values of tower footing resistance 

Area agricultural district desert desert 

earth resistivity P (1.2•m) 0< P --, 1000 1000< p .-..2000 p > 2000 

limiting 	values 	of tower 
resistance R (.Q) 

footing 10 20 25 

go 
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5.9 	Tower family 

Analysis shows that the most economical span for this project shall be 460m, since 
certain margin shall be taken into consideration for wind span at the time of actual 
locating, combined with the utilization rate of wind span for tower in the previous 
project, the service conditions for tower in this project are shown in Table 9.3-1. 
Lattice tower will be used in this project 

Table 5.9.3-1 	Tower family 

Tower Type Angle Wind Span (m) 
Weight 	Span 

(m) 

Range  
Nominal 	

of 

Height (m) 

Basic Nominal 
Height (m) 

ZP1 0° 480 600 36--54 45 

ZP2 0° 580 750 48-78 69 

ZPT 0° 480 600 36.51 51 

JP1 0-20° 450 650 30-42 42 

JP2 20-400  450 650 30.42 42 

JP3 

Terminal 
Tower 

0-60° 450 650 30-42 42 

NOTE: considering the section of this HVDC project is relatively long, in order to limit the 
extent of the damage in a long section, an enhanced suspension tower ZPT will be used for 
every 3.5km within a constant section. 

et 
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ZP1 ZPT ZP2 

JP3 JP1 
	

JP2 

Figure 5.9.3-1 Outlines of tower 
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5.10 Tower and FoundationDesign 

5.10.1 Tower Design 

5.10.1.1 Specifications, code and relevant design documents to be observed 

The specifications, codes and relevant design documents to be observed during the 

design of the tower are as follows: 

ASCE 74-2009-Guidelines for Electrical Transmission Line Structural Loading 

IEC 60826 - Design criteria of overhead transmission lines 

ASCE 10-97 - Design of latticed steel transmission structures 

GB/T 3098.1 Mechanical Properties of Fasteners—Bolts, Screws and Studs, 

GB/T 3098.2 Mechanical Properties of Fasteners—Nuts-Coarse Thread 

GB/T 5117 Covered Electrodes for Manual Metal Arc Welding of Non-alloy and Fine 

Grain Steels 

GB/T 5118 Covered Electrodes for Manual Metal Arc Welding of Creep-resisting 

Steels. 

GB 50661 Code for Welding of Steel Structures. 

GB/T 1591 High Strength Low Alloy Structural Steels 

GB/T 700 Carbon Structural Steel. 

GB 50017 Code for Design of Steel Structures 

.etc, and/or other approved standard. 

5.10.1.2 Calculation Model of Tower 

The calculation analysis of tower is based on the finite element method and the 3D 

truss model according to the mechanics theory; PLS-TOWER software is used as the 

analysis software of tower in this project. 

5.10.1.3 Wind Pressure in Basic Design 

The designed basic wind velocity is determined as 160km/h (height 10m from the 

ground and time distance 3s) according to the technical data that have been collected. 

The corresponding earth wires, insulators and tower wind pressure are calculated as 

per the specification, and the wind load shape coefficients of conductor, earth wire and 

insulator are all 1.0. 
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5.10.1.4 Safety Factors 

According to the existing project experiences, it is recommended to use the safety 

factors in the following table. 

Description Safety factor 

Normal condition 1.7 

Broken Wire condition 1.5 

Installation condition 1.5 

5.10.1.5 Load Conditions 

According to the relevant provisions of ASCE74-2009, the load conditions and load 

combinations usually to be considered in the design are shown in the following table: 

Operation condition name Description of load condition 

Normal Condition 

Vertical Load: Dead weight of conductor, earth wire, insulator, hardware, 
tower,worker etc. 

Horizontal Load: wind pressure, angle tension, tower body wind velocity; 

Wind load direction: 90°, 45° 

Failure Containment case Structure failure load, e.g.broken wire load, etc. 

Installation condition 

Structure erection load; 

Stringing tension load; 

Worker load 

5.10.1.6 Material for Tower 

It is recommended to use China's supplies for the steel products of tower. Three 

categories of China's steel products in the following table shall be adopted while 

designing the tower at the current stage. 

Steel products: 

Mild steel: 

High tensile steel: 

Q235B 

Q345B, Q420B 

The characteristics of steel products are as follows: 

Standard Grade 

Fy (Mpa) 

Yield Strength Fy (Mpa) 
Minimum Tensile Strength 

T<=16 t>16 Mpa 

GB 700 Q235B 235 225 375 

GB1591 Q345B 345 325 470 

GB1591 Q420B 420 400 580 

Bolts: Grade 6.8 in ISO 898 
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Yield point: 480N/mm2  

Tensile strength: 600N/mm2  

Bolts: Grade 8.8 in ISO 898 

Yield point: 640N/mm2  

Tensile strength: 800N/mm2  

(1) The members of tower all use the hot-rolled equal-leg angle steels. The 

high-strength steel shall be selected according to the economic comparison. In 

general, it is not suitable to adopt the high-strength steel for the members whose 

slenderness ratio is greater than 80 or whose specification is less than 125x10 

(excluding the tension member). 

(2) When using the Q420 high-strength steel products, the drilling technology shall 
be used to make the holes. The drilling technology shall be used to make the 

holes when the thickness of Q345 and Q235 is equal to and greater than 14mm. 

(3) Q235B and Q345B steel electrodes shall use E43 type and E50 type. The 

welding operation shall be avoided as far as possible for the Q420B 

high-strength steel. 

(4) The connecting bolts shall use M16(Grade 6.8), M20(Grade 6.8) and M24 

(Grade 8.8) common rough bolts. 

5.10.1.7 Other Descriptions 

(1) Anti-corrosion measures of tower 

The hot-galvanized anti-corrosion measures shall be performed to all members 

of towers (including stub angle), bolts (including locking fastening nut and 

anti-theft bolts), gaskets and washers. 

(2) Locking and antitheft measures 

Antitheft bolts shall be used within the range of 5.10.0m over the ground of the 

shortest leg. The point of suspension connecting members all use the dual-cap 

bolts and the locking measures of one standard nut with one thin nut shall be 

taken for other bolts. 

(3) Step bolts and others 

The climbing step bolts shall be provided in the main members of tower, and 

they shall be mounted in a diagonal form. As for the tower with the full height of 

over 60m, the simple access platform shall be set up in appropriate position and 

the safety fence shall be set up at the periphery of the platform. 
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( 4) Anti climbing device 

The anti climbing device shall be set above the first septal surface using the barbed wire 
steel and set a door locking with bolts, nuts, fastening nut 

5.10.2 Foundation Design 

5.10.2.1 Design Specifications 

(1) American concrete institutes (ACI318) 

(2) IEEE Guide for Transmission Structure Foundation Design and Testing (IEEE 
Std 691-2001) 

(3) GB 50010 Code for Design of Concrete structures 

(4) GB1499.1 Steel for the reinforcement of concrete: Hot rolled plain bars 

(5) GB1499.2 Steel for the reinforcement of concrete: Ribbed bars 

(6) JGJ 18 Specification for welding and acceptance of reinforcing steel bars 

.etc, and/or other approved standard. 

5.10.2.2 Selection of Foundation Types 

Valleys and plains area: the drilled shaft foundation can be adopted in the locations 

distributed by plastic and hard-plastic clay if there is no underground water; the 

pad&chimney foundation can be adopted for the soft plastic clay according to the site 

conditions; the pile foundation can be adopted for the tower location that does not 

meet the requirement of natural foundation and the pile can use the borehole grouting 

piles; the pile foundation can be adopted in the locations distributed by silty sands if 

there exist the liquefied sandy soils and the pile can use the borehole grouting piles. 

Desert Land: remove the surface floating sand in the dune area and use the middle 

compact silt and fine sand as the bearing stratum of the foundation. If there is no 
underground water, the drilled shaft foundation and pad&chimney foundationcan be 

adopted without consideration of the liquefaction of siltysands. The pile foundation 

can be adopted for the tower location that does not meet the requirement of natural 
foundation and the pile can use the borehole grouting piles. 

(1) Pad&chimney foundation 

The main feature of this foundation is that the main column slope of the 

foundation is consistent with that of the tower leg. The result of this design 

enables the horizontal force perpendicular to the axial line of the foundation to 

be reduced for at least 50% and the axial action force of the foundation only 

increases by 1-2%. This result has significantly improved the force bearing 

situation of the foundation columns and base plates (slabs) to minimize the 
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impact of the foundation horizontal force on the foundation slabs and improve 

significantly the stability of the foundation. Meanwhile, due to significant 

reduction of eccentric bending moment, the dimension of foundation slabs 

controlled by downward stability is correspondingly reduced so that the concrete 

quantity and slab reinforcement amount are reduced, which can greatly save the 

consumption of foundation materials. Foundation of this kind can be used in 
most of the locations in this project. 

(2)Drilled shaft foundation 

The drilled shaft foundation applies to the hard-plastic and plastic clay 
geological condition without underground water. 

The application of the drilled shaft foundation has avoided the large excavation: 
on one hand, it has reduced the destruction to the environment; on the other hand, 

it has significantly enhanced the uplift-resisting ability of the foundation because 

the internal friction angle and cohesion of undisturbed soil has been brought into 

the full play due to the reduction of the disturbance for the undisturbed soils. The 

soil is used to replace the formwork and the reinforced framework and concrete 

of the foundation is directly grouted into the shaped soil structure to reduce the 

construction cost, which indicates the higher economic benefit and environment 
benefit. 

(3) Pile foundation 

In the area with flow-plastic geological condition, deeper foundation bearing 

stratum, flooding impact, higher diffuse water depth and river-crossing area, etc., 

the method of borehole grouting piles for the foundation is a kind of widely 

applied method in the design. The friction force with the surrounding soil and 

the pile end bearing capacity are used to bear the uplift force and down pressure 

of the foundation. It is characterized by convenient construction and safety and 

reliability. The disadvantages include big construction difficulty and high 
construction cost. 

5.10.2.3 Safety Factors 

It is recommended to use the safety factors in the following table. 

Description Safety factor 

Uplift Condition 1.2 

Compression Condition 1.2 
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5.10.2.4 Foundation Materials 

For foundation materials, the equivalent quality materials can be used, such as GB. 

ASTM or other codes. 

	

A 	5.10.2.4.1 	Foundation concrete 

Foundation material is designed according to the following principles. The compressive 

strength of concrete shall be 21Mpa for normal type of foundation , 27.5MPa for pile 

foundation and the quality of concrete shall conform to the ACI standards. For corrosive 

areas, improve concrete strength grade according to corrosion grades 

5.10.2.4.2 	Steel products for the foundation 

For Chinese materials, the main reinforcement of the foundation adopts HRB400 

reinforced bars and the stirrup and the structural reinforcement use the HPB300 reinforced 

bars. 

For ASTM materials, characteristic strength of reinforcement (fy): 

60 grade 	 420Mpa 

	

OF 	
5 . 1 0 .2 . 5 Connecting Way of Tower and Foundation 

The connecting way of stub angle is recommended in this project. 
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6. 	Electrode and Electrode Line at Converter Station 

6.1 	Electrode at M C/S 

6.1.1 	Electrode Site Selection 
0 

Based on preliminary field investigation, the following four sites are tentatively 
considered as candidate sites of electrode at sending-end. 

Site: 1 (recommended by the Pakistani party): 25°53'31.16"N, 68°48'42.73"E; 

Site 2 (recommended by the Pakistani party): 25°47'52.38"N, 68°51'43.68"E; 

Site 3: 25°24'33.93"N, 68°49'53.76"E; 

Site 4: 25°18'29.94"N, 68°41'9.82"E. 

Further field investigation shows that a gas pipeline is routed around 1 km west of 

site 2, that is, the pipeline passes between site 1 and site 2. And the 

Hyderabad-Mirpur Khas Railway passes about 9 km north of site 3. As such, all the 

three sites are not appropriate. Therefore, site 4 is tentatively considered as the site of 

electrode. 

	

6.1.2 	System Conditions 

41% 	 DC rated capacity: 	 4000MW 

Rated voltage of the DC Line: 	 +660 kV 

Maximum continuous rated current: 	 3030A 

Maximum overload current (2h): 	 3333A 

Injection current at the electrode due to bipolar imbalance: 	below 30.3 A; 

Maximum design temperature: 	 90°C 

Maximum permissible pace voltage of the ground: 	7.42+0.0318p, (V/m) 

Continuous monopolar earth return operation time: 
	

1 month 

	

6.1.3 	Main Technical Indexes 

Type of electrode: shallowly-buried; 

Shape of electrode: dual-ring (with a radius of 380/270m); 

Material and quantity of electrode: FeSi (with a diameter of 50), 2730 pieces (1.5 m 
per piece); 

Active material and quantity: calcined petroleum coke, 4280t; 
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Total length of electrode: 4085 m 

Burial depth: 3.5 m (outer ring) and 3 m (inner ring) 

Current guiding mode: buried power cables 

4 
6.1.4 Main Technical Schemes 

(1) The electrode is of a regular dual-ring shape, the radius and burial depth of the 

outer ring are 380 m and 3.5 m respectively; and those of the inner ring 270 m 

and 3 m respectively. Both the outer ring and inner ring are divided into four 

sections and have 050 FeSi. In this project, coke is adopted as the packing, and 

the sectional area of coke for the outer ring is 0.95mx0.95m and that for the 

inner ring is 0.8mx0.8m. 

(2) 82 infiltration holes and marking piles and 16 inspection wells arc provided at 

the site of electrode. The dimensions and burial depth of the marking piles are 

150 mm x150 mmx1200 mm and 800 mm respectively. 

(3) Current guiding cables are directly buried. Four cable trenches with a sectional 

area of 1.2m (width) x 0.3m (depth) are dug from the incoming line center tower 

to the outer ring of electrode at a depth of 1.5 m and covered with concrete 

precast slab; cable trenches with a sectional area of 0.3m (width) x 0.3m (depth) 

are also dug at 2 m inside of each ring at a depth of 1.5 m and covered with 

concrete precast slab. 

(4) The enclosure is 14 m (length) x15 m (width), and the ground within the 

enclosure is hardened. An incoming line structure is set up within the enclosure, 

which comprises blocking reactor, blocking capacitor and busbar. 

6.2 	Electrode at L C/S 

6.2.1 	Electrode Site Selection 

Based on preliminary field investigation, the following two sites are tentatively 

considered as candidate sites of electrode of receiving end. 

Site 1: 30°52'12.55"N, 73°52'17.28"E; 

Site 2 (recommended by the Pakistani party): 30°50'41.47"N, 73°43'35.47"E; 

Therefore, site 1 is tentatively considered as the site of electrode. 

6.2.2 	Main System Conditions 

DC rated capacity: 	 4000 MW 

Rated voltage of the D.C. Line: 	 ±660 kV 

Maximum continuous rated current: 	 3030 A 
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Maximum overload current (2h): 
	

3333 A 

Injection current at the electrode due to bipolar imbalance 
	

Below 30 A 

Maximum design temperature: 
	

90r 

Maximum permissible pace voltage of the ground: 
	

7.42+0.0318p, (V/m) 

Continuous monopolar earth return operation time: 	one month 

6.2.3 	Main Technical Indexes 

Type of electrode: 	 shallowly-buried 

Shape of electrode: 
	

dual-ring (with a radius of 380/270m); 

Material and quantity of electrode: 
	

FeSi (with a 	diameter of 50), 2730 

piece) (1.5 m per pieces) 

Active material and quantity: 	 calcined petroleum coke, 4280t 

Total length of electrode: 
	

4085 m 

Burial depth: 
	

3.5 m (outer ring) and 3 m (inner ring) 

Current guiding mode: 
	

buried power cables 

6.2.4 Main Technical Scheme 

(1) The electrode is of a regular dual-ring shape, the radius and burial depth of the 

outer ring are 380 m and 3.5 m respectively; and those of the inner ring 270 m 

and 3 m respectively. Both the outer ring and inner ring are divided into four 

sections, and have 050 FeSi. In this project, coke is adopted as the packing, and 

the sectional area of coke for the outer ring is 0.95mx0.95m and that for the 

inner ring is 0.8mx0.8m. 

(2) 82 infiltration holes and marking piles and 16 inspection wells are provided at 

the site of electrode. The dimensions and burial depth of the marking piles are 

150 mm x150 mmx1200 mm and 800 mm respectively. 

(3) Current guiding cables are directly buried. Four cable trenches with a sectional 

area of 1.2m (width) x 0.3m (depth) are dug from the incoming line center tower 

to the outer ring of electrode at a depth of 1.5 m and covered with concrete 

precast slab; cable trenches with a sectional area of 0.3m (width) x 0.3m (depth) 

are also dug at 2 m inside of each ring at a depth of 1.5 m and covered with 

concrete precast slab. 

(4) The enclosure is 14 m (length) x15 m (width), and the ground within the 

enclosure is hardened. An incoming line structure is set up within the enclosure, 

which comprises blocking reactor, blocking capacitor and busbar. 

Volume I - 71 



Feasibility Study for 

±660kV HVDC Project from Matiari to Lahoro in Pakistan 
Volume I 

General Report 

6.3 	Electrode Line 

6.3.1 	Meteorological 

The main meteorological elements in the project is shown as below in the following 

alt 	 table. 

Table 6.3.1-1 	List of main meteorological elements for project design 

Meteorological 
element 

Temperature 

(°C) 

Wind Speed 

(m/s) 

Ice Thickness 

(mm) 

Minimum 

temperature 
-5 0 0 

 

Annual 

average 

temperature 
25 0 0 

Maximum 

wind speed 
15 44.44(31.1) 0 

Icing 

conditions 
/ / / 

Maximum 

temperature 
52.5 0 0 

 

failure -1.1 0 0 

Thunderstorm 

Days 
32/year 

Note: the reference wind speed is at 10m average height and 10min range 
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6.3.2 	Selection of Conductor and Earth Wire 

(1) Selection of conductor wire 

The design maximum continuous rated current and design maximum continuous 

overcurrent of earth electrode are 3030A and 3333A respectively. It is 

recommended to use 2 steel-core heat-resistant aluminum alloy strand 

JNRLH1/G1A-630/45 as the conductor. The technical parameters are given in the 

table below. 

Tab I e 6. 3. 2-1 List of technical parameters of JNRLH1/G1A-630/45 

Item Unit Value 

Construction 
Heat-resistant aluminum alloy wire Number of strand/diameter mm 45/4.22 

Galvanized steel wire Number of strand/diameter mm 7/2.81 

Sectional 
area 

Aluminum MM
2 629.4 

Steel mm' 43.41 

Sum IIIM
2 672.81 

Outer diameter Mm 33.75 

DC resistance at 20 °C 0./km 0.04667 

Calculated tensile strength kN 149.6 

Integrated elasticity coefficient N/mm2  63700 

Integrated linear expansion coefficient 1/°C 20.78x10-6 

Calculated weight kg/km 2078.4 

(2) Selection of earth wire 

Galvanized steel strands GJ-80 are used as earth wire. The table below gives its 

characteristic parameters. 

Table 6.3.2-2 	Mechanical and physical characters of earth wire 

Type 
 	GJ-80 

Item 

Structure 
Number of wire/diameter 

Aluminum (mm) — 

Steel (mm) 11.4/3.8 

Calculated sectional area 
(mm2)  

Aluminum — 

Steel 79.39 

Total 79.39 

Outer diameter (mm) 11.4 

Calculated weight (kg/m) 0.6300 

Calculated tensile strength (N) 100100 

Modulus of elasticity (10 MPa) 18500 

Linear expansion coefficient (11°C) 0.0000115 

Volume I - 73 



Feasibility Study for 
±660kV HVDC Project from Matiari to Lahore in Pakistan 

(3) Safety factor for conductor and earth Wire 

The safety factor of conductor and earth wire should be no less than 2.5.The 

everyday tension of conductor and earth wire should be not more than 25%. The 

sag of earth wire should be not more than the sag of conductor. 

(4) Anti-vibration of conductor and earth wire 

The installation of spacers can prevent vibration of bundle conductor to a certain 

extent. According to the design code and past experience with earth electrode line, 

FR-4 damper shall be installed all along the 2-bundle conductor provided with 

spacers. 

FR-1 damper is adopted for earth wire GJ-80 of the project for vibration 

prevention. The number of dampers is as shown in Table 6.2.1-3. 

Table 6.2.1-3 	Number of dampers 

Span (m) l_,_450 450. 800 800g.,<1200 NRLH6OGJ-600/45 
conductor Number 1 2 3 

Span (m) L<300 300<L<600 600g_,<900 >900 GJ-80 
earth wire Number 1 2 3 4 

6.3.3 	Insulation Design 

(1) Selection of insulator 

Insulators of the project are all approved domestic products. The DC disc 

insulators are adopted in the conductor insulator string. Both the suspension 

insulator and tension insulator are model U160BP/170(XZP-160). The 

electromechanical properties of insulator are as shown in table 6.3.3-1. 

Table 6.3.3-1 	Electromechanical properties of conductor insulator 

Code of insulator U160BP/170 

Material Porcelain Glass 

Disc diameter (mm) 320340 320340 

Nominal structure height H (mm)* 170 170 

Nominal creep distance L (mm) >545 >545 

Connection marks* 20 20 
Electromechanical breaking load required (kN) 160 160 

Separate tensile test load (kN) 80 80 

lmin positive DC wet withstand voltage (kV) 55 60 
Lightning impulse withstand voltage (kV) 140 140 
lmin positive and negative DC dry withstand voltage (kV) 140 150 
Impulse breakdown voltage (p.u.) 2.8 2.8 
Wireless disturbance voltage 	10kV, 1MHz (V) 50 50 
DC corona extinction voltage (kV) 50 50 
Porcelain degradation rate/spontaneous explosion rate (%) <0.01 / 

Volume I 
General Report 

Volume I - 74 



Volume I 
General Report 

Feasibility Study for 
±660kV HVDC Project from Matiari to Lahore in Pakistan 

Glass spontaneous explosion rate (%) / 	I 	50.02 

(2) Selection of insulator quantity and arcing horn clearance 

Based on recent research on earth electrode line, it is recommended to provide five insulators 

for the suspension string and tension string respectively near the converter station (within 40% 

of the length of earth electrode line away from the converter station), three insulators for the 

suspension string and four insulators for the tension string near the earth electrode (40%-100% 

of the length of earth electrode line away from converter station). Besides, the arcing horn 

shall be installed. The number of insulators and arcing horn clearance are as shown in the 

table below.Table 6.3.3-2 Insulator quantity and arcing horn clearance 

Distance from converter station 
Number of insulators 

(suspension/tension/jumper) 
Arcing horn gap 

(mm) 

0-40% 5/5/3 700 

40-100% 3/4/3 400 

(3) Air Gap of Tower Body 

Under atmospheric conditions, the clearance between the charged part and tower 

body shall be designed to match the arcing horn clearance. The clearance between 

the charged part and tower body shall be no less than the arcing horn clearance to 

ensure that the discharge occurs on the arcing horn rather than between the 

conductor and tower body. The clearance varies depending on the distance 

between the tower and converter station, as shown in table 4-2 in details. 

6.3.4 	Insulator Strings and Fittings 

(1) Assembling of Insulator String 

For suspension insulator strings of conductor, 160kN single and dual strings are 

used; and for those of earth wire, 70kN suspension insulator strings are used. 

For tension insulator strings of conductor, 160kN dual strings are used; and for 

those of earth wire, XDP-100CN insulators with the acing horn are adopted, 

which are assembled in single strings (two insulators). 

For jumper insulator strings of conductor, 160kN single strings are used. 

(2) Main Fittings 

The heat resistant NY-630/45N tension clamp and CF-630/45 suspension clamp 

are adopted for the conductor. 

The heat resistant NY-80G tension clamp and XGU-2 suspension clamp are 

adopted for the earthing wire. 

(3) Value of Safety Factor 

The safety factor adopted for the hardware in this project is shown in Table 
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6.3.4-1. 

Table 6.3.4-1 	List of safety factor for hardware 

Condition Maximum load Maintenance Line breakage 
String 

breakage 

Safety factor 2.5 1.5 1.5 1.5 

6.3.5 	Clearance to the Earth and Passage 

The clearance between the conductor and earth and the distance between the 

conductor and objects crossed are as shown in table 6.3.5-1 and 6.3.5-2.The operating 

temperature of conductor is 135°C. 

0' 
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Table 6.3.5-1 	Minimum distance between the conductor and the building/woods 

No. 
Minimum distance 

(m) 
calculation condition 

1 Residential area 7.0 Maximum sag 

2 Nonresidential area 6.0 Maximum sag 

3 Traffic Inconvenience area 5.0 Maximum sag 

4 Hillsides accessible on foot 5.0 
Maximum wind 
displacement 

5 Hillsides, cliffs and rocks inaccessible on foot 3.0 
Maximum wind 
displacement 

6 Vertical distance to the building 5.0 Maximum sag 

7 Minimum clearance to the building 4.0 
Maximum wind 
displacement 

8 
Vertical distance to forest taking consideration 
of natural growth of trees 

4.0 Maximum sag 

9 
Minimum clearance to trees of the park, green 
area or tree reserve 

. 35 
Maximum wind 
displacement 

10 
Vertical distance to the fruit tree, commercial 
crop and urbane roadside tree 

4.0 Maximum sag 

Table 6.3.5-2 	Distance between conductor and objects/obstacles crossed 

No. Name of objects crossed 
Minimum 
distance 

(m) 

Calculation Condition 

Railway 

Clearance from track top 7.5 Maximum sag 

Clearance from 
load-bearing cable or 
contact wire 

3.0 Maximum sag 

2 Road Class 1 7.0 Maximum sag 

3 
Non-navigable 
rivers 

Clearance from 100-year 
flood level 

3.0 Maximum sag 

4 Power line 3.0 Maximum sag 

Communication 
line 

3.0 Maximum sag 

6.3.6 	Lighting Protection and Grounding 

The following measures are mainly proposed in the lighting protection and earth 

design of power transmission line: 

(1)Provide the singe earth line with a shielding angle of 30 degrees all the way; 

(2) Keep the distance between two earth lines of the tower within five times of the 

vertical distance between the conductor and earth line to ensure combined protection 

from both earth lines. 

(3) In calm days with a temperature of +15°C, the distance between the conductor and 

lightning wire at the center of span shall meet the requirement in the Design Code for 
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110kV-500kV Overhead Transmission Line: S?.-0.012L+1 (where S refers to the 

distance between the conductor and lighting wire and L refers to the span); 

(4) The footing resistance of tower should be restricted as to table 6.3.6-1.. 

414 	 Table6.3.6-1 The limiting values of tower footing resistance 

Area agricultural district desert desert 

earth resistivity P (SI•m) 0< P --..1000 1000< p ---.2000 p > 2000 

limiting 	values 	of tower 
resistance R (f2) 

footing 10 20 25 

6.3.7 	Tower Family 

The service conditions for tower in this project are shown in Table 6.3.7-1. Lattice 

tower will be used in this project 

Table 6.3.7-1 	tower family 

Tower 
Type 

Angle 
Horizontal 

span 

(m) 

Vertical 
span 

(m) 

Range of nominal 
height 

(m) 

Nominal 
height 

(m) 

ZP1 0° 380 480 18-33 24 

ZP2 0° 450 600 21-36 30 

ZPK 0° 600 800 45-60 54 

JP1 0-30° 400 500 15-27 27 

JP2 
30-60° 

(including the 
terminal) 

400 500 15-27 27 

6.3.8 	Tower and Foundation Design 

6.3.8.1 Tower Design 

The specifications, codes and relevant design documents to be observed during the 

design of the tower are as follows: 

ASCE 74-2009-Guidelines for Electrical Transmission Line Structural Loading 

IEC 60826 - Design criteria of overhead transmission lines 

ASCE 10-97 - Design of latticed steel transmission structures 

GB/T 3098.1 Mechanical Properties of Fasteners—Bolts, Screws and Studs. 

GB/T 3098.2 Mechanical Properties of Fasteners—Nuts-Coarse Thread 

GB/T 5117 Covered Electrodes for Manual Metal Arc Welding of Non-alloy and Fine 

Grain Steels 

GB/T 5118 Covered Electrodes for Manual Metal Arc Welding of Creep-resisting 
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Steels. 

GB 50661 Code for Welding of Steel Structures. 

GB/T 1591 High Strength Low Alloy Structural Steels 

GB/T 700 Carbon Structural Steel. 

GB 50017 Code for Design of Steel Structures 

.etc, and/or other approved standard. 

6.3.8.2 Calculation Model of Tower 

The calculation analysis of tower is based on the finite element method and the 3D 

truss model according to the mechanics theory; PLS-TOWER software is used as the 

analysis software of tower in this project. 

6.3.8.3 Wind Speed in Basic Design 

The designed basic wind velocity is determined as 160km/h (height 10m from the 

ground and time distance 3s) according to the technical data that have been collected. 

6.3.8.4 Tower Load (including the load conditions) 

General load conditions to be considered in design and corresponding loads are as 

shown in the table below: 

Table 6.3.8-1 	Tower Load 

Operation condition 
name Description of load condition 

Normal Condition 

Vertical Load: Dead weight of conductor, earth wire, insulator, hardware, 
tower, worker etc. 

I lorizontal Load: wind pressure, angle tension, tower body wind velocity; 
Wind load direction: 90°, 45° 

Failure 
Containment 

case 
Structure failure load, e.g.broken wire load, etc. 

Installation 
condition 

Structure erection load; 
Stringing tension load; 

Worker load 

6.3.8.5 Material for Tower 

It is recommended to use China's supplies for the steel products of tower. Two 

categories of China's steel products in the following table shall be adopted while 

designing the tower at the current stage. 

Steel products: 

Mild steel: 	 Q235B 
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High tensile steel: 	 Q345B 

The characteristics of steel products are as follows: 

(1) The members of tower all use the hot-rolled equal-leg angle steels. The 

high-strength steel shall be selected according to the economic comparison. In 

general, it is not suitable to adopt the high-strength steel for the members whose 

slenderness ratio is greater than 80 or whose specification is less than 125 x10 

(excluding the tension member). 

(2) Q235B and Q345B steel electrodes shall use E43 type and E50 type. The 

welding operation shall be avoided as far as possible for the Q420B 

high-strength steel. 

(3 The connecting bolts shall use M16(Grade 6.8), M20(Grade 8.8) and M24 

(Grade 8.8) common rough bolts. 

6.3.8.6 Other Descriptions 

(1) Anti-corrosion measures of tower 

The hot-galvanized anti-corrosion measures shall be performed to all members 

of towers (including stub angle), bolts (including locking fastening nut and 

anti-theft bolts), gaskets and washers. 

thr 	
(2) Locking and antitheft measures 

Antitheft bolts shall be used within the range of 10.0m over the ground of the 

shortest leg. The point of suspension connecting members all use the dual-cap 

bolts and the locking measures of one standard nut with one thin nut shall be 

taken for other bolts. 

(3) Step bolts and others 

The climbing step bolts shall be provided in the main members of tower, and 

they shall be mounted in a diagonal form. As for the tower with the full height of 

over 60m, the simple access platform shall be set up in appropriate position and 

the safety fence shall be set up at the periphery of the platform. 

( 4 ) Anti climbing device 

The anti climbing device shall be set above the first septal surface using the barbed wire 

steel and set a door locking with bolts, nuts, fastening nut 

+4 	6.3.8.7 Foundation Design 

(1) 	Type Selection 

The pad&chimney foundation can be adopted for the soft plastic clay according to 
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the site conditions. 

(2) 	Materials 

The grade of concrete strength of the foundation is generally C25 and C30. As for the 

tower location with corrosion, the grade of concrete strength shall be improved based 

on the specific corrosion. The cushion layer and protective cap shall all use the C15 

concrete. The main reinforcement of the foundation adopts HRB400 reinforced bars 

and the stirrup and the structural reinforcement use the HPB300 reinforced bars. 

(3) Connection of Tower and Foundation 

The connecting way of stub angle is recommended in this project. 

(4) Foundation Insulation and Corrosion Prevention 

Insulation and corrosion prevention measures shall be taken for the tower foundation within 
2.0km from the electrode according to relevant specifications. 
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TECHNICAL DEFINITIONS 

The following technical definitions apply to this Specification: 

Purchaser 	National Transmission And Despatch Company Limited (NTDC) 

Company The project company for development, investment, construction, 
operation and maintenance of the ± 660kV HVDC project from 

Matiari to Lahore in Pakistan. 

HVDC System All of the relevant equipments and systems in bipolar operation, 

including converter transformers, converter valves, DC yard 

equipment, AC filter, control& protection system, DC transmission 
line, electrode and electrode line, etc. 

HVDC Project 	HVDC System and the relevant construction works in this project. 
the relevant construction works including outlet and inlet line of 

converter station, buildings and structures, related auxiliary 
production facilities and living facilities. 

M-L T/L 	Matiari-Lahore Transmission Line 

AC yard 	AC switchgear area in converter station 

DC yard 	DC switchgear area in converter station 

Life yard 	Living facilities and part of auxiliary production facilities area in 
converter station 

T area 	Transformer area 

M-E T/L 	Matiari Electrode Grounding Transmission Line 

M E/G 	Matiari Electrode Grounding 

L-E T/L 	Lahore Electrode Grounding Transmission Line 

L E/G 	Lahore Electrode Grounding 

M C/S 	Matiari Converter Station 

L C/S 	Lahore Converter Station 

M AC busbar 	Matiari AC busbar 

L AC busbar 	Lahore AC busbar 

M AC system 	Matiari AC system 

L AC system 	Lahore AC system 
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P I 	 Pole I 

P II 	 Pole II 

The following abbreviations apply to this Specification: 

AC 	Alternating Current 

ACI 	American Concrete Institute 

A/D 	Analog to Digital 

AN 	Audible Noise 

ANSI 	American National Standards Institute 

ASCE 	American Society of Civil Engineers 

ASTM 	American Society for Testing Material 

BIL 	Basic Impulse Insulation Level 

BS 	British Standard 

BSL 	Basic Switching Impulse Insulation Level 

CB 	Control Building 
SP 

CCITT 	International Consultative Committee on Telephone and Telegraph Systems 

CT 	Current Transformer 

CTV 	Capacitive Voltage Transformer 

D/A 	Digital to Analog 

DC 	Direct Current 

DIN 	Deutsches Institute fur Normung 

EEI 	Edison Electric Institute 

EIA 	Environmental Impact Assessment 

ESCR 	Effective Short Circuit Ratio 

ESDD 	Equivalent Salt Deposit Density 

FAT 	Factory Acceptance Tests 

,411. 	HF 	High Frequency 

HVDC 	High Voltage Direct Current 

IEC 	International Electrotechnical Commission 
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IEEE 	Institute of Electrical and Electronics Engineers 

I/O 	Input/Output 

ISO 	International Standards Organization 

al 	LED 	Light Emitting Diode 

MMI 	Man Machine Interface 

MVU 	Multiple Valve Unit 

NFPA 	National Fire Protection Association 

OPGW 	Optical Fiber Composite Overhead Ground Wire 

P&C 	Protection and Control 

PLC 	Power-line Carrier 

PT 	Potential Transformer 

RF 	Radio Frequency 

RI 	Radio Interference 

RIV 	Radio Interference Voltage 

RTU 	Remote Terminal Unit 

RPC 	Reactive Power Controls 

SCADA 	Supervisory Control and Data Acquisition 

SER 	Sequence of Events Recorder 

SLG 	Single Line to Ground Fault 

SMC 	Station Master Clock 

SPC 	Software Production Control 

SWC 	Surge Withstand Capability 

TFR 	Transient Fault Recorder 

UPS 	Uninterruptible Power Supply 

VDT 	Video Display Terminal 

VDU 	Video Display Unit 

VF 	Voice Frequency 

VT 	Voltage Transformer 
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1. 	General 

	

1.1 	Design Basis 

(1) Program for Feasibility Study on ±660kV HVDC PROJECT FROM MATIARI 

TO LAHORE IN PAKISTAN 

(2) NTDCL Specification P-204:2008 

(3) IEC standard 

	

1.2 	Project Overview 

It is planned to complete the two poles of ± 660kV HVDC PROJECT FROM 

MATIARI TO LA FIORE IN PAKISTAN in 2019 which has a bipolar capacity of 

4000MW for transmitting power from Matiari converter station to Lahore converter 

station. 

	

1.3 	Scope of Design 

The scope of design for the Project covers the AC system protection (including 500kV 

AC transmission line protection, 500kV Busbar protection, 500kV Breaker Failure 

protection , 500kV shunt reactor protection), dispatch automation, and energy 

measurement system for Matiari and Lahore converter station systems.DC protection 

and DC/AC filter protection will be considered in the secondary design of electrical 

system. 

1.3.1 AC protection equipment(including500kV AC transmission line protection, 500kV 

Busbar protection, 500kV Breaker Failure protection, 500kV shunt reactor 

protection,132kV line protection ) shall be in accordance with NTDCL specification 

P:204:2008 and relevant IEC standards. 

1.3.2 Other AC protection and control (including 500/35kV step-down transformers 

protection, 35kV reactor protection , 35kV bus bar protection, 35 kV transformers 

protection, 10kV transformers protection, 132kV busbar protection , fault recorder, 

etc.) shall follow IEC. 

Mk 
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2. 	Relay Protection and Stability Control Device 

2.1 	Current Situations of Relay Protection 

4 	 At present, the 500kV lines in Pakistan power grid are provided with distance 

protection and multiplex carrier channels are used to transmit the protection 

information. The models of audio interface devices of the multiplex carriers include 

ISWT3000, NSD550, and DIP5000. 

Recently built 500kV power plants or substations in Pakistan employ computer-based 

500kV line protection, bus protection, 500kV circuit breaker protection and fault 

recorders. 

2.2 	Principles for Configuration of AC System Protection 

2.2.1 Protection of 500 kV Lines 

(1) R11 	Distance Protection relay Panel — (Set-I). 

The main equipment  for relay panels are elucidated below: 

Sr. No. Description. Quantity. 
1.  Distance Relay Set-I as 

specified in clause 
1.12.1(P204:2008) 

One 

2.  Auto-reclosure with 
Built-in synchro-check 
relay as specified in 
clause 1.12.3(P204:2008) 

One 

3.  Over voltage relay as 
specified in clause 
I .12.13(P204:2008) 

One 

4.  Multiple contact high 
speed, high burden, self 
reset tripping relay 
Having (8NO + 2NC) 
contacts with hand reset 
flag as specified in clause 
1.12.21(P204:2008) 

Three Nos. 

5.  D.C. Supervision Relay 
as specified in clause 
1.12.23(P204:2008) 

One No. 

6.  Test block. Min five Nos. or as per 
approved scheme. 

(2) R12 	Distance Protection relay panel — (Set-II). 

The main equipment for relay panels are elucidated below: 

Sr. No. Description. Quantity. 

1. Distance Relay Set-II as One No. 
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specified in clause 
1.12.2(P204:2008) 

2.  Auto-reclosure with 
Built-in synchro-check 
relay as specified in 
clause 1.12.3(P204:2008) 

One No. 

3.  Three phase and one 
earth fault element 
non-directional over 
current and earth fault 
relay as specified in 
clause 1.12.8(P204:2008) 

One No. 

4.  Multiple contact high 
speed, high burden, self 
reset tripping relays 
having (8NO + 2NC) 
contacts with hand reset 
flag as specified in clause 
1.12.21.Quantity to suit 
the tripping schemes can 
be increased. 

Four Nos. 

5.  D.C. Supervision Relay as 
specified in clause 
1.12.23(P204:2008) 

One No. 

6.  Test block. Min 6 Nos. or as 
approved scheme. 

2.2.2 Protection of 500kV Circuit Breaker 

(1) R15 	Breaker failure protection relay panel for three breakers. 

The main equipment for relay panels are elucidated below: 
Sr. No. Description. Quantity. 

Three Nos. for 500 KV 
circuit breaker. 

1.  Breaker failure relay with 
two stage timers as 
specified in clause 
1.12.9(P204:2008) 

2.  Multiple contact high 
speed, high burden, hand 
and electrical reset 
lockout tripping relay as 
specified in clause 
1.12.20(P204:2008) 

Three Nos. (18N0+2NC) 
OR 
Six Nos.(8N0+2NC)for 

each bus bar breaker failure 
protection. 

3.  Multiple contact high 
speed, high burden, hand 
and electrical lockout 
tripping relay as specified 
in clause 
1.12.20(P204:2008) 

Two Nos.(18N0+2NC) 
OR 
Four Nos.(8N0+2NC) for 
mid breaker B.F. 

4.  Electrical Reset Relay as 
specified in clause 

One No. 
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1.12.21(P204:2008) 
5.  DC supervision relay as 

specified in clause 
1.12.23(P204:2008) 

One No. 

6.  Test block. Quantity as required to suit the 
scheme. 

(2) R16 	Trip circuit supervision relay panel for three breakers. 

The main equipment for relay panels are elucidated below: 

Sr. No. Description. Quantity. 
1.  Trip circuit supervision 

relay for each phase 	as 
specified in clause 
1.12.22(P204:2008) 

18 Nos. for 500 KV circuit 
breakers. 

2.  Auxiliary relays as 
specified in clause 
1.12.24(P204:2008) 

Quantity as required to suit the 
scheme. 

3.  DC supervision relay as 
specified in clause 
1.12.23(P204:2008) 

Two Nos. 

2.2.3 R17 Bus Protection 

The main equipment for relay panels are elucidated below: High impedance bus differential as 

specified in clause 1.12.10(P204:2008) OR preferable low impedance bus differential relay as 

specified in clause 1.12.11(P204:2008). 
Sr. No. Description. Quantity. 
1. Bus bar protection for 500 

KV bus 1 alongwith Bus 
Wire Protection Relay 
for 500KV bus bar No.1 

One 

2. Bus bar protection for 500 
KV bus 2 alongwith Bus 
Wire Protection Relay for 
500KV bus bar No.2 

• 
One 

3. Multiple contact high 
speed, high burden, hand 
and electrical reset tripping 
relay as specified in clause 
1.12.20(P204:2008) 
(a) for 500KV bus bar 

Nol 
(b) for 500KV bus bar 

No.2 

Three Nos. (18N0+2NC) 
OR 
Six Nos.(8N0+2NC). 
Three Nos. (18N0+2NC) 
OR 
Six Nos. (8N0+2NC) 

4. DC supervision relay as 
specified in clause 1.12.23 
(a)for 500KV bus bar Nol 
(b)for 500KV bus bar No.2 

One No. 
One No. 
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5 Test Block Quantity as required to suit the 
scheme. 

2.2.4 Shunt reactor protection panel R20 

Sr. No. Description. Quantity. 
1.  Percentage biased 

differential relay as 
specified in clause 1.12.6 

One No. 

2.  Restricted Earth fault relay 
as specified in clause 

One No. 

1.12.7 
3.  Over current and earth 

fault relay as specified in 
clause 1.12.8 

One No. 

4.  Trip circuit supervision 
relay for each pole of 
circuit breaker. 

Six Nos. 

5.  Breaker failure relay as 
specified in clause 1.12.9 

One No. 

6.  Multiple contact, high Quantity required as suit 
speed, high burden, hand 
and electrical reset lockout 
tripping relay having 

the scheme. 

(8N0+2NC) contacts as 
specified in clause 1.12.20 

7.  Test block. Three Nos. 

Note:Quantities of protection panels/relays mentioned in the above table shall be 
finalized in light of scope of work during detail design and with reference to NTDCL 

specification P-204:2008. 

2.2.5 Fault Recorder 

To analyze the accidents of power system and the action of relay protection devices, 

fault recorders should be provided in the relay rooms to record the line current and 

voltage, action of protection devices, and operation of protection channels. These 

information can be uploaded to the dispatch center via the protection and fault 

information slave station. 

(1) The fault recorders should be computer-based and in conformance to the 

applicable industrial standards. 

(2) The fault recorders in the substations should be of the same model and be 

networked together, and connected to the relay protection and fault recording 

information management slave station for uploading the information to the 

dispatch department for accident analysis and resolution. 

(3) The fault recorders should be equipped with multiple GPS synchronization 

±660kV HVDC Project from Matiari to Lahore in Pakistan 
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interfaces for better analysis on the occurrence time sequence of faults. 

(4) The fault recorders should have optimum analysis and local networking 

functions. 

110., 	(5) The fault recorders should have optimum fault distance measurement function. 

2.3 	Configuration Scheme of Relay Protection 

Refer to: 

Fig.Volume II-1-1: Single Line Diagram of 500kV Protection System of Matiari; 

Fig.Volume 11-1-2: Single Line Diagram of 500kV Protection System of Lahore. 

2.4 	Basic Requirements for Protection Devices 

2.4.1 General Requirements 

(1) 	The size of AC system protection panel (including 500kV line protection, 500kV 

Bus bar protection, 500kV Breaker Failure protection, 500kV shunt reactor 

protection) shall be 800 x 800 x 2200 mm (Width x Depth x Height). 

The size of Other protection & control panel (including 500/35kV step-down 

transformers protection, 35kV reactor protection , 35kV bus bar protection, 

"111 

	

	 35 kV transformers protection, 10kV transformers protection, fault 

recorder, etc.) shall be 800 x 600 x 2200 mm (Width x Depth x Height). 

(2) For installation against AC system of HVDC transmission project, contractor 

shall provide 500kV protection relays & 132kV line protection relays(including 

only 500kV AC transmission line protection, 500kV Busbar protection, 500kV 

Breaker Failure protection, 500kV shunt reactor protection,132kV line protection , 

lockout relays, DC supervision relays,test block etc) as per requirements specified 

in NTDCL specification P-204:2008 and country of origin of protection device 

inside the panel shall be European/USA/Canada make and Type & ordering codes 

shall be finalized after deciding any one of the following approved manufacturers. 

1.M/s Siemens Europe 

2. M/s Schneider Electric Europe 

3.M/s GE, Canada 

4.M/s SEL USA 

5.M/s ABB Europe 

6.M/s Alstom Europe 

AP 	 (2) The protection devices shall have the characteristics matching with those of the 

connected current transformers and be adaptive to the CVT or bus PT on the 

line side. 

(3) The logic circuit of each protection device should be powered by independent 
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DC-DC converter, and when the DC voltage is lost, the protection device should 

not act inadvertently and should provide output contact start event records and 

alarm signals. 

(4) The protection device should not act inadvertently even if any component is 

damaged. In addition, automatic detection function should be provided to give 

alarm signals when the circuit is abnormal. 

2.4.2 Technical Requirements for Fault Recorder 

(1) Digital fault recorders which can monitor the operation of power system 

continuously should be used. The fault recorders should start recording when any 

starting component acts. When the fault is eliminated or the system oscillation 

stops, the starting component should return and stop recording after the pre-set 

time. The recording function should works even during the single-phase reclosing 

process. 

(2) When a fault or oscillation occurs to the power system, the starting components 

of the fault recorders should be able to start. Manual starting buttons should be 

provided separately. 

(3) The fault recorders should record and save the electrical waveforms from 150ms 

before the fault till the fault disappearance, and clearly record the waveforms of 

at least five harmonics. 

(4) The fault recorders should record the current, voltage, remote protection signals, 

active power, reactive power, system frequency, and protection action signals. 

The sampling frequency for analog signals should not be less than 2000Hz. 

(5) Each fault recorder should be provided with one display and its own printer to 

print the recorded information when needed. 

(6) The resolution of the event records should be less than 1.0ms. 

(7) The fault recorders should be provided with synchronization device to receive the 

GPS synchronization clock pulses. Such device should be able to indicate the 

second, minute, hour, date, month, and year. 

2.5 Sequence of Documents/Activities of AC protection Equipment. (during detailed 
design); 

a. Approval of Single Line Diagram of AC protection Equipment. 

b.Approval of protection and Metering Concept Diagram of AC protection 

Equipment.. 

c. Approval of Make,Type,Country of origin and ordering codes of AC protection 
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Equipment for 1.3.1 of this technical specfication. 

d. Approval of protection and control trip and interlocking logic schemes / diagrams 

of AC protection Equipment.. 

e. Approval of AC/DC schematics & interconnection wiring diagrams of AC 

protection Equipment. 

f. Approval of AC & DC auxiliary supply distribution schematic diagram of AC 

protection Equipment.. 

g. Vetting of protection relay settings of AC protection Equipment. 

h. Vetting of test protocols & credentials of testing & Commissioning engineers of AC 

protection Equipment.. 

i. For witnessing Factory Acceptance test of AC Protection Panels of section 1.3.1 at 

manufacturer works. 

j. For witnessing Factory acceptance test of HVDC Control and Protection Panels at 

manufacturer works. 

k. Witnessing of commissioning/testing activities. 

2.6 	Stability Control Device 

According to the security and stability study report written by China Electric Power 

Research Institute, for worst case, the system keeps transient stability in case of 

HVDC monopole block fault. In case of HVDC bipolar block fault, the 3960MW unit 

switch-off and 3000MW load shedding shall be performed to restore the system to 

stable state. An increase of spinning reserve rate of units in the whole grid can 

decrease load shedding after a bipolar block fault occurs. System security level will be 

enhancing, consider the AC compensation network and more Lahore side units in 

service. 

While Pakistan Power Grid constructs HVDC system, the stability control system is 

recommended to be installed in the receiving/sending-end of HVDC transmission 

project so as to ensure the safety of power grid at detailed design/implementation 

stage. 

According to the 3960MW unit switch-off, HUBCO CPP, PORT QASIM CFPP, 

THAL NOVA, ENGRO THAR, TEL and SSRL should be resectable in order to meet 

the requirements. According to the 3000MW load shedding, 20 stations in 

receiving-end power grid should be set as load shedding substation, assuming that 

150MW load shedding is allowed in each substation. 
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Generally speaking, two sets of stability control master station devices should be 
configured in Matiari, the same as Lahore. Two sets of stability control substation 
devices for unit switch-off should be configured in every one of the six power plants 
at the sending end. Two sets of stability control substation devices for load shedding 
should be configured in every one of the 20 station in receiving-end power grid. 

eh, 
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3. 	System Dispatch Automation 

	

3.1 	Dispatch Administrative Relations 

In accordance with the dispatch administrative principles of Pakistan, the operating 

conditions of Matiari and Lahore Converter Stations and 500 kV lines will be subject 

to the monitoring of the National Power Control Center (NPCC), and the telecontrol 

information should be delivered to the NPCC. 

In detailed design, CET will submit a detailed signal list regarding HVDC to NPCC 

for final approval. 

	

3.2 	SCADA system Information 

The SCADA information shall satisfy the following principles: 

(1) Complete telecontrol information should be collected in a timely manner to fully 

reflect the operating conditions of the power grid. 

(2) Information collection shall meet the needs of all levels of dispatch centers for 

hierarchical management and independent accounting. 

(3) Information collection shall meet the requirements of power grid security 

monitoring and advanced application functions. 

(4) The SCADA information shall be directly collected and transmitted to NPCC in 

real-time. 

3.2.1 Telemetering 

• Current, voltage, active power and reactive power of 500 kV AC lines; 

• Voltage and frequency of 500 kV AC busbar; 

• Direct current and harmonic current per pole; 

• Electrode line current, harmonic current and ampere-hours; 

• DC busbar voltage and harmonic voltage per pole; 

• Neutral bus voltage; 

• Current active power, maximum and minimum transmitted power and power 

ramp rate per pole; 

• Firing angle a of the rectifier station/extinction angle i of the inverter station; 

• Reactive power and busbar voltage of AC filter bank; 
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• Reactive power of AC filter subbank; 

• Current, voltage, active power and reactive power on the AC side of converter 

transformer; 

• Current and voltage on the valve side of converter transformer; 

• Tap changer positions of converter transformer; 

• Oil temperature and winding temperature of converter transformer. 

3.2.2 Telesignaling 

• Position signal (two-position signal) of circuit breaker in AC switchyard; 

• Position signal (two-position signal) of disconnector in AC switchyard; 

• Position signal (two-position signal) of earthing switch and lock-out signal for the 

line side; 

• 500 kV AC busbar protection operation signal; 

• 500 kV AC line protection operation signal; 

• 500 kV AC circuit breaker failure protection operation signal and reclosing 

operation signal; 

• DC operation mode signal (bipolar/monopolar/MR/GR, power direction, reduced 

voltage operation, additional control, etc.); 

• DC control mode signal (power control/current control/joint control and 

independent control, etc.); 

• Position signal of circuit breaker in DC switchyard; 

• Position signal of disconnector and earthing switch in DC switchyard; 

• Converter transformer protection operation signal; 

• Converter valve main protection operation signal; 

• Pole main protection operation signal; 

• Bipole main protection operation signal; 

• Main alarm signals of converter valve. 

3.2.3 Teleregulation/Telecontrol 

• 500 kV AC circuit breaker opening/closing control; 

• Switching of reactive power compensation device; 
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• Master/slave control station selection command; 

• Lead pole selection command; 

• DC circuit breaker closing/opening command; 

• (Bipole) pole start/stop command; 

• DC operation mode selection command; 

• DC control mode selection command; 

• (Bipole) pole current/power step up, step down and stop command; 

• Automatic power curve power and time setting command. 

	

3.3 	SCADA System Scheme 

The SCADA system is configured in combination with the scheme for network 

control system. The telecontrol system and the network control system share the data 

acquisition unit. Redundant telecontrol workstations are connected to the SCADA 

system. The data is directly transmitted to the SCADA workstation without being 

processed by the host station of network control system. The SCADA workstation is 

operating independent of the background network control system without interference. 

The SCADA information of converter station should be transmitted to the NPCC 

through GATEWAY. 

	

3.4 	Energy Metering System 

3.4.1 Provision of Metering Points 

The metering points of Matiari and Lahore Converter Stations are tentatively provided 

at the following locations: 

• Outgoing line side of 500 kV AC line 

• AC side of converter transformer 

• Incoming line side of external auxiliary power supply 

3.4.2 Configuration of Energy Metering System 

Two (main and backup) bi-directional 0.2s multi-rate energy meters are installed at 

each metering point. The main metering system is supplied by the purchaser; 

And backup metering system is supplied by the company. Details are as follows: 
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Table 3.4-1: Configuration of energy meters at metering points 

Metering Point 
Quantity of Energy Meters 

Accuracy 
Matiari Lahore 

Each circuit of 500 kV line 10 x 2 6x2 0.2s for active, 1.0s for reactive 

AC side of converter transformer 2x2 2x2 0.2s for active, 1.0s for reactive 

External auxiliary power supply 2x2 2x2 0.2s for active, 1.0s for reactive 

Matiari and Lahore Converter Stations are provided with two sets of energy remote 
terminals, to which energy meters are connected through serial ports. The energy 
remote terminal shall reliably and accurately collect and store the metering data from 

all energy meters and transmit to the network control system. 

I 
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TECHNICAL DEFINITIONS 

The following technical definitions apply tothis Specification: 

Purchaser 	National Transmission And Dispatch Company Limited (NTDC) 

Company 
	The project company for development, investment, construction, 

operation and maintenance of the ± 660kV HVDC project from 

Matiari to Lahore in Pakistan. 

HVDC System All of the relevant equipments and systems in bipolar operation, 
including converter transformers, convertor valves, DC yard 

equipment, AC filter, control& protection system, DC transmission 

line, electrode and electrode line, etc. 

HVDC Project 	HVDC System and the relevant construction works in this project. 

the relevant construction works including outlet and inlet line of 

converter station, buildings and structures, related auxiliary 

production facilities and living facilities. 

M-L T/L 	Matiari-Lahore Transmission Line 

AC yard 	AC switch gear area in converter station 

A 	DC yard 	DC switch gear area in converter station 

Life yard 	Living facilities and part of auxiliary production facilities area in 

converter station 

T area 	Transformer area 

M-E T/L 	Matiari Electrode Grounding Transmission Line 

M E/G 	Matiari Electrode Grounding 

L-E T/L 	Lahore Electrode Grounding Transmission Line 

L E/G 	Lahore Electrode Grounding 

M C/S 	Matiari Converter Station 

L C/S 	Lahore Converter Station 

M AC busbar 	Matiari AC busbar 

L AC busbar 	Lahore AC busbar 
gr 

M AC system 	Matiari AC system 

L AC system 	Lahore AC system 

2 



Feasibility Study for 	 Volume II -2 
±660kV HVDC Project from Matiari to Lahore in Pakistan 	 System Communication 

P I 	 Pole I 

P II 	 Pole II 

The following abbreviations apply to this Specification: 

AC 	Alternating Current 

ACI 	American Concrete Institute 

A/D 	Analog to Digital 

AN 	Audible Noise 

ANSI 	American National Standards Institute 

ASCE 	American Society of Civil Engineers 

ASTM 	American Society for Testing Material 

BIL 	Basic Impulse Insulation Level 

BS 	British Standard 

BSL 	Basic Switching Impulse Insulation Level 

CB 	Control Building 
• 

CCITT International Consultative Committee on Telephone andTelegraph Systems 

CT 	Current Transformer 

CTV 	Capacitive Voltage Transformer 

D/A 	Digital to Analog 

DC 	Direct Current 

DIN 	Deutsches Institute fur Normung 

EEI 	Edison Electric Institute 

EIA 	Environmental Impact Assessment 

ESCR 	Effective Short Circuit Ratio 

ESDD 	Equivalent Salt Deposit Density 

FAT 	Factory Acceptance Tests 

HF 	High Frequency 

HVDC 	High Voltage Direct Current 

IEC 	International Electrotechnical Commission 
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IEEE 	Institute of Electrical and Electronics Engineers 

I/O 	Input/Output 

ISO 	International Standards Organization 

LED 	Light Emitting Diode 

MMI 	Man Machine Interface 

MVU 	Multiple Valve Unit 

NFPA 	National Fire Protection Association 

OPGW Optical Fiber Composite Overhead GroundWire 

P&C 	Protection and Control 

PLC 	Power-line Carrier 

PT 	Potential Transformer 

RF 	Radio Frequency 

RI 	Radio Interference 

RIV 	Radio Interference Voltage 

RTU 	Remote Terminal Unit 

RPC 	Reactive Power Controls 

SCADA 	Supervisory Control and Data Acquisition 

SER 	Sequence of Events Recorder 

SLG 	Single Line to Ground Fault 

SMC 	Station Master Clock 

SPC 	Software Production Control 

SWC 	Surge Withstand Capability 

TFR 	Transient Fault Recorder 

UPS 	Uninterruptible Power Supply 

VDT 	Video Display Terminal 

VDU 	Video Display Unit 

*i■ 	VF 	Voice Frequency 

VT 	Voltage Transformer 
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1 	General 

The system communication design of this project mainly includes DC fiber-optic 
communication, relevant channel organization, communication equipment 
configuration in converter stations, etc. 
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2 	Project Overview 

The Pakistan Matiari-Lahore DC Transmission Project is planned to realize bipolar 

operation with a bipolar power transmission capacity of 4000 MW, and a line length 

of about 878 km from the sending end Matiari Converter Station to the receiving end 
Lahore Converter Station. 

2.1 	MatiariConverter Station 

In this phase, the construction scale for Matiari Converter Station is tentatively 
determined as follows: 

(1) One circuit of ±660 kV/4000 MW HVDC transmission line. 

(2) 500 kV AC outgoing lines: twelve circuits for this phase, one to Moro Substation, 

one to Dadu New Substation,two to Jamshoro Substation, two to Hubco New 

Plant, two to Qasim Plant, two to Thar Plant, and two spare. The connectionsfrom 

Matiari Converter Station to 500 kV system are shown in Figure2.1-1. 

NI V Lt 
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R111 /- 

31: 
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A
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Spar e 

- 10011.:0 
QASIM 

111;i4 
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ti Ft I- 

E1. A.  414 

••-••- A tiusting line 

Figure2.1-1:M C/S connecting to 500 kV syst Planned line 

2.2 	Lahore Converter Station 

In this phase, the construction scale for Lahore DC Converter Station is tentatively 
determined as follows: 

(1) One circuit of ±660 kV/4000 MW HVDC transmission line. 

(2) 500 kV outgoing lines: six circuits for this phase, two to Lahore South Substation, 

two to Lahore Substation, two to Lahore North Substation, with space for future 

expansion. The connections from Lahore Converter Station to 500 kV system are 
shown in Figure 2.2-1. 
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GAKKHAR 

Figure 2.2-1:L C/S connecting to 500 kV system 

2.3 	Dispatch Relations 

In accordance with the dispatch administrative principles of Pakistan, the operating 

conditions of Matiari and Lahore Converter Stations and 500 kV lines will be subject 

to the monitoring of the National Power Control Center (NPCC), and the telecontrol 

information should be delivered to the NPCC. 

41/ 
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3 	Needs Analysis 

3.1 	Requirements of DC Control & Protection on Communication Channel 

Table 3.1-1: Requirements of DC control & protection on communication channel 

No. Type of Service Channel Type Qty. Remarks 
1 Pole 1 main pole control channel 2Mbit/s 1 
2 Pole 2 main pole control channel 2Mbit/s 1 
3 Pole 1 main protection channel 2Mbit/s 3 
4 Pole 2 main protection channel 2Mbit/s 3 
5 Pole 1 spare pole control channel 2Mbit/s 1 
6 Pole 2 spare pole control channel 2Mbit/s 1 
7 Pole 1 spare protection channel 2Mbit/s 3 
8 Pole 2 spare protection channel 2Mbit/s 3 
9 DC station control channel 2Mbit/s 2 

10 DC fault location channel 2Mbit/s 2 

3.2 	Requirements of Matiari C/S Channel 

Table 3.2-1: Requirements of M C/S 

No. Type of Service Channel Type Qty. Remarks 
1 Telecontrol channel: Matiari Converter Station-NPCC 2Mbit/s 1 

2 
500 kV AC line protection channel: Each circuit from 
Matiari Converter Station to 500kV Substation/Plant 

2Mbit/s 1 

PLC channel 1 
3 System dispatch switched network 2Mbit/s 2 

3.3 	Requirements of Lahore C/S Channel 

Table 3.3-1: Requirements of L C/S 

No. Type of Service Channel Type Qty. Remarks 

1 
Telecontrol channel: 	Lahore Converter 
Station—NPCC 

2Mbit/s 1 

2 
500 kV AC line protection channel: Each circuit from 
Lahore Converter Station to 500kV Substation 

2Mbit/s 1 
PLC channel 1 

3 System dispatch switched network 2Mbit/s 2 

0 
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4 	System Communication Scheme 

4.1 	Construction Scheme of Optical Fiber Cables 

(1) HVDC OPGW 

Table 4.1-1: Construction scheme of DC OPGW 

No. Cable Section Cable 
Type 

Number of 
Fibre Core 

Line Length 
(km) Remarks 

1 
Matiari Converter Station—Lahore 

Converter Station 
2 

OPGWs 24 878 G.652 

(2) AC OPGW of Matiari Converter Station 

The construction for AC optical fiber cable of Matiari Converter Station is not the 

scope of this project. According to the planning of NTDC, the construction 

scheme of AC optical fiber cable mentioned above are as followings. 

Table 4.1-2: Construction scheme of AC OPGW of M C/S 

No. Cable Section Cable 
Type 

Number 
of Fibre 

Core 

Line 
Length 
(km) 

Remarks 

1 One circuit of 500 kV AC outgoing line from 
Matiari Converter Station to Moro Substation 1 OPGW 24 160 

Not in The 
Company 

Scope 

2 
One circuit of 500 kV AC outgoing line from 
Matiari Converter Station to Jamshoro 
Substation 

1 OPGW 24 50 
Not in The 
Company 

Scope 

3 Two circuits of 500 kV AC outgoing lines from 
Matiari Converter Station to Hubco New Plant  1 OPGW 24 225 

Not in The 
Company 

Scope 

4 Two circuits of 500 kV AC outgoing lines from 
Matiari Converter Station to Qasim Plant 1 OPGW 24 188 

Not in The 
Company 

Scope 

5 Two circuits of 500 kV AC outgoing lines from 
Matiari Converter Station to Thar Plant  1 OPGW 24 252 

Not in The 
Company 

Scope 

(2)AC Optical Fiber Cable of Lahore Converter Station 

Except for Lahore Converter Station-Lahore Substation 500kV AC optical fiber 

cable, the construction for other AC optical fiber cable of Lahore Converter 

Station is not the scope of this project. According to the planning of NTDC, the 

construction scheme of AC optical fiber cable mentioned above are as followings. 

Table 4.1-3: Construction scheme of AC OPGW of L C/S 

No. Cable Section Cable 
Type 

Number of 
Fibre 

Line 
Length  Remarks 
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Core (km) 

1 
Two circuits of 500 kV AC outgoing lines from 
Lahore Converter Station to Lahore South 
Substation 

1 OPGW 24 30 
Not in The 
Company 

Scope 

2 
Two circuits of 500 kV AC outgoing lines from 
Lahore Converter Station to Lahore Substation 1 OPGW 24 60 

OPGW and 
Accessories 
provide by 

The 
Company 

3 
Two circuits of 500 kV AC outgoing lines from 
Lahore Converter Station to Lahore North 
Substation 

1 OPGW 24 100 
Not in The 
Company 

Scope 

Note: According to the Minutes of Meeting between The Company and NTDC. The 

Company offer the OPGW from Lahore Converter Station to 500kV Lahore 

Substation. NTDC offer parameters, length etc. The Company is in charge of 

procurement, but not in charge of design, construction and operation. 

4.2 	Construction Scheme of DC Fiber-optic Communication Circuits 

4.2.1 Scale of DC Fiber-optic Circuits 

Using the DC OPGW, two 2.5Gb/s SDH links will be set up between Matiari 

Converter Station and Lahore Converter Station, thereby forming the main channel 
there between. 

As the distance of DC line between Matiari Converter Station and Lahore Converter 

Station is about 878km, optical communication repeater stations are necessary. Three 

optical repeater stations nearby Khairpur, Rahimyar Khan and Hasilpurwill be 
constructed. 

4.2.2 Configuration of DC System Communication Equipment 

Two sets of SDH equipment will be respectively provided for Matiari Converter 

Station, Rahimyar Khan Repeater Station, Hasilpur Repeater Station, Khairpur 

Repeater Station and Lahore Converter Station, totally 10 sets. The capacity of each 

SDH is 2.5Gb/s. The SDH route is Lahore Converter Station- Hasilpur Repeater 

Station- Rahimyar Khan Repeater Station- Khairpur Repeater Station- Matiari 
Converter Station. 

PDH equipment will be provided for each of the above 5 communication stations. 

Otherwise, If the SDH equipment has the PDH function, use the SDH (including PDH 

function cards) instead of separate PDH equipment. Existing PDH equipment will be 

used at NPCC to cater to the need of this project. 

Network management system will not be configured; the 10 SDH sets in this project 

will be managed by the existing NMS in NPCC. License for SDH equipment shall be 
procured by the Company. 
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Clock synchronization system will not be configured or provided by the Company. 

For HVDC Fiber-optic Communication system, this project will set up NMS for amplifiers 

management, The server of NMS will be installed at Lahore Converter Station, where as a 

terminal will be installed at Matiari Converter Station and each repeater station. 

4.3 	Construction Scheme of Communication Repeater Station 

(1)General Communication Repeater Station 

In this phase, there are three repeater stations: Khairpur, Rahimyar Khanand Hasilpur 

repeater stations. All the three repeater stations are used for Optical Communication. 
Every repeater station area is about 1600m2. These repeater stations are under or near 
tower and manned. The drinking water if needed will be send from residence near the 
repeater stations. 

(2)Location of Communication Repeater Station 

From Matiari to Lahore. The location of three communication repeater stations are as 

follows : 

1) Khairpur repeater station, tentative site coordinate: E69°04'48.7",N27°23'28.1". 

2 ) Rahimyar Khan repeater station , tentative site coordinate: E70°53'07.2",N28°30' 

32.7". 

3 ) Hasilpur repeater station , tentative site coordinate: E72°34'32.6",N29°38'52.1". 

The locations may be adjusted within a small scope. 
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Figure 4.3-1 The location of three communication repeater stations(tentatively) 

(3)Architecture of Communication Repeater Station 

Only the electrical and civil facilities within the enclosure are considered. Access 

roads, external power supply and other external facilities beyond the enclosure are 

supplied by NTDC. The flood level above ground with 50-year recurrence interval. 

The structure type of main relay station and backup power generator building is 

reinforced concrete moment-resisting frame which is supported on footings. Partition 

is masonry wall. Both internal and external walls are painted. The masonry security 

fence is decorated with cement mortar and supported on strip foundation. Equipment 

supports are selected as steel latticed structures with reinforced single footings. 

Transformer is supported on reinforced concrete foundation. 

(4)Power supply of Communication Repeater Station 

The main power supply of repeater stations is sourced from the 11 kV spare bay of 

nearby substation or 11 kV transmission line nearby. The standby power supply uses 

double diesel generator system. In case of failure of the external power supply, the 

repeater station will be powered by diesel generator system. In case of failure of 

Generators the communication equipment will be powered by batteries (500AI-1) for 

l0hours.The diesel generator system uses its own relay protection, such as over 

current, over frequency, low voltage etc. Automatic Transfer Switch will be used to 

switch among external power and double diesel generator system. There is also a 
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3kVA UPS for communication equipment and power environment monitoring devices, 
with external 100Ah battery group. 

(5)Monitor of Communication Repeater Station 

Alarm information of the communication equipment and power environment 

information will be sent to L C/S. 

(6) General layout Communication Repeater Station 

Rahimyar Khan repeater station has two areas: HVDC equipment area and 

communication building area. Khairpur repeater station and Hasilpur repeater station 

only have communication building area. All the repeater stations are under or near 
tower and manned. 

HVDC equipment area is taking HVDC tower for center and symmetrical arranged. 

Communication building area for all repeater stations has communication building, 
emergency generator building, etc. 

	

4.4 	AC Fiber-optic Communication Circuits 

Matiari Converter Station to opposite plants and substations will utilize SDH type of 

communication, each direction will set up 2x622Mb/s SDH links. The SDH cards of 

411■ 	 Matiari Converter Station is in the scope of this project, the SDH equipment and SDH 

cards of opposite plants and substations, are not in the scope of this project. 

Lahore Converter Station to 500kV Lahore Substation, Lahore South Substation and 

Lahore North Substation will utilize SDH type of communication, each direction will 

set up 2x622Mb/s SDH links. The SDH cards of Lahore Converter Station is in the 

scope of this project, the SDH equipment and SDH cards of opposite side plants and 

substations, are not in the scope of this project. 

	

4.5 	AC Power Line Carrier Communication 

Matiari Converter Station to opposite plants and substations will set up 1 PLC links on 

each 500kV AC line for now, which will be backup of transmission of line protection 
signal. 

Lahore Converter Station to opposite substations will set up 1 PLC links on each 

500kV AC line for now, which will be backup of transmission of line protection 
signal. 

All the above PLC links will use phase-phase coupling type. 
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The Company considers AC PLC equipment in Matiari Converter Station and Lahore 
Converter Station. The AC PLC equipment of opposite side plants and substations, are 
not in the scope of this project. 

4.6 	Channels and Routing Assignment 

4.6.1 DC Protection & ControlCommunication Channel 

Main channel: Matiari Converter Station—HVDC OPGW fiber communication circuit 
1—Lahore Converter Station; 

Alternate channel: Matiari Converter Station—HVDC OPGW fiber communication 
circuit 2—Lahore Converter Station. 

4.6.2 Channel to Dispatch Center 

(1) Matiari Converter Station—NPCC 

Main channel: Matiari Converter Station—HVDC OPGW fiber communication 
circuit—Lahore Converter Station-500kV Lahore Substation-500kV Ghakkar 

Substation-500kV New RewatSubstation-220kV New Rewat Substation-220kV 
ISDU Substation-220kV ZP Substation—NPCC. 

Alternate channel: Matiari Converter Station—HVDC OPGW fiber communication 
circuit—Lahore Converter Station-500kV Lahore Substation-500kV Ghakkar 
Substation-500kV New Rewat Substation-220kV New Rewat Substation-220kV 
ISDU Substation-220kV ZP Substation—NPCC. 

(2) Lahore Converter Station—NPCC 

Main channel: Lahore Converter Station-500kV Lahore Substation-500kV 
Ghakkar Substation-500kV New RewatSubstation-220kV New Rewat 
Substation-220kV ISDU Substation-220kV ZP Substation—NPCC. 

Alternate channel: Lahore Converter Station-500kV Lahore Substation-500kV 
Ghakkar Substation-500kV New RewatSubstation-220kV New Rewat 
Substation-220kV ISDU Substation-220kV ZP Substation—NPCC. 

The Company will be responsible for Data Link between Matiari and Lahore 
converter Station. From Lahore Converter station onward NPCC, Telecom NTDC will 
provide the data Link. The safety of the dispatching channel from 500kV Lahore 
Substation to NPCC is not depended on this project. 

4.6.3 AC Line Protection Channel 
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Line protection signals of 500 kV line from Converter Station to opposite plants and 
substations, will be multiplex—transmitted by 2Mbit/s fibre channel and PLC channel 
respectively. 

14 
4.6.4 Organization of Data Route Up to NPCC 

The Company will be responsible for purchase of equipment in converter station , the 

necessary works at stations/sites up to NPCC is not in the scope of the Company. The 
Purchaser shall be in charge of receiving the SCADA information in NPCC side, 
including the SCADA equipment possible expansion and the SCADA information 
checking work. The Purchaser is responsible to provide telecommunication channel 
from the HVDC project to NPCC and Purchaser (if required). 

5 	Communication in Converter Station 

5.1 	Communication Power Supply 

Two sets of communication power supply will be provided in duplicate configuration 
for both Matiari and Lahore Converter Stations, each including two sets of 300A high 

frequency switching communication DC power supply equipment, two DC 
distribution panels, and two 1200Ah maintenance-free battery banks. 

4 	5.2 	System Dispatch Exchange 

One system dispatch and station administrative exchange with a capacity of 192 ports 
will be provided for Matiari Converter Station and Lahore Converter Station 

respectively. The exchange can be connected to the private power dispatch exchange 
network via 2Mbit/s digital interface or 2/4 E&M line analog interface, the PBX in 
Lahore Converter Station access to the Lahore Substation with El and E&M channels. 
the PBX in Matiari Converter Station access to the Jamshoro Substation with El and 
E&M channels, thereby realizing communication with the dispatch center(NPCC). 

5.3 	Communication Room 

The communication equipment of Matiari and Lahore Converter Stations are 
centralized in the communication equipment room of the main control building, and 
the batteries are in the communication battery room. 

5.4 	Broadcasting System 

One set of broadcasting system will be provided in Matiari Converter Station and 

Lahore Converter Station respectively, covering the main control building, valve hall, 
outdoor switchgear and other areas. The public address and paging function can be 

used to broadcast messages and alarm signals, and the broadcasting function can be 
used to notify mobile workers. 
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5.5 	Intra-station Cabling 

For Matiari and Lahore Converter Stations, communication cables will be laid in the 

entire station, and cables for computer network and cable television will be laid in the 
main control building and administration building. 

4 

I 
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TECHNICAL DEFINITIONS 

The following technical definitions apply to this Specification: 

4 	Purchaser 	National Transmission And Despatch Company Limited (NTDC) 

Company The project company for development, investment, construction, 
operation and maintenance of the ± 660kV HVDC project from 

Matiari to Lahore in Pakistan. 

HVDC System All of the relevant equipments and systems in bipolar operation, 

including converter transformers, converter valves, DC yard 

equipment, AC filter, control& protection system, DC transmission 
line, electrode and electrode line, etc. 

HVDC Project 	HVDC System and the relevant construction works in this project. 

The relevant construction works include outlet and inlet lines of 

converter station, buildings and structures, related auxiliary 

production facilities and living facilities. 

M-L T/L 	Matiari-Lahore Transmission Line 

AC yard 	AC switchgear area in converter station 
• 

DC yard 	DC switchgear area in converter station 

Life yard 	Living facilities and part of auxiliary production facilities area in 
converter station 

T area 	Transformer area 

M-E T/L 	Matiari Electrode Grounding Transmission Line 

M E/G 	Matiari Electrode Grounding 

L-E T/L 	Lahore Electrode Grounding Transmission Line 

L E/G 	Lahore Electrode Grounding 

M C/S 	Matiari Converter Station 

L C/S 	 Lahore Converter Station 

M AC busbar 	Matiari AC busbar 

L AC busbar 	Lahore AC busbar 

M AC system 	Matiari AC system 

L AC system 	Lahore AC system 
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P I 	 Pole I 

P II 	 Pole II 

0 	The following abbreviations apply to this Specification: 

AC 	 Alternating Current 

ACI 	 American Concrete Institute 

A/D 	 Analog to Digital 

AN 	 Audible Noise 

ANSI 	American National Standards Institute 

ASCE 	American Society of Civil Engineers 

ASTM 	American Society for Testing Material 

BIL 	 Basic Impulse Insulation Level 

BS 	 British Standard 

BSL 	Basic Switching Impulse Insulation Level 

CB 	 Control Building • 

CCITT 	International Consultative Committee on Telephone and Telegraph Systems 

CT 	 Current Transformer 

CTV 	Capacitive Voltage Transformer 

D/A 	 Digital to Analog 

DC 	 Direct Current 

DIN 	 Deutsches Institute fur Normung 

EEI 	 Edison Electric Institute 

EIA 	 Environmental Impact Assessment 

ESCR 	Effective Short Circuit Ratio 

ESDD 	Equivalent Salt Deposit Density 

FAT 	 Factory Acceptance Tests 

HF 	 High Frequency 

HVDC 	High Voltage Direct Current 

IEC 	 International Electrotechnical Commission 
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IEEE 	Institute of Electrical and Electronics Engineers 

I/O 	 Input/Output 

ISO 	 International Standards Organization 

41, 	LED 	Light Emitting Diode 

MMI 	Man Machine Interface 

MVU 	Multiple Valve Unit 

NFPA 	National Fire Protection Association 

OPGW 	Optical Fiber Composite Overhead Ground Wire 

P&C 	Protection and Control 

PLC 	 Power-line Carrier 

PT 	 Potential Transformer 

RF 	 Radio Frequency 

RI 	 Radio Interference 

RIV 	 Radio Interference Voltage 

RTU 	Remote Terminal Unit 

RPC 	Reactive Power Controls 

SCADA 	Supervisory Control and Data Acquisition 

SER 	 Sequence of Events Recorder 

SLG 	Single Line to Ground Fault 

SMC 	Station Master Clock 

SPC 	 Software Production Control 

SWC 	Surge Withstand Capability 

TFR 	 Transient Fault Recorder 

UPS 	 Uninterruptible Power Supply 

VDT 	Video Display Terminal 

VDU 	Video Display Unit 

VF 	 Voice Frequency 

VT 	 Voltage Transformer 
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1. 	Overview of Project 

1.1 	Design Basis 

1.1.1 	National Power System Expansion Plan 2011-2030, Main Report, Canada 
SNC-Lavalin International Corporation, Pakistan National Technology Service 
Company, 2011 

1.1.2 	State of Industry Report 2013, Pakistan National Electric Power Regulatory 
Authority (NEPRA) 

1.1.3 Parts of Feasibility Study of HVDC/HVAC 1300km Long Transmission Line from 

Karachi to Up-country for Dispersal of 2500-3000MW Power from Imported Coal 
Based Power Project, Canada SNC-Lavalin International Corporation, Pakistan 
National Technology Service Company, 2013 

1.1.4 NEPRA Grid Code 

1.1.5 	Transmission Services Agreement 

1.1.6 	Minutes of meeting signed between China and Pakistan 

1.1.7 	Supporting documents for this project (environmental assessment and social stability 
reports) 

1.1.8 	Laws, regulations, specifications and codes of Pakistan 

1.2 	Scope of Design 

It includes the design of converter station, grounding electrodes, DC transmission 

line and grounding electrode lines, and the preparation of technical equipment 

specifications and investment estimation. 

1.3 	Major Design Principles 

1.3.1 	The works in this stage is done according to Regulations on Contents Depth of 
Feasibility Studies of Transmission and Distribution Projects (DL/T 5448-2012); 

1.3.2 	The design and construction experience of the 660kV DC project from Ningdong to 

Shandong in China is fully absorbed to optimize the main design scheme and 
improve design quality; 

1.3.3 	The DC transmission voltage rating shall be considered as + 660 kV, transmission 

capacity as 4000 MW and transmission size as one circuit; 

1.3.4 	The number and locations of AC outgoing circuits of the converter station are subject 

to the minutes of meeting signed between China and Pakistan; 
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1.3.5 	The feasibility of station site shall be demonstrated from station water source, station 
power supply, transportation, land nature and surrounding grounding electrodes. 
Geological stability assessment is made for the site scheme through exploration and 

survey. If there is any unfavorable geological condition in the station and 
surrounding areas, judgment shall be made for its hazardous degree and development 
trend, and prevention and control measures shall be proposed; 

1.3.6 	In design, proper design measures need to be taken by combining the domestic 
situations of Pakistan. In addition, local laws, regulations and standards of Pakistan 

need to be strictly followed and local customs need to be considered for the design of 
public and auxiliary facilities. 

1.4 	Overview of Site Selection 

From August 24 to 30 in 2014, China Electric Power Equipment and Technology Co., 
Ltd. (CET) carried out site survey for the converter station site and transmission line 
corridor and made further communication with the related personnel from Pakistan 
on the specific matters regarding this project. In this survey, 3 sites were respectively 
selected for the converter stations at both ends and were compared in the preliminary 
feasibility study report. 

From March 15 to 26 in 2015, 15 persons from CET carried out investigation and 
site survey for the DC transmission line from Matiari to Lahore in Pakistan. The 
persons from NTDC had made full preparation before this and suggested several 
station sites and grounding electrode fields based on their actual local situations to 
the persons from CET. In this survey, the persons from CET determined project scale 

and grid connection scheme, defined the suggested station sites as the candidates for 
feasibility study, and carried out on-the-spot investigation for sensitive and key 
points of the line with fruitful achievements gained. 

Because of the difficulty in land acquisition for the recommended site of Matiari 
Converter Station, NTDC proposes to change the station site. From August 14-20, 
2016, under the organization of China Electric Power Equipment and Technology 
Co., Ltd. (CET), CSEPDI professionals and Pakistan personnel jointly carried out 
supplemental site survey for the converter station site in Pakistan and proposed a new 
station site which is about 8 km away from the original station site and is to north by 
east of the latter. 

1.5 	Overview of Grid Connection 

The grid connection scheme for the converter station at sending end is as follows: 

The AC side of the DC sending-end converter station, with the voltage of 500kV, is 
connected to 500kV line from Jamshoro to Moro through IC connection. The 
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fossil-fired power generating units with the voltage rating of 500kV are connected 

into the converter station. There are 10 circuits of outgoing lines provided for the 
sending-end converter station in this phase, in which 1 is connected to Dadu New,2 
are connected to Jamshoro, 1 is connected to Moro and 6 are connected to the power 
stations. The grid connection scheme for the sending-end converter station is shown 
in Figure 1.5-1. 

Figure 1.5-1: Grid connection scheme for sending-end converter station 

1.6 	Main Technical Schemes 

No. Item Technical Scheme 

1 

Main connection scheme 

Connection of 
converter valve bank 
and DC side 

The converter valve banks are wired in series by using one 12-pulse converter 
group for either pole and there are two 12-pulse converter groups in total. 

Typical bipolar DC connection is used for DC yard and smoothing reactors, 
DC 	passive 	filters, 	DC 	voltage 	measurement 	devices, 	DC 	current 
measurement 	devices, 	DC 	isolating 	switches, 	high-speed 	change-over 
switches, neutral point equipment, DC carrier communication equipment and 
overvoltage protection devices are symmetrically provided on either pole. 
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No. Item Technical Scheme 

Connection on the 
500kV AC side 

The 3/2 circuit breaker connection method is used for 500kV AC yard. 
The long-term targets of this converter station include 12 500kV AC outgoing 
lines, 4 banks of AC filters (hereinafter referred to as ACF) and 2 converter 
transformer banks. There are 18 elements in total, which form 8 complete 
strings and 2 incomplete strings. 

In this phase, there are 10 outgoing lines, 4 ACF banks and 2 converter 
transformer banks. There are 16 elements, which form 7 complete strings and 
2 incomplete strings; 	1 	500/35kV step-down transformer is respectively 
connected to either of the bus. 7 of the 10 outgoing lines in this phase are 
provided with line high-voltage reactors. It is provisionally assumed that the 
incoming lines of converter transformers are provided with AC PLCs. 

Connection of 500kV 
AC filter field 

AC filters are connected in series by using ACF banks. The 500kV ACF banks 
are wired by using single bus. In the whole station there are 16 sub-banks of 
ACFs and parallel capacitors, which form 4 banks, with 4 sub-banks each. 

Connection of 500kV 
step-down 
transformers 

The 500kV side of the two 500/35kV step-down transformers is respectively 
connected to two 500kV bus. 

Connection of 35kV 
AC area 

Connection is made by using single bus and switchgears are arranged in an 
outdoor and open manner. In the whole station there are two 35kV buses, four 
60 Mvar low-voltage reactor banks and two 35/11.5kV station transformers. 

2 

Switchgear and general electric arrangement 

Arrangement of valve 
hall and converter 
transformer 

6 banks of double converter valves are provided for either pole, and installed 
in a suspension manner. 6 single-phase two-winding converter transformers 
are arranged in a line on the AC incoming line side of valve hall to match up 
with arrangement of the valve halls. The bushings of converter transformer on 
valve side are inserted into the valve hall and connected to 12-pulse converter 
valve bank after the Y/i connection in valve hall. 

Arrangement of 
switchgear at DC 
switch field 

Outdoor DC yard scheme is used for DC yard. 

The DC yard equipment is installed on the both poles in symmetric manner, 
DC neutral bus equipment is located in the center of DC yard, pole bus 
equipment is arranged on both sides and 2 DC filter banks are provided 
between the DC neutral bus and the pole bus. 

DC filters and pole bus dry-type smoothing reactors are arranged at low height 
with guard fences around. Consideration is made to properly heighten the 
equipment foundation. The capacitors for DC filters are installed with 
supporting arrangement scheme. 

Arrangement of 
500kV AC switchgear 

The 3/2 circuit breaker connection method is used for the connection on 
500kV AC switchgear, which is arranged in three rows. Two banks of 
converter transformers are directly connected at elevated places respectively 
and the ACF banks #1, #2, #3 and #4 are connected through overhead lines. 

Arrangement of 
500kV AC filters 

String connection method for ACF banks is used for connection of AC filters. 
In this phase there are 16 sub-banks, including 9 sub-banks with the capacity 
of 150 Mvar and 7 sub-banks with the capacity of 180 Mvar, which are 
divided into 4 banks. The ACF banks are arranged in a line. 

Arrangement of 
500kV step-down 
transformers 

Two step-down transformers are respectively connected to two 500kV main 
buses through the open-type AC switchgear. 

Arrangement of 35kV 
switchgear 

The connection is made by using single bus and the switchgear are arranged in 
an outdoor and open manner. Low-voltage reactors and station transformers 
are respectively located on both sides of bus. 
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No. Item Technical Scheme 
Arrangement of 
switchgear for 
connecting off-station 
power supplies 

132kV switchgear in the station are wired with single bus and arranged in an 
open manner. There are two 132kV outgoing lines and one incoming line for 
132/11.5kV station transformer and the bus PT is provided. 

3 

Electrical secondary equipment 

DC control system 
High voltage DC control system is of layered and distributed structure. 
Configuration is made from sampling unit, data transmission bus and primary 
device to control outlet based on the principle of full duplication. 

DC Protection System 

High-voltage 	DC 	protection 	and 	control 	systems 	are 	separated 	and 
independent and the protection systems for two poles on functions and panels 
are completely independent. 
High-voltage DC 	protection 	is provided 	based 	on 	protected 	areas, 	the 
protection system of this converter station is divided into the following 7 
protected areas and redundancy configuration is made based on the triple 
principle. 

Computer monitoring 
system 

The converter station is designed as attended one. The compute monitoring 
system 	is 	a comprehensive 	automation 	system 	integrated 	with control, 
measurement, 	telecontrol 	and 	modern 	comprehensive 	management. 
Modularized, 	layered and distributed network structure is used for the 
compute monitoring system, so the operators can monitor and record the 
equipment in the whole converter station through human-machine interface in 
the master control room and send relevant information to the dispatching 
centers at all levels through telecontrol communication devices. 

4 Station power supply 
Three power supply lines are provided. One power supply line is connected 
from the outside of the station and the other two are connected from 35kV 
station transformers in the station. 

5 Water source Underground water is used. 

6 Foundation treatment 

Type of foundation such as normal foundation, conventional foundation, raft 
foundation, pile foundation and any special foundation type(where necessary) 
for the converter station will be finalized during the detail design according to 
the soil investigation. The total foundation cost will be reviewed accordingly. 

7 Valve cooling system Cooling circuit is a single circulating closed system. Water cooled evaporative 
cooling tower are used for heat exchange. 
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2. 	Site Conditions 

	

2.1 	Overview of Station Sites 

0 
	

The site 1 (center coordinate: N25°38'25",E68°30'32") is located at about 30 km 

northeast of Hyderabad and on the east side of national trunk highway N5. The site 

with flat terrain has a natural ground level of about 21 to 24 m (MSL altitude datum, 

the same below). Wheat and banana are planted on most parts of the site and there is 

some wasteland with shrubs. Some simple houses (single adobe houses) on the sides 

of the country road at the north of the site are to be demolished. The access road is 

connected from the country road connected with national trunk highway N5. The 

country road has bituminous pavement and ordinary road conditions with a width of 

about 6m , which can meet the requirements for project construction and 

transportation of large equipment. The site located at east bank of Indus River is 

about 1.5 kilometers far from the floodwall of Indus River. The level of 100-year 

flood at the site is 24.96 m based on the measured data of Kotri hydro-junction, so 

flood protection measures need to be considered for the site. 

Figure 2.1-1: Site 1 
ft 
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Figure 2.1-2: Houses to be demolished at site 1 

The site 2 (center coordinate: N25°29'34",E68°24'49") is located at the north side of 
national trunk highway N5 (National Highway No. 5). The site has an open 
topography and a flat terrain. There are mostly shrub wasteland and partially crops 
planted on the site. There are about 10 simple houses (single adobe houses) to be 

demolished within the site. The access road can be connected from national trunk 
highway N5. The highway features a bituminous pavement, and the general road 
conditions and width can meet the requirements for project construction and 
transportation of large equipment. The site located at the east bank of Indus River has 
a low terrain, so the influence of flood needs to be considered. There is the floodwall 
of Indus River at about 200 m north side of the site and the floodwall with the height 

of about 5 m is an earth embankment. Local residents said that maximum water level 
of flood in Indus River ever was close to the top of the embankment. 
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Figure 2.1-3: Site 2 

Figure 2.1-4: Houses to be demolished at site 2 
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Figure 2.1-5: Floodwall of Indus river on the north side of site 2 

The site 3 (center coordinate: N25°28'35",E68°25'20") is located on the east side 

of national trunk highway N5 (National Highway No. 5). The site has an open 
topography and a flat terrain. There is lush land vegetation and wheat and other crops 
are planted. There are no houses or other buildings and structures to be demolished 
within the site. The access road can be connected from national trunk highway N5. 
The highway with bituminous pavement and general road conditions and proper 
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width can meet the requirements for project construction and transportation of large 
equipment. The site located at the east bank of Indus River has the elevation close to 
that of N5, so the influence of flood may need to be considered. 

Figure 2.1-6: Site 3 

Figure 2.1-7: Site 3 
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According to NTDC's opinion, the feasibility study of Matiari converter station is 
conducted based on site 1. The other sites are not surveyed in this phase. It is planned 

to build the Matiari converter station on site 1. 

According to the comments of NTDC, site 1 is recommended for Matiari Converter 
Station and feasibility study was made, and the feasibility study report was 

completed in December 2015. 

Because of the difficulty in land acquisition for site 1, NTDC proposes to change the 
station site in August 2016. From August 14-20, 2016, under the organization of 
CET, CSEPDI professionals and Pakistan personnel jointly carried out supplemental 
site survey for the station site in Pakistan and proposed a new station site (i.e., site 4) 
which is about 8 km away from site 1 and is to north by east of site 1. This feasibility 
study is completed based on site 4. 

The site 4, with center coordinates of 68°31'12"E and 25°42'51"N, is located at about 
38 km northeast of Hyderabad and on the east side of national trunk highway N5. 
The station site is featured with flat terrain with a natural ground level of about 
21-24 m (MSL altitude datum, the same below). Farmland spreads across the site 
area and dense irrigation ditches along with more than ten water wells are scattered 
therein. There are two neighboring brickyards to the west of the station site and one 
circuit of south-north 132 kV transmission line runs at a distance of about 350 m. All 
the residential areas around the station site are more than 200 m away from the latter. 
The access road is connected to the country road diverged from the national trunk 
highway N5. The 100-year flood level at the site is 23.8 m and, therefore, flood 
protection measures are required for the site. 

Figure 2.1-8: Site 4 
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Figure 2.1-9: Site 4 

2.2 Hydro-meteorological conditions 

2.2.1 Flood 

The hydrological environment around the site is include the Indus River 1 km away from 
the west side, Rorhi Canal 2km away from the east side and waterlogging caused by the 
heavy rain in the summer. 

The Sagyoon Matiari Bund is the structure protect the people and villages from Indus 
River's flood. The bund start from Sukkur barrage, end at Kotri barrage, and is 172 mile 
long. The bund locate between the Indus River and the site, about 11cm far from the site. 
The elevation of the top is about 28.4m. According to the information from irrigation 
department, the bund near the site didn't broken during the 2010's flood, which is one of 
biggest flood in history. Under the protection of the bund, the site is safe from the Indus 
River's flood. 

However, we must consider waterlogging caused by the heavy rain in the summer. The 
whole terrain of the site from north to south becomes low Due to the ability of drainage 
near the site is limit, the level rainwater of the site would be raise up. Considering flood 
overflowing risk and flood overtopping risk from Indus River and Rorhi Canal, the flood 
water level of the site is suggested as 23.8m. 
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Fig. 2.2-1 Actual Situation of Sending-side Convertor Station 

Fig. 2.2-2 Irrigation Channel near the Site 

2.2.2 Meteorological conditions 

In general, Pakistan has a subtropical monsoon climate. Traditionally, the climate of 

Pakistan is divided into four seasons: from March to April is spring and in this period 

the weather is not very hot or cold, but is warm and dry; from May to August is 
summer, and the temperature in June is highest and may be up to 45°C; the weather is 

rainy in July and August so this period is called as rainy season; from September to 

♦ 	October is autumn; from November to next February is winter. 

The sending-side convertor station is about 38km to the northeast of Hyderabad City. 

The site has the similar landform with the Weather Station of Hyderabad City, and they 

are in the same climate region so the meteorological data shall refer to the data of the 
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Hyderabad Weather Station located at N25°23' and E68°25' and with elevation of 40 

m. 

2.2.2.1 General meteorological conditions 

The general meteorological data of the Hyderabad Weather Station are listed below (the 

data were collected from 2005 to 2014, UTCO corresponds to the local 5:00 o'clock, and 

UTC12 corresponds to the local 17:00 o'clock) 

Extreme maximum air temperature 47.5°C 

Extreme minimum air temperature 1.5°C 

Mean daily temperature difference in many years 13.1 °C 

Mean dry-bulb temperature in many years (UTCO) 22.4°C 

Mean dry-bulb temperature in many years (UTC12) 32.3°C 

Mean daily maximum air temperature in many years 34.1°C 

Mean daily minimum air temperature in many years 20.9 

Mean atmospheric pressure in many years (UTCO) 1,001.7 hPa 

Mean atmospheric pressure in many years (UTC12) 1,000.7 hPa 

Mean relative humidity in many years (UTCO) 74.2% 

Mean relative humidity in many years (UTC12) 36.9% 

Mean rainfall in many years 171.8 mm 

Maximum rainfall in one day 153.0 mm 

Mean number of thunderstorm days in many years 7.8 d 

Maximum number of annual thunderstorm days 18 d 

Prevailing wind direction 

2.2.2.2 Designed wind speed and icing 

Based on the building load regulations of Pakistan, the basic wind speed is not lower than 

120 km/h and that in the coastal region is not lower than 130 km/h. According to the 

minutes of the meeting held before, the design wind speed for this project is taken as 160 

km/h (corresponding to about 31.1 m/s), and the design icing thickness is taken as 0 mm. 

2.3Engineering geology and hydrogeology conditions 

2.3.1Regional geology and earthquakes 
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2.3.1.1 Overview of regional landforms and regional geology 

Because Pakistan is located at the combining site of Eurasian Plate and India Plate, it is 
affected by striking of the two plates, therefore, Pakistan become the frequently occurred 
region of earthquakes. The Punjab and Sindh in northwest are located the northwest 
corner of India Plate; the western Balochistan and the North-West frontier are located at 
Eurasian Plate, that's the east edge of Iranian plateau crossing the Middle East and 
Central Asia; the northern region of northeast and Azad Kashmir are located at the edge 
of India Plate, in geology, they belong to the Central Asia in geology, this region becomes 
the frequently occurred region of earthquakes because of striking of the two plates. The 
project to be constructed is located at the northwest corner of India Plate. 

According to the geologic structure map of Pakistan (see Fig. 2.3-1), there is Kirthar fault 
taking near north-south trend at about 60km on west side of the route, and at about 
100km on the south side, there is Naga Parga fault taking west-east trend, and there isn't 

large new fault near the route, the distance requirements can be met. 

2.3.1.2 Earthquakes 

The striking of the. Eurasian Plate and. India Plate has caused rising of Himalayas 
Mountains, therefore, Pakistan frequently occurs earthquakes, among them, Kashmir 

and Kida are the frequently occurred ,regions of earthquakes. In 1931, the strong 

earthquake occurred there, and then, in 1935, the earthquake level was higher, the 
whole small city of Kida was almost destroyed, the military station nearby suffered 
heavy casualties, 0.2 million people died at least. In addition, in 1965, an earthquake 
that the epicenter was in Kohistan of North-West Frontier occurred, and that 
earthquake also caused serious casualties: The earthquake occurred in 1991 almost 
destroyed all the villages of North-West Frontier, but the number of casualties was 
much less than that in 1935. The recent earthquake was Kashmir earthquake occurred 
on October 8, 2005, the number of casualties was up to 73 thousands in the control 
region of Pakistan. The route to be constructed is located in one of relatively stable 
regions; where there has been no earthquake of above level-6 occurred in recent 100 

years. 

According to Building Code of Pakistan. (2007) FIG.2.1 (SEISMIC ZONING MAP OF 
PAKISTAN) and FICA-1 (Peak Ground Acceleration (g) with 10% Probability of 
Exceedance in 50 years), the two convertor stations are mainly located in ZONE 2A, 
the Peak Ground Acceleration (g) with 10% Probability of Exceedance in 50 years is 
0.14g (see Fig. 2.3-2, Fig. 2.3-3), the corresponding basic earthquake intensity is 7 

degree. 
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In conclusion, the earth's crust where the project is located is relatively stable; the 
terrain is suitable for construction of the convertor station. 
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Fig. 2.3-2 Seismic zoning map of Pakistan 

-- Lahore convertor station 

kt.4441 Route path orientation 

1,4,1-,-• Matiari convertor Station 

• 

Volume III-1 - 17 



4 

Feasibility Study for 
±660kV HVDC Project from Matiari to l.ahore in Pakistan 

Volume Ill-1 
Matiari Converter Station 

Fig. 2. 3-3 Isoline map of the ground acceleration 

*...*.n.' 	— Lahore convertor station 

at 4. r4 4 Route path orientation 

riF 	4e, ,,,:1,  Matiari convertor Station 

2.3.2 Geotechnical engineering conditions and evaluation of Matiari Convertor Station 

2.3.2.1 Landforms 

Terrain of the region where the convertor station to be constructed is located is flat 

alluvial plain (Fig. 2.3-4), the region mainly plants wheat, the Indus River runs through 

this region, which is 8km far from the site. 

Ground elevation of the convertor station to be constructed is about 21.9-23.4m, the 

relative height difference is about 1.5m, and the overall terrain is gentle. There isn't 

unstable side slope in range of the convertor station, no unfavorable geologic process 

such as ground settlement and collapse etc. The region of the station is mainly the 

cultivated land, with a few trees and bush. 
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Fig. 2.3-4 Landform of the station region 

2.3.2.2 Lithology of the formation 

The proposed site is situated in the river alluvium plain, and within the range of 

exploration depth, the stratum structure of the whole site consists of the quaternary 

Holocene series (Q4a1) alluvial deposit, the foundation rock-soil layer can be described 

in turn as follows: 

Lay (1-1): Silty clay, gray, grayish yellow, very wet, soft plastic, containing a little silt 

and silty-fine sand. This layer is distributed in surface layer of the site region. 

Lay (1-2): Silty clay, gray, grayish yellow, wet, plastic, containing a little silt and 

silty-fine sand, changed into silt and sitlty sand locally. 

Lay (1-3): Silty clay, gray, grayish yellow, slightly wet, hard plastic, containing a little 

silt and silty-fine sand, changed into silt and sitlty-fine sand locally. 

Layer (2-1): Silt: Gray, dark grey, saturated, slightly dense, containing a little silty clay 

and silty-fine sand, changed into silty- fine sand locally, changed into silty clay locally. 

Layer (2-2): Silt: Gray, dark grey, saturated, medium dense, containing a little silty clay 

and silty-fine sand, changed into silty- fine sand locally, changed into silty clay locally. 

Layer (2-3): Silt: Gray, dark grey, saturated, medium dense, containing a little silty clay 

it 	 and silty-fine sand, changed into silty- fine sand locally, changed into silty clay locally. 

Layer (3-1) Silty-fine sand: Gray, dark grey, saturated, loose, with much silty clay, 

changed into silt and silty clay locally. 

Layer (3-2) Silty-fine sand: Gray, dark grey, saturated, slight-dense, with a little silty 
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clay, changed into silt and silty clay locally. 

Layer (3-3) Silty-fine sand: Gray, dark gray, saturated, medium-dense, with a little silty 

clay, changed into silt and silty clay locally. 

• 	Layer (3-4) Silty-fine sand: Gray, dark gray, saturated, dense, with a little silty clay, 

changed into silt and silty clay locally. 

Lay (4-1): Silty clay, gray, dark grey, wet, plastic, containing a little silt and silty-fine 

sand, changed into silt and sitlty- fine sand locally. 

Lay (4-2): Silty clay, gray, dark grey, slightly wet, hard plastic, containing a little silt 

and silty-fine sand, changed into silt and sitlty- fine sand locally locally. 

2.3.2.3 Hydrogeology 

Type of the underground water in this site is mainly the pore water in Quaternary system 
loose soil, the underground water is relatively abundant, and the buried depth of 

underground water is 1.0-1.4m. Overall, within the range of exploration depth, there is 

continuous, stable, thicker aquifer in the site, the underground water is abundant, and the 

main water sources are rivers, and the underground water is slightly affected by the 

climate. According to the relative collected data, the underground water can meet water 

demands of the convertor station. We suggest conducting water-supplying hydrogeololgy 

exploration to the site in advance at the next stage, in order to determine position, depth 

and quantity of the mines. 

According to the collected data and the evaluation of the environment type, the 

underground water has weak corrosivity to the concrete structures; according to the 

evaluation of stratum permeability, the underground water has slightly corrosivity to the 

concrete structures, and the comprehensive evaluation indicates that the underground 

water has weak corrosivity to the concrete structures; and which has slightly corrosivity 

to steel bars inside the concrete structures. 

The site soil has high corrosivity to steel structures (reference to the soil resistivity). 

2.3.2.4 Unfavorable geologic process 

There isn't unfavorable geologic process in the region of convertor station and nearby 

region, such as landslide, collapse, mud-rock flow and ground settlement etc. 

2.3.2.5 Mineral products and historical relics 

There isn't distribution of mineral resources with explored reserves; the project doesn't 

cover mineral resources and historical relics and historical sites. 

2.3.2.6 Evaluation of geotechnical engineering 

2.3.2.6.1 Classification of the construction site 
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Hypsography of the construction site isn't large, the largest height difference is about 

1.5m, and the main formation in the depth range of 35m underground is Quaternary 

plastic silty clay, slightly dense silt, medium dense silt, dense silt and loose, slightly 

dense, medium-dense, dense silty-fine sand. According to Earthquake Resistant Design 

IA Code of Buildings (GB50011-2010), the site soils shall be soft, medium-soft soil layers, 

and according to the preliminary determination, type of the construction site shall be 

class-III, which is the disadvantage section of earthquake-resistant construction site. 

2.3.2.6.2 Mechanical property of the subsoil 

Layer (1-1) Silty clay: Soft plastic state, with high compressibility, the physical property 

of this layer is poor, and this shall not be directly used as bearing stratum of building 

foundation without treatment. 

Layer (1-2) Silty clay: Plastic state, with medium compressibility, the physical property 

of this layer is general, and this layer can be treated as the foundation supporting course 

of auxiliary buildings (structures). 

Layer (1-3) Silty clay: hard plastic state, with low compressibility, the physical property 

of this layer is general, and this layer can be treated as the foundation supporting course 

of auxiliary buildings (structures). 

Layer (2-1) Silt: slightly dense, with high compressibility, the physical property of this 

layer is poor, and this shall not be directly used as bearing stratum of building foundation 

without treatment. 

Layer (2-2) Silt: medium dense, with medium compressibility, the physical property of 

this layer is general, and this layer can be treated as the foundation supporting course of 

auxiliary buildings (structures). 

Layer (2-3) Silt: dense, with low compressibility, the physical property o this layer is 

general, and this layer can be treated as the foundation supporting course of auxiliary 

buildings (structures). 

Layer (3-1) Silty-fine sand: Loose, this layer can't be treated as the foundation supporting 

course of buildings (structures) without treatment. 

Layer (3-2) Silty-fine sand: slightly dense, the mechanical property is general, this layer 

can't be treated as the natural foundation supporting course of general buildings 

(structures) without treatment.. 

Layer (3-3) Silty-fine sand: Medium dense, the mechanical property is better, this layer 

I' 

	

	can be treated as the natural foundation supporting course of important buildings 

(structures). 

Layer (3-4) Silty-fine sand: dense, the mechanical property is better, this layer can be 

treated as the natural foundation supporting course of important buildings (structures). 
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Layer (4-1) Silty clay: Plastic state, with medium compressibility, the physical property 

of this layer is general, and this layer can be treated as the foundation supporting course 

of auxiliary buildings (structures). 

Layer (4-2) Silty clay: hard plastic state, with low compressibility, the physical property 

of this layer is general, and this layer can be treated as the foundation supporting course 

of important buildings (structures). 

2.3.2.6.3 Sandy soil liquefaction 

The converter station is located in the section of alluvial plain; there is underground water 

level and sandy soil. According to the collected data, there is the possibility of sandy soil 

liquefaction, and the liquefaction grade is slight. 

2.3.2.6.4 Type of the foundation 

The natural foundation, pile foundation or other types can be adopted for the buildings 

(structures) in the site through the comprehensive analysis on the burial characteristics 

and engineering characteristics of foundation rock and soil of the construction site as well 

as the site and foundation earthquake effects and other aspects according to the 

characteristics of the buildings (structures), such as importance, load, requirements for 

deformation, etc. 

2.3.2.6.4.1 Natural Foundation 

According to the burial characteristics and engineering characteristics of foundation rock 

and soil in the site, the site and foundation earthquake effects and other aspects as well as 

the load deformation characteristics of buildings (structures), the foundation design 

scheme and the selection of foundation bearing stratum shall be respectively analyzed. 

For general building and structures, when layer is used as the natural foundation stratum 

to meet the strength and deformation requirements and the settlement difference between 

adjacent foundations is within the allowance range, the natural foundation can be 

adopted. 

2.3.2.6.4.2 Pile Foundation 

1) Analysis on pile foundation bearing stratum 

In the foundation soil strata distributed in the site, layer (1-2) (silty clay) is distributed 

widely and has better mechanical properties but with layer (2-1) (silt), layer (3-1)(silty 

fine sand), and therefore it is inappropriate to use this stratum as the pile foundation 

bearing stratum of main buildings. When this stratum is used as the pile foundation 

bearing stratum and underlying stratum of secondary buildings (structures), the necessary 

deformation checking shall be carried out so as to compare the settlement difference 

between adjacent foundations. Layer (3-3) (medium dense silty fine sand) with better 

mechanical properties is the good pile foundation bearing stratum of the site, but this 
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stratum is locally distributed and therefore it is inappropriate to use this stratum as the 

pile foundation bearing stratum of main buildings. When this stratum is used as the pile 

foundation bearing stratum and underlying stratum of secondary buildings (structures), 

the necessary deformation checking shall be carried out so as to compare the settlement 
difference between adjacent foundations. 

Layer (3-4) (dense, silty fine sand) is the underlying stratum in the site and has stable 

horizon, small thickness variation and better mechanical properties. For the proposed 

buildings (structures) in the site, according to the specific situations of each building 

(structure), layer (3-4) can be used as the pile foundation bearing stratum required for 

different bearing capacities. 

2) Pile foundation scheme proposals 

When the adoption of the natural foundation cannot simultaneously meet the strength and 

deformation requirements, it is recommended to adopt the pile foundation (cast-in-situ 

bored pile), use layer (3-3) (medium dense silty fine sand ), layer (3-4)(dense silty fine 

sand), layer (4-1) (plastic, silty clay), layer(4-2)(hard plastic, silty clay) as the pile 

foundation bearing stratum and underlying stratum, and simultaneously carry out the 

corresponding strength and deformation checking and the checking of the settlement 

difference between adjacent foundations. 

According to the engineering geological conditions of the site, the soft stratum and hard 

stratum is interbeded, the dense silt and hard plastic silty clay is high-compactness, 

precast piles cannot enter the necessary depth of the bearing stratum peacefully. 

In addition, according to the on-site data collection and investigation in Pakistan, the 

precast piles method is less used in Pakistan, and the equipment which can be used for 

construction is also relatively less. The construction equipment shall be imported from 

China if they need to be used. 

Therefore, it is recommended to adopt the cast-in-situ bored pile. 

2.3.2.6.5 Problems needing attention during design and construction 

The groundwater level is generally buried shallower. The strata involved during 

foundation pit excavation mainly include layer (1) (silty clay), layer (2) (silt), layer (3) 

(silty fine sand) and laye (4) (silty clay) in which layer(1), layer (2) and layer (3) has 

larger permeability. Therefore, the problems of groundwater permeation into the 

foundation pit, foundation pit wall collapse, etc. will occur during foundation pit 

excavation. 

Considering that the speed of permeation of groundwater into the foundation pit is faster, 

the construction unit shall carry out the dewatering work of this area in advance before 

construction. It is recommended to carry out the special design for the foundation pit 

excavation and dewatering of the plant area. The construction measures of "dewatering 
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before foundation pit excavation" shall be taken, and the groundwater level shall be 
decreased to 0.5-0.8m below the foundation pit bottom elevation before construction and 
excavation. It is recommended to make the special foundation pit dewatering scheme 
according to different building sections and foundation pit excavation depths. 

In addition, the stability of the pit walls constituted by the above strata is poorer, 
especially the pit walls very easily collapse during the permeation of groundwater into 
the foundation pit and the surface water erosion resistance is weak. Therefore, the 
appropriate supporting measures shall be taken during foundation pit excavation. On the 
premise that the conditions allow, the enough slope gradient shall be provided, and it is 
recommended that the slope setting rate is 1.1.5-1:2. Moreover, the water interception and 
drainage ditch shall be arranged around the foundation pit so as to timely pump and drain 
the groundwater from the foundation pit during construction and excavation. 

2.4 	Water Supply Sources and Drainage Conditions 

2.4.1 	Sources of Water Supply 

(1) Water demand 

The water used by the converter station mainly consists of living water, process 
water and fire-protection water. Process water is mainly used to provide 

make-up water for the external cooling system of converter valve. The water 
consumption varies with the cooling mode. The water consumption for the 

complete water cooling mode is about 600 m3/d. The consumption of domestic 

water and fire-protection water is considered 180 m3/d. So the total water 

consumption is about 780 m3/d when the complete water cooling mode is used. 

(2) Surface water source 

Surface water nearby the site is available from Indus River. To irrigate the 
farmland at the three rivers at the east, Pakistan carried out large-scale project 
to transfer water from west to east and built several hydro junctions on Indus 
River and its branches. The sending-end converter station is located at the 7th  

main stream of Indus river, which is also the upstream of the last 
hydro junction Kotri Barrage. There is no branch from the hydro junctions 
GadduBarrange to Kotri Barrage. Inflow has been greatly reduced after 
interception of water by a lot of hydro-junctions upstream. Especially in 

drought years, there is a risk that water cannot be obtained due to waterhead is 

artificially controlled by India and Pakistan. 

The segment of Indus River where the station site is located is a typical 
wandering river segment with wide and shallow river surface, dense 
bottomland and intertwined braided rivers. Flow is scattered and main flow 
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swings so that riverbed is easy to be rushed and silted. A wide range of 

scouring and silting is unfavorable to set intakes. 

Therefore, Indus River is not suitable to be used as a water source for the 

converter station because its water supply is not reliable and there is a risk that 

water cannot be obtained. 
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(3) Underground water 

The recommended site is located at the east bank of Indus River and 
underground water can be used as a water source for the converter station 

according to the site survey. 

According to "Water hydrogeological survey report": The groundwater in site 
can meet water requirements of converter station. According exploration wells 
pumping test, Under current conditions of the recharge of shallow groundwater 
calculations to determine the present condition of shallow groundwater under 
single well recoverable resources is 528m3  /d when the drawdown is 5m, Three 

wells (include an emergency well) are need as the water source of converter 
station. 

2.4.2 	Drainage Conditions 

The site with flat terrain has the natural terrain elevation of about 21 to 24 m. The 
level of water logging is 23.8 m, so the site needs to be elevated to 24 m by filling. 

The rainwater shall be collected by the storm water inlet on the ground beside road. 
And a rainwater pump station is needed. 

The waste water of valve cooling system should first be treated to meet the 

• 	 waste-discharge standards of Pakistan, and then it can be drained into the rainwater 

pipe of station. 

There is an irrigation canal besides 3.5 km on the east side of the site, so rainwater in 
the converter station area is drained to the irrigation canal through the buried 
pipelines outside of the station after being pressurized at the rainwater pumping 
station. 

2.5 	Construction Conditions 

2.5.1 	Site Construction Conditions 

The construction site of this project is located on the east side of national trunk 
highway N5 (National Highway No. 5). The site with flat terrain has the natural 

ground level of about 21 to 24 m. Wheat and bananas are planted on most of the site 
and there is some wasteland with shrubs. Good external traffic conditions provide 

convenience for ingress and egress of construction tools and machinery and persons 

ek 
	 during construction. Conditions for supplying construction materials are good 

because it is near to the local main towns. 
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2.5.2 Supply of Construction Energy 

2.5.2.1 Water source for construction 

The maximum water consumption is about 20 till during the construction. The 
permanent water source for the converter station is from a well dug within the station 
based on local situations. Considering the big water consumption of permanent water 
source within the station, a provisional well can be dug during construction to meet 
the demand for digging permanent water well and the water demands during 
construction. It is suggested to solve the problem of construction water of this project 

by digging a well within the station. 

2.5.2.2 Power supply for construction. 

The maximum electricity consumption is about 1600 kVA during construction. The 
scheme combining permanent and provisional electricity supplies are used for 
construction, production and living to save project investment. According to the 
electrical design scheme, it is planned to connect one transmission line from 132kV 

line nearby the site to the station through IC connection as the power supply 

introduced from the outside of this station. It is suggested to connect and erect lines 
and facilities outside the station area in advance, which are provided with step-down 
transformers to be used during construction. They are delivered for production after 

the project is put into production. 

2.5.2.3 Communication during construction 

To facilitate external contact during construction and ensure reliability of 
communication, it is planned to connect one communication optical cable from the 
communication line outside the station to the station, which may be applied to the 
local communication authority together with permanent communication lines. The 
communication during construction is achieved by fixed telephone, mobile phone 

and radio equipment on the construction site. 

	

2.6 	External Station Power Supplies 

Three station power supply lines will be used for Matiari Converter Station. Two of 
them are connected from two 35kV AC buses by using two 35/11.5kV high voltage 

station transformers respectively and one of them is connected from 132kV 
transmission line nearby this station. The specific power supply lines will be 

determined by NTDC. 

	

2.7 	Planning of Incoming and Outgoing Line Corridors 

HVDC outgoing line of Matiari converter station is eastward, AC outgoing is 
southward, From west to east, AC outgoing lines are Dadu New,Jamshoro 1st  and 2"d  
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circuit, Hubco New station 1St  and 2nd  circuit, Qasim station 1st  and 2nd  circuit,Spare 

1St  and 2nd  circuit ,Thar station 1st  and 2nd  circuit. The outgoing terrain is flat without 

cross-cutting in the converter station. The outgoing distribution of Matiari converter 

station is shown in FIG Volume 111-1-2. 

	

3. 	Selection of Main Electrical Connection and Equipment 

	

3.1 	Main Electrical Connection of Converter Station 

3.1.1 Main Electric Connection on AC side 

The 500 kV AC side adopts 3/2 circuit breaker connection mode, which is 

characterized by simple function, high reliability and safety. The connection and 

string configuration of AC distribution devices are designed in accordance with the 

following principles: 

1) The lines with the same name shall not be in the same string and should not be 

connected into the same bus as practical as possible; 

2) The power supply lines should be in the same string with load lines as practical 

as possible; 

3) All AC and DC lines shall not cross with each other as practical as possible; 

4) Each converter transformer bank is provided with one AC PLC filter bank at 

the line incoming point provisionally; 

5) According to the requirements of communication discipline personnel, all lines 

shall be provided with wave trapper on their outgoing line side; 

6) Future expansion should be considered. 

The long-term targets for Matiari converter station include 12 AC 500 kV outgoing 

lines, 4 banks of AC filters (hereinafter referred to as "ACF"), and 2 banks of 

converter transformers, i.e., totally 18 elements, which constitute 8 complete strings 

and 2 incomplete strings. Either of the two buses will be connected with one 500/35 

kV step-down transformer. All of the long-termed planned 12 outgoing lines will be 

provided with high-voltage reactors, except the Jamshoro double lines and Moro line. 

The converter transformers are provided with AC PLC at their line incoming points 

provisionally. 

In the current phase, 8 outgoing lines (1 to Dadu New,2 to Jamshoro, 1 to Moro, 2 to 

Hubco New power station, 2 to Qasim power station, and 2 to Thar power station), 4 

banks of ACFs, and 2 banks of converter transformers will be built. A total of 16 
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elements will be incorporated into the strings, constituting 7 complete strings and 2 
incomplete strings. Each of the two buses will be connected with one 500/35 kV 
step-down transformer. All the outgoing lines will be provided with outgoing 
disconnectors. All of the outgoing lines will be provided with high-voltage reactors, 
except the Jamshoro double lines and Moro line. 

The string configuration is as shown in the following table: 

■ 
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Table 3.1.1-1: String configuration of 500 kV AC yard of Matiari converter station 

String No. Line on 1M Side Line on 2M Side 
Bus connection No. 1 500/35 kV step-down transformer No. 2 500/35 kV step-down transformer 

#1 string #1 bank of AC filters Converter transformer for P II 
#2 string #2 bank of AC filters Thar power station 2 
#3 string Converter transformer for P I Thar power station 1 
#4 string NA Reserved 
#5 string Qasim power station 2 Reserved 
#6 string #3 bank of AC filters Qasim power station 1 
#7 string #4 bank of AC filters Hubco New power station 2 
#8 string Hubco New power station 1 Jamshoro 2 
#9 string NA Jamshoro 1 

#10 string Moro Dadu New 

The 35 kV AC switchgear employs single-bus connection mode. The equipments 

are arranged outdoors. The Matiari converter station has two 35 kV buses, 4 banks of 

60Mvar low-voltage reactors, and two 35/11.5kV auxiliary transformers. 

3.1.2 	Main Electrical Connection on DC Side 

It is recommended to use the bipolar DC connection mode on the DC side, which is a 

typical connection mode for 500 kV DC transmission project. On the DC side of 

converter station, smoothing reactors, DC passive filters, DC voltage measuring 

devices, DC current measuring devices, DC disconnectors, high-speed transfer 

switches, neutral point equipment, DC carrier communication equipment, 

overvoltage protection equipment, etc. are all installed symmetrically on both poles. 

The above connection mode satisfies the following operating modes: 

1) Bipolar and monopole ground-return operation, monopole metallic return 

operation, etc. (excluding the parallel DC dual-conductor + ground return 
operation); 

2) Isolation and grounding of either pole in converter station under maintenance; 

3) Isolation and grounding of either DC pole line under maintenance; 

4) Isolation and grounding of one or both electrodes and electrode lines of DC 

systems under maintenance in the monopole metallic return operation mode; 

5) Isolation and grounding of one or both electrodes or electrode lines of DC 

systems under maintenance in the bipolar balanced current operation mode; 

6) The DC power shall not be interrupted or reduced when switching from ground 

return to metallic return or vice versa in the monopole operation mode; 
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7) 	Disconnection and maintenance of faulty pole shall not affect the power 
transmission of the normal one. 

To achieve switch among the above operation modes, the following switches will be 
installed on the DC pole bus and DC neutral bus: 

1) The pole bus is provided with disconnector, while the disconnector is provided 
with an earthing switch on either side. 

2) Neutral Bus Switch (NBS), with an earthing switch on each side. 

3) Neutral Bus Grounding Switch (NBGS)and a maintenance disconnector with 
an earthing switch is installed on neutral bus side. 

4) The metallic switching circuit is provided with a DC high-speed switch 

(MRTB), which achieves transfer from monopole ground-return to monopole 

metallic return operation mode, while a maintenance disconnector is installed 

on either side. The circuit on the external side of MRTB maintenance 

disconnector is parallel-connected with a disconnector which is connected with 
an earthing switch on either side. 

5) The ground switching circuit is provided with a DC high-speed switch (GRTS), 

which achieves transfer from monopole metallic return to monopole 

ground-return operation mode. A maintenance disconnector with earthing 

switch is installed on the valve side, and an earthing switch is installed on the 
line side. 

6) A disconnector is installed on the neutral bus side between each of the neutral 

bus of two poles and the metallic return path (including provisional earthing 
path). 

7) A disconnector is provided on each side of DC filter. The disconnector on 

high-voltage side shall be capable of on-load switching under normal operating 

conditions without affecting the operation of system. 

To sum up, the main connection schemes for valve bank, converter transformer, and 
the DC side is recommended as follows: 

1) Converter valve: one 12-pulse valve bank for each pole. 

2) Converter transformer: single-phase two-winding connection mode. In the 

current phase, a total of 12+2 single-phase two-winding converter transformers 

will be installed at the Matiari converter station, the three-phase connection 

groups are YNyO and YNd 1 1 respectively. 
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3.13 Connection of Valve Bank 

The long-term construction target of this project is one ±660 kV/4000 MW DC line, 
which will be constructed in the current phase. The AC side of converter transformer 
is connected to the AC 500 kV bus via the equipment within the strings of AC 500 
kV switchgear. This project adopts two poles, with either of them provided with one 
12-pulse valve bank, the same as routine ±500 kV DC project. 

The connection of DC side and valve bank is as shown in the following figure: 

500 kV AC bus 

P II, -660 kV DC line 

Figure 3.1.3-1: Connection of DC side and valve bank of Matiari converter station 

3.2 	Preliminary Determination of Converter Valve 

3.2.1 	Type of Converter Valve 

In this project, thyristor converter valve is used. According to the existing 
manufacturing capability and the previous operation experience, the type and 

parameters of converter valves used in this project are provisionally determined as 
follows: 
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Table 3.2.1-1: Type of converter valve 

Type of Converter Valve 

Converter valve Double valve type 

Mounting mode Suspension type 

Insulation type Air-insulation 

Cooling method Water-cooling (internal-cooling) 

According to the experience of other projects, the protective margin of voltage 

withstand level for the converter valves is provisionally determined as follow: 

(1) A 10% margin over the arrester protective level for switching impulses. 

(2) A 10% margin over the arrester protective level for lightning impulses. 

(3) A 15% margin over the arrester protective level for steep-front impulses. 

The converter valves should be capable of withstanding the rated current, overload 

current and various transient current. With respect to the transient overcurrent due to 

faults, the valves shall have the following capabilities: 

(1) Short-circuit current withstanding capability with subsequent blocking; 

(2) Short-circuit current withstand capability without subsequent blocking; 

(3) Additional short-circuit current withstanding capability. 

3.2.2 Main Parameters of Converter Valve 

It is recommended to use 7.2kV/3030A 5-inch thyristor element. The height of 

converter valve tower is expected to be about 13 m. The rated DC current and 

voltage of thyristor valve are 3030A and 660kV respectively. It is recommended to 

use indoor air-insulated water-cooling type thyristor valve, with ETT or LTT valve. 

3.2.3 	Valve Cooling System 

Each valve hall will be provided with one valve cooling system. The cooling system 

will be designed to cool the heat generated by thyristor valves and capable to operate 

and guarantee the design temperature range of cooling water for two hours and three 

seconds overload conditions, up to max specified design dry bulb ambient 

temperature. 

Thyristor valve will be cooled by water, the hot water from the valves will be cooled 

down by closed evaporative cooling towers and spray water for cooling towers will 

be treated by reverse osmosis installation and chemical dosing unit. 
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3.3 	Preliminary Determination of Converter Transformer 

	

3.3.1 	Short-circuit Impedance 

The determination of short-circuit impedance of converter transformer shall be in 
accordance with the following factors: 

a) Restrict short-circuit current; 

b) Minimize the harmonic components; 

c) Optimizing the design of converter valve, filter, and other converter-related 
equipment. 

Furthermore, the determination of short-circuit impedance may directly affect the 

weight, size, and cost of transformer. If the short-circuit impedance is large, the 
following effects will arise: 

a) The spacing and width of windings increase, and the width of converter 
transformer increases while the height of that decreases; 

b) Higher rated power; 

c) The reactive power loss during operation of converter increases; 

d) The harmonic components generated by converter decrease; 

e) The short-circuit current on valve side lowers; 

f) No-load DC voltage rises, and the number of valve discs and the insulation 

level of converter valve increase accordingly. 

Therefore, the determination of short-circuit impedance is an optimizing process, i.e., 

a process of seeking balance among the above indicators. According to the previous 

engineering experience, it is recommended that the short-circuit impedance of 
converter transformer be 18% in the current phase. 

3.3.2 Rate Voltage, Type, and Capacity of Converter Transformer 

The connection mode of converter transformer is one 12-pulse valve bank for each 

pole. The voltage, current, and resistance of DC bus on the rectifier side of converter 

station are ±660 kV, 3030 A, and 8.5 Q respectively. For the Uk of 18%, the rated 
voltage of converter transformer on valve side is about 280.8 kV. Considering the 

manufacturing, transportation, and other related factors, it is recommended that 14 

single-phase two-winding converter transformers with a capacity of 401 MVA 

should be used, with 2 of them serving as standby. 
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3.33 Voltage Regulating Mode and Tapping Range 

(1) Determination of regulating mode of on-load tap 

The on-load tap of converter transformer is mainly regulated in the following 

two modes: 

a) Keep the no-load voltage on the valve side of converter transformer 

unchanged; 

b) Keep the control angle (firing angle or turn-off angel) within a required 

range. 

The main differences between the above two modes are described as follows: 

The tapping regulation of converter transformer in the first mode is mainly 

used to accommodate the variation of the valve-side no-load voltage caused by 

the inherent voltage fluctuation of the AC grid. Such variation is generally 

small, so the tapping range is relatively small. The DC voltage variation caused 

by DC loads is supplemented by adjusting control angle. The tapping 

operations using this regulation mode are not frequent, so the tap switches have 

a longer service life. 

In the second regulating mode, the converter normally operates within a small 

range of control angle, and the variation of DC voltage is mainly regulated and 

supplemented by the tap of converter transformer. This mode is characterized 

by low absorption of reactive power, low operation cost, low valve stress, low 

valve damping circuit loss, and small AC and DC harmonic components. So 

the operational performance of DC system in this regulating mode is good. But 

this regulating mode requires frequent tapping operations and a larger tapping 

range. 

Among the long-distance HVDC transmission projects constructed in the 

recent years in China, 90% of them use the second regulating mode, i.e., 

regulating the DC operating voltage through tap while keeping the control 

angle within a required range. In this report, the second regulating mode is 

recommended. The final scheme shall be determined by the manufacturer after 

optimization of equipment. 

(2) Determination of spacing of tapping positions 

The spacing of tapping positions is related to the variation range of firing angle 

required for angle control, the permitted fluctuation rang of DC voltage during 

normal operation, the maximum measurement errors of DC operating 

parameters, etc. If the spacing of tapping positions is too small, more tapping 

positions are required, the requirement on the fluctuation of the bus 
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steady-state voltage of converter station may be affected, the capacity of filter 

sub-bank is reduced, and thus the project investment will be increased. If the 

spacing of tapping positions is too large, a greater angle control range and a 

larger total amount of reactive power compensation are required, which are not 

cost-effective as well. According to the previous engineering experience, in the 

current phase, the spacing of converter transformer tapping positions is 

determined as 1.25% provisionally. 

	

3.4 	Preliminary Determination of Smoothing Reactor 

The most important parameter of smoothing reactor is inductance, which should be 

optimized in accordance with the following conditions: 

The rise rate of fault current should be limited; 

The current interruption during low current load should be prevented; 

The DC current ripples should be restrained; 

Techno-economic comparison should be made among the proposed 

configurations of smoothing reactor and DC filter; 

The inductance of smoothing reactor should not lead to resonance at 50 Hz and 

100 Hz with DC filter, DC line, converter transformer, capacitor at neutral 

point and other related equipment. 

The inductance of smoothing reactors for either pole is taken as 300 mH 

provisionally. Dry-type smoothing reactor is used provisionally. Four smoothing 

reactors are provided for each pole, each reactor with an inductance of 75 mH. 

Throughout the converter station, there are 8 operating smoothing reactors and 1 

standby reactor in total. The smoothing reactors are installed on pole bus and neutral 

bus separately. 

	

3.5 	Preliminary Determination of Equipment at AC Yard and AC Filter Yard 

The main AC equipment used in this project is summarized as follows: 

Table 3.5-1: Selection of main AC equipment 

No. Equipment Description Main Parameters and Type Selection 

I 500 kV AC switchgear 

1 Circuit breaker 550kV 4000A 	63kA(3s) 160kA, with closing resistorEll  

2 Current transformer 500kV 2 X 2000/1A 

3 
500kV vertical break disconnector 
with single earth switch 

550kV 	3150A 	63kA(3s) 160kA 
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No. Equipment Description Main Parameters and Type Selection 

4 
500kV disconnector, with single 
stationary contact and single earth 
switch 

550kV 3150A 	63kA(3s) 160kA , dual-column, horizontal 
type 

5 
500kV disconnector, with double 
stationary contacts and triple earth 
switches 

type 
 

550kV 3150A 	63kA(3s) 160kA 	, three-column, horizontal 

6 Maintenance earth switch 550kV 	63kA(3s) 160kA 

7 

500kV capacitive voltage 
transformer (three-phase, used on 
the incoming line, bus, and 
outgoing line of converter 
transformer) 

500kV/ ,./ 3/0.1/ ,/ 3/0.1/ -,/ 3/0.1/ 4 3/0.1kV 

8 500kV metal-oxide surge arrester Y2OW 

9 500kV shunt reactor 

550/ -./ 3kV, 50Mvar 

550/ ,/ 3kV, 40Mvar 

550/ -./ 3kV, 34Mvar 

10 
Neutral-point reactor of 500kV 
shunt reactor 

66kV, —500 (+10% to 10%)11 

II AC filter switchgear 

1 500kV AC filter/capacitor bank 
Rated capacity: 150Mvar 

Rated capacity: 180Mvar 

2 
Porcelain knob type circuit breaker 
for the incoming line of capacitor 
bank 

Dual-break, 550kV, 3150A, 63kA/3s, 160kA 

3 
Current transformer for the 
incoming line of capacitor bank 

500kV, 1000/1A 

4 
Vertical break disconnector for the 
incoming line of capacitor bank 

550kV, 3150A, 63kA/3s, 160kA, with single earth switch 

5 
Earth switch for the incoming line 
of capacitor bank 

550kV, 63kA/3s 	160kA 

6 500kV metal oxide surge arrester Y2OW 

7 
500kV capacitive voltage 
transformer 500/ -./ 3/0.1/ -./ 3/0.1/ ../ 3/0.1/ ✓ 3/0.1kV 

8 Earth switch for 500kV bus 550kV, 63kA/3s 160kA 

III Station service system 

1 
500kV three-phase oil-immersed 
transformer SFP-130000/500, 525±2x2.5%/35kV, non-exciting regulation 

2 
132kV three-phase oil-immersed 
transformer 

8MVA, 132±2x2.5%/11.5kV, ONAN, YN,d11, non-exciting 
regulation 

3 132kV SF6  circuit breaker 145kV 	1600A 	40kA 100kA 

4 500kV circuit breaker 550kV 4000A, 63kA(3s), 160kA 

5 
500kV horizontal break 
disconnector with single earth 
switch 

550kV 3150A 63kA/3s 160kA 

6 132kV disconnector 
145kV 	1600A 40kA 100kA, 	dual-column, horizontally 
opening, single earth switch 

7 500kV earth switch 500kV, 63kA (3s) 160kA 
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No. Equipment Description Main Parameters and Type Selection 

8 132kV disconnector 
145kV 	1600A 	40kA 100kA, 	dual-column, horizontally 
opening, double earth switches 

9 500kV current transformer 500kV 2 X 2000/1A 

10 132kV current transformer 132kV 

11 500kV metal oxide surge arrester Y20W 

12 132kV surge arrester 132kV 

13 
500kV capacitive voltage 
transformer 500kV 

14 
132kV capacitive voltage 
transformer 

132kV 

15 
35kV three-phase two-winding 
non-exiting regulation transformer 

8MVA, 35/11.5kV 

16 40.5kV circuit breaker 40.5kV, 2500A; 40kA; 100kA 

17 40.5kV circuit breaker 40.5kV, 2000A; 40kA; 100kA 
18 35kV current transformer 35kV, routine outdoor type 
19 35kV voltage transformer 35kV, 35/V3: 0.1/43: 0.1/Ni3:0.1/3kV 

20 
Dual-column horizontally-rotation 
disconnector 

(1) 40.5kV, 2500A; 40kA; 100kA; with double earth 
switches 

(2) 40.5kV, 2000A; 40kA; 100kA; with single earth switch 
(3) 40.5kV, 2000A,: 40kA; 100kA; with double earth 

switches 

Note: 1. whether the resistor is need depends on the conclusion of over voltage research. 

3.6 	Preliminary Determination of Equipment at DC Yard 

The main DC equipment used in this project is summarized as follows: 

Table 3.6-1: Selection of main DC equipment 

No. Equipment Description Main Parameters and Type Selection 

1 
Dry-type smoothing reactor 
for pole line 680kV, 3030A, 75mH 

2 
Dry-type smoothing reactor 
for neutral line 

150kV,3030A, 75mH 

3 680kV DC disconnector 3030A 

4 
DC high-speed switch 
NBGS 

3030A, including circuit breaker, capacitor bank, reactor, and 
arrester 

5 DC high-speed switch NBS 3030A, including circuit breaker, capacitor bank. reactor, and 
arrester 

6 
Metallic return transfer 
breaker (MRTB). 

3030A, including circuit breaker, capacitor bank, reactor, 
arrester, disconnector, and earth switch 

7 
Ground return transfer 
switch (GRTS) 

3030A, including circuit breaker, capacitor bank, reactor, 
arrester, disconnector, and earth switch 

8 
DC current measuring 
devices 

680kV, optical current transformer, with optical connectors and 
photoelectron equipment 
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No. Equipment Description Main Parameters and Type Selection 

9 
DC voltage measuring 
devices 680kV 

10 DC pole bus arrester 680kV 

11 Smoothing reactor arrester 680kV 

12 12th/24th DC filter 

Including Cl-high-voltage capacitor, high-voltage capacitor 
imbalance CT, LI-high-voltage reactor, L2-neutral point 
reactor, T3-reactor L2 branch CT, T4-CT on the neutral point 
side, F3-arresters on both ends of Ll, Fl-arrester on the 
high-voltage end of L1, C2 low-voltage capacitor, F2-arresters 
on both ends of L2, etc. 

13  •-  6thi42th DC filter 

Including C1-high-voltage capacitor, high-voltage capacitor 
imbalance CT, L1-high-voltage reactor, L2-neutral point 
reactor, T3-reactor L2 branch CT, T4-CT on the neutral point 
side, F3-arresters on both ends of Ll, Fl-arrester on the 
high-voltage end of Ll, C2 low-voltage capacitor, F2-arresters 
on both ends of L2, etc. 

14 Other equipment on DC side 
Including high-voltage and low-voltage post insulators, 
low-voltage disconnector/earth switch, DC neutral bus impulse 
capacitor, PLC reactor, capacitor, etc. 

15 
DC carrier communication 
equipment Including 2 reactors and 3 banks of capacitors. 

• 
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4. 	Study on Reactive Power Compensation of Converter Station 

	

4.1 	Basic Study Principles 

(1) The reactive power compensation levels and zones should be balanced locally 

without long-distance transmission. 

(2) The total reactive power compensation capacity of converter station is 

generally calculated according to the reactive power consumption of DC 

system when transmitting rated power in rated voltage. Since there may be 

large fossil-fired power plants in the vicinity that the converter station serves, 

the reactive power provided by such power plants should be considered, 

provided that the system voltage regulation requirement and generator's 

operation requirements can be met. 

The additional reactive power compensation capacity required for DC overload 

is balanced by the capacity of the standby compensation bank at converter 

station. 

(3) The reactive power capacity installed at substation, in principle, is only used to 

compensate the reactive power loss of the main transformer of the same 

substation and the half of that of the outgoing lines at various voltage ratings. 

For the incoming lines from nearby power sources, they shall be permitted to 

supply more reactive power, but the voltage drop between the two ends of the 

line should not exceed 10%. The reactive power compensation in the existing 

grid and that which has been definitely planned should be simulated according 

to the actual condition and the planning respectively. 

(4) Voltage control of AC system: According to the related code, for hub 

substation, the operating voltage of the bus on the LV side should be controlled 

to 1 —1.1 times the rated voltage of grid in normal condition, and should not be 

lower than 0.95 times the rated voltage of grid after incident. 

The operating voltage at any point of grid shall in no case be higher than the 

maximum operating voltage of grid. In normal conditions, it shall not be lower 

than 0.95 to 1.00 times the grid rated voltage (for the substations at the 

receiving end of grid, take the lowest value). 

In addition, the system voltage regulation mainly relies on the adjustment of 

generator excitation, while using switchable, controlled reactor and capacitor 

as supplementary means. 

(5) The power factor of maximum reactive output of generator should not be lower 

than the rated power factor. The power factor of minimum reactive output 
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should be not be higher than 0.95 for steam turbine generator, and should be 
controlled to prevent phase advance for hydro-generator. The voltage level at 
the generator end should be limited to 1.05 to 0.95 times the rated voltage. 

(6) The reactive power compensation devices installed at converter station are 
generally considered together with AC filters. In the minimum operating mode, 
to meet the filtering requirement, a number of filters should be put into 
operation to make the capacitive reactive power of converter station surplus. 
Therefore, the AC system or converter station should be able to absorb some 
capacitive reactive power. 

4.2 	Calculation of Reactive Consumption of Converter Station 

4.2.1 Calculation of Reactive Power Consumption of DC System 

The converter station consumes a large amount of capacitive reactive power when it 

works. The reactive power consumption of converter station shall be calculated 
taking into account the various AC and DC operating modes. The reactive power 
consumption of converter station is related to the transmission of DC power, DC 

voltage, DC current, commutation angle, commutation reactance, and other factors. 
Calculate the reactive power consumption of the 500kV side of converter station 
under various operating conditions in accordance with the above-mentioned reactive 

power control principles. The DC steady operating voltage of converter station is 
controlled using the fixed firing angle (a=15°) method. The short-circuit impedance 
of converter transformer is taken as 18% provisionally. According to the 
Ningdong-Shandong ±660kV HVDC transmission project and based on the principle 
of not increasing the budget for commutation equipment, the 2-hour overload 
capacity of DC system is taken as 1.1 times the rated transmitted capacity. 

The tolerance for the impedance of converter transformer is taken as ±5%. In the 
high reactive power operating condition, the commutation impedance tolerance of 
+5% should be taken; in the low reactive power operating condition, -5% should be 
taken. DC line resistance is a parameter affecting the reactive power consumption of 
converter. For the high reactive power mode, use the minimum possible resistance; 
for low reactive power mode, use the maximum possible resistance. The rated firing 
angle of rectifier it taken as 15°, while the rated turn-off angle of inverter is taken as 
17° 

The calculated reactive power consumptions of converter station on sending end are 
as shown in Table 4.2-1. 
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Table 4.2-1: Calculated reactive power consumptions of the 500kV side of Matiari 
converter station 

DC transmission capacity (MW) 
Reactive power consumption of the 500kV side of Matiari 

converter station (Mvar) 
=16% =17% =18% =19% 

Pd=4000 2050.2 2101.2 2151.8 2202 
Pd=4000 (a=18°) 2293.7 2340 2389.8 2458.3 
Pd=4200 2192.2 2248 2302 2441.3 
Pd=2000 817.1 831.4 848.2 864.8 
Pd=2000 (monopole ground return) 1025 1050.5 1075.8 1100.9 
Pd=2000 (monopole metallic return) 1025 1050.5 1075.8 1100.9 
Pd=400 120.3 121.1 122 122.7 
Pd=400 (reduce the voltage by 10%, and 
increase the firing angle) 322.2 322.8 323.4 324.7 

	

4.3 	Reactive Power Support Capacity of AC System 

4.3.1 Reactive Power Supply Capability of AC System 

The converter station on the sending end incorporates large-sized power plant, which 
may provide an amount of reactive power to the converter station. However, since 
the fossil-fired power plant connected into the converter station through the 500 kV 
line is far from the converter station, it is not suitable to supply a great deal of 

reactive power. So it is assumed preliminarily that the AC system is incapable of 
providing reactive power support to the converter station on sending end. 

A part of the additional reactive power compensation capacity required for DC 
overload operation is balanced by the capacity of the standby compensation sub-bank 
provided at the converter station; the other part may be provided by the AC system. 

4.3.2 Reactive Power Absorption Capacity of AC System 

Considering that the auxiliary AC projects in the vicinity of the converter stations at 
the sending and receiving ends have not yet been provided with appropriate reactive 
power absorption measures, it is provisionally assumed that the AC system in the 
vicinity of the converter stations at the sending and receiving ends is incapable of 
reactive power absorption, and the inductive reactive power should be compensated 
locally at the converter stations. 

	

4.4 	Reactive Power Compensation Configuration of Converter Station 

According to calculations, the total capacity of capacitive reactive power 
compensation of Matiari converter station is taken as 2610 Mvar provisionally. The 
reactive power compensation capacitors are divided into 4 banks and subdivided into 
16 sub-banks. Each sub-bank has a capacity of 150 Mvar to 180 Mvar (there are two 
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sub-bank sizes: the low capacity size is 150 Mvar, and the high capacity size is not 
greater than 180 Mvar). 

It is recommended that at least one 500kV power source in the vicinity be started 

when the DC system is put into operation. 

The final division of sub-banks should be determined by further studies according to 

the actual conditions including switching level, system harmonics, and the 
arrangement of converter station. 

As for inductive reactive power compensation, in this phase, 4 banks of low-voltage 

reactors are provided on the 35 kV low-voltage side of Matiari converter station 

preliminarily, each bank with a capacity of 60 Mvar. These reactors should be of 

outdoor dry-type air-core design. In the actual engineering design, the configuration 

of low-voltage reactors should be further optimized according to the actual condition 
of the low-voltage bus of converter station. 

4i 
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5. 	Project Planning 

5.1 	DC System Operation Modes 

4 	This project is a typical DC transmission project of bipolar neutral grounding at two 

terminals. Conventionally, its basic operation modes should include bipolar operation, 

monopolar ground return operation, and monopolar metallic return operation. 

By referring to experience with Ningdong-Shandong ± 660kV DC transmission 

project, a 12-pulse converter valve group is considered for each pole. The main 

operation modes of the ±660kV HVDC from Matiari to Lahore project are as 
follows: 

1) Bipolar full voltage operation; 

2) Monopolar metallic return operation; 

3) Monopolar ground return operation; 

4) Reverse power operation; 

5) Reduced voltage operation. 

6) Additional control functionality required for DC system 

To improve the AC system performance, the DC system should have the following 
control and auxiliary control functions according to experience: 

1) Power swing damping in the case of major accident on the AC system; 

2) Reactive power control of the converter station which is transmitting power; 

3) Emergency active power support or flow reversal; 

4) Control of AC system frequency; 

5) Control of AC bus voltage in converter station; 

6) Suppression of sub-synchronous oscillation of AC system. 

5.2 	Main Performance Requirements for DC System 

5.2.1 DC System Ratings 

With the DC system operating continuously under ratings and the Matiari converter 
station sending power to Lahore converter station, the following continuously 

operation ratings should be available on the DC line side of the converter station's 
smoothing reactor: 
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Rated power: Bipolar 4000MW, monopolar 2000MW 

Rated voltage: ± 660kV 

Rated current: 3030A 

5.2.2 Minimum Transmission Power of the DC System 

According to engineering experience, the minimum DC current of the project is 

tentatively taken as 10% of the rated DC current, that is, the minimum transmission 

power of the DC system is 10% of the rated power. 

5.2.3 Reduced Voltage Operation Capability of the DC System 

Based on practical experience and capacity of related equipment, the minimum 

voltage of the Matiari-Lahore HVDC project is tentatively considered to be 70% of 

the rated voltage. For 70%-100% of the rating, the transmitted power of the DC 

system will be 70%-100% of the rated power. 

5.2.4 Power Reversal Capability of the DC System 

The sending end of the project has no special requirements for power reversal, that is, 

the inherent capability of the DC equipment will be used and no additional 

equipment will be purchased. 

5.2.5 Reliability Requirements for DC System 

To be agreed with the owner. 

5.2.6 AC System Operating Voltage and Frequency 

According to the conclusions of flow and stability calculation, the operating voltage 

and frequency range of the AC bus of Matiari converter station is tentatively 

determined as follows: 

(1) Operating voltage 

The normal voltage at the sending end converter station for 500kV is taken as 

475-540kV, the rated voltage of the 500kV bus on the converter AC side is 

taken as 505-525kV, and the post-accident voltage is taken as 450-550kV. 

(2) System frequency 

The normal fluctuation of the sending end converter station bus frequency is 50 

± 0.1Hz. In the case of a fault, the system frequency range is tentatively taken 

as 49.4-50.5Hz, the fluctuation range after the fault is cleared should be 50 ± 

0.2Hz. 
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5.2..7 Overload Requirements for the DC System 

HVDC systems generally run with continuous rated power, but considering the 
design margin of equipment, environmental temperature changes and other factors, 
the DC system should have a certain overload capability. The overload capability can 
be divided into transient overload and short-term overload capability based on the 
duration of overload. 

A stronger transient overload capacity will help improve the system transient stability. 
The short-term overload capacity is mainly intended to send more power and reduce 
the impact on grid operation when the AC and DC equipment is out of service for 
some reasons. 

For this project there are no special requirements for DC overload capacity. By 
referring to overload capacity of HVDC projects in China and other countries, the 

2-hour overload capacity of the DC system is tentatively considered to be 1.1 times 
the rating without costs for additional equipment. The 3-second overload capability 
of DC system is taken as 1.2 times the rated transmission capacity without increasing 
additional commutation equipment. 

The values of the overload capacity of the Matiari-Lahore DC system should be 
determined based on R&D progress of equipment, without causing additional costs 
or difficulty in construction. 

5.3 	Requirements for the Main Technical Parameters of the DC System 

5.3.1 	Requirements of the Grid for Electrical Connections in Converter Stations 

A 12-pulse valve group is recommended for each pole. A converter station will be 
provided with a 500kV bus, with 3/2 circuit breaker connection. The sending end 
converter station is planned to have 18 500kV bays, 14 in this phase, including 6 
power source incoming lines, 2 system connection lines, 1 line to Jamshoro 
substation, 1 line to Moro substation, 4 banks of capacitors and filters, and 2 
converter transformer incoming lines. 

5.3.2 Requirements of the Grid for Converter Transformer Parameters 

(1) The parameters of converter transformer in the Matiari (the sending end) 
converter station are as follows: 

Short-circuit impedance percentage Uk is tentatively considered as 18%, which 
will be further optimized based on equipment manufacturing capability and 
transportation; 

Type of converter transformer: single-phase two-winding transformer, in Y0/A 
and Y0/Y connection; 
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Configuration of converter transformer: 	12 + 2; 

Single-phase two-winding capacity: 	 Uk = 18%, 401MVA; 

Tap range on the HV side of converter transformer: 	Uk = 18%, -7-+23. 

5.4 	Primary Electrical Design of Converter Station 

5.4.1 Valve Hall and Converter Transformer Arrangement 

Valve hall and converter transformer area are the core area of a converter station. The 

delivery power of the converter station is 4000MW. In addition, the costs of 

converter transformer and valve hall account for a large part of the total investment 
of the converter station, therefore, the primary consideration in arranging the valve 

hall and converter transformer will be their operational safety, and investment will be 
considered as well. 

Based on the design of one 12-pulse valve group for each pole, double valve will be 
used. 

In the case of double valve, the valve tower will be about 13m high. Each valve hall 

will have six valve towers. With single-phase two-winding converter transformer and 

double valve arrangement, the 6 converter transformers of each pole will be arranged 

in a line on the AC incoming line side of the valve hall. The 12 valve side bushings 

of the converter transformers will be led into the valve hall, then connected to the 

12-pulse valve group after a Y/A connection in the valve hall. The converter valves in 
the valve hall will be double valves, six groups per pole, suspended. 

5.4.2 DC Switchgear Type and Layout 

Outdoor DC yard will be used. 

In the DC yard, the equipment will be arranged symmetrically for the two poles. The 

DC neutral bus equipment will be arranged in the center of the field, the line bus 

equipment on two sides, and two DC filter banks will be arranged between the DC 

neutral bus and the pole bus. The DC filters and pole bus smoothing reactors are 

arranged in low locations, surrounded by security fencing. The DC filter capacitors 
are installed with supports. 

5.4.3 500kV AC Power Switchgear 

1) 500kV AC switchgear 

3/2 circuit breaker connection will be used on the 500kV AC side, in three 

rows. Two converter transformers are directly elevated to a series. The #1, #2, 

#3 and #4 AC filter banks will be led to the string through overhead line. 
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2) Equipment on the step-down transformer circuit 

The two step-down transformers will be led to the two 500kV main buses 
respectively through open AC switchgear. 

5.4.4 AC Filter Arrangement 

AC filters are connected in series in the form of banks. For this phase 16sub-banks 

are considered, with 9 being 150Mvar, and 7 being 180Mvar. All AC filter banks will 

be arranged in a line. All AC filters of the converter station will be centralized for 
clearing demarcation of zone and use of noise reduction measures. 

5.4.5 35kV Switchgear Arrangement 

35kV AC switchgear will be connected with a single bus, with the switchgear 

arranged outdoor. Two 35kV buses will be provided, each connected with two 

60Mvar LV reactors and one 35/11.5kV auxiliary transformer. 

5.4.6 	Electrical General Layout Plan 

The electrical general layout plan will be determined as follows: 

1) The direction of ± 660kV DC and 500kV AC outgoing lines should meet the 

requirements of AC and DC line corridor, minimize angle towers, and avoid 

line crossover. 

2) 3/2 circuit breaker connection will be used for the AC 500kV switchgear, 

connection of AC filters will be considered based on use of live tank 

circuit-breaker. 

3) Four banks of AC filters are proposed. 

4) Double valve arrangement is tentatively proposed for valve hall. 

5) Outdoor DC yard is considered. 

In response to the main electrical connection, the electrical general layout plan 

of the Matiari converter station is as follows: 

The control building, valve hall, converter transformers and 35kV switchgear 

are arranged in the center of the station area, the DC yard in the east, and ± 

660kV DC transmission lines are led to the east. The 500kV AC switchgear 

will be arranged in the west of the station area. The lines to Moro substation 

will be led from the north, and all other 500kV AC lines will be led from the 

south. The AC filter will be arranged in the north. Spaces will be reserved for 

additional main transformers, 500kV and 220kV lines. 
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5.4.7 	Lightning Protection 

Ground wire will be used as lightning protection measures for this project: ground 

wires will be used for the valve hall, converter transformers and 500kV AC 

switchgear area protection; for buildings which cannot be protected by ground wires 

and lightning rods (such as comprehensive building, integrated pump house, garage 
and other buildings), roof lightning strip will be used. 

Given that copper ground wires are used in most recent converter stations in China, 
copper conductors are considered for the earth grid. 

5.5 	Secondary Electrical Design of Converter Station 

(1) Design principles 

(a) The converter stations will be designed on a manned basis. An integrated 

computer monitoring and control system will be built for the AC and DC 
systems. 

(b) The monitoring, measurement, control and other functions of all 
equipment in the station will be realized by the computer monitoring and 

control system, which will be of a modular, hierarchical, distributed, and 
open architecture. 

(c) The HVDC control system will be of a hierarchical distributed 

architecture. The sampling units, data bus, master device to control port, 
should be fully in duplicated configuration. 

(d) The HVDC protection offers protection for pole/two poles, DC 

switchyard, DC lines and earth electrode lines, which are divided into 

multiple overlapped protection zones. The protection zones and 

configuration shall ensure all devices are under comprehensive protection. 

Triple redundant protection will be used for the HVDC system. 

(e) The HVDC protection and control systems will be separate. In function 

and configuration of control cabinets, the protection systems of the two 
poles should be completely independent. 

(f) HVDC control and protection system is suitable for both rectifier 
operation, inverter operation can be applied. 

(g) In the 500kV AC yard, a relay bay will be provided, and control and 

protection devices will be provided corresponding to the AC equipment 

bays. HVDC control and protection cabinets, converter transformer 

control and protection cabinets will be arranged in in the respective 

rooms in the control building; the control and protection cabinets of AC 
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filters, capacitors and reactor banks, and AC lines will be arranged in the 
local AC relay room. 

(h) Based on the characteristics of HVDC systems, auxiliary DC power 

supplies will be provided respectively to DC P I, P II, common 
equipment of the station and AC local relay room. 

(2) Computer monitoring and control system 

The Matiari converter station will be designed on a manned basis. The 

computer monitoring and control system will be of object-oriented design. 
Through full use of computer technology, modern control technology, network 

communications technology and graphics technology, an integrated automation 

system of control, measurement, telecontrol and modern comprehensive 

management. The computer monitoring and control system will he of modular, 
hierarchical distributed network architecture. The operators may use the HMI 

in the control room to monitor, control and record all the equipment in the 

converter station, and send related information to control centers through 
remote communications devices. 

(3) HVDC control system 

In addition to basic control of various operation modes, the HVDC control 

system includes various basic controllers and limiters, and is capable of 

maintaining the controlled signals such as DC power, DC current, DC voltage 

and converter firing angle within the steady state limits of primary DC 

equipment. The control system also has the ability to suppress transient 

overcurrent and overvoltage, and to recover steadily within the specified 
response time after AC or DC system failures. 

The HVDC control system will be of a hierarchical distributed architecture. 
With the purpose of assigning control functions to the lowest possible layer, the 

HVDC control system is divided into the following by function: double-pole 
control layer, pole control layer and converter valve control layer. 

The sampling units, data bus, master device to control port, should be fully in 
duplicated configuration. 

(4) HVDC protection system 

The HVDC protection system is arranged based on protection zones. The 

protection system of the converter station is divided into the following seven 

protection zones: AC filter/shunt capacitor protection zone, converter 

transformer protection zone, converter protection zone, DC line protection 

zone, DC filter protection zone, DC switchyard protection zone, and DC earth 

electrode line protection zone. Each protection zone and adjacent protection 
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zone are overlapped to ensure that there is no dead zone. Triple redundant 
protection will be used for the HVDC system. 

Among them, the DC filter protection and converter transformer protection will 

be provided by the pole protection; three sets of electrical quantity protection 

and non electrical quantity protection will be provided for each pole; 
duplicated protection will be provided for the AC filters based. 

DC protection of the two poles are completely separate. HVDC protection and 
DC control systems will be relatively independent, both in redundancy. 

Component protection 

Duplicated protection will be provided for the main and standby 500/35kV 

step-down transformers, that is, two sets of independent electrical quantity 

protection and one set of non electrical quantity protection will he provided in 

two cabinets. One set of protection in one cabinet will be provided for the 

auxiliary transformer for external power supply and auxiliary 35kV /11.5kV 

transformer. One set of protection arranged in corresponding switch cabinet 
will be provided for the 11 kV/400V transformer. 

One circuit breaker protection and one control box will be provided for each 

500kV auxiliary transformer circuit breaker, arranged in the 500/35kV 
ta 	 step-down transformer protection cabinet. 

One line protection cabinet of the same configuration as the opposite side will 

be provided for the two r connected lines of 132kV. One protection cabinet 
will be provided for the 132kV bus. 

One set of protection will be provided for each 35kV reactor, including current 

quick break protection, overcurrent protection, and zero sequence overcurrent 

protection. One cabinet will be provided for protection of two reactors. 

(6) Transient fault recorder system 

The transient fault recorder system includes AC transient fault and DC 
transient fault recorders. 

DC transient fault recording function is performed by a separate DC transient 

fault recording panel. Separate DC fault recorders are provided for the DC 

system based on pole and converter transformer, used to record the DC system 

valve group pulse sequence, firing angle, extinction angle, power, and current, 

voltage and protection operations and fault information of the HVDC and 

converter transformer circuits. Two converter transformer fault recorder panels 
and two valve group DC fault recorder panels will be provided. 

(5) 
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The fault recorders record the current, voltage of AC filter banks in the AC 

yard, 500kV and 35kV auxiliary transformers and protection operations and 

fault information of various protection devices. Each bank of AC filter will be 

provided with one panel; two panels will be provided for all the transformers. 
4 Fro AC fault recorders related to system protection, see related chapters in 

Volume 3. The recorded AC fault information will be sent to the AC fault 
recorder panel in the relay room. 

(7) DC fault location system 

Two fault location systems will be provided for the HVDC lines of the project, 

mainly using double end detection of fault transient state travelling wave for 

ranging. It uses absolute time difference of the initial travelling wave surge 

reaching from the location of fault on the line to both ends to calculate the 
distance of fault to the ends. 

(8) Station master clock system 

The station will be provided with a clock synchronization system, and the 

master clock should be able to receive GPS reference time signals. For station 

control and process control which has high real-time requirements, hard 

connection will be used for synchronization, such as pulse synchronization and 

B code synchronization; network synchronization will be used for other 

devices. The synchronization of station master clock covers the station 

computer monitoring and control system, DC control and protection system, 

AC protection system, AC and DC transient fault recorder systems, SCADA 
and remote system, and electricity billing system. 

(9) Valve cooling control and protection system 

The valve control and protection system is in redundant configuration for each 

pole. The scope of redundancy extends from power supply of valve cooling 

control system to sensors which provide information to the control system; 

similarly, the digital communications interface with DC control and protection 

system is also redundant. When the main system fails, it will automatically 
switch to the backup system. 

(10) DC power supply system 

Three local relay rooms will be provided for this phase in response to the 

arrangement of AC yard and AC filters. Three DC power supply systems are 

considered for the AC yard of this phase: respectively for P I, P II and common 

devices. Six DC power supply systems will be provided for the station. 

The DC power supply systems will be of 220V. Each DC power supply system 

includes two sets of batteries, three sets of microprocessor-based 

Volume DI-1- 52 



Feasibility Study for 
Volume III-1 

±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Matiari Converter Station 

high-frequency switching power supplies and corresponding DC panels. 
Sectionalized single-bus configuration will be used for the DC power supply 

system. Each section of bus will be connected to a battery and a charger; and a 

common charger will be provided for the two batteries, and can be used as 

backup for any charger. The battery discharge time is 2 hours, and the loads 
will be supplied in the form of radiation. 

(11) AC UPS 

To feed important AC loads such as computer control system, workstations, 
printers, the control building provides two 15kVA AC UPSs, for redundant 

backup for the two poles and in parallel operation. Each UPS includes a 
rectifier, inverter, static transfer switch, and a bypass system. Two UPSs are 

respectively connected to two 220V batteries, with no dedicated battery. Each 

UPS has a full capacity. When AC power fails, the UPS can provide emergency 
power supply for two hours. 

AC relay room will be provided with one inverter power supply system to 
energize the AC loads. 

(12) Meter 

Electricity meters are provided as follows according to the main electrical 
connection of the project: 

One meter will be provided at 500kV AC filters and LV side of 500kV 

auxiliary transformer. Separate panels will be provided for the meters in the 

separate rooms. The meters will communicate with the station computer 
monitoring and control system through serial ports. 

(13) Other auxiliary systems 

The station will be provided with a fire alarm and control system. The capacity, 

performance requirements and corresponding interfaces of fire alarm 

controllers will be provided according to the scale of this phase. However, the 
fire alarm system should have extension spaces to meet future needs. 

A video surveillance system and security guard system will be provided to 
prevent unlawful entry. 

A full chromatography online insulating oil monitoring system will be 

provided for the converter transformers and HV transformers; a leakage current 

online monitoring system will be provided for the valve and DC yard lightning 
arresters. 

(14) Arrangement of control building and protection room 
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Based on the primary equipment of the converter station, the control building 
and 500kV AC relay rooms will be arranged as follows: 

The control building will contain operator control room, P I control and 
protection equipment room, P II control and protection equipment room, 
common and bipolar control and protection equipment room, P I converter 
transformer and DC yard interface room, P II converter transformer and DC 

yard interface room, P I valve cooling equipment room, P II valve cooling 

equipment room, common DC panel room, P I DC panel room, and pole II DC 
panel room. 

The 500kV AC switchyard will be provided with three 500kV local relay 
rooms, each of which will be provided with two battery rooms; 

(a) The secondary devices of #1—#5 500kV series will be arranged in the 
first 500kV local relay room; 

(b) The secondary devices of #6—#10 500kV series will be arranged in 
second 500kV relay room. 

(c) The secondary devices of ACF1-ACF4 will be arranged in the ACF 
500kV local relay room; 

5.6 	Site Planning and General Layout 

The overall planning of the station site mainly takes into account the following 
aspects: 

1) To mitigate the noise impact on surrounding residents, the fence of the converter 

station will be at least 200 m away from the surrounding residential areas, and an 

area is reserved outside the fence walls to the west for future expansion of 500 kV 
system. 

2) As the receiving-end converter station is located to the northeast, the DC outgoing 

line shall run towards the northeast direction and the DC yard shall be located in 
the east or north of the converter station. 

3) The outgoing line of 500 kV AC system leads to the south basically and, therefore, 

the AC switchgear area should be located in the south of the converter station. 

Based on the above considerations, the axis of the station area (i.e., centerline of the 

transport road of converter transformers) is along true south-north direction. The valve 

hall and converter transformer area will be arranged at the center, the DC yard in the 

east, the AC filter banks in the north and the 500 kV switchgear area in the south of the 

station area. A total of 12 outgoing lines are planned, 10 out of which are to be built at 
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this phase. The auxiliary production area is arranged in the northeast of the station area. 

The land within the boundary of the fence walls is sized 27.716 hectare. 

The 100-year flood level at the site is 23.8 m, which is higher than the natural ground 

level, thus necessitating earth fill at the station site to increase the level to 24.0 m. The 

earth fill in the station area is about 2 m high on average. An earth volume of 353,000 
m3  is required to be sourced from outside and 105,000 m3  of planting soil and sludge 
needs to be discarded outside. 

The access road is connected from the national trunk highway N5 to west of the station 

area. A 1180 m long access road will be newly constructed, which has 6.0 m wide 

cement concrete pavement, gravel roadbed and 0.5 m wide clay-bound macadam 
shoulder on either side. 

Roads of cement concrete pavement will be used on the station site, and the 

roadbed will be made of macadam. Main roads (road for transport of converter 

transformers) on the site will be 6.0m wide. The roads for transport of 500kV 

HV shunt reactors and smoothing reactors will be 4.5m wide, with a turning 

radius of 12m. The phase-to-phase road will be 3.0m wide, with a turning 

radius of 7.0m. The ring roads will be 4.0m wide with a turning radius of 9.0m. 

Cable trenches shall be of concrete structure. 

Unpaved surface in the station shall be covered with gravel. 

5.7 	Transport of Large Equipment 

5.7.1 Dimensions of Large Equipment 

The transport dimensions of large equipment, by referring to experience of similar 

projects, are given as follows: 

Transportation 

dimensions 

(m) 

Weight 

(t) 
Quantity 

Yy converter transformer 13x4.5x5 350 7 

Yd converter transformer 12.5x4.5x4.8 310 7 

500/35kV step-down 

transformer 
8.4x3.8x4.3 160 2 

500kV HV reactor 3.8x3.5x3 70 18 for the current phase 

* The exact transport dimensions will be provided by the manufacturers 
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5.7.2 	Transport Conditions 

Chinese equipment will be used for this project. After departure from Chinese 
manufacturers, the equipment will be shipped by water to a port in Pakistan, then by 
land to the site. Pakistan is located in South Asia, landlocked on three sides, with the 
south bordering the Arabian Sea. Pakistan's inland transport relies on road, 
supplemented by rail, but the railway cannot transport large heavy pieces of cargo. 
Most of its inland rives are not navigable for large vessels. So the large equipment 
for this project can be transported by sea and inland road. 

	

5.7.3 	Analysis of Transport Plan 

According to the transport conditions in Pakistan, large equipment will be 
transported by manufacturers to Karachi, a port city in south Pakistan. According to 
site survey, Port Qasim can be used as the receiving port, from where equipment can 
be transported to the sending and receiving end converter stations by road. The 
transport route is as follows: 
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Figure5.7-1: Inland road transport map 
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Port Qasim is about 200km away from the sending end converter station and the 
main route will be the N5 highway, which is a main north-south road equivalent to 
China's national highway. With good roadbed, flat surface, and without high 
gradients, the road has poor conditions at some locations, but suitable for transport of 

• 
	

large vehicles. The problem is that there are many bridges and overhead barriers. The 
road and bridges should be properly protected during transport. 

I 

 

Figure 5.7-2: A large bridge on N5 road 
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Figure 5.7-3: A typical overhead barrier on N5 road 

Figure 5.7-4: An overpass on N5 road, the vehicle can get off the 
bridge through the reverse road 

There are approximately 20 bridges on the road, including a large bridge of about 
500m. Most local bridges have a box girder structure, offering good bearing capacity. 
The overhead barriers on the road limit the height to 6m. With proper measures taken, 
they can meet the passage needs of large equipment for the project. 

5.7.4 Conclusions and Recommendations 

According to the road conditions found during survey, the large equipment for the 
project can be shipped to the site after properly planning and safety measures. As 
informed by the local transport company, equipment heavier than 450t had been 
transported on the road. But transporting over so long a distance by road will involve 
high difficulty and unpredictable factors. The owner is advised to engage a qualified 
transporter to develop a plan for transport of large equipment to the site safely, with 
minimum costs. 
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5.8 	Auxiliary Power 

5.8.1 	Introduction of Auxiliary Power Supply 

In order to assure the operation reliability of converter station, three circuits of 

auxiliary power supply are proposed for Matiari converter station; two circuits will 

be led through 35/11.5kV auxiliary transformers on two 35kV AC buses; the other 

circuit will be led from the 132kV transmission line near the station. The power 

supply lines will be finalized by the owner. 

5.8.2 	Principles of Connection of Auxiliary Power 

Two 500/35kV step-down transformers will be provided in the station; two main 

500kV buses are connected with the HV side by open AC switchgear; LV side is 

connected to 35kV system of the station. The two 11kV power supplies are led from 

the LV side of two 35/11.5kV auxiliary transformers. The station standby power 

supply is temporarily led from 132kV transmission line near the station in an 

overhead manner. The owner will finalize the power supply routes. 

Single bus connection and open arrangement will be used for 132kV switchgear; 

132kV transformer has two outgoing circuits and 132/11.5kV auxiliary transformer 

has one incoming circuit. Bus PT will be provided. 

111., 	 Single bus in two sections will be used for the 11kV system; each section is supplied 

by a separate 1-circuit main power supply; besides, one standby section will be 

provided. Each 11kV working section is connected with two 11/0.4kV, 2500kVA 

low-voltage auxiliary transformers for valve group's auxiliary load. Besides, each 

11kV working section is connected with one 11/0.4kV (2500kVA) low-voltage 

auxiliary transformer for common load of converter station. 

5.8.3 Auxiliary Power Equipment and Arrangement 

(1) Selection of auxiliary transformer 

The auxiliary transformer includes two 35/11.5kV auxiliary transformers and 

one 132/11.5kV auxiliary transformer; the low-voltage auxiliary transformer 

includes six 11/0.4kV auxiliary transformers. 

(2) Selection of high/low-voltage distribution panel 

1) High-voltage switch cabinet 

Trolley or intermediate switch cabinet will be provided as 11kV 

high-voltage switch cabinet and vacuum circuit breaker will be provided 

inside. 

2) Low-voltage switch cabinet 
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Drawer type or plug-in intelligent switch cabinet will be provided as 400V 
low-voltage switch cabinet (PC, MCC and so on). . 

5.9 	Buildings and Structures 

5.9.1 Buildings 

±660kV Matiari converter station includes the following buildings: one P I valve hall, one P II 
valve hall, one control building, one 11kV switch cabinet building, one 400V common 
switchgear building, three 500kV relay and battery building s (500kV No. 1 relay and battery 
building, 500kV No. 2 relay and battery building and 500kV No. 3 relay and battery 
building),one metering building ,one spare parts warehouse, one Specially store, one Spare 
flat wave reactor chamber ,one integrated water pump house, one dormitory building for 
chinese ,one refectory for Chinese, one activity building, one dormitory building for 
Pakistani ,one refectory for Pakistani,one office building for operating crew, three guard 
buildings and gates, some watchtowers,one office building,one dormitory building for 
security personnel,one dormitory building for managers,one dormitory building for laborers. 

The total building area is about 25781m2. 
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List of new buildings in the station 

No. Name of buildings 

Building dimensions 

(m) Classification of 

fire hazard 

Refractory 

level 

Number of 

floors 

Building 

area 

(m2) 

Qty' 

(building) Length x Width x 

Height 

1 P I valve hall 

84x35x30 (lower 

chord of roof truss 

24.75) 

IV Level II Single floor 3075 1 

2 P II valve hall 

84x35x30 (lower 

chord of roof truss 

24.75) 

IV Level II Single floor 3075 1 

3 Control building 33.6x37.9x18.9 V Level II Three floors 3243 1 

4 
11 kV switch cabinet 

building 
15.6x9.6x4.4 V Level II Single floor 162 1 

5 
400V common 

switchgear building 
12x9.6x4.4 V Level II Single floor 118 1 

6 
500kV No. 1 relay and 

battery building 
36.6x9.6x4.2 V Level II Single floor 373 1 

7 
500kV No. 2 relay and 

batterybuilding 
39.8x9.6x4.2 V Level II Single floor 405 1 

8 
500kV No. 3 relay and 

battery building 
36.6x9.6x4.2 V Level II Single floor 373 1 

9 
Maintenance and spare 

parts warehouse 
78x15x13.97 IV Level II Single floor 1274 1 

10 
Integrated water pump 

house 

40x8.5x7.8 

(excluding 

underground part 3m) 

V Level II Single floor 344 1 

11 metering building 9.6x3.4x3.7 V Level II Single floor 39 1 

12 Specially store 5.1x5.1x3.9 V Level II Single floor 29 1 

13 
Spare flat wave reactor 

chamber 
8.6x8.6x5.9 V Level II Single floor 82 1 

14 
dormitory building for 

chinese 
49.2x9.3x14.4 V Level II 

Four floors 

(floor height: 

3.6m) 

1888 1 

15 refectory for Chinese 30x9.0x5.4 V Level II Single floor 280 1 

16 activity building 24x9.3x5.4 V Level II Single floor 231 1 

17 
dormitory building for 

Pakistani 
45.6x8.1x14.4 V Level II 

Four floors 

(floor height: 

3.6m) 

1528 1 
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18 
office building for 

operating crew 
38.4 x27.6x 11.7 V Level II 

three floors 

(floor height: 

3.9m) 

2052 1 

19 refectory for Pakistani 30x9.0x5.4 V Level II Single floor 280 1 

20 
guard building and 

gate 
5.7x5.1x3.0 V Level II Single floor 32 3 

21 watchtower 3.0x3.0x7.5 V Level II Two floors 22 5 

22 

dormitory building for 

security personnel 75.6x7.8x3.6 V Level II Single floor 610 1 

23 Office building 42x27.3x8.4 V Level II Two floors 1424 1 

24 
dormitory building for 

managers 
72x37.9x3.6 V Level II Single floor 1654 1 

25 
dormitory building for 

laborers 
90.1x30x7.2 V Level II Two floors 3036 1 

Total / / / / 25781 31 

5.9.2 	Structure 

5.9.2.1 Design Conditions 

Designed wind speed: the owner's recommended maximum instantaneous (3s) wind 

speed (at an altitude of 10m and frequency of once every 50 years) is 160km/h: 44.4m/s. It is 

converted into maximum average wind speed (10min) of 31.1m/s. 

Basic earthquake intensity: The converter station belongs to 2A area. The peak 

acceleration of ground motion is 0.14g under 10% frequency of once every 50 years. 

5.9.2.2 Design Standards 

(1) ASCE 7-10 minimum design loads for buildings and other structures . 

( 2 ) ACI 318-11 Building Code Requirements for Structural Concrete and 

Commentary . 

(3) AISC 341-05 seismic provision for structural steel buildings . 

(4) ASCE 10-97 Design of Latticed Steel Transmission Structures . 

(5) ASCE 113-2008 Substation Structure Design Guide . 

(6) ACI 543R-00 Design, Manufacture, and Installation of Concrete Piles . 

(7) AISC 360-10 Specification for Structural Steel Buildings. 

(8) ACI 530-11 Building Code Requirements for Masonry Structures. 
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5.9.2.3 Structural Type 

Valve hall: It is in single floor; P I valve hall and P II valve hall will be provided. The 

main structure is steel—reinforcement concrete frame structure; the roof is in the form of 

trapezoid steel roof truss. The double-layer heat conservation compressive steel sheet will be 

provided for the roof plate. The fire wall is in the Reinforcement concrete frame structure 

Spare flat wave reactor chamber and Maintenance and spare parts warehouse:Steel 

structure will be adopted. 

The integrated water pump house includes above-ground and underground parts. The 

above-ground part is in the single-floor reinforcement concrete frame structure and 

underground part will be in the form of pond and is in the cast-in-situ reinforced steel 

concrete box structure. 

All other buildings (Control building, relay and battery building, office buildings , 
refectories, refectories, Specially store, metering buildings, common switchgear building etc ): 

Reinforcement concrete frame structure will be adopted. 

Water related building (structure): The deep well pump house is in the single-floor R.0 

frame structure. The industrial fire-fighting water pond, spray water pond, sewage adjustment 

pond and accident oil collection pond are in the reinforced steel concrete box structure. The 

foundation of embedded sewage treatment unit is made of reinforced steel concrete plate 

foundation. The rainwater valve foundation is made of reinforced steel concrete plate 

foundation. The underground water discharge pump station is in the reinforced steel concrete 

box structure; the bottom of pond has an embedment depth of about -9.10m. 

The gantries and equipment supports will be latticed steel structure with cast-in-situ R.C. 

stepped footing. Connections of members will be bolted. Gantry will be mounted on the 

foundations by means of anchor bolts embedded in the foundation concrete. 

5.9.2.4 Soil and Foundation 

Foundation dimensions and buried depth are calculated based on the data available from 

the geological report. Gantry foundation will be buried to 2.0m-3.5m deep. Equipment 

support foundation will be buried to 1.5m-2.5m. Foundation shall be placed on undisturbed 

soil layer, otherwise pile foundation should be adopted. 

5.9.2.5 Standard for structural design 

A) RC structure 

Deflection of members shall be no greater than L/240 (9.5.2.6 of ACI 318, the latest 

version) 

B) Steel structure 
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Deflection of framework beams shall be no greater than L/300, and deflection of 
framework columns shall be no greater than H/150. 

C) Slenderness Ratio 

Table4.1.4-3 	Limiting Slenderness Ratio (refer to ASCE 10 part 3.4, the latest version) 

Main compression member 150 
Secondary members carrying calculated 

stresses 200 

Redundant members without calculated 
stresses 250 

All tension-only members 350 
D) Connection of steel structure 

Connection method: Factory fabrication -- Bolt connection & welding; On-site-- Bolt 

connection. 

Bolts and nuts: Grade 4.8 6.8 and 8.8 galvanized bolts will be used, with minimum 

diameter 12mm. All bolts will be completed with galvanized washers. Each bolt will be 

provided with one flat washer and one spring washer. 

Welding: Q235B and Q345B steel electrodes shall use E43 type and E50 type. The 

welding operation shall be avoided as far as possible for the Q420B high-strength steel. Weld 

metal shall match the metal material of members to be connected.When steels of different 

strength are to be connected, the weld material matching the low strength steel way be used. 

Table4.1.4-4 Summary of bolt Stren th 

Material o rigin Grade  
Yield strength 

(N/mm2) 
Tensile strength 

(N/mm2 ) 

China 

4.8 320 400 
6.8 480 600 
8.8 640 800 

5.9.2.6 Materials 

(1) Steel 

Steel Q235B and Q345B will be used as steel for gantry and equipment support. 

Calculation shall be carried out as per ASCE or ACI standard. 

a) Main member angle steel : Q345B 

b) Web member angle steel: Q235B 
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c) Walkway, ladder: Q235B 

d) Anchor bolt: Q345B 

Table 4.1.4-5 Summary of Steel Strength 

Material 

origin 
Brand 

Thickness 

(mm) 
Yield strength 

(N/m m2) 
Tensile strength 

(N/mm2) 

China 

Q235B 
t<16 235 

375 
16<t<40 225 

Q345B 

t<16 345 

470 16<t<35 325 

35<t<50 295 

(2) Concrete 

Table4.1.4-6 Summary of Concrete Strength 

Item 

THE 	SPECIFIED 	COMPRESSIVE 
STRENGTH 	OF 	CONCRETE, 
CYLINDRICAL MODEL ON 28-DAY 
TESTS: fc' 

Foundation 28 N/mm2  
Beam, column, slab 28 N/mm2  
Cable trench 28 N/mm2  
Pre-fabricated member 28 N/mm2  
bedding course 14 N/mm2  
Others 28 N/mm2  

(3) Steel bar 

Table 4.1.4-7 Summary of Steel Bar Stren th 

Category 
(Nimm2) 

Yield strength 

_ 

Remark 

Grade 40 280 

Grade 60 420 

Grade 75 520 

(4) Anti-corrosion of steel structure 

The steel for gantry and equipment support will be hot-galvanized for corrosion 

resistance. The steel buildings will be painted for corrosion resistance..And zinc-rich painting 

will be used at site for local anti-corrosion treatment where the zinc coat is damaged. 

5.9.2.7 Noise 

According to the Pakistan standard THE GAZETTE OF PAKISTAN, EXTRA, 

NOVEMBER 26, 2010, the sound environment of various functional areas and related 
discharge limits are formulated as follows: 

Volume III-1 - 65 



Feasibility Study for 	 Volume DI-1 
±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Matiari Converter Station 

National Environmental Quality Standards for Noise 

S. No, category  (0'. Area  I 

• Zone 

Effective from 	 Effective from 
1st July, 2010 	- 	 1st July. 2012 

 

411, 	 Limit in d131Ai Leg - 

Day Time 	Night Time 	pay Time 	Night Timc 

Residential area (A) 	6 i 	 50 	 55 	 45 

2. commercial area (B) 	70 	 60 	 65 	 55 

5. 	Industrial area (C) 	130 	 75 	 75 	 65 

4. • Silence Zoe (DI 	55 	 45 	 50 	 45 

-•, 	 •• 	-1-•,_ -• 	..... _ 

Aitqc 	I. 	Day tiinc holm.: 6,00 a. at to 11100 p. in, 

Night time hours: 10.00 p. m. to 6110 

3. Silence zone: Zones which arc declared as such by the competent authority. An area 
comprising not less than 100 meters around hospitals. educational instiunions and court:. 

4. Mixed categories of areas may be declared as one of the lour atx.wcenientioned categories 
by the competent authority. 

weightc.xl average of the icvct of sound in decibels on scale which is relatabic 
to human heating, 

The noise at the boundary of the converter station is in accordance with Chinese 
standard ( Emission Standard for Industrial Enterprise Noise at Boundary 
GB12348-2008) 2 level: the daytime noise level is less than 60dB(A) and night 

noise level is less than 50dB(A). And for area 150 meters far away from the fence of 
converter station, the noise should be less than 45dB(A) in night time and 55dB(A) 
in day time. 

5.10 	Water Systems 

5.10.1 Water Supply System for Station Area 

The water supply system for station area includes domestic, productive and fire 
protection water supply systems. 

Domestic water supply system includes a 30m3  stainless steel water tank, domestic 
a1 water supply unit and domestic water supply pipe network, etc. Variable-frequency 

constant-voltage water supply is adopted for domestic water supply unit, the 
designed water supply flow is 25m3/h and water supply pressure is 45m. 
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Productive water supply system shall mainly provide make up water for the cooling 
water system outside the converter valve. That system is composed of a productive 
water tank and 4 sets of productive water supply pumps (two in use and two standby) 
as well as its water supply pipeline, etc. The effective water storage volume o 

6i 

	

	 productive water tank is the water consumption for five days of production. The 
make up water of cooling water system outside valve for each pole is an independent 
water supply system, after is pressurized by one set of working centrifugal pump (the 
other set of water pump is standby) by the water taken from water tank, it shall be 
delivered into corresponding cooling water tank outside valve through pipeline. 

The fire protection water supply system shall provide fire protection water for indoor 
and outdoor fire hydrant of building as well as water atomizing extinguishing system 
of converter transformer. The system adopts independent temporary high-pressure 
water supply system, and it is composed of fire-water pond, fire supply pump unit 
and the fire supply pipe network equipped with fire hydrant, etc. In order to avoid 
deterioration of water quality caused by long-term disuse of water protection water, 
the measures for ensuring water protection water not to be used for other purpose are 
taken into consideration, the mode of jointly constructing fire-water pond and 
productive water tank shall be adopted, and the storage quantity of fire protection 
water shall be 300 m3. 

5.10.2 Drainage System 

Organized split water drainage system shall be adopted for water drainage in the 
station area, i.e., rainwater and valve cold drainage system, domestic sewage 
treatment and reuse system as well as emergency oil drainage system. 

The rainwater in the station area shall be collected by the storm water inlet on the 
ground beside road, and it shall be converged to the rainwater pump station through 
underground water drainage pipe before being pumped to outside the station. 

The cooling system outside valve inside station has little water drainage, the water 
quality is unpolluted, and it shall be considered to be drained to rainwater drainage 
pipe network through pipe. 

Domestic sewage treatment and reuse system shall be responsible for collecting the 
domestic sewage of comprehensive building, master control building and safeguard 
doorkeeper's room through pipe, and delivering into the buried integrated sewage 
treatment device for disposal, then it shall be collected into the wastewater tank 
through biochemical secondary treatment, so as to be reused for greening in the 
station. 

For the emergency oil drainage of oil-bearing equipment, such as converter 
transformer and reducing transformer, etc., through collection by the oil pit at the 
lower position, it shall be converged into the emergency oil collecting basin through 
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underground oil drainage pipe, water shall be drained out into rainwater drainage 

pipe network after separation of oil and water, and oil shall be stored into the 
emergency oil collecting basin for recovery. 

5.11 	Ventilation and Air Conditioning System 

(1) General 

Air conditioning and/or other environmental control systems will be provided for all buildings 

and process areas to ensure satisfactory operation of the HVDC system under the range of 

climatic conditions to which the station may be subjected. These systems will provide for 

personnel comfort and equipment operational reliability. Areas requiring environment control 
will at least include: 

• Valve hall 

• Control room 

• Electrical equipment room 

• Communication equipment room 

• Office, meeting room, documentation room, duty room 

• Pump house 
V 

• Battery room 

• Valve cooling equipment room etc. 

List of Indoor Design Criteria for Buildings or Rooms 

Room Temperature Relative Humidity 

Summer Winter Summer Winter 

Valve Hall <50°C 10 °C 20-60% 20-60% 

Control Room 2428°C 16-18°C 5070% 50-70% 

Protection 	Equipment 

Room 

24-28°C 16-18°C 50-70% 50-70% 

Communication 

Equipment Room 
24-28°C 1618°C 5070% 50-70% 
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Valve Cooling Control 

room 

2428°C 1618°C 50-70% 50-70% 

Office 26-28°C 1618°C --•_70% - 

Meeting Room 2628°C 16-18°C -.70% - 

Documentation Room 26-28°C 16-18°C 70% - 

400V 	Distribution 

Room 

-._35 °C - - - 

DC Panel Room .-.30 °C 16-18°C -70% - 

Battery Room -.--.30 °C 16-48°C - - 

Valve 	Cooling 

Equipment Room 

,.35 °C _-10 - - 

Relay Room 24-28°C 16-18°C ..70% - 

10kV 	Power 

Distribution Room 

--- -35 °C - - - 

Duty Room 24-28°C 16-18°C -. 70% - 

Rest Room 24-28°C 16-18°C --70% - 

Canteen 24-28°C 16-18°C -70% 

(2) Ventilation for Valve Hall 

Each valve hall will be provided with an independent ventilation system by two redundant air 

handling units with 100% capacity per each, one operation and one standby. to maintain 

indoor temperature and relative humidity at an acceptable level for normal operation of 

electrical equipment inside the valve hall. Also a slight overpressure (5-10Pa)will be provided 

inside the hall to prevent the infiltration of dust through building enclosure. 

Air handling unit will be consisted of return fan section, return air and fresh air mixing 

section, filter section, cooling coil section, auxiliary electric heater section, muffler section 

and supply fan section etc. 

The ventilation system for valve hall will be a closed cycle and the total air volume in the 

valve hall will be re-circulated through the main filters. Normally in favorite outdoor 

conditions the air in valve hall will be sucked to AHU, mixed with fresh air up to a maximum 

of 20% of the total air requirement, then cooled or heated, dehumidified or humidified, 

filtered and supplied back to the hall via air ducts by supply fan of AHU to maintain the 

specified conditions inside the valve hall. In hot days in summer, two redundant air cooled 

water chillers with 100% capacity per each, one operation and one standby, will be provided 
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to supply chilled water (about 7°C) to cooling coil inside the air handling unit for cooling the 
circulated air. 

Overpressure inside valve hall can be realized by adjusting the fresh air damper and exhaust 

0 	volume through valve hall enclosure. 

air damper to make the fresh air volume exceed the exhaust air volume plus air leakage 

The power for ventilation equipment for valve hall will be cut off by fire alarm signals to 
prevent the spreading of the fire in the case of fire. 

Each valve hall will be served with smoke exhaust fans for smoke evacuation after the fire has 
been distinguished, if fire occurs inside the hall. 

Water chillers and air handling units will be located on the ground outside the valve hall. 

(3) Ventilation and Air Conditioning for Control Building 

Central air conditioning systems will be provided for control building of which the main 
equipment will be 2 X 100% air-cooled water chillers and 2 X 100% air handling units, one of 

each equipment will be in operation and another standby. 

The air cooled water chiller will produce chilled water in summer and hot water in winter to 

cooling coil inside AHU, AHU will supply cooled or heated, de-humidified, filtered air via air 

ducts to the rooms needing air conditioning, and return air will be drafted back to AHU for 

fir 	re-treatment. 

Valve cooling equipment room and ventilation plant room will be provided with mechanical 

exhaust system by axial fans for normal ventilation, the air changes per hour will not be less 

than 5 times. 

Axial fans will be equipped for 400V distribution room for emergency ventilation and air 

changes per hour will be larger than 12 times per hour. 

Battery room will be provided with a mechanical ventilation system by explosion proof & 

anti-corrosive axial fan to exhaust hydrogen and acid gases to the outside. The air changes 

will not be less than 3 times per hour. 

Toilet will be provided with mechanical exhaust by ceiling type ventilator with air changes 

per hour not less than 6 times. 

If fire occurs at control building, the related ventilation and air conditioning equipment will 

trip by fire alarm signals to prevent the spreading of the fire. 

I 
	(4) Ventilation and Air Conditioning for Relay Room 

Air cooled split air conditioners will be provided for relay room and battery room to maintain 

the indoor temperature and relative humidity required for normal operation of electrical 
panels and battery. 
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The air conditioner for battery room will be of explosion proof type. 

One redundant air conditioner will be provided above the quantity required to achieve the 
operating indoor environment for rated power. 

0 	Battery room will be provided with a mechanical ventilation system by explosion proof & 

anti-corrosive axial fan to exhaust hydrogen and acid gases to the outside. The air changes 

will not be less than 3 times per hour. 

Axial fans will also be provided for relay room for ventilation during installation and 

maintenance. 

The power for ventilation and air conditioning equipment will be cut off automatically by fire 

alarm signals to prevent the spreading of the fire in the case of fire. 

(5) Ventilation and Air Conditioning for 11 kV Power Distribution Room 

Normal and emergency ventilation by axial fans will be provided for 11 kV power distribution 

room and the air changes will be larger than 12 times per hour. 

In addition to the ventilation system mentioned above, air cooled split air conditioners will 

also be provided to maintain the indoor temperature not higher than 35°C to ensure the normal 
operation of the electrical equipment during hot days in summer. 

The air conditioners and fans will be powered off automatically in the fire circumstance. 

(6) Ventilation and Air Conditioning for Common 400V Power Distribution Room 

Normal and emergency ventilation by axial fans will be provided for common 400V power 

distribution room and the air changes will be larger than 12 times per hour. 

In addition to the ventilation system mentioned above, air cooled split air conditioners will 

also be provided to maintain the indoor temperature not higher than 35°C to ensure the normal 

operation of the electrical equipment during hot days in summer. 

The air conditioners and fans will be powered off automatically in the fire circumstance. 

(7) Ventilation and Air Conditioning for Office Builing and Dormitory 

Air cooled split air conditioners will be provided for office, rest room, canteen and meeting 

room to maintain the indoor temperature for personal comfort. 

Normal and emergency ventilation by axial fans will be provided for power distribution room 

and the air changes will be larger than 12 times per hour. 

In addition to the ventilation system mentioned above, air cooled split air conditioners will 

also be provided for distribution room to maintain the indoor temperature not higher than 
35°C to ensure the normal operation of the electrical equipment during hot days in summer. 

Each toilet will be served with a toilet ventilator for air changes. 
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(8) Ventilation for Comprehensive Pump House 

A natural inlet and mechanical exhaust ventilation system will be provided for pump house, in 
which wall-mounted axial fans will be used as exhaust equipment. 

ail 	(9) Ventilation and Air Conditioning for Guard House 

Air cooled split air conditioners will be provided for duty room, bedroom to maintain the 
indoor temperature at required level. The toilet will be served with a toilet ventilator and the 
air changes will not be less than 6 times per hour. 

5.12 	Fire protection 

The main protection object of fire protection system in this engineering shall be such 
buildings as the master control building and valve hall, comprehensive building and 
overhaul spare articles warehouse, etc., as well as the oil-bearing equipments such as 
converter transformer, etc. 

The fire protection system includes fire water system (which is divided into indoor 
and outdoor fire hydrant extinguishing system and water spray extinguishing system) 
and mobile fire extinguisher configuration, etc. Among them, indoor and outdoor fire 
hydrant shall mainly be adopted for fire protection of building, and it shall be 
configured with certain quantity of mobile fire extinguishers at the same time. Water 

4r spray extinguishing system shall mainly be adopted for the converter transformer, 
and it shall be configured with certain quantity of mobile fire extinguishers at the 
same time. 

Independent temporary high-pressure fire protection water supply system shall be 
adopted for the fire water system, and it shall be composed of one 300m3  fire-water 
pond, fire service pump, constant-pressure pump, surge tank and fire protection 
water supply pipe network with fire water facilities (fire hydrant and deluge valve), 
etc. The 300m3  fire-water pond and productive water tank shall be jointly constructed, 
and there shall be protective measure for not using the fire water for other purpose. 

The fire protection water supply pipe network shall be circularly arranged around the 
master control building and valve hall, comprehensive building as well as converter 
transformer, and the interval for arrangement of outdoor fire hydrant shall not be 
greater than 120m. 

There shall be one set of water spray extinguishing system for each set of converter 
transformer, including deluge valve unit, signal butterfly valve, discharge nozzle and 
pipe, etc. 
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TECHNICAL DEFINITIONS 

The following technical definitions apply to this Specification: 

Purchaser 	National Transmission And Despatch Company Limited (NTDC) 

Company 

HVDC System 

HVDC Project 

The project company for development, investment, construction, 
operation and maintenance of the ± 660kV HVDC project from 

Matiari to Lahore in Pakistan. 

All of the relevant equipments and systems in bipolar operation, 

including converter transformers, converter valves, DC yard 

equipment, AC filter, control& protection system, DC transmission 

line, electrode and electrode line, etc. 

HVDC System and the relevant construction works in this project. 

the relevant construction works include outlet and inlet line of 

converter station, buildings and structures, related auxiliary 

production facilities and living facilities. 

M-L T/L 	Matiari-Lahore Transmission Line 

4 	AC yard 	AC switchgear area in converter station 

DC yard 	DC switchgear area in converter station 

Life yard 	Living facilities and part of auxiliary production facilities area in 

converter station 

T area 	Transformer area 

M-E T/L 	Matiari Electrode Grounding Transmission Line 

M E/G 	Matiari Electrode Grounding 

L-E T/L 	Lahore Electrode Grounding Transmission Line 

L E/G 	Lahore Electrode Grounding 

M C/S 	Matiari Converter Station 

L C/S 	 Lahore Converter Station 

M AC busbar 	Matiari AC busbar 

L AC busbar 	Lahore AC busbar 

M AC system 	Matiari AC system 
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L AC system 	Lahore AC system 

P I 	 Pole I 

P II 	 Pole II 

4 

ilk 
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The following abbreviations apply to this Specification: 

AC 	 Alternating Current 

ACI 	 American Concrete Institute 

A/D 	 Analog to Digital 

AN 	 Audible Noise 

ANSI 	American National Standards Institute 

ASCE 	American Society of Civil Engineers 

ASTM 	American Society for Testing Material 

BIL 	 Basic Impulse Insulation Level 

BS 	 British Standard 

BSL 	Basic Switching Impulse Insulation Level 

CB 	 Control Building 

CCITT 	International Consultative Committee on Telephone and Telegraph Systems 

CT 	 Current Transformer 

CTV 	Capacitive Voltage Transformer 

D/A 	 Digital to Analog 

DC 	 Direct Current 

DIN 	 Deutsches Institute fur Normung 

EEI 	 Edison Electric Institute 

EIA 	 Environmental Impact Assessment 

ESCR 	Effective Short Circuit Ratio 

ESDD 	Equivalent Salt Deposit Density 

FAT 	 Factory Acceptance Tests 

HF 	 High Frequency 

HVDC 	High Voltage Direct Current 

IEC 	 International Electrotechnical Commission 

IEEE 	Institute of Electrical and Electronics Engineers 

I/O 	 Input/Output 

ISO 	 International Standards Organization 
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LED 	Light Emitting Diode 

MMI 	Man Machine Interface 

MVU 	Multiple Valve Unit 

NFPA 	National Fire Protection Association 

OPGW 	Optical Fiber Composite Overhead Ground Wire 

P&C 	Protection and Control 

PLC 	 Power-line Carrier 

PT 	 Potential Transformer 

RF 	 Radio Frequency 

RI 	 Radio Interference 

RIV 	 Radio Interference Voltage 

RTU 	Remote Terminal Unit 

RPC 	Reactive Power Controls 

SCADA 	Supervisory Control and Data Acquisition 

SER 	Sequence of Events Recorder 

SLG 	Single Line to Ground Fault 

SMC 	Station Master Clock 

SPC 	 Software Production Control 

SWC 	Surge Withstand Capability 

TFR 	 Transient Fault Recorder 

UPS 	 Uninterruptible Power Supply 

VDT 	Video Display Terminal 

VDU 	Video Display Unit 

VF 	 Voice Frequency 

VT 	 Voltage Transformer 

• 
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1. 	Overview of Project 

1.1 	Design Basis 

(1) National Power System Expansion Plan 2011-2030, Main Report, Canada 
if• 	 SNC-Lavalin International Corporation, Pakistan National Technology Service 

Company, 2011 

(2) State of Industry Report 2013, Pakistan National Electric Power Regulatory 

Authority (NEPRA) 

(3) Parts of Feasibility Study of IIVDC/HVAC 1300km Long Transmission Line from 

Karachi to Up-country for Dispersal of 2500-3000MW Power from Imported Coal 

Based Power Project, Canada SNC-Lavalin International Corporation, Pakistan 

National Technology Service Company, 2013 

(4) NEPRA Grid Code 

(5) Transmission Services Agreement 

(6) Minutes of meeting signed between China and Pakistan 

(7) Supporting documents for this project (environmental assessment and social stability 

reports) 

(8) Laws, regulations, specifications and codes of Pakistan 

1.2 	Scope of Design 

It includes the design of converter station, grounding electrodes, DC transmission 

line and grounding electrode lines, and the preparation of technical equipment 

specifications and investment estimation. 

1.3 	Major Design Principles 

(1) The works in this stage is done according to Regulations on Contents Depth of 

Feasibility Studies of Transmission and Distribution Projects (DL/T 5448-2012); 

(2) The design and construction experience of the ±660kV DC project from Ningdong 

to Shandong in China is fully absorbed to optimize the main design scheme and 

improve design quality; 

(3) The DC transmission voltage rating shall be considered as 660 kV, transmission 
0 	 capacity as 4000 MW and transmission size as one circuit; 

(4) The number and locations of AC outgoing circuits of the converter station are subject 

to the minutes of meeting signed between China and Pakistan in March; 
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(5) . 
	The feasibility of station site shall be demonstrated from station water source, station 

power supply, transportation, land nature and grounding electrodes. Geological 
stability assessment is made for the site scheme through exploration and survey. If 
there is any unfavorable geological condition in the station and surrounding areas, 

1111 	 judgment shall be made for its hazardous degree and development trend, and 
prevention and control measures shall be proposed; 

(6) 	In design, proper design measures need to be taken by combining the domestic 

situations of Pakistan. In addition, local laws, regulations and standards of Pakistan 
need to be strictly followed and local customs need to be considered for the design of 
public and auxiliary facilities. 

1.4 	Overview of Site Selection 

From August 24 to 30 in 2014, China Electric Power Equipment and Technology Co., 
Ltd. (CET) carried out site survey for the converter station site and transmission line 
corridor and made further communication with the related personnel from Pakistan 
on the specific matters about this project. In this survey, 3 sites were respectively 
selected for the converter stations at both ends and were compared in the preliminary 
feasibility study report. 

From March 15 to 26 in 2015, 15 persons from CET carried out investigation and 

site survey for the DC transmission line from Matiari to Lahore in Pakistan. The 
persons from NTDC had made full preparation before this and suggested several 

station sites and grounding electrode fields based on their actual local situations to 
the persons from CET. In this survey, the persons from CET determined project scale 
and grid connection scheme, defined the suggested station sites as the candidates for 
feasibility study, and carried out on-the-spot investigation for sensitive and key 
points of the transmission line. 

1.5 	Overview of Grid Connection 

The AC side of the DC receiving-end converter station, with the voltage of 500kV, is 
a-connected to the dual-circuit 500kV line from Lahore to Lahore South. Lahore 
North 500 kV substation, and a dual-circuit 500 kV line, the converter station at 
receiving end—Lahore North—Gakkhar will be constructed. The converter station at 
receiving end has 6 circuits of outgoing lines, 2 to Lahore Substation, 2 to Lahore 
South Substation and 2 to Lahore North Substation. The grid connection scheme for 
the receiving-end converter station is shown in Figure 1.5-1. 
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Figure 1.5-1: Grid connection scheme for receiving-end converter station 

1.6 	Main Technical Schemes 

Table 1.6-1 Main Technical Schemes 

No. Item Technical Scheme 
Main connection scheme 

Connection of 
converter valve 
bank and DC side 

The converter valve banks are wired in series by using one 
12-pulse converter group for either pole and there are two 12-pulse 
converter groups in total. 
Typical bipolar DC connection is used for DC yard and smoothing 
reactors, DC passive filters, DC voltage measurement devices, DC 
current measurement devices, DC isolating switches. high-speed 
change-over switches, neutral point equipment, DC carrier 
communication equipment and overvoltage protection devices are 
symmetrically provided on either pole. 
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No. Item Technical Scheme 

Connection on the 
500kV AC side 

The 3/2 circuit breaker connection method is used for 500kV AC 
yard. 
The long-term targets of this converter station are the same as this 
phase. 

 
In this phase, there are 6 outgoing lines, 4 AC filter(hereinafter 
referred to as `ACF') banks and 2 converter transformer banks. 
There are 12 elements, which form 6 complete strings. It is 
provisionally assumed that the incoming lines of converter 
transformers are provided with AC PLCs. 

Connection of 
500kV AC filter 
field 

AC filters are connected in series by using ACF banks. The 500kV 
ACF banks are wired by using single bus. In the whole station there 
are 16 sub-banks of ACFs and parallel capacitors, which form 4 
banks, with 4 sub-banks each. 

Connection of 
500kV step-down 
transformers 

The 500kV side of the two 500/35kV step-down transformers is 
respectively connected to two 500kV bus. 

Connection of 
35kV AC area 

Connection is made by using single bus and switchgear units are 
arranged in an outdoor and open manner. In the whole station there 
are two 35kV buses, three 60 Mvar low-voltage reactor banks and 
two 35/11.5kV transformers. 

Connection of 
the external power 
supply of 
converter station 

The external power supply of converter station is introduced from 
132kV transmission line nearby or the 132 kV bay within the 
SARFRAZ NAGAR 220kV substation, and is connected to the 
high-voltage side of one 132/11.5 kV station transformer. 

2 

Distribution unit and general electric arrangement 

Arrangement of 
valve hall and 
converter 
transformer 

6 banks of double converter valves are provided for each pole, and 
installed in a suspension manner. 6 single-phase two-winding 
converter transformers are arranged in a line on the AC incoming 
line side of valve hall to match up with arrangement of the two 
valve halls. The bushings of converter transformer on valve side are 
inserted into the valve hall and connected to 12-pulse converter 
valve bank after the Y/A connection in valve hall. 

Arrangement of 
switchgear at DC 
switch field 

Outdoor DC yard scheme is used for DC yard. 
The DC yard equipment is installed on the both poles in symmetric 
manner, DC neutral bus equipment is located in the center of DC 
yard, pole bus equipment is arranged on both sides and 2 DC filter 
banks are provided between the DC neutral bus and the pole bus. 
DC filters and pole bus dry-type smoothing reactors are arranged at 
low height with fences around. Consideration is made to properly 
heighten the equipment foundation. The capacitors for DC filters 
are installed with supporting arrangement scheme. 
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No. Item Technical Scheme 

Arrangement of 
500kV AC 
switchgear 

The 	3/2 	circuit breaker connection method 	is used for the 
connection on 500kV AC switchgear, which is arranged in three 
rows. Two banks of converter transformers are directly connected 
at elevated places respectively and the ACF banks #1, #2, #3 and 
#4 are connected through overhead lines. 

Arrangement of  
500kV  AC filters 

String connection method for ACF banks is used for connection of 
AC filters. In this phase there are 16 sub-banks, including 8 
sub-banks with the capacity of 150 Mvar and 8 sub-banks with the 
capacity of 160 Mvar, which are divided into 4 banks. The ACF 
banks are arranged in a line. 

Arrangement of 
500kV step-down 
transformers 

Two step-down transformers are respectively connected to two 
500kV main buses through the open-type AC switchgear. 

Arrangement of 
35kV switchgear 

The connection is made by using single bus and the switchgear are 
arranged in an outdoor in an open manner. Low-voltage reactors 
and station transformers are respectively located on both sides of 
bus. 

Arrangement of 
switchgear for 
connecting 
external power 
supplies 

132kV switchgear in the station are wired with single bus and 
arranged in an open manner. The 132kV external power supplies 
are introduced via overhead lines, which is connected to the 
132/11.5kV station transformer and provided with bus PT. 

3 

Electrical secondary equipment 

DC control system 

High voltage DC control system is of layered and distributed 
structure. 	Configuration 	is 	made 	from 	sampling 	unit, 	data 
transmission bus and primary device to control outlet based on the 
principle of full duplication. 

DC Protection 
System 

High-voltage DC protection and control systems are separated and 
independent and the protection systems for two poles on functions 
and panels are completely independent. 
High-voltage DC protection is provided based on protected areas, 
the protection system of this converter station is divided into the 
following 7 protected areas and redundancy configuration is made 
based on the triple principle. 

Computer 
monitoring system 

The converter station is designed as attended one. The compute 
monitoring 	system 	is 	a 	comprehensive 	automation 	system 
integrated with control, measurement, telecontrol and modern 
comprehensive management. Modularized, layered and distributed 
network structure is used for the compute monitoring system, so 
the operators can monitor and record the equipment in the whole 
converter station through human-machine interface in the master 
control room and send relevant information to the dispatching 
centers at all levels through telecontrol communication devices. 
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No. Item Technical Scheme 

4 
Station power 
supply 

three power supply lines are provided. one power supply line is 
connected from the outside and the other two are connected from 
35kV station transformers in the station. 

5 Water source Underground water is used. 

4 
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2. 	Site Conditions 

	

2.1 	Overview of Station Sites 

The site (center coordinate:N 31°15'35",E 73°49'54" ) is located at about 65km 

southwest of Lahore city and on the west side of Bhai Pheru-Mor Khunda highway. 
The site with flat terrain has a natural ground level of about 190 m to 191 m (geoidal 
surface is EGM2008, the same below). Wheat is planted on most of the site. The 
access road is connected from the Bhai Pheru-Mor Khunda highway, which is paved 
with bituminous surface, has a good condition and a width of about 7 m, and can 
meet the requirements for project construction and transportation of large equipment. 

	

2.2 	Hydro-meteorological conditions 

2.2.1 Flood 

The site where this converter station is located is flat and about 190 m to 191 m. 
The rainfall in Lahore is rich and most concentrates in July and August. According to 
the site investigation, in case of rainstorm in summer, the poor discharge conditions 
may result in the short-period water logging with the water level of 191.8 m and the 
about 0.5 m-deep ponding, which can be discharged in 2-3 days. 

According to the measured data at the Balloki Barrage, the highest flood level 
was 192.3 m in history, happening in 1988, and the site was also flooded. According 
to the feedback from the residents near the site, the flood level in 1998 was about 
192.4 m, and the flood lasted for about 1 week. Based on the largest flood data in 
history, the P-III frequency is calculated, and the 100-year flood level is calculated to 
be 193.23 m. 

4 
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Fig. 2.2-1 Actual Situation of Receiving-side Converter Station 

2.2.2 Meteorological conditions 

In general, Pakistan has a subtropical monsoon climate. Traditionally, the climate 

of Pakistan is divided into four seasons: from March to April is spring and in this 

period the weather is not very hot or cold, but is warm and dry; from May to August is 
summer, and the temperature in June is highest and may be up to 45°C; the weather is 

rainy in July and August so this period is called as rainy season; from September to 

October is autumn; from November to next February is winter. 

The receiving-side converter station is about 65.0 km to the southwest of Lahore 

city. The site has the similar landform with the Weather Station of Lahore City, and 

they are in the same climate region so the meteorological data shall refer to the data of 

the Lahore Weather Station located at N31°33' and E74°20' and with elevation of 214 
m. 

2.2.2.1 General meteorological conditions 

The general meteorological data of the Lahore Weather Station are listed below (the 
data was collected from 1980 to 2010 except for partial data): 

Annual mean air temperature 	 23.9°C 

Extreme maximum air temperature 	 48.0°C (June 10, 2007) 

Extreme minimum air temperature 	 -2.2°C (January 22, 2008) 

Annual mean atmospheric pressure 	 983.1 hPa 

Mean rainfall 	 679.7 mm 

Maximum rainfall in 24 hours 	 274 mm (September 6, 2014) 

Annual mean evaporation capacity 
	

1,623.6 mm 

Annual mean relative humidity 
	

57% 

Annual mean wind speed 	 1.6 m/s 

Measured maximum wind speed 	 40.7 m/s (3 s instant) 

Prevailing wind direction 	 NW 

2.2.2.2 Designed wind speed and icing 

Based on the building load regulations of Pakistan, the basic wind speed is not lower than 

120 km/h and that in the coastal region is not lower than 130 km/h. According to the 

minutes of the meeting held before, the design wind speed for this project is taken as 160 

km/h (corresponding to about 31.1 m/s), and the design icing thickness is taken as 0 mm. 
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2.3 Engineering geology and hydrogeology conditions 

All the information in this section is just for reference because the detailed soil 
investigation is not completed for Lahore station. 

IF 	2.3.1Regional geology and earthquakes 

2.3.1.1 Overview of regional landforms and regional geologys 

Pakistan is located in northwest of South Asia, and Arabian Sea is in the south. The 
main mountains include Karakoram Mountains, Himalayas Mountains, Hindu Kush 
Mountains and Soliman Mountains.The longest river—the Indus River almost runs 
through the whole Pakistan from north to south, which has four main branches: 
Hydaspes River, Azeri Sinise River, Ravi River and Sattler Season River, and are 
called as the "Punjab"; Traditionally, the Khyber Pass and Bolan Pass at western 
border is the only way connecting Central Asia and South Asia. Indus River Plain is 
the most wealthy agriculture region in Pakistan, where there is the most developed 
irrigation network in the world. KutchWetland approaching the sea level is the lowest 
point of the land, and the Chogori at the border of China and Pakistan whose altitude 
is 8611m is the highest point; The high-low difference in terrain causes the climate's 
diversity. 

Because Pakistan is located at the combining site of Eurasian Plate and India Plate, it 

Jr 

	

	 is affected by striking of the two plates, therefore, Pakistan become the frequently 
occurred region of earthquakes. The Punjab and Sindh in northwest are located the 
northwest corner of India Plate; the western Balochistan and the North-West frontier 
are located at Eurasian Plate, that's the east edge of Iranian plateau crossing the 
Middle East and Central Asia; the northern region of northeast and Azad Kashmir are 
located at the edge of India Plate, in geology, they belong to the Central Asia in 
geology, this region becomes the frequently occurred region of earthquakes because of 
striking of the two plates. The project to be constructed is located at the northwest 
corner of India Plate. According to the geologic structure map of Pakistan (see Fig. 
2.3-1), there is Kirthar fault taking near north-south trend at about 60Km on west side 
of the route, and at about 100KM on the south side, there is Naga Parga fault taking 
west-east trend, and there isn't large new fault near the route, the distance 
requirements can be met. 

2.3.1.2 Earthquakes 

The striking of the Eurasian Plate and India Plate has caused rising of Himalayas 
Mountains, therefore, Pakistan frequently occurs earthquakes, among them, Kashmir 
and Kida are the frequently occurred regions of earthquakes. In 1931, the strong 
earthquake occurred there, and then, in 1935, the earthquake level was higher, the 
whole small city of Kida was almost destroyed, the military station nearby suffered 
heavy casualties, 0.2million people died at least. In addition, in 1965, an earthquake 
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that the epicenter was in Kohistan of North-West Frontier occurred, and that 

earthquake also caused serious casualties. The earthquake occurred in 1991 almost 

destroyed all the villages of North-West Frontier, but the number of casualties was 

much less than that in 1935. The recent earthquake was Kashmir earthquake occurred 

on October 8, 2005, the number of casualties was up to 73 thousands in the control 

region of Pakistan. Where there has been no earthquake of above level-6 occurred in 

recent years. 

According to Building Code of Pakistan (2007) FIG.2.1 (SEISMIC ZONING MAP 

OF PAKISTAN) and FIG.A-1 (Peak Ground Acceleration (g) with 10% Probability of 

Exceedance in 50 years), the two converter stations are mainly located in ZONE 2A, 

the Peak Ground Acceleration (g) with 10% Probability of Exceedance in 50 years is 

0.14g (see Fig. 2.3-2, Fig. 2.3-3), the corresponding basic earthquake intensity is 7 
degree. 

In conclusion, the earth's crust where the project is located is relatively stable; the 

terrain is suitable for construction of the converter station. 

Fig. 2.3-1 Geologic structure map of Pakistan 

. 	!..,1',7:: Lahore converter station 

t Route path orientation 

tt,":.-..,  Matiari Converter Station 
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Fig. 2.3-2 Earthquake partition map of Pakistan 

Lahore Converter station 

A it4i—z 1.k. Route path orientation 

— 	.-.t. , 7 :4 -, Matiari Converter Station 
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Fig. 2.3-3 Isoline map of the ground acceleration 

:"*,::d. Lahore Converter station 

-- Route path orientation 

5:p %r.,  Matiari Converter Station 

2.3.2 Geotechnical engineering conditions and evaluation of Lahore Converter station 

2.3.2.1 Landform 

Terrain of the region where the Converter station to be constructed is located is flat 

alluvial plain (Fig. 2.3-4), the region mainly plants wheat, the southeast side mainly 

plants fruit trees, Indus River runs through this region, about 6km far from the station. 

Ground elevation of the Converter station to be constructed is about 191-192m, the 

relative height difference is about 1 m, and the terrain is flat. There isn't unstable side 

slope in range of the Converter station, no unfavorable geologic process such as ground 

settlement and collapse etc. The region of the station is mainly the cultivated land, with a 

few trees. 
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Fig. 2.3-4 Landform of the station region 

2.3.2.2 Lithology of the formation(just for reference) 

ver alluvium plain, and within the range of exploration depth, the stratum structure 

of the whole site mainly consists of the quaternary Holocene series (Q4al) alluvial 

deposit which is composed of upper silty clay, lower silty-fine sand and local 

sandwiched silt. 

The foundation rock-soil layer can be described from up to down as follows: 

Lay (1): Silty clay, yellowish-brown, brown, slight wet, mainly take on pluripotent state. 

The horizon of this layer is relatively stable, which is widely distributed in the whole 

site, with the thickness of 2.8-5.5m. 

Layer (2): Silty-fine sand, gray, cinerous, saturated, with a few mica plate and local 

gravels, as well as a little of silt and medium sand, this layer can be divided four 

sub-layers: (2-1), (2-2), (2-3) and (2-4). Among them, layer (2-1) is loose silty-fine sand, 

locally distributed; layer (2-2) is slightly dense silty-fine sand, it is widely distributed in 

the site region, its thickness is 2.0-8.7m; layer (2-3) is silty-fine sand with medium 

density, it is distributed in the whole site region, in this exploration, this layer was not 

exposed; and layer (2-4) is close-grained silty-fine sand, this layer is widely distributed 

in the whole site, in this exploration, this layer was also not exposed. 

Layer (3): Silt, gray, grayish yellow, saturated, medium dense state, local dense, with 

silty clay and a little silty-fine sand. The layer is discontinuously distributed in the 

whole site, the thickness is 2.0-2.5m. 
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2.3,2.3 Hydro geolo gy 

According to the analysis to formation of the site, the underground water in the site 

region is dive, and the basal water is fine-silty, with better water-bearing capacity, and 

strong penetration, the supply source is mainly precipitation, channels near the site, 

while, the main discharge channels are atmospheric evaporation and lateral discharge to 

rivers. In the period of exploration, the stable buried depth of underground water in the 

drilling hole is 3.3-5.5m. According to the engineering experience, the underground 

water can meet water demands of the Converter station. We suggest conducting 

water-supplying hydrogeololgy exploration to the site in advance at the next stage. 

According to the evaluation of the environment type, the underground water has 

sight corrosivity to the concrete structures; according to the evaluation of stratum 

permeability, the underground water has sight corrosivity to the concrete structures, and 

the comprehensive evaluation indicates that the underground water has sight corrosivity 

to the concrete structures; and which has also sight corrosivity to steel bars inside the 

concrete structures. 

According to the evaluation of environment type, the site soil has sight corrosivity to 

the concrete structures; according to the evaluation of stratum permeability, the site soil 

has sight corrosivity to the concrete structures, and the comprehensive evaluation 

indicates that the site soil has sight corrosivity to the concrete structures; and which has 

also sight corrosivity to steel bars inside the concrete structures; the site soil has 

medium corrosivity to steel structures (reference to the soil resistivity). 

2.3.2.4 Unfavorable geologic process 

There isn't unfavorable geologic process in the Converter station region, such as 

landslide, collapse, mud-rock flow and ground settlement etc. 

2.3.2.5 Mineral products and historical relics 

There isn't distribution of mineral resources with explored reserves; the project doesn't 

cover mineral resources and historical relics 

2.3.2.6 Evaluation of geotechnical engineering 

2.3.2.6.1 Classification of the construction site 

Terrain of the construction site is flat, the largest height difference is about 1 m, the 

main formation in the depth range of 30m underground is Quaternary plastic silty clay, 

loose, slightly dense, medium-dense and close-grained silty-fine sand and 

medium-dense silt. According to Earthquake Resistant Design Code of Buildings 

(GB50011-2010), the site soils shall be soft medium-soft soil layers, and according to 

the preliminary determination, type of the construction site shall be class-III, which is 

the general section of earthquake-resistant construction site. 
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2.3.2.6.2 Mechanical property of the subsoil 

Layer (1) silty clay: Plastic state, the physical property of this layer is general, and this 

layer can be treated as the natural foundation supporting course of general buildings 

(structures) 

Layer (2-1) silty-fine sand: Loose, the physical property of this layer is worse, it can't 

be treated as the natural foundation supporting course of buildings (structures) without 

being treated 

Layer (2-2) silty-fine sand: Slightly dense, the mechanical property is general, this layer 

can be treated as the natural foundation supporting course of buildings (structures). 

Layer (2-3) silty-fine sand: Medium dense, the mechanical property is better, this layer 

can be treated as the natural foundation supporting course of buildings (structures). 

Layer (2-4) sitly-fine sand: Dense, with good mechanical property, this layer can be 

treated as the pile foundation supporting course of buildings (structures). 

Layer (3) silt: Medium-dense, local compact, the physical and mechanical property is 

better, which can be treated as substratum of the building (structure) foundation. 

2.3.2.6.3 Sandy soil liquefaction 

The converter station is located in the section of alluvial plain; there is saturated 

sand, with the risk of sandy soil liquefaction. The determination of this sandy soil 

liquefaction adopts American-standard of seed method (SPT) and the liquefaction 

results see Table 3-3, the calculation results indicate there is little sandy soil liquefaction 

in this site in this design stag, and need to be confirmed in next design stage. 

2.3.2.6.4 Type of the foundations 

Mechanical property of the loose silty-fine sand is worse, it can't be treated as the 

foundation supporting course directly without being treated. The mechanical property of 

dense silty-fine sand and plastic silty clay is general, which can be directly treated as 

foundation supporting course of general buildings (structures). Mechanical property of 

the medium-dense and close-grained silty-fine is better, which can be directly treated as 

the foundation supporting course of important buildings (structures). The sections of 

important buildings (structures) where the distribution of loose and close-grained 

silty-find sand is thick shall adopt pile foundations, adopting cast-in-situ bored piles, 

with medium-dense or close-grained silty-fine sand as the bearing stratum of pile 

foundations. 

2.4 	Water Supply Sources and Drainage Conditions 

2.4.1 	Sources of Water Supply 

(1) Water demand 
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The water demands of the converter station mainly consist of domestic water, 

process water and fire-protection water. Process water is mainly used to 

provide water for the external cooling system of converter valve. The water 

consumption varies with the cooling mode. The water consumption for the 

complete water cooling mode is about 600 m3/d and that for mixed air/water 

cooling mode is about 300 m3/d. The consumption of domestic water and 

fire-protection water is considered as 250 m3/d. So the total water consumption 

is about 850 m3/d when the complete water cooling mode is used, and it is 

about 550 m3/d when the mixed air/water cooling mode is used. 

(2) Surface water source 

Surface water nearby the site is available from Ravi river. The hydro junction 

of Ravi river is located at about 4.5 km to the southeast of the station site. 

According to the Indus Waters Treaty, the Ravi's water source is under the 

jurisdiction of India. Pakistan built diversion canal in the last century, inducing 

water from Chenab river to the Balloki Barrage hydro-junction. However, after 

years, the diversion canal slits heavily and is incapable of supplying water. 

Now, the Pakistani government has no desilting plan. This means that the 

Balloki Barrage hydro junction only relies on the upstream Ravi river. 

The Ravi River is relatively wide and shallow. Its current deviates to the right. 

The station site is at the left bank, which is unfavorable for water intake. 

Therefore, the Ravi River is not suitable to be used as a water source for the 

converter station because its water supply is not reliable. 

(3) Underground water 

According to the site survey data, underground water can be used as the water 

source for Lahore converter station. 

To sum up, underground water is used as a water source for the site. A deep 

well is dug within the station and the water is supplied to the process and 

fire-protection pools and domestic water tanks through pressurization by 

submerged pumps. It is suggested to carry out a special hydrogeological 

exploration in the next stage to verify burial and distribution, yield and quality 

of underground water and to provide a basis for water source design. 

2.4.2 	Drainage Conditions 

The site with flat terrain has the natural terrain elevation of about 190 to 191.4 m. 

The level of 100-year flood is 193.23 m and the level of waterlogging is 191.8 m. 

The rainwater shall be collected by the storm water inlet on the ground beside road. 

Waste Drainage pipe can be used to run off the rainwater or it can be directly drained 

out the station to nearby land if available. Waste Drainage System will be connected 
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to existing drainage of locality or may arrange its own collecting tank or making of 
soakage pit provided that a water treatment plant should be installed before soakage 
pit for purification of waste water according to the waste-discharge standards of EPA 
of Pakistan which should be provided by NTDC. 

The waste water of valve cooling system should first be treated to meet the 
waste-discharge standards of Pakistan, and then it can be drained out to the waste 
drainage pipe of station. 

2.5 	Construction Conditions 

All the information in this section is just for reference. 

2.5.1 	Site Construction Conditions 

The site (center coordinate:N 31°15'35",E 73°49'54" ) is located at about 65km 
southwest of Lahore city and on the west side of Bhai Pheru-Mor Khunda highway. 
The site with flat terrain has a natural ground level of about 190 m to 191 m (geoidal 
surface is EGM2008, the same below). Wheat is planted on most of the site. The 

access road is connected from the Bhai Pheru-Mor Khunda highway, which is paved 
with bituminous surface, has a good condition and a width of about 7 m, and can 
meet the requirements for project construction and transportation of large equipment. 

2.5.2 	Supply of construction energy 

2.5.2.1 Water source for construction 

The maximum water consumption is about 20t/h during the construction. The 
permanent water source for the converter station is from a well dug within the station 
based on local situations. Considering the big water consumption of permanent water 
source within the station, a provisional well can be dug during construction to meet 
the demand for digging permanent water well and the water demands during 
construction. It is suggested to solve the problem of construction water of this project 

by digging a well within the station. 

2.5.2.2 Power supply for construction 

The maximum electricity consumption is about 1600 kVA during construction. The 
scheme combining permanent and provisional electricity supplies are used for 
construction, production and living to save project investment. According to the 
electrical design scheme, it is planned to introduce one 132kV transmission line from 
the 132kV transmission line nearby or from SARFRAZ NAGAR 220kV substation 
to the converter station, serving as an external power supply. It is suggested to 
connect and erect lines and facilities outside the station area in advance, which are 
provided with step-down transformers to be used during construction. They are 
delivered for production after the project is put into production. In addition, by 
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considering the unstable domestic power grid of Pakistan, we suggest the constructer 

use diesel generators for unexpected needs. 

2.5.2.3 Communication during construction 

To facilitate external contact during construction and ensure reliability of 
communication, it is planned to connect one communication optical cable from the 
communication line outside the station to the station, which may be applied to the 

local communication authority together with permanent communication lines. The 
communication during construction is achieved by fixed telephone, mobile phone 

and radio equipment on the construction site. 

	

2.6 	External Station Power Supplies 

Three station power supply lines will be used for Lahore Converter Station. Two of 
them are connected from two 35kV AC buses by using two 35/11.5kV station 
transformers respectively. The remaining one is connected from 132kV transmission 

line nearby or from the 132kV bay at the SARFRAZ NAGAR 220kV substation. 

	

2.7 	Planning of Incoming and Outgoing Line Corridors 

According to the line route that was planned by NESPAK and us on May 20, the 
current outgoing lines of Lahore converter station are as follows: DC outgoing lines 
go toward the west direction; All six AC outgoing lines go toward the north direction, 

which are, from west to east, Lahore South 1,Lahore 1, Lahore 2 ,Lahore North 1, 
Lahore North 2 and Lahore South 2 respectively. The DC lines go toward the west 
direction. Generally speaking, the terrain along these AC and DC outgoing lines is 

flat, and there is no scissors crossing in the vicinity of Lahore converter station. 

4 
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3. 	Selection of Main Electrical Connection and Equipment 

	

3.1 	Main Electrical Connection of Converter Station 

3.1.1 Main Electric Connection on AC side 

The 500 kV AC side adopts 3/2 circuit breaker connection mode, which is 

characterized by simple function, high reliability and safety. The connection and 

string configuration of AC distribution devices are designed in accordance with the 

following principles: 

1) The lines with the same name shall not be in the same string and should not be 

connected into the same bus as practical as possible; 

2) The power supply lines should be in the same string with load lines as practical 

as possible; 

3) All AC and DC lines shall not cross with each other as practical as possible; 

4) Each converter transformer bank is provided with one AC PLC filter bank at 

the line incoming point provisionally; 

5) According to the requirements of communication discipline personnel, all lines 

shall be provided with wave trapper on their outgoing line side; 

6) Future expansion should be considered. 

The long-term targets for Lahore converter station are the same as the current target. 

In the current phase, 6 outgoing lines (2 to Lahore North Substation, 2 to Lahore 

South Substation, and 2 to Lahore Substation), 4 banks of ACFs, and 2 banks of 

converter transformers will be built. A total of 12 elements will be incorporated into 

the strings, constituting 6 complete strings. Each of the two buses will be connected 

with one 500/35 kV step-down transformer. All the incoming and outgoing lines will 

be provided with outgoing disconnectors. The converter transformers are provided 

with AC PLC at their line incoming points provisionally. 

The string configuration is as shown in the following table: 

4 
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Table 3.1.1-1: String configuration of 500 kV AC yard 

String No. Line on 1M Side Line on 2M Side 
Bus 

connection 
#1 500/35 kV step-down 
transformer 

#2 500/35 kV step-down 
transformer 

#1 string Converter transformer of P I #1 bank of AC filters 

#2 string Lahore South 1 #2 bank of AC filters 
#3 string Lahore 1 Converter transformer of P II 

#4 string Lahore 2 Lahore North 1 
#5 string Lahore North 2 #3 bank of AC filters 

#6 string Lahore South 2 #4 bank of AC filters 

The 35 kV AC switchgear employs single-bus connection mode. The equipments are 
arranged outdoor. The Lahore converter station has two 35 kV buses, 3 banks of 
60Mvar low-voltage reactors, and two 35/11.5 kV auxiliary transformers. 

	

3.1.2 	Main Electrical Connection on DC Side 

It is recommended to use the bipolar DC connection mode on the DC side, which is a 

typical connection mode for 500 kV DC transimission project. On the DC side of 
converter station, smoothing reactors, DC passive filters, DC voltage measuring 
devices, DC current measuring devices, DC disconnectors, high-speed transfer 
switches, neutral point equipment, DC carrier communication equipment, 
overvoltage protection equipment, etc. are all installed symmetrically on both poles. 

The main connection schemes for valve bank, converter transformer, and the DC side 

is recommended as follows: 

1) Converter valve: one 12-pulse valve bank for each pole 

2) Converter transformer: single-phase two-winding connection mode. In the 
current phase, a total of 12+2 single-phase two-winding converter transformers 
will be installed at the Lahore converter station, the three-phase connection 
groups are YNyO and YNdl 1 respectively. 

3) The DC switchyard uses the same connection mode as the ±500kV DC bipolar 
line. 

	

3.1.3 	Connection of Valve Bank 

The long-term construction target of this project is one ±660 kV/4000 MW DC line, 
which will be constructed in the current phase. The AC side of converter transformer 
is connected to the AC 500 kV bus via the equipment within the strings of AC 500 
kV switchgear. This project adopts two poles, with each of them provided with one 
12-pulse valve bank, the same as routine ±500 kV DC project. 

The connection of DC side and valve bank is as shown in the following figure: 
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Figure 3.1.3-1: Connection of DC side and valve bank of Lahore converter station 

3.2 	Preliminary Determination of Converter Valve 

IIP‘ 	3.2.1 	Type of Converter Valve 

The typical type of converter valve is thyristor converter valve. According to the 

existing manufacturing capability and the previous operation experience, the type 

and parameters of converter valves used in this project are provisionally determined 

as follows: 

Table 3.2.1-1: Type of converter valve 

Type of Converter Valve 

Converter valve Double valve type 

Mounting mode Suspension type 

Insulation type Air insulation 

Cooling method Water-cooling (internal-cooling) 

According to the experience of other projects, the protective margin of voltage 

withstand level for the converter valves is provisionally determined as follow: 

(1) A 10% margin over the arrester protective level for switching impulses. 

(2) A 10% margin over the arrester protective level for lightning impulses. 

(3) A 15% margin over the arrester protective level for steep-front impulses. 
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The converter valves should be capable of withstanding the rated current, overload 

current and various transient current. With respect to the transient overcurrent due to 

faults, the valves shall have the following capabilities: 

(1) Short-circuit current withstanding capability with subsequent blocking; 

(2) Short-circuit current withstand capability without subsequent blocking; 

(3) Additional short-circuit current withstanding capability. 

3.2.2 Main Parameters of Converter Valve 

It is recommended to use 7.2kV/3030A 5-inch thyristor element. The height of 

converter valve tower is expected to be about 13 m. The rated DC current and 

voltage of thyristor valve are 3030A and 660kV respectively. It is recommended to 

use indoor air-insulated water-cooling type thyristor valve, with ETT or LTT valve. 

3.2.3 Valve Cooling System 

Internal cooing of valve will be realized by water, and external cooling will be 

realized in two ways: 1) water cooling, outdoor heat exchangers will be of closed 

evaporative cooling tower, spray water will be produced from reverse osmosis and 

dosing. 2) Air cooling in serial connection with water cooling, mainly relies on air 

coolers; in hot seasons when the air coolers are insufficient, the closed cooling water 

will take over. 

The final plan will be determined in next phase. 

3.3 	Preliminary Determination of Converter Transformer 

3.3.1 	Short-circuit Impedance 

The determination of short-circuit impedance of converter transformer shall be in 

accordance with the following factors: 

a) Restrict short-circuit current; 

b) Minimize the harmonic components; 

c) Optimizing the design of converter valve, filter, and other converter-related 

equipment. 

Furthermore, the determination of short-circuit impedance may directly affect the 

weight, size, and cost of transformer. If the short-circuit impedance is large, the 
OP 	 following effects will arise: 

a) The spacing and width of windings increase, and the width of converter 

transformer increases while the height of that decreases; 

b) Higher rated power; 
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c) The reactive power loss during operation of converter increases; 

d) The harmonic components generated by converter decrease; 

e) The short-circuit current on valve side lowers; 

f) No-load DC voltage rises, and the number of valve discs and the insulation 

level of converter valve increases accordingly. 

Therefore, the determination of short-circuit impedance is an optimizing process, i.e., 

a process of seeking balance among the above indicators. According to the previous 

engineering experience, it is recommended that the short-circuit impedance of 

converter transformer be 18% in the current phase. 

3.3.2 Rated Voltage, Type, and Capacity of Converter Transformer 

The connection mode of converter transformer is one 12-pulse valve bank for each 

pole. Considering the manufacturing, transportation and other related factors, it is 

recommended that 14 single-phase two-winding converter transformers with a 

capacity of 401 MVA which is as same as the sending end converter station should 

be used, with 2 of them serving as standby. 

3.3.3 Voltage Regulating Mode and Tapping Range 

(1) Determination of regulating mode of on-load tap 

The on-load tap of converter transformer is mainly regulated in the following 

two modes: 

a) Keep the no-load voltage on the valve side of converter transformer 

unchanged; 

b) Keep the control angle (firing angle or turn-off angel) within a required 

range. 

The main differences between the above two modes are described as follows: 

The tapping regulation of converter transformer in the first mode is mainly 

used to accommodate the variation of the valve-side no-load voltage caused by 

the inherent voltage fluctuation of the AC grid. Such variation is generally 

small, so the tapping range is relatively small. The DC voltage variation caused 

by DC loads is supplemented by adjusting control angle. The tapping 

operations using this regulation mode are not frequent, so the tap switches have 

a longer service life. 

In the second regulating mode, the converter normally operates within a small 

range of control angle, and the variation of DC voltage is mainly regulated and 

supplemented by the tap of converter transformer. This mode is characterized 

Volume III-2 -23 



Technical Specification for 	 Volume 
±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Lahore Converter Station 

by low absorption of reactive power, low operation cost, low valve stress, low 

valve damping circuit loss, and small AC and DC harmonic components. So 

the operational performance of DC system in this regulating mode is good. But 

this regulating mode requires frequent tapping operations and a larger tapping 

range. 

Among the long-distance HVDC transmission projects constructed in the 

recent years in China, 90% of them use the second regulating mode, i.e., 

regulating the DC operating voltage through tap while keeping the control 

angle within a required range. In this report, the second regulating mode is 

recommended. The final scheme shall be determined by the manufacturer after 

optimization of equipment. 

(2) Determination of spacing of tapping positions 

The spacing of tapping positions is related to the variation range of firing angle 

required for angle control, the permitted fluctuation rang of DC voltage during 

normal operation, the maximum measurement errors of DC operating 

parameters, etc. If the spacing of tapping positions is too small, more tapping 

positions are required, the requirement on the fluctuation of the bus 

steady-state voltage of converter station may be affected, the capacity of filter 

sub-bank is reduced, and thus the project investment will be increased. If the 

spacing of tapping positions is too large, a greater angle control range and a 

larger total amount of reactive power compensation are required, which are not 

cost-effective as well. According to the previous engineering experience, in the 

current phase, the spacing of converter transformer tapping positions is 

determined as 1.25% provisionally. 

3.4 	Preliminary Determination of Smoothing Reactor 

The most important parameter of smoothing reactor is inductance, which should be 

optimized in accordance with the following conditions: 

(1) The rise rate of fault current should be limited; 

(2) The current interruption during low current load should be prevented; 

(3) The DC current ripples should be restrained; 

(4) Techno-economic comparison should be made among the proposed 

configurations of smoothing reactor and DC filter; 

(5) The inductance of smoothing reactor should not lead to resonance at 50 Hz and 

100 Hz with DC filter, DC line, converter transformer, capacitor at neutral 

point and other related equipment. 

Volume 111-2 -24 



Technical Specification for 
	

Volume 111-2 
±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Lahore Converter Station 

The inductance of smoothing reactors for either pole is taken as 300 mH 

provisionally. Dry-type smoothing reactor is used provisionally. Four smoothing 

reactors are provided for each pole, each reactor with an inductance of 75 mH. 

Throughout the converter station, there are 8 operating smoothing reactors and 1 

standby reactor in total. The smoothing reactors are installed on pole bus and neutral 

bus separately. 

3.5 	Preliminary Determination of Equipment at AC Yard and AC Filter Yard 

The main AC equipment used in this project is summarized as follows: 

Table 3.5-1: Selection of main AC equipment 

No. Equipment Description Main Parameters and Type Selection 
I 500 kV AC switchgear 

1 Circuit breaker 
550kV 4000A 	63kA(3s) 160kA, with closing 
resistor[11  

2 Current transformer 500kV 2x2000/1A 

3 
500kV vertical break 
disconnector with single 
earth switch 

550kV 3150A 	63kA(3s) 160kA 

4 
500kV disconnector, with 
single stationary contact and 
single earth switch 

550kV 3150A 	63kA(3s) 160kA, dual-column, 
horizontal type 

5 
500kV disconnector, with 
double stationary contacts 
and triple earth switches 

550kV 3150A 	63kA(3s) 160kA , three-column, 
horizontal type 

6 Maintenance earth switch 550kV 	63kA(3s) 160kA 

7 
500kV capacitive voltage 
transformer 

500/ -,/ 3/0.1/ s/ 3/0.1/ -./ 3/0.1h/ 3/0.1kV 

8 
500kV metal-oxide surge 
arrester 

Y2OW 

II AC filter switchgear 

1 
500kV AC filter/capacitor 
bank 

Rated capacity: 150Mvar 
Rated capacity: 160Mvar 

2 
Porcelain knob type circuit 
breaker for the incoming line 
of capacitor bank 

550kV 3150A 631(A/3s 160kA , Dual-break 

3 
Current transformer for the 
incoming line of capacitor 
bank 

500kV 1000/1A 

4 
Vertical break disconnector 
for the incoming line of 
capacitor bank 

550kV 3150A 631(A/3s 160kA, with single earth 
switch 
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No Equipment Description Main Parameters and Type Selection 

5 
Earth switch for the 
incoming line of capacitor 
bank 

550kV 63kA/3s 160kA 

6 
500kV metal oxide surge 
arrester 

Y2OW 

7 
500kV capacitive voltage 
transformer 

500/,/ 3/0.1/ V 3/0.1/ ,/ 3/0.1/ ../ 3/0.1kV 

8 Earth switch for 500kV bus 550kV 63kA/3s 160kA 

III Station service system 

1 
500kV three-phase 

 
oil-immersed transformer 

SFP-130000/500 510±2x2.5%/35kV, 
non-exciting regulation 

2 
132kV three-phase 

 
oil-immersed transformer 

8MVA 	132±2x2.5%/11.5kV ONAN , 
non-exciting regulation 

3 132kV SF6 circuit breaker 145kV 1600A 40kA 100kA 

4 500kV circuit breaker 550kV 4000A 63kA/3s 160kA 

5 
500kV horizontal break 
disconnector with single 
earth switch 

550kV 3150A 63kA/3s 160kA 

6 132kV disconnector 
145kV 3150A 40kA 100kA, dual-column, 
horizontally opening, single earth switch 

7 500kV earth switch 500kV 63kA/3s 160kA 

8 132kV disconnector 
145kV 1600A 	40kA 100kA,dual-column, 
horizontally opening, double earth switches 

9 500kV current transformer 500kV 	2x2000/1A 

10 132kV current transformer 132kV 	800/1A 

11 
500kV metal oxide surge 
arrester 

Y2OW 

12 132kV surge arrester 132kV 

13 
132kV capacitive voltage 
transformer 

132/ ../ 3/0.1/ ../ 3/0.1/ V 3/0.1/ ,./ 3/0.1kV 

14 
35kV three-phase 
two-winding non-exiting 
regulation transformer 

8MVA 	35/11.5kV 

15 40.5kV circuit breaker 40.5kV 2000A 40kA 100kA 

16 35kV current transformer 35kV, routine outdoor type 

17 35kV voltage transformer 35/ ,s/ 3/0.1/ ../ 3/0.1/ ,../ 3/0.1/ ,/ 3/0.1kV 

18 
Dual-column 
horizontally-rotation 
disconnector 

(1) 40.5kV, 2000A; 40kA; 100kA;with double 
earth switches; 

(2) 40.5kV, 2000A; 40kA; 100kA; with single 
earth switch 

Note: 1. whether the resistor is need depends on the conclusion of over voltage research. 
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3.6 	Preliminary Determination of Equipment at DC Yard 

The main DC equipment used in this project is summarized as follows: 

Table 3.6-1: Selection of main DC equipment 

No. Equipment Description Main Parameters and Type Selection 

1 
Dry-type smoothing 
reactor for pole line 

680kV, 3030A, 75mH 

2 
Dry-type smoothing 
reactor for neutral line 

150kV,3030A, 75mH 

3 680kV DC disconnector 3030A 

4 
DC high-speed switch 
NBGS 

3030A, including circuit breaker, capacitor bank, 
reactor, and arrester 

5 
DC high-speed switch 
NBS 

3030A, including circuit breaker, capacitor hank, 
reactor, and arrester 

6 
DC current measuring 
devices 

680kV ,Optical current transformer, with optical 
connectors and photoelectron equipment 

7 
DC voltage measuring 
devices 

680kV 

8 DC pole bus arrester 680kV 

9 
Smoothing reactor 
arrester 

680kV 

10 12th/24th  DC filter 

Including Cl-high-voltage capacitor, high-voltage 
capacitor imbalance CT, Ll-high-voltage reactor, 
L2-neutral point reactor, T3-reactor L2 branch CT, 
T4-CT on the neutral point side, F3-arresters on both 
ends of Ll, Fl-arrester on the high-voltage end of Ll, 
C2 low-voltage capacitor, F2-arresters on both ends of 
L2, etc. 

11 6th/42th  DC filter 

Including Cl-high-voltage capacitor, high-voltage 
capacitor imbalance CT, L 1-high-voltage reactor, 
L2-neutral point reactor, T3-reactor L2 branch CT, 
T4-CT on the neutral point side, F3-arresters on both 
ends of Ll, Fl-arrester on the high-voltage end of Ll, 
C2 low-voltage capacitor, F2-arresters on both ends of 
L2, etc. 

12 
Other equipment on DC 
side 

Including high-voltage and low-voltage post insulators, 
low-voltage disconnector/earth 	switch, low-voltage 
current/voltage measure device, DC neutral bus 
impulse capacitor, PLC reactor, capacitor, power line 
carrier equipment,etc. 

Volume BI-2 -27 



Technical Specification for 	 Volume III-2 
±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Lahore Converter Station 

	

4. 	Study on Reactive Power Compensation of Converter Station 

All the information in this section is just for reference. 

	

4.1 	Basic Study Principles 

(1) The reactive power compensation levels and zones should be balanced locally 

without long-distance transmission. 

(2) The total reactive power compensation capacity of converter station is 

generally calculated according to the reactive power consumption of DC 

system when transmitting rated power in rated voltage. Since there may be 

large fossil-fired power plants in the vicinity that the converter station serves, 

the reactive power provided by such power plants should be considered, 

provided that the system voltage regulation requirement and generator's 
operation requirements can be met. 

The additional reactive power compensation capacity required for DC overload 

is balanced by the capacity of the standby compensation bank at converter 

station. 

(3) The reactive power capacity installed at substation, in principle, is only used to 

compensate the reactive power loss of the main transformer of the same 

substation and the half of that of the outgoing lines at various voltage ratings. 

For the incoming lines from nearby power sources, they shall be permitted to 

supply more reactive power, but the voltage drop between the two ends of the 

line should not exceed 10%. The reactive power compensation in the existing 

grid and that which has been definitely planned should be simulated according 

to the actual condition and the planning respectively. 

(4) Voltage control of AC system: According to the related code, for hub 

substation, the operating voltage of the bus on the LV side should be controlled 

to 1.01.1 times the rated voltage of grid in normal condition, and should not 

be lower than 0.95 times the rated voltage of grid after incident. 

The operating voltage at any point of grid shall in no case be higher than the 

maximum operating voltage of grid. In normal conditions, it shall not be lower 

than 0.95 to 1.00 times the grid rated voltage (for the substations at the 

receiving end of grid, take the lowest value). 

In addition, the system voltage regulation mainly relies on the adjustment of 

generator excitation, while using switchable, controlled reactor and capacitor 

as supplementary means. 

(5) The power factor of maximum reactive output of generator should not be lower 

than the rated power factor. The power factor of minimum reactive output 
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should be not be higher than 0.95 for steam turbine generator, and should be 
controlled to prevent phase advance for hydro-generator. The voltage level at 
the generator end should be limited to 1.05 to 0.95 times the rated voltage. 

(6) The reactive power compensation devices installed at converter station are 
generally considered together with AC filters. In the minimum operating mode, 
to meet the filtering requirement, a number of filters should be put into 
operation to make the capacitive reactive power of converter station surplus. 
Therefore, the AC system or converter station should be able to absorb some 
capacitive reactive power. 

4.2 	Calculation of Reactive Consumption of Converter Station 

4.2.1 	Calculation of Reactive Power Consumption of DC system 

The converter station consumes a large amount of capacitive reactive power when it 
works. The reactive power consumption of converter station shall be calculated 
taking into account the various AC and DC operating modes. The reactive power 
consumption of converter station is related to the transmission of DC power, DC 

voltage, DC current, commutation angle, commutation reactance, and other factors. 
Calculate the reactive power consumption of the 500kV side of converter station 
under various operating conditions in accordance with the above-mentioned reactive 
power control principles. The DC steady operating voltage of converter station is 
controlled using the fixed firing angle (a=15°) method. The short-circuit impedance 
of converter transformer is taken as 18% provisionally. According to the 

Ningdong-Shandong ±660kV HVDC transmission project and based on the principle 
of not increasing the budget for commutation equipment, the 2-hour overload 
capacity of DC system is taken as 1.1 times the rated transmitted capacity. 

The tolerance for the impedance of converter transformer is taken as ±5%. In the 
high reactive power operating condition, the commutation impedance tolerance of +5% 
should be taken; in the low reactive power operating condition, -5% should be taken. 
DC line resistance is a parameter affecting the reactive power consumption of 

converter. For the high reactive power mode, use the minimum possible resistance; 

for low reactive power mode, use the maximum possible resistance. The rated firing 
angle of rectifier it taken as 15°, while the rated turn-off angle of inverter is taken as 
17°. 

4.3 	Reactive Power Support Capacity of AC System 

4.3.1 Reactive Power Supply Capability of AC System 

The converter station at the receiving end is an inverter station. The installed reactive 

power capacity of the 500 kV substations in Punjab province and Islamabad, in 
principle, is locally balanced in a layered and zoned manner, and is only used to 
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compensate the reactive power loss of main transformer. Long-distance transmission 
of reactive power from the 500 kV AC system is not considered. Therefore, it is 
believed that the 500 kV AC system in Punjab province and Islamabad is incapable 
of providing capacitive reactive power to the converter station at the receiving end. 

A part of the additional reactive power compensation capacity required for DC 
overload operation is balanced by the capacity of the standby compensation sub-bank 
provided at the converter station; the other part may be provided by the AC system. 

4.3.2 Reactive Power Absorption Capacity of AC System 

Considering that the auxiliary AC projects in the vicinity of the converter stations at 
the sending and receiving ends have not yet been provided with appropriate reactive 
power absorption measures, it is provisionally assumed that the AC system in the 
vicinity of the converter stations at the sending and receiving ends is incapable of 
reactive power absorption, and the inductive reactive power should be compensated 
locally at the converter stations. 

4.4 	Reactive Power Compensation Configuration of Converter Station 

According to calculations, the total capacity of capacitive reactive power 
compensation of Lahore converter station is taken as 2480 Mvar provisionally. The 
reactive power compensation capacitors are divided into 4 banks and subdivided into 

V 16 sub-banks. Each sub-bank has a capacity of 150 Mvar to 160 Mvar (there are two 

sub-bank sizes: the low capacity size is 150 Mvar, and the high capacity size is not 
greater than 160 Mvar). 

The final division of sub-banks should be determined by further studies according to 
the actual conditions including switching level, system harmonics, and the 
arrangement of converter station. 

As for inductive reactive power compensation, in this phase, 3 banks of low-voltage 
reactors are provided on the 35 kV low-voltage side of Lahore converter station 
preliminarily, each bank with a capacity of 60 Mvar and each phase with a capacity 
of 20 Mvar. These reactors should be of outdoor dry-type air-core design. In the 
actual engineering design, the configuration of low-voltage reactors should be further 
optimized according to the actual condition of the low-voltage bus of converter 
station. 
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5. 	Project Planning 

5.1 	DC System Operation Modes 

This project is a typical DC transmission project of bipolar neutral grounding at two 

terminals. Conventionally, its basic operation modes should include bipolar operation, 

monopolar ground return operation, and monopolar metallic return operation. 

By referring to experience with Ningdong-Shandong ± 660kV DC transmission 

project, a 12-pulse converter valve group is considered for each pole. The main 

operation modes of the Matiari-Lahore ±660kV DC transmission project are as 

follows: 

1) Bipolar full voltage operation; 

2) Monopolar metallic return operation; 

3) Monopolar ground return operation; 

4) Reverse power operation; 

5) Reduced voltage operation; 

6) Additional control functionality required for DC system. 

To improve the AC system performance, the DC system should have the following 

control and auxiliary control functions according to experience: 

1) Power swing damping in the case of major accident on the AC system; 

2) Reactive power control of the converter station which is transmitting power; 

3) Emergency active power support or flow reversal; 

4) Control of AC system frequency; 

5) Control of AC bus voltage in converter station; 

6) Suppression of sub-synchronous oscillation of AC system. 

5.2 	Main performance Requirements for DC System 

5.2.1 	DC System Ratings 

With the DC system operating continuously under ratings and the Matiari converter 

station sending power to Lahore converter station, the following continuously 

operation ratings should be available on the DC line side of the converter station's 

smoothing reactor: 

Rated power: Bipolar 4000MW, monopolar 2000MW 

Rated voltage: ± 660kV 
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Rated current: 3030A 

5.2.2 Minimum Transmission Power of the DC System 

According to engineering experience, the minimum DC current of the project is 

4 	tentatively taken as 10% of the rated DC current, that is, the minimum transmission 

power of the DC system is 10% of the rated power. 

5.2.3 Reduced Voltage Operation Capability of the DC System 

Based on practical experience and capacity of related equipment, the minimum 

voltage of the Matiari-Lahore HVDC project is tentatively considered to be 70% of 
the rated voltage. For 70%-100% of the rating, the transmitted power of the DC 

system will be 70%-100% of the rated power. 

5.2.4 Power Reversal Capability of the DC System 

The sending-end of the project has no special requirements for power reversal, that is, 

the inherent capability of the DC equipment will be used and no additional 

equipment will be purchased. 

5.2.5 AC System Operating Voltage and Frequency 

According to the conclusions of flow and stability calculation, the operating voltage 

and frequency range of the AC bus of Lahore converter station is tentatively 

determined as follows: 

(1) Operating voltage 

With generators running at a reasonable power factor and an appropriate low 

voltage reactive compensation capacity for the 500kV substation in the 

receiving end, the 500kV bus voltage in the Lahore converter station can be 

maintained in a reasonable range. 

For the recommended connection scheme, according to the flow calculation 

results of various modes, the normal voltage at the receiving end converter 

station for 500kV is taken as 475-530kV, the rated voltage of the 500kV bus on 

the converter AC side is taken as 490-510 kV, and the post-accident voltage is 

taken as 450-550kV. 

(2) System frequency 

According to the actual operation of the system, the normal fluctuation of the 

receiving end converter station bus frequency is 50 ± 0.2Hz. In the case of a 

fault, the system frequency range is tentatively taken as 49.0-51.0Hz. 

5.2.6 Overload Requirements for the DC System 

HVDC systems generally run with continuous rated power, but considering the 

Volume III-2 -32 



Technical Specification for 	 Volume 111-2 

±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Lahore Converter Station 

design margin of equipment, environmental temperature changes and other factors, 

the DC system should have a certain overload capability. The overload capability can 

be divided into transient overload and short-term overload capability based on the 

duration of overload. 

A stronger transient overload capacity will help improve the system transient stability. 

The short-term overload capacity is mainly intended to send more power and reduce 

the impact on grid operation when the AC and DC equipment is out of service for 

some reasons. 

For this project there are no special requirements for DC overload capacity. By 

referring to overload capacity of HVDC projects in China and other countries, the 

2-hour overload capacity of the DC system is tentatively considered to be 1.1 times 

the rating without costs for additional equipment. 

The values of the overload capacity of the Matiari-Lahore DC system should be 

determined based on R&D progress of equipment, without causing additional costs 

or difficulty in construction. 

5.3 	Requirements for the Main Technical Parameters of the DC System 

5.3.1 	Requirements of the Grid for Electrical Connections in Converter Stations 

A 12-pulse valve group is recommended for each pole. A converter station will be 

provided with a 500kV bus, with3/2 breaker connection. The receiving end converter 

station is planned to have 12 500kV bays, 6 system connection lines(2 to Lahore 

substation, 2 to Lahore North substation, 2 to Lahore South substation), 4 banks of 

capacitors and filters, and 2 converter transformer incoming lines. 

5.3.2 Requirements of the Grid for Converter Transformer Parameters 

(1) The parameters of converter transformer in the Lahore (the receiving end) 

converter station are as follows: 

Short-circuit impedance percentage Uk is tentatively considered as 18%, which 

will be further optimized based on equipment manufacturing capability and 

transportation; 

Type of converter transformer: single-phase two-winding transformer, in YO/A 

and Y0/Y connection; 

Configuration of converter transformer: 	12 + 2; 

Single-phase two-winding capacity: 	401MVA; 

Tap range on the HV side of converter transformer: 	Uk = 18%, -7-+23. 
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5.4 	Primary Electrical Design of Converter Station 

5.4.1 Valve Hall and converter Transformer Arrangement 

Valve hall and converter transformer area are the core area of a converter station. The 

delivery power of the converter station is 4000MW. In addition, the costs of 

converter transformer and valve hall account for a large part of the total investment 

of the converter station, therefore, the primary consideration in arranging the valve 

hall and converter transformer will be their operational safety, and investment will be 

considered as well. 

Based on the design of one 12-pulse valve group for each pole, double valve will be 

used. 

In the case of double valve, the valve tower will be about 13m high. Each valve hall 

will have six valve towers. With single-phase two-winding converter transformer and 

double valve arrangement, the 6 converter transformers of each pole will be arranged 

in a line on the AC incoming line side of the valve hall. The 12 valve side bushings 

of the converter transformers will be led into the valve hall, then connected to the 

12-pulse valve group after a Y/A connection in the valve hall. The converter valves in 

the valve hall will be double valves, six groups per pole, suspended. 

5.4.2 DC Switchgear Type and Layout 

Outdoor DC yard will be used. 

In the DC yard, the equipment will be arranged symmetrically for the two poles. The 

DC neutral bus equipment will be arranged in the center of the field, the line bus 

equipment on two sides, and two DC filter banks will be arranged between the DC 

neutral bus and the pole bus. The DC filters and pole bus smoothing reactors are 

arranged in low locations, surrounded by security fencing. The DC filter capacitors 

are installed with supports. 

5.4.3 500kV AC Power Switchgear 

1) 500kV AC switchgear 

3/2 circuit breaker connection will be used on the 500kV AC side, in three 

rows. Two converter transformers are directly elevated to a series. The #1, #2, 

#3 and #4 AC filter banks will be led to the string through overhead line. 

2) Equipment on the step-down transformer circuit 

The two step-down transformers will be led to the two 500kV main buses 

respectively through open AC switchgear. 
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5.4.4 AC Filter Arrangement 

AC filters are connected in series in the form of banks. For this phase 16sub-banks 

are considered, with 8 being 150Mvar, and 8 being 160Mvar. All AC filter banks will 

be arranged in a line. All AC filters of the converter station will be centralized for 

clearing demarcation of zone and use of noise reduction measures. 

5.4.5 35kV Switchgear Arrangement 

35kV AC switchgear will be connected with a single bus, with the switchgear 

arranged outdoor. Two 35kV buses will be provided, in which one is connected with 

two 60Mvar LV reactors and one 35/11.5kV auxiliary transformer, while the other 

one is connected with one 60Mvar LV reactors and one 35/11.5kV auxiliary 

transformer. 

	

5.4.6 	Electrical General Layout Plan 

The electrical general layout plan will be determined as follows: 

1) The direction of ± 660kV DC and 500kV AC outgoing lines should meet the 

requirements of AC and DC line corridor, minimize angle towers, and avoid 

line crossover. 

2) 3/2 circuit breaker connection will be used for the AC 500kV switchgear, 

connection of AC filters will be considered based on use of live tank 

circuit-breaker. 

3) Four banks of AC filters are proposed. 

4) Double valve arrangement is tentatively proposed for valve hall. 

5) Outdoor DC yard is considered. 

In response to the main electrical connection, the electrical general layout plan 

of the Lahore converter station is as follows: 

The control building, valve hall, converter transformers and 35kV switchgear 

are arranged in the center of the station area, the DC yard in the west, and ± 

660kV DC transmission lines are led to the west. The 500kV AC switchgear 

will be arranged in the east of the station area. All the six 500kV AC lines will 

be led to the north. All the four AC filters will be arranged in the south. Spaces 

will be reserved for additional main transformers, 500kV and 220kV lines. 

	

5.4.7 	Lightning Protection 

"Ground wire " will be used as lightning protection measures for this project: ground 

wires will be used for the valve hall, converter transformers and 500kV AC 

filters,500kV switchgear area protection. Roof lightning strip will be used for 
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buildings which cannot be protected by ground wires (such as auxiliary building, 
integrated pump house, garage and other buildings).. 

Given that copper ground wires are used in most recent converter stations in China, 
copper conductors are considered for the earth grid. 

5.5 	Secondary Electrical Design of Converter Station 

(1) Design principles 

(a) The converter station will be designed on a manned basis. An integrated 

computer monitoring and control system will be built for the AC and DC 
systems. 

(b) The monitoring, measurement, control and other functions of all 

equipment in the station will be realized by the computer monitoring and 

control system, which will be of a modular, hierarchical, distributed, and 
open architecture. 

(c) The HVDC control system will be of a hierarchical distributed 

architecture. The sampling units, data bus, master device to control port, 
should be fully in duplicated configuration. 

(d) The HVDC protection offers protection for pole/two poles, DC 

switchyard, DC lines and earth electrode lines, which are divided into 

multiple overlapped protection zones. The protection zones and 

configuration shall ensure all devices are under comprehensive protection. 
Triple redundant protection will be used for the HVDC system. 

(e) The HVDC protection and control systems will be separate. In function 

and configuration of control cabinets, the protection systems of the two 
poles should be completely independent. 

(f) HVDC control and protection system is suitable for both rectifier 
operation, inverter operation can be applied. 

(g) In the 500kV AC yard, a relay bay will be provided, and control and 

protection devices will be provided corresponding to the AC equipment 

bays. HVDC control and protection cabinets, converter transformer 

control and protection cabinets will be arranged in in the respective 

rooms in the control building; the control and protection cabinets of AC 

filters, capacitors and reactor banks, and AC lines will be arranged in the 
local AC relay room. 

(h) Based on the characteristics of HVDC systems, auxiliary DC power 

supplies will be provided respectively to DC P I, P II, common 

equipment of the station and AC local relay room. 
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(2) Computer monitoring and control system 

The Lahore converter station will be designed on a manned basis. The 

computer monitoring and control system will be of object-oriented design. 

Through full use of computer technology, modern control technology, network 

communications technology and graphics technology, an integrated automation 

system of control, measurement, telecontrol and modern comprehensive 

management. The computer monitoring and control system will be of modular, 

hierarchical distributed network architecture. The operators may use the HMI 

in the control room to monitor, control and record all the equipment in the 

converter station, and send related information to control centers through 
remote communications devices. 

(3) HVDC control system 

In addition to basic control of various operation modes, the HVDC control 

system includes various basic controllers and limiters, and is capable of 

maintaining the controlled signals such as DC power, DC current, DC voltage 

and converter firing angle within the steady state limits of primary DC 

equipment. The control system also has the ability to suppress transient 

overcurrent and overvoltage, and to recover steadily within the specified 
response time after AC or DC system failures. 

The HVDC control system will be of a hierarchical distributed architecture. 

With the purpose of assigning control functions to the lowest possible layer, the 

HVDC control system is divided into the following by function: double-pole 

control layer, pole control layer and converter valve control layer. 

The sampling units, data bus, master device to control port, should be fully in 
duplicated configuration. 

(4) HVDC protection system 

The HVDC protection system is arranged based on protection zones. The 

protection system of the converter station is divided into the following seven 

protection zones: AC filter/shunt capacitor protection zone, converter 

transformer protection zone, converter protection zone, DC line protection 

zone, DC filter protection zone, DC switchyard protection zone, and DC earth 

electrode line protection zone. Each protection zone and adjacent protection 

zone are overlapped to ensure that there is no dead zone. Triple redundant 
protection will be used for the HVDC system. 

Among them, the DC filter protection and converter transformer protection will 

be provided by the pole protection; three sets of electrical quantity protection 
and non electrical quantity protection will be provided for each pole; 
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♦ 	(5) 

duplicated protection will be provided for the AC filters. 

DC protection of the two poles are completely separate. HVDC protection and 

DC control systems will be relatively independent, both in redundancy. 

Component protection 

Duplicated protection will be provided for the main and standby 500/35kV 

step-down transformers, that is, two sets of independent electrical quantity 

protection and one set of non electrical quantity protection will be provided in 

two cabinets. One set of protection in one cabinet will be provided for the 

auxiliary transformer for external power supply and auxiliary 35kV /11.5kV 

transformer. One set of protection arranged in corresponding switch cabinet 

will be provided for the 11.5 kV/400V transformer. 

One circuit breaker protection and one control box will be provided for each 
500kV auxiliary transformer circuit breaker, arranged in the 500/35kV 

step-down transformer protection cabinet. 

One set of protection will be provided for each 35kV reactor, including current 

quick break protection, overcurrent protection, and zero sequence overcurrent 

protection. One cabinet will be provided for protection of two reactors. 

(6) Transient fault recorder system 

The transient fault recorder system includes AC transient fault and DC 

transient fault recorders. 

DC transient fault recording function is performed by a separate DC transient 

fault recording panel. Separate DC fault recorders are provided for the DC 

system based on pole and converter transformer, used to record the DC system 

valve group pulse sequence, firing angle, extinction angle, power, and current, 

voltage and protection operations and fault information of the HVDC and 

converter transformer circuits. Two converter transformer fault recorder panels 

and two valve group DC fault recorder panels will be provided. 

The fault recorders record the current, voltage of AC filter banks in the AC 

yard, 500kV and 35kV auxiliary transformers and protection operations and 

fault information of various protection devices. Each bank of AC filter will be 

provided with one panel; two panels will be provided for all the transformers. 

Fro AC fault recorders related to system protection, see related chapters in 

Volume 3. The recorded AC fault information will be sent to the AC fault 

recorder panel in the relay room. 

(7) DC fault location system 

Two fault location systems will be provided for the HVDC lines of the project, 
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mainly using double end detection of fault transient state travelling wave for 

ranging. It uses absolute time difference of the initial travelling wave surge 

reaching from the location of fault on the line to both ends to calculate the 

distance of fault to the ends. 

(8) Station master clock system 

The station will be provided with a clock synchronization system, and the 

master clock should be able to receive GPS reference time signals. For station 

control and process control which has high real-time requirements, hard 

connection will be used for synchronization, such as pulse synchronization and 

B code synchronization; network synchronization will be used for other 

devices. The synchronization of station master clock covers the station 

computer monitoring and control system, DC control and protection system, 

AC protection system, AC and DC transient fault recorder systems, SCADA 

and remote system, and electricity billing system. 

(9) Valve cooling control and protection system 

The valve control and protection system is in redundant configuration for each 

pole. The scope of redundancy extends from power supply of valve cooling 

control system to sensors which provide information to the control system; 

similarly, the digital communications interface with DC control and protection 

system is also redundant. When the main system fails, it will automatically 

switch to the backup system. 

(10) DC power supply system 

Three local relay rooms will be provided for this phase in response to the 

arrangement of AC yard and AC filters. Two DC power supply systems are 

considered for the AC yard of this phase: respectively for P I, P II and common 

devices. Five DC power supply systems will be provided for the station. 

The DC power supply systems will be of 220V. Each DC power supply system 

includes two sets of batteries, three sets of microprocessor-based 

high-frequency switching power supplies and corresponding DC panels. 

Sectionalized single-bus configuration will be used for the DC power supply 

system. Each section of bus will be connected to a battery and a charger; and a 

common charger will be provided for the two batteries, and can be used as 

backup for any charger. The battery discharge time is 2 hours, and the loads 

will be supplied in the form of radiation. 

(11) AC UPS 

To feed important AC loads such as computer control system, workstations, 

printers, the control building provides two 15kVA AC UPSs, for redundant 

Volume 111-2 -39 



Technical Specification for 	 Volume M-2 
±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Lahore Converter Station 

backup for the two poles and in parallel operation. Each UPS includes a 

rectifier, inverter, static transfer switch, and a bypass system. Two UPSs are 

respectively connected to two 220V batteries, with no dedicated battery. Each 

UPS has a full capacity. When AC power fails, the UPS can provide emergency 
power supply for two hours. 

Each AC relay room will be provided with one inverter power supply system to 

energize the AC loads. 

(12) Meter 

Electricity meters are provided as follows according to the main electrical 

connection of the project: 

One meter will be provided at 500kV AC filter bank and LV side of 500kV 

step-down transformer. Separate panels will be provided for the meters in the 
separate rooms. The meters will communicate with the station computer 

monitoring and control system through serial ports. 

(13) Other auxiliary systems 

The station will be provided with a fire alarm and control system. The capacity, 

performance requirements and corresponding interfaces of fire alarm 

controllers will be provided according to the scale of this phase. However, the 

fire alarm system should have extension spaces to meet future needs. 

A video surveillance system and security guard system will be provided to 

prevent unlawful entry. 

A full chromatography online insulating oil monitoring system will be provided 

for the converter transformers and HV transformers; a leakage current online 

monitoring system will be provided for the valve and DC yard lightning 

arresters. 

(14) Arrangement of control building and protection room 

Based on the primary equipment of the converter station, the control building 

and 500kV AC relay rooms will be arranged as follows: 

The control building will contain operator control room, P I control and 

protection equipment room, P II control and protection equipment room, 

common and bipolar control and protection equipment room, P I converter 

transformer and DC yard interface room, P II converter transformer and DC 

yard interface room, P I valve cooling equipment room, P II valve cooling 

equipment room, common DC panel room, P I DC panel room, and pole DC 
panel room. 
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The 500kV AC switchyard will be provided with three 500kV local relay 
rooms, each of which will be provided with two battery rooms; 

(a) The secondary devicesof ACF1-ACF4 will be arranged in the first 500kV 
local relay room; 

(b) The secondary devices of #1—#3 500kV series will be arranged in the 
second 500kV local relay room; 

(c) The secondary devices of #4—#6 500kV series will be arranged in third 
500kV relay room. 

5.6 	Transport of Large Equipment 

5.6.1 Dimensions of Large Equipment 

The transport dimensions of large equipment, by referring to experience of similar 
projects, are given as follows: 

Table 5.6-1 Transportation dimensions and weight of large equipment 

Transportation 
dimensions 

(m) 

Weight 
(t)  

Quantity 

Yy converter 
transformer 

13x4.5x5 350 7 

Yd converter 
transformer 

12.5x4.5x4.8 310 7 

500/35kV step-down 
transformer 

8.4x3.8x4.3 160 2 

* The exact transport dimensions will be provided by the manufacturers 

5.6.2 	Transport Conditions 

Chinese equipment will be used for this project. After departure from Chinese 
manufacturers, the equipment will be shipped to a port in Pakistan, then by land to 
the site. Pakistan is located in South Asia, landlocked on three sides, with the south 
bordering the Arabian Sea. Pakistan's inland transport relies on road, supplemented 
by rail, but the railway cannot transport large heavy pieces of cargo. Most of its 
inland rives are not navigable for large vessels. So the large equipment for this 
project can be transported by sea and inland road. 

5.6.3 Analysis of Transport Plan 

According to the transport conditions in Pakistan, large equipment will be 
transported by manufacturers to Karachi, a port city in south Pakistan. According to 
site survey, Port Qasim can be used as the receiving port, from where equipment can 
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be transported to the sending and receiving end converter stations by road. The 

transport route is as follows: 

Figure 5.6-1: Inland road transport map 

Port Qasim is about 1200km away from the receiving end converter station and the 
main route will be the N5 highway, which is a main north-south road equivalent to 
China's national highway. With good roadbed, flat surface, and without high 
gradients, the road has poor conditions at some locations, but suitable for transport of 
large vehicles. The problem is that there are many bridges and overhead barriers. The 
road and bridges should be properly protected during transport. 
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Figure 5.6-2: A large bridge on N5 road 
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Figure 5.6-3: A large bridge on N5 road 
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Figure 5.6-4: A typical overhead barrier on N5 road 
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14 	 Figure 5.6-5: Toll gate on N5 road 
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Figure 5.6-6: Large reservoir along the access road 

There are approximately 100 bridges on the road, including large bridges of above 
500m. Most local bridges have a box girder structure, offering good bearing capacity. 
The overhead barriers on the road limit the height to 6m. With proper measures taken, 
they can meet the passage needs of large equipment for the project. 

5.6.4 Conclusions and Recommendations 

According to the road conditions found during survey, the large equipment for the 
project can be shipped to the site after properly planning and safety measures. As 
informed by the local transport company, equipment heavier than 450t had been 
transported on the road. But transporting over so long a distance by road will involve 
high difficulty and unpredictable factors. The owner is advised to engage a qualified 
transporter to develop a plan for transport of large equipment to the site safely, with 
minimum costs. 

5.7 	Auxiliary Power 

5.7.1 	Introduction of Auxiliary Power Supply 

In order to assure the operation reliability of converter station, three circuits of 
auxiliary power supply are proposed for Lahore converter station; two circuits will 
be led through 35/11.5kV auxiliary transformers on two 35kV AC buses; the other 
circuit will be led from 132kV transmission line nearby or from the 132kV bay in the 

414 	 SARFRAZ NAGAR 220kV substation. 

5.7.2 Principles of Connection of Auxiliary Power 

Two 500/35kV step-down transformers will be provided in the station; two main 
500kV buses are connected with the HV side by open AC switchgear; LV side is 
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connected to 35kV system of the station. The two 11.5kV power supplies are led 
from the LV side of two 35/11.5kV auxiliary transformers. The station standby power 
supply is temporarily led from 132kV transmission line nearby or 132kV bay in the 
SARFRAZ NAGAR 220kV substation. Single bus connection and open arrangement 
will be used for 132kV switchgear; 132kV transformer has two outgoing circuits and 
132/11.5kV auxiliary transformer has one incoming circuit. Bus PT will be provided. 

Single bus in two sections will be used for the 11.5kV system; each section is 
supplied by a separate 1-circuit main power supply; besides, one standby section will 
be provided. Each 11.5kV working section is connected with two 11.5/0.4kV, 
2500kVA low-voltage auxiliary transformers for valve group's auxiliary load. 
Besides, each 11.5kV working section is connected with one 11.5/0.4kV (2500kVA) 
low-voltage auxiliary transformer for common load of converter station. 

5.7.3 Auxiliary power equipment and arrangement 

(1) Selection of auxiliary transformer 

The auxiliary transformer includes two 35/11.5kV auxiliary transformers and 
one 132/11.5kV auxiliary transformer; the low-voltage auxiliary transformer 

includes six 11.5/0.4kV auxiliary transformers. 

(2) Selection of high/low-voltage distribution panel 

1) High-voltage switch cabinet 

Trolley or intermediate switch cabinet will be provided as 11.5kV 
high-voltage switch cabinet and vacuum circuit breaker will be provided 

inside. 

2) Low-voltage switch cabinet 

Drawer type or plug-in intelligent switch cabinet will be provided as 400V 

low-voltage switch cabinet (PC, MCC and so on). 

5.8 	Buildings and structures 

5.8.1 Buildings 

±660kV Lahore converter station includes the following buildings: PI valve hall, P II 

valve hall, one control building, 500kV No. 1 relay ( with battery room ) and 11.5kV 
switch cabinet room, 500kV No. 2 relay ( with battery room ) and measuring room, 
500kV No. 3 relay( with battery room ), 400V common switchgear room, integrated 
water pump house, deep well pump house, four deluge valve rooms, spare smoothing 
reactor room, special materials storage, maintenance workshop & spare parts storage, 
Chinese dining room, Chinese dormitory, activityroom, Pakistan'sdining room, 
Pakistan's dormitory, two office building, management staffdormitory, workers' 
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dormitory, security rooms, watch tower, Pakistan's security staffdormitory. 

The total building area is about 26500m2. 

Table 5.8-1 List of buildings and structures in the station 

No. Name of buildings 
Building dimensions (m) Number of 

floors 
Building 

area (m2) 

n  
Qty 

L x W x H 

1 P I valve hall 
84x35x30 (lower chord 

of roof truss 24.75) 
Single floor 3243 1 

2 P II valve hall 
84x35x30 (lower chord 

of roof truss 24.75) 
Single floor 3075 1 

3 Control building 33.6x37.9x18.9 Three floors 3075 1 

4 

500kV No. 1 relay ( with 

battery room ) and 

11.5kV switch cabinet 

room 

46x9.6x5.65 Single floor 455 1 

5 
500kV No. 2 relay ( with 

battery room ) and 

measuring room 

34.4x9.6x5.65 Single floor 341 1 

6 
500kV No. 3 relay ( with 

battery room ) 
31x9.6x5.65 Single floor 308 1 

7 
400V common 

switchgear room 
12.6x9.6x5.65 Single floor 126 1 

8 
integrated water pump 

house 
30.5x10x11.55 Single floor 315 1 

9 deep well pump house 22.3x10x9.85 Single floor 231 1 
10 deluge valve room 6x3.6x5.35 Single floor 24 4 

11 
spare smoothing reactor 

MOM 
8.6x8.6x6.95 Single floor 80 1 

12 special materials storage 5.1x5.1x5.35 Single floor 29 1 

13 
maintenance workshop 

& spare parts storage 
Single floor 1274 1 

14 Chinese dining room Single floor 280 1 
15 Chinese dormitory Four floor 1888 1 
16 activity room Single floor 232 1 
17 Pakistan'sdining room Single floor 280 1 
18 Pakistan's dormitory Four floor 1532 1 
19 office building Three floor 2052 1 

20 
office building 

(operational area) 
Three floor 1483 1 

21 managementstaffdormito Two floor 1946 1 
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ry 

22 workers'dormitory Three floor 3103 1 

23 security room Single floor 32 2 

24 watchtower Two floor 22 4 

25 
Pakistan'ssecuritystaff 

dormitory 
Two floor 904 1 

Total / / 26468 32 

5.8.2 	Structure 

5.8.2.1 Design scope 

The structural design scope includes the upper structure, foundation and subgrade 
treatment of all the buildings (structures) in the enclosure wall of Lahore converter 
station. The main buildings (structures) include (but not limited to): buildings 
(structures) of converter area (P I valve hall, P II valve hall, control building, 
converter transformer foundation and fire wall, transportation road and converter 
transformer's incoming line structure), buildings (structures) of 500kV AC yard and 
AC filter yard, buildings (structures) of DC filter yard, buildings (structures) of 
auxiliary transformer and 132kV switchgear area, water related buildings (structures) 
of station and administrative buildings (structures). 

5.8.2.2 Design conditions 

Designed wind speed: the owner's recommended maximum instantaneous (3s) wind 
speed (at an altitude of 10m and frequency of once every 50 years) is 1601cm/h: 
44.4m/s. It is converted into maximum average wind speed (10min) of 31.1 m/s. 

Basic earthquake intensity: The converter station belongs to 2A area. The peak 
acceleration of ground motion is 0.14g under 10% frequency of once every 50 years; 
the basic earthquake intensity is 7°. 

5.8.2.3 Design Standards 

(1) ASCE 7-10 minimum design loads for buildings and other structures . 

( 2 ) ACI 318-11 Building Code Requirements for Structural Concrete and 

Commentary . 

(3) AISC 341-05 seismic provision for structural steel buildings . 

4 	(4) ASCE 10-97 Design of Latticed Steel Transmission Structures . 

(5) ASCE 113-2008 Substation Structure Design Guide . 

( 6) ACI 543R-00 Design, Manufacture, and Installation of Concrete Piles . 

4 
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(7) AISC 360-10 Specification for Structural Steel Buildings. 

( 8 ) ACI 530-11 Building Code Requirements for Masonry Structures. 

5.8.2.4 Structural Type 

Valve hall: It is in single floor; P I valve hall and P II valve hall will be provided. The 
main structure is steel—reinforcement concrete frame structure; the roof is in the 
form of trapezoid steel roof truss. The double-layer heat conservation compressive 
steel sheet will be provided for the roof plate. The fire wall is in the Reinforcement 
concrete frame structure 

Spare flat wave reactor chamber and Maintenance and spare parts warehouse:Steel 
structure will be adopted. 

The integrated water pump house includes above-ground and underground parts. The 
above-ground part is in the single-floor reinforcement concrete frame structure and 
underground part will be in the form of pond and is in the cast-in-situ reinforced steel 
concrete box structure. 

All other buildings (Control building, relay and battery building, office buildings , 
refectories, refectories, Specially store, metering buildings, common switchgear 

building etc ): Reinforcement concrete frame structure will be adopted. 

Water related building (structure): The industrial fire-fighting water pond, spray 

water pond, sewage adjustment pond and accident oil collection pond are in the 
reinforced steel concrete box structure. The foundation of embedded sewage 
treatment unit is made of reinforced steel concrete plate foundation. The rainwater 
valve foundation is made of reinforced steel concrete plate foundation. The 
underground water discharge pump station is in the reinforced steel concrete box 
structure. 

The gantries and equipment supports will be latticed steel structure with cast-in-situ 
R.C. stepped footing. Connections of members will be bolted. Gantry will be 
mounted on the foundations by means of anchor bolts embedded in the foundation 
concrete. 

5.8.2. 5 Subgrade and foundation 

Foundation dimensions and buried depth are calculated based on the data available 
from the geological report. Gantry foundation will be buried to 2.0m-3.5m deep. 
Equipment support foundation will be buried to 1.5m-2.5m. Foundation shall be 
placed on undisturbed soil layer, otherwise pile foundation should be adopted. 

5.8.2.6 Standard for structural design 

A) RC structure 
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Deflection of members shall be no greater than L/240 (9.5.2.6 of ACI 318, the latest 
version) 

B) Steel structure 

4 	 Deflection of framework beams shall be no greater than L/300, and deflection of 
framework columns shall be no greater than H/150. 

C) Slenderness Ratio 

Table5.1.4-3 	Limiting Slenderness Ratio (refer to ASCE 10 part 3.4, the latest version) 

Main compression member 150 
Secondary members carrying calculated stresses 200 
Redundant members without calculated stresses 250 

All tension-only members 350 

D) Connection of steel structure 

Connection method: Factory fabrication -- Bolt connection & welding; On-site--
Bolt connection. 

Bolt: Grade 5.8 6.8 and 8.8 galvanized bolts will be used, with minimum diameter 
12mm. All bolts will be completed with galvanized washers. Each bolt will be 
provided with one flat washer and one spring washer. 

Welding: Q235B and Q345B steel electrodes shall use E43 type and E50 type. The 
welding operation shall be avoided as far as possible for the Q420B high-strength 
steel. Weld metal shall match the metal material of members to be connected. When 
steels of different strength are to be connected, the weld material matching the low 
strength steel way be used. 

Table5.1.4-4 Summary of bolt Strength 

Material origin Grade 
Yield strength 

(N/mm2) 

Tensile strength 

(N/mm2) 

China 

5.8 320 400 

6.8 480 600 

8.8 640 800 

(3) Materials 

A) Steel 

Steel Q235B and Q345B will be used as steel for gantry and equipment support. 
Calculation shall be carried out as AISC standard. 

Main member angle steel : Q345B 

Web member angle steel: Q235B 

Walkway, ladder: Q235B 
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Anchor bolt: Q345B 

Table 5.1.4-5 Summary of Steel Strength 

Material 
origin 

Brand Thickness 
(mm) 

Yield strength 
(N/mm2) 

Tensile strength 
(N/mm2) 

China 

Q235B 
t<16 235 

375 
16<t<40 225 

Q345B 

t<16 345 

470 16<t<35 325 

35<t<50 295 

B) Concrete 

Table5.1.4-6 Summary of Concrete Strength 

Item 
THE 	SPECIFIED COMPRESSIVE STRENGTH OF CONCRETE, 
CYLINDRICAL MODEL ON 28-DAY TESTS: fc' 

Foundation 28 Nimm2  

Beam, column, slab 28 Nimm2  

Cable trench 28 N/mm2  

Pre-fabricated member 28 N/mm2  

bedding course 14 Nimm2  

Others 28 N/mm2  

C) Steel bar 

Table 5.1.4-7 Summary of Steel Bar Strength 

Category 
(N/mm2) 

Yield strength Remark 

Grade 40 280 

Grade 60 420 

Grade 75 520 

(4) Anti-corrosion of steel structure 

The steel for gantry and equipment support will be hot-galvanized for corrosion 
resistance. The steel buildings will be painted for corrosion resistance.And zinc-rich 
painting will be used at site for local anti-corrosion treatment where the zinc coat is 
damaged. 

5.8.2.7 Noise 

According to the Pakistan standard THE GAZETTE OF PAKISTAN, EXTRA, 
NOVEMBER 26, 2010, the sound environment of various functional areas and 
related discharge limits are formulated as follows: 

Volume 
Lahore Converter Station 
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Table 5.8-2 

National Environmental Quality Standards for Noise 

Effective from 	 Effective from 
S. No, category of Area 
	

1st July, 2010 	- 	 1st July. 2012 
Zone 

Limit in dB(Ai Leg 

Day Time Night Time pay 'rime Night Ti mc 

f. Residential area (A) 50 55 45 

Commercial area (R) 30 60 65 55 

3. Industrial area (C) 80 75 73 cis 

1. Silence Zone (0) 55 45 50 45 

Ai4,qq... I. 	Day time hours: 6.01) a. gat to 10.00 p. m. 

Night time hours: 10.00 p. in. to 6:01) :1311. 

3. - Silence tune: Zones which are declared as such by the competent authority. An area 
comprising not less than 100 meters around hospitals, educational institutions and courts. 

Mixed categories of areas may he declared as one of the four above-mentioned :categories 
by the competent authority, • 

sdll(A) Leo: Time weighted-average of the level of sound in deei Is on scale A which is relatable 
to bunion hearing. 

The noise at the boundary of the converter station is in accordance with Chinese 
standard ( Emission Standard for Industrial Enterprise Noise at Boundary 
GB12348-2008) 2 level: the daytime noise level is less than 60dB(A) and night 

noise level is less than 50dB(A). And for area 150 meters far away from the fence of 
the converter station, the noise should be less than 45dB(A) in night time and 
50dB(A) in day time. 

5.9 	Water Systems 

5.9.1 Water Supply System for Converter Station 

The water supply system for converter station includes domestic, productive and fire 
protection water supply systems. 

Domestic water supply system includes a 15m3  stainless steel water tank, domestic 
water supply unit and domestic water supply pipe network, etc. Variable-frequency 
constant-voltage water supply is adopted for domestic water supply unit, the 
designed water supply flow is 15m3/h and water supply pressure is 60m. 

Productive water supply system shall mainly provide make up water for the cooling 
water system outside the converter valve. That system is composed of a productive 
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water tank and 4 sets of productive water supply pumps (two in use and two standby) 
as well as its water supply pipeline, etc. The effective water storage volume 
productive water tank is the water consumption for five days of production. The 
makeup water of cooling water system outside valve for each pole is an independent 
water supply system, after pressurized by one set of working centrifugal pump (the 
other set of water pump is standby) by the water taken from water tank, it shall be 
delivered into corresponding cooling water tank outside valve through pipeline. 

The fire protection water supply system shall provide fire protection water for indoor 
and outdoor fire hydrant of building as well as water atomizing extinguishing system 
of converter transformer. The system adopts independent temporary high-pressure 
water supply system, and it is composed of fire-water pond, fire supply pump unit 
and the fire supply pipe network equipped with fire hydrant, etc. In order to avoid 
deterioration of water quality caused by long-term disuse of water protection water, 
the measures for ensuring water protection water not to be used for other purpose are 
taken into consideration, the mode of jointly constructing fire-water pond and 
productive water tank shall be adopted, and the storage quantity of fire protection 
water shall be about 400-500 m3. 

5.9.2 Drainage System 

Organized split water drainage system shall be adopted for water drainage in the 
• 	 station area, i.e., rainwater and valve cold drainage system, domestic sewage 

treatment and reuse system as well as emergency oil drainage system. 

The rainwater in the station area shall be collected by the storm water inlet on the 
ground beside road. And it shall be converged to the rainwater pump station through 
underground water drainage pipe before being pumped to outside the station. 

The cooling system outside valve inside station has little water drainage, the water 
quality is unpolluted, and it shall be considered to be drained to rainwater drainage 
pipe network through pipe. 

Domestic sewage treatment and reuse system shall be responsible for collecting the 
domestic sewage of comprehensive building, master control building and safeguard 
doorkeeper's room through pipe, and delivering into the buried integrated sewage 
treatment device for disposal, then it shall be collected into the wastewater tank 
through biochemical secondary treatment, so as to be reused for greening in the 
station. 

For the emergency oil drainage of oil-bearing equipment, such as converter tit 
transformer and reducing transformer, etc., through collection by the oil pit at the 
lower position, it shall be converged into the emergency oil collecting basin through 
underground oil drainage pipe, water shall be drained out into rainwater drainage 
pipe network after separation of oil and water, and oil shall be stored into the 
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emergency oil collecting basin for recovery. 

5.10 	Ventilation and Air Conditioning System 

(1) General 

Air conditioning and/or other environmental control systems will be provided for all 
buildings, and process areas to ensure satisfactory operation of the HVDC system 
under the range of climatic conditions to which the station may be subjected. These 
systems will provide for personnel comfort and equipment operational reliability. 
Areas requiring environment control will at least include: 

• Valve hall 

• Control room 

• Electrical equipment room 

• Communication equipment room 

• Office, meeting room, documentation room, duty room 

• Pump house 

• Battery room 

• Valve cooling equipment room etc. 

Table 5.10-1 List of Indoor Design Criteria for Buildings or Rooms 

Room Temperature Relative Humidity 

Summer Winter Summer Winter 

Valve Hall <50 °C >10 20-60% 20-60% 

Control Room 2428°C 16-18°C 50-70% 50-70% 

Protection Equipment Room 24-28°C 16-18°C 50-70% 50-70% 

Communication Equipment Room 24-28°C 16-18°C 50-70% 50-70% 

Valve Cooling Control room 24-28°C 16-18°C 50-70% 50-70% 

Office 26-28°C 16-18°C <70% - 

Meeting Room 26-28°C 16-18°C <70% - 

Documentation Room 26-28°C 16-18°C <70% - 

400V Distribution Room 35 °C - - - 

DC Panel Room <30 °C 16-1 8°C <70% - 
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Battery Room <30 °C 16-18°C - - 

Valve Cooling Equipment Room <35 °C >10 - - 

Relay Room 24-28°C 16-18°C <70% - 

11kV Power Distribution Room <35 °C - - - 

Duty Room 24-28°C 16-18°C <70% - 

Rest Room 24-28°C 16-18°C <70% - 

Canteen 24-28°C 16-18°C ...70% 

(2) Ventilation for Valve Hall 

Each valve hall will be provided with an independent ventilation system by two redundant air 
handling units with 100% capacity per each, one operation and one standby, to maintain 
indoor temperature and relative humidity at an acceptable level for normal operation of 
electrical equipment inside the valve hall. Also a slight overpressure (5-4OPa) will be 
provided inside the hall to prevent the infiltration of dust through building enclosure. 

Air handling unit will be consisted of return fan section, return air and fresh air mixing section, 
filter section, cooling coil section, auxiliary electric heater section, muffler section and supply 

fan section etc. 

The ventilation system for valve hall will be a closed cycle and the total air volume in the 
valve hall will be re-circulated through the main filters. Normally in favorite outdoor 
conditions the air in valve hall will be sucked to AHU, mixed with fresh air up to a maximum 
of 20% of the total air requirement, then cooled or heated, dehumidified or humidified, 
filtered and supplied back to the hall via air ducts by supply fan of AHU to maintain the 
specified conditions inside the valve hall. In hot days in summer, two redundant air cooled 
water chillers with 100% capacity per each, one operation and one standby, will be provided 
to supply chilled water (about 7°C) to cooling coil inside the air handling unit for cooling the 

circulated air. 

Overpressure inside valve hall can be realized by adjusting the fresh air damper and exhaust 
air damper to make the fresh air volume exceed the exhaust air volume plus air leakage 
volume through valve hall enclosure. 

The power for ventilation equipment for valve hall will be cut off by fire alarm signals to 
prevent the spreading of the fire in the case of fire. 

Each valve hall will be served with smoke exhaust fans for smoke evacuation after the fire has 
been distinguished, if fire occurs inside the hall. 

Water chillers and air handling units will be located on the ground outside the valve hall. 

(3) Ventilation and Air Conditioning for Control Building 
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Central air conditioning systems will be provided for control building of which the main 
equipment will be 2x100% air-cooled water chillers and 2x100% air handling units, one of 
each equipment will be in operation and another standby. 

The air cooled water chiller will produce chilled water in summer and hot water in winter to 
cooling coil inside AHU, AHU will supply cooled or heated, de-humidified, filtered air via air 
ducts to the rooms needing air conditioning, and return air will be drafted back to AHU for 

re-treatment. 

Valve cooling equipment room and ventilation plant room will be provided with mechanical 
exhaust system by axial fans for normal ventilation, the air changes per hour will not be less 

than 5 times. 

Axial fans will be equipped for 400V distribution room for emergency ventilation and air 
changes per hour will be larger than 12 times per hour. 

Battery room will be provided with a mechanical ventilation system by explosion proof & 
anti-corrosive axial fan to exhaust hydrogen and acid gases to the outside. The air changes 

will not be less than 3 times per hour. 

Toilet will be provided with mechanical exhaust by ceiling type ventilator with air changes 

per hour not less than 6 times. 

If fire occurs at control building, the related ventilation and air conditioning equipment will 
trip by fire alarm signals to prevent the spreading of the fire. 

(4) Ventilation and Air Conditioning for Relay Room 

Air cooled split air conditioners will be provided for relay room and battery room to maintain 
the indoor temperature and relative humidity required for normal operation of electrical 

panels and battery. 

The air conditioner for battery room will be of explosion proof type. 

One redundant air conditioner will be provided above the quantity required to achieve the 

operating indoor environment for rated power. 

Battery room will be provided with a mechanical ventilation system by explosion proof & 
anti-corrosive axial fan to exhaust hydrogen and acid gases to the outside. The air changes 

will not be less than 3 times per hour. 

Axial fans will also be provided for relay room for ventilation during installation and 

maintenance. 

The power for ventilation and air conditioning equipment will be cut off automatically by fire 
alarm signals to prevent the spreading of the fire in the case of fire. 
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(5) Ventilation and Air Conditioning for 11kV Power Distribution Room 

Normal and emergency ventilation by axial fans will be provided for 11 kV power distribution 
room and the air changes will be larger than 12 times per hour. 

In addition to the ventilation system mentioned above, air cooled split air conditioners will 
also be provided to maintain the indoor temperature not higher than 35°C to ensure the 

normal operation of the electrical equipment during hot days in summer. 

The air conditioners and fans will be powered off automatically in the fire circumstance. 

(6) Ventilation and Air Conditioning for Common 400V Power Distribution Room 

Normal and emergency ventilation by axial fans will be provided for common 400V power 
distribution room and the air changes will be larger than 12 times per hour. 

In addition to the ventilation system mentioned above, air cooled split air conditioners will 
also be provided to maintain the indoor temperature not higher than 35°C to ensure the 

normal operation of the electrical equipment during hot days in summer. 

The air conditioners and fans will be powered off automatically in the fire circumstance. 

(7) Ventilation and Air Conditioning for Office Builing and Dormitory 

Air cooled split air conditioners will be provided for office, rest room, canteen and meeting 

room to maintain the indoor temperature for personal comfort. 

Normal and emergency ventilation by axial fans will be provided for power distribution room 

and the air changes will be larger than 12 times per hour. 

In addition to the ventilation system mentioned above, air cooled split air conditioners will 
also be provided for distribution room to maintain the indoor temperature not higher than 35°C 

to ensure the normal operation of the electrical equipment during hot days in summer. 

Each toilet will be served with a toilet ventilator for air changes. 

(8) Ventilation for Comprehensive Pump House 

A natural inlet and mechanical exhaust ventilation system will be provided for pump house, in 
which wall-mounted axial fans will be used as exhaust equipment. 

(9) Ventilation and Air Conditioning for Guard House 

Air cooled split air conditioners will be provided for duty room, bedroom to maintain the 
indoor temperature at required level. The toilet will be served with a toilet ventilator and the 

4 	air changes will not be less than 6 times per hour. 
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5.11 	Fire protection 

The main protection object of fire protection system in this engineering shall be such 

Oh buildings as the master control building and valve hall, comprehensive building and overhaul 
spare articles warehouse, etc., as well as the oil-bearing equipments such as converter 

transformer, etc. 

The fire protection system includes fire water system (which is divided into indoor and 
outdoor fire hydrant extinguishing system and water spray extinguishing system) and mobile 
fire extinguisher configuration, etc. Among them, indoor and outdoor fire hydrant shall 
mainly be adopted for fire protection of building, and it shall be configured with certain 
quantity of mobile fire extinguishers at the same time. Water spray extinguishing system shall 
mainly be adopted for the converter transformer, and it shall be configured with certain 

quantity of mobile fire extinguishers at the same time. 

Independent temporary high-pressure fire protection water supply system shall be adopted for 

the fire water system, and it shall be composed of one 400m3  fire-water pond, fire service 

pump, constant-pressure pump, surge tank and fire protection water supply pipe network with 

fire water facilities (fire hydrant and deluge valve), etc. The 400-500m3  fire-water pond and 

productive water tank shall be jointly constructed, and there shall be protective measure for 

not using the fire water for other purpose. 

The fire protection water supply pipe network shall be circularly arranged around the master 
control building and valve hall, comprehensive building as well as converter transformer, and 
the interval for arrangement of outdoor fire hydrant shall not be greater than 120m. 

There shall be one set of water spray extinguishing system for each set of converter 
transformer, including deluge valve unit, signal butterfly valve, discharge nozzle and pipe, etc. 

4 

Volume 	-58 



Feasibility Study for 
±660kV HVDC Project from Matiari to Lahore in Pakistan 

Volume N 
HVDC Transmission Line 

 

NATIONAL TRANSMISSION & DESPATCH 
COMPANY (NTDC) LIMITED PAKISTAN 

0 

FEASIBILITY STUDY 

FOR 

±660kVHVDC PROJECT 

FROM MATIARI TO LAHORE IN PAKISTAN 

VOLUME N 

HVDC TRANSMISSION LINE 

4L' 

PAK MATIARI-LAHORE TRANSMISSION COMPANY(PRIVATE) LIMITED. 

January 2017,Beijing, P.R. China 



Volume IV 

HVDC Transmission Line 

±660kV HVDC PROJECT 

FROM MATIARI TO LAHORE IN PAKISTAN 

GENERAL LIST OF CONTENTS 

VOLUME I 	. GENERAL REPORT .,  

VOLUME II 	' SECONDARY SYSTEM 

Volume II-1 System Protection 

Volume 11-2 System Communication 

VOLUME III  HVDC CONVERTER STATION 

Volume III-1 Matiari Converter Station 

Fig.Volume III-1-1 Single Line Diagram of Matiari Converter Station 

Fig.Volume III-1-2 General Layout Diagram of Matiari Converter Station 

Fig.Volume III-1-3 Site Location Plan Diagram of Matiari Converter Station 

Volume 111-2 Lahore Converter Station 

Fig.Volume 111-2-1 Single Line Diagram of 	Lahore Converter Station 

Fig.Volume 111-2-2 General Layout Diagram of Lahore Converter Station 

Fig.Volume 111-2-3 Site Location Plan Diagram of Lahore i Converter Station 

VOLUME IV '  HVDC TRANSMISSION LINE 

Fig.Volume IV-1 Site Location Plan from Matiari to Lahore 

Fig.Volume IV-2 Tower Outlines 

Fig.Volume IV-3 Foundation Outlines 

Annex Volume IV-1 Conductor Choice Report 

.VOLUME V  ELECTRODE AND ELECTRODE LINE 

Volume V-1 Electrode and Electrode Line of Matiari Converter Station 

Volume V-2 Electrode and Electrode Line of Lahore Converter Station 

Feasibility Study for 
±660kV HVDC Project from Matiari to Lahore in Pakistan 



Feasibility Study for 	 Volume N 

t660kV HVDC Project from Matiari to Lahore in Pakistan 	 HVDC Transmission Line 

TECHNICAL DEFINITIONS 

The following technical definitions apply tothis Specification: 

HVDC System 

HVDC Project 

M-L T/L 

AC yard 

DC yard 

Life yard 

T area 

M-E T/L 

M E/G 

L-E T/L 

L E/G 

M C/S 

L C/S 

M AC busbar 

L AC busbar 

M AC system 

National Transmission And Despatch Company Limited (NTDC) 

The project company for development, investment, construction, 
operation and maintenance of the ± 660kV HVDC project from 

Matiari to Lahore in Pakistan. 

All of the relevant equipment and systems in bipolar operation, 
including converter transformers, convertor valves, DC yard 
equipment, AC filter, control& protection system, DC transmission 
line, electrode and electrode line, etc. 

HVDC System and the relevant construction works in this project. 
the relevant construction works including outlet and inlet line of 
converter station, buildings and structures, related auxiliary 

production facilities and living facilities. 

Matiari-Lahore Transmission Line 

AC switchgear area in converter station 

DC switchgear area in converter station 

Living facilities and part of auxiliary production facilities area in 

converter station 

Transformer area 

Matiari Electrode Grouding Transmission Line 

Matiari Electrode Grouding 

Lahore Electrode Grouding Transmission Line 

Lahore Electrode Grouding 

Matiari Converter Station 

Lahore Converter Station 

Matiari AC busbar 

Lahore AC busbar 

Matiari AC system 

Purchaser 

Company 
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L AC system 	Lahore AC system 

P I 	 Pole I 

P II 	 Pole II 
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The following abbreviations apply to this Specification: 

AC 	 Alternating Current 

ACI 	American Concrete Institute 

A/D 	Analog to Digital 

AN 	 Audible Noise 

ANSI 	American National Standards Institute 

ASCE 	American Society of Civil Engineers 

ASTM 	American Society for Testing Material 

BIL 	Basic Impulse Insulation Level 

BS 	 British Standard 

BSL 	Basic Switching Impulse Insulation Level 

CB 	 Control Building 

CCITT 	International Consultative Committee on Telephone and Telegraph Systems 

CT 	 Current Transformer 

CTV 	Capacitive Voltage Transformer 

D/A 	Digital to Analog 

DC 	 Direct Current 

DIN 	Deutsches Institute fur Normung 

EEI 	 Edison Electric Institute 

EIA 	Environmental Impact Assessment 

ESCR 	Effective Short Circuit Ratio 

ESDD 	Equivalent Salt Deposit Density 

FAT 	Factory Acceptance Tests 

HF 	 High Frequency 

HVDC 	High Voltage Direct Current 
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IEC 	 International Electrotechnical Commission 

	

IEEE 	Institute of Electrical and Electronics Engineers 

UO 	 Input/Output 

ISO 	 International Standards Organization 

	

LED 	Light Emitting Diode 

	

MMI 	Man Machine Interface 

MVU 	Multiple Valve Unit 

NFPA 	National Fire Protection Association 

OPGW 	Optical Fiber Composite Overhead GroundWire 

	

P&C 	Protection and Control 

	

PLC 	Power-line Carrier 

PT 	 Potential Transformer 

RF 	 Radio Frequency 

RI 	 Radio Interference 

vi0 	RIV 	Radio Interference Voltage 

	

RTU 	Remote Terminal Unit 

	

RPC 	Reactive Power Controls 

SCADA 	Supervisory Control and Data Acquisition 

	

SER 	Sequence of Events Recorder 

	

SLG 	Single Line to Ground Fault 

SMC 	Station Master Clock 

	

SPC 	Software Production Control 

SWC 	Surge Withstand Capability 

	

TFR 	Transient Fault Recorder 

	

UPS 	Uninterruptible Power Supply 

VDT 	Video Display Terminal 

VDU 	Video Display Unit 

	

VF 	 Voice Frequency 

	

VT 	 Voltage Transformer 
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1 	Project Overview 

1.1 	General 

The Matiari-Lahore ± 660kV HVDC transmission line starts at Matiari converter 
station about 38km northeast to Hyderabad and ends at Lahore converter station 
approximately 40km southwest of Lahore. The line goes from southwest to northeast 
and crosses Sindh and Punjab, measuring 810km in aviation line. The length 
determined at feasibility study stage (the recommended route) is 878km, with a 
buckling factor of 1.08. The altitude ranges from 20 to 200m along the line. 

The line corridor is mainly flat terrain, including flat ground of 342km (38.9%), and 
desert of 496km (56.5%), swamp of 40km(4.6%). The highest temperature is 52.5°C, 

the lowest temperature -5°C, the 3-sec gust wind speed at 10m above ground is 
160km/h(44.44m/s), the corresponding 10-minute average wind speed at 10 meters 
above ground is 31.1m/s.The corridor goes through ice-free areas. 

According to the feasibility study, the following are recommended: conductor uses 
4xJL1/G3A-1250/70 and 4x.Th1/LHA1-800/550;both2 shield wires use 24-fiber 
OPGW-120;towers use lattice steel self-supported type (1977 towers, 2.25 
towers/km), including 257 tension towers (13%), 1720 suspension towers (87 %). 



Feasibility Study for 	 Volume N 

±660kV HVDC Project from Matiari to Lahore in Pakistan 	 HVDC Transmission Line 

1.2 	Main Design Basis 

(1) LAVALIN feasibility study report provided by NTDC 

(2) NTDC Draft Reply on Queries from CET - Gadani HVDC Transmission 

f 	 Project (Transmission Lines Part) 

(3) "Minutes of meeting of Pakistan HVDC transmission project feasibility 
study" China Power Equipment Co., Ltd., July 14, 2014 

(4) Minutes of Meeting Held on Dated 04.03.2015 In WAPADA House, Lahore 

HVDC Project (Spip) 

(5) Minutes of Meetings for HVDC Transmission Line Project from Matiari to 
LahoreHeld on Marchl6-25, 2015 at NTDCL Head Office Wapda House, 
Lahore, Meeting Minutes March 25, 2015 

(6) Minutes of Meetings for HVDC Transmission Line Project from Matiari to 
LahoreHeld on May 20, 2015 at GM Planning (Power), PIA Building, Lahore, 

Meeting Minutes May 20, 2015 

(7) May 4, 2015 NTDC's reply to route recommendation by our company, 
Preliminary Route alignment / coordination from MATIARI-LAHORE 

HVDC transmission line 

(8) Evironmental Impanct Assessment (EIA) Report by NESPAK ,July 2015 

(9) Technical Issue List for Discussion of TSA Technical Specification ,Volume 

N HVDC Transmission Line on Oct 14,in WAPADA House 

(10) General Critical Issues for TSA of 660kV HVDC BOOT Project (Matiari-

Lahore), Oct 31, Islamabad 
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1.3 	Standards and Specifications 

According to the main design principles agreed with NTDC, the engineering, 
construction, operation and maintenance of the HVDC transmission project will be 
performed according to the IEC, IEEE or the Chinese Standards for the DC portion 
of the HVDC Transmission Project. The following standards and specifications will 

be used at the current stage: 

(1) Electrical design and material standards and specifications 

DL 5497-2015:Technical code for design of HVDC overhead transmission line 

IEEE 142-2007 Grounding of industrial and commercial power system 

CIGRE 388 Impacts of HVDC Lines on the Economics of HVDC Projects 

IEC 61089 Round wire concentric lay overhead electrical stranded conductors 

IEC 60794-1-1,2001 Optical fibre cables-Part 1-1:general specification –general 

IEC 61396 Electrical mechanical and physical requirements and test methods of 

Optical ground wire 

IEC 61284 Overhead lines-requirements and tests for fittings 

IEC 61325-1995 Ceramic or glass insulator units for d.c. systems- definitions,test 

methods and acceptance criteria 

(2) Structural design and material standards and specifications 

ASCE 74-2009:Guidelines for Electrical Transmission Line Structural Loading 

IEC 60826:Design criteria of overhead transmission lines 

ASCE 10-97 :Design of latticed steel transmission structures 

ACI318:American concrete institutes 

IEEE Std 691_-2001:IEEE Guide for Transmission Structure Foundation Design and 

Testing 

ASCE 74-2009:Guidelines for Electrical Transmission Line Structural Loading 

IEC 60826: Design criteria of overhead transmission lines 

ASCE 10-97 : Design of latticed steel transmission structures 

GB/T 3098.1 :Mechanical Properties of Fasteners—Bolts, Screws and Studs, 

GB/T 3098.2 :Mechanical Properties of Fasteners—Nuts-Coarse Thread 
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GB/T 5117 :Covered Electrodes for Manual Metal Arc Welding of Non-alloy and 

FineGrain Steels 

GB/T 5118 :Covered Electrodes for Manual Metal Arc Welding of Creep-resisting 

Steels. 

GB 50661:Code for Welding of Steel Structures. 

GB/T 1591 :High Strength Low Alloy Structural Steels 

GB/T 700 :Carbon Structural Steel. 

GB 50017 :Code for Design of Steel Structures .etc, and/or other approved standard. 

GB 50010 :Code for Design of Concrete structures 

GB1499.1:Steel for the reinforcement of concrete: Hot rolled plain bars 

GB1499.2 :Steel for the reinforcement of concrete: Ribbed bars 

JGJ 18 :Specification for welding and acceptance of reinforcing steel bars.etc, and/or 

other approved standard. 

4 

V 
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2 	Route 

2.1 Route plan 

The TL project starts at Matiari converter station in Hyderabad, Sindh, and ends at 
tit Lahore converter station, Lahore, Punjab. The overall direction is from southwest to 

northeast, passing through the Sindh and Punjab provinces. The route length in the 
recommended plan is 878km. Figure2-1 shows the overview of line route. 

• 

Figure2-1 HVDC Transmission Line Route 

2.2 Engineering Geology and Hydro Geological Conditions 

2.2.1 Regional Geology and Earthquake 

Regional Geomorphology and Regional Geology Overview: According to the 
Pakistani geological map, the 60km west of line has north southward Kirthar fault, 
and 100km south of line has east western Naga Parga fault, the nearby place has no 

new active fault, satisfying the distance requirement. 

Earthquake: This earth crust of proposed area is relatively stable, which is suitable 

for construction of converter station and transmission lines. 
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2.2.2 Geotechnical Engineering Condition and Assessment 

2.2.2.1 Geotechnical Engineering Conditions of Northern Plains 

2.2 .2 .1.1Topography 

The line passes alluvial plain from Bhai phero of Lahore to Hasilpur, a total of about 
240 kilometers. The terrain undulating is small with small dune distributed, elevation 
is about 140-200m, height difference is about 60m, the plain area is farmland. 

2.2.2.1.2Lithology 

According to this reconnaissance and reference from geotechnical engineering 
investigation report of Canada's SNC-LAVALIN, the liner formation is as follows: 

Clay fine sand soil: variegated, saturated - dry, loose - dense. 

Fine sand: variegated, mainly saturated, loose - dense. 

Clay: black, yellow, etc., wet - little wet, fabricable - hard fabricable state based. 

Silt: variegated, mainly saturated, usually little dense —middle solid. 

2.2.2.1.3Hydro Geological Conditions 

Groundwater of this section is quaternary phreatic or perched water with partial load 
bearing capacity; the burial depth of water (or load bearing water head) is about 
2.00m-12.00m, annual change amplitude of groundwater level is 1.00m - 2.50m. 

2.2.2.1.4Adverse Geological Processes. 

There is no landslide, avalanches, landslides, ground collapse or other adverse 

geological process. 

2.2.2.1.5Minerals and Artifacts. 

There is no mineral reserve, overlaid historical relics or monuments. 

2.2.2.2 Geotechnical Engineering Conditions of Desert Section 

(1) Topography 

This line section passes desert, covering from Hasilpur city to Sanghar city, and a 
total of about 600 kilometers. The liner terrain is relatively flat with sparse 
vegetation or no vegetation, elevation is about 40-140m, height is about 100m. 

(2) Lithology 

According to this reconnaissance up capital, and with reference to Canada's 
SNC-LAVALIN geotechnical survey report, formations along the line as follows: 

Fine sand: yellow, pale yellow, dry - slightly wet, loose - dense. 
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Silt: pale yellow, slightly wet, loose — dense. 

(3) Hydro geological conditions 

This section has no groundwater impacting tower foundation. 

(4) 	Adverse geological process 

There is no landslide, avalanches, landslides, ground collapse or other adverse 

geological process. 

(5) Mineral heritage 

There is no mineral reserve, overlaid historical relics or monuments. 

2.2.2.3 Geotechnical Engineering Conditions of Southern Plain 

(1) Topography 

The route covers from Sanghar City to Matiari converter station of Hyderabad City, a 
total of about 90 km. Liner terrain is with small undulating, about 24-40m of 
elevation, 16m of differential height. The land is mainly arable land for wheat and 

other crops growing. 

(2) Lithology 

0- 	 According to this reconnaissance up capital, and with reference to Canada's 
SNC-LAVALIN geotechnical survey report, formations along the line as follows: 

Silt, gray, grey yellow, saturated - dry, slightly dense - dense 

Fine sand: gray, grey yellow, saturated - dry, loose - dense. 

Clay: dark gray, gray, wet - slightly wet, soft fabricable - hard fabricable. 

(3) 	Hydro geological conditions 

Groundwater of this section is quaternary phreatic or perched water with partial load 
bearing capacity; the burial depth of water (or load bearing water head) is about 
1.00m-8.00m, annual change amplitude of groundwater level is 1.00m — 3.00m. 

(4) 	Adverse geological processes. 

There is no landslide, avalanches, landslides, ground collapse or other adverse 

geological process. 

lok 	 (5) 	Mineral artifacts. 

There is no mineral reserve, overlaid historical relics or monuments. 
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2.3 	Hydrological Condition along the Line 

2.3.1 Nara Canal 

Nara Canal is an important waterway in Sindh province, Pakistan. It is formed by 

414 	
excavation of excising river course of Nara River. As the longest canal in Pakistan, it 
origins at Sukkur Barrage in the north of Rohri, flows southward via Khairpur, 
Sanghar and Tharparkar to Jamrao Canal, and finally joins the old river course of 
India River, through which it continuously flows southward and joins the ocean via 
Kutch swamp. Nara Canal is 364km long, with the design water volume 385.2m3/s 

and the actual water amount 400.5m3/s, covering an irrigated area of 8,100km2. 

The line strides across a tributary of Nara Canal in the north of Sanghar. The terrain 
of crossing segment area is flat, and the river course is winding. There are a lot of 
reeds around the river course, forming many pondings. According to the field 
investigation, the historical maximum flood in the crossing segment area took place 
in the summer of 1992, with the submerged depth ranged in 1.5-2.0m and the 
duration exceeding one month. The crossing segment area is easily subject to 
waterlogging after rainstorms in summer, when the submerged depth can reach over 
0.5m and the submerged duration may last for one month. It's suggested to further 
assess the impact of flood in the next stage based on the placement of tower position. 

2.3.2 	Sutlej River 

Sutlej River is one of the main tributaries of Indus River. It starts from Lake 
Rakshastal in the territory of China, where it is named as Xiangquan River. It flows 
westward via Himachal province of India, enters the territory of Pakistan in the 
northeast of Kasur in Punjab Province, then keeping basically parallel to Ravi River, 
flows southwest and connects to Chenab River, and finally joins Indus River. It is 
approximately 1450km long and covering a catchment area about 39.5 x104km2. 

At approximately 0.5km upstream of Arifwala-Sahiwal Rd Bridge, the line strides 
across Sutlej River. The crossing segment is a wandering reach, where the cross 
section is wide and shallow, the height difference of swale is small, shoals are 
densely covered and branches are intertwined, so that water flows are scattered and 
the main stream is swinging and unstable. According to the flood data provided by 
NTDC, the area belongs to a flood prone area, where the maximum submerged depth 
is ranged in 18-23ft, and the submerged duration may last for one month. It's 
suggested to further assess the impact of flood in the next stage based on the 

placement of tower position. 
Mrr 	 There is a 132kV line built at approximately 300m upstream of Arifwala-Sahiwal Rd 

Bridge, and the base is heightened by about 3m. 
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2.33 Ravi River 

Ravi River is one of the main tributaries of Indus River. It starts from Himalaya 
Mountains of Chamba District, Himachal Province, India. As a transboundary river 
between India and Pakistan, it flows through the northwest of India and the east of 
Pakistan. Ravi River enters the territory of Pakistan in the northeast of Punjab 
province, flows southwestward via Lahore, Kasur, Okara, Sahiwal and Khanewaletc., 
connects to Chenab River and finally joins Indus River. It is approximately 725km 

long and covering a catchment area about 11,600km2. 

The line strands across Ravi River at approximately 2km downstream of Balloki 
Barrage. In the crossing segment, the river course is winding, the river surface is 
wide and shallow, there are a lot of river branches, and it is a mobile bed stream. 
According to the data on the historical maximum flood level of Balloki Barrage, the 
100-year flood level for the crossing segment of the line is predicted to be about 
194.2m. It's suggested to further assess the impact of flood in the next stage based on 

the placement of tower position. 

There is a 500kV line built at approximately 300m downstream of Balloki Barrage, 

and the base is heightened by about 3m. 

•ah 

la 
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3 	Meteorological 

The main meteorological elements in the project is shown as below in the following 

table. 

Table 3-1 main meteorological elements 

Meteorological 
element 

Temperature 

(°C) 

Wind Speed 

(m/s) 

Ice Thickness 

(mm) 

Minimum 
temperature 

-5 0 0 

Annual average 
temperature 

25 0 0 

Maximum wind 
speed  

15 44.44(31.1) 0 

Icing conditions  / / / 

Maximum 
temperature 

52.5 0 0 

Failure -1.1 0 0 

Thunderstorm Days 32/year 

Note: The reference wind speed is the 3-sec gust wind speed at IOm above groun , the 
corresponding 10-min average wind speed at 10 meters above ground is in the 

following bracket. 

4 
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4 	Selection of Conductor and Earth Wire 

4.1 	Selection of Conductor 

4.1.1 	Principles for Selection of Conductor 

According to the characteristics of DC transmission line, as selecting conductors, 
comprehensive consideration shall be given to the following factors in term of 

electrical characteristics, mechanical properties and economic efficiency: 

(1) Current density; 

(2) Current carrying capacity; 

(3) Radio interference level (RI); 

(4) Corona audible noise (AN); 

(5) Electric power losses 

(6) Mechanical properties; 

(7) Annual cost; 

(8) Others (impacts on tower weight, insulators, fittings and foundation; and 
manufacturing and construction conditions, operational experience and so on). 

4.1.2 	Condition for Selection of Conductor 

(1) Power system conditions 

The power system boundary condition for selection of conductor is shown in 

Table 4.1-1. 

Table 4.1-1 Powers System Boundary Condition for Selection of Conductor 

Operating voltage (kV) ±660 

Transmission capacity (MW) 4000 

Rated current (A) 3030 

Overload current(A) 3333 

Annual maximum load loss hours ( hours) 6200 

Electricity price ($) $0.0838 (¥0.5) 

Operation period (year) 30 

Discount rate 10% 

(2) Electromagnetic environmental requirements for selection of conductor 

There are no relevant standards available in Pakistan, so China's standard DL 
5497-2015:Technical code for design of HVDC overhead transmission line 

will apply, which specifies that: 
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For an area at an altitude of 1000m or below, the radio interference limit shall 

not exceed 58 dB (i.tV/m) at 20m from the projection at the ground of the 

positive polarity conductor of DC overhead transmission line, at 80% time, 80% 

confidence degree, and 0.5MHz frequency. 

For an area at an altitude above 1000m, the audible noise limit (L50) caused by 

corona at 20m from the projection at the ground of the positive polarity 

conductor of DC overhead transmission line in a sunny day shall not exceed 

45dB (A); in the case of the above sea level above 1000m and the line is 

passing through a non-residential area, it shall be controlled below 50dB (A). 

4.1.3 	Selection of Conductor 

When selecting the type of Conductor, 13 schemes of conductor are compared. They 
are respectively: 

4 xTh/G3A-900/40,4 xTh/G3A-1000/45,4 xTh/G1A-1120/90,4 x Thl/G3A-1250/70,4 x 
L1/G2A-1520/125; 

6 xTh/G1A-630/45,6 xJL/G2A-720/50,6 xTh/G1A-800/555,6 xJL/G3A-900/40,6 x1L/G 
3A-1000/45,6xJL/G1A-1120/90,6xThl/G3A-1250/70,6xThl/G2A-1520/125. 

Taking current-carrying capacity, electromagnetic environment, mechanical 
properties, tower load, economical efficiency, conductor manufacture, stringing 
construction, operation, maintenance and various other factors into comprehensive 
consideration, and integrating the actual situation of natural conditions in the work, 
aluminum conductor steel reinforced 4xJL1/G3A — 1250/70 is the optimal scheme 
for this HVDC line project. The sub-conductor is square arrangement with the 
spacing of 500mm.Pole spacing for 4xJL1/G3A — 1250/70 will be 17m. 

Considering the Matiari converter station is about 170km north to the coastline, and 

the HVDC goes north to Lahore which will be further away from the coastline. 

aluminum alloy-core aluminum stranded conductor will used for about 214km from 

Matiari converter station 

Refer to Table 4.1-2 for the technical parameters of conductors. 

Table 4.1-2 Technical parameters of conductors 

Conductor type 

Item 
JL1/G3A — 1250/70 JL1/LHA1-800/550-54/37 

Structural 
strands/diameter, mm 

Outer layers Aluminum 76/4.58 
High Conductivity Aluminum 
54/4.35 

Core Steel 7/3.57 Aluminum A11oy37/4.35 

Cross section, mm2 

Outer layers Aluminum 1252.09 
High Conductivity 

 Aluminum802.53 

Core Steel 70.07 Aluminum Alloy 549.88 

Total Total cross section 1322.16 Total cross section 1352.41 
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Conductor type 
Item JL1/G3A — 1250/70 JL1/LHA1-800/550-54/37 

Diameter, mm 47.35 47.85 
Elastic modulus, N/mm2  62200 55000 

Coefficient of thermal expansion, 1/°Cx 10-6 21.1 23.00 

Calculated weight, kg/km 4011.1 3744.5 
Calculated tensile strength, kN 294.23 292.96 
DC resistance of conductor at 20°C (S2/km) 0.02291 0.02260 

4.2 	Selection of Earth Wire 

The earth wires use 2 OPGW cables by the requirement of communication. The 
cross-section of OPGW for this project shall apply 120mm2, and the diameter shall 
be about 14mm. In this stage the provisionally applied OPGW model is 
OPGW-15-120-2 (24-fiber), for which the main technical parameters are given in the 
below table. 

Table 4.2-3 Summary of OPGW parameters in the project 

Item OPGW-15-120-2 
Calculated sectional area (mm2) 121.1 
Calculated outside diameter (mm) 15.2 
Calculated weight (kg/m) 0.711 
Calculated tensile strength (N) 101300 
Elastic modulus (N/mm2) 132000 
Coefficient of thermal expansion(1/°C) 13.8 x10-6  
Breaking stress (N/ mm2) 836.00 

4.3 	Safety factor for Conductor and Earth Wire 

The safety factor of conductor and earth wire should be no less than 2.5.The everyday tension 

of conductor and earth wire should be not more than 25%. The sag of earth wire should be not 
more than the sag of conductor. 

4.4 	Anti-Vibration solutions for Conductor and Earth Wire 

4.4.1 	Vibration Dampers for Conductor 

Refer to Table 4.3-1 for the installed quantity of vibration dampers for conductors. 

Table 4.3-1 	Installed quantity of vibration dampers on conductor 

Span range (m) Installed Quantity (pieces) 
( one sub-conductor, one side) 

500m and below 0 
500-800 1 
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800-1200 
	

2 

1200-1500 
	

3 

4.4.2 	Spacers for Conductor 

It's proposed in the project to apply four-bundle conductor, arranged as a normal 

quadrilateral, with a sub-conductor spacing of 500mm. Space dampers for 

four-bundle conductor are recommended for the project. The space damper shall be 
installed un-equidistantly. The average sub-span is 55m. 
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5 	Insulation Coordination 

5.1 	Pollution 

According to the investigations made on the insulation configuration of existing lines 

along the line to be built in the project, on the basis of the analysis on the general 

situation with respect to meteorology, environment and pollution of the areas that the 

line corridor pass-through, and as well as our operational experience in electric 

power system, the length of segments partitioned on the basis of pollution area 
throughout the line and the salt deposit density are recommended in Table 5.1-1. 

Table 5.1-1 	Partition of pollution area throughout the line 

Pollution area 
Equivalent salt 
deposit density 

(mg/cm2) 

Non soluble 
deposit density 

(mg/cm2) 

Length of line 
segment 

(km) 
Light pollution area 0.05 0.30 0 

Medium pollution area 0.08 0.48 221 
Heavy pollution area 0A5 0.90 657 

5.2 	Type and Parameter of Insulator 

Synthetic insulator can be adopted for suspension string, and porcelain insulator for 
tension string in the project. 

Outside dimensions and technical parameters of DC porcelain insulators shall be 
selected as per Table 5.2-1. 
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Table 5.2-1 	Outside dimensions and technical parameters of DC porcelain insulator 

Insulator 
Model 

Ratedelectro 
mechanical 
failure load 

kN 

Structural 
height 
mm  

Nom Nominal 
diameter 

of 
insulator 

mm 

Creepage 
distance 

mm  

Flashover voltage kV 

Ball&Socket 
Size 

Single 
insulator 
weight 

kg 

DC 
flashover 
voltage 

50% lightning 
impulse flashover 

voltage 

Dry Wet Positive 
polarity 

Negative 
polarity 

XZP-420 420 205 400 650 150 60 150 160 28 24.0 

XZP-210 210 170 320 545 140 55 140 150 20 13.6 
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5.3 	Number of Disk Insulator and Length of Synthetic Insulator 

Refer to Table 5.3-1 and Table 5.3-2 for the selected number of disk insulators and 

the length of synthetic insulator for this project. 

Table 5.3-1 Insulation Configuration of Tension Insulator String 

Pollution area 
Light pollution area 

(0.05mg/cm2 ) 

Medium pollution 
area 

(0.08mg/cm2) 

Heavy pollution area 
(0.15mg/cm2

) 

Number of Insulators 56 73 81 

Table 5.3-2 	Insulation Configuration of Synthetic Insulator 

Pollution area 
Light pollution area 

(0.05mg/cm2) 

Medium pollution 
area 

(0.08mg/cm2) 

Heavy pollution 
area 

(0.15mg/cm2) 

Length of synthetic insulator 
string (m) 

/Creepage distance (m) 
8.5/33.4 8.5/33.4 9.2/38.4 

5.4 	Clearance 

Refer to Table 5.4-1 for the clearance of tower recommended for the project. 

Table 5.4-1 	Clearance at tower head for ±66OkVDC line (m) 

Above sea level (m) 500 

Operating voltage clearance(m) 1.70 

Switching overvoltage clearance (m) 4.40 

Note: The maximum switching overvoltage ratio throughout the line is provisionally 

taken as 1.82pu 

WI 
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6 	Insulator String and Hardware 

6.1 	Value of Safety Factor 

In reference to the stipulations in 6.0.1 of "Technical regulations on design of HVDC 

overhead transmission line", combined with the experience in construction and 
operation of Ningdong-Shandong ±660kV HVDC lines and other ±500kV HVDC 

lines, the safety factor adopted for the hardware in this project is shown in Table 
6.1-1. 

	

Table 6.1-1 	List of safety factor for hardware 

Condition Maximum load Maintenance Line breakage String breakage 

Safety factor 2.5 1.5 1.5 1.5 

The safety factor adopted for the insulator in this project is shown in Table 6.1-2. 

Table6. 1 -2 	Safety factor of insulator's mechanical strength 

Condition 
Maximum working load 

Normal load Break Disconnection Disc insulator Rod insulator 
Safety factor 2.7 3 4 1.8 1.5 

6.2 	Suspension String of Conductor 

In general, it is recommended to use V type string for the suspension insulator string 
in this project. Refer to the following drawing for the pattern of arrangement. 

Volume IV 
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Figure 6.2-1(a) Schematic diagram for arrangement of V type single string 

Ili 

IM 

Figure 6.2-1(b) Schematic diagram for arrangement of V type double string 

The conductor suspension string adopted in this project is shown in the following table 

through calculation: 

Table 6.2-1 
	

Main hardware string of conductor 

Name 
Applicable 

circumstance 

300kN composite insulator single string V type suspension string Ordinary load 

420kN composite insulator single string V type suspension string Relatively high load 

300kN composite insulator double string V type suspension string Important crossing 

6.3 	Strain String of Conductor 

Triple-string 420kN disc type insulator string can be selected for strain string at 
ordinary segment through calculation, and double string 210kN disc type insulator 
string shall be adopted for the slack span of tower into gantry. Refer to the following 
diagram for the schematic diagram of triple-string 420kN disc type insulator string. 
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Figure 6.3-1 Schematic diagram for triple-string strain 
420kN disc type insulator string 

Refer to the following diagram for the schematic diagram of double string 2101cN 
disc type insulator string. 

Iii 	till' 	It 	ilt 
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Figure 6.3-2 Schematic diagram for double string 2101c.N disc type strain insulator string 

6.4 	Jumper String 

Double string V type string cage type hard jumper of 1601(N composite insulator 

shall be adopted for the whole line. According to the structural arrangement and 

clearance analysis, the included angle of V type string shall not be less than 85°. 
Refer to the following diagram for the arrangement of cage type hard jumper. 

4 
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Figure 6.4-1 Schematic diagram for the arrangement mode of cage type hard jumper 

6.5 	Earth Wire String 

Single string 120kN hardware string shall be adopted for earth wire suspension 
hardware string and strain hardware string, and the whole line shall be reliably 

grounded. 

6.6 	Main Fittings 

The main fitting sin the line shall include tower connecting fittings, suspension wire 
clip, split yoke plate, spacer and grading ring, etc. 

6.6.1 	Tower Connecting Fittings 

For simplifying the design of suspension point and facilitating construction, it is 
recommended to adopt GD suspension plate for the hardware at suspension point of 
strain string, and adopt EB suspension plate for the hardware at suspension point of 
suspension string. The diameter of screw shall no longer been changed, and only the 
aperture and thickness of connection between suspension plate and hardware shall be 
adjusted. The connection between GD suspension plate, EB suspension plate and 
other hardware is shown in the following diagram. 

4 
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(a) Connection mode of GD suspension plate 

(b) Connection of EB suspension plate 

Figure 6.6-1 GD suspension plate and EB suspension plate 

6.6.2 	Yoke Plate 

It is recommended to adopt integral yoke plate for the suspension yoke plate and 
strain yoke plate in this project, as shown in the following diagram. 

(a) Suspension yoke plate 	(b) Strain yoke plate 

Figure 6.6-2 Yoke plate 

6.6.3 	Wire Clip 

It is recommended to adopt handbag type corona shielding suspension wire clip for 

the conductor suspension wire clip in this project, and it is recommended to adopt 

hydraulic type for the conductor strain wire clip as shown in the following diagram. 
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(a)Handbag type suspension wire clip (b) Hydraulic type strain wire clip 
Figure 6.6-3 Wire clip 

6.6.4 Grading Ring and Shielding Ring 

For suspension ring and strain ring, the installation position of grading ring shall be 

between the second piece and the third piece of insulator, the grading effect is 

relatively good, 100mm annular pipe shall be adopted for both grading ring and 
shielding ring, and the radius of ring shall be 500mm. 

4 

VP' 
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7 	Distance to Ground and ROW 

Value for the distance to ground and overhead crossing of ±660kV HVDC transmission line 
shall be taken temporarily by relevant requirements in chapter 13 of DL 5497-2015: Technical 
code for design of I-1VDC overhead transmission line and the experience in design of 
Ningdong-Shandong ±660kV HVDC project. 

For residential areas, the synthetic field intensity shall be limited at 30kV/m in rainy days and 

25kV/m in sunny days; and the ion flow density shall be limited at 100nA/m2  in rainy days 
and 80nA/m2  in sunny days. 

For non-residential areas, the synthetic field intensity shall be limited at 36kV/m in rainy days 
and 30kV/m in sunny days; and the ion flow density shall be limited at 150nA/m2  in rainy 
days and 100nA/m2  in sunny days. 

7.1 	Distance to Ground 

The distance to ground of this project is shown in the following table. 

Table 7.1-1 	Distance to ground of ±660kV HVDC line 

Place Vertical distance (m) 
Clear distance 

(m) 

Horizontal 

distance 

(m) 
Agricultural area  16 

Non-agricultural area  14 

Difficult transport area  13.5 

Hillsides accessible on foot  11 

Hillsides, cliffs and rocks inaccessible 

on foot  8.5  

Building (maximum designed sag)  14.0 

Building(maximum designed wind 

deflection)  13.5 

Building(Conductor at opposite side 

under circumstance of no wind)  6.5 

Tree (fruit tree) 10.5(12.0) 10.5 
ote: The calculation condition for distance to ground is the sag at +75 °C . 

7.2 	Distance of Overhead Crossing 
11,6‘ 

The distance of overhead crossing to the object of crossing in this project is shown in 
the following table. 

Table 7.2-1 	Distance of crossings 
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No. 
Name of object of 

crossing 

Minimum 

distance 

(m) 

Calculation condition 

1 Railway 

To the rail top 18 The sag at +75°C 

To the catenary or line 

of contact (pole top) 
8(10.5) The sag at +75°C 

2  Road Grade 1-3 18 The sag at +75°C 

3 Non navigable river 
To once-in-a-century 

water level 
10 The sag at+75°C 

4 Power line 
Within length of span 8 The sag at +75°C 

Pole top 10.5 The sag at+75°C 
5  Communication line 14 The sag at +75°C 
6  Special pipe 14 The sag at +75°C 
7 Cableway 8 The sag at +75°C 

Table 7.2-2 Minimum horizontal distance 

Item Minimum horizontal distance (m) 

Railway Tower boundary to track 
center 

Crossing 
35 m, or determined through 

negotiation 

Parallel tower height plus 3.1 m, 

Road 

Crossing  Tower boundary to track ry 
center 

15.0 or determined through 

negotiation 

Parallel 

Track 
boundary 

to 
subgrade 
boundary 

Open area tower height 

Route 
restricted 

area 

10.5 or determined through 
negotiation 

Navigable River Side phase conductor to upper limb of slop 
(lines in parallel 

with guying road) 
tower height Non-Navigable 

River 

Telecommunication 

Line 

To side pole 

conductor (Parallel) 

tower height tower height 

Route restricted 
area under the 

maximum wind 
deflection) 

11 

Power Line 
To side pole 

conductor (Parallel) 

Open area tower height 

Route 
restricted 

area 

13 m to closest conductor and 8.5 
to tower(under the maximum wind 

deflection) 

Special To any part Open area tower height 

Volume IV 
HVDC Transmission Line 
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Pipeline&Cableway Route restricted  
area under the 

maximum wind 
deflection) 

13 

7.3 	Principle for Clearing of Corridor 

When HVDC transmission line is adjacent to private house, the undistorted synthetic 

electric field on the ground surface in the location of private house under 

circumstance of wet conductor shall not exceed 15kV/m. The scope of house 
demolition in the line corridor shall be as follows in principle: 

(1) It shall be demolished without exception when it is located at and within 6.5m 
from the ground projection of side conductor. 

(2) For houses outside 6.5m, the clear distance shall be guaranteed to be 13.5m at 

the time of maximum wind deflection, and they can be left unremoved when 

the synthetic electric field of house ground 6.5m outside the side conductor is 

less than the restricted value of 15kV/m, otherwise, the all houses within the 
line corridor shall be pulled down and removed. 

Ordinary forest trees below the line corridor shall be removed in principle, and 
economic crops and fruit trees shall be overhead crossed. 



bu. 
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8 	Lightning Protection and Grounding 

For design of grounding for lightning protection of transmission lines, it is proposed to mainly 
adopt the following measures: 

(1) Dual earth wire shall be adopted for the whole line, and the protection angle of earth 
wire shall be not more than 0°. 

(2) The distance between two earth wires on the tower shall not exceed 5 times the vertical 

distance between conductor and earth wire, so as to guarantee the joint protection effect 
of two earth wires. 

(3) At the time of no wind at +15 °C, the distance between conductor and earth wire at the 

center of span shall meet the stipulations in "Technical guide for HVDC overhead 
transmission line": S 0.012L+1.5 (S is the distance between conductor and earth wire, 
and L is length of span); 

(4) The footing resistance of tower should be restricted as to table 8-1.. 

Table 8- 1 The limiting values of tower footing resistance 
Area agricultural district desert desert 

earth resistivity P (n•m) 0< P '-C.1000 1000< P .-'-.2000 p > 2000 

limiting 	values 	of 	tower 
resistance R (D) 

footing 
10 20 25 
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9 	Tower family 

Analysis shows that the most economical span for this project shall be 460m, since 

certain margin shall be taken into consideration for wind span at the time of actual 

locating, combined with the utilization rate of wind span for tower in the previous 

project, the service conditions for tower in this project are shown in Table 9-1. 

Lattice tower will be used in this project 

Table 9-1 	Tower family 

Tower Type Angle 
Wind Span 

(m) 

Weight 

Span (m) 

Range of 

Nominal 

Height (m) 

Basic Nominal 

Height (m) 

ZP1 0° 480 600 36 — 54 45 

ZP2 0° 580 750 48-78 69 

ZPT 0° 480 600 36-51 51 

JP1 0-200  450 650 30-42 42 

JP2 20-40° 450 650 3042 42 

JP3 

Terminal Tower 
0-60° 450 650 30-42 42 

NOTE: considering the section of this HVDC project is relatively long, in order to limit the 

extent of the damage in a long section, an enhanced suspension tower ZPT will be used for 

every 3.5km within a constant section. 

tio 
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10 	Tower and Foundation Design 

10.1 	Tower Design 

10.1.1 Specifications, code and relevant design documents to be observed 

The specifications, codes and relevant design documents to be observed during the 

design of the tower are as follows: 

ASCE 74-2009-Guidelines for Electrical Transmission Line Structural Loading 

IEC 60826 - Design criteria of overhead transmission lines 

ASCE 10-97 - Design of latticed steel transmission structures 

GB/T 3098.1 Mechanical Properties of Fasteners—Bolts, Screws and Studs, 

GB/T 3098.2 Mechanical Properties of Fasteners—Nuts-Coarse Thread 

GB/T 5117 Covered Electrodes for Manual Metal Arc Welding of Non-alloy and 

Fine 

Grain Steels 

GB/T 5118 Covered Electrodes for Manual Metal Arc Welding of Creep-resisting 

Steels. 

GB 50661Code for Welding of Steel Structures. 

GB/T 1591 High Strength Low Alloy Structural Steels 

GB/T 700Carbon Structural Steel. 

GB 50017 Code for Design of Steel Structures 

.etc, and/or other approved standard. 

10.1.2 Calculation Model of Tower 

The calculation analysis of tower is based on the finite element method and the 3D 

truss model according to the mechanics theory; PLS-TOWER software is used as the 

analysis software of tower in this project. 

10.1.3 Wind Pressure in Basic Design 

The designed basic wind velocity is determined as 160km/h (height 10m from the 

ground and time distance 3s) according to the technical data that have been collected. 

The corresponding earth wires, insulators and tower wind pressure are calculated as 

per the specification, and the wind load shape coefficients of conductor, earth wire and 

insulator are all 1.0. 
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10.1.4 Safety Factors 

According to the existing project experiences, it is recommended to use the safety 

factors in the following table. 

Description Safety factor 

Normal condition 1.7 

Broken Wire condition 1.5 

Installation condition 1.5 

10.1.5 Load Conditions 

According to the relevant provisions of ASCE74-2009, the load conditions and load 

combinations usually to be considered in the design are shown in the following table: 

Operation condition name Description of load condition 

Normal Condition 

Vertical Load: Dead weight of conductor, earth wire, insulator, hardware, 
tower,worker etc. 

Horizontal Load: wind pressure, angle tension, tower body wind velocity; 

Wind load direction: 90°, 45° 

Failure Containment case Structure failure load, e.g.broken wire load, etc. 

Installation condition 

Structure erection load; 

Stringing tension load; 

Worker load 

10.1.6 Material for Tower 

It is recommended to use China's supplies for the steel products of tower. Three 

categories of China's steel products in the following table shall be adopted while 

designing the tower at the current stage. 

Steel products: 

Mild steel: 	Q235B 

High tensile steel: Q345B, Q420B 

The characteristics of steel products are as follows: 

Standard Grade 

Fy (Mpa) 
Yield Strength, Fy (Mpa) 

Minimum Tensile Strength 

T<=16 t>16 Mpa 

GB 700 Q235B 235 225 375 

GB1591 Q345B 345 325 470 

GB1591 Q420B _ 	420 400 580 

Bolts: Grade 6.8 in ISO 898 
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Yield point: 480N/mm2  

Tensile strength: 600N/mm2  

Bolts: Grade 8.8 in ISO 898 

Yield point: 640N/mm2  

Tensile strength: 800N/mm2  

(1) The members of tower all use the hot-rolled equal-leg angle steels. The 

high-strength steel shall be selected according to the economic comparison. In general, 

it is not suitable to adopt the high-strength steel for the members whose slenderness 

ratio is greater than 80 or whose specification is less than 125x10 (excluding the 

tension member). 

(2) When using the Q420 high-strength steel products, the drilling technology 

shall be used to make the holes. The drilling technology shall be used to make the 

holes when the thickness of Q345 and Q235 is equal to and greater than 14mm. 

(3) Q235B and Q345B steel electrodes shall use E43 type and E50 type. The 

welding operation shall be avoided as far as possible for the Q420B high-strength steel. 

(4) The connecting bolts shall use M16(Grade 6.8), M20(Grade 6.8) and M24 

(Grade 8.8) common rough bolts. 

10.1.7 Other Descriptions 

(1) Anti-corrosion measures of tower 

The hot-galvanized anti-corrosion measures shall be performed to all members of 

towers (including stub angle), bolts (including locking fastening nut and 

anti-theftbolts), gaskets and washers. 

(2) Locking and antitheft measures 

Antitheft bolts shall be used within the range of 10.0m over the ground of the shortest 

leg. The point of suspension connecting members all use the dual-cap bolts and the 

locking measures of one standard nut with one thin nut shall be taken for other bolts. 

(3) Step bolts and others 

The climbing step bolts shall be provided in the main members of tower, and they shall 

be mounted in a diagonal form. As for the tower with the full height of over 60m, the 

simple access platform shall be set up in appropriate position and the safety fence shall 

be set up at the periphery of the platform. 

(4) Anti climbing device 
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The anti climbing device shall be set above the first septal surface using the barbed 

wire steel and set a doorlocking with bolts, nuts, fastening nut. 

10.2 	Foundation Design 

10.2.1 Design Specifications 

(1) American concrete institutes (ACI318) 

(2) IEEE Guide for Transmission Structure Foundation Design and Testing (IEEE 

Std 691-2001) 

(3) GB 50010 Code for Design of Concrete structures 

(4) GB1499.1 Steel for the reinforcement of concrete: Hot rolled plain bars 

(5) GB1499.2 Steel for the reinforcement of concrete: Ribbed bars 

(6) JGJ 18 Specification for welding and acceptance of reinforcing steel bars 

.etc, and/or other approved standard. 

10.2.2 Selection of Foundation Types 

Valleys and plains area: the drilled shaft foundation can be adopted in the locations 

distributed by plastic and hard-plastic clay if there is no underground water; the 

pad&chimney foundation can be adopted for the soft plastic clay according to the site 

conditions; the pile foundation can be adopted for the tower location that does not 

meet the requirement of natural foundation and the pile can use the borehole grouting 

piles; the pile foundation can be adopted in the locations distributed by silty sands if 

there exist the liquefied sandy soils and the pile can use the borehole grouting piles. 

Desert Land: remove the surface floating sand in the dune area and use the middle 

compact silt and tine sand as the bearing stratum of the foundation. If there is no 

underground water, the drilled shaft foundation and pad&chimney foundation can be 

adopted without consideration of the liquefaction of silty sands. The pile foundation 

can be adopted for the tower location that does not meet the requirement of natural 

foundation and the pile can use the borehole grouting piles. 

(1) Pad&chimney foundation 

The main feature of this foundation is that the main column slope of the 

foundation is consistent with that of the tower leg. The result of this design 

enables the horizontal force perpendicular to the axial line of the foundation to 

be reduced for at least 50% and the axial action force of the foundation only 

increases by 1-2%. This result has significantly improved the force bearing 

situation of the foundation columns and base plates (slabs) to minimize the 

impact of the foundation horizontal force on the foundation slabs and improve 
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significantly the stability of the foundation. Meanwhile, due to significant 
reduction of eccentric bending moment, the dimension of foundation slabs 
controlled by downward stability is correspondingly reduced so that the concrete 
quantity and slab reinforcement amount are reduced, which can greatly save the 
consumption of foundation materials. Foundation of this kind can be used in 
most of the locations in this project. 

(2)Drilled shaft foundation 

The drilled shaft foundation applies to the hard-plastic and plastic clay 
geological condition without underground water. 

The application of the drilled shaft foundation has avoided the large excavation: 
on one hand, it has reduced the destruction to the environment; on the other hand, 
it has significantly enhanced the uplift-resisting ability of the foundation because 
the internal friction angle and cohesion of undisturbed soil has been brought into 
the full play due to the reduction of the disturbance for the undisturbed soils. The 
soil is used to replace the formwork and the reinforced framework and concrete 
of the foundation is directly grouted into the shaped soil structure to reduce the 
construction cost, which indicates the higher economic benefit and environment 
benefit. 

(3) Pile foundation 

In the area with flow-plastic geological condition, deeper foundation bearing 
stratum, flooding impact, higher diffuse water depth and river-crossing area, etc., 
the method of borehole grouting piles for the foundation is a kind of widely 
applied method in the design. The friction force with the surrounding soil and 
the pile end bearing capacity are used to bear the uplift force and down pressure 
of the foundation. It is characterized by convenient construction and safety and 
reliability. The disadvantages include big construction difficulty and high 
construction cost. 

10.2.3 Safety Factors 

It is recommended to use the safety factors in the following table. 

Description Safety factor 

Uplift Condition 1.2 

Compression Condition 1.2 
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10.2.4 Foundation Materials 

For foundation materials, the equivalent quality materials can be used, such as GB, ASTM 

or other codes. 

10.2.4.1 Foundation concrete 

Foundation material is designed according to the following principles. The compressive 

strength of concrete shall be 2lMpa for normal type of foundation. 27.5MPa for pile 

foundation and the quality of concrete shall conform to the ACI standards. For corrosive areas, 

improve concrete strength grade according to corrosion grades 

10.2.4.2 Steel products for the foundation 

For Chinese materials, the main reinforcement of the foundation adopts HRB400 

reinforced bars and the stirrup and the structural reinforcement use the HPB300 reinforced 

bars. 

For ASTM materials, characteristic strength of reinforcement (fy): 

60 grade 	 420Mpa 

ok 	10.2.5 Connecting Way of Tower and Foundation 

The connecting way of stub angle is recommended in this project. 

ilh 
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TECHNICAL DEFINITIONS 

The following technical definitions apply tothis Specification: 

HVDC System 

HVDC Project 

M-L T/L 

AC yard 

DC yard 

Life yard 

T area 

M-E T/L 

M E/G 

L-E T/L 

L E/G 

M C/S 

L C/S 

M AC busbar 

L AC busbar 

M AC system 

L AC system 

National Transmission And Despatch Company Limited (NTDC) 

The project company for development, investment, construction, 
operation and maintenance of the ± 660kV HVDC project from 

Matiari to Lahore in Pakistan. 

All of the relevant equipments and systems in bipolar operation, 

including converter transformers, converter valves, DC yard 

equipment, AC filter, control& protection system, DC transmission 
line, electrode and electrode line, etc. 

HVDC System and the relevant construction works in this project. 
the relevant construction works including outlet and inlet line of 

converter station, buildings and structures, related auxiliary 

production facilities and living facilities. 

Matiari-Lahore Transmission Line 

AC switchgear area in converter station 

DC switchgear area in converter station 

Living facilities and part of auxiliary production facilities area in 
converter station 

Transformer area 

Matiari Electrode Grounding Transmission Line 

Matiari Electrode Grounding 

Lahore Electrode Grounding Transmission Line 

Lahore Electrode Grounding 

Matiari Converter Station 

Lahore Converter Station 

Matiari AC busbar 

Lahore AC busbar 

Matiari AC system 

Lahore AC system 

Purchaser 

Company 

2 
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P I 	 Pole I 

P II 	 Pole II 

4 
	The following abbreviations apply to this Specification: 

AC 	 Alternating Current 

ACI 	 American Concrete Institute 

A/D 	 Analog to Digital 

AN 	 Audible Noise 

ANSI 	American National Standards Institute 

ASCE 	American Society of Civil Engineers 

ASTM 	American Society for Testing Material 

BIL 	 Basic Impulse Insulation Level 

BS 	 British Standard 

BSL 	 Basic Switching Impulse Insulation Level 

CB 	 Control Building 

CCITT 	International Consultative Committee on Telephone and Telegraph Systems 

CT 	 Current Transformer 

CTV 	Capacitive Voltage Transformer 

D/A 	 Digital to Analog 

DC 	 Direct Current 

DIN 	 Deutsches Institute fur Normung 

EEI 	 Edison Electric Institute 

EIA 	 Environmental Impact Assessment 

ESCR 	Effective Short Circuit Ratio 

ESDD 	Equivalent Salt Deposit Density 

FAT 	Factory Acceptance Tests 

4 	HF 	 High Frequency 

HVDC 	High Voltage Direct Current 

IEC 	 International Electrotechnical Commission 

3 
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IEEE 	Institute of Electrical and Electronics Engineers 

I/O 	 Input/Output 

ISO 	 International Standards Organization 

4 	LED 	Light Emitting Diode 

MMI 	Man Machine Interface 

MVU 	Multiple Valve Unit 

NFPA 	National Fire Protection Association 

OPGW 	Optical Fiber Composite Overhead Ground Wire 

P&C 	Protection and Control 

PLC 	Power-line Carrier 

PT 	 Potential Transformer 

RF 	 Radio Frequency 

RI 	 Radio Interference 

RIV 	 Radio Interference Voltage 

RTU 	Remote Terminal Unit 
1v4 

RPC 	Reactive Power Controls 

SCADA 	Supervisory Control and Data Acquisition 

SER 	Sequence of Events Recorder 

SLG 	Single Line to Ground Fault 

SMC 	Station Master Clock 

SPC 	 Software Production Control 

SWC 	Surge Withstand Capability 

TFR 	Transient Fault Recorder 

UPS 	Uninterruptible Power Supply 

VDT 	Video Display Terminal 

VDU 	Video Display Unit 

VF 	 Voice Frequency 

VT 	 Voltage Transformer 

4 
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1 	Project Overview 

	

1.1 	General 

Based on the power grid planning reports, and to meet power demand of loads in load 

centers, optimize allocation of energy resources nationwide, and facilitate export of 

power in the southern areas, it is considered to construct a single-circuit ±660 kV DC 

transmission line between Matiari and Lahore. 

Sending-end electrode is the electrode at Matiari Converter Station, the sending-end 
converter station of this transmission project. The DC voltage class, transmission 

capacity and rated DC current of this project are ±660 kV, 4000 MW and 3030 A, 

respectively. 

Earth electrode line of Matiari Converter Station is the overhead line connecting the 

converter station and earth electrode. The length of the line is tentatively considered as 

45 km. Conductors are made up of four heat-resistant steel-core aluminum alloy 

strands JNRLH1/G1A-630/45 and hung on both sides of the tower, and the earth wire 

is made up of one galvanized steel strand GJ-80. The tower is of self-supporting type. 

The areas that earth electrode lines on both sides pass are of a flat terrain. The 

maximum temperature is 52.5°C, minimum temperature is -5°C, the design basic wind 

speed is 31.1 m/s, and no freezing will occur. 

	

1.2 	Main Design Basis 

(1) LAVALIN feasibility study report provided by NTDC 

(2) NTDC Draft Reply on Queries from CET - Gadani HVDC Transmission 

Project (Transmission Lines Part) 

(3) "Minutes of meeting of Pakistan HVDC transmission project feasibility 

study" China Power Equipment Co., Ltd., July 14, 2014 

(4) MINUTES OF MEETING HELD ON DATED 04.03.2015 IN WAPADA 

HOUSE, LAHORE HVDC PROJECT (SPIP) 

(5) Minutes of Meetings for HVDC Transmission Line Project from Matiari to 

Lahore Held on Marchl6-25, 2015 at NTDCL Head Office Wapda House, 

Lahore, Meeting Minutes March 25, 2015 

(6) Minutes of Meetings for HVDC Transmission Line Project from Matiari to 

Lahore Held on May 20, 2015 at GM Planning (Power), PIA Building, 

Lahore, Meeting Minutes May 20, 2015 

Volume V-1 -1 
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(7) May 4, 2015 NTDC's reply to route recommendation by our company, 

Preliminary Route alignment / coordination from MATIARI-LAHORE 

HVDC transmission line 

(8) May 19, 2015, the adjustment (KMZ files) by NESPAK on the recommended 

route 

(9) The summary of internal audit meeting of the project on feasibility study 

report 

1.3 	Standards and Specifications 

According to the main design principles agreed with NTDC, the following standards 

and specifications will be used at the current stage: 

(1) Electrical design standards and specifications 

IEC60826-2003: Design criteria of overhead transmission lines. 

IEC 61865: Overhead lines-Calculation of the electrical component of distance 

between live parts and obstacles- Method of calculation. 

IEEE C2-2012: National Electrical Safety Code (NESC). 

IEEE 516-2009: IEEE Guide for Maintenance Methods on Energized Power Lines. 

GB 50545-2010: Code for design of 110-750kV overhead transmission line 

Technical code for design of HVDC overhead transmission line (for approval) 

DL437-2012: Technical code for design of HVDC electrode 

DL/T621-1997: Grounding of AC electricity facilities 

DL/T 5224-2014: Technical rule for the design of HVDC earth return operation 

system 

(2) Structural design and material standards and specifications 

ASCE 74-2009-Guidelines for Electrical Transmission Line Structural Loading 

IEC 60826 - Design criteria of overhead transmission lines 

ASCE 10-97 - Design of latticed steel transmission structures 

American concrete institutes (ACI318) 

IEEE Guide for Transmission Structure Foundation Design and Testing (IEEE Std 

691-2001) 

Volume AT-1 -2 
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1.4 	Major Technical Indices 

Type of electrode: shallowly-buried; 

Shape of electrode: dual-ring (with a radius of 380/270m); 

Material and quantity of feeding rod: FeSi (with a diameter of 50), 2730 pieces 

(1.5 m per piece); 

Active material and quantity: calcined petroleum coke, 4280t; 

Total length of electrode: 4085 m 

Burial depth: 3.5 m (outer ring) and 3 m (inner ring) 

Current guiding mode: buried power cables 

	

1.5 	System Conditions 

Electrode of this project are one-time designed and installed and have a service life of 

30 years.Under bipolar operation, the positive pole and negative pole constitute a loop, 

and the current flowing through the electrode is very small, which will be controlled 

below 30 A according to Technical Rule for the Design of HVDC Earth Return 

Operation System. In early construction period, or in emergency conditions, or during 

maintenance, monopolar operation is allowed, and in this mode, the transmission 

capacity is half of the maximum rated capacity and the rated injection current at the 

electrode is 3030 A. 

According to the minutes of meeting on the design scheme of electrodes for this 

project convened in March 2015, various DC currents of electrode are determined 

according to the DC currents considering measurement and control errors specified in 

Technical Code for Design of HVDC Electrode and Technical Rule for the Design of 

HVDC Earth Return Operation System, the time of electrode operating at the rated 

current is considered as 30 days, and pace voltage is checked against the maximum 

overload current, which is 1.1 times the rated injection current at the electrode. 

Main system conditions for design of electrode for this project are listed below: 

DC rated capacity: 	 4000 MW 

Rated voltage of the D.C. Line: 	 ±660 kV 

Maximum continuous rated current: 	 3030 A 

Mk, 	 Maximum overload current (2h): 	 3333 A 

Injection current at the electrode due to bipolar imbalance: below 30 A; 

Maximum design temperature: 	 90°C 
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Maximum permissible pace voltage of the ground: 	7.42+0.0318p, (V/m) 

Continuous monopolarearth return operation time: 	30 days 
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2 	Electrode 

2.1 	Siting of Electrode 

Siting of electrode is an important and complicated link of design of electrode. 

ff 

	

	 Proper siting of electrode contributes to safe operation of electrode, no or little 

impact on the environment, and high cost-effectiveness. For this project, the following 
factors are mainly considered in siting and demonstration of electrode: 

(1) A sufficient distance from the converter station, generally 20-60 km; 

(2) Spacious current diffusion area with good conductivity, in particular, the soil 
resistivity in the vicinity shall be lower than 100 5/m. 

(3) Soil with a high water content, high thermal capacity, and satisfactory heat 

conduction; 

(4) No complicated or important underground metal facilities, no or minimum 

electric equipment earthed; 

(5) Flat ground, for the ease of installation of electrode; 

(6) Convenient routing of electrode. 

Figure 2.1-1: Site of M C/S and site of electrode 

Based on preliminary field investigation, the following four sites (as shown in Figure 
2.1-1) are tentatively considered as candidate sites of electrode: 

Volume V-1 -5 



Feasibility Study for 	 Volume V-1 

±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Electrode and Electrode Line of Matiari Converter Station 

Site: 1 (recommended by the Pakistani party): 25°53'31.16"N, 68°48'42.73"E; 

Site 2 (recommended by the Pakistani party): 25°47'52.38"N, 68°51'43.68"E; 

Site 3: 25°24'33.93"N, 68°49'53.76"E; 

Site 4: 25°18'29.94"N, 68°41'9.82"E. 

Further field investigation shows that a gas pipeline is routed around 1 km west of site 
2, that is, the pipeline passes between site 1 and site 2.And the Hyderabad-MirpurK 
has Railway passes about 9 km north of site 3.As such, all the three sites are not 
appropriate. Therefore, site 4 is tentatively considered as the site of electrode. 

2.2 	Design of Electrode 

2.2.1 Layout and Burial Mode 

The design of electrode is closely related to such factors as the magnitude of injection 
current at the electrode, shape and size of the site, soil resistivity, and ambient 

environmental conditions. 

(1) Factors directly affecting the layout and burial mode of electrode 

The terrain and landform, depth of underground water, electrical performance and 
thermal performance are directly related to the shape, size and burial mode of 

qy 	 electrode; therefore, they shall be considered in choosing the site of electrode. 

(2) Layout 

There are two types of electrodes by shape, one is well-type electrode, which is 
comprised of many sub-electrodes perpendicular to the ground, and the other is 

trench-type (or shallowly-buried) electrode. 

Trench-type electrode has been widely used in common DC and UHVDC 
projects. And the experience in operation, design and installation of this type of 

electrode is more mature. Therefore, trench-type electrode is recommended for 

this project in view of the conditions of the electrode site recommended for this 

project. 

(3) Selection of shape 

Considering that the site of electrode is flat and open, a dual-ring shape is 

recommended. A major advantage of such a shape is that current is evenly 
distributed over the electrode and that no excessively high pace voltage will 
appear at a point. In addition, under the same design conditions, such a shape 

contributes to a smaller length of electrode, saving of materials, and a higher 

performance. 
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After preliminary calculation based on the measurement result of resistivity of 
shallow soil at the candidate site, and considering a certain margin, it is 

preliminarily planned to arrange the electrode as follows: 

A dual-ring shape is tentatively considered: outer ring: radius R1=380 m (with a 
perimeter of 2388 m) and burial depth=3.5 m; inner ring: radius R2=270 m (with 

a perimeter of 1697 m), and burial depth=3.0 m. 

The plane layout of electrode is as shown in the figure below. 

Overhead lines to the line terminal tower 

Figure 2.2-1: Schematic diagram of plane layout of electrode 

2.2.2 	Selection of material 

(1) Principles 

Investigation in China and abroad shows that DC electrode is generally made of 

two kinds of materials, namely, metal material and active material.Metal material 
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functions for feed purpose, and is therefore called feed rod; active material is used 

as packing around the feed rod, to increase the diffusing area of the feed rod, 

reduce earthing resistance, and avoid direct contact of the feed rod with soil to 

minimize the corrosion of the feed rod. 

For this project, 050FeSi is recommended for the feed rod. 

(2) Packing (active material) 

Active materials are materials filled around the feed rod.With conductive active 

materials around the feed rod, the surface area of electrode is increased, thereby 

reducing the current density and earthing resistance at the contact between the 

electrode and soil.Furthermore, the current of the feed rod is injected to the 

ground via the active material, and what flows between the feed rod and active 

material is mainly stream of electrons. This significantly slows down corrosion of 

the feed rod. 

The active material often used is coke or coke debris. The former is a product of 

coal carbonization, and the latter is small solid particles from cracking of refined 

petroleum. 

Up to now, coke and coke debris are the only active materials having successfully 

been used in electrode. 

In this project, coke is recommended as the packing, and the sectional area of 

coke for the outer ring is tentatively determined as 0.95mx0.95m and that for the 

inner ring as 0.8mx 0.8m. 

2.2.3 Arrangement of Current Guiding System 

To achieve even distribution of current and ensure operation safety of the current 

guiding system, and with reference to related documents home and abroad, it is 

concluded that the following principles shall be observed in arranging the current 

guiding system: 

(1) The arrangement of the current guiding system shall match the shape of 

electrode.For electrode of a symmetrical structure, the current guiding cables 

shall also be arranged in a symmetrical structure; 

(2) The number of current guiding branches shall be increased as appropriate, to 

ensure that when one of them is unavailable for service (damaged or during 

maintenance), the others can still operate safely, thereby enhancing reliability of 

the system; 

(3) The current guiding cables shall have a sufficient current-carrying capacity, and 

the insulating sheath thereof shall have a satisfactory thermal property; 
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(4) Current guiding cables shall be, as practically as possible, kept away from points 

with a high current density, to prevent thermal deformation and damage of these 

cables due to heating of soil; 

(5) Connection shall be made solidly and reliably. 

(6) To minimize land occupation, it is recommended to use directly-buried cables to 

lead the current to the electrode ring. 

Based on the principles listed above, the current guiding system of this project is 

recommended to be configured as follows: one incoming line center tower, outer ring 

and inner ring respectively divided into four sections, each section using two pieces of 

buried cables (model: 6kV YJY-6-1 x300) to lead in current from the tower, back-up 

lead-in cables considered, all lead-in cables routed along the cable trench, and feed 

rod made of FeSi. 

2.2.4 Main Technical Scheme 

The main technical scheme of electrode is summarized as follows: 

(1) The electrode is of a regular dual-ring shape, the radius and burial depth of the 

outer ring are 380 m and 3.5 m respectively; and those of the inner ring 270 m 

and 3 mrespectively.Both the outer ring and inner ring are divided into four 

sections.Both rings use 050 FeSi as the feed rod, and coke as packing (the 

sectional area of coke for the outer ring is 0.95mx0.95m and that for the inner 

ring 0.8mx 0.8m). 

(2) 82 infiltration holes and marking piles and 16 inspection wells at the site of 

electrode. The dimensions and burial depth of the marking piles are 150 mm 

x150 mmx1200 mm and 800 min respectively. 

(3) Current guiding cables are directly buried. Four cable trenches with a sectional 

area of 1.2m (width) x 0.3m (depth) are dug from the incoming line center tower 

to the outer ring of electrode at a depth of 1.5 m and covered with concrete 

precast slab; cable trenches with a sectional area of 0.3m (width) x 0.3m (depth) 

are also dug at 2 m inside of each ring at a depth of 1.5 m and covered with 

concrete precast slab. 

(4) The enclosure is 14 m (length) x15 m (width), and the ground within the 

enclosure is hardened.An incoming line structure is set up within the enclosure, 

which comprises blocking reactor, blocking capacitor and busbar. 
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3 	Electrode Line 

3.1 	Selection of Conductor and Earth Wire 

(1) Selection of conductor wire 

The design maximum continuous rated current and design maximum continuous 

overcurrent of earth electrode are 3030A and 3333A respectively. It is 

recommended to use 2 steel-core heat-resistant aluminum alloy strand 

JNRLH1/G1A-630/45 as the conductor. The technical parameters are given in the 
table below. 

Tab I e 3. 1-1 List of technical parameters of JNRLH1/G1A-630/45 

Item Unit Value 

Construction 
Heat-resistant aluminum alloy wire Number of strand/diameter mm 45/4.22 
Galvanized steel wire Number of strand/diameter mm 7/2.81 

Sectional 
area 

Aluminum mm2 629.4 
Steel 111M

2 43.41 
Sum 111M

2 672.81 
Outer diameter Mm 33.75 
DC resistance at 20 °C 0./km 0.04667 
Calculated tensile strength kN 149.6 
Integrated elasticity coefficient N/mm2  63700 
Integrated linear expansion coefficient 11°C 20.78x10-6  
Calculated weight kg/km 2078.4 

JNRLH1/G1A-630/45(2) Selection of earth wire 

Galvanized steel strands GJ-80 are used as earth wire. The table below gives its 
characteristic parameters. 

Table 3.1-2 Mechanical and physical characters of earth wire 

Type 
 	GJ-80 Item 

Structure 
Number of wire/diameter 

Aluminum (mm) - 

Steel (mm) 11.4/3.8 

Calculated sectional area 
(mm2)  

Aluminum - 

Steel 79.39 
Total 79.39 

Outer diameter (mm) 11.4 
Calculated weight (kg/m) 0.6300 
Calculated tensile strength (N) 100100 
Modulus of elasticity (10 MPa) 18500 
Linear expansion coefficient (11°C) 0.0000115 
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(3) Safety factor for Conductor and Earth Wire 

The safety factor of conductor and earth wire should be no less than 2.5.The 

everyday tension of conductor and earth wire should be not more than 25%. The 
sag of earth wire should be not more than the sag of conductor. 

(4) Anti-vibration of conductor and earth wire 

The installation of spacers can prevent vibration of bundle conductor to a certain 

extent. According to the design code and past experience with earth electrode line, 

FR-4 damper shall be installed all along the 2-bundle conductor provided with 
spacers. 

FR-1 damper is adopted for earth wire GJ-80 of the project for vibration 

prevention.Thenumber of dampers is as shown in Table 3.1-3. 

Table 3.1-3 Number of dampers 

Span (m) L5.450 450<L<800 8001200 JNRLH1/G1A-630/45JN 
RLH1/G1A-630/45 

conductor Number 1 2 3 

Span (m) L<300 300<L<600 600<L<900 >900 GJ-80 
Earth wire Number 1 2 3 4 

3.2 	Insulation Design 

3.2.1 Selection of insulator 

Insulators of the project are all approved domestic products. The DC disc 

insulators are adopted in the conductor insulator string. Both the suspension 

insulator and tension insulator are model U160BP/170(XZP-160). The 

electromechanical properties of insulator are as shown in table3.2-1. 

Table 3.2-1Electromechanical properties of conductor insulator 

Code of insulator U160BP/170 
Material Porcelain Glass 
Disc diameter (mm) 320-340 320-340 
Nominal structure height H (mm)* 170 170 
Nominal creep distance L (mm)* >545 >545 
Connection marks* 20 20 
Electromechanical breaking load required (kN) 160 160 
Separate tensile test load (kN) 80 80 
lmin positive DC wet withstand voltage (kV) 55 60 
Lightning impulse withstand voltage (kV) 140 140 
lmin positive and negative DC dry withstand voltage (kV) 140 150 
Impulse breakdown voltage (p.u.) 2.8 2.8 
Wireless disturbance voltage 	10kV, 1MHz (V) 50 50 
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DC corona extinction voltage (kV) 50 50 
Porcelain degradation rate/spontaneous explosion rate (%) <0.01 / 
Glass spontaneous explosion rate (%) / <0.02 

Table3.2-2 Safety factor of insulator's mechanical strength 

Condition 
Maximum working load Normal 

load Check Break Disconnection 
Disc insulator Rod insulator 

Safety factor 2.7 3 4 1.5 1.8 1.5 

3.2.2 Selection of insulator quantity and arcing horn clearance 

Based on recent research on earthing electrode line, it is recommended to provide five 
insulators for the suspension string and tension string respectively near the converter 
station (within 40% of the length of earthing electrode line away from the converter 
station), three insulators for the suspension string and four insulators for the tension 
string near the earthing electrode (40%-100% of the length of earthing electrode line 
away from converter station). Besides, the arcing horn shall be installed. The number 
of insulators and arcing horn clearance are as shown in the table below. 

Table 3.2-3 Insulator quantity and arcing horn clearance 

Distance from converter station Number of insulators 
(suspension/tension/jumper) 

Arcing horn gap 
(mm) 

0-40% 5/5/3 700 
40-100% 3/4/3 400 

	

3.2.3 	Air Gap of Tower Body 

Under atmospheric conditions, the clearance between the charged part and tower 
body shall be designed to match the arcing horn clearance. The clearance between 
the charged part and tower body shall be no less than the arcing horn clearance to 
ensure that the discharge occurs on the arcing horn rather than between the 
conductor and tower body. The clearance varies depending on the distance 
between the tower and converter station, as shown in table 3.2-2 in details. 

3.3 	Insulator Strings and Fittings 

	

3.3.1 	Assembling of Insulator String 

For suspension insulator strings of conductor, 160 kN single and dual strings are 
used; and for those of earth wire, 70 kN suspension insulator strings are used. 

For tension insulator strings of conductor, 160 kN dual strings are used; and for 
those of earth wire, XDP-100CN insulators with the acing horn are adopted, 
which are assembled in single strings (two insulators). 
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For jumper insulator strings of conductor, 160kN single strings are used. 

3.3.2 	Main Fittings 

The heat resistant NY-630/45N tension clamp and CF-630/45 suspension clamp 
are adopted for the conductor. 

The heat resistant NY-80G tension clamp and XGU-2 suspension clamp are adopted 
for the earth wire.3.3.3 Value of Safety Factor 

The safety factor adopted for the hardware in this project is shown in Table 
6.3.4-1. 

Table 3.3-1 	List of safety factor for hardware 

Condition Maximum load Maintenance Line breakage 
String 

breakage 

Safety factor 2.5 1.5 1.5 1.5 

yak 
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3.4 . 	Clearance to the Earth and Passage 

The clearance between the conductor and earth and the distance between the 

conductor and objects crossed are as shown in table3.4-1 and 3.4-2.The operating 
temperature of conductor is 135°C. 

Table 3.4-1Minimum distance between the conductor and the building/woods 

No. Minimum distance 

(m) 
 calculation condition 

1 Residential area 7.0 Maximum sag 
2 Nonresidential Area 6.0 Maximum sag 
3 Traffic Inconvenience area 5.0 Maximum sag 

4 Hillsides accessible on foot 5.0 Maximum wind  
displacement 

5 Hillsides, cliffs and rocks inaccessible on foot 3.0 Maximum wind  
displacement 

6 Vertical distance to the building 5.0 Maximum sag 

7 Minimum clearance to the building 4.0 Maximum wind  
displacement 

8 Vertical distance to forest taking consideration 
of natural growth of trees 4.0 Maximum sag 

9 Minimum clearance to trees of the park, green 
area or tree reserve 3 . 5 Maximum wind 

displacement 

10 Vertical distance to the fruit tree, commercial 
crop and urbane roadside tree 3.0 Maximum sag 

Table 3.4-2Distance between conductor and objects/obstacles crossed 

No. Name of objects crossed 
Minimum 
distance 

(m) 
Calculation Condition 

1 Railway 

Clearance from track top 7.5 Maximum sag 
Clearance from 
load-bearing cable or 
contact wire 

3.0 
Maximum sag 

2 Road Class 1 7.0 Maximum sag 

3 Un-navigable 
rivers 

Clearance from 100-year 
flood level 

3 
  Maximum sag 

4 Power line 3.0 Maximum sag 

5  
Communication 
. 

line 3 Maximum sag 
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3.5 	Lighting Protection and Earthing 

The following measures are mainly proposed in the lighting protection and earthing 
design of power transmission line: 

• 	 (1)Provide the singe earthing line with a shielding angle of 30 degrees all the way; 

(2) Keep the distance between two earthing lines of the tower within five times of the 
vertical distance between the conductor and earthing line to ensure combined 
protection from both earthing lines. 

(3) In calm days with a temperature of +15°C, the distance between the conductor and 
lightning wire at the center of span shall meet the requirement in the Design Code for 
110kV-500kV Overhead Transmission Line:S>0.012L+1 (where S refers to the 
distance between the conductor and lighting wire and L refers to the span); 

(4) The footing resistance of tower should be restricted as to table 3.5-1.. 

Table3.5-1 The limiting values of tower footing resistance 

Area agricultural district desert desert 

earth resistivity P (SI•m) 0< P ---.1000 1000< P .--.2000 P > 2000 

limiting 	values 	of tower 
resistance R (SI) 

footing 10 20 25 

3.6 
	

Tower Family 

The service conditions for tower in this project are shown in Table 3.6-1. Lattice 
tower will be used in this project 

Table 3.6-1Tower family 

Tower 
Type Angle 

Horizontal 
span 

(m) 

Vertical 
span 
(m) 

Range of nominal 
height 

(m) 

Nominal 
height 

(m) 
ZP I 0° 380 480 18-33 24 
ZP2 0° 450 600 21-36 30 
ZPK 0° 600 800 45-60 54 
JP1 0-30° 400 500 15-27 27 

JP2 
30-60° 

(including the 
terminal) 

400 500 15-27 27 

3.7 	Tower and Foundation Design 

3.7.1 	Tower Design 

3.7.1.1 Specifications, code and relevant design documents to be observed 
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The specifications, codes and relevant design documents to be observed during the 
design of the tower are as follows: 

ASCE 74-2009-Guidelines for Electrical Transmission Line Structural Loading 

IEC 60826 - Design criteria of overhead transmission lines 

ASCE 10-97 - Design of latticed steel transmission structures 

GB/T 3098.1 Mechanical Properties of Fasteners—Bolts, Screws and Studs, 

GB/T 3098.2 Mechanical Properties of Fasteners—Nuts-Coarse Thread 

GB/T 5117 Covered Electrodes for Manual Metal Arc Welding of Non-alloy and Fine 

Grain Steels 

GB/T 5118 Covered Electrodes for Manual Metal Arc Welding of Creep-resisting 

Steels. 

GB 50661 Code for Welding of Steel Structures. 

GB/T 1591 High Strength Low Alloy Structural Steels 

GB/T 700 Carbon Structural Steel. 

114 	 GB 50017 Code for Design of Steel Structures 

.etc, and/or other approved standard. 

3.7.1.2 Calculation Model of Tower 

The calculation analysis of tower is based on the finite element method and the 3D 

truss model according to the mechanics theory; PLS-TOWER software is used as the 

analysis software of tower in this project. 

3.7.1.3 Wind Speed in Basic Design 

The designed basic wind velocity is determined as 31.3m/s according to the technical 
data that have been collected. 

3.7.1.4 Load Conditions 

According to the relevant provisions of ASCE74-2009, the load conditions and load 

combinations usually to be considered in the design are shown in the following table: 

Operation condition name Description of load condition 

Normal Condition 

Vertical Load: Dead weight of conductor, earth wire, insulator, hardware, 
tower,worker etc. 

Horizontal Load: wind pressure, angle tension, tower body wind velocity; 

Wind load direction: 90°, 45° 
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Failure Containment case Structure failure load, e.g.broken wire load, etc. 

Installation condition 

Structure erection load; 

Stringing tension load; 

Worker load 

3.7.1.6 Material for Tower 

It is recommended to use China's supplies for the steel products of tower. Two 

categories of China's steel products in the following table shall be adopted while 

designing the tower at the current stage. 

Steel products: 

Mild steel: 

High tensile steel: 

Q235B 

Q345B 

The characteristics of steel products are as follows: 

Standard Grade 

Fy (Mpa) 
Yield Strength Fy (Mpa) 

Minimum Tensile Strength 

T<=16 t>16 Mpa 

GB 700 Q235B 235 225 375 

GB1591 Q345B 345 325 470 

Bolts: Grade 6.8 in ISO 898 

Yield point: 480N/mm2  

Tensile strength: 600N/mm2  

Bolts: Grade 8.8 in ISO 898 

Yield point: 640N/mm2  

Tensile strength: 800N/mm2  

(1) The members of tower all use the hot-rolled equal-leg angle steels. The 

high-strength steel shall be selected according to the economic comparison. In 

general, it is not suitable to adopt the high-strength steel for the members whose 

slenderness ratio is greater than 80 or whose specification is less than 125 x 10 

(excluding the tension member). 

(2) Q235B and Q345B steel electrodes shall use E43 type and E50 type. The 

welding operation shall be avoided as far as possible for the Q420B 

high-strength steel. 

(3 The connecting bolts shall use M16(Grade 6.8), M20(Grade 8.8) and M24 

(Grade 8.8) common rough bolts. 
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3.7.1.7 Other Descriptions 

(1) Anti-corrosion measures of tower 

The hot-galvanized anti-corrosion measures shall be performed to all members 

of towers (including stub angle), bolts (including locking fastening nut and 
anti-theftbolts), gaskets and washers. 

(2) Locking and antitheft measures 

Antitheft bolts shall be used within the range of 10.0m over the ground of the 

shortest leg. The point of suspension connecting members all use the dual-cap 

bolts and the locking measures of one standard nut with one thin nut shall be 
taken for other bolts. 

(3) Step bolts and others 

The climbing step bolts shall be provided in the main members of tower, and 

they shall be mounted in a diagonal form. As for the tower with the full height 

of over 60m, the simple access platform shall be set up in appropriate position 
and the safety fence shall be set up at the periphery of the platform. 

(4) Anti climbing device 

The anti climbing device shall be set above the first septal surface using the barbed wire 
steel and set a doorlocking with bolts, nuts, fastening nut 

3.7.2 	Foundation Design 

3.7.2.1 Design Specifications 

(1) American concrete institutes (ACI318) 

(2) IEEE Guide for Transmission Structure Foundation Design and Testing (IEEE 
Std 691-2001) 

(3) GB 50010 Code for Design of Concrete structures 

(4) GB1499.1 Steel for the reinforcement of concrete: Hot rolled plain bars 

(5) GB1499.2 Steel for the reinforcement of concrete: Ribbed bars 

(6) JGJ 18 Specification for welding and acceptance of reinforcing steel bars 

.etc, and/or other approved standard. 

3.7.2.2 Selection of Foundation Types 

The pad&chimney foundation can be adopted for the soft plastic clay according to 
the site conditions. 
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Pad&chimney foundation 

The main feature of this foundation is that the main column slope of the 

foundation is consistent with that of the tower leg. The result of this design 

enables the horizontal force perpendicular to the axial line of the foundation to 

be reduced for at least 50% and the axial action force of the foundation only 

increases by 1-2%. This result has significantly improved the force bearing 

situation of the foundation columns and base plates (slabs) to minimize the 

impact of the foundation horizontal force on the foundation slabs and improve 

significantly the stability of the foundation. Meanwhile, due to significant 

reduction of eccentric bending moment, the dimension of foundation slabs 

controlled by downward stability is correspondingly reduced so that the concrete 

quantity and slab reinforcement amount are reduced, which can greatly save the 

consumption of foundation materials. Foundation of this kind can be used in 
most of the locations in this project. 

3.7.2.3 Foundation Materials 

The grade of concrete strength of the foundation is generally C25 and C30. As for the tower 

location with corrosion, the grade of concrete strength shall be improved based on 

the specific corrosion. The cushion layer and protective cap shall all use the C15 

concrete. The main reinforcement of the foundation adopts HRB400 reinforced bars 
and the stirrup and the structural reinforcement use the HPB300 reinforced bars. 

For foundation materials, the equivalent quality materials can be used, such as GB. 
ASTM or other codes. 

3.7.2.4Foundation concrete 

Foundation material is designed according to the following principles.The compressive 

strength of concrete shall be 21Mpa for normal type of foundation, 27.5MPa for pile 

foundation and the quality of concrete shall conform to the ACI standards. For corrosive areas, 

improve concrete strength gradeaccording to corrosion grades 

3.7.2.5 Steel products for the foundation 

For Chinese materials, the main reinforcement of the foundation adopts HRB400 

reinforced bars and the stirrup and the structural reinforcement use the HPB300 reinforced 

bars. 

For ASTM materials, characteristic strength of reinforcement (fy): 

60 grade 	 420Mpa 
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3.7.2.6 Connecting Way of Tower and Foundation 

The connecting way of stub angle is recommended in this project. 

3.7.2.7 Foundation Insulation and Corrosion Prevention 

Insulation and corrosion prevention measures shall be taken for the tower 

foundation within 2.0km from the electrode according to relevant specifications. 

46. 
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TECHNICAL DEFINITIONS 

The following technical definitions apply to this Specification: 

HVDC System 

HVDC Project 

M-L T/L 

AC yard 

DC yard 

Life yard 

T area 

M-E T/L 

M E/G 

L-E T/L 

L E/G 

M C/S 

L C/S 

M AC busbar 

L AC busbar 

M AC system 

L AC system 

National Transmission And Despatch Company Limited (NTDC) 

The project company for development, investment, construction, 
operation and maintenance of the ±660kV HVDC project from 

Matiari to Lahore in Pakistan. 

All of the relevant equipments and systems in bipolar operation, 

including converter transformers, converter valves, DC yard 

equipment, AC filter, control& protection system, DC transmission 

line, electrode and electrode line, etc. 

HVDC System and the relevant construction works in this project. 

the relevant construction works including outlet and inlet line of 

converter station, buildings and structures, related auxiliary 

production facilities and living facilities. 

Matiari-Lahore Transmission Line 

AC switchgear area in converter station 

DC switchgear area in converter station 

Living facilities and part of auxiliary production facilities area in 

converter station 

Transformer area 

Matiari Electrode Grounding Transmission Line 

Matiari Electrode Grounding 

Lahore Electrode Grounding Transmission Line 

Lahore Electrode Grounding 

Matiari Converter Station 

Lahore Converter Station 

Matiari AC busbar 

Lahore AC busbar 

Matiari AC system 

Lahore AC system 
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P I 	 Pole I 

P II 	 Pole II 

The following abbreviations apply to this Specification: 

AC 	 Alternating Current 

ACI 	 American Concrete Institute 

A/D 	 Analog to Digital 

AN 	 Audible Noise 

ANSI 	American National Standards Institute 

ASCE 	American Society of Civil Engineers 

ASTM 	American Society for Testing Material 

BIL 	 Basic Impulse Insulation Level 

BS 	 British Standard 

BSL 	 Basic Switching Impulse Insulation Level 

CB 	 Control Building 

CCITT 	International Consultative Committee on Telephone and Telegraph Systems 

CT 	 Current Transformer 

CTV 	Capacitive Voltage Transformer 

D/A 	 Digital to Analog 

DC 	 Direct Current 

DIN 	 Deutsches Institute fur Normung 

EEI 	 Edison Electric Institute 

EIA 	 Environmental Impact Assessment 

ESCR 	Effective Short Circuit Ratio 

ESDD 	Equivalent Salt Deposit Density 

FAT 	Factory Acceptance Tests 

HF 	 High Frequency 

HVDC 	High Voltage Direct Current 

IEC 	 International Electrotechnical Commission 
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IEEE 	Institute of Electrical and Electronics Engineers 

I/O 	 Input/Output 

ISO 	 International Standards Organization 

LED 	Light Emitting Diode 

MMI 	Man Machine Interface 

MVU 	Multiple Valve Unit 

NFPA 	National Fire Protection Association 

OPGW 	Optical Fiber Composite Overhead Ground Wire 

P&C 	Protection and Control 

PLC 	 Power-line Carrier 

PT 	 Potential Transformer 

RF 	 Radio Frequency 

RI 	 Radio Interference 

RIV 	 Radio Interference Voltage 

RTU 	Remote Terminal Unit 

RPC 	Reactive Power Controls 

SCADA 	Supervisory Control and Data Acquisition 

SER 	Sequence of Events Recorder 

SLG 	Single Line to Ground Fault 

SMC 	Station Master Clock 

SPC 	 Software Production Control 

SWC 	Surge Withstand Capability 

TFR 	Transient Fault Recorder 

UPS 	 Uninterruptible Power Supply 

VDT 	Video Display Terminal 

VDU 	Video Display Unit 

VF 	 Voice Frequency 

VT 	 Voltage Transformer 
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1Project Overview 

	

1.1 	General 

Based on the power grid planning reports, and to meet power demand of loads in load 

centers, optimize allocation of energy resources nationwide, and facilitate export of 

power in the southern areas, it is considered to construct a single-circuit ±660 kV DC 
transmission line between Matiari and Lahore. 

Receiving-end electrode is the electrode for Lahore Converter Station, the 
receiving-end converter station of this transmission project. The DC voltage class, 

transmission capacity and rated DC current of this project are ±660 kV, 4000 MW and 
3030 A, respectively. 

Earth electrode line of Lahore Converter Station is the overhead line connecting the 

converter station and earth electrode. The length of the line is tentatively considered as 
50 km. 

The areas that earth electrode lines on both sides pass are of a flat terrain. The 

maximum temperature is 52.5°C, minimum temperature is -5°C, the design basic wind 
speed is 31.1 m/s, and no freezing will occur. 

	

1.2 	Main Design Basis 

(1) LAVALIN feasibility study report provided by NTDC 

(2) NTDC Draft Reply on Queries from CET - Gadani HVDC Transmission 
Project (Transmission Lines Part) 

"Minutes of meeting of Pakistan HVDC transmission project feasibility 
study" China Power Equipment Co., Ltd., July 14, 2014 

MINUTES OF MEETING HELD ON DATED 04.03.2015 IN WAPADA 
HOUSE, LAHORE HVDC PROJECT (SPIP) 

Minutes of Meetings for HVDC Transmission Line Project from Matiari to 

Lahore Held on Marchl6-25, 2015 at NTDCL Head Office Wapda House, 
Lahore, Meeting Minutes March 25, 2015 

(6) Minutes of Meetings for HVDC Transmission Line Project from Matiari to 

Lahore Held on May 20, 2015 at GM Planning (Power), PIA Building, 
Lahore, Meeting Minutes May 20, 2015 

(7) May 4, 2015 NTDC's reply to route recommendation by our company, 

Preliminary Route alignment / coordination from MATIARI-LAHORE 
HVDC transmission line 
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(8) May 19, 2015, the adjustment (KMZ files) by NESPAK on the recommended 
route 

(9) The summary of internal audit meeting of the project on feasibility study 
report 

	

1.3 	Standards and Specifications 

According to the main design principles agreed with NTDC, the following standards 
and specifications will be used at the current stage: 

(1) Electrical design standards and specifications 

IEC60826-2003: Design criteria of overhead transmission lines. 

IEC 61865: Overhead lines-Calculation of the electrical component of distance 
between live parts and obstacles- Method of calculation. 

IEEE C2-2012: National Electrical Safety Code (NESC). 

IEEE 516-2009: IEEE Guide for Maintenance Methods on Energized Power Lines. 

GB 50545-2010: Code for design of 110-750kV overhead transmission line 

Technical code for design of HVDC overhead transmission line (for approval) 

DL437-2012: Technical code for design of HVDC electrode 

DL/T621-1997: Grounding of AC electricity facilities 

DL/T 5224-2014: Technical rule for the design of HVDC earth return operation 
system 

(2) Structural design and material standards and specifications 

ASCE 74-2009-Guidelines for Electrical Transmission Line Structural Loading 

IEC 60826 - Design criteria of overhead transmission lines 

ASCE 10-97 - Design of latticed steel transmission structures 

American concrete institutes (ACI318) 

IEEE Guide for Transmission Structure Foundation Design and Testing (IEEE Std 

691-2001) 

	

1.4 	Major Technical Indices 

Type of electrode: shallowly-buried; 

Shape of electrode: dual-ring (with a radius of 380/270m); 
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Material and quantity of feeding rod: FeSi (with a diameter of 50), 2730 pieces 

(1.5 m per piece); 

Active material and quantity: calcined petroleum coke, 4280t; 

Total length of electrode: 4085 m 

Burial depth: 3.5 m (outer ring) and 3 m (inner ring) 

Current guiding mode: buried power cables 

1.5 	System Conditions 

Electrode of this project are one-time designed and installed and have a service life of 

30 years. Under bipolar operation, the positive pole and negative pole constitute a loop, 

and the current flowing through the electrode is very small, which will be controlled 

below 30 A according to Technical Rule for the Design of HVDC Earth Return 
Operation System. In early construction period, or in emergency conditions, or during 

maintenance, monopolar operation is allowed, and in this mode, the transmission 

capacity is half of the maximum rated capacity and the rated injection current at the 

electrode is 3030 A. 

According to the minutes of meeting on the design scheme of electrodes for this 

project convened in March 2015, various DC currents of electrode are determined 

according to the DC currents considering measurement and control errors specified in 

Technical Code for Design of HVDC Electrode and Technical Rule for the Design of 

HVDC Earth Return Operation System, the time of electrode operating at the rated 

current is considered as 30 days, and pace voltage is checked against the maximum 

overload current, which is 1.1 times the rated injection current at the electrode. 

Main system conditions for design of electrode for this project are temporarily set as 

below: 

DC rated capacity: 	 4000 MW 

Rated voltage of the D.C. Line: 	 ±660 kV 

Maximum continuous rated current: 	 3030 A 

Maximum overload current (2h): 	 3333 A 

Injection current at the electrode 

due to bipolar imbalance: 	 30 A; 

Maximum design temperature: 	 90°C 

Maximum permissible pace voltage of the ground: 	7.42+0.0318p, (V/m) 

Continuous monopolar earth return operation time: 	30 days 
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2. 	Electrode 

2.1 	Siting of Electrode 

Siting of electrode is an important and complicated link of design of electrode. 

Proper siting of electrode contributes to safe operation of electrode, no or little 

impact on the environment, and high cost-effectiveness.For this project, the following 

factors are mainly considered in siting and demonstration of electrode: 

(1) A sufficient distance from the converter station, generally 20-60 km; 

(2) Spacious current diffusion area with good conductivity, in particular, the soil 

resistivity in the vicinity shall be lower than 100 flm. 

(3) Soil with a high water content, high thermal capacity, and satisfactory heat 

conduction; 

(4) No complicated or important underground metal facilities, no or minimum 

electric equipment earthed; 

(5) Flat ground, for the ease of installation of electrode; 

(6) Convenient routing for electrode line. 

Figure 2.1-1: Site of L C/S and site of electrode 

Based on preliminary field investigation, the following two sites (as shown in Figure 

2.1-1) are tentatively considered as candidate sites of electrode: 
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Site 1: 30°52'12.55"N, 73°52'17.28"E; 

Site: 2 (recommended by NTDC): 30°50'41.47""N, 73°43'35.47"E; 

Further field investigation shows that at about 9km to the north of site 2 lies N5 

tit 	 express, along which there are one 220kV line and two 132kV lines, making site 2 

inappropriate. Therefore, site 1 is tentatively considered as the site of electrode. 

2.2 	Design of Electrode 

2.2.1 Layout and Burial Mode 

The design of electrode is closely related to such factors as the magnitude of injection 

current at the electrode, shape and size of the site, soil resistivity, and ambient 

environmental conditions. 

(1) Factors directly affecting the layout and burial mode of electrode 

The terrain and landform, depth of underground water, electrical performance and 

thermal performance are directly related to the shape, size and burial mode of 

electrode; therefore, they shall be considered in choosing the site of electrode. 

(2) Layout 

There are two types of electrodes by shape, one is well-type electrode, which is 

comprised of many sub-electrodes perpendicular to the ground, and the other is 

trench-type (or shallowly-buried) electrode. 

Trench-type electrode has been widely used in common DC and UHVDC 

projects.And the experience in operation, design and installation of this type of 

electrode is more mature. Therefore, trench-type electrode is recommended for 

this project in view of the conditions of the electrode site recommended for this 

project. 

(3) Selection of shape 

Considering that the site of electrode is flat and open, a dual-ring shape is 

recommended.A major advantage of such a shape is that current is evenly 

distributed over the electrode and that no excessively high pace voltage will 

appear at a point.In addition, under the same design conditions, such a shape 

contributes to a smaller length of electrode, saving of materials, and a higher 

performance. 

After preliminary calculation based on the measurement result of resistivity of 

shallow soil at the candidate site, and considering a certain margin, it is 

preliminarily planned to arrange the electrode as follows: 
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A dual-ring shape is tentatively considered: outer ring: radius R1=380 m (with a 

perimeter of 2388 m) and burial depth=3.5 m; inner ring: radius R2=270 m (with 

a perimeter of 1697 m), and burial depth=3.0 m. 

The plane layout of electrode is as shown in the figure below. 

01 

Overhead lines to the line terminal tower 

Figure 2.2-1: Schematic diagram of plane layout of electrode 

2.2.2 	Selection of material 

(1) Principles 

Investigation in China and abroad shows that DC electrode is generally made of 

* 

	

	 two kinds of materials, namely, metal material and active material. Metal material 

functions for feed purpose, and is therefore called feed rod; active material is used 

as packing around the feed body, to increase the diffusing area of the feed body, 

reduce earthing resistance, and avoid direct contact of the feed body with soil to 

minimize the corrosion of the feed rod. 
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For this project, (1)50FeSiis recommended for the feed rod. 

(2) Packing (active material) 

Active materials are materials filled around the feed rod. With conductive active 

materials around the feed rod, the surface area of electrode is increased, thereby 

reducing the current density and earthing resistance at the contact between the 

electrode and soil. Furthermore, the current of the feed rod is injected to the 

ground via the active material, and what flows between the feed rod and active 

material is mainly stream of electrons. This significantly slows down corrosion of 

the feed body. 

The active material often used is coke or coke debris. The former is a product of 

coal carbonization, and the latter is small solid particles from cracking of refined 

petroleum. 

Up to now, coke and coke debris are the only active materials having successfully 

been used in electrode. 

In this project, coke is recommended as the packing, and the sectional area of 

coke for the outer ring is tentatively determined as 0.95mx0.95m and that for the 

inner ring as 0.8m x0.8m. 

2.2.3 Arrangement of Current Guiding System 

To achieve even distribution of current and ensure operation safety of the current 

guiding system, and with reference to related documents home and abroad, it is 

concluded that the following principles shall be observed in arranging the current 

guiding system: 

(1) The arrangement of the current guiding system shall match the shape of electrode. 

For electrode of a symmetrical structure, the current guiding cables shall also be 

arranged in a symmetrical structure; 

(2) The number of current guiding branches shall be increased as appropriate, to 

ensure that when one of them is unavailable for service (damaged or during 

maintenance), the others can still operate safely, thereby enhancing reliability of 

the system; 

(3) The current guiding cables shall have a sufficient current-carrying capacity, and 

the insulating sheath thereof shall have a satisfactory thermal property; 

(4) Current guiding cables shall be, as practically as possible, kept away from points 

with a high current density, to prevent thermal deformation and damage of these 

cables due to heating of soil; 

(5) Connection shall be made solidly and reliably. 
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(6) To minimize land occupation, it is recommended to use directly-buried cables to 

lead the current to the electrode ring. 

Based on the principles listed above, the current guiding system of this project is 

recommended to be configured as follows: one incoming line center tower, outer ring 

and inner ring respectively divided into four sections, each section using two pieces of 

buried cables (model: 6kV YJY-6-1 x300) to lead in current from the tower, back-up 

lead-in cables considered, all lead-in cables routed along the cable trench, and feeding 

rod made of FeSi. 

2.2.4 Main Technical Scheme 

The main technical scheme of electrode is summarized as follows: 

(1) The electrode is of a regular dual-ring shape, the radius and burial depth of the 

outer ring are 380 m and 3.5 m respectively; and those of the inner ring 270 m 

and 3 mrespectively. Both the outer ring and inner ring are divided into four 

sections. Both rings use 050 FeSi as the feed body, and coke as packing (the 

sectional area of coke for the outer ring is 0.95mx0.95m and that for the inner 

ring 0.8m x 0.8m). 

(2) 82 infiltration holes and marking piles and 16 inspection wells at the site of 

electrode. The dimensions and burial depth of the marking piles are 150 mm 

ot. 	 xj50 mmx1200 mm and 800 mm respectively. 

(3) Current guiding cables are directly buried. Four cable trenches with a sectional 

area of 1.2m (width) x 0.3m (depth) are dug from the incoming line center tower 

to the outer ring of electrode at a depth of 1.5 m and covered with concrete 

precast slab; cable trenches with a sectional area of 0.3m (width) x 0.3m (depth) 

are also dug at 2 m inside of each ring at a depth of 1.5 m and covered with 

concrete precast slab. 

(4) The enclosure is 14 m (length) x15 m (width), and the ground within the 

enclosure is hardened. An incoming line structure is set up within the enclosure, 

which comprises blocking reactor, blocking capacitor and busbar. 

410 
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3. Electrode Line 

3.1 	Selection of Conductor and Earth Wire 

(1) Selection of conductor wire 

The design maximum continuous rated current and design maximum continuous 

overcurrent of earth electrode are 3030A and 3333Arespectively.It is 

recommended to use 2 steel-core heat-resistant aluminum alloy strand 

JNRLH1/G1A-630/45 as the conductor. The technical parameters are given in the 

table below. 

Table3.1-1List of technical parameters of JNRLHVG1A-630/45 

Item Unit Value 

Construction 

Heat-resistant aluminum alloy 
wire 

Number of strand/diameter 
mm 

45/4.22 

Galvanized steel wire 
Number of strand/diameter 

mm 
7/2.81 

Sectional 
area 

Aluminum mm2 629.4 

Steel mm2 43.41 

Sum mm-  672.81 

Outer diameter Mm 33.75 

DC resistance at 20 °C S-2Jkm 0.04667 

Calculated tensile strength kN 149.6 

Integrated elasticity coefficient N/mm2  63700 

Integrated linear expansion coefficient 1/°C 20.78x 10-6  

Calculated weight kg/km 2078.4 

(2) Selection of earth wire 

Galvanized steel strands GJ-80 are used as earth wire. The table below gives its 

characteristic parameters. 

Table 3.1-2Mechanical and physical characters of earth wire 

Type 
GJ-80 

Item 

Structure 
Number of wire/diameter 

Aluminum (mm) - 

Steel (mm) 11.4/3.8 

Calculated sectional area 
(mm2)  

Aluminum - 

Steel 79.39 

Total 79.39 

Outer diameter (mm) 11.4 

Calculated weight (kg/m) 0.6300 

Calculated tensile strength (N) 100100 

Modulus of elasticity (10 MPa) 18500 

Linear expansion coefficient (1/°C) 0.0000115 

(3) Safety factor for Conductor and Earth Wire 

Feasibility Study for 
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The safety factor of conductor and earth wire should be no less than 2.5.The everyday 

tension of conductor and earth wire should be not more than 25%. The sag of 

earth wire should be not more than the sag of conductor. 

(4) Anti-vibration of conductor and earth wire 

The installation of spacers can prevent vibration of bundle conductor to a certain 

extent. According to the design code and past experience with earth electrode line, 

FR-4 damper shall be installed all along the 2-bundle conductor provided with 

spacers. 

FR-1 damper is adopted for earth wire GJ-80 of the project for vibration 

prevention. The number of dampers is as shown in Table 3.1-3. 

Table 3.1-3 Number of dampers 

Span 
(m) 

I.,-45 
0 

450<L<80 
0 

800<L<120 
0 JNRLHI/G1A-630/45 

conductor Numbe 
r 

1 2 3 

Span 

(m) 

L<30 
0 

300<L<60 
0 

600g..,<900 
>90 

0 GJ-80 
Earth wire Numbe 

r 
1 2 3 4 

3.2 	Insulation Design 

3.2.1 Selection of insulator 

Insulators of the project are all approved domestic products. The DC disc 

insulators are adopted in the conductor insulator string. Both the suspension 

insulator and tension insulator are model U160BP/170(XZP-160). The 

electromechanical properties of insulator are as shown in table3.2-1. 

Table 3.2-1Electromechanical properties of conductor insulator 

Code of insulator U160BP/170 

Material Porcelain Glass 

Disc diameter (mm) 320-340 320-340 

Nominal structure height H (mm)* 170 170 

Nominal creep distance L (mm)* >545 >545 

Connection marks* 20 20 

Electromechanical breaking load required (kN) 160 160 

Separate tensile test load (kN) 80 80 

1min positive DC wet withstand voltage (kV) 55 60 

Lightning impulse withstand voltage (kV) 140 140 

lmin positive and negative DC dry withstand voltage (kV) 140 150 

Impulse breakdown voltage (p.u.) 2.8 2.8 

Wireless disturbance voltage 	10kV, 1MHz (V) 50 50 

Volume V-2 
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DC corona extinction voltage (kV) 50 50 

Porcelain degradation rate/spontaneous explosion rate (%) <0.01 / 

Glass spontaneous explosion rate (%) / <0.02 

Table3.2-2 Safety factor of insulator's mechanical strength 

Condition 
Maximum working load 

Normal load Check Break Disconnection 
Disc insulator Rod insulator 

Safety factor 2.7 3 4 1.5 1.8 1.5 

3.2.2 Selection of insulator quantity and arcing horn clearance 

Based on recent research on earthing electrode line, it is recommended to provide five 
insulators for the suspension string and tension string respectively near the converter 
station (within 40% of the length of earthing electrode line away from the converter 
station), three insulators for the suspension string and four insulators for the tension 
string near the earthing electrode (40%-100% of the length of earthing electrode line 
away from converter station). Besides, the arcing horn shall be installed. The number 
of insulators and arcing horn clearance are as shown in the table below. 

Table 3.2-3lnsulator quantity and arcing horn clearance 

Distance from converter station 
Number of insulators 

(suspension/tension/jumper) 
Arcing horn gap 

(mm) 

0-40% 5/5/3 700 

40-100% 3/4/3 400 

3.2.3 Air Gap of Tower Body 

Under atmospheric conditions, the clearance between the charged part and tower 
body shall be designed to match the arcing horn clearance. The clearance between 
the charged part and tower body shall be no less than the arcing horn clearance to 
ensure that the discharge occurs on the arcing horn rather than between the 
conductor and tower body. The clearance varies depending on the distance 
between the tower and converter station, as shown in table 3.2-3 in details. 

3.3 	Insulator Strings and Fittings 

3.3.1 	Assembling of Insulator String 

For suspension insulator strings of conductor, 160 kN single and dual strings are 
4i" 	 used; and for those of earth wire, 70 kN suspension insulator strings are used. 

For tension insulator strings of conductor, 160 kN dual strings are used; and for 
those of earth wire, XDP-100CN insulators with the acing horn are adopted, 
which are assembled in single strings (two insulators). 

Volume V-2 -11 



Feasibility Study for Volume V-2 
±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Electrode and Electrode Line of Lahore Converter Station 

For jumper insulator strings of conductor, 1601cN single strings are used. 

3.3.2 	Main Fittings 

The heat resistant NY-630/45N tension clamp and CF-630/45 suspension clamp 
ilu 	 are adopted for the conductor. 

The heat resistant NY-80G tension clamp and XGU-2 suspension clamp are 

adopted for the earth wire. 

3.3.3 Value of Safety Factor 

The safety factor adopted for the hardware in this project is shown in Table 3.3-1. 

Table 3.3-1 	List of safety factor for hardware 

Condition Maximum load Maintenance Line breakage String breakage 

Safety factor 2.5 1.5 1.5 1.5 

3.4 	Clearance to the Earth and Passage 

The clearance between the conductor and earth and the distance between the 

conductor and objects crossed are as shown in table3.4-1 and 3.4-2.The operating 
temperature of conductor is 135°C. 
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Table 3.4-iMinimum distance between the conductor and the building/woods 

No. Minimum distance 

(m) 
calculation condition 

1 Residential area 7.0 Maximum sag 
2 Nonresidential Area 6.0 Maximum sag 
3 Traffic Inconvenience area 5.0 Maximum sag 

4 Hillsides accessible on foot 5.0 Maximum wind 
displacement 

5 Hillsides, cliffs and rocks inaccessible on foot 3.0 Maximum wind  
displacement 

6 Vertical distance to the building 5.0 Maximum sag 

7 Minimum clearance to the building 4.0 
Maximum wind 
displacement 

8 
Vertical distance to forest taking consideration 
of natural growth of trees 4.0 Maximum sag 

9 
Minimum clearance to trees of the park, green 
area or tree reserve . 35 

Maximum wind 
displacement 

10 
Vertical distance to the fruit tree, commercial 
crop and urbane roadside tree 3.0 Maximum sag 

Table 3.4-2Distance between conductor and objects/obstacles crossed 

No. Name of objects crossed 
Minimum 
distance 

(m) 
Calculation Condition 

1 Railway 
Clearance from track top 7.5 Maximum sag 
Clearance from load-bearing
cable or contact wire 3.0  Maximum sag 

2 Road Class 1 7.0 Maximum sag 

3 
Un-navigable 
rivers 

Clearance from 100-year 
flood level 3.0 Maximum sag 

4 Power line 3.0 Maximum sag 

5  
Communication 
. 

line 3 Maximum sag 

3.5 	Lighting Protection and Earthing 

The following measures are mainly proposed in the lighting protection and earthing 
design of power transmission line: 

(1)Provide the singe earthing line with a shielding angle of 30 degrees all the way; 

ibk 	 (2) Keep the distance between two earthing lines of the tower within five times of the 

vertical distance between the conductor and earthing line to ensure combined 
protection from both earthing lines. 

4t 
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(3) In calm days with a temperature of +15°C, the distance between the conductor and 

lightning wire at the center of span shall meet the requirement in the Design Code for 
110kV-500kV Overhead Transmission Line:S>0.012L+1 (where S refers to the 

distance between the conductor and lighting wire and L refers to the span); 

(4) The footing resistance of tower should be restricted as to table 3.5-1.. 

Table3.5-1 The limiting values of tower footing resistance 

Area agricultural district desert desert 

earth resistivity P (SI•m) 0< p ---.1000 1000< P '--.2000 p > 2000 

limiting 	values 	of 	tower 
resistance R (S2) 

footing 10 20 25 

3.6 	Tower Family 

The service conditions for tower in this project are shown in Table 3.6-1. Lattice 
tower will be used in this project 

Table 3.6-1Tower family 

Tower 
Type 

An le g 
 

Horizontal 
span 

(m) 

Vertical 
span 

(m) 

Range 	ofNominal 
nominal height 

(m) 

height 

(m) 
ZP1 0° 380 480 18-33 24 

ZP2 0° 450 600 21-36 30 

ZPK 0° 600 800 45-60 54 

WI 0-30° 400 500 15-27 27 

JP2 

30-60° 

(including the 
terminal) 

400 500 15-27 27 
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Figure3.6-1:Outlines of towers 

3.7 	Tower and Foundation Design 

3.7.1 Tower Design 

3.7.1.1 Specifications, code and relevant design documents to be observed 

The specifications, codes and relevant design documents to be observed during the 

design of the tower are as follows: 

ASCE 74-2009-Guidelines for Electrical Transmission Line Structural Loading 

IEC 60826 - Design criteria of overhead transmission lines 

ASCE 10-97 - Design of latticed steel transmission structures 

GB/T 3098.1 Mechanical Properties of Fasteners—Bolts, Screws and Studs, 

GB/T 3098.2 Mechanical Properties of Fasteners—Nuts-Coarse Thread 

GB/T 5117 Covered Electrodes for Manual Metal Arc Welding of Non-alloy and Fine 

Grain Steels 

GB/T 5118 Covered Electrodes for Manual Metal Arc Welding of Creep-resisting 

Steels. 

GB 50661 Code for Welding of Steel Structures. 
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GB/T 1591 High Strength Low Alloy Structural Steels 

GB/T 700 Carbon Structural Steel. 

GB 50017 Code for Design of Steel Structures 

.etc, and/or other approved standard. 

3.7.1.2 Calculation Model of Tower 

The calculation analysis of tower is based on the finite element method and the 3D 

truss model according to the mechanics theory; PLS-TOWER software is used as the 

analysis software of tower in this project. 

3.7.1.3 Wind Speed in Basic Design 

The designed basic wind velocity is determined as 31.3m/s according to the technical 

data that have been collected. 

3.7.1.4 Load Conditions 

According to the relevant provisions of ASCE74-2009, the load conditions and load 

combinations usually to be considered in the design are shown in the following table: 

Operation condition name Description of load condition 

Normal Condition 

Vertical Load: Dead weight of conductor, earth wire, insulator, hardware, 
tower,worker etc. 

Horizontal Load: wind pressure, angle tension, tower body wind velocity; 

Wind load direction: 90°, 45° 

Failure Containment case Structure failure load, e.g.broken wire load, etc. 

Installation condition 

Structure erection load; 

Stringing tension load; 

Worker load 

3.7.1.6 Material for Tower 

It is recommended to use China's supplies for the steel products of tower. Two 

categories of China's steel products in the following table shall be adopted while 
designing the tower at the current stage. 

Steel products: 

Mild steel: 	 Q235B 

High tensile steel: 	 Q345B 

The characteristics of steel products are as follows: 

Standard Grade 

Fy (Mpa) 
Yield Strength Fy (Mpa) 

Minimum Tensile Strength 

T<=16 t>16 Mpa 
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t 

GB 700 Q235B 235 225 375 

GB1591 Q345B 345 325 470 

Bolts: Grade 6.8 in ISO 898 

Yield point: 480N/mm2  

Tensile strength: 600N/mm2  

Bolts: Grade 8.8 in ISO 898 

Yield point: 640N/mm2  

Tensile strength: 800N/mm2  

(1) The members of tower all use the hot-rolled equal-leg angle steels. The 

high-strength steel shall be selected according to the economic comparison. In 

general, it is not suitable to adopt the high-strength steel for the members whose 

slenderness ratio is greater than 80 or whose specification is less than 125x10 

(excluding the tension member). 

(2) Q235B and Q345B steel electrodes shall use E43 type and E50 type. The 

welding operation shall be avoided as far as possible for the Q420B 

high-strength steel. 

(3 The connecting bolts shall use M16(Grade 6.8), M20(Grade 8.8) and M24 

(Grade 8.8) common rough bolts. 

3.7.1.7 Other Descriptions 

(1) Anti-corrosion measures of tower 

The hot-galvanized anti-corrosion measures shall be performed to all members 

of towers (including stub angle), bolts (including locking fastening nut and 

anti-theftbolts), gaskets and washers. 

(2) Locking and antitheft measures 

Antitheft bolts shall be used within the range of 10.0m over the ground of the 

shortest leg. The point of suspension connecting members all use the dual-cap 

bolts and the locking measures of one standard nut with one thin nut shall be 

taken for other bolts. 

(3) Step bolts and others 

The climbing step bolts shall be provided in the main members of tower, and 

they shall be mounted in a diagonal form. As for the tower with the full height 
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of over 60m, the simple access platform shall be set up in appropriate position 

and the safety fence shall be set up at the periphery of the platform. 

(4) Anti climbing device 

The anti climbing device shall be set above the first septal surface using the barbed wire 

steel and set a doorlocking with bolts, nuts, fastening nut 

3.7.2 	Foundation Design 

3.7.2.1 Design Specifications 

(1) American concrete institutes (ACI318) 

(2) IEEE Guide for Transmission Structure Foundation Design and Testing (IEEE 

Std 691-2001) 

(3) GB 50010 Code for Design of Concrete structures 

(4) GB1499.1 Steel for the reinforcement of concrete: Hot rolled plain bars 

(5) GB1499.2 Steel for the reinforcement of concrete: Ribbed bars 

(6) JGJ 18 Specification for welding and acceptance of reinforcing steel bars 

.etc, and/or other approved standard. 

3.7.2.2 Selection of Foundation Types 

The pad&chimney foundation can be adopted for the soft plastic clay according to 

the site conditions. 

Pad&chimney foundation 

The main feature of this foundation is that the main column slope of the 

foundation is consistent with that of the tower leg. The result of this design 

enables the horizontal force perpendicular to the axial line of the foundation to 

be reduced for at least 50% and the axial action force of the foundation only 

increases by 1-2%. This result has significantly improved the force bearing 

situation of the foundation columns and base plates (slabs) to minimize the 

impact of the foundation horizontal force on the foundation slabs and improve 

significantly the stability of the foundation. Meanwhile, due to significant 

reduction of eccentric bending moment, the dimension of foundation slabs 

controlled by downward stability is correspondingly reduced so that the concrete 

quantity and slab reinforcement amount are reduced, which can greatly save the 

consumption of foundation materials. Foundation of this kind can be used in 

most of the locations in this project. 

3.7.2.3 Foundation Materials 
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The grade of concrete strength of the foundation is generally C25 and C30. As for the tower 

location with corrosion, the grade of concrete strength shall be improved based on 

the specific corrosion. The cushion layer and protective cap shall all use the C15 

concrete. The main reinforcement of the foundation adopts HRB400 reinforced bars 

■I∎ 	 and the stirrup and the structural reinforcement use the HPB300 reinforced bars. 

For foundation materials, the equivalent quality materials can be used, such as GB. 

ASTM or other codes. 

3.7.2.4Foundation concrete 

Foundation material is designed according to the following principles.The compressive 

strength of concrete shall be 21Mpa for normal type of foundation , 27.5MPa for pile 

foundation and the quality of concrete shall conform to the ACI standards. For corrosive areas, 

improve concrete strength gradeaccording to corrosion grades 

3.7.2.5 Steel products for the foundation 

For Chinese materials, the main reinforcement of the foundation adopts HRB400 

reinforced bars and the stirrup and the structural reinforcement use the HPB300 reinforced 

bars. 

4' 	
For ASTM materials, characteristic strength of reinforcement (fy): 

60 grade 	 420Mpa 

3.7.2.6 Connecting Way of Tower and Foundation 

The connecting way of stub angle is recommended in this project. 

3.7.2.7 Foundation Insulation and Corrosion Prevention 

Insulation and corrosion prevention measures shall be taken for the tower 

foundation within 2.0km from the electrode according to relevant specifications. 

• 
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EXECUTIVE SUMMARY 

Pakistan is facing electricity crisis due to demand and supply short fall as well as ever 
increasing electricity prices in Pakistan. Moreover, the existing network of National 
Transmission and Dispatch Company (NTDC) is already overloaded and needs expansion. 
With the induction of new Power sources, new Transmission Lines (T/Ls) are required for 
carrying the additional Power to the major electricity distribution centres of the Country. 

In order to cope with these crises, Government of Pakistan (GOP) has looked out for various 
Power Generation options other than Natural Gas and Furnace Oil. In this regard, GOP has 
planned to generate additional power in the Karachi region and utilize the Coal reserves of 
Thar, Sindh in Pakistan. 

GOP has decided to implement two (02) key options i.e. to have Power generation from Thar 
coal reserves and have Power Plants based on imported coal to be located in Karachi. 
Taking a proactive approach, National Transmission & Dispatch Company (NTDC), has 
accordingly proposed to construct the T/L on BOOT basis from Matiari to Upcountry (Lahore) 
on priority basis. In order to have this Project implemented, number of tasks including T/L 
route selection, environmental and resettlement studies and economic and financial analysis 
of the Project is required. This Report deals with the Environmental Impact Assessment 
(EIA) of the proposed T/L from Matiari to Lahore. 

The proposed T/L is a + 660KV High Voltage Direct Current (HVDC) circuit starting from the 
district Matiari near Hyderabad at a converter Station located in Matiari, Sindh and ending at 
the Punjab province district Nankana Sahab near Lahore. Figure 1-1 shows the location map 
of the proposed T/L. Total length of the T/L is about 865.55 km, of which 314.9 km falls in 
Sindh province and remaining 550.65 km are located in Punjab province. Proposed T/L route 
passes through twelve (12) districts, out of which five (05) districts are located in Sindh and 
the remaining seven (07) are located in Punjab province. 

Purpose of the Study 

The purpose of this study is to assess the positive and significant adverse environmental 
and social impacts and to suggest mitigation and remedial measures to make the Project 
environment friendly and achieve sustainability during the construction and operational 
stages of the Project, prepare Environmental Management and Monitoring Plan (EMMP) 
with cost estimates and to intiate the NOC process from the concerned provincial EPAs i.e 
Sindh Enviornmental Protection Agency (SEPA) and EPA, Punjab. 

Approach and Methodology 

The detailed approach and methodology used for the EIA study is as follows: 

• Literature Review; 

• Route Optimization Study; 

• Review of Environmental Laws and Institutional Requirements; 

• Delineation of Corridor of Impact (COI); 

• Baseline Survey of C01; 

• Analysis of Alternatives; 

• Baseline Conditions of the COI; 

• Stakeholder Consultations; 

• Impact Assessment and Mitigation Measures; 

• Environmental Management and Monitoring Plan (EMMP); and, 

• Conclusions and Recommendations. 

iv 
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Applicable Polices, Laws and Guidelines 

Following are the applicable policies, laws, regulations and guidelines related to the 
proposed Project: 

• National Environmental Policy, 2005; 

• National Conservation Strategy, 1991; 

• Pakistan Environmental Protection Act (PEPA), 1997; 

• Regulations for Environmental Assessment, 2000; 

• National Environmental Quality Standards (NEQS), 2000; 

• Land Acquisition Act, 1894 

• Telegraphy Act, 1910; 

• Affected Persons Ordinance, 2001; 

• Electricity Act, 1910; 

• Provincial Wildlife (Protection, Preservation, Conservation and Management) Acts, 
Ordinances and Rules (Act, 1972); 

• Cutting of Trees (Prohibition) Act, 1975; 

• Punjab Plantation and Maintenance of Trees Act, 1974; 

• Protection of Trees and Brushwood Act, 1949; 

• Provincial Local Government Ordinances, 2001; 

• Antiquities Act, 1975; 

• Sindh Cultural Heritage (Preservation) Act, 1994; 

• Factories Act, 1934; 

• Explosives Act, 1884; 

• Punjab Wildlife (Protection, Preservation, Conservation and Management) Act, 1974; 

• Sind Wildlife Protection Ordinance, 1972; 

• Forest Act,1927; 

• Pakistan Penal Code,1860; 

• West Pakistan Water and Power Act, 1958; 

• Guidelines for Sensitive and Critical Areas; 

• ADB Safeguard Policy Statement, 2009; 

• Convention on Biological Biodiversity, 1994 

• Convention on Conservation of Migratory Species of Wild Animals, 1979; 

• Rio Declaration, 1992; and, 

• Convention on Wetlands (Ramser Convention), 1971. 

Project Description 

Proposed project have two main components i.e. Converter Stations and T/L. 

Converter Stations will be located at each end of the proposed T/L (Matiari and Lahore) to 
transform the Alternating Current (AC) used in the national networks into Direct Current (DC) 
for transmission and vice versa. One of the main advantages of DC transmission consists in 
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the savings achieved by not having intermediate Sub Stations along the T/L. Depending on 
the final design the Converter Stations dimensions will be finalized. T/L main design 
components are the Towers and the Conductors. 

Taking into account the possibility of the transmission of more Power through the proposed 
T/L in the future years, ± 660KV Bi-pole Thrasher conductors in quad bundle configuration 
for the HVDCT/L has been recommended for interconnection. These functional 
specifications have been prepared at this stage of the Project. It may be added that detailed 
specifications of the T/L will be based on these functional specifications and will be prepared 
at a later stage once the Project implementation is finalized. 

For Extra High Voltage (EHV) lines, safety considerations are of two types. One is related 
with the safety of the system, while others are those that are related to the public safety. It is 
for this reason that NTDC has adopted a 100 m wide (50 m either side from the centreline) 
corridor as the ROW and 500 m wide (250 m either side from the centreline) corridor as the 
COI for the T/L. NTDC has planned to implement the Project on BOOT basis. 

Analysis of Alternatives 

The various alternatives which have been considered during the conduct of the study are: 

• No Project Option (NPO); 

• Technological System Study of T/L Alternative; 

• Alternative Route Alignment selection; and, 

• Design Alternatives. 

The proposed T/L Project is a cost effective, sustainable and environmental friendly option to 
dispatch the bulk electricity from Matiari to major electricity supply centres of Pakistan. 
Based on the facts No Project Option (NPO) if exercised, electricity produced from Karachi 
and Thar areas cannot be supplied to the national grid hence it will not be available to the 
consumers. This may result in lost an opportunity to cope with the shortage of Power and 
boost in the national economy. In light of above situation, NPO is not acceptable for 
Pakistan. 

Two options were considered for the technical comparison as given below for the proposed 
T/L project: 

• Alternative 1: HVDC 

• Alternative 2: HVAC 

Technical comparison results 'of both the alternative schemes concluded that HVDC is more 
economical and technically viable. 

Therefore, Alternative-1 is feasible and technically superior. 

Baseline Conditions 

Following is the brief of the baseline conditions of T/L COI. Principally the whole T/L has 
been divided into two (02) sections namely Section 1&II. Section-I lies in the Sindh Province 
i.e. from AM #1 to AM #49 while Section-11 lies in Punjab Province i.e. from AM #50 to AM 
#169. Following is the brief of baseline conditions in the 001 of the proposed T/L Project: 

it 

'See Phase-1 Report Vol1 for detailed technical comparison 
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Physical Environment 

Section I: 

T/L starts at the Summo village in Matiari district. The whole area is the part of rich fertile 
land of Matriari district. There exist the orchards of Mango, Guava, and Citrus etc. along with 
wheat, rice, vegetables due to the avaialbity of irrigation water. 

At AM # 8 the proposed T/L enters the Sanghar district. The district does not have any 
mountain or hill. The district can be divided into two parts: a fertile plain area in the west; and 
desert area in the east. The T/L passes through eastern desert area as well as the 
agriculture part of Sanghar district. Most of the area consists of barren tracks of sand dunes 
covered by thorny bushes. 

At AM # 28 district Khairpur starts. The portion where T/L enters the district consists of hills 
of windblown sand running in parallel rows from north-east to south-east. 

From Khairpur T/L enter the Sukkur district at AM # 36. The T/L passes through desert 
portion of the Salehput sub-division. 

T/L passes through the Ghotki district from AM # 41 to AM # 49. T/L passes through the 
desert area of the district which consists of hills of windblown sand and is part of the Thar 
Desert. 

Table ES-1 below describes the mean daily maximum and minimum temperatures in 
Summer and Winter seasons of the Meteorological Gauging Stations which represents the 
climate of Section-I. 

Table ES-1: Mean Daily Temperatures at Meteorological Gauging Stations (1981-2010) 

Sr. 
No. 

Meteorological 
Gauging 
Station 

District 

Mean Daily 
Temperature 
(Summer) °C 

Mean Daily 
Temperature 
(Winter) °C 

Minimum Maximum Minimum Maximum 

1 Sukkur Sukkur 34.6 35.6 14.8 16.5 

2 Nawabshah Benazirabad 33.8 35.7 15.4 16.9 

3 Hyderabad Hyderabad 32.4 34.0 18.0 19.6 
Source: 1. Pakistan Meteorological Services; and 

2. Surface Water Hydrology Project, WAPDA. 

Section II 

T/L enters the district Rahim Yar Khan at AM # 50. Desert area is called Cholistan. T/L 
passes through the desert area. The surface of the desert consists of a succession of sand 
dunes and covered with the vegetation peculiar to sandy tracts. 

Bahawalpur district starts at AM # 63 on the desert area known as Cholistan. It extends 
along the entire eastern boundary of Bahawalnagar district in the north and Rahim Yar Khan 
district in the south. The surface of the desert consists of a succession of sand dunes. It is 
covered with the vegetation peculiar to the sandy tracks. 

T/L enters Bahawalnager district at AM # 75. The line passes through the irrigated 
agriculture area. The main source of irrigation in this area is semi-perennial and perennial 
canals which debouche from Sulemanki Head Works. T/L also crosses the Sutlej River in 
Bahawalnagar district. 

T/L enters Pakpattan district at AM # 95. The area is a flat plain, covered on the north by the 
old bed of the Bias River. Soil impregnated with soda and other salts is common and known 
as Kallarathi. The major means of irrigation in the COI are canal and tube wells. Pakpattan 
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canal takes off from Sulemanki Headwork's also cross by the T/L. This canal and its branch 
namely Khadir branch irrigate a vast area of the district. 

T/L enters Okara after AM # 125. T/L is crossed by Depalur canal. T/L crosses the semi-
urban area which is rich in agriculture. 

T/L enters Kasur district at AM # 151 near village Kitan Kalan and passes through the upland 
area where T/L also crosses the old bed of Bias River. The soil is sandy. The upland is flat 
plain sloping from north-east to south-west. 

Table ES-2 below shows the mean daily maximum and minimum temperatures in Summer 
and Winter seasons of the Meteorological Gauging Stations which represents the T/L 
Section-II. 

Table ES-2: Mean Daily Temperatures at Meteorological Gauging Stations (1981-2010) 

Sr. 
No. 

Meteorological 
Gauging 
Station 

District 
Mean Daily Temperature 

(Summer) C 
Mean Daily Temperature 

(Winter) °C 

Minimum Maximum Minimum Maximum 

1 Khanpur Rahim Yar Khan 33.1 34.8 13.3 15.1 

2 Bahawalpur Bahawalpur 32.2 35.0 13.5 15.5 

3 Bahawalnagar Bahawalnagar 33.4 35.0 13.3 15.4 

4 Faisalabad Faisalabad 31.4 33.5 11.8 13.7 

5 Lahore (PBO) Lahore 31.3 33.6 13.3 14.8 
Source: 1. Pakistan Meteorological Services; and 

2. Surface Water Hydrology Project, WAPDA. 

Ecological Environment 

The proposed Transmission Line (TL) from Matiari to Lahore passes through two main eco-
regions i.e. Desert-Xeric shrublands and Sub-Tropical Thorn area. The Desert-Xeric 
shrubland category includes districts of Sanghar, Khairpur, Sukkur, Ghotki, Rahim Yar Khan, 
Bahawalpur and Bahawalnagar, and consists of Angle Marks No. 8 to 94. The eco-region of 
Sub-Tropical Thorn area includes rest of the districts i.e. Matiari, Pakpattan, Okara, Kasur, 
and Nankana Sahib and stretches over AM-1 to AM-7 and AM-95 to AM-169. However, for 
the purpose of collection of field data, the proposed T/L route has been split up into two 
Sections i.e. Section-I (districts falling in Sindh) and Section II (districts falling in the Punjab). 

The original flora of the area consists of the tropical thorn vegetation with acacia species 
predominanting with particular charateristics of thorny hard wooded species of short boles 
and low branching crowns. Fauna includes mammal species of jackal, rabbit, porcupine and 
wild boar. Reptiles consist of snakes and small sized lizards. Squirrel and mouse are the 
basic rodents while frog and toad are commonly found in the Project Area. 

Game Reserves, National Parks and Wildlife Sanctuaries 

]The proposed T/L will not pass through or cross any protected area i.e. Game Reserves, 
National Parks, Wildlife Sanctuaries etc. However, proposed T/L passes at a distance of 
about 12 kilometers from Changa Manga Reserve Forest (RF) at AM-160. Proposed Project, 
therefore, will not cause any impact on the flora and fauna of the Reserved Forest. 

Socio-Economic Environment 

To document the socio-economic conditions of the population settled in the COI, socio-
economic surveys of the selected households were carried out. One of the major steps after 
the identification of the villages and their estimated populations was the calculation of 
sample size. Total 164 villages were found within the T/L 001 for Matiari to Nankana Saheb 
and socio-economic survey was conducted in these villages. Based on the field visit and 
DCRs of the relevant districts, total number of households and population is estimated along 
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the COI. Based on the estimated population and household sample size of 450 was 
determined using a statistical formula. 

Section-I 

T/L in Section-I passes through some semi urban and mostly rural areas. In this section, 
about 64 village are located along the COI. As per socio-economic survey highest population 
in this section is residing in Sanghar district and lowest population in Ghotki district because 
in Ghotki district most of the T/L route is in desert area. 2nd  highest population is living in 
Khairpur district which is 41,600 persons. Total population in the COI of Section-I is 103,855 
persons. 

Based on the field survey major occupations in the COI are agriculture farming, labour 
(unskilled workers), service (government or private employ), business (small shop keeper) 
and livestock rearing (sale and purchase of livestock and dairy products). As per data 
collected for the baseline, it was noticed that agriculture/farming and unskilled labour is the 
main source of income for the locals. 

The optimum cropping pattern refers to the allocation of the cropped area under different 
crops during the year in order to attain maximum output within the existing resources. In 
general, there are four (04) main crops (i.e. wheat, cotton, maize, sugarcane,) being grown 
in the COI from Matiari to Ghotki. 

The results derived based on the 'village profile surveys' shows that out of 64 villages / 
Goths, 75 to 85 percent population in the COI had access to roads, electricity, fuel wood and 
schools especially for boys, while the other facilities like health, sui-gas, drinking water and 
telephones were found with only less than 10 percent population. Drinking water/ water 
supply schemes were also not available in most of the villages. In the COI from Matiari to 
Ghotki districts, drinking water is a major issue for the people especially in desert and barren 
areas of Sanghar, Khairpur and Ghotki where people are forced to use pond water for 
drinking. The major sources of drinking water in the 001 are streams, nullahs, pumps and 
tubewell etc. In some areas of Sanghar and Ghotki districts, women have to fetch water 
from far away ponds and dug wells from their houses. 

Section-II 

As per socio-economic survey, highest population in the 001 is calculated as 95,000 
persons of Okara district. Due to urban or semi urban area population density is high in 
Okara. The lowest population is 11,400 persons in Bahawalpur district with most part of TL 
pass through the rural areas in this district. Total population falling in the 001 from Rahim 
Yar Khan to Nankana Saheb is 297,400. 

Saraiki and Punjabi as the mother tongue in the COI of Section-II, however, Balochi and 
Pashto are also spoken in the few areas.ln Rahim Yar Khan and Bahawalpur, Saraiki is 
dominant language while from Bahawalnagar to Nankana Saheb Punjabi and Urdu are 
spoken. 

Based on the field survey, major occupations in the 001 are agriculture / farming, unskilled 
labour, service, business, shops and livestock rearing. As per data collected for the baseline, 
it was noticed that agriculture farming and unskilled labour is the main source of the income 
for the locals. 

The optimum cropping pattern refers to the allocation of the cropped area under different 
crops during the year in order to attain maximum output within the existing resources. In 
general, there are four (04) main crops (i.e. wheat, cotton, Maize, sugarcane) being grown in 
the COI from Rahim Yar Khan to Nankana Sahib. 

During the field surveys, it was observed that in case of farm households, the major sources 
of income included the income from crops and livestock (Dairy products). For non-farm or 
landless households, the main sources of income are the income from off-farm activities, 
such as business, Govt. or private employment, labour etc. 
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The survey results derived based on the 'village profile' shows that out of 95 villages, 80 to 
90 percent of the villages in the COI had access to roads, electricity, fuel wood and schools 
especially for boys, while the other facilities like health, sui-gas, drinking water and 
telephones were found at less than 50 percent villages. Drinking water/ water supply 
schemes were also not available in most of the villages. The major sources of drinking water 
are hand pumps, streams, nullahs, pumps and tubewell etc. in the COI. In some areas of 
Rahim Yar Khan and Bahawalpur districts, women have to fetch water from dug well or 
water ponds far away from their houses. 

Stakeholder Consultation 

Stakeholders, especially the local population, involvement is an important feature of the 
environmental assessment and can lead to a better and more acceptable decision-making 
regarding the Project design and implementation. As a part of EIA studies consultations with 
the Proponent (NTDC), government departments such as Sindh, EPA (SEPA), EPA, Punjab, 
Sind Wildlife and Forest Department, Punjab Wildlife and Forest Department, Archaeology 
Departments of Sind and Punjab, Irrigation Departments of Sindh and Punjab, Revenue 
Departments etc., NGOs working in the COI and the potential project affectees were 
consulted. 

Feedback received during public consultation are related to the willingness of people to 
accept project, compensation for their effected crops, livelihood, electricity and 
compensation/relocation/resettlement while concerns include drinking water supply and 
sewerage, health facilities, road infrastructures, education, women issues, agriculture and 
security. 

Numbers of scoping sessions/focus group discussions with the women were also carried out 
at various locations in the COI. The purpose of focus group discussions was to share 
information about the Project activities and to analyze the gender related activities. 

Project related concerns and feedback by the women in the COI were mostly related to their 
privacy, benefits associated with the project, any special provision related to jobs for the 
women in the area. 

Impact Assessment and Mitigation Measures 

With the implementation of the proposed Project following major positive impacts are 
foreseen: 

• Dispatch of Electricity from Matiari to Lahore; 

• Flexibility in the NTDC T/L system; 

• Employment Opportunities; 

• Infrastructure Development; 

• Increase in Land Value; and 

• Socio-economic Uplift. 

Some of the indirect benefits envisaged due to the increase of electricity in the national grid 
are as follows: 

• Due to the implementation of the Project, increase in the availability of electricity in the 
national grid will be ensured; 

• Expansion of the industrial base is expected due to the availability of electricity in the 
national grid; and 

• Better quality of life will be available for the residents of the Study Area if electricity from 
the national grid is provided to the locals of COI. 
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Apart from positive impacts proposed T/L Project also have some potential adverse 
environmental and social impacts. These are divided into two (02) major components which 
are given below: 

• Transmission Line (T/L); and, 

• Converter Stations. 

Summary of identified potential significant environmental and social impacts of T/L and 
Converter Stations along with their mitigation measures are outlined below: 

• The proposed T/L will not involve the permanent land acquisition as per NTDC practice 
in the light of LAA and Telegraph Act, 1910. No permanent land acquisition will be made 
for the land at the Tower footings as the landowner will be allowed to use the area under 
the Towers after the installation. T/L Section I and II a is mostly passing over the 
agriculture land. Some part of Section I and II is also crossing the desert. The 
Contractors will require temporary land acquisition for the construction camps. 

The land for construction camps should be selected and leased prior to the start of 
construction phase. Land will be directly rented from the private landowners by the 
Contractors. The provisions of the LAA will not be involved as the acquisition of the land will 
be temporary and will be covered by short-term lease agreements between the landowners 
and Contractor. Rental terms should be negotiated to the satisfaction of the concerned 
landowners and the agreement should be in local language to make the process clear. 

• Permanent acquisition of land will be required for the Converter Station at Matiari and at 
Nankana Sahib near Lahore. Final selection of the sites for the Converter Stations is in 
process; 

Permanent land will be acquired as per LAA and ADB policy requirements for Involuntary 
4 Resettlement will also be fulfilled. It is recommended that existing market price of the land 

should be paid to the landowner. In this regard proper LARP should be prepared and 
implemented prior to the construction of the Converter Station. 

• Ambient air quality will be affected by the fugitive dust and emissions from the 
construction machinery and vehicular traffic during the construction phase. 

The measures such as the use of existing quarries, Concrete batching plants equipped with 
dust control equipment such as fabric filters or wet scrubbers to reduce the level of dust 
emissions; periodic tuning of the vehicles; regular sprinkling of water and Haul-trucks 
carrying sand aggregate and other materials will be kept covered with tarpaulin to reduce the 
dust pollution, will be adopted. 

• Noise generated by the construction machinery during the construction stage is likely to 
affect the COI particularly the sensitive receptors like nearby schools, hospital etc. This 
impact will be more pronounced in both the sections however, end of Section II is more 
sensitive due to proximity to the urban to semi-urban residential areas. 

As the proposed T/L route at some locations is passing near houses, so special care must 
be taken for noise producing activity by providing casing to the noise generating part of the 
machinery or use of noise absorbing materials. Properly tuned vehicles and oiling of moving 
part of equipment may also reduce the noise levels. Construction timing should be 
coordinated with locals. Normally noise generating activities are allowed from 9 AM to 5 PM 
during day time to avoid disturbance to humans as well as fauna. 

• Approximate proposed strength of the labour in all camps is 179 persons for the T/L, 
Towers and stringing of conductors. These persons will be involved during hauling and 
installation stage. As a general rule the water consumption will be about 20 
gallon/capita/day (75.7 liter/capita/day) and will subsequently generate about 70 to 80% 
of this water as sewage. 

Okr 
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• Approximate proposed strength of the labour in each camp for Converter Station will be 
about 25 persons which will generate about 1.9 m3/day of wastewater and about 12.5 
kg/day of solid waste. Improper wastewater and solid waste management activities can 
increase disease transmission, contaminate ground and surface water and ultimate 
damage to the ecosystem. 

Domestic and chemical effluents from the construction camp should be disposed by the 
development of on-site sanitation systems i.e. septic tanks along with soakage pits. Proper 
monitoring to check the compliance of NEQS will be carried out. Proper solid and hazardous 
waste management system should be adopted for camps; 

• Construction activities such as clearing and grubbing, excavation, filling, laying down 
concrete foundation for Towers and setting up construction camps will affect the existing 
soil condition in the COI. 

Good engineering practices will help to control or minimize the soil erosion both at the 
construction sites and in peripheral areas, particularly at the Tower foundations and along 
the haul tracks. All the disturbed areas need to be protected against soil erosion by stripping 
and stockpiling of all the available topsoil for later re-vegetation. Special slope protection 
measures should be adopted in the sensitive areas i.e. desert or semi-desert areas. Site 
restoration plan for the Project should be strictly followed. 

• Natural streams and irrigation channels mostly in agicultural areas of Sinddh and 
Punjab may be prone to increase in sedimentation and silt due to excavated material 
(loose aggregate) with the runoff from the construction area, workshops and equipment 
washing-yards. 

The excavated material will be managed by ensuring proper storage areas located far away 
from the water bodies. It will not cause the siltation of the irrigation channels. All the areas 
disturbed due to erosion need to be protected against soil erosion by stripping and 
stockpiling of all the available topsoil for later re-vegetation. At sand dunes, proper slope 
protection should be provided to reduce the erosion of the slopes. 

• Land may be contaminated due to the spillage of chemicals, fuels, solvents, oils, paints, 
concrete, solid waste generated at campsites etc. This normally happens when these 
materials are transported in open or loosely capped containers. 

The Contractors will be required to instruct and train their workforce in the storage handling 
and management of materials and chemicals that can potentially cause soil contamination. 
Material Safety Data Sheets (MSDS) implementation should be enforced. 

• Construction stage of the proposed Project may affect the existing infrastructure within 
the ROW of the T/L where Towers are to be installed and stringing activities to take 
place. Estimated list of infrastructure falling within the ROW (100 m) is provided in the 
report. Exact number will be identified after the availability of project foot / spotting of 
Towers on ground. 

During the detailed design stage, NTDC will coordinate with NHA and local road 
department/authorities for the installation of the Towers and during stringing of the 
conductors where the line is crossing the existing roads for the provision of alternate traffic 
route and management. Special care is required during the construction of Towers as well 
as stringing of conductors. During the stringing of conductors, temporary shutdown of the 
existing T/Ls will be ensured to safeguard the workers and the surroundings. 

• Surface and groundwater resources may get contaminated by the fuel and chemical 
spills, or by solid waste and effluents generated by the kitchens and toilets at the 
construction camp sites. Moreover, runoff from the chemical storage areas may also 
contaminate the surface water bodies. 
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As a mandatory step, all the effluents should be disposed as per the requirements of NEQS. 
Moreover, to reduce the risk of surface and groundwater contamination, good management 
practices will be adopted to ensure that fuels, chemicals, raw sewage and wastewater 
effluent are disposed in a controlled manner. 

Al 	• T/L section passing through agriculture land, where trees have been raised by the 
farmers along the boundaries of their agricultural fields or along the water channels. 
Orchards (mostly Mangos, Banana, Guava and Citrus exist) which may have to be 
removed. 

Land holders should be paid reasonable compensation for the loss of their standing trees, in 
accordance with the prevailing market rates. This will mitigate the financial losses of the land 
holders. They should be encouraged to plant new trees, outside the ROW of the T/L. 

• Based on the Google images and field surveys, the total cultivated area, which will be 
affected due to this Project, is nearly 16,500 hectares, which forms about 38.8% of the 
total area coming in the COI. The agriculture of the tract in Sindh and Punjab will 
receive significant adverse impact due to various operations such as movement of 
heavy machinery, erection of Towers, dragging, stretching and stringing etc. 

Land holders will be paid compensation for the loss of their standing agricultural crops in 
accordance with the prevailing market rates as per LAA, Telegraph Act, NTDC practices and 
LARP specific to the Project. The landholders will also be allowed to salvage the agricultural 
crops and other vegetation from the affected fields. 

• The damages may occur to existing crops during the construction stage due to the 
following activities: 

o Considerable vehicular movement for the transportation of materials/water and steel 
work will be involved at the time of concreting of Tower foundations. This movement 
and storage of materials will cause damage to the existing crops; and 

o The stringing of conductors involves movement of equipment and vehicles along the 
corridor, which may involve the cutting of trees and considerable damage to the 
existing crops. 

Compensation for the loss of crops to the land owners and cultivators as the case may be 
will be paid, in accordance with the prevailing market prices and uniformity in rates will be 
ensured within the local areas; 

• It is anticipated that local water resources will be utilized to meet the camp and 
construction requirements, bringing its use into competition with the local use especially 
in the desert areas of Sindh and Punjab province in Sections I to II where the water 
availability is limited. 

Approval from the local administration and representatives of the concerned irrigation 
departments or other relevant authorities will be obtained before using the local surface 
water resources 

S 

• During the construction activities of the Tower foundations, erection and stringing of 
conductor, people will suffer loss in their annual income due to the loss of crops, trees 
etc. The land under the Towers during the operation stage may also restrict the current 
land use for agriculture purposes; 

Fair, prompt and negotiated compensation for the crops and trees on private land will be 
provided to the affectees. Generally, in the areas which are devoid of irrigation and very few 
trees exist along the Project corridor some assistance if seem possible in the form of good 
compensation rates may be awarded. However, orchards of Mango, Banana, Citrus need 
special provision for the compensation 
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• As the Project route is passing through the rural areas of Okara, Pakpattan, 
Bahawalnagar, Bahawalpur, Rahim Yar Khan and all districts of Sindh from Ghotki to 
Matiari, women activities in the field may become affected due to the construction 
activities; 

The Contractor have to select the specific timings for the construction activities like Tower 
footings, erection and stringing of conductors so as to cause least disturbance to the local 
population particularly women considering their routine movement hours. 

• During baseline survey it was identified that, T/L also crosses some houses of 
vulnerable people in few areas. During the field visit it was also identified that the 
owners of the affected structures fall below the poverty line. Income of these vulnerable 
groups may be affected due to the implementation of the Project like crossing of T/L 
upon their infrastructure, affect of any assets such as houses, tube wells room etc. 

LARP provisions should be strictly followed to eliminate the impact on livelihood. 

• Occurrence of accidents/incidents during the construction stage is a common 
phenomenon and workers as well as locals will be more prone to serious accidents. The 
COI falls in Sindh and Punjab in which area is sensitive from the law and order point of 
view and the security of the Contractor and Consultant staff will be a major issue. 

Special provision of security for all the activities should be kept to deal with any unpleasant 
incident. To avoid accidents HSE provisions should be strictly followed. Moreover, complying 
with the safety precautions for the construction workers as per International Labour 
Organization (ILO), Convention No. 62 as far as applicable to the Project Contract is highly 
recommended. 

• Removal of the infrastructure like buildings, huts, animal sheds, tube wells etc. will 

4 

	

	cause the loss of community shelters and sources of income. Although the number of 
public infrastructure fall into the proposed T/L route, no significant relocation is expected 
as the Project has the flexibility to provide proper horizontal/vertical clearance for safe 
passage over the existing infrastructure. 

In order to mitigate or compensate the impact of land acquisition and resettlement LARP 
provisions should be followed. 

• During the operational stage, electric current (induction) may travel into the Towers due 
to short circuiting and may become a hazard to the public and livestock. 

It is recommended that NTDC at the planning stage of the Project would plan necessary 
arrangements in the form of Earthling system of the Towers to avoid accidents. As exact 
location of Towers spotting is not yet finalized at this stage. However, it is recommended that 
at least two (02) diagonal legs of the Towers should be properly grounded to avoid any such 
incident. 

• The electromagnetic field (EMF) may have significant adverse impacts on the health of 
locals. EMF due to extra high voltage (EHV) can cause the risk of leukaemia, which is a 
disease in which white blood cells mutate and become cancerous before maturity. 
These cells are important in fighting against infection in the body. Leukaemia also slows 
down the production of red blood cells that are needed to carry oxygen in the blood. 
Leukaemia is the second leading cause of death for children ages 2-15 years. 

Since the Project has been planned to pass through the least populated area and the T/L will 
be kept at least 100 m from the populated areas, effects due to EMF are envisaged to be 
minimal due to safe distance. Similarly a vertical clearance required as per international 
standards will also be maintained especially near the populated areas. During operation 
stage check will be kept by the NTDC that no construction will be allowed within 100 m of the 
proposed T/L. 
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• Collapse of the Towers due to the high wind or earthquake will be dangerous for human 
as well as animal life and can cause loss to property. 

The Towers are designed on the basis of proper subsoil investigations and climatic 
conditions of the area including maximum wind velocity and earthquakes which are normally 
based on last 50 years data. At the time of detailed survey for fixing the Tower positions 
proper soil investigations will be carried out to check the presence of collapsible soils and if 
detected, Engineer will be informed immediately for design change. It will be ensured that no 
accident due to collapsing of Towers would occur during the life of the Project. Morover, 
electrode stations are planned to groubd the current in case of any disaster. 

Compensation and Resettlement Policy Framework 

In order to mitigate the impact of land acquisition, loss of crops, loss of infrastructure, loss of 
livelihood etc. a compensation and resettlement framework has been developed. The Project 
is at the feasibility stage and detailed survey along with the spotting of the T/L Towers and 
their design are still to be finalized. Same in the case with the Converter Stations for the 
proposed T/L. Only demarcation of the T/L route and AMs has been marked on maps. In the 
absence of the demarcation of T/L in the field and spotting of Towers, it was very difficult to 
identify the PAPs within the ROW. The number of affectees will be identified within the ROW 
when the detailed LARP survey after the spotting of Towers at the site will be available. 
Occurrence of any public and religious structures such as mosque or graveyard will also be 
identified/verified at that stage, which may be affected due to the Project implementation. 

Major laws related to the compensation and resettlements are Land Acquisition Act, 
Telegraphy Act, Local Provincial Laws such as Sindh and Punjab Katchi Abadies Act and 
ADB Policy. 

In principle, Pakistan Law and ADB Policy adhere not only to the objective of PAPs 
compensation, but also to the objective of rehabilitation. However, LAA is unclear on how 
rehabilitation is to be achieved and in practice the provision of rehabilitation is left to ad hoc 
arrangements taken by local governments and specific Project Proponents. To clarify these 
issues and reconcile eventual gaps between Pakistan Law and ADB Policy, the LARF and 
LARP for the proposed T/L is being prepared as a separate document to ensure 
compensation at replacement cost of all items, the rehabilitation of informal settlers and the 
provision of subsidies or allowances for PAPs that may be relocated, suffer business losses, 
or may be severely affected. 

Entitlement provisions for PAPs cover such impacts as land losses, house and buildings 
losses, crops and trees losses, a relocation subsidy, rehabilitation measures and a business 
losses allowance based on tax declarations and/or lump sums. 

Agricultural land impacts will be compensated based on whether a PAP's access to, or use 
of, their land is restricted. For PAPs whose access to and use of, agricultural land is not 
restricted i.e. they can continue to cultivate the land, compensation will be for removed or 
damaged crops and trees. For PAPs whose access to, or use of, agricultural land is 
restricted i.e. they cannot continue to cultivate the land compensation will be paid at 
replacement value in: (i) cash at current market rates plus a 15% compulsory acquisition 
surcharge (CAS), or (ii) through replacement land equal in value/productivity to the plot lost. 
When >10% of an PAP's income or agricultural land is affected, AHs (owners, leaseholders 
and sharecroppers) will get an additional allowance for severe impacts equal to the market 
value of a year's gross yield of the land lost (inclusive of winter and summer harvest). 
Eventual transaction taxes/fees will either be paid by NTDC or waived by local governments. 
Market rates will be assessed through a survey of prevalent land prices, carried out by local 
government and financing institutions along with involvement of community. 

Residential/commercial land will be compensated at replacement value by either (i) land 
for land or (ii) cash at current market rates free of any deductions. Renters/leaseholders will 
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receive an allowance corresponding to 3 months' rent. However, the land under Towers and 
line (100 m wide ROW) can be used by the landowner or sharecropper for cultivation. 

Houses, buildings, structures will be compensated in cash at replacement cost free of 
depreciation, salvaged materials and transaction cost deductions. The compensation for 
houses/buildings will also include the cost of lost water and electricity connections. 

Crops: Cash compensation at current market rates for the net harvest actually lost as it 
may be the winter, the summer crop, or both. Crop compensation will be paid both to 
landowners and tenants based on their specific sharecropping agreements. 

Trees: Cash compensation shall reflect income replacement based on market price. 

Businesses: compensation for permanent business losses will be encashed for a 1-year 
income based on tax declaration or, if unavailable, based on the official minimum salary; 
compensation for temporary business will be encashed for the period of income interruption 
(1 to 3 months) based on tax declaration or, if unavailable, official minimum salary. 

Business workers and employees: Indemnity for lost wages for the period of business 
interruption up to a maximum of 3 months. 

Agricultural land leaseholders, sharecroppers and workers: Where the access to, or 
use of, the land is restricted; affected leaseholders will receive either a renewal of the lease 
in other plots or cash corresponding to the yearly yield of land lost for remaining years of the 
lease up to a maximum of (3) years. Sharecroppers will receive their share of harvest at 
market rates (if impact is temporary) or if the land is lost permanently additional 
compensation for 1 crop. Agricultural workers, with contracts interrupted, will get an 
indemnity in cash corresponding to their salary in cash and kind for the remaining part of the 
agricultural year (inclusive of both winter and summer crops). 

4• 	Community structures and public utilities: These will be fully compensated or 
replaced/rehabilitated so as to satisfy their pre-Project functions. 

Relocation subsidy: PAPs forced to relocate will receive a relocation subsidy sufficient to 
cover transport costs and living expenses for 1 month. 

Framework provides the entitlement matrix and the proposed guidelines for the LARP. 

Environmental Management and Monitoring Plan (EMMP) 

In the end Environmental Management and Monitoring Plan (EMMP) has been developed. 
The main objectives of the EMMP are: 

• Provide the details of the Project impacts along with the proposed mitigation measures 
and the corresponding implementation activities; 

• Define the role and responsibilities of the Project Proponent, Contractor, Supervisory 
Consultants and other role players and effectively communicate environmental issues 
among them; 

• Define a monitoring mechanism, reporting frequency and identify monitoring parameters 
to ensure that all the mitigation measures are completely and effectively implemented; 
and 

• Identify the resources required to implement the EMMP and outline the corresponding 
financing arrangements. 

An Environmental Mitigation & Management Matrix (MMM) for the T/L and Converter 
Stations are attached in the EMMP, which establishes the linkages between the 
environmental and social impacts, mitigation strategy and the agencies responsible for 
execution. 

EMMP includes the Monitoring Mechanism, Monitoring Plan, Site Restoration Plan 
Guidelines, Solid and Hazardous Plan Guidelines, Chance Find Procedures, Tree Plantation 
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Plan, Documentation Plan, which will ensure that the proper results are achieved by the 
implementation of measures from concerned entities. The monitoring of environmental and 
social activities will be carried out by NTDC through Environmental and Social Experts from 
their Environmental Cell or hired staff by NTDC Internal Monitoring agency. The 
Environment and Social Expert working under the NTDC field staff will supervise all the 
activities in the field and will provide assistance to the NTDC staff in this regard. He will also 
ensure public participation. 

Monitoring and evaluation (M&E) is also proposed in the EMMP. 

An estimated cost for Environmental Management, Monitoring and Training has also been 
provided in the EMMP for inclusion in the PC-I or overall Project Cost. It should be noted that 
as referred earlier the Project is at a preliminary stage and the detailed survey is to be 
carried out for the Project showing the actual position of the Towers, so at this stage only 
tentative and lump sum amount has been allocated for the relocation of the infrastructure 
and the compensation for Land Acquisition and Resettlement is based on the environmental 
and social field surveys. 

As a conclusion of the Study, the proposed Project have positive as well as some significant 
adverse impacts that can however be managed by proper mitigation and compensation 
measures and residual adverse impacts will not be of significant nature. 
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1 	INTRODUCTION 

1.1 	Background 

The main sources of the Power generation in Pakistan are based on Fuel Oil and Gas, Hydel 
and Nuclear Power Plants. Since Pakistan is not an oil producing Country, therefore, the 
high price of electricity in Pakistan is due to the significant contribution of Thermal Power 
based on Fuel Oil. Pakistan is facing Power crisis due to demand and supply shortfall as well 
as ever increasing electricity prices. With the reduction in the gas supply in Pakistan the 
conditions are further deteriorated. Moreover, the existing network of National Transmission 
and Dispatch Company (NTDC) is already overloaded and with the potential of induction of 
new PowerSources, new Transmission Lines (T/Ls) are very much required on urgent basis 
to despatch the additional planned Power to the major distribution centers of the Country for 
supply to the consumers. 

In order to cope with imminent Power crises and reduce load shedding, Government of 
Pakistan (GOP) has looked out for various Power Generation options based on Regasified 
Liquified Natural Gas (RLNG), Imported Coal, Coal reserves of Thar, Solar etc. 

Taking a proactive approach, NTDC has proposed to include the T/L from the planned 
Power Plants near Karachi and Thar region. It is envisaged that a capacity of about 4000 
MW would be developed in Thar and Karachi regions in few years and new T/Ls need to be 
developed for transmitting this quantum of Power to major load center of Pakistan which are 
located in Upcountry. In order to transmit this Power from Thar and Karachi to Upcountry,a 
500 kV collector/switching station is being developed at Matair. In order to evacuate the 
power at Matari station, T/L needs to be established on the basis of technical studies. A 
Coverter Station has been proposed at Matiari to collect the power and T/L from Matiari to 
Lahore has been proposed for the implementation on fast track basis. 

It is important to mention here that as per information made available the proposed T/L will 
be implemented in Built Operate Own and Transfer (BOOT) mode. National Engineering 
Services Pakistan (Pvt.) Limted (NESPAK) has been assigned the challanging task to 
complete the Enviornmental Imapct Assessment (EIA) study to fulfil the requirements of 
Enviornmental Protection Agencies (EPAs) and to initate the proess of NOC. Terms of 
Reference (TOR) for the study as provided by the NTDC is attached as Annex-I. 

Note: This EIA Report comprises two volumes namely, 1 and 2. Volume 1 is the main report 
while Volume 2 contains maps, annexes and photologs. 

1.2 	Nature, Size and Location of the Project 

The proposed Project is a linear project of T/L from Matiari to Lahore to transfer the Power. 
The proposed T/L crosses thorugh two provinces i.e. Sindh and Punjab hence the T/L is 
divided into the two (02) mian sections namely Section-I and II, Section-I, Angle Marker (AM) 
# 1 to 49 are located in Sindh province and Section-II AM # 50 to 169 are located in Punjab 
province.Figure 1-1 shows the location map of the proposed T/L. In this report, Sindhand 
Punjab provinces are used to indicate the T/L route districts falling in the respective 
provinces. Sindh and Punjab provices hosts large number of districts proposed T/L only 
passes few of these districts. Figure 1-2 shows the location of T/L in desert of these two 
provices in Pakistan. 

Proposed T/L is divided into AMs, which is the point where the proposed T/L changes its 
direction (angle). 

The proposed T/L starts from Matiari district Sindh and finishes in Punjab province in district 
Nankana Sahib. Length of the T/L is about 865.55 km, of which 314.9km falls in Sindh 
province and remaining 550.65 km in Punjab province. Proposed T/L route passes through 
total twelve (12) districts, of which five (05) districts are located in Sindh and the remaining 
seven (07) are located in Punjab. Figure 1-3 a&b shows the map of Sindh and Punjab 
provinces showing the districts being crossed by the proposed T/L. Proposed. T/L Section-I 
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• 

and II mostly crosses the rural agriculture and some desert areas in Sindh province, while as 
it enters Punjab province at Sadiqabad, some Part of Section-II alos crosses over desert in 
Rahimyar Khan and Bahawalpur districts and some part in the semi-urban to urban areas of 
Okara and Kasur districts. 

1.3 	Project Objectives 

Considering the increasing demand of energy and current shortfalls, Government is planning 
to install new Power Plants and additional T/Ls and Grid Stations which are required to meet 
the growing demand of transmission and to strengthen the existing NTDC transmission 
system. The proposed Project is the part of NTDC Power Sector Expansion Program. The 
main objectives of NTDC's program is to provide adequate facilities for reliable and stable 
transmission of electrical Power, keeping in view the growing demand of domestic, 
commercial, industrial and agricultural customers of Pakistan Water and Power 
Development Authority (WAPDA). 

WAPDA's Power Wing has been unbundled and corporative into Distribution Companies 
(DISCOs), Generation Companies (GENCOs) and NTDC. Main objective of NTDC is to 
procure Power from GENCOS, IPPs and WAPDA's Hydro Wing on behalf of DISCOs and to 
deliver it to the networks of DISCOs through integrated system of 500 KV and 220 KV T/Ls 
and Sub Stations. 

As the major Hydro Resources are located in the northern areas of the country and thermal 
generation facilities are concentrated in southern parts, a large and extensive Power 
transmission network consisting of 500, 220, 132 and 66 KV T/Ls and Grid Stations was built 
for delivering Power to the main distribution centers which are also located mostly in the 
middle part of the country. Further expansion in this transmission network is being constantly 
carried out in line with the plan for expansion of generation schemes for system 
improvements. 
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The proposed Project aims to meet not only incremental demand for Power but also 
overcome voltage problems and enhance reliability of Power supply in service areas of 
DISCOs. The Project will also reduce overloading on existing 220/132 KV transformers. 
Finally, the Project may reduce transmission losses to about 20.22 MW.2  Immediate 
objectives of the proposed Project can briefly be summarized as under: 

• Dispatch Power from Matiari nearby areas to the major load distribution center of the 
Country to reduce the existing shor falls; 

• Improvement in the voltage profile of Grid Stations; 

• Reduction in T/L losses; 

• Improvement in the NTDC System reliability; and 

• Socio-economic uplift of the T/L route areas. 

	

1.4 	Scope of the Study 

Consultants have envisaged the following Scope of Work (SOW) related to environmental 
and resettlement studies in the light of Terms of Reference (TOR) and discussions held with 
the NTDC: 

• Review of national and local guidelines, laws and policies; 

• Review of all relevant existing data, studies, reports and drawings; 

• Minimize and avoid the environmental and resettlement effects during design; 

• Identification of the most environmentally and socially feasible T/L route; 

• Collection of baseline data related to Physical, Ecological and Social/Cultural 
environmental aspects; 

• Identification, evaluation and categorization of the potential significant adverse physical, 
ecological and socio-economic impacts on the local environment during the construction 
and operational stages of the proposed T/L; 

• Recommend appropriate environmental and social mitigation measures for the 
identified adverse impacts and monitoring plans to address them; 

• Review the capability of the NTDC staff for the development of the Environmental 
Management and Monitoring Plan (EMMP); 

• Preparation of EMMP; 

• Determine the regulatory procedures and protection measures needed to obtain 
environmental and forestry clearances from the concerned departments; 

• Provide technical assistance to NTDC for the issuance of No Objection Certificate 
(NOC) from the concerned EPAs; and 

• Prepare future line of action/further studies required such as Land Acquisition and 
Resettlement Framework (LARF), Land Acquisition and Resettlement Plan (LARP) etc. 

Copy of TOR's relevant portion is attached as Annex-I. 

	

1.5 	Purpose of the Report 

The purpose of this EIA Report is to assess whether or not significant adverse environmental 
and social impacts are anticipated and to suggest mitigation and remedial measures to make 
the Project environmental friendly and sustainable during the construction and operational 
stages of the Project and to initiate the process of NOC from the concenred EPAs. In order 

2 EIA Report of Lahore New Grid Station Project 
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to implement the proposed mitigation measures, an EMMP with cost estimates has been 
developed. EMMP also provides the environmental management capability and recommends 
institutional strengthening measures of the management units of NTDC. 

	

1.6 	Extent of the Study 

As per PEPA, 1997 and Pak-EPA (Review of IEE and EIA) Regulations, 2000, Schedule-II, 
T/L of 11 KV and above requires an EIA study. 

According to the PEPA, 1997 & EPA Regulations, 2000 a separate EIA, study is required for 
the Converter Stations. At this stage these stations are considered as a part of the Project, 
but at the time of Project implementation a separate environmental study would be carried 
out for the proposed Sub Stations and Converter Stations. 

This EIA study covers the environmental impacts of the proposed T/L, Converter Stations 
comprising the physical, ecological and socio-economic aspects. A minimum strip of 100 m 
(50 m on either side from the centerline) was delineated as Right of Way (ROW) in which 
direct impacts of the proposed T/L are envisaged due to the implementation. However, for 
indirect impact related to physical, ecological and social domains, a COI of 500 m on each 
side of transmission centerline was considered as project corridor or COI. 

It is worth to mention here that the location of spotting of Towers and the material quarry 
sites is not finalized yet. Project foot print has not been made available on ground. 
Therefore, their general anticipated impacts are identified. The site specific comments will be 
taken up after the finalization of the spotting and marking of related sites. This study also 
suggests the mitigation measures and describes the institutional arrangements and the 
Mitigation Management Matrix (MMM) with cost estimates. 

	

1.7 	Project Proponent 

Ministry of Water and Power of Pakistan's is managing the Power sector with the crisis 
management objectives to improve the efficiency of the Power sector and to meet 
customers' electric energy requirements on a sustainable and environment friendly basis. 
The specific objectives are: 

• Stop load shedding; 

• Constructing new Grid Stations; 

• Reducing line losses; minimizing tripping and theft control; 

• Revamping of generation units and to improve customer services; and 

• Development of an integrated automated Power planning system for generation, 
transmission and distribution to ensure system stability, fault isolation and upgrade 
relying, metering and tripping system at NTDC as well as DISCOs levels. 

NTDC under the Ministry of Water and Power is the Project Proponent of the proposed T/L. 
NTDC operates under WAPDA. It commenced commercial operation on December 24, 1998 
after incorporation on November 6, 1998. It was organized to take over all properties, rights 
and assets obligations and liabilities of 220 KV and 500 KV Grid Stations and T/Ls network 
owned by WAPDA. NTDC operates and maintains nine (09) 500 KV Grid Stations, 4,160 km 
of 500 KV T/Ls and 4,000 km of 220 KV T/Ls in Pakistan. NTDC was granted a transmission 
license on December 31, 2002 by National Electric Power Regularity Authority (NEPRA) to 
engage in the exclusive transmission business for a term of thirty (30) years, pursuant to 
Section 17 of the Regulation of Generation, Transmission and Distribution of Electric Power 
Act, 1997. NTDC's headquarter is situated at WAPDA House Lahore' with details as given 
below. 

National Transmission & Dispatch Company Limited (NTDC) 

3  NTDC Official Website 
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Room # 414, WAPDA House 

Shahrah-e-Quaid-e-Azam, Lahore 

Tel: 92 (042) 99202229 

Fax: 92 (042) 99200894 

E-mail: ceo@ntdc.com.pk  

1.8 	Approach and Methodology 

The detailed approach and methodology used for the EIA study is as follows: 

1.8.1 	Literature Review 

Before mobilization, Consultants carried out a desk study through collection and review of 
guidelines, data and reports related to the Project that included (a) review of National 
Environmental Legislations and international best practices related to Environmental and 
Social Assessment Guidelines/Safeguards; (b) Google Earth Satellite Imagery; (c) Relevant 
District Census Reports (DCR) and any other relevant documents/drawings; and (d) 
Reference documents such as HVDC/HVAC T/L from Thar to Lahore, Thar to Matiari and 
Peshawar to Tajikistan (CASA Project), T/L from Iran to Pakistan to Import 1000 MW, 
Lahore New Grid Station and Allied T/Ls and other projects. 

1.8.2 	Route Optimization Study 

Judicious route selection is the most cost effective method of reducing the environmental 
and social impacts of the construction and operation of the T/L and other linear 
infrastructure. Consequently, the identification and optimization of the route was the most 
critical phase of the present Feasibility Study. 

The objective of this work was to obtain first-hand overview of the Project environmental and 
social setting and to conduct an initial analysis of the physical, biological and social 
constraints posed within the proposed T/L route. 

A map was prepared by digitizing the Google Imageries over which the existing Sub Stations 
and T/Ls along with the proposed tentative route for the proposed T/L from Matiari to Lahore 
was marked by CET with NTDC. This tentiave route was handed over to NESPAK experts 
by NTDC for further route optimization. NESPAK experts based on the GIS and existing 
information and experience developed a critiera for route optimization. Efforts were made to 
optimize the route in such a way as to avoid environmentally sensitive areas such as 
protected areas, game reserves, lakes, archaeological and historical sites, settlements etc. 
The objective of route optimization was to propose an initial corridor that will minimize 
technical and environmental constraints. 

An initial assessment of the infrastructure, types of land and the settlement pattern were also 
made based on the preliminary plans. The existing main towns and villages were identified 
along the proposed Project alignment through which accessibility to the proposed alignment 
was made. 

The following environmental criteria were used in addition to technical and design 
considerations for the proposed T/L route. 

• Avoid towns/populated areas; 

• Avoid indigenous or tribal settlements; 

• Avoid cultural, religious and historical buildings; 

• Maintain minimum disturbance to the natural habitat and vegetation; 

• Maintain appropriate distance from the sensitive receptors (500 m); 

• Avoid large water bodies like lakes, rivers or streams; and 
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• Avoid airports and other such facilities. 

After the marking of proposed T/L route based on the above criteria, route optimization was 
carried out jointly by the design and environmental teams of NESPAK and route was send to 
CET for finalization. 

1.8.3 	Review of Environmental Laws and Institutional Requirements 

National laws, legislations, guidelines as well as ADB Safeguards and Policies/Guidelines in 
the absence of local laws related to resettlement along with relevant international protocols 
were reviewed. 

1.8.4 	Delineation of Corridor of Impact (C01) 

COI/Study Area include the actual Project Right of Way (ROW) as well as the area in the 
surroundings in which positive and adverse impacts may be foreseen due to the 
implementation of the proposed Project was marked based on the . 

Based on the available tentative T/L route marked at Google Earth, a route optimization of 
the T/L was made by a team of experts to highlight any potential sensitive physical, 
ecological and socio-economic constraints in and along the proposed T/L route. Based on 
the above considering the urgency and short time avaialble, a maximum 001 of 500 m with 
250 m on each side from the centerline was selected as COI for the baseline survey. 

1.8.5 	Survey of COI 

A team of environmental and social experts including surveyers, ecolgists, land experts, 
valuation experts, enumerators etc. carried out the environmental and social survey of the 
COI to familiarize themselves with the local conditions and the environmental settings. 
During the survey, the information regarding the topography, soils, rock, surface water, 

et 	groundwater, flora and fauna, wetlands, forested areas, social settings and villages/towns 
along the 001 was observed. 

1.8.6 	Analysis of Alternatives 

The analysis of different alternatives was carried out during the selection of the most feasible 
T/L route of the study in consultation with NTDC and CET staff in order to select the most 
viable route keeping in view the environmental, economic and social constraints. 

It is an international practice for the preparation of EIA that the proposed Project is 
compared with other alternative arrangements that could be developed to meet the 
objectives for which the proposed Project has been planned. 

An analysis was carried out in consideration of technical and environmental aspects. 
Moreover, No Project Option (NPO) was also considered with reference to the effect on the 
Country's economics. This exercise provides justification for the need of the proposed 
Project. 

The following alternatives were considered for the Project: 

• NPO; 

• Technological System Study of T/L Alternatives; 

• Route Alignment Alternatives; and 

• Design Alternatives. 

1.8.7 	Environmental Baseline Survey of the Project 

After the selection of the most feasible route for the T/L based on satellite images and the 
delineation of 001, detailed environmental survey was carried out within the COI. The T/L 
route has been divided into two (02) Sections based on provincial boundaries. Detailed 
investigations/surveys were carried out on all the T/L sections for environmental parameters 
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on which any adverse or positive impacts were envisaged by the implementation of the 
Project. Baseline surveys were carried out during the month of June and July, 2015. 

Prior to the start of field activities, comprehensive checklists, proformas and maps were 
developed covering the following main parameters: 

1.8.7.1 Physical Environment 

The information needed for the preparation of physical environment included the following 
main parameters: 

• Land resources (including landuse pattern, soil composition, contamination of soil and 
soil erosion etc.); 

• Water (including available surface and groundwater resources and natural streams, 
hydrology, spring water, water supply, water contamination etc.); 

• Climate (including temperature, rainfall, humidity, wind speed and direction etc.); 

• Ambient air quality and noise Level; 

• Existing solid waste management and effluents disposal practices and storm water 
drainage; 

Buildings, including residential, commercial and animal shed for complete/partial 
relocation; 

• Cultural properties (mosques, shrines, graveyards); 

• Archaeological monuments; and 

• Other private/public infrastructures such as roads, telephone poles, hand pumps, 
tubewells etc. 

1.8.7.2 Ecological Environment 

• Flora (including vegetation cover, trees, shrubs and grasses, valuable or rare trees and 
their loss due to implementation of the Project etc.); 

• Fauna (including wildlife, avifauna, domestic animals etc.); 

• Reserved forests and wildlife sanctuaries in COI; 

• Wetlands; 

• Migratory birds corridors; and 

• Endangered species (both flora and fauna). 

1.8.7.3 Socio-Economic Environment 

A sample survey was carried out within the COI in order to develop the socio-economic 
baseline information of the general settled population. There are 164 villages/settlements 
located in the COI of the proposed T/L in twelve districts. Based on the statistical sampling 
methodology, 450 households were interviewed and consulted for the collection of baseline 
socio-economic data. 

The following major aspects were covered in the socio-economic baseline survey of the 
sample population settled along the COI: 

• Demographic characteristics; 

• Literacy status/ education; 

• Nature of business/occupation; 

• Livelihood/income; 

• Living standard of the population; 
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• Access to credit; 

• Social Infrastructure available; 

• Gender issues; 

• Pressing needs of the people; 

Community perception about the Project etc.; and 

Other aspects. 

Checklists and Proformas which are used during the baseline surveys for the EIA study are 
attached as Annex-II. 

	

1.8.8 	Stakeholder Consultations 

The Consultants identified Project stakeholders and held meetings with them during the 
surveys to receive feedback on the expected environmental issues related to the Project 
impacts and suggested mitigation measures. Meetings were carried out with the Project 
affectees, relevant departments including Wildlife, Agriculture, Fisheries, Provincial EPAs, 
Irrigation and Power Departments, WAPDA, NTDC, Non-Governmental Organizations 
(NGOs) etc. to discuss the issues/constraints and get their views and feedback to mitigate 
the potential environmental impacts associated with the implementation and operation of the 
Project. All in all more than 67 consultations/group discussions with the locals residing in the 
COI were carried out along the T/L route at various locations. 

Based on the above, letters were also written to the concerned Wildlife and Forest 
Departments regarding the occurrence of any protected areas. The copies of the letters are 
attached as Annex-Ill. The proceedings of the consultations/meetings along with the 
photographs and list of participants are documented in Chapter 6. 

	

1.8.9 	Impact Assessment and Mitigation Measures 

A logical and systematic approach was adopted for impact identification and assessment. 
The process began during the screening and continued through scoping which identified the 
key issues and classified them into different categories. The tools, which were used for 
impact assessment, are: 

• Checklists; 

• Matrices; and 

• Overlays. 

Identification of potential environmental and social impacts in terms of their nature, 
magnitude, extent, location, timing and duration were carried out. The impacts were 
correlated to the Project location, design stage, construction stage and operation stage. 
Based on the impacts prediction methods and as a result of public/stakeholder consultations, 
the Consultants screened the adverse environmental impacts for inclusion in the mitigation 
measures and environmental management plan. The same process was followed for the 
identification of social impacts. Public consultations (which provided feedback of the impacts 
from the stakeholder's viewpoint) were used to screen out the insignificant impacts. Matrices 
and overlays were used for the evaluation of temporal and spatial impacts respectively. 

The Consultants proposed practicable, economically feasible and socially acceptable 
mitigation measures for the significant adverse environmental and social impacts. These 
measures were based on exploring the ways to achieve the Project objectives causing least 
disturbance to the existing environment by alternative ways, proposing changes in the 
Project design (ROW, height of the T/L Towers and sitting of facilities), through improved 
monitoring and management practices (storage of construction materials, labour camps, 
waste disposal, disposal of construction debris etc. or through monitory compensation). 

1-12 



HVDC Transmission Line from Matiari to Lahore 	 EIA Report 

1.8.10 Environmental Management and Monitoring Plan (EMMP) 

An EMMP has been prepared to ensure the adequacy and effectiveness of the proposed 
protocol by clearly identifying the roles and responsibilities of the agencies responsible for 
implementation, monitoring and auditing of EMMP activities, existing and suggested 
framework, necessary approvals, training needs and the required further studies. EMMP 
also include organizational setup, a monitoring mechanism, monitoring plan, environmental 
and social parameters to be monitored with their frequency. Similarly, costs for 
environmental monitoring and social component/social mitigation measures were also 
included as part of the EMMP. Environmental monitoring, evaluation, auditing and reporting 
mechanism were also proposed in the EMMP. 

1.8.11 Conclusions and Recommendations 

Based on the baseline conditions, identified impacts and suggested mitigation measures and 
proposed environmental cost, conclusions are made. Based on the conclusions, 
recommendations regarding the future plan of action and outcome of the EIA report are 
provided. 

1.9 	Report Structure 

The EIA report has been structured into following chapters: 

Chapter-1 provides the Project background and nature, size and location of the Project, 
Project objectives, Project Proponent followed by scope of the study, purpose of the study 
and its approach, extent of the study and the report structure. 

Chapter-2 provides a brief about national environmental policies, legal and administrative 
frameworks applicable to the Project together with the applicable International 
Safeguards/Guidelines and international protocols. 

Chapter-3 provides the analysis of alternatives considered for the proposed Project so far. 

Chapter-4 presents description of the Project including Project components, approvals and 
implementation schedule for Project and other information available so far. 

Chapter-5 explains in detail the existing environmental baseline conditions of the Study Area 
considering the physical, ecological and social environment. 

Chapter-6 depicts the consultations carried out with the stakeholders to know the concerns 
and issues. 

Chapter-7 exhibits the environmental and social impacts assessment with the proposed 
mitigation measures during the design, construction and operation stages of the Project. 

Chapter 8 presents the compensation and resettlement framework for the loss of assets by 
the erection of the line with an estimate of the budget and a schedule of actions to be 
implemented to make the inventories and the monitoring of the compensations. 

Chapter-9 provides an overall approach for managing and monitoring the environment 
related issues and describes the institutional framework and resource allocations to 
implement the EMMP along with the environmental monitoring plan. 

Chapter-10 provides the major conclusions in the light of the available Project plans, field 
surveys and impacts assessment; mitigation measures; and necessary recommendations. 

114 

1-13 



HVDC Transmission Line from Matiari to Lahore 	 EIA Report 

2 	POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK 

A 

2.1 	General 

This chapter provides an overview of the official policy framework and legislation that applies 
for controlling the environmental consequences of the Project implementation and operation. 
The Project is expected to comply with all the policies, laws, guidelines, acts and legislations 
of the Pakistan and other related environmental aspects. 

2.2 	National Policy Framework 

Following elements of national policy framework are relevant to this Project: 

2.2.1 	National Conservation Strategy, 1992 

The Pakistan National Conservation Strategy (NCS), which was approved by the federal 
cabinet in March 1992, is the principal policy document on environmental issues in the 
Country (EUAD/IUCN, 1992). 

The NCS outlines the Country's primary approach towards encouraging sustainable 
development, conserving natural resources and improving efficiency in the use and 
management of resources. The NCS has 68 specific programs in 14 core areas in which 
policy intervention is considered crucial for the preservation of Pakistan's natural and 
physical environment. The core areas that are relevant in the context of the proposed Project 
are pollution prevention and abatement, restoration of rangelands, increasing energy 
efficiency, conserving biodiversity, supporting forestry and plantation and the preservation of 
the cultural heritage. 

2.2.2 	National Environment Policy, 2005 

The national environmental policy 2005 aims to protect, conserve and restore Pakistan's 
environment in order to improve quality of life of the citizens through sustainable 
development. The main objectives of the policy are: 

• Conservation, restoration and efficient management of the environmental resources; 

• Integration of the environmental considerations in policy making and planning process; 

• Capacity building of government agencies and other stakeholders at all levels for the 
better environmental management; 

• Meeting international obligations effectively in line with the national aspirations; and 

• Creation of a demand for environment through mass awareness and community 
mobilization. 

2.2.3 	National Climate Change Policy, 2012 

The National Climate Change Policy provides a framework for addressing the issues that 
Pakistan faces or will face in future due to the changing climate. In view of Pakistan's high 
vulnerability to the adverse impacts of climate change, in particular extreme events, 
adaptation effort is the focus of this policy document. The vulnerabilities of various sectors to 
climate change have been highlighted and appropriate adaptation measures spelled out. 
The policy covers measures to address issues in various sectors such as water, agriculture, 
forestry, coastal areas, biodiversity and other vulnerable ecosystems. 

Notwithstanding the fact that Pakistan's contribution to global greenhouse gas (GHG) 
emissions is very small, its role as a responsible member of the global community in 
combating climate change has been highlighted by giving due importance to mitigation 
efforts in sectors such as energy, forestry, agriculture and livestock. 

2-1 



HVDC Transmission Line from Matiari  to Lahore 	 EIA Report  

Furthermore, appropriate measures relating to disaster preparedness, capacity building, 
institutional strengthening; technology transfer; introduction of the climate change issue in 
higher education curricula; ensuring environmental compliance through Initial Environmental 
Examinations (IEE) and Environmental Impact Assessments (EIA) in the development 
process; addressing the issue of deforestation and illegal trade in timber; promoting Clean 
Development Mechanisms (CDM); and raising Pakistan's stance regarding climate change 
at various international forums, have also been incorporated as important components of the 
policy. 

The policy thus provides a comprehensive framework for the development of Action Plans 
for national efforts on adaptation and mitigation. This policy document is a 'living' document 
and will be reviewed and updated regularly to address emerging concepts and issues in the 
ever-evolving science of climate change. 

	

2.2.4 	National Disaster Risk Reduction Policy, 2013 

Disasters have an enormous and significant adverse impact on the development of key 
sectors of economy like agriculture, infrastructure, housing, health, and education and above 
all the environment, they result in a serious social and economic set-back to the 
sustainable development. Disasters also pose threat to increasing poverty and resultantly 
backslide the national development targets set to achieve the Millennium Development 
Goals (MDGs). Climate change induced disasters pose even greater threat to sustainable 
development in developing country like Pakistan which is ranked quite amongst the most 
vulnerable countries. Continuous floods of 2010, 2011 and 2012 are seen as an indication of 
more intense and frequent extreme events in the future. 

Disaster risk reduction interventions were being carried out in the country till date by 
different departments / agencies in isolation at national, province and district levels. There 
was a strong need to give them directions and sound guidelines to align their activities in line 
with the true spirit of National Disaster Management Act, 2010 to counter the threats of 
disasters faced by the country. NDMA, being the lead focal agency for disaster 
preparedness and management, has therefore, embarked upon formulation of a 
comprehensive National Disaster Risk Reduction Policy through wider consultations with all 
stakeholders including all provinces, state of AJ&K and regions. This policy covers disasters 
risk reduction in a more holistic way and introduces a proactive and anticipatory approach by 
laying special emphasis on risk assessment and prevention. 

	

2.2.5 	Pakistan Labor Policy, 2010 

The main objective of the Labour Policy, 2010 is the social and economic well-being of the 
labour of Pakistan. The Labour Policy, 2010 has following four (04) parts: 

i) Legal Framework; 

ii) Advocacy: rights of workers and employers; 

iii) Skill development and employment; and 

iv) Manpower export. 

	

2.2.6 	Poverty Reduction Strategy Paper, 2003 

The full Poverty Reduction Strategy Paper of Pakistan (PRSP), prepared after a long 
consultative process involving the ministries, provincial and district governments, civil 
society, various interested groups, donors and grass root communities across the provinces 
of Pakistan. It outlines the broad framework and strategy for poverty reduction based on four 
(04) pillars: 

• Accelerating economic growth while maintaining the macro-economic stability; 

• Improving the governance; 
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• Investing in human capital; and 

• Targeting the poor and vulnerable. 

The PRSP also highlights the programs and policies of the Government under each of these 
pillars and proposes indicators to monitor the outcome of these policies as well as 
intermediate indicators for social sectors.4  

2.2.7 	National Forest Policy Pakistan, 2001 

This policy covers the Renewable Natural Resources (RNR) of Pakistan i.e. forests, 
watersheds, rangelands, wildlife, biodiversity and their habitats. The policy seeks to launch a 
process for eliminating the fundamental causes of the depletion of RNR through the active 
participation of all the concerned agencies and stakeholders, to realize the sustainable 
development of the resources. It is an umbrella level policy providing guidelines to the 
Federal Government, Provincial Governments and territories for the management of their 
RNR. In consonance with it, the Provincial and District Governments may devise their own 
policies in accordance with their circumstances. 

The goal of this policy is to foster the sustainable development of RNR of Pakistan, for the 
maintenance and rehabilitation of its environment and the enhancement of the sustainable 
livelihoods of its rural masses especially women, children and other vulnerable groups. 

The elements of the policy are as follows: 

• Reducing the impact of socio-economic causes; 

• Population planning in critical ecosystems; 

• Providing substitutes to firewood in the wooded mountains; 

• Reducing poverty, poverty of opportunity and Powerlessness; 

• Reducing political interference in the Forestry and Wildlife Departments; 

• Renovating and invigorating the institutions of RNR; 

• Supporting Local Governments in the sustainable development of their RNR; 

• Policies for fragile ecosystems; 

• Riverain forests; 

• Irrigated plantations; 

• Preservation of relict and unique forests; 

• Wildlife; 

• Rangelands and desert ecosystems; and 

• Planting of trees and fodders on farmlands. 

2.3 	Pakistan Environmental Protection Act (PEPA), 1997 

PEPA, 1997 is a fairly comprehensive legislation and provides legislative framework for 
protection, conservation, rehabilitation and improvement of the environment. It contains 
concrete action plans and programs for the prevention of pollution and promotes sustainable 
development. However, after the approval of 18th  amendment all the power as delineated 
and referred in the PEPA, 1997 has been referred to the respective provincial Enviornmental 
Protection Agencies i.e. Sindh Enviornmental Protection Agency (SEPA) and Environmental 
Protection Agency (EPA), Punjab for the subject Project. All the relevant portions has or 

4  www.finance.gov.pk  
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EXECUTIVE SUMMARY 

Pakistan is facing electricity crisis due to demand and supply short fall as well as ever 
increasing electricity prices in Pakistan. Moreover, the existing network of National 
Transmission and Dispatch Company (NTDC) is already overloaded and needs expansion. 

11- 

	

	With the induction of new Power sources, new Transmission Lines (T/Ls) are required for 
carrying the additional Power to the major electricity distribution centres of the Country. 

In order to cope with these crises, Government of Pakistan (GOP) has looked out for various 
Power Generation options other than Natural Gas and Furnace Oil. In this regard, GOP has 
planned to generate additional power in the Karachi region and utilize the Coal reserves of 
Thar, Sindh in Pakistan. 

GOP has decided to implement two (02) key options i.e. to have Power generation from Thar 
coal reserves and have Power Plants based on imported coal to be located in Karachi. 
Taking a proactive approach, National Transmission & Dispatch Company (NTDC), has 
accordingly proposed to construct the T/L on BOOT basis from Matiari to Upcountry (Lahore) 
on priority basis. In order to have this Project implemented, number of tasks including T/L 
route selection, environmental and resettlement studies and economic and financial analysis 
of the Project is required. This Report deals with the Environmental Impact Assessment 
(EIA) of the proposed T/L from Matiari to Lahore. 

The proposed T/L is a + 660KV High Voltage Direct Current (HVDC) circuit starting from the 
district Matiari near Hyderabad at a converter Station located in Matiari, Sindh and ending at 
the Punjab province district Nankana Sahab near Lahore. Figure 1-1 shows the location map 
of the proposed T/L. Total length of the T/L is about 865.55 km, of which 314.9 km falls in 
Sindh province and remaining 550.65 km are located in Punjab province. Proposed T/L route 
passes through twelve (12) districts, out of which five (05) districts are located in Sindh and 
the remaining seven (07) are located in Punjab province. 

Purpose of the Study 

The purpose of this study is to assess the positive and significant adverse environmental 
and social impacts and to suggest mitigation and remedial measures to make the Project 
environment friendly and achieve sustainability during the construction and operational 
stages of the Project, prepare Environmental Management and Monitoring Plan (EMMP) 
with cost estimates and to intiate the NOC process from the concerned provincial EPAs i.e 
Sindh Enviornmental Protection Agency (SEPA) and EPA, Punjab. 

Approach and Methodology 

The detailed approach and methodology used for the EIA study is as follows: 

• Literature Review; 

• Route Optimization Study; 

• Review of Environmental Laws and Institutional Requirements; 

• Delineation of Corridor of Impact (COI); 

• Baseline Survey of COI; 

• Analysis of Alternatives; 

• Baseline Conditions of the COI; 
t 	

• Stakeholder Consultations; 

• Impact Assessment and Mitigation Measures; 

• Environmental Management and Monitoring Plan (EMMP); and, 

• Conclusions and Recommendations. 
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Applicable Polices, Laws and Guidelines 

Following are the applicable policies, laws, regulations and guidelines related to the 
proposed Project: 

• National Environmental Policy, 2005; 

• National Conservation Strategy, 1991; 

• Pakistan Environmental Protection Act (PEPA), 1997; 

• Regulations for Environmental Assessment, 2000; 

• National Environmental Quality Standards (NEQS), 2000; 

• Land Acquisition Act, 1894 

• Telegraphy Act, 1910; 

• Affected Persons Ordinance, 2001; 

• Electricity Act, 1910; 

• Provincial Wildlife (Protection, Preservation, Conservation and Management) Acts, 
Ordinances and Rules (Act, 1972); 

• Cutting of Trees (Prohibition) Act, 1975; 

• Punjab Plantation and Maintenance of Trees Act, 1974; 

• Protection of Trees and Brushwood Act, 1949; 

• Provincial Local Government Ordinances, 2001; 

• Antiquities Act, 1975; 

• Sindh Cultural Heritage (Preservation) Act, 1994; 

• Factories Act, 1934; 

• Explosives Act, 1884; 

• Punjab Wildlife (Protection, Preservation, Conservation and Management) Act, 1974; 

• Sind Wildlife Protection Ordinance, 1972; 

• Forest Act,1927; 

• Pakistan Penal Code,1860; 

• West Pakistan Water and Power Act, 1958; 

• Guidelines for Sensitive and Critical Areas; 

• ADB Safeguard Policy Statement, 2009; 

• Convention on Biological Biodiversity, 1994 

• Convention on Conservation of Migratory Species of Wild Animals, 1979; 

• Rio Declaration, 1992; and, 

• Convention on Wetlands (Ramser Convention), 1971. 

Project Description 

Proposed project have two main components i.e. Converter Stations and T/L. 

Converter Stations will be located at each end of the proposed T/L (Matiari and Lahore) to 
transform the Alternating Current (AC) used in the national networks into Direct Current (DC) 
for transmission and vice versa. One of the main advantages of DC transmission consists in 
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the savings achieved by not having intermediate Sub Stations along the T/L. Depending on 
the final design the Converter Stations dimensions will be finalized. T/L main design 
components are the Towers and the Conductors. 

Taking into account the possibility of the transmission of more Power through the proposed 
T/L in the future years, ± 660KV Bi-pole Thrasher conductors in quad bundle configuration 
for the HVDCT/L has been recommended for interconnection. These functional 
specifications have been prepared at this stage of the Project. It may be added that detailed 
specifications of the T/L will be based on these functional specifications and will be prepared 
at a later stage once the Project implementation is finalized. 

For Extra High Voltage (EHV) lines, safety considerations are of two types. One is related 
with the safety of the system, while others are those that are related to the public safety. It is 
for this reason that NTDC has adopted a 100 m wide (50 m either side from the centreline) 
corridor as the ROW and 500 m wide (250 m either side from the centreline) corridor as the 
COI for the T/L. NTDC has planned to implement the Project on BOOT basis. 

Analysis of Alternatives 

The various alternatives which have been considered during the conduct of the study are: 

• No Project Option (NP0); 

• Technological System Study of T/L Alternative; 

• Alternative Route Alignment selection; and, 

• Design Alternatives. 

The proposed T/L Project is a cost effective, sustainable and environmental friendly option to 
dispatch the bulk electricity from Matiari to major electricity supply centres of Pakistan. 
Based on the facts No Project Option (NPO) if exercised, electricity produced from Karachi 
and Thar areas cannot be supplied to the national grid hence it will not be available to the 
consumers. This may result in lost an opportunity to cope with the shortage of Power and 
boost in the national economy. In light of above situation, NPO is not acceptable for 
Pakistan. 

Two options were considered for the technical comparison as given below for the proposed 
T/L project: 

• Alternative 1: HVDC 

• Alternative 2: HVAC 

Technical comparison results 'of both the alternative schemes concluded that HVDC is more 
economical and technically viable. 

Therefore, Alternative-1 is feasible and technically superior. 

Baseline Conditions 

Following is the brief of the baseline conditions of T/L COI. Principally the whole T/L has 
been divided into two (02) sections namely Section 1&11. Section-I lies in the Sindh Province 
i.e. from AM #1 to AM #49 while Section-II lies in Punjab Province i.e. from AM #50 to AM 
#169. Following is the brief of baseline conditions in the COI of the proposed T/L Project: 

'See Phase-1 Report Volt for detailed technical comparison 
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Physical Environment 

Section I: 

T/L starts at the Summo village in Matiari district. The whole area is the part of rich fertile 
land of Matriari district. There exist the orchards of Mango, Guava, and Citrus etc. along with 
wheat, rice, vegetables due to the avaialbity of irrigation water. 

At AM # 8 the proposed T/L enters the Sanghar district. The district does not have any 
mountain or hill. The district can be divided into two parts: a fertile plain area in the west; and 
desert area in the east. The T/L passes through eastern desert area as well as the 
agriculture part of Sanghar district. Most of the area consists of barren tracks of sand dunes 
covered by thorny bushes. 

At AM # 28 district Khairpur starts. The portion where T/L enters the district consists of hills 
of windblown sand running in parallel rows from north-east to south-east. 

From Khairpur T/L enter the Sukkur district at AM # 36. The T/L passes through desert 
portion of the Salehput sub-division. 

T/L passes through the Ghotki district from AM # 41 to AM # 49. T/L passes through the 
desert area of the district which consists of hills of windblown sand and is part of the Thar 
Desert. 

Table ES-1 below describes the mean daily maximum and minimum temperatures in 
Summer and Winter seasons of the Meteorological Gauging Stations which represents the 
climate of Section-I. 

Table ES-1: Mean Daily Temperatures at Meteorological Gauging Stations (1981-2010) 

Sr. 
No. 

Meteorological 
Gauging 
Station 

District 

Mean Daily 
Temperature 
(Summer) °C 

Mean Daily 
Temperature 
(Winter) °C 

Minimum Maximum Minimum Maximum 

1 Sukkur Sukkur 34.6 35.6 14.8 16.5 

2 Nawabshah Benazirabad 33.8 35.7 15.4 16.9 

3 Hyderabad Hyderabad 32.4 34.0 18.0 19.6 
Source: 1. Pakistan Meteorological Services; and 

2. Surface Water Hydrology Project, WAPDA. 

Section II 

T/L enters the district Rahim Yar Khan at AM # 50. Desert area is called Cholistan. T/L 
passes through the desert area. The surface of the desert consists of a succession of sand 
dunes and covered with the vegetation peculiar to sandy tracts. 

Bahawalpur district starts at AM # 63 on the desert area known as Cholistan. It extends 
along the entire eastern boundary of Bahawalnagar district in the north and Rahim Yar Khan 
district in the south. The surface of the desert consists of a succession of sand dunes. It is 
covered with the vegetation peculiar to the sandy tracks. 

T/L enters Bahawalnager district at AM # 75. The line passes through the irrigated 
agriculture area. The main source of irrigation in this area is semi-perennial and perennial 
canals which debouche from Sulemanki Head Works. T/L also crosses the Sutlej River in 
Bahawalnagar district. 

T/L enters Pakpattan district at AM # 95. The area is a flat plain, covered on the north by the 
old bed of the Bias River. Soil impregnated with soda and other salts is common and known 
as Kallarathi. The major means of irrigation in the COI are canal and tube wells. Pakpattan 
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canal takes off from Sulemanki Headwork's also cross by the T/L. This canal and its branch 
namely Khadir branch irrigate a vast area of the district. 

T/L enters Okara after AM # 125. T/L is crossed by Depalur canal. T/L crosses the semi-
urban area which is rich in agriculture. 

T/L enters Kasur district at AM # 151 near village Kitan Kalan and passes through the upland 
area where T/L also crosses the old bed of Bias River. The soil is sandy. The upland is flat 
plain sloping from north-east to south-west. 

Table ES-2 below shows the mean daily maximum and minimum temperatures in Summer 
and Winter seasons of the Meteorological Gauging Stations which represents the T/L 
Section-II. 

Table ES-2: Mean Daily Temperatures at Meteorological Gauging Stations (1981-2010) 

Sr. 
No. 

Meteorological 
Gauging 
Station 

District 
Mean Daily Temperature 

(Summer) C 
Mean Dai y Temperature 

(Winter) °C 

Minimum Maximum Minimum Maximum 

1 Khanpur Rahim Yar Khan 33.1 34.8 13.3 15.1 

2 Bahawalpur Bahawalpur 32.2 35.0 13.5 15.5 

3 Bahawalnagar Bahawalnagar 33.4 35.0 13.3 15.4 

4 Faisalabad Faisalabad 31.4 33.5 11.8 13.7 

5 Lahore (PBO) Lahore 31.3 _ 	33.6 13.3 14.8 

Source: 1. Pakistan Meteorological Services; and 
2. Surface Water Hydrology Project, WAPDA. 

Ecological Environment 

The proposed Transmission Line (TL) from Matiari to Lahore passes through two main eco-
regions i.e. Desert-Xeric shrublands and Sub-Tropical Thorn area. The Desert-Xeric 
shrubland category includes districts of Sanghar, Khairpur, Sukkur, Ghotki, Rahim Yar Khan, 
Bahawalpur and Bahawalnagar, and consists of Angle Marks No. 8 to 94. The eco-region of 
Sub-Tropical Thorn area includes rest of the districts i.e. Matiari, Pakpattan, Okara, Kasur, 
and Nankana Sahib and stretches over AM-1 to AM-7 and AM-95 to AM-169. However, for 
the purpose of collection of field data, the proposed T/L route has been split up into two 
Sections i.e. Section-I (districts falling in Sindh) and Section II (districts falling in the Punjab). 

The original flora of the area consists of the tropical thorn vegetation with acacia species 
predominanting with particular charateristics of thorny hard wooded species of short boles 
and low branching crowns. Fauna includes mammal species of jackal, rabbit, porcupine and 
wild boar. Reptiles consist of snakes and small sized lizards. Squirrel and mouse are the 
basic rodents while frog and toad are commonly found in the Project Area. 

Game Reserves, National Parks and Wildlife Sanctuaries 

]The proposed T/L will not pass through or cross any protected area i.e. Game Reserves, 
National Parks, Wildlife Sanctuaries etc. However, proposed T/L passes at a distance of 
about 12 kilometers from Changa Manga Reserve Forest (RF) at AM-160. Proposed Project, 
therefore, will not cause any impact on the flora and fauna of the Reserved Forest. 

Socio-Economic Environment 

To document the socio-economic conditions of the population settled in the COI, socio-
economic surveys of the selected households were carried out. One of the major steps after 
the identification of the villages and their estimated populations was the calculation of 
sample size. Total 164 villages were found within the T/L 001 for Matiari to Nankana Saheb 
and socio-economic survey was conducted in these villages. Based on the field visit and 
DCRs of the relevant districts, total number of households and population is estimated along 
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the COI. Based on the estimated population and household sample size of 450 was 
determined using a statistical formula. 

Section-I 

T/L in Section-I passes through some semi urban and mostly rural areas. In this section, 
about 64 village are located along the COI. As per socio-economic survey highest population 
in this section is residing in Sanghar district and lowest population in Ghotki district because 
in Ghotki district most of the T/L route is in desert area. 2nd  highest population is living in 
Khairpur district which is 41,600 persons. Total population in the COI of Section-I is 103,855 
persons. 

Based on the field survey major occupations in the COI are agriculture farming, labour 
(unskilled workers), service (government or private employ), business (small shop keeper) 
and livestock rearing (sale and purchase of livestock and dairy products). As per data 
collected for the baseline, it was noticed that agriculture/farming and unskilled labour is the 
main source of income for the locals. 

The optimum cropping pattern refers to the allocation of the cropped area under different 
crops during the year in order to attain maximum output within the existing resources. In 
general, there are four (04) main crops (i.e. wheat, cotton, maize, sugarcane,) being grown 
in the COI from Matiari to Ghotki. 

The results derived based on the 'village profile surveys' shows that out of 64 villages / 
Goths, 75 to 85 percent population in the COI had access to roads, electricity, fuel wood and 
schools especially for boys, while the other facilities like health, sui-gas, drinking water and 
telephones were found with only less than 10 percent population. Drinking water/ water 
supply schemes were also not available in most of the villages. In the COI from Matiari to 
Ghotki districts, drinking water is a major issue for the people especially in desert and barren 

4 	areas of Sanghar, Khairpur and Ghotki where people are forced to use pond water for 
drinking. The major sources of drinking water in the COI are streams, nullahs, pumps and 
tubewell etc. In some areas of Sanghar and Ghotki districts, women have to fetch water 
from far away ponds and dug wells from their houses. 

Section-II 

As per socio-economic survey, highest population in the COI is calculated as 95,000 
persons of Okara district. Due to urban or semi urban area population density is high in 
Okara. The lowest population is 11,400 persons in Bahawalpur district with most part of TL 
pass through the rural areas in this district. Total population falling in the COI from Rahim 
Yar Khan to Nankana Saheb is 297,400. 

Saraiki and Punjabi as the mother tongue in the 001 of Section-II, however, Balochi and 
Pashto are also spoken in the few areas.ln Rahim Yar Khan and Bahawalpur, Saraiki is 
dominant language while from Bahawalnagar to Nankana Saheb Punjabi and Urdu are 
spoken. 

Based on the field survey, major occupations in the 001 are agriculture / farming, unskilled 
labour, service, business, shops and livestock rearing. As per data collected for the baseline, 
it was noticed that agriculture farming and unskilled labour is the main source of the income 
for the locals. 

The optimum cropping pattern refers to the allocation of the cropped area under different 
crops during the year in order to attain maximum output within the existing resources. In 
general, there are four (04) main crops (i.e. wheat, cotton, Maize, sugarcane) being grown in 
the COI from Rahim Yar Khan to Nankana Sahib. 

During the field surveys, it was observed that in case of farm households, the major sources 
of income included the income from crops and livestock (Dairy products). For non-farm or 
landless households, the main sources of income are the income from off-farm activities, 
such as business, Govt. or private employment, labour etc. 

I 
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The survey results derived based on the 'village profile' shows that out of 95 villages, 80 to 
90 percent of the villages in the COI had access to roads, electricity, fuel wood and schools 
especially for boys, while the other facilities like health, sui-gas, drinking water and 
telephones were found at less than 50 percent villages. Drinking water/ water supply 
schemes were also not available in most of the villages. The major sources of drinking water 
are hand pumps, streams, nullahs, pumps and tubewell etc. in the COI. In some areas of 
Rahim Yar Khan and Bahawalpur districts, women have to fetch water from dug well or 
water ponds far away from their houses. 

Stakeholder Consultation 

Stakeholders, especially the local population, involvement is an important feature of the 
environmental assessment and can lead to a better and more acceptable decision-making 
regarding the Project design and implementation. As a part of EIA studies consultations with 
the Proponent (NTDC), government departments such as Sindh, EPA (SEPA), EPA, Punjab, 
Sind Wildlife and Forest Department, Punjab Wildlife and Forest Department, Archaeology 
Departments of Sind and Punjab, Irrigation Departments of Sindh and Punjab, Revenue 
Departments etc., NGOs working in the 001 and the potential project affectees were 
consulted. 

Feedback received during public consultation are related to the willingness of people to 
accept project, compensation for their effected crops, livelihood, electricity and 
compensation/relocation/resettlement while concerns include drinking water supply and 
sewerage, health facilities, road infrastructures, education, women issues, agriculture and 
security. 

Numbers of scoping sessions/focus group discussions with the women were also carried out 
at various locations in the COI. The purpose of focus group discussions was to share 
information about the Project activities and to analyze the gender related activities. 

Project related concerns and feedback by the women in the COI were mostly related to their 
privacy, benefits associated with the project, any special provision related to jobs for the 
women in the area. 

Impact Assessment and Mitigation Measures 

With the implementation of the proposed Project following major positive impacts are 
foreseen: 

• Dispatch of Electricity from Matiari to Lahore; 

• Flexibility in the NTDC T/L system; 

• Employment Opportunities; 

• Infrastructure Development; 

• Increase in Land Value; and 

• Socio-economic Uplift. 

Some of the indirect benefits envisaged due to the increase of electricity in the national grid 
are as follows: 

• Due to the implementation of the Project, increase in the availability of electricity in the 
national grid will be ensured; 

• Expansion of the industrial base is expected due to the availability of electricity in the 
national grid; and 

• Better quality of life will be available for the residents of the Study Area if electricity from 
the national grid is provided to the locals of COI. 
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Apart from positive impacts proposed T/L Project also have some potential adverse 
environmental and social impacts. These are divided into two (02) major components which 
are given below: 

• Transmission Line (T/L); and, 

• Converter Stations. 

Summary of identified potential significant environmental and social impacts of T/L and 
Converter Stations along with their mitigation measures are outlined below: 

• The proposed T/L will not involve the permanent land acquisition as per NTDC practice 
in the light of LAA and Telegraph Act, 1910. No permanent land acquisition will be made 
for the land at the Tower footings as the landowner will be allowed to use the area under 
the Towers after the installation. T/L Section I and II a is mostly passing over the 
agriculture land. Some part of Section I and II is also crossing the desert. The 
Contractors will require temporary land acquisition for the construction camps. 

The land for construction camps should be selected and leased prior to the start of 
construction phase. Land will be directly rented from the private landowners by the 
Contractors. The provisions of the LAA will not be involved as the acquisition of the land will 
be temporary and will be covered by short-term lease agreements between the landowners 
and Contractor. Rental terms should be negotiated to the satisfaction of the concerned 
landowners and the agreement should be in local language to make the process clear. 

• Permanent acquisition of land will be required for the Converter Station at Matiari and at 
Nankana Sahib near Lahore. Final selection of the sites for the Converter Stations is in 
process; 

Permanent land will be acquired as per LAA and ADB policy requirements for Involuntary 
Resettlement will also be fulfilled. It is recommended that existing market price of the land 
should be paid to the landowner. In this regard proper LARP should be prepared and 
implemented prior to the construction of the Converter Station. 

• Ambient air quality will be affected by the fugitive dust and emissions from the 
construction machinery and vehicular traffic during the construction phase. 

The measures such as the use of existing quarries, Concrete batching plants equipped with 
dust control equipment such as fabric filters or wet scrubbers to reduce the level of dust 
emissions; periodic tuning of the vehicles; regular sprinkling of water and Haul-trucks 
carrying sand aggregate and other materials will be kept covered with tarpaulin to reduce the 
dust pollution, will be adopted. 

• Noise generated by the construction machinery during the construction stage is likely to 
affect the COI particularly the sensitive receptors like nearby schools, hospital etc. This 
impact will be more pronounced in both the sections however, end of Section II is more 
sensitive due to proximity to the urban to semi-urban residential areas. 

As the proposed T/L route at some locations is passing near houses, so special care must 
be taken for noise producing activity by providing casing to the noise generating part of the 
machinery or use of noise absorbing materials. Properly tuned vehicles and oiling of moving 
part of equipment may also reduce the noise levels. Construction timing should be 
coordinated with locals. Normally noise generating activities are allowed from 9 AM to 5 PM 
during day time to avoid disturbance to humans as well as fauna. 

• Approximate proposed strength of the labour in all camps is 179 persons for the T/L, 
Towers and stringing of conductors. These persons will be involved during hauling and 
installation stage. As a general rule the water consumption will be about 20 
gallon/capita/day (75.7 liter/capita/day) and will subsequently generate about 70 to 80% 
of this water as sewage. 
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• Approximate proposed strength of the labour in each camp for Converter Station will be 
about 25 persons which will generate about 1.9 m3/day of wastewater and about 12.5 
kg/day of solid waste. Improper wastewater and solid waste management activities can 
increase disease transmission, contaminate ground and surface water and ultimate 
damage to the ecosystem. 

Domestic and chemical effluents from the construction camp should be disposed by the 
development of on-site sanitation systems i.e. septic tanks along with soakage pits. Proper 
monitoring to check the compliance of NEQS will be carried out. Proper solid and hazardous 
waste management system should be adopted for camps; 

• Construction activities such as clearing and grubbing, excavation, filling, laying down 
concrete foundation for Towers and setting up construction camps will affect the existing 
soil condition in the COI. 

Good engineering practices will help to control or minimize the soil erosion both at the 
construction sites and in peripheral areas, particularly at the Tower foundations and along 
the haul tracks. All the disturbed areas need to be protected against soil erosion by stripping 
and stockpiling of all the available topsoil for later re-vegetation. Special slope protection 
measures should be adopted in the sensitive areas i.e. desert or semi-desert areas. Site 
restoration plan for the Project should be strictly followed. 

• Natural streams and irrigation channels mostly in agicultural areas of Sinddh and 
Punjab may be prone to increase in sedimentation and silt due to excavated material 
(loose aggregate) with the runoff from the construction area, workshops and equipment 
washing-yards. 

The excavated material will be managed by ensuring proper storage areas located far away 
from the water bodies. It will not cause the siltation of the irrigation channels. All the areas 
disturbed due to erosion need to be protected against soil erosion by stripping and 
stockpiling of all the available topsoil for later re-vegetation. At sand dunes, proper slope 
protection should be provided to reduce the erosion of the slopes. 

• Land may be contaminated due to the spillage of chemicals, fuels, solvents, oils, paints, 
concrete, solid waste generated at campsites etc. This normally happens when these 
materials are transported in open or loosely capped containers. 

The Contractors will be required to instruct and train their workforce in the storage handling 
and management of materials and chemicals that can potentially cause soil contamination. 
Material Safety Data Sheets (MSDS) implementation should be enforced. 

• Construction stage of the proposed Project may affect the existing infrastructure within 
the ROW of the T/L where Towers are to be installed and stringing activities to take 
place. Estimated list of infrastructure falling within the ROW (100 m) is provided in the 
report. Exact number will be identified after the availability of project foot / spotting of 
Towers on ground. 

During the detailed design stage, NTDC will coordinate with NHA and local road 
department/authorities for the installation of the Towers and during stringing of the 
conductors where the line is crossing the existing roads for the provision of alternate traffic 
route and management. Special care is required during the construction of Towers as well 
as stringing of conductors. During the stringing of conductors, temporary shutdown of the 
existing T/Ls will be ensured to safeguard the workers and the surroundings. 

• Surface and groundwater resources may get contaminated by the fuel and chemical 
spills, or by solid waste and effluents generated by the kitchens and toilets at the 
construction camp sites. Moreover, runoff from the chemical storage areas may also 
contaminate the surface water bodies. 
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As a mandatory step, all the effluents should be disposed as per the requirements of NEQS. 
Moreover, to reduce the risk of surface and groundwater contamination, good management 
practices will be adopted to ensure that fuels, chemicals, raw sewage and wastewater 
effluent are disposed in a controlled manner. 

• T/L section passing through agriculture land, where trees have been raised by the 
farmers along the boundaries of their agricultural fields or along the water channels. 
Orchards (mostly Mangos, Banana, Guava and Citrus exist) which may have to be 
removed. 

Land holders should be paid reasonable compensation for the loss of their standing trees, in 
accordance with the prevailing market rates. This will mitigate the financial losses of the land 
holders. They should be encouraged to plant new trees, outside the ROW of the T/L. 

• Based on the Google images and field surveys, the total cultivated area, which will be 
affected due to this Project, is nearly 16,500 hectares, which forms about 38.8% of the 
total area coming in the COI. The agriculture of the tract in Sindh and Punjab will 
receive significant adverse impact due to various operations such as movement of 
heavy machinery, erection of Towers, dragging, stretching and stringing etc. 

Land holders will be paid compensation for the loss of their standing agricultural crops in 
accordance with the prevailing market rates as per LAA, Telegraph Act, NTDC practices and 
LARP specific to the Project. The landholders will also be allowed to salvage the agricultural 
crops and other vegetation from the affected fields. 

• The damages may occur to existing crops during the construction stage due to the 
following activities: 

o Considerable vehicular movement for the transportation of materials/water and steel 
work will be involved at the time of concreting of Tower foundations. This movement 
and storage of materials will cause damage to the existing crops; and 

o The stringing of conductors involves movement of equipment and vehicles along the 
corridor, which may involve the cutting of trees and considerable damage to the 
existing crops. 

Compensation for the loss of crops to the land owners and cultivators as the case may be 
will be paid, in accordance with the prevailing market prices and uniformity in rates will be 
ensured within the local areas; 

• It is anticipated that local water resources will be utilized to meet the camp and 
construction requirements, bringing its use into competition with the local use especially 
in the desert areas of Sindh and Punjab province in Sections I to II where the water 
availability is limited. 

Approval from the local administration and representatives of the concerned irrigation 
departments or other relevant authorities will be obtained before using the local surface 
water resources 

• During the construction activities of the Tower foundations, erection and stringing of 
conductor, people will suffer loss in their annual income due to the loss of crops, trees 
etc. The land under the Towers during the operation stage may also restrict the current 
land use for agriculture purposes; 

Fair, prompt and negotiated compensation for the crops and trees on private land will be 
provided to the affectees. Generally, in the areas which are devoid of irrigation and very few 
trees exist along the Project corridor some assistance if seem possible in the form of good 
compensation rates may be awarded. However, orchards of Mango, Banana, Citrus need 
special provision for the compensation 
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• As the Project route is passing through the rural areas of Okara, Pakpattan, 
Bahawalnagar, Bahawalpur, Rahim Yar Khan and all districts of Sindh from Ghotki to 
Matiari, women activities in the field may become affected due to the construction 
activities; 

The Contractor have to select the specific timings for the construction activities like Tower 
footings, erection and stringing of conductors so as to cause least disturbance to the local 
population particularly women considering their routine movement hours. 

• During baseline survey it was identified that, T/L also crosses some houses of 
vulnerable people in few areas. During the field visit it was also identified that the 
owners of the affected structures fall below the poverty line. Income of these vulnerable 
groups may be affected due to the implementation of the Project like crossing of T/L 
upon their infrastructure, affect of any assets such as houses, tube wells room etc. 

LARP provisions should be strictly followed to eliminate the impact on livelihood. 

• Occurrence of accidents/incidents during the construction stage is a common 
phenomenon and workers as well as locals will be more prone to serious accidents. The 
COI falls in Sindh and Punjab in which area is sensitive from the law and order point of 
view and the security of the Contractor and Consultant staff will be a major issue. 

Special provision of security for all the activities should be kept to deal with any unpleasant 
incident. To avoid accidents HSE provisions should be strictly followed. Moreover, complying 
with the safety precautions for the construction workers as per International Labour 
Organization (ILO), Convention No. 62 as far as applicable to the Project Contract is highly 
recommended. 

• Removal of the infrastructure like buildings, huts, animal sheds, tube wells etc. will 
cause the loss of community shelters and sources of income. Although the number of 
public infrastructure fall into the proposed T/L route, no significant relocation is expected 
as the Project has the flexibility to provide proper horizontal/vertical clearance for safe 
passage over the existing infrastructure. 

In order to mitigate or compensate the impact of land acquisition and resettlement LARP 
provisions should be followed. 

• During the operational stage, electric current (induction) may travel into the Towers due 
to short circuiting and may become a hazard to the public and livestock. 

It is recommended that NTDC at the planning stage of the Project would plan necessary 
arrangements in the form of Earthling system of the Towers to avoid accidents. As exact 
location of Towers spotting is not yet finalized at this stage. However, it is recommended that 
at least two (02) diagonal legs of the Towers should be properly grounded to avoid any such 
incident. 

• The electromagnetic field (EMF) may have significant adverse impacts on the health of 
locals. EMF due to extra high voltage (EHV) can cause the risk of leukaemia, which is a 
disease in which white blood cells mutate and become cancerous before maturity. 
These cells are important in fighting against infection in the body. Leukaemia also slows 
down the production of red blood cells that are needed to carry oxygen in the blood. 
Leukaemia is the second leading cause of death for children ages 2-15 years. 

Since the Project has been planned to pass through the least populated area and the T/L will 
10. 

	

	be kept at least 100 m from the populated areas, effects due to EMF are envisaged to be 
minimal due to safe distance. Similarly a vertical clearance required as per international 
standards will also be maintained especially near the populated areas. During operation 
stage check will be kept by the NTDC that no construction will be allowed within 100 m of the 
proposed T/L. 
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• Collapse of the Towers due to the high wind or earthquake will be dangerous for human 
as well as animal life and can cause loss to property. 

The Towers are designed on the basis of proper subsoil investigations and climatic 
conditions of the area including maximum wind velocity and earthquakes which are normally 
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	based on last 50 years data. At the time of detailed survey for fixing the Tower positions 
proper soil investigations will be carried out to check the presence of collapsible soils and if 
detected, Engineer will be informed immediately for design change. It will be ensured that no 
accident due to collapsing of Towers would occur during the life of the Project. Morover, 
electrode stations are planned to groubd the current in case of any disaster. 

Compensation and Resettlement Policy Framework 

In order to mitigate the impact of land acquisition, loss of crops, loss of infrastructure, loss of 
livelihood etc. a compensation and resettlement framework has been developed. The Project 
is at the feasibility stage and detailed survey along with the spotting of the T/L Towers and 
their design are still to be finalized. Same in the case with the Converter Stations for the 
proposed T/L. Only demarcation of the T/L route and AMs has been marked on maps. In the 
absence of the demarcation of T/L in the field and spotting of Towers, it was very difficult to 
identify the PAPs within the ROW. The number of affectees will be identified within the ROW 
when the detailed LARP survey after the spotting of Towers at the site will be available. 
Occurrence of any public and religious structures such as mosque or graveyard will also be 
identified/verified at that stage, which may be affected due to the Project implementation. 

Major laws related to the compensation and resettlements are Land Acquisition Act, 
Telegraphy Act, Local Provincial Laws such as Sindh and Punjab Katchi Abadies Act and 
ADB Policy. 

In principle, Pakistan Law and ADB Policy adhere not only to the objective of PAPs 
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	compensation, but also to the objective of rehabilitation. However, LAA is unclear on how 
rehabilitation is to be achieved and in practice the provision of rehabilitation is left to ad hoc 
arrangements taken by local governments and specific Project Proponents. To clarify these 
issues and reconcile eventual gaps between Pakistan Law and ADB Policy, the LARF and 
LARP for the proposed T/L is being prepared as a separate document to ensure 
compensation at replacement cost of all items, the rehabilitation of informal settlers and the 
provision of subsidies or allowances for PAPs that may be relocated, suffer business losses, 
or may be severely affected. 

Entitlement provisions for PAPs cover such impacts as land losses, house and buildings 
losses, crops and trees losses, a relocation subsidy, rehabilitation measures and a business 
losses allowance based on tax declarations and/or lump sums. 

Agricultural land impacts will be compensated based on whether a PAP's access to, or use 
of, their land is restricted. For PAPs whose access to and use of, agricultural land is not 
restricted i.e. they can continue to cultivate the land, compensation will be for removed or 
damaged crops and trees. For PAPs whose access to, or use of, agricultural land is 
restricted i.e. they cannot continue to cultivate the land compensation will be paid at 
replacement value in: (i) cash at current market rates plus a 15% compulsory acquisition 
surcharge (CAS), or (ii) through replacement land equal in value/productivity to the plot lost. 
When >10% of an PAP's income or agricultural land is affected, AHs (owners, leaseholders 
and sharecroppers) will get an additional allowance for severe impacts equal to the market 
value of a year's gross yield of the land lost (inclusive of winter and summer harvest). 
Eventual transaction taxes/fees will either be paid by NTDC or waived by local governments. 
Market rates will be assessed through a survey of prevalent land prices, carried out by local 
government and financing institutions along with involvement of community. 

Residential/commercial land will be compensated at replacement value by either (i) land 
for land or (ii) cash at current market rates free of any deductions. Renters/leaseholders will 
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receive an allowance corresponding to 3 months' rent. However, the land under Towers and 
line (100 m wide ROW) can be used by the landowner or sharecropper for cultivation. 

Houses, buildings, structures will be compensated in cash at replacement cost free of 
depreciation, salvaged materials and transaction cost deductions. The compensation for 
houses/buildings will also include the cost of lost water and electricity connections. 

Crops: Cash compensation at current market rates for the net harvest actually lost as it 
may be the winter, the summer crop, or both. Crop compensation will be paid both to 
landowners and tenants based on their specific sharecropping agreements. 

Trees: Cash compensation shall reflect income replacement based on market price. 

Businesses: compensation for permanent business losses will be encashed for a 1-year 
income based on tax declaration or, if unavailable, based on the official minimum salary; 
compensation for temporary business will be encashed for the period of income interruption 
(1 to 3 months) based on tax declaration or, if unavailable, official minimum salary. 

Business workers and employees: Indemnity for lost wages for the period of business 
interruption up to a maximum of 3 months. 

Agricultural land leaseholders, sharecroppers and workers: Where the access to, or 
use of, the land is restricted; affected leaseholders will receive either a renewal of the lease 
in other plots or cash corresponding to the yearly yield of land lost for remaining years of the 
lease up to a maximum of (3) years. Sharecroppers will receive their share of harvest at 
market rates (if impact is temporary) or if the land is lost permanently additional 
compensation for 1 crop. Agricultural workers, with contracts interrupted, will get an 
indemnity in cash corresponding to their salary in cash and kind for the remaining part of the 
agricultural year (inclusive of both winter and summer crops). 

Community structures and public utilities: These will be fully compensated or 
replaced/rehabilitated so as to satisfy their pre-Project functions. 

Relocation subsidy: PAPs forced to relocate will receive a relocation subsidy sufficient to 
cover transport costs and living expenses for 1 month. 

Framework provides the entitlement matrix and the proposed guidelines for the LARP. 

Environmental Management and Monitoring Plan (EMMP) 

In the end Environmental Management and Monitoring Plan (EMMP) has been developed. 
The main objectives of the EMMP are: 

• Provide the details of the Project impacts along with the proposed mitigation measures 
and the corresponding implementation activities; 

• Define the role and responsibilities of the Project Proponent, Contractor, Supervisory 
Consultants and other role players and effectively communicate environmental issues 
among them; 

• Define a monitoring mechanism, reporting frequency and identify monitoring parameters 
to ensure that all the mitigation measures are completely and effectively implemented; 
and 

• Identify the resources required to implement the EMMP and outline the corresponding 
financing arrangements. 

An Environmental Mitigation & Management Matrix (MMM) for the T/L and Converter 
Stations are attached in the EMMP, which establishes the linkages between the 
environmental and social impacts, mitigation strategy and the agencies responsible for 
execution. 

EMMP includes the Monitoring Mechanism, Monitoring Plan, Site Restoration Plan 
Guidelines, Solid and Hazardous Plan Guidelines, Chance Find Procedures, Tree Plantation 
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Plan, Documentation Plan, which will ensure that the proper results are achieved by the 
implementation of measures from concerned entities. The monitoring of environmental and 
social activities will be carried out by NTDC through Environmental and Social Experts from 
their Environmental Cell or hired staff by NTDC Internal Monitoring agency. The 
Environment and Social Expert working under the NTDC field staff will supervise all the 
activities in the field and will provide assistance to the NTDC staff in this regard. He will also 
ensure public participation. 

Monitoring and evaluation (M&E) is also proposed in the EMMP. 

An estimated cost for Environmental Management, Monitoring and Training has also been 
provided in the EMMP for inclusion in the PC-I or overall Project Cost. It should be noted that 
as referred earlier the Project is at a preliminary stage and the detailed survey is to be 
carried out for the Project showing the actual position of the Towers, so at this stage only 
tentative and lump sum amount has been allocated for the relocation of the infrastructure 
and the compensation for Land Acquisition and Resettlement is based on the environmental 
and social field surveys. 

As a conclusion of the Study, the proposed Project have positive as well as some significant 
adverse impacts that can however be managed by proper mitigation and compensation 
measures and residual adverse impacts will not be of significant nature. 

4 
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1 	INTRODUCTION 

1.1 	Background 

The main sources of the Power generation in Pakistan are based on Fuel Oil and Gas, Hydel 
and Nuclear Power Plants. Since Pakistan is not an oil producing Country, therefore, the 
high price of electricity in Pakistan is due to the significant contribution of Thermal Power 
based on Fuel Oil. Pakistan is facing Power crisis due to demand and supply shortfall as well 
as ever increasing electricity prices. With the reduction in the gas supply in Pakistan the 
conditions are further deteriorated. Moreover, the existing network of National Transmission 
and Dispatch Company (NTDC) is already overloaded and with the potential of induction of 
new PowerSources, new Transmission Lines (T/Ls) are very much required on urgent basis 
to despatch the additional planned Power to the major distribution centers of the Country for 
supply to the consumers. 

In order to cope with imminent Power crises and reduce load shedding, Government of 
Pakistan (GOP) has looked out for various Power Generation options based on Regasified 
Liquified Natural Gas (RLNG), Imported Coal, Coal reserves of Thar, Solar etc. 

Taking a proactive approach, NTDC has proposed to include the T/L from the planned 
Power Plants near Karachi and Thar region. It is envisaged that a capacity of about 4000 
MW would be developed in Thar and Karachi regions in few years and new T/Ls need to be 
developed for transmitting this quantum of Power to major load center of Pakistan which are 
located in Upcountry. In order to transmit this Power from Thar and Karachi to Upcountry,a 
500 kV collector/switching station is being developed at Matair. In order to evacuate the 
power at Matari station, T/L needs to be established on the basis of technical studies. A 
Coverter Station has been proposed at Matiari to collect the power and T/L from Matiari to 

0* 	Lahore has been proposed for the implementation on fast track basis. 

It is important to mention here that as per information made available the proposed T/L will 
be implemented in Built Operate Own and Transfer (BOOT) mode. National Engineering 
Services Pakistan (Pvt.) Limted (NESPAK) has been assigned the challanging task to 
complete the Enviornmental Imapct Assessment (EIA) study to fulfil the requirements of 
Enviornmental Protection Agencies (EPAs) and to initate the proess of NOC. Terms of 
Reference (TOR) for the study as provided by the NTDC is attached as Annex-I. 

Note: This EIA Report comprises two volumes namely, 1 and 2. Volume 1 is the main report 
while Volume 2 contains maps, annexes and photologs. 

1.2 	Nature, Size and Location of the Project 

The proposed Project is a linear project of T/L from Matiari to Lahore to transfer the Power. 
The proposed T/L crosses thorugh two provinces i.e. Sindh and Punjab hence the T/L is 
divided into the two (02) mian sections namely Section-I and II, Section-I, Angle Marker (AM) 
# 1 to 49 are located in Sindh province and Section-II AM # 50 to 169 are located in Punjab 
province.Figure 1-1 shows the location map of the proposed T/L. In this report, Sindhand 
Punjab provinces are used to indicate the T/L route districts falling in the respective 
provinces. Sindh and Punjab provices hosts large number of districts proposed T/L only 
passes few of these districts. Figure 1-2 shows the location of T/L in desert of these two 
provices in Pakistan. 

Proposed T/L is divided into AMs, which is the point where the proposed T/L changes its 
direction (angle). 

The proposed T/L starts from Matiari district Sindh and finishes in Punjab province in district 
Nankana Sahib. Length of the T/L is about 865.55 km, of which 314.9km falls in Sindh 
province and remaining 550.65 km in Punjab province. Proposed T/L route passes through 
total twelve (12) districts, of which five (05) districts are located in Sindh and the remaining 
seven (07) are located in Punjab. Figure 1-3 a&b shows the map of Sindh and Punjab 
provinces showing the districts being crossed by the proposed T/L. Proposed. T/L Section-I 

1-1 
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and II mostly crosses the rural agriculture and some desert areas in Sindh province, while as 
it enters Punjab province at Sadiqabad, some Part of Section-II alos crosses over desert in 
Rahimyar Khan and Bahawalpur districts and some part in the semi-urban to urban areas of 
Okara and Kasur districts. 

1.3 	Project Objectives 

Considering the increasing demand of energy and current shortfalls, Government is planning 
to install new Power Plants and additional T/Ls and Grid Stations which are required to meet 
the growing demand of transmission and to strengthen the existing NTDC transmission 
system. The proposed Project is the part of NTDC Power Sector Expansion Program. The 
main objectives of NTDC's program is to provide adequate facilities for reliable and stable 
transmission of electrical Power, keeping in view the growing demand of domestic, 
commercial, industrial and agricultural customers of Pakistan Water and Power 
Development Authority (WAPDA). 

WAPDA's Power Wing has been unbundled and corporative into Distribution Companies 
(DISCOs), Generation Companies (GENCOs) and NTDC. Main objective of NTDC is to 
procure Power from GENCOS, IPPs and WAPDA's Hydro Wing on behalf of DISCOs and to 
deliver it to the networks of DISCOs through integrated system of 500 KV and 220 KV T/Ls 
and Sub Stations. 

As the major Hydro Resources are located in the northern areas of the country and thermal 
generation facilities are concentrated in southern parts, a large and extensive Power 
transmission network consisting of 500, 220, 132 and 66 KV T/Ls and Grid Stations was built 
for delivering Power to the main distribution centers which are also located mostly in the 
middle part of the country. Further expansion in this transmission network is being constantly 
carried out in line with the plan for expansion of generation schemes for system 

yr 	improvements. 
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The proposed Project aims to meet not only incremental demand for Power but also 
overcome voltage problems and enhance reliability of Power supply in service areas of 
DISCOs. The Project will also reduce overloading on existing 220/132 KV transformers. 
Finally, the Project may reduce transmission losses to about 20.22 MW.2  Immediate 
objectives of the proposed Project can briefly be summarized as under: 

• Dispatch Power from Matiari nearby areas to the major load distribution center of the 
Country to reduce the existing shor falls; 

• Improvement in the voltage profile of Grid Stations; 

• Reduction in T/L losses; 

• Improvement in the NTDC System reliability; and 

• Socio-economic uplift of the T/L route areas. 

1.4 	Scope of the Study 

Consultants have envisaged the following Scope of Work (SOW) related to environmental 
and resettlement studies in the light of Terms of Reference (TOR) and discussions held with 
the NTDC: 

• Review of national and local guidelines, laws and policies; 

• Review of all relevant existing data, studies, reports and drawings; 

• Minimize and avoid the environmental and resettlement effects during design; 

• Identification of the most environmentally and socially feasible T/L route; 

• Collection of baseline data related to Physical, Ecological and Social/Cultural 
environmental aspects; 

• Identification, evaluation and categorization of the potential significant adverse physical, 
ecological and socio-economic impacts on the local environment during the construction 
and operational stages of the proposed T/L; 

• Recommend appropriate environmental and social mitigation measures for the 
identified adverse impacts and monitoring plans to address them; 

• Review the capability of the NTDC staff for the development of the Environmental 
Management and Monitoring Plan (EMMP); 

• Preparation of EMMP; 

• Determine the regulatory procedures and protection measures needed to obtain 
environmental and forestry clearances from the concerned departments; 

• Provide technical assistance to NTDC for the issuance of No Objection Certificate 
(NOC) from the concerned EPAs; and 

• Prepare future line of action/further studies required such as Land Acquisition and 
Resettlement Framework (LARF), Land Acquisition and Resettlement Plan (LARP) etc. 

Copy of TOR's relevant portion is attached as Annex-I. 

1.5 	Purpose of the Report 

The purpose of this EIA Report is to assess whether or not significant adverse environmental 
and social impacts are anticipated and to suggest mitigation and remedial measures to make 
the Project environmental friendly and sustainable during the construction and operational 
stages of the Project and to initiate the process of NOC from the concenred EPAs. In order 

2 
EIA Report of Lahore New Grid Station Project 
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to implement the proposed mitigation measures, an EMMP with cost estimates has been 
developed. EMMP also provides the environmental management capability and recommends 
institutional strengthening measures of the management units of NTDC. 

	

1.6 	Extent of the Study 

As per PEPA, 1997 and Pak-EPA (Review of IEE and EIA) Regulations, 2000, Schedule-II, 
T/L of 11 KV and above requires an EIA study. 

According to the PEPA, 1997 & EPA Regulations;  2000 a separate EIA, study is required for 
the Converter Stations. At this stage these stations are considered as a part of the Project, 
but at the time of Project implementation a separate environmental study would be carried 
out for the proposed Sub Stations and Converter Stations. 

This EIA study covers the environmental impacts of the proposed T/L, Converter Stations 
comprising the physical, ecological and socio-economic aspects. A minimum strip of 100 m 
(50 m on either side from the centerline) was delineated as Right of Way (ROW) in which 
direct impacts of the proposed T/L are envisaged due to the implementation. However, for 
indirect impact related to physical, ecological and social domains, a COI of 500 m on each 
side of transmission centerline was considered as project corridor or COI. 

It is worth to mention here that the location of spotting of Towers and the material quarry 
sites is not finalized yet. Project foot print has not been made available on ground. 
Therefore, their general anticipated impacts are identified. The site specific comments will be 
taken up after the finalization of the spotting and marking of related sites. This study also 
suggests the mitigation measures and describes the institutional arrangements and the 
Mitigation Management Matrix (MMM) with cost estimates. 

	

1.7 	Project Proponent 

Ministry of Water and Power of Pakistan's is managing the Power sector with the crisis 
management objectives to improve the efficiency of the Power sector and to meet 
customers' electric energy requirements on a sustainable and environment friendly basis. 
The specific objectives are: 

• Stop load shedding; 

• Constructing new Grid Stations; 

• Reducing line losses; minimizing tripping and theft control; 

• Revamping of generation units and to improve customer services; and 

• Development of an integrated automated Power planning system for generation, 
transmission and distribution to ensure system stability, fault isolation and upgrade 
relying, metering and tripping system at NTDC as well as DISCOs levels. 

NTDC under the Ministry of Water and Power is the Project Proponent of the proposed T/L. 
NTDC operates under WAPDA. It commenced commercial operation on December 24, 1998 
after incorporation on November 6, 1998. It was organized to take over all properties, rights 
and assets obligations and liabilities of 220 KV and 500 KV Grid Stations and T/Ls network 
owned by WAPDA. NTDC operates and maintains nine (09) 500 KV Grid Stations, 4,160 km 
of 500 KV T/Ls and 4,000 km of 220 KV T/Ls in Pakistan. NTDC was granted a transmission 
license on December 31, 2002 by National Electric Power Regularity Authority (NEPRA) to 
engage in the exclusive transmission business for a term of thirty (30) years, pursuant to 
Section 17 of the Regulation of Generation, Transmission and Distribution of Electric Power 
Act, 1997. NTDC's headquarter is situated at WAPDA House Lahore3  with details as given 
below. 

National Transmission & Dispatch Company Limited (NTDC) 

3  NTDC Official Website 
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Room # 414, WAPDA House 

Shahrah-e-Quaid-e-Azam, Lahore 

Tel: 92 (042) 99202229 

44 	Fax: 92 (042) 99200894 

E-mail: ceo@ntdc.com.pk  

1.8 	Approach and Methodology 

The detailed approach and methodology used for the EIA study is as follows: 

1.8.1 	Literature Review 

Before mobilization, Consultants carried out a desk study through collection and review of 
guidelines, data and reports related to the Project that included (a) review of National 
Environmental Legislations and international best practices related to Environmental and 
Social Assessment Guidelines/Safeguards; (b) Google Earth Satellite Imagery; (c) Relevant 
District Census Reports (DCR) and any other relevant documents/drawings; and (d) 
Reference documents such as HVDC/HVAC T/L from Thar to Lahore, Thar to Matiari and 
Peshawar to Tajikistan (CASA Project), T/L from Iran to Pakistan to Import 1000 MW, 
Lahore New Grid Station and Allied T/Ls and other projects. 

1.8.2 	Route Optimization Study 

Judicious route selection is the most cost effective method of reducing the environmental 
and social impacts of the construction and operation of the T/L and other linear 
infrastructure. Consequently, the identification and optimization of the route was the most 
critical phase of the present Feasibility Study. 

The objective of this work was to obtain first-hand overview of the Project environmental and 
social setting and to conduct an initial analysis of the physical, biological and social 
constraints posed within the proposed T/L route. 

A map was prepared by digitizing the Google Imageries over which the existing Sub Stations 
and T/Ls along with the proposed tentative route for the proposed T/L from Matiari to Lahore 
was marked by CET with NTDC. This tentiave route was handed over to NESPAK experts 
by NTDC for further route optimization. NESPAK experts based on the GIS and existing 
information and experience developed a critiera for route optimization. Efforts were made to 
optimize the route in such a way as to avoid environmentally sensitive areas such as 
protected areas, game reserves, lakes, archaeological and historical sites, settlements etc. 
The objective of route optimization was to propose an initial corridor that will minimize 
technical and environmental constraints. 

An initial assessment of the infrastructure, types of land and the settlement pattern were also 
made based on the preliminary plans. The existing main towns and villages were identified 
along the proposed Project alignment through which accessibility to the proposed alignment 
was made. 

The following environmental criteria were used in addition to technical and design 
considerations for the proposed T/L route. 

• Avoid towns/populated areas; 

• Avoid indigenous or tribal settlements; 

• Avoid cultural, religious and historical buildings; 

Maintain minimum disturbance to the natural habitat and vegetation; 

• Maintain appropriate distance from the sensitive receptors (500 m); 

• Avoid large water bodies like lakes, rivers or streams; and 
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• Avoid airports and other such facilities. 

After the marking of proposed T/L route based on the above criteria, route optimization was 
carried out jointly by the design and environmental teams of NESPAK and route was send to 
CET for finalization. 

	

1.8.3 	Review of Environmental Laws and Institutional Requirements 

National laws, legislations, guidelines as well as ADB Safeguards and Policies/Guidelines in 
the absence of local laws related to resettlement along with relevant international protocols 
were reviewed. 

	

1.8.4 	Delineation of Corridor of Impact (C01) 

COI/Study Area include the actual Project Right of Way (ROW) as well as the area in the 
surroundings in which positive and adverse impacts may be foreseen due to the 
implementation of the proposed Project was marked based on the . 

Based on the available tentative T/L route marked at Google Earth, a route optimization of 
the T/L was made by a team of experts to highlight any potential sensitive physical, 
ecological and socio-economic constraints in and along the proposed T/L route. Based on 
the above considering the urgency and short time avaialble, a maximum COI of 500 m with 
250 m on each side from the centerline was selected as COI for the baseline survey. 

	

1.8.5 	Survey of COI 

A team of environmental and social experts including surveyers, ecolgists, land experts, 
valuation experts, enumerators etc. carried out the environmental and social survey of the 
COI to familiarize themselves with the local conditions and the environmental settings. 
During the survey, the information regarding the topography, soils, rock, surface water, 
groundwater, flora and fauna, wetlands, forested areas, social settings and villages/towns 
along the COI was observed. 

	

1.8.6 	Analysis of Alternatives 

The analysis of different alternatives was carried out during the selection of the most feasible 
T/L route of the study in consultation with NTDC and CET staff in order to select the most 
viable route keeping in view the environmental, economic and social constraints. 

It is an international practice for the preparation of EIA that the proposed Project is 
compared with other alternative arrangements that could be developed to meet the 
objectives for which the proposed Project has been planned. 

An analysis was carried out in consideration of technical and environmental aspects. 
Moreover, No Project Option (NPO) was also considered with reference to the effect on the 
Country's economics. This exercise provides justification for the need of the proposed 
Project. 

The following alternatives were considered for the Project: 

• NPO; 

• Technological System Study of T/L Alternatives; 

Route Alignment Alternatives; and 

• Design Alternatives. 

	

1.8.7 	Environmental Baseline Survey of the Project 

After the selection of the most feasible route for the T/L based on satellite images and the 
delineation of COI, detailed environmental survey was carried out within the COI. The T/L 
route has been divided into two (02) Sections based on provincial boundaries. Detailed 
investigations/surveys were carried out on all the T/L sections for environmental parameters 

tif 
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on which any adverse or positive impacts were envisaged by the implementation of the 
Project. Baseline surveys were carried out during the month of June and July, 2015. 

Prior to the start of field activities, comprehensive checklists, proformas and maps were 
developed covering the following main parameters: 

1.8.7.1 Physical Environment 

The information needed for the preparation of physical environment included the following 
main parameters: 

• Land resources (including landuse pattern, soil composition, contamination of soil and 
soil erosion etc.); 

• Water (including available surface and groundwater resources and natural streams, 
hydrology, spring water, water supply, water contamination etc.); 

• Climate (including temperature, rainfall, humidity, wind speed and direction etc.); 

• Ambient air quality and noise Level; 

• Existing solid waste management and effluents disposal practices and storm water 
drainage; 

• Buildings, including residential, commercial and animal shed for complete/partial 
relocation; 

• Cultural properties (mosques, shrines, graveyards); 

• Archaeological monuments; and 

• Other private/public infrastructures such as roads, telephone poles, hand pumps, 
tubewells etc. 

1.8.7.2 Ecological Environment 

• Flora (including vegetation cover, trees, shrubs and grasses, valuable or rare trees and 
their loss due to implementation of the Project etc.); 

• Fauna (including wildlife, avifauna, domestic animals etc.); 

• Reserved forests and wildlife sanctuaries in C01; 

• Wetlands; 

Migratory birds corridors; and 

Endangered species (both flora and fauna). 

1.8.7.3 Socio-Economic Environment 

A sample survey was carried out within the COI in order to develop the socio-economic 
baseline information of the general settled population. There are 164 villages/settlements 
located in the COI of the proposed T/L in twelve districts. Based on the statistical sampling 
methodology, 450 households were interviewed and consulted for the collection of baseline 
socio-economic data. 

The following major aspects were covered in the socio-economic baseline survey of the 
sample population settled along the COI: 

• Demographic characteristics; 

• Literacy status/ education; 

• Nature of business/occupation; 

• Livelihood/income; 

• Living standard of the population; 
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• Access to credit; 

• • Social Infrastructure available; 

• Gender issues; 

• Pressing needs of the people; 

• Community perception about the Project etc.; and 

• Other aspects. 

Checklists and Proformas which are used during the baseline surveys for the EIA study are 
attached as Annex-II. 

	

1.8.8 	Stakeholder Consultations 

The Consultants identified Project stakeholders and held meetings with them during the 
surveys to receive feedback on the expected environmental issues related to the Project 
impacts and suggested mitigation measures. Meetings were carried out with the Project 
affectees, relevant departments including Wildlife, Agriculture, Fisheries, Provincial EPAs, 
Irrigation and Power Departments, WAPDA, NTDC, Non-Governmental Organizations 
(NGOs) etc. to discuss the issues/constraints and get their views and feedback to mitigate 
the potential environmental impacts associated with the implementation and operation of the 
Project. All in all more than 67 consultations/group discussions with the locals residing in the 
COI were carried out along the T/L route at various locations. 

Based on the above, letters were also written to the concerned Wildlife and Forest 
Departments regarding the occurrence of any protected areas. The copies of the letters are 
attached as Annex-Ill. The proceedings of the consultations/meetings along with the 
photographs and list of participants are documented in Chapter 6. 

	

1.8.9 	Impact Assessment and Mitigation Measures 

A logical and systematic approach was adopted for impact identification and assessment. 
The process began during the screening and continued through scoping which identified the 
key issues and classified them into different categories. The tools, which were used for 
impact assessment, are: 

• Checklists; 

• Matrices; and 

• Overlays. 

Identification of potential environmental and social impacts in terms of their nature, 
magnitude, extent, location, timing and duration were carried out. The impacts were 
correlated to the Project location, design stage, construction stage and operation stage. 
Based on the impacts prediction methods and as a result of public/stakeholder consultations, 
the Consultants screened the adverse environmental impacts for inclusion in the mitigation 
measures and environmental management plan. The same process was followed for the 
identification of social impacts. Public consultations (which provided feedback of the impacts 
from the stakeholder's viewpoint) were used to screen out the insignificant impacts. Matrices 
and overlays were used for the evaluation of temporal and spatial impacts respectively. 

The Consultants proposed practicable, economically feasible and socially acceptable 
mitigation measures for the significant adverse environmental and social impacts. These 
measures were based on exploring the ways to achieve the Project objectives causing least 
disturbance to the existing environment by alternative ways, proposing changes in the 
Project design (ROW, height of the T/L Towers and sitting of facilities), through improved 
monitoring and management practices (storage of construction materials, labour camps, 
waste disposal, disposal of construction debris etc. or through monitory compensation). 
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1.8.10 Environmental Management and Monitoring Plan (EMMP) 

An EMMP has been prepared to ensure the adequacy and effectiveness of the proposed 
protocol by clearly identifying the roles and responsibilities of the agencies responsible for 
implementation, monitoring and auditing of EMMP activities, existing and suggested 
framework, necessary approvals, training needs and the required further studies. EMMP 
also include organizational setup, a monitoring mechanism, monitoring plan, environmental 
and social parameters to be monitored with their frequency. Similarly, costs for 
environmental monitoring and social component/social mitigation measures were also 
included as part of the EMMP. Environmental monitoring, evaluation, auditing and reporting 
mechanism were also proposed in the EMMP. 

1.8.11 Conclusions and Recommendations 

Based on the baseline conditions, identified impacts and suggested mitigation measures and 
proposed environmental cost, conclusions are made. Based on the conclusions, 
recommendations regarding the future plan of action and outcome of the EIA report are 
provided. 

1.9 	Report Structure 

The EIA report has been structured into following chapters: 

Chapter-1 provides the Project background and nature, size and location of the Project, 
Project objectives, Project Proponent followed by scope of the study, purpose of the study 
and its approach, extent of the study and the report structure. 

Chapter-2 provides a brief about national environmental policies, legal and administrative 
frameworks applicable to the Project together with the applicable International 
Safeguards/Guidelines and international protocols. 

Chapter-3 provides the analysis of alternatives considered for the proposed Project so far. 

Chapter-4 presents description of the Project including Project components, approvals and 
implementation schedule for Project and other information available so far. 

Chapter-5 explains in detail the existing environmental baseline conditions of the Study Area 
considering the physical, ecological and social environment. 

Chapter-6 depicts the consultations carried out with the stakeholders to know the concerns 
and issues. 

Chapter-7 exhibits the environmental and social impacts assessment with the proposed 
mitigation measures during the design, construction and operation stages of the Project. 

Chapter 8 presents the compensation and resettlement framework for the loss of assets by 
the erection of the line with an estimate of the budget and a schedule of actions to be 
implemented to make the inventories and the monitoring of the compensations. 

Chapter-9 provides an overall approach for managing and monitoring the environment 
related issues and describes the institutional framework and resource allocations to 
implement the EMMP along with the environmental monitoring plan. 

Chapter-10 provides the major conclusions in the light of the available Project plans, field 
surveys and impacts assessment; mitigation measures; and necessary recommendations. 

11∎  
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2 	POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK 

2.1 	General 

This chapter provides an overview of the official policy framework and legislation that applies 
for controlling the environmental consequences of the Project implementation and operation. 
The Project is expected to comply with all the policies, laws, guidelines, acts and legislations 
of the Pakistan and other related environmental aspects. 

2.2 	National Policy Framework 

Following elements of national policy framework are relevant to this Project: 

2.2.1 	National Conservation Strategy, 1992 

The Pakistan National Conservation Strategy (NCS), which was approved by the federal 
cabinet in March 1992, is the principal policy document on environmental issues in the 
Country (EUAD/IUCN, 1992). 

The NCS outlines the Country's primary approach towards encouraging sustainable 
development, conserving natural resources and improving efficiency in the use and 
management of resources. The NCS has 68 specific programs in 14 core areas in which 
policy intervention is considered crucial for the preservation of Pakistan's natural and 
physical environment. The core areas that are relevant in the context of the proposed Project 
are pollution prevention and abatement, restoration of rangelands, increasing energy 
efficiency, conserving biodiversity, supporting forestry and plantation and the preservation of 
the cultural heritage. 

2.2.2 	National Environment Policy, 2005 

The national environmental policy 2005 aims to protect, conserve and restore Pakistan's 
environment in order to improve quality of life of the citizens through sustainable 
development. The main objectives of the policy are: 

Conservation, restoration and efficient management of the environmental resources; 

Integration of the environmental considerations in policy making and planning process; 

• Capacity building of government agencies and other stakeholders at all levels for the 
better environmental management; 

• Meeting international obligations effectively in line with the national aspirations; and 

• Creation of a demand for environment through mass awareness and community 
mobilization. 

2.2.3 	National Climate Change Policy, 2012 

The National Climate Change Policy provides a framework for addressing the issues that 
Pakistan faces or will face in future due to the changing climate. In view of Pakistan's high 
vulnerability to the adverse impacts of climate change, in particular extreme events, 
adaptation effort is the focus of this policy document. The vulnerabilities of various sectors to 
climate change have been highlighted and appropriate adaptation measures spelled out. 
The policy covers measures to address issues in various sectors such as water, agriculture, 
forestry, coastal areas, biodiversity and other vulnerable ecosystems. 

Notwithstanding the fact that Pakistan's contribution to global greenhouse gas (GHG) 
emissions is very small, its role as a responsible member of the global community in 
combating climate change has been highlighted by giving due importance to mitigation 
efforts in sectors such as energy, forestry, agriculture and livestock. 
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Furthermore, appropriate measures relating to disaster preparedness, capacity building, 
institutional strengthening; technology transfer; introduction of the climate change issue in 
higher education curricula; ensuring environmental compliance through Initial Environmental 
Examinations (IEE) and Environmental Impact Assessments (EIA) in the development 

14* 

	

	process; addressing the issue of deforestation and illegal trade in timber; promoting Clean 
Development Mechanisms (CDM); and raising Pakistan's stance regarding climate change 
at various international forums, have also been incorporated as important components of the 
policy. 

The policy thus provides a comprehensive framework for the development of Action Plans 
for national efforts on adaptation and mitigation. This policy document is a 'living' document 
and will be reviewed and updated regularly to address emerging concepts and issues in the 
ever-evolving science of climate change. 

	

2.2.4 	National Disaster Risk Reduction Policy, 2013 

Disasters have an enormous and significant adverse impact on the development of key 
sectors of economy like agriculture, infrastructure, housing, health, and education and above 
all the environment, they result in a serious social and economic set-back to the 
sustainable development. Disasters also pose threat to increasing poverty and resultantly 
backslide the national development targets set to achieve the Millennium Development 
Goals (MDGs). Climate change induced disasters pose even greater threat to sustainable 
development in developing country like Pakistan which is ranked quite amongst the most 
vulnerable countries. Continuous floods of 2010, 2011 and 2012 are seen as an indication of 
more intense and frequent extreme events in the future. 

Disaster risk reduction interventions were being carried out in the country till date by 
• different departments / agencies in isolation at national, province and district levels. There 

was a strong need to give them directions and sound guidelines to align their activities in line 
with the true spirit of National Disaster Management Act, 2010 to counter the threats of 
disasters faced by the country. NDMA, being the lead focal agency for disaster 
preparedness and management, has therefore, embarked upon formulation of a 
comprehensive National Disaster Risk Reduction Policy through wider consultations with all 
stakeholders including all provinces, state of AJ&K and regions. This policy covers disasters 
risk reduction in a more holistic way and introduces a proactive and anticipatory approach by 
laying special emphasis on risk assessment and prevention. 

	

2.2.5 	Pakistan Labor Policy, 2010 

The main objective of the Labour Policy, 2010 is the social and economic well-being of the 
labour of Pakistan. The Labour Policy, 2010 has following four (04) parts: 

i) Legal Framework; 

ii) Advocacy: rights of workers and employers; 

iii) Skill development and employment; and 

iv) Manpower export. 

	

2.2.6 	Poverty Reduction Strategy Paper, 2003 

The full Poverty Reduction Strategy Paper of Pakistan (PRSP), prepared after a long 
consultative process involving the ministries, provincial and district governments, civil 
society, various interested groups, donors and grass root communities across the provinces 
of Pakistan. It outlines the broad framework and strategy for poverty reduction based on four 
(04) pillars: 

• Accelerating economic growth while maintaining the macro-economic stability; 

• Improving the governance; 
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• Investing in human capital; and 

• Targeting the poor and vulnerable. 

The PRSP also highlights the programs and policies of the Government under each of these 
41P. 	pillars and proposes indicators to monitor the outcome of these policies as well as 

intermediate indicators for social sectors.4  

2.2.7 	National Forest Policy Pakistan, 2001 

This policy covers the Renewable Natural Resources (RNR) of Pakistan i.e. forests, 
watersheds, rangelands, wildlife, biodiversity and their habitats. The policy seeks to launch a 
process for eliminating the fundamental causes of the depletion of RNR through the active 
participation of all the concerned agencies and stakeholders, to realize the sustainable 
development of the resources. It is an umbrella level policy providing guidelines to the 
Federal Government, Provincial Governments and territories for the management of their 
RNR. In consonance with it, the Provincial and District Governments may devise their own 
policies in accordance with their circumstances. 

The goal of this policy is to foster the sustainable development of RNR of Pakistan, for the 
maintenance and rehabilitation of its environment and the enhancement of the sustainable 
livelihoods of its rural masses especially women, children and other vulnerable groups. 

The elements of the policy are as follows: 

• Reducing the impact of socio-economic causes; 

• Population planning in critical ecosystems; 

• Providing substitutes to firewood in the wooded mountains; 

• • Reducing poverty, poverty of opportunity and Powerlessness; 

• Reducing political interference in the Forestry and Wildlife Departments; 

• Renovating and invigorating the institutions of RNR; 

• Supporting Local Governments in the sustainable development of their RNR; 

• Policies for fragile ecosystems; 

• Riverain forests; 

• Irrigated plantations; 

• Preservation of relict and unique forests; 

• Wildlife; 

4 

• Rangelands and desert ecosystems; and 

• Planting of trees and fodders on farmlands. 

2.3 	Pakistan Environmental Protection Act (PEPA), 1997 

PEPA, 1997 is a fairly comprehensive legislation and provides legislative framework for 
protection, conservation, rehabilitation and improvement of the environment. It contains 
concrete action plans and programs for the prevention of pollution and promotes sustainable 
development. However, after the approval of 18th  amendment all the power as delineated 
and referred in the PEPA, 1997 has been referred to the respective provincial Enviornmental 
Protection Agencies i.e. Sindh Enviornmental Protection Agency (SEPA) and Environmental 
Protection Agency (EPA), Punjab for the subject Project. All the relevant portions has or 

4  www.finance.gov.pk  
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being transformed for each province. However, the core legislation and spirit remains the 
same. 

The law Stipulates: 

• No Proponent of a Project shall commence construction or operation unless he has filed 
with the Government Agency designated by Pak-EPA or Provincial EPAs an EIA and 
have obtained an NOC; 

• Establishment and Formation of the Pakistan Environmental Protection Council; 

• Powers and Functions of the Federal and Provincial EPA; 

• Prohibition of certain discharges or emissions; 

• National Environmental Quality Standards (NEQS), for wastewater, air emissions and 
noise; and 

• Law also emPowers Federal Government to issue notices and to enforce them for the 
protection of the environment. 

For the effective implementation of the provisions of PEPA 1997, Pak-EPA headed by a 
Director General has been constituted. On the same pattern, EPAs have established in all 
the provinces. 

The capability of regulatory institutions for environmental management largely achieves the 
success of environmental assessment for ensuring that development Projects are 
environmentally sound and sustainable. 

2.3.1 	Pak EPA Regulations, 2000 

Under Section 12 (and subsequent amendment) of the 1997 Act, a Project falling under any 
category specified, in Schedule II, requires the Proponent to file an IEE or EIA with the 
Agency. Within ten (10) working days of the submission of IEE or EIA, the Agency will 
confirm that the document submitted is complete for the purpose of review. During this time, 
should the federal agency require the Proponent to submit any additional information; the 
IEE or EIA will be returned to the Proponent for revision, clearly listing those aspects that 
need further discussion. Subsequently, the Agency shall make every effort to complete an 
IEE review within forty five (45) days and an EIA review within ninety (90) days of filing of the 
complete information of report. 

As per PEPA, 1997 and EPA (Review of IEE and EIA) Regulations, 2000, Schedule-II, an 
EIA study is required for the 11 KV and above T/L. In accordance with the requirements of 
the TOR, the EIA will include the assessment of T/L route with regard to interference with the 
protected areas, recommendation of mitigation measures and its cost estimate, review of 
regulatory measures, development of environmental monitoring and management plans and 
recommendations to enhance the institutional capability of NTDC. 

It is also worth mentioning here that the Pak-EPA has delegated Powers to the provincial 
EPAs to enforce the provisions of the 1997 Act, an EIA will be submitted to the following 
agencies, if part of the proposed Project is falling in their respective domains: 

• Sindh Environmental Protection Agency (SEPA); and 

• Environmental Protection Agency(EPA) Punjab. 

Therefore, this EIA report needs to be submitted to the SEPA as well as EPA, Punjab for the 
issuance of NOC from both the agencies. 

2.4 	Guidelines for Environmental Assessment 

Pak-EPA has published a set of environmental guidelines for conducting environmental 
assessments and the environmental management of different types of development 
Projects. The guidelines that are relevant to the proposed Project are listed below. 
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• Guidelines for the Preparation and Review of Environmental Reports, Pakistan 
Environmental Protection Agency, 1997; 

• Guidelines for Public Consultation, Pakistan Environmental Protection Agency, May, 
1997; and 

• Sectoral Guidelines: Pakistan Environmental Assessment Procedures, Pakistan 
Environmental Protection Agency, October 1997. 

2.5 	Guidelines for Critical and Sensitive areas 

Protected areas are of crucial and growing importance. Properly managed protected areas 
are based on the establishment of a system, which aims to: 

• Safeguard the earth's precious biodiversity; 

• Protect outstanding areas of natural beauty; and 

• Conserve areas of cultural significance. 

In Pakistan, there exists a system of protected areas for the protection of endangered 
species, habitats, ecosystems, archaeological sites, monuments, buildings and other cultural 
heritage. The threats to protected areas in Pakistan are commercial-industrial pressures 
including mining, logging, overgrazing, cutting wood for fuel, development Projects and 
mismanaged tourism. Protected areas in Pakistan can be broadly categorized into two 
groups; i.e. 

• Ecosystems; and 

• Archaeological and cultural sites. 

There is no central or federal level legislation for Wildlife conservation in Pakistan. However, 
each province has its own laws covering protected areas. There are separate Wildlife 
departments in the provinces that administer protected areas. 

It should be noted that the above legislation consists of complicated, lengthy and legal 
documentation. Logically, only the relevant conservation authorities are in a position to 
provide the Proponent or Consultant with the most appropriate technical, scientific, 
administrative and regulatory assistance relating to the different legislations. 

The GOP in the past years has taken some concrete steps to preserve, conserve and 
manage our national heritage, fauna and vegetation through the establishment of protected 
areas. This is being done through legislation, scientific research and education. In all the four 
(04) provinces, there are statutes that provide for creation and management of national 
parks, wildlife sanctuaries and game reserves. 

The official classification of notified protected ecosystems in Pakistan consists of wildlife 
sanctuaries, national parks and game reserves. 

In addition, there are protected forests, reserved forests, village forests/guzara forests, state 
forests and range lands. The relevant conservation authorities supply information on these 
areas to the Proponent or Consultant. In planning and sitting a Project, the Proponent needs 
to focus on being sensitive to the particular values of the relevant ecosystem or 
archaeological and cultural sites. 

2.5.1 	Checklist of Procedure for Environmental Assessment 

Prior to any Environmental approval being granted by the responsible authority, the following 
steps should be undertaken: 

• First of all the Proponent should identify whether the site for the proposed development 
is within the precincts of a protected ecosystem, cultural and archaeological sites. For 
this the Proponent should refer to the list of notified ecosystem, archaeological and 
historical sites. This list was last updated in April 1997. If the proposed site is not 
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located in a notified area and there are no apparent ecological or cultural values 
associated with the site, take no further action; 

• If the Proponent, or Consultant identifies an ecological site that appears to be of 
importance, but the site is not listed, they should discuss the site with the relevant 
conservation authority; 

• If the site falls within the boundaries of a protected ecosystem, the relevant conservation 
authority in each province should be contacted for advice about the extent to which the 
development may be allowed and with what conditions. Certain protected areas may 
have total prohibition of development while others may allow controlled development; 

The relevant conservation authority should inform the responsible authority of their 
assessment of the significance of the likely impacts of the proposed development early 
in the process in order for the responsible authority to determine the level of 
documentation required. The Provincial EPA's will then be in a position to review the 
level of reporting required in the light of the advice from the conservation authorities; 
and 

• During the review of the environmental report, the responsible authority will liaise with 
the Conservation Authority to ensure that the impacts and mitigation measures detailed 
in the environmental report are well based to frame environmental approval conditions, 
which protect the values of the listed area. 

2.5.2 Protected Areas Clearance Procedure 

Protected areas help maintain the integrity and diversity of eco-systems, protect flora and 
fauna and facilitate ecological processes such as water flows, soil regeneration, nutrient 
cycling and so on, which is vital for all life. 

The Guidelines for Sensitive and Critical Areas have described the procedure for the 
clearance of the Forestry and Wildlife departments in case of the Project lies into the 
protected areas. 

The Secretary Forestry and Wildlife department at the provincial level will be involved in the 
comment and recommendation for EA that are related to ecosystems. The Proponent or 
consultant for a proposed development in a protected area will be required to contact the 
Secretary Forestry and Wildlife departments in Punjab, Sindh, KPK, Baluchistan, Azad 
Jammu and Kashmir (AJK), or Northern Areas. 

At the federal level, the office of the Inspector General Forestry (IGF) will be the central and 
national coordinator for the Provincial Wildlife department in the EA report review. The IGF 
office has on-going responsibilities for policy formulation, implementation, embedding 
process, monitoring, technical assistance and Research and Development (R&D) assistance 
if required. Finally, the IGF will need to be involved to assist in any dispute between the 
provincial Wildlife departments and the Proponent/consultant which they cannot resolve 
themselves. 

The EA report should not be finalized and submitted to the responsible authority (i.e. 
provincial EPA's) until there is consultation with the provincial Wildlife departments and their 
comments and recommendations are taken into consideration as part of the mitigation and 
control measures. 

These guidelines are expected to be included by the Federal IGF Office in the refinement of 
their current Forestry Master Plan for upto year 2017. The involvement of the provincial 
Wildlife departments and Federal IGF in the EA report review will become a critical part of 
the process for Project review and approval, for development in or vicinity of protected 
ecosystems. 

While the provincial Wildlife Conservation Departments and the Federal IGF will provide this 
technical and specialized expertise in the review process, the review of the environmental 
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reports and the provision of any Environmental approval will be undertaken by the 
responsible authority, as provided for in the Act and elsewhere in the package. 

2.6 	Pakistan Environmental Impact Assessment Procedures 

These are descriptive documents guidelines the format and content of IEE/EIA reports to be 
submitted to Federal and Provincial EPA for obtaining NOC. Following are the major areas, 
which are covered by these guidelines: 

• The EA report formation (scope, type and category of Project, description of Project, 
alternatives, site selection, baseline data); 

• Assessing impacts (identification, analysis and significance); 

• Mitigation and impact management and preparing an EMP; 

• Reporting (format, main features, shortcomings, other forms of presentation); 

• Review and decision making (role, steps, remedial options, checks and balances); 

• Monitoring and auditing (systematic follow up, effective data management); and 

• Project management (inter-disciplinary teams, programming and budgeting). 

2.7 	Guidelines for Public Consultation 

The Pak-EPA published these guidelines to deal with possible approaches to public 
consultation and techniques for designing an effective program of consultation that reaches 
out to all major stakeholders and ensures the incorporation of their concerns in any impact 
assessment study. These guidelines cover: 

• Consultation, involvement and participation of stakeholders; 

• Effective public consultation (planning, stages of EIA where consultation is appropriate); 
and 

• Facilitation involvement (including the poor, women and NGOs). 

2.8 National Environmental Quality Standards (NEQS) 

The NEQS, 2000, specify the following standards: 

• Maximum allowable concentration of pollutants (32 parameters) in municipal and liquid 
industrial effluents discharged to inland waters, sewage treatment facilities and the sea 
(three separate sets of numbers); 

• Maximum allowable concentration of pollutants (16 parameters) in gaseous emissions 
from industrial sources; 

• Maximum allowable concentration of pollutants (two (02) parameters) in gaseous 
emissions from vehicle exhaust; and 

• Maximum allowable noise levels from vehicles; 

The NEQSs for motor vehicle exhaust and noise was approved in 2009. These NEQS 
specify the exhaust and noise standards for in use vehicles and new vehicles (Petrol and 
Diesel vehicles). 

The NEQSs for ambient air quality, drinking water quality and noise has been approved in 
2010. These NEQS specify the following: 

• Maximum allowable concentration of pollutants (nine (09) parameters) for ambient air; 

• Maximum allowable concentration of pollutants (35 parameters) in drinking water; and 

• Maximum allowable noise levels during day and night time for residential area, 
commercial area, industrial area and silence zones. 
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2.9 	National Resettlement Policy and Ordinance 

As referred above, at present the only legislation relating to land acquisition and 
compensation is the Land Acquisition Act (LAA) of 1894. Experience with large-scale 
infrastructure development projects implemented by institutions such as WAPDA has 
demonstrated the need for a cohesive national policy for resettlement. Following a national 
consultative process, a national resettlement policy and a related ordinance were drafted 
known as Draft Resettlement Policy, 2002 which still has to be approved by the Government. 

2.10 	Other Environment Related Statutes 

This section outlines the other statutes apart from PEPA, 1997, which are relevant to the 
project. 

2.10.1 The Land Acquisition Act, 1894 

At this point, the only legislation relating to land acquisition and compensation is the LAA of 
1894. The LAA is, however, is limited to a cash compensation policy for the acquisition of 
land and built-up property and damage to other assets, such as crops, trees and 
infrastructure. The LAA does not consider the rehabilitation and resettlement of disrupted 
populations and the restoration of their livelihoods. 

2.10.2 The Telegraph Act, 1885 

This Act was promulgated for installation of telegraph poles and stringing. This Act makes a 
provision of installing poles/Towers without acquiring any land. However, provision is there 
for temporary acquisition of land during the construction period. As such, compensation is 
made for the loss of crop for a specific period. 

2.10.3 Pakistan Penal Code, 1860 

The Pakistan Penal Code deals with offences where public or private property and/or human 
lives are affected due to the intentional or accidental misconduct of an individual or body of 
people. In the context of environment, the Penal Code emPowers the local authorities to 
control noise, noxious emissions and disposal of effluents. The NEQS enforced by the EPAs 
supersede the application of this legislation on industries and municipalities. 

2.10.4 Affected Persons Ordinance, 2001 

This Ordinance was promulgated in 2001 by the federal government to provide relief to 
persons or households affected by any Project due to loss of land or displacement. The 
Project under review is not affected by the provisions of this law as no displacement of 
population is expected to occur. 

2.10.5 Electricity Act, 1910 

The Act provides a legal basis for distribution of Power. It enables a licensee to conduct 
operations for supply of electricity and binds the license to payment of compensation in 
respect of any damages caused during the construction, operation and maintenance of 
Power distribution facilities. 

2.10.6 The West Pakistan Water and Power Act, 1958 

This Act authorizes WAPDA to construct and operate electrical T/Ls with Powers and 
obligations of a license under the Telegraph Act, 1910. This Act also establishes policy for 
land acquisition and compensation, as well as the degree of liability of WAPDA for damages 

V 	sustained by landowners or others. 

2.10.7 The Forest Act, 1927 

The Forest Act emPowers provincial governments to prohibit the clearing of forest for 
cultivation, grazing, hunting, removing forest produce; quarrying and felling, lopping and 
toping of trees, branches in reserved or protected areas. 
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2.10.8 Provincial Wildlife (Protection, Preservation, Conservation and Management) 
Acts, Ordinances and Rules (Act, 1972) 

In addition to emPowering the provincial Wildlife departments to establish game reserves, 
parks and Wildlife sanctuaries, these Acts regulate the hunting and disturbance of Wildlife. 

2.10.9 Sindh Wildlife Protection Ordinance, 1972 

The Sindh Wildlife Protection Ordinance was approved in pursuance of the Martial Law 
Proclamation of 25th  March, 1969. Under this Ordinance, three types of protected areas viz. 
National Park, Wildlife Sanctuary and Game Reserve have been notified for protection, 
conservation and preservation and management of Wildlife. 

2.10.10 Punjab Wildlife (Protection, Preservation, Conservation and Management) 
Act, 1974 

This Act was enacted in 1974 for the regulation of activities relating to protection, 
conservation and management of Wildlife in the province. Enabling rules were notified in the 
same year to enforce the Act. 

2.10.11 Punjab Plantation and Maintenance of Trees Act, 1974 

The provincial government enacted this law in 1974 to regulate tree plantation and enforce 
measures for the protection of tree plantations in the province. 

2.10.12 Cutting of Trees (Prohibition) Act, 1975 

The Act was enforced in 1975 to place restrictions on cutting of trees in order to restrain 
unchecked trend of tree felling without replacement plantations. 

2.10.13 Protection of Trees and Brushwood Act, 1949 

The Protection of Trees and Brushwood Act, 1949 prohibits cutting or chopping of trees and 
brushwood without prior permission of the relevant department in the provincial government. 

2.10.14 Provincial Local Government Ordinances, 2001 

These ordinances, issued following the devolution process, establish regulations for landuse, 
the conservation of natural vegetation, air, water and land pollution, the disposal of solid 
waste and wastewater effluents, as well as matters related to public health and safety. 

2.10.15 Antiquities Act, 1975 

The Antiquities Act relates to the protection, preservation and conservation of 
archaeological/historical sites and monuments. 

2.10.16 Sindh Cultural Heritage (Preservation) Act, 1994 

This provincial Act emPowers the Government of Sindh to preserve and protect any 
premises or objects of archaeological, architectural, historical, cultural, or national interest in 
Sindh by declaring them protected. 

2.10.17 Explosives Act, 1884 

Under the Explosives Act, the Project Contractors are bound by regulations on handling, 
transportation and using explosives during quarrying, blasting and other purposes. 

2.11 	ADB Safeguard Policy Statement, 2009 

ADB affirms that environmental and social sustainability is a cornerstone of economic growth 
and poverty reduction in Asia and the Pacific. ADB's Strategy 2020 therefore emphasizes 
assisting DMCs to pursue environmentally sustainable and inclusive economic growth. In 
addition, ADB is committed to ensuring the social and environmental sustainability of the 
projects it supports. In this context, the goal of the SPS is to promote the sustainability of 
project outcomes by protecting the environment and people from projects' potential adverse 
impacts. 
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The objectives of ADB's safeguards are to: 

• avoid adverse impacts of projects on the environment and affected people, where 
possible; 

• minimize, mitigate, and/or compensate for adverse project impacts on the environment 
and affected people when avoidance is not possible; and 

• help borrowers/clients to strengthen their safeguard systems and develop the 

• Capacity to manage environmental and social risks. 

ADB's SPS sets out the policy objectives, scope and triggers, and principles for three key 
safeguard areas: 

• environmental safeguards; 

• involuntary resettlement safeguards; and 

• Indigenous Peoples safeguards. 

To achieve the policy objectives and deliver the policy principles, ADB carries out the actions 
described in the following subsection ("B. Policy Delivery Process"). To help 
borrowers/clients and their projects achieve the desired outcomes, ADB adopts a set of 
specific safeguard requirements that borrowers/clients are required to meet in addressing 
'environmental and social impacts and risks. ADB staff, through their due diligence, review, 
and supervision, will ensure that borrowers/clients comply with these requirements during 
project preparation and implementation. These safeguard requirements are as follows: 

• Safeguard Requirements 1: Environment (Appendix 1); 

• Safeguard Requirements 2: Involuntary Resettlement (Appendix 2); 

• Safeguard Requirements 3: Indigenous Peoples (Appendix 3); and 

• Safeguard Requirements 4: Special Requirements for Different Finance Modalities 
(Appendix 4). 

As per ADB requirement the subject Project requires an IEE study. However, in the absence 
of any national level resttlement policy and framework, ADB SPS has been included to take 
care of the compensation and rehabilitation rights of the affectees. 

2.12 	International Protocols and Obligations 

As Pakistan is a member of a number of international organizations like United Nations 
Organization (UNO), Organization of Islamic Countries (01C), South Asian Atlantic Regional 
Corporation (SAARC), Economic Corporation Organization (ECO) etc., so it has to follow the 
international protocols and obligations related to the environment. The protocols and 
obligations related to the proposed project are as under: 

2.12.1 Convention on Biological Diversity, 1994 

The Convention on Biological Diversity (CBD), known informally as the Biodiversity 
Convention, is an international legally binding treaty. The Convention has three main goals: 

• Conservation of biological diversity (or biodiversity); 

• Sustainable use of its components; and 

• Fair and equitable sharing of benefits arising from genetic resources. 

In other words, its objective is to develop national strategies for the conservation and 
sustainable use of biological diversity. It is often seen as the key document 
related sustainable development. 
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2.12.2 The Convention on Conservation of Migratory Species of Wild Animals, 1979 

The Convention requires the countries to take action to avoid damage to endangering 
migratory species. Species covered in the Convention should be given special attention 
during EA and monitoring and any impacts identified should be mitigated to acceptable 
levels. 

2.12.3 The Rio Declaration, 1992 

The Rio Declaration comprises 27 principles which address important issues such as; 
sustainable development to integrate environmental protection into the development 
process; common but differentiated responsibilities to conserve, protect and restore the 
earth's ecosystems; public participation and information access at the national level, reduce 
and eliminate unsustainable patterns of production and consumption. 

2.12.4 Convention on Wetlands (Ramsar Convention), 1971 

The broad aim of the Convention on Wetlands (Ramsar, Iran, 1971) is to halt the worldwide 
loss of wetlands and to conserve those that remain through wise use and technology 
transfer. Contracting Parties have made commitments to: 

• Designate at least one site that meets the Ramsar criteria for inclusion in the list of 
wetlands of international importance; 

• Protect the ecological character of listed sites; 

• Include wetlands conservation within their national land-use planning; and 

• Establish nature reserves on wetlands and promote wetland training. 

2.13 	NTDC Safety Considerations 

NTDC Design Directorate has issued safety considerations which must be borne in mind 
during selection of route for a T/L. The main points of the guidelines are: 

• Operation in environmentally sensitive areas with special respect for fragile ecosystems 
and their inherent biodiversity are to be avoided to the extent possible; 

• Similarly, ROW for a T/L through natural features like mountains, hilly terrain susceptible 
to landslides, large lakes, reservoirs, marshes, human habitations and reserved forests 
or national parks are to be avoided to the extent possible; 

• ROW is selected after due consideration for location of telecommunication lines and 
railway circuits to avoid electrical interference due to mutual induction; 

• Residential structures are kept a minimum of 12 m out from the plumb line of the outer 
conductor in the ROW. However, in the absence of an alternative alignment, an 
exception can be made for farm buildings and single floor factory buildings, provided 
neither is used for purposes of residence; 

• Innovative technologies and latest equipment must be adopted or used to abate 
pollution in construction activities and operations; 

• Routes of T/Ls are avoided to the maximum extent through areas of cultural or historical 
importance and religious places; 

• Tubewells and open wells using a surface pump are not permitted under high voltage 
conductors as piping and cranes used to recondition such wells could make contact with 
high voltage conductors; 

• Existing orchards can remain within the ROW although Towers are kept out of orchards 
wherever possible. Orchards are to be over-sailed by a clearance of six (6) m above the 
height of a mature orchard whereas all other trees are to be removed; 
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• Brick kilns should be kept at 30 m outside the centerline of ROW; 

• Alternative route alignments should be used if any school, rural dispensary, mosque or 
local shrine (ziarat) falls within 200 m of the centerline of a planned route; 

elk 	• 	Existing open wells and hand pumps can remain under high voltage conductors, 
provided open wells are capped; 

• Selection of sites for Tower foundation and Tower erection is made consciously on 
stable surfaces and by rejecting sites susceptible to erosion, slips and landslides; 

• Alignment of the T/L is made by NTDC after discussions with key persons of the area 
and by avoiding properties and infrastructure to the extent feasible; 

Spacing between Towers/poles may not be uniform and ranges could vary for physical 
and other considerations, such as crossing of main roads, residential areas, streams 
and canals and trees and for avoiding graveyards and big ditches in between 
Towers/poles; 

• The route alignment of the T/L, location of the Towers/poles and the corridors are 
identified by NTDC; 

• The main consideration relating to public safety is a safe horizontal and vertical distance 
of conductor from ground level to prevent electrocution of people or animals under the 
T/L. A corridor having a minimum width of 30 m, clear of all obstructions, is provided for 
extra high voltage (500 KV and 220 KV) T/Ls (half on either side from the centerline). 
However, general farming within this corridor is allowed and tree plantations that do not 
exceed a height of one and a half (1.5) meter are also allowed to remain under the lines. 
Similarly, open wells, including Persian wheels, can remain under T/Ls. Tubewells and 
pumps are not permitted under high voltage conductors, because piping and cranes 
used to refurbish such wells may come into contact with the lines; and 

• No residential or other public buildings such as factory, school, hospital and mosque, 
except for graves/graveyards, are permitted within the corridor. However, farm buildings 
which are used for residential purposes may remain under extra high voltage lines, 
provided vertical clearance of at least eight m is maintained. The height of Towers can 
be increased to accommodate such buildings. 
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3 	ANALYSIS OF ALTERNATIVES 

3.1 	General 

This Chapter deals with an analytical overview of the different alternatives that have been 
considered in the Project. The analysis has been carried out critically so as to justify the 
need of the Project and the selected options. Besides the economic viability, environmental 
sustainability and social soundness, the proposed Project was considered for various 
alternatives. The various alternatives which have been considered during the Feasibility 
Study are: 

• No Project Option (NPO); 

• Technological System Study of T/L Alternatives; 

• Route Alignment Alternatives; and 

• Design Alternatives. 

3.2 	No Project Option (NPO) 

Pakistan is facing acute shortage of Power due to increase in population and industrial 
development, which has created a huge gap between the demand and supply of electric 
Power. Currently being utilized Power generating sources are not sufficient to meet the 
electricity demand of today and obviously insufficient to meet the future ever increasing 
demand. Currently the resources whih are being utilized are mostly based on the imported 
fuel oil which prove to be the most expensive one. Hence GOP has to spend millions of 
foreign exchange to import fuel to run these Power Plants. According to the available data, 
the installed power generation capacity in Pakistan is estimated to be about 22,104 MW 
including 8,793 MW and 5,458 MW from thermal private and public generating units 
respectively, 7,097 MW from hydro, 650 MW from nuclear and 106 MW from winds. The gap 
between supply and demand in the PEPCO's system went over 6,000 MW6  mark, it 
remained around 4,000 to 5,000 MW for most part of the year. The gap representing about 
one third of the total demand in PEPCO's system, forced one third of the electricity 
consumers to remain without electricity over a twenty-hour period. Further reduction in 
supply due to constraints in the transmission and distribution networks led to load shedding 
of up to 12 hours in urban areas. 

This has caused inflationary pressure on the general public. Inflationary pressure created a 
social instability and misconception among the masses towards the Government. At present, 
there is a dire need for commissioning additional Power generation resources to overcome 
the shortage of electricity. 

Figure 3-1 shows the relative costs comparison of different electricity generation 
technologies. Graph reveals that energy generation from coal and nuclear energy are 
competitive with (or better than) other conventional energy generation (gas, hydro etc.), 
although there is some variance while solar is the most expensive. The electricity produced 
through renewable sources i.e. Hydel, Solar and Wind is environment friendly, but these 
energy generation Projects demands higher capital cost and long time to complete. 

Electricity demand and supply gap is increasing annually and causing a great economic loss 
to the Country. According to estimates', for example energy deficit for the year 2010 has 
given Rs. 45 billion blow to the economy of Pakistan. This is, however, a high time to exploit 
other resources including the coal resources of the Country to for power generation. Thar 
coal has great potential for mining and Power generation. Thar Coal presents an electricity 

5 Power System Statistics, 2013-2014, NTDC 

7 WAPDA Official Website 

6 State of Industry Report, 2013, NEPRA 
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generation potential of more than 20,000MW8. Moreover, Karachi and adjoin regions can be 
utilized to install power plants based on the imported coal due to the avaialbity of shore line. 

Figure 3-1: Relative Costs of Electricity Generation Technologies (2003 Canadian cent 
per Kilowatt hour)9  
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Source: CERI, Relative Cost of Electricity Generation Technology, September 2006 

In order to cope with eminent Power crises and to reduce crunch of load shedding, the GOP 
has also decided to generate energy from the sources other than fuel oil. In this regards 
varous options are being considered and being implemented. A status summary of planned 
Power generation from the Thar and Karachi is given below in Table 3-1: 

Table 3-1: Status Summary of Planned Power Generation 19  

Sr. 
No. 

Company / Project 
Developer 

Generation 
Capcity 

Participants 

1 
EngroThar Coal 
Power Plant 2x330MW 

The Employer is Sindh Engro Coal 
Company. China Machinery Engineering 
Corporation participated in thewayofEPC. 

2  
SSRLThar Coal 
Block-I Mine Mouth 
Power Plant 

2x660MW 
China Power International Development 
Limited exploited in the holding way of 
BOO. 

3 Port Qasim Coal 
Power Plant 

2x660MW 
Power Construction Corporation of 
China, Ltd exploited in the holding way 
of BOO. 

4 
Hubco Coal
Power Plant 

lx660MW 

The Employer is Hubco Electric 
Power Company2ower Construction 
Corporation of China,Ltd participated 
in the exploiting. 

Total 3,960 MW 

&Thar Coal Development Authority Official Website 

9http://www.cna.ca/curriculum/cna_world_energy_res/comparison-eng.asp?bc=Comparison%2  
Oof%20Electrical%20Generation&pid=Comparison%20of%20Electrical%20Generation 

10Thar Coal and Energy Board 
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It is envisaged that about 4,000MW capacity of Power Projects will be installed in Karachi 
and Thar regions with a potential of future expansion and T/L need to be established for 
transmitting this quantum of Power from these area to Upcountry. 

The existing NTDC Grid map of 500 and 220 KV systems is attached as Figure 3-2. The 
Southern and Northern line diagrams of NTDC system are shown as Figures 3-3 and 3-4. 
The existing grid station at Jamshore cannot tap this anticipated capacity of power, hence a 
coverter station at Matiari is being proposed. Similalry to despatch this power from Matiari to 
the load distribution ceters of NTDC grid, T/L is required which can carry bulk power. 
Keeping in view the existing system, NTDC has proposed a new T/L to transmit the Power 
from these areas to Upcountry. The T/L will be established on BOOT basis after technical, 
economical and environmental consideratoins. 

As electricity is pivotal for running all sectors and directly influences the economy. The 
economic progress is hampered due to the shortage of electricity. One important factor of 
lower GDP and inflation of commodity prices in recent years is attributed to shortfalls in 
electricity supply. Electricity cannot be used until or unless the electricity is supplied to the 
national grid. Hence to utilize the generated electricity, T/Lneed to be established to the 
major load distribution centers of Pakistan. 

The proposed T/L Project is a cost effective option to dispatch the bulk electricity from 
Matiari to major electricity supply centers of Pakistan. Based on the facts mentioned above, 
NPO, if exercised, electricity produced from Karachi and Thar areas cannot be supplied to 
the consumers which may push Pakistan to further increase shortage of electricity and 
willcause losses to national economy. In light of above situation, NPO is not acceptable. 

3.3 	Study of T/L Potential Route Corridors 

A T/L is a linear severance of the landscape, similar to a highway or railway line. However, 
the environmental impact is usually significantly less than that of a highway or railway line. 
This is mainly due to the fact that permanent contact with the ground is limited to the 
Towers, at approximately 400m intervals along the line route as compared to a highway or 
railway, which have continuous ground contact and act as a barrier for people and animals. 

In order to find the potential route corridors of the T/L existing generation points, sub-stations 
and terminal points were studied. Based on the study, proposed routes of the T/L in 
segments which join the generation point, Sub Stations and terminal points are summarized 
below in Table 3-2: 
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Table 3-2: Proposed T/L Routes 

Sr. 
No. Route Description Length 

(Km) 
1 i-600KV HVDC Bipole from Thar Coal to Lahore (S), Circuit-I 1020 
2 ±600KV HVDC Bipole from Thar Coal to Lahore (S), Circuit-II 1020 
3 i-600KV HVDC Bipole from Thar Coal to Faisalabad (W), Circuit-I 980 
4 ±600KV HVDC Bipole from Thar Coal to Faisalabad (W), Circuit-II 980 
5 i-660KV HVDC Bipole from Thar Coal to Faisalabad (W), Circuit-II 880 
6 ±660KV HVDC Bipole from Matiari to Lahore 870 

The selection of an appropriate route corridor of the above mentioned T/Ls was critical as 
the environmental and resettlement issues as well as existing infrastructures, such as roads 
and railway lines crossings, protected areas etc. need to be taken into account. The cost of 
the construction of T/L is a critical factor that needs to be considered. In order to minimize 
the construction cost, the Consultant has adopted efficient approach for avoiding steep 
slopes, forested land protected/sensitive areas etc. 

3.4 	T/L Route Alignment Criteria 

Consultant considered the environmental and resettlement issues associated with the 
proposed T/L routes for the comparison of different options. The Consultant developed the 
Route Alignment Criteria based on the technical as well as critical environmental and social 
including resettlement parameters in order to minimize the impacts to the extent possible. 

410 	The following criteria were developed for the selection of T/L route considering physical, 
ecological and socio-economic environments: 

Avoid densely populated areas/towns; 

Avoid indigenous or tribal settlements; 

Avoid cultural, religious and historical buildings; 

Minimize disturbance to the natural habitats of flora and fauna; 

Avoid major birds migratory routes; 

• Avoid Wildlife sanctuaries, national parks and game reserves; 

• Avoid potentially security vulnerable areas; 

• Appropriate distance from the sensitive receptors (for instance, minimum 500m); 

• Avoid crossing large water bodies like lakes, rivers or streams; and 

• Avoid crossing airports, railway tracks and other similar structures and facilities. 

3.4.1 	Routing of T/Ls and Converter Stations 

After studying potential T/L corridor, one potential route after considering different routes i.e. 
Route A was considered for further studies. Figure 3-5 shows the Route A marked on 
satellite imagery. 

Initially Route A was identified by the CET design team and marked on the imagery. The 
details of Route A are given in Table 3-3. Subsequently, NESPAK team evaluated this route 
by identifying various kinds of features (natural as well as manmade) with the major 
emphasis on settlements and ecological sensitive areas. Large number of settlements, along 
with the crossings on protected forests, wetlands, agriculture land was identified during the 
route alignment study. These limitations were marked on the route map and a constraint 
map was developed. Later, Route A was modified to minimize these identified constraints. 

4 
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This route was marked as Route B. Route B was marked on the satellite imagery to meet the 
route alignment criteria. 

With this alignment the effected settlements were considerable reduced.Details of Route B 
are given below in Table 3-3. Based on the desk studies, information collected through 
available documents/imageries etc. and in the light of identified significant features, the 
Route B was considered for route optimization. Figure 3-5 shows the Route A & B. 

Route Optimization 

The route optimization was carried out by the team of experts along with the environmental 
and resettlement experts to optimize the Route B by physical observations at the site. The 
route optimization survey was started from Matiari to Lahore. The team adopted the same 
approach as described in the route alignment criteria to minimize the environmental and 
resettlement issues. Based on the findings of route optimized survey, Route B was further 
modified to further minimize the issues and was finalized as Route C. A comparison of 
Route A, B and C is shown in Table 3-3. 

II 

4 
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Table 3-3: Summary of the T/L RouteOptions 

Sr. 
No. Parameter Option A Option B Option C 

1 Settlements >350 <240 <170 

2 Wildlife sanctuaries, national 
parks and game reserves 

5 3 0 

3 Forests 4 2 2 

4 Airports and other similar 
structures 

>5 <4 <1 

5 Large water bodies like lakes, 
rivers or streams; 

2 2 2 

6 Infrastructure like roads, railway 
crossings etc. 

>175 <150 <75 

Based on the comparison Route C was finally selected based on technical we well as 
environmental grounds. 

3.5 	Technological Alternatives 

To find the most economical and environmental friendly technology to dispatch the 
electricity, various technological options were considered. In principle alternatives are 
available for the transmission of Power i.e. through High Voltage Alternating Current (HVAC) 
and High Voltage Direct Current (HVDC). Apart from the choice between AC and DC, 
selection of 500, 660 and 765 KV circuits is also available. All these alternatives were 
considered for the proposed T/L Project. 

The first electric generator was the direct current (DC) generator and hence, the first T/L was 
constructed with DC. The basic discoveries of Galvani, Volta, Oersted, Ohm and Ampere 
were in the DC field. Thomas A. Edison built the first electric central station in the world in 
1882, on the Pearl Street, in the New York, which was the DC current. Despite the initial 
supremacy of the DC, the alternating current (AC) supplanted the DC for greater uses. This 
is because of the availability of the transformer, the induction motor and polyphase circuits in 
the 1880s and 1890s. 

The transformer is a very simple device and easy to operate to change the voltage level for 
the transmission, distribution and use. The induction motors are the workhorse in the 
industries and work only with AC. That is why AC has become very useful for the 
commercial and domestic uses. But for the transmission of electricity over long distances, 
DC is still more favourable than AC because of its economical, technical and environmental 
advantages, such as decrease need for new Power stations, reduced ROW and less visual 
impacts. High voltage DC (HVDC) Transmission system consists of three basic parts: 1) 
Converter Station to convert AC to DC 2) T/L or conductor 3) second Converter Station to 
convert back to AC. HVDC transmission systems can be configured in many ways on the 
basis of cost, flexibility and operational requirements. 

Current and voltage limits are the two important factors of the high voltage T/L. The AC 
resistance of a conductor is higher than its DC resistance because of skin effect and 
eventually loss is higher for AC transmission. The switching surges are the serious transient 
over voltages for the high voltage T/L, in the case of AC transmission the peak values are 
two or three times of normal crest voltage but for DC transmission it is 1.7 times normal 
voltage. HVDC transmission has less corona and radio interference than that of a HVAC T/L. 
The total Power loss due to corona is less than 5 MW for a ± 450 KV and 895 km HVDC T/L. 

EIA Report 
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These alternatives were based on the following data obtained from the NTDC Planning 
Department. 

• Load Forecast upto 2030; 

4 	• Generation Plans upto 2030; and 

• Transmission Plans upto 2017-18. 

To evolve the most feasible T/L route, the analysis was focused on the ultimate spot year of 
the study i.e. 2030. The overall quantum of targeted Power to be transferred from south to 
Upcountry by the year 2030 as per the information provided by NTDC is given below in 
Table 3-4: 

Table 3-4: Proposed Power Generation Plan 

Sr. No. Power Plant Location MW 

1 Imported Coal (Public Sector) Karachi 1,000 

2 Imported Coal (IPP) Karachi 1,200 

3 IPP Thar 1,200 

4 Public Sector Thar 1,200 

5 Additional IPPs Thar 2,600 

6 Nuclear Karachi 1,000 

7 Nuclear Karachi 1,000 

8 Sub-total 9,200 

9 Additional IPPs Thar 15,000 

Total 24,200 

It is clear from above table that the significant component of proposed Power addition in 
South will be obtained from the Thar and Karachi regions. The system conditions of low 
water of January 2030 based on available climate change predictions have also been 
simulated based on the data received from NTDC. Hence based on the above HVDC T/L is 
considered most appropriate for the bulk despatch of power. 

3.6 	Converter Station Site Selection Guidelines 

Since, the Project is being implemented on urgent basis and the detailed topographic survey 
and design of the Converter Stations is yet to be carried out, the following points will be 
taken care of at a later stage: 

• To minimize the resettlement, relocation of the existing infrastructure like roads, 
railways, cultural and religious sites etc. and alignment will be adjusted during the 
detailed survey; 

To avoid the cutting of fruit trees like apple and peach, alignment might be adjusted. 
However, an alternative for provision of Towers with maximum height to achieve the 
minimum required clearance will also be considered especially at sites where change of 
alignment is not possible; 

• Adjustment of Towers to provide the minimum required vertical clearance at crossing 
points of roads; and 

• Based on the site conditions, Towers with adequate height will be used to provide the 
required clearance; 

3-11 
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• Ease of acceccibility from main road; 

• Proximity to the major disaster and emergency management authorities; 

Note: These alternatives considered in this chapter are indicated for comparison purpose 
4 	only. 
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4 	PROJECT DESCRIPTION 

4.1 	General 

This Chapter provides an overview of the Project including the proposed T/L route, 
Converter Stations, and their design construction aspects. The chapter provides details of 
project type, design considerations, construction aspects, construction procedures, and 
Operation and Maintenance. For in-depth technical details, reference to the Desing 
Document is recommended. 

4.2 	Type of the Project 

The proposed Project is essentially a linear T/L Project with some components which are of 
non-linear nature such as Converter Stations, etc. 

The proposed Project comprises following two (02) major components: 

i. 	Transmission line; and 

a. Conductors; and 

b. Towers. 

ii. 	Converter Stations. 

Schematic diagram of the proposed T/L is shown in Figure 4-1. These are detailed below: 

4.2.1 	Transmission Line 

The length of the proposed T/L route is about 865.55 km, out of which about 314.9 km lies in 
Sindh province, while the rest of 550.65 km is located in Punjab province. 

The T/L route passes through plain sandy and alluvial lands in Sindh and Punjab provinces. 
During selection of the alignment of the proposed T/L, efforts were made to avoid the 
existing settlements, infrastructure and other features by following the criteria mentioned in 
Chapter 3. 

Total numbers of AMs in the proposed T/L are about 169 in number. Out of total, 49 AMs 
falls in Sindh province while rest are located in Punjab province. Total Towers in the 
proposed line from Matiari in Sindh to Lahore in Punjab are estimated to be about 1898 in 
number. Out of these, about 681 Towers will be erected in Sindh while the remaining towers 
are to be raised in Punjab. The spacing between the Towers shall not be uniform because of 
the physical and other considerations like crossing of main roads, railway line, canals etc. for 
avoiding houses, infrastructure and cultural properties. However, average distance between 
Towers can vary from 275 to 340 m considering the topography and land use of the areas. 
Considering comprehensive carrying capacity, electromagnetic environment, mechanical 
property, tower load, economy, conductor manufacture, stringing construction, operating 
maintenance etc. and nature condition, steel reinforced aluminum conductor 4xJL/G3A-
1000/45 is adopted in this project. For coastal areas, considering the anticorrosion 
requirement, all aluminum alloy conductor 4XJL/LHA1-745/335 is adopted. In budgetary 
estimates of this project, steel reinforced aluminum conductor 4xJUG3A-1000/45 is 
considered. 

According to the requirement of communication, there are two OPGW optical fiber cable in 
this project. Considering electrical, mechanical and lightning proof factor, OPGW-150 is 
recommended in this phase. 

4-1 
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4.2.2 	Converter Stations 

Converter Stations, a type of Sub Station, convert the generated electricity from HVAC to 
HVDC and vice versa. 

For the planned T/L from Matiari to Lahore, as a part of this Project a Converter Station near 
the proposed Sub Station at Matiari and a Converter Station near proposed Lahore Sub 
Station are proposed. After passing through the Converter Station ±660 KV HVDC T/L will 
despatch the electricity to Converter Station located near Lahore to connect it to Lahore Sub 
Station (refer to Schematic Diagram Figure 4-1). From new Sub Station electricity will be 
transferred to the national grid. 

Converter Stations generally have switching, protection and control equipment and 
transformers. In a large Converter Station, circuit breakers are used to interrupt any short 
circuits or overload currents that may occur on the network. Smaller distribution station may 
use reclose or fuses for protection of distribution circuits. Converter Stations themselves do 
not usually have generators, although a Power Plant may have a Converter Station nearby. 
Other devices such as capacitors and voltage may also be located at a Converter Station. 

Converter Stations may be on the surface in fenced enclosures, underground, or located in 
special-purpose buildings. Where a Converter Station has a metallic fence, it must be 
properly grounded to protect people from high voltages that may occur during a fault in the 
network. Earth faults at a Converter Station can cause a ground potential rise. Currents 
flowing in the earth's surface during a fault can cause metal objects to have a significantly 
different voltage than the ground under a person's feet; this touch potential presents a safety 
hazard due to electrocution. 

The new Converter Stations sites have been identified in the vicinity of Matiari area to ease 
the inter-connection of the incoming and outgoing T/Ls for Power dispersal. 

Similarly for Lahore, potential site for the Converter Station has been identified in the area 
outside the Lahore city to ease the connection of the incoming and outgoing T/Ls for Power 
dispersal. Its location will, however, be finalized in consultation with NTDC. Converter 
stations potential sites locations are shown in Figure 4-2 (a) and (b). 

4.3 	Design Aspect 

Following is the brief description of the design aspects of the proposed T/L, Converter 
Stations and Towers: 

4.3.1 	Transmission Line 

Electric-Power transmission is the bulk transfer of electrical energy, from generating Power 
Plants to electrical substations located near demand centers. This is distinct from the local 
wiring between high-voltage substations and customers, which is typically referred to as 
electric Power distribution. T/Ls, when interconnected with each other, become transmission 
networks. 

Historically, transmission and distribution lines were owned by the same company, but 
starting in the 1990s, many countries have liberalized the regulation of the electricity market 
in ways that have led to the separation of the electricity transmission business from the 
distribution business". 

Most T/Ls use high-voltage three-phase AC, although single phase AC is sometimes used in 

• 	railway electrification systems. HVDC technology is used for greater efficiency in very long 
distances (typically hundreds of miles (kilometres), or in submarine Power cables (typically 
longer than 30 miles (50 km). HVDC links are also used to stabilize against control problems 
in large Power distribution networks where sudden new loads or blackouts in one part of a 
network can otherwise result in synchronization problems and cascading failures. 

11http://en.wikipedia.org/wiki/Electric_power_transm  ission#cite_note-femp01 -0 
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Electricity is transmitted at high voltages (110 kV or above) to reduce the energy lost in long-
distance transmission. Power is usually transmitted through overhead Power lines. 
Underground Power transmission has a significantly higher cost and greater operational 
limitations but is sometimes used in urban areas or sensitive locations. 

4 
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A key limitation in the distribution of electric Power is that, with minor exceptions, electrical 
energy cannot be stored, and therefore must be generated as needed. A sophisticated 
control system is required to ensure electric generation very closely matches the demand. If 
the demand for Power exceeds the supply, generation plants and transmission equipment 
can shut down which, in the worst cases, can lead to a major regional blackout. To reduce 
the risk of such failures, electric transmission networks are interconnected into regional, 
national or continental wide networks thereby providing multiple redundant alternative routes 
for Power to flow should (weather or equipment) failures occur. Much analysis is done by 
transmission companies to determine the maximum reliable capacity of each line (ordinarily 
less than its physical or thermal limit) to ensure spare capacity is available should there be 
any such failure in another part of the network. 

Taking into account the possibility of higher export of Power through the line in future years, 
±660 KV Bi-pole conductors in quad bundle configuration for the HVDC T/L has been 
recommended for interconnection. These functional specifications have been prepared at 
this stage of the Project after considering all essential parameters. It may be added that 
detailed specifications of the T/L will be based on these functional specifications and will be 
prepared at a later stage once the Project implementation is finalized. The parameters 
considered for the system and human safety are described below in detail. 

Considering the location of Sending end Supporting Power Source, the condition of 500kV 
existing power evacuation networkin Sindh,the collection of power sources, connection of 
converter station, and minimize the length of DC line, the site of DC delivery point converter 
station will be near Matiari which is the north part of Hyderabad. 

Connection of Delivery Point Converter Station 
The delivery point converter station is 7 connected into Jamshoro---Moro 500kV line. 

There are eight 500kV circuits going out from delivery point converter station. One returns to 
Jamshoro; one returns to Moro; other 6 return to power sources. 

Delivery Point Power Source 

The Hubco Coal Power Plant and Port Qasim Coal Power Plant will be connected to 
converter station by two 500kV lines respectively; Engro Thar Coal Power Plant and SSRL 
Thar Coal Block I Mine Mouth Power Plant will be connected to converter station by one 
500kV line respectively, and these two power plants will be connected by one 500kVAC line. 

The scheme of connection system was agreed by Pakistan side. The investment and 
construction will be finished by Pakistan side. 

Access System of Receiving End Converter Station 

Receiving end Converter Station 
According to the analysis of power market, DC project should be located in Punjab and 
Islamabad area. According to the scheme, the load of Islamabad is satisfied by hydropower 
from north. This project is considered to be located at the main load center of Punjab which 
is Lahore area. 

Connection of Sending-end Converter Station 

The receiving end converter station is double 7 connected into Lahore—Lahore South 
500kV double circuit line; new converter station–Lahore North–Gujranwala 500kV double 
circuit line. 

There are six 500kV circuits going out from receiving end converter station. Two return to 
Lahore; two return to Lahore South; two return to Lahore North. 
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a) 	Climatic Consideration 

Local climatic conditions, i.e. the temperature, wind velocity, thunder storm levels, relative 
humidity etc., control the selection of materials to be used for T/Ls. The following climate 
parameters considered in the design criteria are based on the data collected from the 
various meteorological stations at an evaluation of 50 m of. 

• Maximum Conductor Temperature 	 50°C 

• Minimum Conductor Temperature 	 -5.0°C 

• The Annual Average Temperature 	 25°C 

• 10-Minute Average Wind Speed 	 32.3m/s 

• The Annual Average Thunderstorm Days 	4.4-38days 

• The Annual Average Relative Humidity(UTC Oam) 	72.5-74.2% 

• Years of Average Rainfall 	 112.0-679.7mm 

• Current Rating of Conductor 	 1673A 

b) 	Conductors and Line Configurations 

The selection of conductor is based on electrical, mechanical and atmospheric pollution 
considerations. The size of conductor is determined such that the corona and radio 
interference levels are within the internationally acceptable limits.Considering 
comprehensive carrying capacity, electromagnetic environment, mechanical property, tower 
load, economy, conductor manufacture, stringing construction, operating maintenance etc. 
and nature condition, steel reinforced aluminum conductor 4 x JLJG3A-1000/45 conductor 
has been selected. For coastal areas, considering the anticorrosion requirement, all 
aluminum alloy conductor 4xJULHA1-745/335 is adopted. In budgetary estimates of this 
project, steel reinforced aluminum conductor 4xJUG3A-1000/45 is considered. 

According to the requirement of communication, there are two OPGW optical fiber cable in 
this project. Considering electrical, mechanical and lightning proof factor, OPGW-150 is 
recommended in this phase. 

Studies and economic analysis will be carried out by the Consultant to determine the 
optimum size of the conductor. The conductor in the phase shall be placed in horizontal 
formation for the single circuit Towers. The phase spacing at Towers, as well as at mid span, 
has been determined by taking into account the following restrictions: 

• Minimum conductor-to-leg clearance of 6.4 m under extreme wind conditions; 

• Space to accommodate insulator V-String; and 

• Space to provide between cross-arms of two phases of single circuit type Towers. 

The ultimate tensile strength (UTS) limits for conductor tension will be as given below: 

• 17% of UTS under no wind conditions, every day stress at every day temperature, final 
conditions; 

• 50% of UTS under full wind load (44.7 m/sec) at every day temperature, final condition; 

• 30% of UTS under no wind load condition at minimum temperature, initial condition; and 

• Maximum wind pressure of 175kg/m2  on conductors, 190 kg/m2  for Optical Fibber 
Ground Wire (OPGW) and Overhead Shield Wire (OHSW) and 240kg/m2  for insulators 
have to be adopted. 
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4.3.1.1 	Towers 

a) 	Tower Structures 

All the Towers shall be self-supporting type, lattice steel structures, fabricated from 
galvanized structural steel shapes. Outline diagram of tower is shown in Figure 4.3.The steel 
employed will be in accordance with the latest edition of the following standards: 

• EN 10025: EURONORM Standard Specifications for Structural Steel; Rolled Steel, 
Steel Sheets and Plates etc.; 

• ASTM A36: Standard Specifications for Structural Steel; and 

• ASTM A572: Grade 50/60/65 Standard Specifications for High Strength Low-alloy 
Columbium-Vanadium Steels of Structural Quality. 

Horizontal configuration has been used for single circuit Towers. Three types of Towers will 
be used in the system. These include "Suspension", "Medium Angle" and "Heavy 
Angle/Dead End". Table 4-1 to Table 4-4 provide the details of outline of Tower types to be 
used along with their wind and weight spans capabilities. The detailed Tower design will be 
carried out by the CET during Project implementation. 

Table 4-1: Current-Carrying Capabilities of Different Conductors 

Sr. No. Conductor type 
JL/G3A- 
1000/45 

JL1/LHA1- 
745/335 

JLHA3- 
1050 

1 Number of bundle conductors 4 4 4 

2 Outside diameter(mm) 42.10 42.84 42.13 

3 DC resistance at 20°C()/km) 0.02890 0.02780 0.02880 

4 Temperature coefficient of resistance 0.00407 0.00385 0.0038 

5 
The maximum carry current of polar 
conductor A 

3837.8 3945.8 3870.2 

6 Maximum transmission capacity MW 5065.83 5208.40 5108.62 

7 
Meeting the normal transportation 
capacity(true or false) 

true true true 

8 
Meeting the overload transportation 
capacity(true or false) 

true true true 

9 
Nominal current-carrying conductor 
temperature°C(ambient temperature 25°C) 

49.03 48.70 48.95 

10 
Nominal current-carrying conductor 
resistance (O/km)(ambient temperature 
25°C) 

0.0323 0.0309 0.0320 
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Table 4-2: Resistance Power Losses of Different Conductors 

Sr. No. Conductor type JL/G3A- 
1000/45 

JL1/LHA1- 
746/335 

JLHA3- 
1050 

1 Number of bundle conductors 4 4 4 

2 Aluminium-sectional area of sub-
conductor/mm2  1000 1080 1050 

3 Aluminium-sectional area of polar 
conductor /mm2  4000 4320 4200 

4 
Polar conductor resistance with 
nominal current-carrying capacity 
(0/km) 

0.0081 0.0077 0.0080 

5 Nominal current density (A/mm2) 0.75 0.69 0.71 

6 Nominal resistance loss power 
(kW/km) 145.41 138.92 143.86 

7 Nominal line loss rate 3.22% 3.07% 3.19% 

Note: The year-round average milieu temperature 25°C is used to calculate conductor resistance in 
operation. 

Table 4-3: Electric Energy Losses of Different Conductors 

Sr. No. Conductor type JL/G3A- 
1000/45 

JL1/LHA1- 
745/335 

JLHA3- 
1050 

1 Number of bundle conductors 4 4 4 

2 Annual resistive loss 	(10000kwh/km) 
r=4500 65.44 62.52 64.74 

3 Annual 	resistive loss (10000kwh/km) 
r=5600 81.43 77.80 80.56 

4 Annual 	resistive loss (10000kwh/km) 
r=6000 85.61 81.78 84.69 

5 Annual 	resistive loss (10000kwh/km) 
r=6500 94.52 90.30 93.51 

6 Outside diameter(mm) 42.10 42.84 42.13 

7 corona loss(kW/km) 6.04 6.02 6.04 

8 Annual corona loss (10000kwh/km) 5.29 5.27 5.29 

9 Corona 	loss 	power/Resistance 	loss 
power 

4.15% 4.33% 4.20% 

10 Annual 	electric 	energy 	loss 
(10000kwh/km) r=4500 

70.73  
67.79 70.03 

11 Annual 	electric 	energy 	loss 
(10000kwh/km) r=5600 86.72 83.07 85.85 

12 Annual 	electric 	energy 	loss 
(10000kwh/km) r=6000 

90.90  
87.06 89.98 

13 Annual 	electric 	energy 	loss 
(10000kwh/km) r=6500 

99.81  
95.57 98.80 
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Table 4-4: Mechanical Properties of Different Conductors 

Sr. No. Conductor type 
JI../G3A- 
1000/45 

JL1/LHA1- 
745/335 

JLHA3- 
1050 

1 Section surface mm` 1043.20 1083.33 1048.41 

2 Diameter mm 42.10 42.84 42.13 

3 Piece weight kg/m 3.10 3.00 2.90 

4 Elastic coefficient N/mm2  60600 55000 55000 

5 Thermal expansion coefficient 10-b/°C 21.50 23.00 23.00 

6 T:rated tensile strength kN 220.93 223.30 239.04 

7 Breakdown stress N/mm2  201.19 195.82 216.60 

8 Maximum working stress N/me 80.48 78.33 86.64 

9 Average operating stress N/mme  50.30 48.95 54.15 

10 Control state 
average 
temperature 

average 
temperature 

average 
temperature 

11 Actual safety coefficients 3.64 3.59 3.53 

12 Average percentage of stress 25% 25% 25% 

13 High-temperature sag at average span m 16.0 15.46 14.19 

14 Sag difference m 0.00 -0.51 -1.78 

15 Overload capacity under the gale m/s 61.3 60.67 62.25 

16 Nominal height m 42 42 41 

17 Number of bundle conductors 4 4 4 

18 Vertical load without ice% 100% 97% 94% 

19 Horizontal load under the gale % 100% 102% 100% 

20 Longitudinal load % 100% 103% 109% 

b) 	Tower Spotting 

Tower spotting will be done considering the following factors: 

• Selection of proper Tower type and positioning at optimum location; 

• Achievement of economical Tower heights with safe clearance from ground and nearby 

objects; 
• Assurance of compliance with design load criteria; 

• Location of Towers to minimize risk of foundations being damaged by flood, erosion, 
shifting of sands etc.; 

• Providing a minimum clearance of 20 m from the outer conductor to the nearest 
conductor of another Power line, existing or planned; 

• Avoiding interference with or obstruction to any roadway or track being regularly used by 
wheeled vehicles, animals or pedestrians; 

• In areas of shifting sands, extra ground clearance will be needed to ensure that 
movement of the sand dunes will not reduce conductor ground clearance below the 
minimum safe value; and 

• The requirements of the relevant authorities regarding distance of Towers from the 
roadways and railways. 

4-12 
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NTDC will provide the final route of the T/L to the Contractor. Contractor will carry out the 
detailed surveys including preparation of plan and profile drawings and Tower staking in the 
field. 

c) 	Tower Foundations 

American Concrete Institute (ACI), IEEE Guideline for Transmission Structure Foundation 
Design and Testing (IEEE Standard 691-2001) will be used for Towers Foundations. 

All the Tower foundations will be designed as individual leg footings, with 4 legs per Tower. 
The following foundation types will be considered depending upon the results of the soil 
investigations. 

• Shallow Foundation (Square); 
• Dry; 
• Semi-submerged; 
• Submerged; 
• Deep Foundation; and 
• Piles. 

Depending on the engineering parameters of the soils under various conditions (based on 
the geotechnical results which are in process), different types of foundations will be 
recommended. Final choice will be made after the Contractor has carried out soil 
investigations at the time of construction. 

The foundations will be about 2.5 to 4 m below the natural surface level with only Tower 
footings protruding up to 0.45 m above the ground. The general steel structure of the Tower 
will have a clearance of 4 to 8 m from the natural ground. This will allow the farmers to utilize 
the ground underneath the Tower. 

Pile foundation is considered for Tower locations at nullah/stagnant/flash flood area at 
places where the soil condition do not permit the use of shallow foundations. The exact 
number of pile foundations will depend on subsurface investigations at the Tower locations 
at the time of construction. Outline diagram of foundation is attached as Figure 4.4 

The concrete grade shall be of C-15, C-25, C-30 etc. while steel grade shall be HPB 300, 
HRB 400. Equivalent quality materials meeting above specifications can also be used. 

4.3.1.2 	Insulation 

T/L has been provided with appropriate insulator assemblies. These have been determined 
based on the degree of contamination in air, Power frequency, operative voltage, switching 
and lighting surge voltage under the particular service conditions of the line. the type of 
insulators, creepage distance and shed diameter has been selected in accordance with the 
existing international standards for similar voltage level. 

• ANSI C29.1: American national standards for electric Power insulators; 
• IEC Publication 383: Insulators of overhead lines with a normal voltage above 1000 V; 
• IEC 575: Thermal-Mechanical performance test on string-insulator units; and 
• Other relevant ANSI, ASTM and IEC Standards. 
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4.3.1.3 	Safety Parameters 

For Extra High Voltage (EHV) lines, safety considerations are of two types. One is related to 
the safety of the system, while others are those that are related to the public. It is for this 
reason that NTDC has adopted a 100 m wide (50 m either side from the center line) corridor 
as the ROW for the proposed T/L. The aspects to be considered in this regard are as under: 

(a) System Safety 

Conductor to Tower Clearance: For the safety of the system, it is imperative that any 
factor that may interrupt the Power supply should be considered in the design. The 
clearance of the conductor from Tower legs and trusses is of prime importance. Therefore, in 
the design, a minimum clearance of 6.4 m has been adopted under extreme wind conditions. 
This is based on minimum requirements of National Electric Safety Code (NESC) (ANSI C2). 
With this clearance, there is 99% probability of withstanding switching surge of 3-sigma 
margin due to maximum over voltage under adverse climatic conditions. 

Earthing of the System: Every Tower is connected to an earthing system. This is to keep 
Tower footings resistance at a level lower than 10 Ohms. For this, two (02) earth electrodes 
of copper-clad steel rods are sunk vertically into the ground to a minimum depth of 3 m and 
at the locations where the required resistance is not achieved crow footing will be done. 

Lightning Performance: The Tower geometry, clearance and insulation of the system are 
designed to perform safely within the permitted lightning intensities. In this respect, 
consideration has been given to the Tower footing resistance and Isokeraunic level of the 
area. The accepted level is one trip out/ 100 km/ year due to lightning. 

(b) Public Safety 

General Aspects: In view of public safety, NTDC has adopted a policy of keeping a 100 m 

0 

	

	wide corridor clear of all obstructions for ±600 KV T/L (50 m on either side from the center 
line). However, NTDC allows general farm practices within this corridor, but tree plantation 
that exceeds a height of 2.5 m is not allowed. As such, the existing orchards having fruit 
trees with a height of not exceeding 2.5 m are allowed to remain under the lines. Similarly, 
open wells, including Persian wheels, are allowed to remain under the T/Ls. However, tube 
wells and peter pumps are not permitted under the high voltage conductors. This is for the 
reason that piping and cranes used to refurbish such wells could come in contact with the 
lines. 

No residential or other public buildings like factory, school, hospital etc., are permitted within 
the corridor. However, farm buildings, which are not used for residential purposes are 
allowed to remain under the high voltage lines, provided a 10.2 m minimum clearance is 
maintained. The height of the Towers can be increased to accommodate such buildings. 

Conductor to Ground Clearance: The conductor to ground clearance is desirable to be 
worked out based on over voltage due to switching surge. In this consideration, safe 
clearance is required to be provided for moving objects under the line with a height of 6.0 m, 
withstanding switching surge of 3-sigma margin with 99.7% probability under adverse 
atmospheric conditions. This should keep the maximum voltage gradient at ground level and 
maximum current induced in a person less than the internationally allowable values. As 
such, the total conductor to ground clearance shall in no way be less than 10.2 m. 

The specific standard accepted is that of the NESC, currently applicable in the United States. 
The permissible conductor clearances (at a maximum temperature of 75°C) are given in 

Table 4-5. 

Table 4-5: Permissible Conductor Clearances 
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Sr. No. Description Clearance (m) 

3 Highways 15.0 

4 Railroads 14.0 

5 Electrified Railroads Trolley Wire 6.0 

6 River at High Flood Level 9.5 

7 Places Accessible to Pedestrians only 12.0 

8 Buildings Roofs not accessible to people 10.0 

9 Tops of Trees (Orchards) 6.0 

10 Canals 11.0 
NESC, Rev.12 

4.3.2 	Converter Stations 

Converter Stations will be located at each end of the proposed T/L (Matiari and Lahore) to 
transform the Alternate Current (AC) used in the national networks into Direct Current (DC) 
for transmission and vice versa. One of the main advantages of DC transmission is the 
savings achieved by not having intermediate Sub Stations along the T/L. General Layout of 
Converter Stations are attached as Figure 4.5 (a) (b). 

Depending on the final design, the Converter Stations will measure approximately 200 to 
300 acres (0.8 to 1.5 Km2). 

Converter Station at Matiari 

Converter station is located at Matiari. The recommended site is an alluvial plain which has 
quite leveled and smooth surface. The main land use of the recommended piece of land is 
agriculture. Fields of wheat and orchards of banana, mango, etc. are being cultivated on this 
land. Land is highly fertile and gives excellent yields. 

There are no large active faults in the nearby area and the seismic basic intensity is 7.There 
are two to three mud houses of the tenants and the traffic intensity is very low. Site is easily 
accessible from N-5 (National Highway) through accessible road. Condition of accessible 
road is good. Ground water table is quite shallow and will be utilized for the Converter 
Station requirements. 

Matiari converter station's coordinate is E68 ° 30' 32", N25 ° 38' 25" and is proposed by 
NTDC. The grounding electrode's coordinate is E68 ° 41' 9.82", N25 ° 18' 29.94". 

The scale of DC construction 

One circuit 660kV/4000MW, One circuit completed in this project. 

The scale of 500kV AC outgoing line 

12 AC outgoing circuits in the future, 8 circuits completed in this project. 

The scale of AC filter 

Total capacity of capacitive reactive compensation is 2400-2600Mvar, in four large groups 
and 18 or 20 small groups. Each small group holds 120-140Mvar. 

Converter Station at Lahore 

The recommended site for the Converter Station at Lahore is quite leveled and has smooth 
surface. The main land use of the area is agriculture, Fields of wheat and few fruit trees can 
be seen at the site.There are no large active faults nearby and the seismic basic intensity is 
7.There are three 500kV substations nearby which will be an added advantage for 
connecting the Converter Station with NTDC system. 

EIA Report 
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Ground water quality and quantity is feasible and will be utilized for the proposed Station. 

Lahore converter station's coordinate is E73 '50' 18", N31 '15' 13" proposed by NTDC. 

The grounding electrode's coordinate shall be chosen from; (a) E73 '52' 17.28", N30 '52' 
12.55", (b) E73 '32'15.67", N31 '8' 10.07", (c) E73 '33' 56.97", N31 '12' 54.81". 

Each Converter Station will have the following key components: 

• The valve hall: this building houses the thyristor valves, the electronic component at 
the heart of the AC-DC conversion process; 

• The control building: this structure encases all the control, protection and 
telecommunication equipment as well as the operator's office and computer stations; 
and 

• The outdoor switchyard: the switchyard will contain the Power transformers, auxiliary 
supplies and harmonic filters. 

The AC side of the Converter Stations will be connected to the local AC network at a local 
Sub Station via overhead or underground cable. The DC side is connected directly to the 
proposed T/L. 

Main Electrical Connection 

• The valve is bipolar and each electrode contains a 12 pulsation connection line. 

• At the 500kV AC side, 3/2 breaker connection is adopted. 

• The three-phase winding of converter transformer is YNyO connection and YNd11 
connection, single phase with double winding. Its AC side is connected with AC 500kV 
bus line with AC 500kV distribution apparatus. 

• The DC side is typical bipolar DC connection. At the DC side of converter station, 
according to electrode, there are smoothing reactor, DC passive filter, DC voltage 
measurement device, DC current measurement device, DC disconnector, high-speed 
switcher, neutral point device and voltage protector. 

• DC filters are large AC filter groups. 

System Communication 

On the DC line between Matiari converter station and Lahore converter station, there are 
one 24-core OPGW fiber cable. The length is about 878km. 

There is an optical communication repeater station near Rahim Yar Khan and Hasilpur 
respectively. All repeater stations are regarded as under tower, it is necessary to consider 
new communication machine room and external power source, and installed with optical 
communication equipment and communication power supply etc. The main power of 
repeater station is from reserve power of 11kV substation nearby. Emergency power supply 
is solar power hybrid generating. The external power source of repeaterstation will be 
constructed by the employer. 

The length of DC line is 878km in this project, and the length of optical fiber is 920km. The 
longest distance of SDH 2.5G system in China is 397km, which is Jiuquan—Hunan ultra-high 
voltage project using ultra-low-loss fiber and ROPA technology. We will arrange at least two 
repeater stations. 

PLC repeater station is usually in the middle of the line. In this project, PLC repeater station 
can be constructed with Rahim Yar Khan OPGW repeater station. Rahim Yar Khan repeater 
station is 385km from Matiari converter station and 493km from Lahore converter station. 
PLC repeater station should contain primary equipment like DC isolation filter, coupling 
capacitor, DC line trap, combining and processing equipment and power line carrier 
equipment etc. 
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For Rahim Yar Khan OPGW and PLC repeater station, the total area is about 4500m2, and 

building area is 150m2. Its coordinate is E70°26' 18.48601", N28°14' 58.41340". 
(Transmission tower No. G808). Typical PLC repeater station layout is attached as Figure 
4.6. 

An OPGW repeater station is arranged at Hasilpur, the total area is about 1000 m2, and 

building area is 120 m2. Its coordinate is E72°29' 2.70", N29°36' 23.20". 

The conceptual arrangement of HVDC power line carrier channels is shown on Figure 4.7 
and configuration is elaborated in Table 4-6. 

Table 4-6: Configuration of HVDC Power Line Carrier Channels 

Sr. 
No.  

Name Standard Unit Matiari Repeater 
Station 

Lahore Total 

1  DC line trap 4000-2.0/63 Set 4 4 4 12 

2 Combining and 
	 processing equipment 

Bipolar 
coupling 

Set 1 2 1 4 

3  Coupling capacitor Set 2 4 2 8 

4  DC isolation filter Set 4 2 4 10 

5  Carrier 80W Set 8 16 8 32 

6  Connection protection Set 2 2 4 

7 Monitoring system of 
	 carrier system 

Set 1 1 1 3 

8 Instrument of carrier 
	 system 

Set 1 1 1 3 

9 Dispatch program-control 
	 exchanger 

48 door Set 1 1 

10  High-frequency cable SYV-75-9 Km 1 1 1 3 

11  Copper bar 120mm2 Km 1 0.5 1 2.5 

12 Total 
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Note: 1) This drawing is typical and shows the minimum dimensions required 
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PLC1: Direct Telephone with HVDC Pole 1 ESOF Signal. 	 PAX 
40 port 

PLC2: HVDC Pole 1 24004 Date Signal. Legend: 

PLC3: Relay Station Telephone with HVDC Pole 2 ESOF Signal. LT Line Trap TD Tuning Device 

PLC4: HVDC Pole 1 2400Bd Data Signal. SC Capacitor S Voice Signal 
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Foundations Design 

Pile foundation is adopted for valve hall, control building, comprehensive building, spare part 
warehouse, foundation of converter transformer, foundation of AC filter group and foundation 
of truss, which have high sedimentation requirement or large load; natural foundation or local 
sand replacement processing will be adopted for other equipment foundation. 

Matiari station: Slurry-supported bored piles, friction pile, pile diameter 800mm, average pile 
length 22m, totality about 2100. 

The elevation of Lahore station is 191.30m. However, the 100 years flood level is 193.8m. 
This means the foundation of Lahore shall be treated to increase 2.5m. The filling earth will 
be used for such propose. 

Valve Cooling System 

Main cooling circuit is closed single loop system which consists of deionizing water pump, 
converter valve group, air cooler, evaporative cooling tower, nitrogen cylinder, degassing 
tank, mechanical filter, expansion tank, pipe and necessary valve. 

Air cooler and evaporative cooling tower are used for valve cooling system. Evaporative 
cooling tower works only when the external temperature is higher than 33°C. 

The air+water cooling system needs water 300m3/d, 450m3/d less than pure water cooling. 
However, the valve cooling system still require further research. CET may employ the full 
water cooling system due to the high temperature in Pakistan. 

4.3.3 	Electrode Stations 

Following standards were adopted during design period: 

• The distance between converter station and grounding electrode should be 40-50km 

• Low earth resistivity at grounding electrode, the earth resistivity should be lower than 
1000•m. 

• The soil should have abundant water and topsoil should have good thermal 
characteristics (high thermal conductivity and high thermal capacitivity) 

• Within 10km, there should be no complex and important underground metallic 
facilities such as pipes, railway track and earth wire or transmission line with voltage 
about 132kV. 

Planar graph of Grounding electrodes is attached as Figure 4.8. 

4.4 	Construction Aspects 

4.4.1 	Contractor's Arrangement 

NTDC has planned to implement the Project through International Competitive Bidding (ICB) 
on Built Own Operate and Transfer (BOOT) basis. BOOT (build, own, operate, transfer) is a 
public-private partnership (PPP) project model in which a private organization conducts a 
large development project under contract to a public-sector partner, such as a government 
agency. A BOOT project is often seen as a way to develop a large public infrastructure 
project with private funding. 

The public-sector partner contracts with a private developer - typically a large corporation or 
consortium of businesses with specific expertise - to design and implement a large project. 
The public-sector partner may provide limited funding or some other benefit (such as tax 
exempt status) but the private-sector partner assumes the risks associated with planning, 
constructing, operating and maintaining the project for a specified time period. During that 
time, the developer charges customers who use the infrastructure that's been built to realize 
a profit. At the end of the specified period, the private-sector partner transfers ownership to 
the funding organization, either freely or for 
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an amount stipulated in the original contract. Such contracts are typically long-term and may 

extend to 40 or more years. 

4.4.2 Construction Schedule 

Proposed construction schedule of the T/L is attached as Figure 4-9. The total duration of 
the T/L construction will take around 2 years. It is anticipated that construction will start from 

Matiari and Lahore on urgent basis. 

4.4.3 Construction Camps 

Camp sites will be located keeping in view the availability of an adequate area for 
establishing camps including parking areas for machinery, stores and workshops, access to 
communication and local markets and an appropriate distance from the sensitive areas in 
the vicinity. Final locations will be selected by the Contractor with the approval of site 
Engineer in-charge. A construction camp will consist of about 5000m2  (1.2 acre) of land. 

4 
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It is estimated to establish a worker camp every 50 km in average along the line, depending 

upon the land conditions. 

Since the average distance between Towers will be about 350 m and the average time to 

erect a Tower would be of one complete days. 

4.4.4 Work Force 

The Project involves many construction activities. For the purpose of ease, these are lumped 
into three main groups of activities, namely foundation laying, Tower erection and conductor, 
OHSW and OPGW stringing including fixing of hardware and accessories. Accordingly, three 
types of construction crews are deployed for the work. The estimated work force required for 
each group of activities for one (01) Construction Camp is shown in Table 4-7 below. 

Table 4-7: Estimated Work Force Requirement for Proposed Bipole ± 600 KV HVDC 
T/L Project 

Sr. No. Staff 
Foundation 

Crew 
Tower Erection 

Crew 
Conductor 

Stringing Crew 

1 Site In-charge 1 1 1 

2 Site Engineer 1 1 2 

3 Supervisor 1 - 4 

4 Foreman 1 1 2 

5 Assistant Foreman 1 1 2 

6 Surveyors 1 - 1 

7 Skilled Workers 12 8 14 

8 Semi-skilled Workers - 8 14 

9  Unskilled / Helpers 22 21 49 

10  Drivers 2 3 4 

Total 42 44 93 

The total number of crew, skilled and unskilled labour to be employed will depend on the 
Contractor's activity schedule at the time when the contract is awarded. The Contractor will 
be advised to hire unskilled labour from the local communities. A training programme will be 
conducted for unskilled workers (refer Section 9.12). 

4.4.5 	Construction Materials and Transport 

The materials used for the construction of T/L include cement, coarse aggregates, fine 
aggregates (sand) and steel. Tentative quantities of various materials required for single 

Tower are provided in Table 4-8. 

Table 4-8: Estimated Construction Materials for Single Tower 

Sr. No. 

Local Materials 

Type of Material Quantity/Tower Source 

   

1.  Cement 300 bags From nearby Cities 

2.  Sand 20 cu.m Locally 

3.  Crush 30 cu.m Locally 

4.  Steel 2800 kg Karachi and Lahore 

Imported Material 

1.  Steel Towers 12-19 Tonnes Imported and shifted from 
Karachi Port to Site Stores. 
In case of domestic goods, 2.  

Conductor, OHSW and 
OPGW 

10,500 kg 
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Sr. No. Type of Material Quantity/Tower Source 

3.  Hardware 200 kg shifted from the 
manufacturer's work sites. 

4.  Insulator 3000 kg 

Transportation of the material will be provided by contractors and suppliers and the number 
of trucks moving on the roads should not exceed 5 to 8 days. 

Construction Procedures: This section describe all the stages of the T/L construction that 
may cause a potential impact on the bio-physical and social environments, i.e. preparatory 
works that include access roads and the clearance of the ROW, construction of foundations, 
erection of Towers and laying of cable. Furthermore, the labour camps and an anticipated 
duration of the work are presented as an anticipated number of workers needed. 

4.4.6 Access to the Construction Sties 

The most of the length of the proposed T/L is approachable through National Highway (N-5), 
Thar Road, Nara Canal Road, DesrtRaod and tother local roads and Railway Tracks. There 
may be, however, certain areas where the Contractor has to develop a few new tracks. 
Neverless on the sandy areas of Cholistan (Bahawalpur, Sadiqabad and Rahim Yar Khan for 
Punjab) and Thar (Sanghar and Ghotki), the access could be more difficult and would 
require possibly tractors mounted blades having normal width of about four (04) to five (05) 
m. 

According to usual terms and conditions, laid down by NTDC, the Contractor will be bound 
not to cause any damage to the existing roads and village tracks during construction works 
and due to movement of heavy vehicles. However, in case of any damage, the Contractor 
will be responsible for its repair. In this regard, NTDC bounds the Construction Contractor by 
withholding a 10% amount from the Contractors' interim bills submitted to the Engineer for 
payments to exert the Contractor to complete his pending works. 

4.4.7 Clearing of ROW 

To minimize the environmental impacts, NTDC normally imposes restrictions on the clearing 
of natural vegetation from ROW. This is allowed to the extent that is necessary for the safe 
construction and operation of the lines. For this, the area required for the placement of 
Tower footings will be completely cleared of vegetation, crops and trees. In the rest of the 
ROW, selective clearing will be carried out. Trees more than 2.5 m high, which may obstruct 
stringing or create hazard/danger to the T/L, will be removed. On the other hand, the 
clearing of desert vegetation is restricted to what is required for placement of footings and for 
the assembly and erection of Towers and wire pulling at site. While no such clearance is 
allowed in orchards or other areas having fruit bearing trees, except as specifically approved 
by the Engineer in the case of having no other alternative. NTDC allows that the cleared 
materials such as trees, crops etc., will be the property of landowners. While other materials 
such as fossils, coins and antiquities discovered on the site of the work will be deemed as 
the property of GOP. The clearance of ROW from the vegetation is normally done by 
mechanical means. 

4.4.8 Tower Foundations and Erection 

(a) Sitting of Towers 

Since the Project is at the feasibility stage and detailed survey and design will be carried out 
by the turnkey Contractor, the spotting of Tower locations has not been indicated at this 
stage of the Project. If the subsoil conditions do not allow for any type of foundation specified 
by the Designer, the location of the Tower is changed along the centerline in consultation 
with the Engineer, without affecting the overall alignment of the T/L. 

(b) Excavation, Concreting and Backfilling of Foundation 

Depending upon the type of Tower and subsoil condition, the Tower footings have variable 
dimensions. However, on an average 400 m2  working area is required for the excavation of 
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normal foundation and 500 m2  for pile foundation. The depth of excavation for the normal 
foundation varies from about 2.5 to 4 m. The excavation for Tower footing is carried out 
either manually or by mechanical excavator as per site requirements. 

After fixing steel re-bars and concreting, the ditch is refilled with excavated material and the 
site is brought to the original ground level. As such, only four Tower pedestals protrude 
above the ground level by about 0.45 m for normal foundations and about 1.8 m for pile 
foundations. 

(c) Tower Erection 

Tower erection will be carried out on the concreted locations with the help of Derrick Poles or 
crane. The required working area for this activity will be about 900 m2  for each Tower. The 
Tower will be erected in panels of 2 m to 3 m height. The panels will be assembled on the 
ground, lifted in parts with the help of Derrick Poles/crane and then joined together with nuts 
and bolts, which are tightened at the specified torque. 

4.4.9 Stringing of Conductors and Overhead Ground Wire 

After Tower erection is accomplished, stringing activity will be started. This involves 
preparing the Tower to access for tractor movement by clearing a strip of about 10 m wide 
from all the obstacles. Positioning of tensioner and puller will be temporarily anchored on 
both ends of the stringing stretch, which will be normally 3 to 6 km. At road, railway and 
telephone line crossings, rider poles will be provided during stringing to avoid any 
interruption to traffic or shutdown of the Power in the existing line. Shutdown will be arranged 
for Power lines crossing transmission route and temporary delinked and un-dipped from the 
Towers. 

4.5 	Operation and Maintenance (O&M) 

The+ 600KV HVDC T/L will become a vital link in the transmission grid system of Pakistan. 
Any outage on the line would seriously disrupt the Power supply to major load centers, 
possibly causing extensive damage and losses. Grid Station Operation (GSO) Division of 
NTDC (WAPDA) maintains regular patrolling/ inspection staff for patrolling and inspection of 
the lines. 

NTDC's patrolling crews will be required to carry out a general inspection of the T/L every 
three (3) months, while a comprehensive inspection will be carried out every 3 years. Based 
on PEPCO maintenance manuals, following paragraph lists the items to be checked by the 
NTDC Inspection Crew during patrolling. 

The O&M activities for different components are given below: 

4.5.1 Foundations 

• Check for any soil settlement around the foundation chimney, any unusual cracks 
between the stub angle and concrete and/or cracks in the concrete chimney; 

• Check for erosion in and around the Tower foundations. Where erosion exists, locations 
and extent is noted on the inspection form, take measurement from the centerline. Note 
if a stream (Nullah) or dry wash is causing the erosion. Also, note any damage done by 
farming operations near or under the Tower. Towers located in the active hill-torrent 
zone will require inspection on a continual basis; and 

• In areas where the line crosses hills/lowest slopes, very careful checking of the ground 
tlf 

	

	 clearance and the amount of foundation chimney that is exposed must be done. It is 
anticipated that during different times of the year, either soil may be drifted up on the 
Tower legs or chimney may be exposed. These should be noted and immediate 
corrective measure taken to ensure uplift capability by replacing backfill or re-
establishing minimum ground clearance. 
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4.5.2 Steel Works 

Look for bent or missing steel members, missing or loose bolts. An excellent test in addition 
to visual inspection is to strike the Tower leg angle sharply with a stick of wood or rubber 
hammer. Any loose bolts or members will produce a rattling sound. 

4.5.3 Conductor, Overhead Ground Wire, Hardware and Insulators 

Conductor is the most important part of the line. A very thorough visual inspection will be 
made. The checklist for this component includes the followings: 

• Check every bolt, nut, pin and cotter pin on the conductor shoe, shackles connecting 
links and other hardware fittings for looseness or missing; 

• Check for chips, dirt and/or lightning "Tracks or marks" on the insulators. This lightning 
mark will especially show up on the first few insulators nearest the Tower attachment 
point; 

• There will not be cracks of any size in the insulators because before porcelain cracks, a 
piece of the insulator will break off. Always look around the base of every Tower for 
pieces of insulators, pins, bolts, nuts etc.; 

• Check every ball in the insulator strings for missing cotter pins. Note that ball can work 
itself half way out and still holds. First, the cotter pin falls out, next with the continual 
vibration the ball can very slowly work itself out to a point where the ball is only held by 
half of the socket. One can spot this condition by a slight tilting of the insulator below or 
beyond the loose ball. This also applies to shackle or hardware pins and is a very 
serious condition. Report it immediately; 

• Check the stock-bridge dampers on the conductor and OPGW to make sure these are 
in the proper position; 

• On dead end Towers, check the jumpers to see that all the bolts are tight in the jumper 
pads. Also there should be no missing or loose slots; and 

• Along the line, check the conductors for frayed or broken strands. 

Spot-check ground clearance and observe if any building or structure is being constructed 
under the line. Also, check for any tree growing near or under the line. Report these 
conditions immediately. 
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5 	DESCRIPTION OF THE ENVIRONMENT 

5.1 	General 

This Chapter describes the environmental baseline condition along the proposed T/L route 
within a COI of 1,000m i.e. 500m from centerline on either side for the proposed T/L Project. 
The data is based on the baseline surveys and secondary data such as DCRs, Google 
satellite imagery (refer Index Map Figure 5-1).Landuse map of the proposed T/L and 
Converter Station sites was prepared based on the collected and available information 
utilizing Arc GIS and AUTOCAD. Landuse maps of proposed T/L and Converter Stations are 
attached as Figure 5-2 (Sheet 1 to 47) & 5-3 (Sheet 1 & 2) in Volume 2. 

Information on Soils, Topography, Climate, Hydrology, Land-use, Physical infrastructure, 
Drainage, Water resources, Ambient air quality, Noise level, Flora, Fauna, Aquatic life, 
Socio-economic indicators i.e. Demographic aspects, Occupations, Housing conditions, 
Livelihoods, Indigenous people, Social settings, Women issues, Cultural assets, Historical 
and Archaeological monuments and other relevant Environmental and Social parameters 
was collected in the field through primary sources. Based on the collected information an 
environmental profile containing physical, ecological and socio-economic parameters in the 
form of a table was generated. Brief description of the baseline is given below. AM wise 
environmental details are provided in the baseline environmental profile (Annex-IV) 
presented in Volume II. 

Principally the whole T/L has been divided into two (02) sections namely Section MIL 
Section-I lies in the Sindh Province i.e. from AM #1 to AM # 49 while Section-II lies in Punjab 
Province i.e. from AM # 50 to AM #169. 

5.2 	Physical Environment 

The following section provides an overview of the information on physical environment of the 
COI collected from primary as well as secondary sources. The major parameters covered 
include Physiography and Topography, Climate, Soil, Seismicity, Geology, Water 
Resources, Ambient air, Noise, Landuse etc. 

5.2.1 	Physiography and Topography 

Following is the description of Physiographic and Topographic conditions of the districts 
through which the proposed T/L route is passing: 

5.2.1.1 	Section-I 

T/L starts at the Samoo village in Matiarir district. Coverter station is also located in Matiari 
distrirct. From AM # 1 to 7 the T/L crosses over higly fertile lands of Matiria districts. 
Topography is flat. Orchards of Guava, Mangos etc. can be seen. This is a higly fertile land. 

At AM# 8 to 27 the proposed T/L enters the Sanghar district. The district does not have any 
mountain or hill. The T/L passes through eastern desert area and cultivated areas a portion 
of Sanghar Taluka. Some of the area consists of barren tracks of sand dunes covered by 
thorny bushes while most of the area is the cultivated lands. 

At AM# 28 to 35 district Khairpur starts. The portion where T/L enters the district consists of 
hills of windblown sand running in parallel rows from north-east to south-east. This is known 
as Rajistan and is part of the Thar Desert. 

i` 	From Khairpur T/L enter the Sukkur district near AM# 36. The T/L passes through desert 
portion of the Salehput sub-division. 

T/L passes through the Ghotki district from AM# 41 to AM# 49. T/L passes through the 
desert area of the district i.e. Mirpur Mathelo and sub-division Khan Garh which consists of 
hills of windblown sand and known as Rajistan and is part of Thar desert. 

3 
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5.2.1.2 	Section-II 

T/L enters the Sadiqabad at AM # 49 district Rahim Yar Khan. T/L passes through the desert 
area known as Cholistan. The surface of the desert consists of a succession of sand dunes 
and covered with the vegetation peculiar to sandy tracts. 

Bahawalpur district starts at AM# 63. T/L continues on the desert area known as Cholistan. It 
extends along the entire eastern boundary of Bahawalnagar district in the north and Rahim 
Yar Khan district in the south. The surface of the desert consists of a succession of sand 
dunes. It is covered with the vegetation peculiar to the sandy tracks. 

T/L enters Bahawalnager district at AM # 75. The line passes through the irrigated 
agriculture area. This area is known as Uttar (Nehri) and lies between the railway line and 
the Cholistan. The main source of irrigation in this area is semi-perennial and perennial 
canals which debouche from Sulemanki Head Works. T/L crosses the Sutlej. 

T/L enters Pakpattan district at AM# 95. The area is a flat plain, covered on the north by the 
old bed of the Bias River. The major means of irrigation in the 001 are canal and tubewells. 
Pakpattan canal takes off from Sulemanki Headwork's also cross by the T/L. This canal and 
its branch namely Khadir branch irrigate a vast area of the district. 

T/L enters Okara after AM # 125. T/L is crossed by Depalur canal. T/L crosses the semi-
urban area which is rich in agriculture. 

T/L enters Kasur district at AM # 151 near village Kitan Kalan and passes through the upland 
area where T/L also crosses the old bed of Bias River. The soil is sandy. The upland is flat 
plain sloping from north-east to south-west. T/L enters the district Nankana Sahib and ends 
near Lahore 

5.2.2 Climate 

This section presents the climate details of the meteorological gauging stations situated near 
the T/L starting from Matiari to Converter Station near Lahore. Figure 5-4 shows the location 
of Meteorological Gauging Stations existing near the proposed T/L route. Detailed report 
related to the Climate is attached as Annex-V. 

5.2.2.1 	Section-I 

Tern peratu re 

Table 5-1 describes the mean daily maximum and minimum temperatures in Summer and 
Winter seasons of the Meteorological Gauging Stations which represents the climate of 
Section-I: 

Table 5-1 (a): Mean Daily Temperatures at Meteorological Gauging Stations (1981- 
2010) 

Sr. 
No. 

Meteorological 
Gauging 
Station 

District 

Mean Daily 
Temperature 
(Summer) °C 

Mean Daily 
Temperature 
(Winter) °C 

Minimum Maximum Minimum Maximum 

1 Sukkur Sukkur 34.6 35.6 14.8 16.5 

2 Nawabshah Benazirabad 33.8 35.7 15.4 16.9 

3 Hyderabad Hyderabad 32.4 34.0 18.0 19.6 
Source: 1. Pakistan Meteorological Services; and 

2. Surface Water Hydrology Project, WAPDA. 
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Graphical representations of monthwise temperature data of above mentioned 
Meteorological Gauging Station are given below in Figure 5-5 to 5-7. 

Figure 5-5: Mean Monthly Temperature of Sukkur Meteorological Gauging Station 
(1981-2010) 
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The climate of Sukkur can be classified as hot and arid. The mean daily temperature ranges 
from 34.6 °C to 35.6 °C in the summer season (May to July) and 14.8 °C to 16.5 °C in winter 
season (December to January). 

Figure 5-6: Mean Monthly Temperature of Nawabshah Meteorological Gauging Station 
(1981-2010) 
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The climate of Nawabshah can be classified as hot and arid. The mean daily temperature 
ranges from 33.8 °C to 35.7 °C in the summer season (May to July) and 15.4° to 16.9 °C in 
winter season (December to January). 
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Figure 5-7: Mean Monthly Temperature of Hyderabad Meteorological Gauging Station 
(1981-2010) 
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The climate of Hyderabad can be classified as hot and arid. The mean daily temperature 
ranges from 32.4 °C to 34.0 °C in the summer season (May to July) and 18.0° to 19.6 °C in 
winter season (December to January). 

Relative Humidity 

Variation in mean monthly relative humidity over a year for the above Meteorological 
Gauging Stations which represents the climate of Section-I is given in Table 5-1(b). 

Table 5-1(b): Relative Humidity (1981-2010) 

Month 

Relative Humidity (%) 

Sukkur Newabshah Hyderabad 

00:00 
hr 

03:00 
hr 

12:00 
hr 

00:00 
hr 

03:00 
hr 

12:00 
hr 

00:00 
hr 

03:00 
hr 

12:00 
hr 

January 85.1 84.9 42.1 84.8 83.5 43.1 24.7 11.4 18.0 

February 79.9 79.1 37.4 80.7 79.4 37.4 28.1 13.9 21.0 

March 75.4 70.4 31.8 76.7 73.3 33.5 33.7 18.8 26.2 

April 61.9 54.4 23.5 70.8 64.1 28.4 38.8 22.8 30.9 

May 61.6 53.5 22.6 69.5 61.7 26.4 41.3 26.1 33.3 

June 68.9 63.4 31.1 74.3 66.9 34.2 40 27.9 34.0 

July 76.1 71.9 44.6 79.4 74.5 48.8 37.2 27.6 32.4 

August 80.1 75.6 48.5 82.5 78.5 52.8 35.6 26.5 31.1 

September 83.6 78.0 45.9 83.8 79.8 44.5 36.3 25.4 31.0 

October 84.3 79.3 42.4 83.0 78.8 36.8 36.7 22.5 29.6 

November 83.9 81.1 43.1 83.9 80.8 39.1 31.9 17.4 24.8 

December 86.6 85.8 47.0 85.1 83.2 43.9 26.2 13.0 19.6 
Time is according to Greenwich Mean Time (GMT): Pakistan Standard 
Time is GMT + 05:00 hrs 
Source (Pakistan Meteorological Department) 
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Precipitation 

The mean monthly rainfall over the year for Meteorological Gauging Stations which 
represents the climate of Section-I is given in Table 5-1(c). 

‘14 	 Table 5-1(c): Mean Monthly Rainfall (1981-2010) 

Month 
Mean Monthly Rainfall (mm) 

Sukkur Nawabshah Hyderabad 

January 3.5 2.5 1.4 

February 7.0 3.3 6.8 

March 6.8 3.5 4.2 

April 5.7 2.8 7.0 

May 5.0 1.5 2.8 

June 4.5 5.0 4.4 

July 20.8 58.3 47.9 

August 20.4 48.8 71.8 

September 0.9 16.1 13.0 

October 3.0 3.4 5.4 

November 0.6 0.4 2.2 

December 9.4 3.2 2.1 

Annual 87.6 148.8 169.0 

Source (Pakistan Meteoro ogical Department) 

Wind Speed 

Wind speed data at 3 hours interval for Meteorological Gauging Stations of Section-I is given 
in Table 5-1(d). 

Table 5-1(d): Mean Wind Speed at Synoptic Hours (1981-2010) 

Month 

Wind Speed (knots) 

Sukkur Nawabshah Hyderabad 

00:00 
hr 

03:00 
hr 

12:00 
hr 

00:00 
hr 

03:00 
hr 

12:00 
hr 

00:00 
hr 

03:00 
hr 

12:00 
hr 

January 1.5 2.0 2.7 1.4 1.6 4.0 4.8 4.7 7.1 
February 1.9 2.9 3.3 1.5 1.7 4.3 4.7 4.8 7.3 

March 2.4 3.0 3.6 1.7 2.1 4.9 5.2 5.1 8.1 
April 3.0 3.6 4.4 2.3 2.9 5.5 7.4 7.4 11.0 
May 3.9 5.2 5.4 4.2 5.1 6.8 10.7 11.7 15.3 
June 4.8 6.1 5.9 6.6 7.9 8.9 12.1 13.7 15.2 
July 3.9 4.8 5.2 6.5 7.0 9.1 12.7 13.9 16.3 
August 3.1 4.0 4.0 5.7 6.1 8.2 12.0 12.3 14.6 
September 2.8 3.8 3.6 4.6 4.9 6.9 9.3 9.9 12.9 
October 1.3 1.8 2.1 1.8 2.1 4.0 5.0 5.0 8.0 
November 1.2 1.9 1.3 0.9 1.3 2.4 4.2 4.1 5.9 
December 0.7 1.4 1.4 1.2 1.6 3.2 4.4 4.5 6.4 

Ti 
Time is GMT + 05:00 hrs 
Source (Pakistan Meteorological Department) 
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5.2.2.2 	Section-II 

Table 5-2 (a) shows the mean daily maximum and minimum temperatures in Summer and 
Winter seasons of the Meteorological Gauging Stations which represents the T/L Section-II 
from AM # 50 to 74. 

Temperature 

Table 5-2(a): Mean Daily Temperatures at Meteorological Gauging Stations (1981- 
2010) 

Sr. 
No. 

Meteorological 
Gauging 
Station 

District 
Mean Daily Temperature 

(Summer) C 
Mean Daily Temperature 

(Winter) °C 

Minimum Maximum Minimum Maximum 

1 Khanpur Rahim Yar Khan 33.1 34.8 13.3 15.1 

2 Bahawalpur Bahawalpur 32.2 35.0 13.5 15.5 
Source: 1. Pakistan Meteorological Services; and 

2. Surface Water Hydrology Project, WAPDA. 

Graphical representations of temperature data of above mentioned Meteorological Gauging 
Station are given below in Figure 5-8 to 5-9. 

Figure 5-8: Mean Monthly Temperature of Khanpur Meteorological Gauging Station 
(1981-2010) 
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The climate of Khanpur can be classified as hot and arid. The mean daily temperature 
ranges from 33.1 °C to 34.8 °C in the summer season (May to July) and 13.3 °C to 15.1 00 in 
winter season (December to January). 
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Figure 5-9: Mean Monthly Temperature of Bahawalpur Meteorological Gauging 
Station (1981-2010) 
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The climate of Bahawalpur can be classified as hot and arid. The mean daily temperature 
ranges from 33.2 °C to 35.0 °C in the summer season (May to July) and 13.5 °C to 15.5 °C in 
winter season (December to January). 

Relative Humidity 

Variation in mean monthly relative humidity over a year Seasons of the Meteorological 
Gauging Stations which represents the climate of Section-II is given in Table 5-2(b). 

Table 5-2(b): Relative Humidity (1981-2010) 

Relative Humidity (%) 

Month Khanpur Bahawalpur 

00:00 hr 03:00 hr 12:00 hr 00:00 hr 03:00 hr 12:00 hr 

January 87.8 86.1 42.0 85.6 85.0 48.4 

February 83.1 80.8 38.8 82.0 80.2 45.3 

March 80.3 73.7 35.4 79.1 73.0 39.9 

April 66.3 53.8 23.2 63.3 54.9 26.0 

May 59.4 50.2 23.1 55.6 47.1 23.1 

June 67.0 61.4 29.5 61.6 56.2 30.6 

July 77.0 71.5 45.5 73.9 68.8 45.6 

August 82.6 76.4 52.5 79.1 72.6 51.0 

September 85.0 78.1 49.3 79.4 73.5 47.9 

October 84.9 75.1 40.7 78.7 71.0 41.8 

November 86.9 80.2 41.1 81.1 75.0 43.4 

December 88.6 85.5 42.8 85.9 83.2 48.2 
Time is according to Greenwich Mean Time (GMT): Pakistan Standard 
Time is GMT + 05:00 hrs 
Source (Pakistan Meteorological Department) 
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Precipitation 

The mean monthly rainfall over the year for Meteorological Gauging Stations which 
represents the climate of Section-II is given in Table 5-2(c). 

Table 5-2(c): Mean Monthly Rainfall (1981-2010) 

Month 
Mean Monthly Rainfall (mm) 

Khanpur Bahawalpur 

January 5.0 7.4 

February 7.9 10.0 

March 5.4 10.0 

April 4.3 10.5 

May 4.5 7.1 

June 6.5 16.2 

July 33.3 40.4 

August 33.2 39.1 

September 12.0 16.5 

October 2.7 4.7 

November 0.4 1.4 

December 4.8 4.7 

Annual 120.0 168.0 
Source (Pakistan Meteorological Department) 

Wind Speed 

Wind speed data at 3 hours interval for Meteorological Gauging Stations of Section-II is 
given in Table 5-2(d). 

Table 5-2(d): Mean Wind Speed at Synoptic Hours (1981-2010) 

Month 

Wind Speed (knots) 

Khanpur Bahawalpur 

00:00 hr 03:00 hr 12:00 hr 00:00 hr 03:00 hr 12:00 hr 

January 0.6 0.5 1.8 0.8 1.0 1.8 

February 1.1 0.9 2.6 1.3 1.6 2.6 

March 1.2 1.4 2.5 1.5 1.7 2.7 

April 1.2 2.2 3.2 0.9 2.2 3.1 

May 2.1 3.7 3.3 2.7 3.2 3.4 

June 2.8 4.7 3.5 3.5 5.1 4.0 

July 2.8 4.3 3.7 3.4 4.7 3.9 

August 1.9 3.7 2.7 3.1 3.9 3.4 

September 1.0 2.5 2.1 2.2 2.8 2.9 

October 0.9 0.7 1.0 1.2 1.4 1.6 

November 0.4 0.5 0.8 0.7 0.9 1.0 

December 0.5 0.5 1.3 0.7 0.8 1.2 
Time is according to Greenwich Mean Time (GMT): Pakistan Standard 
Time is GMT + 05:00 hrs 
Source (Pakistan Meteorological Department) 

EIA Report 
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Table 5-3 (a) shows the mean daily maximum and minimum temperatures in Summer and 
Winter Seasons of the Meteorological Gauging Stations which represents the T/L Section-II 
from AM #75 to 169. 

Temperature 
• 

Table 5-3(a): Mean Daily Temperatures at Meteorological Gauging Stations (1981- 
2010) 

Sr. 
No 

Meteorological 
Gauging 
Station 

District 

Mean Daily 
Temperature (Summer) 

°C 

Mean Daily 
Temperature (Winter) 

°C 

Minimum Maximum Minimum Maximum 

1 Bahawalnagar Bahawalnagar 33.4 35.0 13.3 15.4 

3 Faisalabad Faisalabad 31.4 33.5 11.8 13.7 

4 Lahore (PBO) Lahore 31.3 33.6 13.3 14.8 

Source: 1. Pakistan Meteorological Services; an 
2. Surface Water Hydrology Project, WAPDA. 

Graphical representations of monthwise temperature data of Meteorological Gauging Station 
mentioned in Table 5-3 (b) are given below in Figure 5-10 to 5-12: 

Figure 5-10: Mean Monthly Temperature of Bahawalnagar Meteorological Gauging 
Station (1981-2010) 
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The climate of Bahawalnagar can be classified as hot and arid. The mean daily temperature 

ranges from 33.4 °C to 35.0 °C in the summer season (May to July) and 13.3 °C to 15.4 °C in 

winter season (December to January). 
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Figure 5-11: Mean Monthly Temperature of Faisalabad Meteorological Gauging 
Station (1981-2010) 
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The climate of Faisalabad can be classified as hot and semi arid. The mean daily 
temperature ranges from 31.4 °C to 33.5 °C in the summer season (May to July) and 11.8°C 
to 13.7 °C in winter season (December to January). 

Figure 5-12: Mean Monthly Temperature of Lahore Meteorological Gauging Station 
(1981-2010) 
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The climate of Lahore can be classified as hot and semi-arid. The mean daily temperature 
ranges from 31.3 °C to 33.6 °C in the summer season (May to July) and 13.2 °C to 14.8 °C in 

winter season (December to January). 

Relative Humidity 

Variation in mean monthly relative humidity over a year Seasons of the Meteorological 
Gauging Stations which represents the climate of Section-ll is given in Table 5-3(b). 
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Table 5-3(b): Relative Humidity (1981-2010) 

EIA Report 

 

Relative Humidity (%) 

Month 
Bahawalnagar Faisalabad Lahore 

00:00 
hr 

03:00 
hr 

12:00 
hr 

00:00 
hr 

03:00 
hr 

12:00 
hr 

00:00 
hr 

03:00 
hr 

12:00 
hr 

January 88.6 85.8 49.5 89.9 87.8 51.9 86.0 84.2 51.5 

February 84.7 79.4 43.0 87.3 81.8 44.4 79.9 76.4 44.8 

March 79.2 70.6 36.7 82.7 74.1 40.1 74.7 68.0 40.2 

April 62.2 49.8 23.8 68.8 54.3 29.3 60.1 48.6 27.2 

May 54.4 43.5 21.6 57.6 43.3 25.5 52.7 42.9 24.5 

June 61.0 52.6 28.9 64.2 51.5 31.8 61.2 52.4 33.2 

July 74.6 68.6 46.1 79.0 70.7 50.0 80.5 73.9 57.0 

August 78.7 71.0 50.2 83.0 75.2 54.7 84.6 78.2 62.3 

September 79.1 70.5 44.5 84.1 73.8 47.2 81.4 73.6 52.5 

October 77.3 66.5 35.0 81.5 71.3 39.2 79.1 71.5 42.6 

November 81.2 72.6 39.3 86.6 81.8 45.1 82.5 78.9 47.8 

December 86.8 83.4 48.1 87.8 86.3 
_ 	. 

50.1 85.3 83.7 52.7 

Time is according to Greenwich Mean Time (GMT):Pakistan an ar 
Time is GMT + 05:00 hrs 
Source (Pakistan Meteorological Department) 

Precipitation 

The mean monthly rainfall over the year for Meteorological Gauging Stations which 
represents the climate of Section-II is given in Table 5-3(c). 

Table 5-3(c): Mean Monthly Rainfall (1981-2010) 

Month 
Mean Monthly Rainfall (mm) 

Bahawalnagar Faisalabad Lahore 

January 11.4 11.1 23.2 

February 17.3 19.1 35.3 

March 15.7 23.8 36.0 

April 10.8 23.7 21.6 

May 13.2 14.9 22.4 

June 39.2 43.8 55.1 

July 70.8 100.8 190.9 

August 34.2 87.0 179.4 

September 14.9 42.5 60.4 

October 7.9 4.7 15.3 

November 2.5 2.0 6.8 

December 3.6 7.1 9.8 

Annual 241.5 380.5 656.7 

Source (Pakistan Meteorological Department) 

Wind Speed 

Wind speed data at 3 hours interval for Meteorological Gauging Stations of Section-II is 

given in Table 5-3(d). 
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Table 5-3(d): Mean Wind Speed at Synoptic Hours (1981-2010) 

Wind Speed (Knots) 

Month 	
Bahawalnagar 	 Faisalabad 	 Lahore 

 	hr 	hr 	hr 	hr 	hr 	hr 	hr 	hr 	hr 
00:00 	03:00 	12:00 	00:00 	03:00 	12:00 	00:00 	03:00 	12:00 

January 	1.0 	1.0 	2.3 	0.5 	0.5 	1.4 	0.5 	0.4 	1.5 

February 	1.3 	1.3 	3.2 	0.9 	0.9 	2.8 	1.0 	0.8 	2.8 

March 	2.1 	2.1 	3.8 	1.1 	1.4 	3.0 	1.3 	1.4 	3.5 

April 	2.0 	2.4 	4.1 	1.7 	2.5 	3.5 	1.6 	1.9 	3.6 

May 	3.1 	3.9 	4.6 	1.8 	3.4 	3.8 	1.7 	2.3 	3.0 

June 	3.3 	5.1 	4.9 	2.1 	4.1 	4.4 	1.8 	2.7 	3.0 

July 	2.9 	4.3 	4.4 	2.1 	4.1 	4.6 	1.6 	2.4 	2.8 

August 	2.8 	3.6 	4.4 	1.6 	3.5 	4.4 	0.9 	1.6 	2.3 

September 	1.9 	2.7 	3.7 	1.0 	2.3 	3.4 	0.7 	1.2 	2.1 

October 	1.1 	1.3 	2.3 	0.6 	1.0 	1.6 	0.4 	0.6 	1.2 

November 	0.8 	0.8 	1.6 	0.3 	0.5 	0.8 	0.4 	0.3 	0.6 

December 	0.7 	0.7 	1.5 	0.4 	0.4 	0.8 	0.4 	0.3 	0.7 
(GMT) _ .. . 

Time is according to Greenwich Mean Time 	: a is a 
Time is GMT + 05:00 hrs 
Source (Pakistan Meteorological Department) 

5.2.3 Soil 

The soil is dependent on the geology of the area as the route of the proposed project passes 
from various topographical locations dessert and plain green fields. Soil of the desert area is 
composed of sand with no moisture and organic content having light brown appearance. The 
soils of the Arid Zone are generally sandy to sandy-loam in texture. The consistency and 
depth vary according to the topographical features. The low-lying loams are heavier and may 
have a hard pan. Some of these soils contain a high percentage of soluble salts in the lower 

horizons, turning water in the wells brackish. 

5.2.3.1 	Section-I 

The Coverter Station and T/L starts in Matiari district, the soils formed here are sandy, silt 
loam/fine sand and calcareous / fine textured respectively. The soils are calcareous alluvial 
loam fine to medium textured homogenized and well drained. These are highly fertile and 
productive. Moisture content in the soils is very high. The soil falls in erinaceous zone. 
Suitability Criteria of Soils for the construction of Grid Station and T/L are given in the 

following: 

These include composition, structure, texture and susceptibility to frost, shrinkage, swell 
potential, permeability drainage, depth of water table, moisture and bearing capacity. 

Corrosiveness, sulphate content, electrical conductivity and salinity/alkalinity are the 
common parameters considered for determination of soil suitability for the construction of 

towers and transmission lines. 

The soils of the District Sanghar is fertile and mixture of sand and clay having light brown 
appearance. It is rich in organic content and making conditions suitable for farming and 

irrigation. 

There are seven (07) main groups of soils which are found in the desert portion of the 
Sagnhar, Gotki and Sulkkur distriects. These are: 

• Desert soils; 

• Red desertic soils; 

• Sierozems (brownish grey soils); 

• Red and yellow spoils of the foothills; 
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• The saline soild of the depressions; 

• The lithosols (shallow, weathered soils); and 

• Rigosols (soft loose soils) found in the hills. 

All of these soils are generally coarse-textured, well drained and calcareous in nature. At 
varying depths, a thick accumulation of lime may also be encountered. The soils of Thar 
Desert are usually overblown with sand due to severe wind erosion. In general, these are 
infertile soils except for the rainy period. 

The fertile portion of the soil of District Sukkur and Ghotki which are found along the 
proposed COI consists of loose sand forming domes due to wind action. Local nullahs and 
tributaries form deltas, consist of sandy silt/silty sand at the surface and silty sandy gravel at 

depth. 

5.2.3.2 	Section-II 

The soil conditions of district Rahim Yar Khan is similar with district Sukkur and Ghotki which 
is discussed in Section-I. The soil along the COI of T/L in district Bahawalpur consists of 
sandy silt/silty sand that are all eolian land deposits, lower horizons of Bahawalpur area 
have soluble salts, converting subsurface water brackish/saltish. 

The Bahawalnagar, Pakpattan, Okara and Kasur district exist in the central Indus Basin, 
forming wide spread terracos having the soil consisting dominantly silt with trace to little 
amount of sand and clay. Soil is light brown in colour and it is very fertile. 

Sutlej River is passing through this area establishing streamed and meandering bed 
deposits. This soil also consists of silt with traced to little amount of sand and clay at the 
surface and silty sandy gravel at depth. 

5.2.4 Seismology 
On the basis of Peak Ground Acceleration (PGA) values obtained through Probabilistic 
Seismic Hazard Assessment (PSHA), Pakistan is divided into five (05) seismic zones in line 
with the UBC (1997). The boundaries of these zones are defined on the basis as shown in 
Table 5-4. 

Table 5-4: Values of Seismic Zones of Pakistan 

Sr. No. Zone PGA (g) 

1 1 0.05 to 0.08 

2 2A 0.08 to 0.16 

3 2B 0.16 to 0.24 

4 3 0.24 to 0.32 

5 4 > 0.32 g 

The proposed T/L route i.e. Section-I & II as per Building Code of Pakistan (BCP), 2007 
(Seismic Provisions) falls entirely in the zone 2A which is the regions of moderate seismic 
risk (refer to Figure 5-13). Hence all the applicable provisions of BCP, stated in Chapter 11 
related to, Mechanical and Electrical System should be met during the design and 
construction12  for safety against seismic hazards. 

tP‘ 	5.2.5 Geology 
The proposed T/L route passes the Indus plain and lower Indus Basin in the Southern area 
of Pakistan. It is bounded in the north by the central Indus Basin, North West by the 

12  Building Code of Pakistan (Seismic Provisions — 2007), Ministry of Housing and Works 
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Suleiman Fold Belt and Kirthar Fold Belt in the West (refer Figure 5-14). Following is the 
description of geology of the area. 

Tectonics 

Pakistan geologically overlaps both with the Indian and the Eurasian tectonic plates where 
its Sindh and Punjab provinces lie on the north-western corner of the Indian plate 
while Balochistan and most of the Khyber-Pakhtunkhwa lie within the Eurasian plate which 
mainly comprises the Iranian plateau, some parts of the Middle East and Central Asia. 

Geomorphology 

The alluvial deposits along the proposed T/L are mainly from the river Indus. These alluvial 
landforms are distributed in an orderly pattern in relation to that amount of the deposits of the 
river. The Indus has flown through a broad track of active flood plain. Flanking this landform 
and lying parallel to it are broad almost unbroken belts of meander flood plains. These have 
a general level somewhat higher than that of the river. 

Route Lithology 

As mentioned earlier that the proposed T/L will start from Matiari and end at Nankana Sahib 
(near Lahore). There are different types of Quaternary deposits which exist along the 
proposed T/L route (refer Figure 5-14). These Quaternary deposits are described section 
wise below: 

et 

Vi‘ 
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5.2.5.1 	Section-I 

Alluvial Deposits 
The proposed T/L will starts from Matiari District. The area comprises of stream and 
meander bed deposits consisting of unconsolidated silty sand/sandy silt intervened by 
levelled flood plains formed by the River Indus. The depth of such deposits may vary up to 
several hundreds of meter and belongs to Pleistocene to Recent age. 

Alluvial and Eolian Sand Deposits 

The area near Sanghar consists of Alluvial and Eolian deposits. The alluvial deposits 
consists of stream bed and meander belts deposits of Indus River which on later stage 
transported by the wind action forming low relief sand dunes. 

Eolian Sand and Longitudinal Sand Dune Deposits 

These are the loose sand deposited by the extinct streams with sandy silt/ silty sand as the 
surface layer at places. The districts containing these deposits are Khairpur, Sukkur, Ghotki, 
and a part of Rahimyar Khan. 

5.2.5.2 	Section-II 

Eolian Sand Deposits 
The districts containing these deposits are Rahim Yar Khan and Bahawalpur. These are the 
loose sand deposited by the extinct streams with sandy silt as the surface layer at places. 

Stream Bed and Meander Belt Deposits 

These deposits are found in the district Bahawalpur along the proposed T/L route. These 
deposits are stream bed and the meander bed deposits, consists mainly of silty sand /sandy 
silt at the surface and silty sandy gravel at depth with lower relief deltas and uneven surfaces 
ranging from 10 to 25 m. 

Eolian Sand Deposits 
These deposits are found in the Bahawalnagar districts along the proposed T/L route. These 
are the loess and flood plain deposits of extinct streams with sandy silt as the surface layer 
at places with uneven surfaces at places. 

Loess and Flood Plain Deposits 

It consists of flood plains deposits also forming the wide spread terraces. These deposits 
consist of silt with trace to little amount of sand and clay. These deposits are found in the 
district Pakpattan along the proposed T/L route. 

Stream Bed and Meander Belt Deposits 

These deposits are found in the district Okara along the proposed T/L route. These are the 
streamed and meander bed deposits consist of silty sand with trace to little amount of clay at 
the surface and silty sandy gravel at depth. It forms the alluvial fans of the river with the relief 

ranging from 15-25 m. 

Loess Deposits 
It consists of alluvial deposits of the river Ravi forming terraces. It is mainly silt with sand and 
small fraction of clay. These deposits are found in the district Kasur and Lahore along the 

4' 	proposed T/L route. 

5.2.6 Water Resources 
In the COI water resources i.e. groundwater and surface water exist at various locations. 
Surface water canals, streams, drains, rivers are of perennial and non-perennial nature. 
Most of the proposed COI is located in fresh groundwater area however, at places brackish 
groundwater also encoutered. Irrigation requirements are fulfilled through these resources by 
installing tubewells, canals and rain (barani). 

5-18 
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5.2.6.1 Surface Water 

Section-I 
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Proposed T/L does not cross any river. However, some canals/distributroies/minors are 

0 	
being crossed over in the Section-I. Table below shows the details of these crossings. 

Table 5-5: Surface Water Resources falling in the COI of the proposed T/L (Section-I) 

Sr. No. Sub-Section District Canal Name 

1  AM #5 to 6 Matiari Sukkur Branch 

2  AM #6 to 7 Matiari Dhandu Minor 

3  AM #6 to 7 Matiari Water Ponds 

4  AM #7 to 8 Sanghar Sui Kandhar 

5  AM #8 to 9 Sanghar Tando Adam Branch and Water Course 

6  AM #9 to 10 Sanghar water logged 

7  AM #10 to 11 Sanghar Jam Branch 

8  AM #11 to 12 Sanghar Sanghar Distributary 

9  AM #12 to 13 Sanghar Shahu Wah and channel from shahpur Distributary 

10  AM #14 to 15 Sanghar Jamrao Canal, Sinjhoro Minor and Channel from Rind Minor 

11  AM #15 to 16 Sanghar Rind Minor and channel from Rind Minor 

12  AM #16 to 17 Sanghar Water Course from Rind Minor 

13  AM #17 to 18 Sanghar Dim Branch Canal 

14  AM #20 to 21 Sanghar Habeebullah Minor Canal 

15  AM #21 to 22 Sanghar Sardar-2 Minor from Jamrao and water ponds 

16  AM #23 to 24 Sanghar Jamrao Canal and Nara Canal 

17  AM #25 to 26 Sanghar Water Ponds 

18  AM #26 to 27 Sanghar Water Ponds 

19  AM #27 to 28 Khairpur Water Ponds 

20  AM #28 to 29 Khairpur Water Ponds 

21  AM #28 to 29 Khairpur Minor from Nara Canal 

22  AM #31 to 32 Khairpur Gindahu Minor 

23  AM #33 to 34 Khairpur Minor from Nara Canal 

24  AM #35 to 36 Khairpur Minor from Nara Canal 

25  AM #36 to 37 Sukhar Nara Canal 

26  AM #37 to 38 Sukhar Nara Canal 

27  AM #38 to 39 Sukkur Water Ponds, Minor from Nara Canal, Water Course 

28  AM #40 to 41 Sukkur Dahar Wah and Water Course 

29 AM #42 to 43 Sukkur Water Course 

30  AM #43 to 44 Ghotki Water Ponds 

31  AM #44 to 45 Ghotki Narli Minor 

32  AM #45 to 46 Ghotki Water Course 

33 AM #48 to 49 Ghotki Rani Canal 

I 
Section-II 

Rivers 

The Proposed T/L crosses the Sutlej River and River Ravi near AM # 92 and 93and AM # 
166 and 167 respectively. The hydrology of the Sutlej and Ravi River is given below: 
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Hydrology 
Sutlej River in Bahawalnagar district crosses the proposed T/L near AM # 92 and 93. 
Proposed T/L also crosses the River Ravi near AM # 166 and 167. Last AMs of the 
proposed T/L are located in the flood plains of Ravi River near Lahore. A brief description 
about these rivers is given below: 

Sutlej River 
Sutlej River originates in western Tibet, south of the Kailas Mountain Range. In this area 
Indus, Brahmaputra and Ganges also begin their long journey. The total length of the river till 
the confluence with Chenab River is about 1,550 km. The river flows first in north-westerly 
direction, crossing the Mansrowar and RakesLakes north of the Tibet-India-Nepal triple point 
and drains the northern slopes of the GreatHimalayaRange with peaks upto 7,800 m. The 
river reaches Pakistan about 10 km downstream of Ferozepur barrage, where the borderline 
mingles with the river alignment. Below the Rohi nallah confluence till Ferozepur barrage, 
the river again flows through Indian Punjab. Thereafter, it becomes border line for some 
kilometres and only from Bakerke onward, some 15km downstream of Ferozepur, Sutlej 
runs entirely in Pakistani territory. 

Occurrence of Floods 
In the view of the high elevation in the upper reaches of the river basin, snowmelt is an 
important water resource. Although in March and April snowmelt contributes to the river flow, 
this phenomenon does not create large floods. Floods in the Sutlej occur particularly around 
August due to heavy rainfall during the monsoon as a result of storm depressions originating 
from the Bay of Bengal. 

However, since the completion of the dams in India the occurrence and severity of floods 
have changed drastically. The area upstream of Bhakra and Pong dams adds upto about 

57,000km2, i.e. about half of the total catchment area. 

The dams particularly affect the floods occurring in July and August, at times when the 
above reservoirs are not yet fully replenished. These facts, however, do not mean that 
extreme floods on the Sutlej are history. Extreme floods may also occur late in the monsoon 
season, when low monsoon depression tends to move in a more northerly direction. This 
happened, for example, in late September 1988. Also rainfall in the 25,000 km2  large 
catchment area upstream of Sulemanki, which is not controlled by the dams in India, can 
contribute to the flood in Sutlej in Pakistan. 

Ravi River 
The river drains a catchment area of over 40,000 km2. The river originates in the Lesser 
Himalayan mountains in the centre of the Indian state of Himachal Pradesh. From its source 
to the confluence with Chenab River downstream of Trimmu barrage it travels about 900 km. 
The river enters Pakistan at Kot Naina, about 33 km upstream of the rim station Jassar 
Bridge. Then for more than 100 km all the way down to Ravi syphon, the Ravi forms the 
border between Pakistan and India. From Jassar Bridge, it traverses through 385 km before 
joining Chenab River, about 75 km below Trimmu barrage. Sidhnai barrage is the last 
structure on Ravi River, which is located 27 km upstream of its confluence with Chenab 

River. 
The upper area of Ravi basin is mountainous with elevations up to 5,000 to 6,000 m. Its 
major part is covered with forest. Only the plains, about 25% of the upper area, are 
cultivated. In India the river is steep up to Madhopur with an average slope of 30 m/km, 
whereas downstream of Madhopur till Jassar (Pakistan) its slope reduces to 2 m/km. Further 
downstream the slope gradually reduces to 0.30 m/km between Jassar and Balloki and 0.15 
m/km in the reach at its tail end. The width of river below Jassar, on average, is about 600 to 
650 m. The river has wide flood plains, varying in width from 8 to 12 kms. This implies 
extreme low flood wave celerities. 

EIA Report 
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About 25% of the basin drains upstream of Jassar bridge, including Ujh River and Bein 
nallah with catchment areas of 1,769 km2 and 826 km2 respectively. Between Jassar and 
Ravi syphon two more nallahs, Basanter and Sakki with catchment areas of 726 and 1034 
km2 respectively, enter the river. Finally between Shandara Bridge and Balloki barrage, 
Hudiara nallah and Deg nallah join Ravi River, draining areas of 1,502 km2 and 4,495 km2 

respectively. Deg nallah is intercepted at its downstream end by Upper Chenab canal 

(UCC). No tributary enters the Ravi River downstream of Balloki barrage. 

Occurrence of Floods 

Floods in Ravi River are generated by monsoon rains from July through September and 
most frequently in August. Snowmelt contributes to the river flows but not significantly to the 
river floods. The magnitude of flood is considerable in the upper reaches, which reduces due 
to the wide flood plains in the lower reaches. Thein dam may reduce the extremity of floods 
during the early flood season, when it is not filled-up; but its flood mitigating capacity at the 
end of the monsoon season will be limited. In view of their small storage capacities the 
Madhopur Headworks and barrages at Balloki and Sidhnai have negligible flood mitigating 

potential. 

According to the Indus Waters Treaty, India has right to all the flows of Ravi. At present, 

India is diverting all the flows of Ravi River except those occurring during floods. 

Proposed T/L does crosses canals, distributories and minors in the Section-II. Distributaries 
and minors are being crossed by the proposed T/L which are given below in the Table 5-4. 

Table 5-6: Surface Water Resources falling in the COI of the proposed T/L 

Sr. 
No. 

Sub-Section District Canal Name 

1  AM #50 to 51 Raheem Yar Khan Lakhi Canal and Water Ponds 

2 AM #50 to 51 Raheem Yar Khan Maleer Canal 

3  AM #53 to 54 Raheem Yar Khan Kander Minor 

4  AM #54 to 55 Raheem Yar Khan Chaman Distributary 

5  AM #57 to 58 Raheem Yar Khan Abe Hayat Distributary 

6  AM #73 to 74 Bahawalpur Fateh Distributary 

7  AM #74 to 75 Bahawalpur Fateh Distributary 

8  AM #75 to 76 Bahawalnagar Faten Minor From Ford Canal and Same Nullah 

9 AM #78 to 79 Bahawalnagar Sher Freed Minor Canal From Ford Canal 

10  AM #79 to 80 Bahawalnagar Soda Minor from Ford Canal 

11  AM #81 to 82 Bahawalnagar 

Soda Minor from Ford Canal (Passing near to COI) and 

Water Ponds 

12  AM #83 to 84 Bahawalnagar Sher Freed Minor Canal From Ford Canal 

13  AM #89 to 90 Bahawalnagar Sikandar Minor 

14 AM #92 to 93 Bahawalnagar River Sutlej 

15  AM #98 to 99 Pakpattan Buddan Shah Minor 

16  AM #99 to 100 Pakpattan Buddan Shah Minor 

17  AM # 100 to 101 Pakpattan Buddan Shah Minor 

18 AM #102 to 103 Pakpattan Khadir Branch (Pakpatan Canal) 

19  AM #102 to 103 Pakpattan Hazara Distributary  

20  AM # 106 to 107 Pakpattan Pakpattan Distributary from Khadar Canal 

21  AM # 107 to 108 Pakpattan 

Pakpattan Distributary from Khadar Canal (passing 

near to C01) 

22  AM # 109 to 110 Pakpattan Khama Dogar Minor from Khadar Canal 

23 AM # 110 to 111 Pakpattan Moga Minor from Khadar Canal 

5-21 
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Sr. 
No. 

Sub-Section District Canal Name 

24 AM # 111 to 112 Pakpattan Taber Minor from Khadar Canal 

25 AM #117 to 118 Pakpattan Malka Hans Distributry 

26 AM #118 to 119 Pakpattan Nur pur Distributry 

27 AM # 124 to 125 Pakpattan Nahran Wala Distributry 

28 AM # 125 to 126 Okara Same Nullah 

29 AM # 127 to 128 Okara 50-B Minor from Okara Canal 

30 AM # 128 to 129 Okara Dastagir Canal 

31 AM # 129 to 130 Okara Minor from Dastagir Canal 

32 AM # 134 to 135 Okara Qila _laved Singh Canal 

33 AM # 139 to 140 Okara Fauji 1L Minor from Khokhar Canal 

5.2.6.2 Groundwater 

Section-I 

Groundwater is generally sweet and at some locations it is brackish in this section of the 
proposed T/L COI. Almost all the settlements in the COI utilize ground water for drinking 
purpose through hand pumps and for irrigation purpose through tubewells. 

Section-II 

Groundwater conditions in the COI of Section-II are somewhat similar to Section-I due to the 
presence of distributaries and minors in the surroundings areas. Groundwater in the COI is 
generally fresh and potable near canals and distributaries but at somelocationsit is reported 
as brackish. Settlements of the COI use the groundwater for drinking and irrigation purpose 
through tubewells and hand pumps. In general the depth of the ground water varies between 

10 to 15 m. 

Groundwater in the COI is generally fresh and potable. The water table depth decreases as 
we move away from the main canals. The settlements near the COI utilize the groundwater 
for drinking purpose through hand pumps and motor pumps. The groundwater is also utilized 
for irrigation purposes through the tubewells especially in the tail areas of the canals (minor), 
where the water supply through the canal stream is reduced. 

5.2.7 	Environmental Monitoring, Sampling and Testing for Proposed T/L 

In order to determine the existing ambient air, noise, water and wastewater quality of the 
area following locations were selected in the COI. The sampling locations for the 
Environmental Monitoring of ambient air, noise and water for Proposed T/L Section-I and II 

are shown in Table 5-7 a&b below. 

5.2.7.1 	Section-I 

Table 5-7 (a): Sampling Points for Environmental Monitoring (Section-I) 

          

          

Sr. 
No 

 

Stretch 
(AM.) 

 

District 
Surface 
Water 

Waste Water 
Ground 
Water 

Ambient Air 
Monitoring 

Noise 
Level 

         

          

          

Converter Station Sindh 

1 Sekhat, Matiari 
SW-01 
Mitiari 

Distributary 
-- 

GW -01 
Hand pump 

Goth Hashim 
Dhakhna 

AA-01 
Goth Wali 

Muhammad 

NL-01 
Sekhat 
Road 

Along the Transmission Line Route (Sindh Section) 
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Sr. 
No 

Stretch 
(AM.) 

District 
Surface 
Water 

Waste Water 
Ground 
Water 

Ambient Air 
Monitoring 

Noise 
Level 

lal Canal Muhammad 
Thora Village 

3 AM 8- 
15 

Sanghar — 

WW- 01 
Wastewater 

Pond 
Gidra Machni 

GW -03 
Hand Pump 
Kario Bachal 
Khan Budani 

AA-03 
Goth Maula 

Makhan 

NL-03 
Shadadpur 

Tando 
Adam Road 

4 AM 16- 
25 

Sanghar 
SW-03 

Rind Minor — 

GW -04 
Hand pump 
Goth Haji 
Ghulam 
Laghari 

AA-04 
Goth Haji 

Ghulam Laghari 
on Sanghar Road 

NL-04 
Nawab 

Shah Road 

5 AM 26- 
33 

Khairpur -- 

WW- 02 
Goth Wahid 

Baksh 
Brackish 

Water pond 

GW -05 
Tube well 
Gujro Bhit 

AA-05 
Goth Piran 
Bhambro 

NL-05 
Thai Road 

6 AM 34- 
38 

Sukkur 
SW-04 

Nara Canal 
(Minor) 

— 

GW -06 
Hand Pump 

Goth Khanan 

AA-06 
Engro Dairy farm 

Nara 

NL-06 
Kara Nara 

Road 

7 
AM 39- 

49 
Ghotki 

SW-05 
Dahar Minor — 

GW -07 
Hand Pump 

Allah Obhayo 
Mahar 

Near Rja farm 
Gabbar Link 

Road 

AA-07 
Mast Wad Bhit 

NL-07 
Bagsar 
Road 

Grand Total 5 2 7 7 7 

Ph. 	Environmental Monitoring Report results are in process. 

5.2.7.2 	Section-II 

Table 5-7b: Sampling Points for Environmental Monitoring (Section-II) 

4 

Stretch 
(AM.) 

Surface 
Water 

Waste 
Water 

Ground 
Water 

Ambient Air 
Monitoring Noise Level Sr. 

No. 
r Station Punjab 

1 Nankana Saheb 

SW-01 
Upper 

Chanab 
Canal 

— 

GW -01 
Tube well 

Qila 
Mohkam 

Singh 

AA-01 
Shaukatabad 

NL-01 
Bhai Pehru 
Mor Khunda 

Road 

Along the Transmission Line Route (Punjab ec ion 

2 AM 50 - 
55 

Rahim Yar 
Khan 

SW-02 
Kandera 

Minor Near 
Chak 237 

P 

— 

GW -02 
Tube well 

Chak 144 P 

AA-02 
Chak 262 P 
Sharif wala 

NL-02 
Access Road 

Near Chak 
186 P 

3 AM 55 - 
60 

Rahim Yar 
Khan 

SW-03 
Chaman 

Distributar 
y 

— 
GW -03 

Hand Pump 
Chak 94 P 

AA-03 
Chak 241 P 

NL-03 
Rahim Yar 

Khan Desert   
Road 

4 AM 61 - 
74 

Bahawalpur 

SW-04 
Fateh 

Distributar 

y 

— 
GW -04 

Hand Pump 
Chak 73 DB 

AA-04 
Chak 85 

NL-04 
Yazman Fort 
Abbas Road 

5 AM 75- 
84 

Bahawalnag 
ar 

SW-05 
Sher Freed 

Minor 
From Ford 

Canal 

— 

GW -05 
Hand Pump 
Basti Khuda 

Baksh 

AA-05 
Chak Chopa 

NL-05 
Bahawalpur 

Bahawalnaga 
r Road 

District 
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Sr. 
No.  

Stretch 
(AM.) 

District 
Surface 
Water 

Waste 
Water 

Ground 
Water 

Ambient Air 
Monitoring 

Noise Level 

6 AM 85- 
93 

Bahawalnag 
ar 

— 

WW-01 
Open 

Sewage 
System 

Khemgarh 

GW -06 
Tube Well 
Basti Bulla 
Shah Pir 
Sikandar 

AA-06 
Sanateka 

Village 

NL-06 
Mominabad 

Road 

7 
AM 94- 

110 
Pakpatan 

SW-06 
Khadir 
Branch 

Pakpatan 
Canal 

— 

GW -07 
Hand Pump 

Lukman 
Mehruka 

AA-07 
Chak 33 SP 

NL-07 
Arifwala 

Sahiwal Road 

8 
AM 111- 

123 
Pakpatan 

SW-07 
Malika
Hans 

Distributar 
Y 

— 

GW -08 
Tube Well 
Chak 60 D 

Khokharawa 
la 

AA-08 
Chak 68 D 

NL-08  
Pakpatan 

Arifwala Road 

9 AM 124- 
136 

Okara 

SW-08 
Alward 
Minor 

-- 
GW -09 

Hand Pump 
Chak 43 D 

AA-09 
Chak 50 D 

NL-09 
Piplipahar 
Depalpur 

Road 

10 AM 136- 
149 

Okara — 

WW-02 
Chak 6 

Wastewate 
r Pond 

GW -10 
Tube Well 
Chak 16 

1/AL 

AA-10 
Chak No 7/1L 

NL-10 
Depalpur 

Renala Khurd 
Road 

11 
AM 150- 

157 
Kasur — 

WW-03 
Gopi Rai 

Open 
Sewage 
System 

GW -11 
Hand Pump 
Shaikhum 

Khurd 

AA-11 
Chak 41 

NL-11 
Shahrah-e- 

Quaid e Azam 
Road 

12 AM 158- 
165 

Kasur 

SW-09 
Niaz Baig 
Distributar 

y 
— 

GW -12 
Tube well 

Near 
Qasaiwala 

AA-12 
Chah 

Bharianwala 

NL-12 
Balloki Hala 

Road 

13 AM 166- 
169 

Nankana 
Sahib 

SW-10 
River Ravi — 

GW -13 
Tube well 

Goth Hakim
Ali 

AA-13 
Thatta 

Bhumbi Da 

NL-13 
Lower Bari 
Doab Road 

Grand Total 10 3 13 13 13 

Environmental Monitoring Report results are in process. 

All the details will be attached in Environmental Monitoring Report as Annex-VI on receipt. 

5.2.8 Landuse 

There are different classes of landuse i.e. utilizing the canal water, tubewells and lift pumps, 
irrigated agricultural land rain fed (barani) agricultural land and uncultivable land. Landuse 
maps of the proposed T/L Project are presented as Figure 5-2 & 5-3 in Volume-II of EIA 

Report. A brief of landuse is given below. 

5.2.8.1 	Section-I 

The COI in Section-I is rich in source of irrigation (i.e. canals/minors). In some portion of the 
Sanghar district although irrigation water is available at few places water comes from natural 
precipitation or the runoff water coming down from the surrounding area during floods so rain 
fed (barani) agriculture is practiced in these parts of COI. Landuse of the Section-I based on 
the GIS landuse map in the COI and ROW is given in Table 5-8 a and b below. 



Land-use in the ROW (In Acre) 

Sr. 
No. Sub-Section District Agriculture Tree Cover Barren Land Residential Total Roads Water Course Water Pond 
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Table 5-8 (a & b): Summary of Landuse in the COI of Section-I 

Landuse in the COI (In Acre) 

Sr. 
No. 

Sub-Section 
District Agriculture Tree Cover Barren Land Residential Roads Water Course Water Pond Total 

1  AM # 1 to 6 Matiari 830.54 85.11 546.10 39.27 42.13 15.19 3.12 1561.46 

2 AM# 7 to 26 Sanghar 6747.10 91.52 3214.24 195.64 277.98 110.06 442.98 11,079.52 

3  AM# 27 to 34 Khairpur 1276.21 9.60 8967.11 103.95 23.56 6.73 197.20 10,584.35 

4  AM # 35 to 39 Sukkur 2517.77 90.60 4727.55 123.16 42.00 48.39 76.72 7,626.20 

5  AM # 40 to 49 Ghotki 3799.68 13.78 3915.26 150.96 88.07 96.82 205.89 8,270.46 

Total 15171.31 290.60 21370.26 612.98 473.75 277.20 925.90 39121.99 

Percentage 39% 1% 55% 2% 1% 1% 2% 

• oecuun-I 

1 AM #1 to 6 Matiari 150.16 18.12 119.82 2.51 6.51 2.99 0.00 300.11 

2  AM# 7 to 26 Sanghar 1357.99 15.59 672.76 9.12 55.60 21.74 73.35 2,206.16 

3 AM# 27 to 34 Khairpur 214.98 0.96 1854.58 12.61 4.89 1.34 24.81 2,114.17 

4  AM # 35 to 39 Sukkur 512.48 21.12 940.81 18.99 8.55 9.63 14.37 1,525.95 

5 AM # 40 to 49 Ghotki 766.65 0.61 788.63 18.41 15.52 19.09 45.20 1,654.10 

Total 
3002.26 56.39 4376.60 61.63 91.08 54.79 157.74 7800.49 

Percentage 38% 1% 56% 1% 1% 1% 2% 
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5.2.8.2 	Section-II 

Project Area of Section-II is mostly irrigated agricultural land where the main source of 
irrigation is distributaries and minors even in the deset areas only a few places irrigation 
water is not available. The source of surface water in the COI of Section-II is Kandera Minor, 
Khamman-IL Minor, Chaman Distributary, Ab-i-Hayat Distributary, Nathal Minor, Hasilpur 
Distributary and Fateh Distributary. 

The cropping pattern followed in the Project Area in general is the Rabi Crop, which is sown 
during the month of November to December and is harvested during May to June and the 
Kharif crop sown during June, July and harvested in the month of October to November. The 
main Kharif crops are rice, maize, cotton and sugarcane, and the major Rabi crops are 
wheat Vegetables, pulses. Fodder is also grown in the area by the farmers to supplement 
their income in both Kharif and Rabi seasons. 

Table 5-9 a and b provides the information collected through GIS Satellite imagery regarding 
the landuse in 001 and ROW of Section-II. 

4 
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Table 5-9 (a & b): Summary of Landuse in the COI of Section-II 

Landuse in the COI (In Acre) 

Sr. No. Sub-Section 
District Agriculture Tree Cover Barren Land Residential Water Course Water Pond Total Roads / Track 

ion-II 

1 AM # 50 to 62 Rahimyar Khan 3049.15 49.69 11177.34 113.34 52.82 47.97 10.16 14,500.47 

8364.37 53.81 48.12 2146.93 60.01 9.11 4.34 10,686.70 
2 Am# 63 to 74 Bahawalpur 

13764.84 22.78 344.19 9398.55 127.91 91.52 33.14 23,782.94 
3 AM # 75 to 94 Bahawalnagar 

71.18 3.48 236.67 6906.54 127.92 41.17 5.16 7,392.13 
4 AM # 95 to 124 Pakpattan 

305.33 343.22 172.98 4830.22 119.88 21.60 20.04 5,813.27 
5 AM # 125 to 150 Okara 

18.20 156.21 78.18 2581.94 56.98 16.72 0.84 2,909.07 
6 AM # 151 to 166 Kasur 

16.33 27.59 11.25 489.47 3.94 91.45 4.54 644.56 
7 AM # 167 to 169 Nankana Sahib 

25589.39 656.79 12068.72 26467.01 549.47 319.55 78.22 65729.14 

39% 1% 18% 40% 1% 0% 0% 

Landuse in the ROW (In Acre) 

Sr. No. Sub-Section 
District Agriculture Tree Cover Barren Land Residential 	Roads 	Water Course Water Pond 	Total 

1 AM # 50 to 62 Rahimyar Khan 634.71 12.61 2179.55 8.61 9.77 11.67 2.06 2,858.98 

Bahawalpur 1072.32 15.32 4159.84 11.30 18.05 8.87 0.94 5,286.64 
2 Am # 63 to 74 

Bahawalnagar 1249.64 7.51 149.59 28.05 18.37 11.28 3.94 1,468.38 
3 AM # 75 to 94 

Pakpattan 1417.56 0.15 14.23 8.00 24.31 7.19 0.71 1,472.14 
4 AM # 95 to 124 

5  AM # 125 to 150 Okara 984.13 77.08 67.30 8.48 24.53 4.23 4.42 1,170.17 

6  AM # 151 to 166 Kasur 564.31 35.39 3.37 3.04 10.99 3.02 - 620.11 

7 AM # 167 to 169 Nankana Sahib 99.09 6.29 3.36 0.85 0.60 14.83 0.75 125.78 

6021.76 154.35 6577.25 68.33 106.61 61.08 12.83 13002.21 

Total 46% 1% 51% 1% 1% 0% 0% 28,603.19 
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5.3 	Ecological Environment 

5.3.1 Major Habitats Bio Diversity Features 
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The proposed Transmission Line (TL) from Matiari to Lahore passes through two main eco-
regions i.e. Desert-Xeric Shrublands and Sub-Tropical Thorn area. The Desert-Xeric 
shrubland category includes districts of Sanghar, Khairpur, Sukkur, Ghotki, Rahim Yar Khan, 
Bahawalpur and Bahawalnagar, and consists of Angle Marks No. 8 to 94. The eco-region of 
Sub-Tropical Thorn area includes rest of the districts i.e. Matiari, Pakpattan, Okara, Kasur, 
and Nankana Sahib and stretches over AM-1 to AM-7 and AM-95 to AM-169. However, for 
the purpose of collection of field data, the proposed T/L route has been split up into two 
Sections i.e. Section-I (districts falling in Sindh) and Section II (districts falling in the Punjab). 

5.3.1.1 	Dersert-Xeric Shrublands 

The habitat is typically influenced by extreme climate, mainly stretching over desert 
conditions. Because of low biomass productivity, the litter layer is almost non-existent with 
very low organic content of soil surface. The land is highly sensitive to grazing, burning, soil 
disturbance and other cover alteration. Soil restoration potential is very low with very slow 
regeneration capabilities. Temperatures range from freezing in winter to extremely hot (more 

than 46°C) in summer. The desert vegetation is quite varied due to range of temperature 
with Prosopis shrubs being the characteristic species alongwith cacti species with 
specialized photosynthesis mechanism to store more water. The animals found in desert 
ecosystem (called xerocoles) evolved to survive in this unique environment because they do 
not sweat and can retain water in their bodies. Most animals found in hot desert are much 
smaller in size such as rodents, rabbits and lizards. 

	

5.3.1.2 	Sub-Tropical Thorn Area 

This type of habitat includes low, open and pronouncedly xerophytic species in which thorny 
leguminous species predominate. It occupies almost whole of the Indus plain except the 
driest parts. The climax tree species are Capparis, Salvadora, Tamarix, Prosopis and 
Zizyphus. The soils range from flat alluvial to heavy clays, loams and sandy loarns. The 
climate varies from semi-arid (250 to 750 mm rainfall) to arid (less than 250 mm rainfall). The 

summer temperature in the tract is as high as 48°  C. This tract provides an ideal habitat to 
the wildlife of the area which seasonally migrate according to their needs. Avifauna migration 
is from the lower hills towards the plains during cold winter in search of food and shelter, and 
from the flood plains towards the dry areas during floods and towards the rivers during the 

summer drought. 

5.3.2 General Flora and Fauna of the T/L Route 

The Project Area being part of the Indus basin the climate of the tract is arid, sub tropical, 
the original flora of the area consists of tropical thorn forest type vegetation, in which thorny 
usually hard wooded species predominate, acacia species being particularly characteristic. 
The trees have usually short boles and low branching crowns, which rarely meet except on 
exceptionally favourable spots. The usual height of tree is 6-10 m. 

Following is the baseline of flora and fauna found in the COI. AM wise details are provided in 

the Annex-IV. 

	

5.3.2.1 	Flora 

In order to collect baseline data, field survey was conducted in the COI. On-site observation 
as well as local information was recorded for the floral species in the area, which is given in 

Table 5-10 and 5-11 below. 
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Table 5-10: Major Floral Species Found along the Project Route Alignment in Sindh 
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Tree Shrub Herb 
Sr. 
No 

English/ 
Local 
Name 

Kandi 

Kikar 

1 
San 

Khabar 

Kikar 

Kandi 

Sub- 
Section 

AM-1 to 
AM-7 

District 

Matiari 

Scientific 
Name 

Prosopis 
cineraria 

Acacia nitolica 

Salvadora 
oleoides 

Salvadora 
oleoides 

Acacia nitolica 

Prosopis 
cineraria 

English/ 
Local 
Name 

Kander 

Khip 

Booi 

Kander 

Kandi/ 
Sangri 

Scientific 
Name 

Alhaji 
camelorum 

Leptadenia 
spartum 

Aerva 
javanica 

Alhaji 
camelorum 

Prosopis 
cineraria 

English/ 
Local 
Name 

Akk 

Lai 

Mallah 

Sehwar 

Akk 

Mallah 

Scientific 
Name 

Calatropis 
procera 

Tamarix 
dioica 

Zizyphus 
nummularia 

Rhazia 
stricta 

Calatropis 
procera 

Zizyphus 
nummularia 

Shisham 
Dalbergia 

sissoo 

2 Neem Sanghar  
Azadirachta 

indica 
AM-8 to 
AM-27 

Khabar  
Salvadora 
oleoides 

Sufaida 
Eucalyptus 

carnal dulensis 

Zizyphus 
jujuba Ber 

Khairpur 

Khip 

Booi 

Khip 

Lai 

Akk 

Mallah 

Akk 
Sukkur 4 

AM-28 
3 to AM- 

35 

AM-36 to 
AM-40 

Kandi/ 
Sangri 

Kikar 

Neem 

Khabar 

Kandi/ 
Sangri 

Neem 

Kikar  

Prosopis 
cineraria 

Acacia nitolica 

Azadirachta 
Indica 

Salvadora 
oleoides 

Prosopis 
cineraria 

Azadirachta 
indica 

Acacia nitolica 

Leptadenia 
spartum 

Aerva 
javanica 

Leptadenia 
spartum 

Tamarix 
dioica 

Calatropis 
procera 

Zizyphus 
nummularia 

Calatropis 
procera 

Zizyphus 
jujuba Ber 

Calatropis 
procera Khip Azadirachta 

indica Neem 

5 
AM-41 to 

AM-51  

Kandi/ 
Sangri 

Prosopis 
cineraria Ghotki Kikar Acacia nitolica 

Zizyphus 
jujuba 
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Table 5-11: Major Floral Species round along me rroject Koute Alignment 

Herb 

in runiao 
Shrub 

Sr. 
No 

Sub- 
Section 

Tree 

No 
 District 

Local 
Names 

Scientific 
Name 

English 
/ Local 
Names 

Scientific 
Name 

English/ 
Local 

Names 

Scientific 
Name 

1 
AM-52 

to 
AM-62 

Sufaida 
Eucalptus 

carnal 
dulensis 

Khip 
Leptadenia 

spartum Mallah 
Zizyphus 

nummularia 

Rahim Yar 
Khan 

Shisham 
Dalbergia 

sissoo 
Kandi/ 
Sangri 

Prosopis 
cineraria Lai 

Tamarix 
dioica 

Neem 
Azadirachta  

indica - - Akk 
Calatropis 

procera 

Kikar 
Acacia 
nitolica - - - - 

Ber 
Zizyphus 

jujuba - - - - 

Khabar 
Salvadora 
oleoides 

- - - - 

2 
AM-63 

to 
AM-75 

Bahawalpur 

Kikar 
Acacia 
nitolica 

Arind 
Arundo 
donax Lai 

Tamarix 
dioica 

Khabar 
Salvadora 
oleoides 

Khip 
Leptadenia 

spartum Akk 
Calatropis 

procera 

Shisham 
Dalbergia 

sissoo - - - - 

Ber 
Zizyphus 

jujube 
- - - - 

Sufaida 
Eucalptus 

carnal 
dulensis 

- - 

3 
AM-76 

to 
AM-94 

Bahawal- 
nagar 

Kikar 
Acacia 
nitolica 

Khip 
Leptadenia 

spartum Kanir 
Cappris 
decidua 

Shisham 
Dalbergia 

sissoo - - Mesquite  
Prosopis 

glandulosa 

Neem 
Azadirachta 

indica 
Kandir 

Alhaji 
camelorum  

- - 

Sufaida 
Eucalptus 

carnal 
dulensis 

- - - - 

Date 
palm 

Phoenix 
dactylifera 

_ - _ - 

Kandi 
Prosopis 
cineraria 

- - - - 

4 
AM-95 

to 
AM 124 

Pakpattan 

Neem 
Azadirachta 

indica 
Kandir 

Alhaji 
camelorum Akk 

Calatropis 
procera 

Kikar 
Acacia 
nitolica 

- - Mallah  
Zizyphus 

nummularia 

Shisham 
Dalbergia 

sissoo 
- Mesquite 

Prosopis 
glandulosa 

Ber 
Zizyphus 

jujuba 
- - -  

Simal 
Salmalia 

malabarica - - - - 

Sufaida 
Eucalyptus 

camaldu 
lensis 

- - - - 
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Sr. 
No 

Sub- 
Section 

Tree Herb Shrub 

District English/ 
Local 

Names 

Scientific 
Name 

English 
/ Local 
Names 

Scientific 
Name 

English/ 
Local 

Names 

Scientific 
Name 

Popular 
Populus 
negra - - - 

5 
AM-125 

to 
AM-150 

Okara 

Amaltas 
Cassia 
fisluta 

Kandir 
Alhaji 

camelorum 
Akk 

Calatropis 
procera 

Neem 
Azadirachta 

indica - - Mallah 
Zizyphus 

nummularia 

Kikar 
Acacia 
nitolica - - Mesquite  

Prosopis 
glandulosa 

Mango 
Mangifora 

indica 
- - - 

Sufaida 
Eucalptus 

camal 
dulensis 

- - Mallah 
Zizyphus 

nummularia 

Kikar 
Acacia 
nitolica - - - - 

Shisham 
Dalbergia 

sissoo - - - - 

Jaman 
Eugenia 

jambolina - - - - 

Ber 
Zizyphus 

jujuba - - - - 

Simal 
Salmalia 

malabarica - - - - 

6 
AM-151 

to 
AM-166 

Kasur 

Neem 
Azadirachta 

indica 
Kandir 

Alhaji 
camelorum - - 

Kikar 
Acacia 
nitolica 

Khip 
Leptadenia 

spartum 
- - 

Shisham 
Dalbergia 

sissoo - - - - 

Ber 
Zizyphus 

jujuba - - - - 

7 
AM-167 

to 
AM-169 

Nankana 
Sahib 

Neem 
Azadirachta 

indica 
Booi 

Aerva 
javanica Mesquite 

Prosopis 
glandulosa 

Simal 
Salmalia 

malabarica 

Shisham 
Dalbergia 

sissoo 

Kikar 
Acacia 
nitolica 

5.3.2.2 	Fauna 

i) Mammals 

Mammals found in the Project Area are mainly jackal (Canis aureus), rabbit (Lepus 
nigricollis). 

Porcupine (Hystrix indica) and wild boar (Sus scrofa) are common in the plains of Sindh and 
Punjab. Domestic animals include cows, buffaloes, sheeps, goats, cats and camels. Another 
important domestic animal of the area is donkey, which is used for cart pulling. 

ii) Reptiles 
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Reptiles include snakes and small sized lizards which are a common sight in the area. 

iii) Rodents 

Squirrel (Funambulus layardi) and Mouse (Mus musculus) are the basic rodents found in the 

Project Area. 

iv) Amphibian 

Toad (Bufo bufo) and Frog (Rana tigrina) are commonly found in the Project Area. The 
sighting of various species of fauna (mammals and avifauna) was carried out during field 
survey as well as information from locals was obtained which is tabulated in the Table 5-12 
and 5-13 given below 

a) Section-I 

Table 5-12: Major Fauna Species Found along the Project Route Alignment in Sindh 

Sr. 
No. 

Sub- 
Section 

Fauna 

District English/Local 
Names 

Scientific Name 

1 AM-1 to AM-7 

Jackal Canis aureus 

Rabbit Lepus nigricollis 

Matiari 
Porcupine Hystrix indica 

Snake Elapidae bungaris 

Lizard Cnemidophorus spp. 

Toad Bufo bufo 

2 AM-8 to AM-27 Sanghar 

Rabbit Lepus nigricollis 

Jackal Canis aureus 

Indian Mongoose Herpestes javanicus 

Snake Elapidae bungaris 

Frog Rana tigrina 

Lizard Cnemidophorus spp. 

Mouse Mus musculus 

Indian Gerbil Tatera indica 

3 AM-28 to AM-35 Khairpur 

Jackal Canis aureus 

Rabbit Lepus nigricollis 

Pig Sus scrofa 

Porcupine Hystrix indica 

Snake Elapidae bungaris 

Frog Rana tigrina 

Mouse Mus musculus 

4 AM-36 to AM-40 Sukkur 

Jackal Canis aureus 

Pig Sus scrofa 

Indian Mongoose Herpestes javanicus 

Snake Elapidae bungaris 

Mouse Mus musculus 

Toad Bufo bufo 

lizard Cnemidophorus spp. 

Frog Rana tigrina 

5 AM-41 to AM-51 Ghotki 

Jackal Canis aureus 

Porcupine Hystrix indica 

Pig Sus scrofa 

lizard Cnemidophorus spp. 
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Sr. 
No. 

Sub- 
Section 

District 
Fauna 

English/Local 
Names Scientific Name 

Snake Elapidae bungaris 

Mouse Mus musculus 

Squirrel Dicentra Canadensis 

Toad Bufo bufo 

b) Section-II 

Table 5-13: Major Fauna Species Found along the Project Route Alignment in Punjab 

Sr. 
No. 

Sub-Section District 
Fauna 

English/Local 
Names  Scientific Name 

1 
AM-52 to 
AM-62 

Rahim Yar Khan 

Jackal Canis aureus 

Pig Sus scrofa 

Porcupine Hystrix indica 

Rabbit Lepus nigricollis 

Indian Mongoose Herpestes javanicus 

Snake Elapidae bungaris 

lizard Cnemidophorus spp. 

Mouse Mus musculus 

Toad Bufo bufo 

Frog Rana tigrina 

2 
AM-63 to 
AM-75 

Bahawal pur 

Fox Vulpus vulpus 

Squirrel Dicentra canadensis 

Mouse Mus musculus 

Jackal Canis aureus 

Toad Bufo bufo 

Snake Elapidae bungaris 

Pig Sus scrofa 

Frog Rana tigrina 

Porcupine Hystrix indica 

Rabbit Lepus nigricollis 

3 
AM-76 to 
AM-94 

Bahawalnagar 

Jackal Canis aureus 

Toad Bufo bufo 

Snake Elapidae bungaris 

Pig Sus scrofa 

Frog Rana tigrina 

Porcupine Hystrix indica 

Rabbit Lepus nigricollis 

4 
AM-95 to 
AM-124 

Pakpattan 

Mouse Mus musculus 

Jackal Canis aureus 

Snake Elapidae bungaris 

Pig Sus scrofa 

Frog Rana tigrina 
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Sr. 
No. 

Sub-Section District 

Fauna 

English/Local 
Names 

Scientific Name 

Porcupine Hystrix indica 

Rabbit Lepus nigricollis 

5 
AM-125 to 
AM-150 

Okara 

Jackal Canis aureus 

Snake Elapidae bungaris 

Pig Sus scrofa 

Frog Rana tigrina 

Porcupine Hystrix indica 

6 
AM-151 to 
AM-166 

Kasur 

Mouse Mus musculus 

Jackal Canis aureus 

Snake Elapidae bungaris 

Pig Sus scrofa 

Frog Rana tigrina 

Porcupine Hystrix indica 

Rabbit Lepus nigricollis 

7 
AM-167 to 
AM-169 

Nankana Sahib 

Jackal Canis aureus 

Pig Sus scrofa 

Snake Elapidae bungaris 

Frog Rana tigrina 

v) Avifauna 

Important resident bird species/avifauna found in Project Area of Sindh and Punjab are 
house sparrow, common crow, kite, dove desert lark, cattle egret, etc. District-wise list of 
avifauna is mentioned in Tables 5-14 and 5-15. 

a) Section-I 

Table 5-14: Major Avifauna found along the Project Route Alignment in Sindh 

Sr.No. Sub-Section District 

Birds 

English/Local 
Names 

Biological Name 

1 
AM-1 to 
AM-7 

Matiari 

Sparrow Passer domesticus 

Crow Corvus splendons 

Dove Streptopelia decaocto 

Hoopoe Upupa epops 

Grey Partridge Francolinus pondicerianus 

Kite Elanus caeruleus 

Quail Cortunix cortunix 

Common Myna Acridotheres tristis 

2 
AM-8 to 
AM-27 

Sanghar 

Dove Streptopelia decaocto 

Kite Elanus caeruleus 

Little Cormorant Phalacrocorax niger 

Bulbul Pycnonotus cafer 

Crow Corvus splendons 

Sparrow Passer domesticus 
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Sr.No. Sub-Section 

Birds 

District English/Local 
Names 

Biological Name 

Peddy Bird Ardeola grayii 

Grey Partridge Francolinus pondicerianus 

4 
AM-28 to 
AM-35 

Khairpur 

Sparrow Passer domesticus 

Crow Corvus splendons 

Kite Elanus caeruleus 

Quail Cortunix cortunix 

Black Partridge Francolinus francolinus 

Dove Streptopelia decaocto 

5 AM-36 to 
AM-40 

Sukkur 

Sparrow Passer domesticus 

Crow Corvus splendons 

Quail Cortunix cortunix 

Grey Partridge Francolinus pondicerianus 

Peddy Bird Ardeola grayii 

Common Myna Acridotheres tristis 

Hoopoe Upupa epops 

6 
AM-41 to 

AM-51 
Ghotki 

Sparrow Passer domesticus 

Crow Corvus splendons 

Dove Streptopelia decaocto 

Indian Moorhen Gaffinula chloropus 

Bulbul Pycnonotus cafer 

Cattle Egret Bubulcus ibis 

Kite Elanus caeruleus 

Hoopoe Upupa epops 

Grey Partridge Francolinus pondicerianus 

b) Section-II 

Table 5-15: Major Avifauna Found along the Project Route Alignment in Punjab 

Sr.No. Sub-Section District 

Birds 

English/Local 
Names 

Biological Name 

1 
AM-52 to 

AM-62 
Rahim Yar Khan 

Sparrow Passer domesticus 

Crow Corvus splendons 

Dove Streptopelia decaocto 

Hoopoe Upupa epops 

Bulbul Pycnonotus cafer 

Kite Elanus caeruleus 

2 
AM-63 to 

AM-75 
Bahawalpur 

Sparrow Passer domesticus 

Common Myna Acridotheres tristis 

Dove Streptopelia decaocto 

Crow Corvus splendons 

Desert Lark Ammomanes deserti 

Blue Kingfisher Alcedo atthis 
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Sr.No. Sub-Section 

Birds 

District English/Local 
Names 

Biological Name 

3 
AM-76 to 

AM-94 

Dove Streptopelia decaocto 

Crow Corvus splendons 

Bahawalnagar 
Sparrow Passer domesticus 

Common Myna Acridotheres tristis 

Hoopoe Upupa epops 

Little Cormorant Phalacrocorax niger 

4 
AM-95 to 
AM-124 

Pakpattan 

Sparrow Passer domesticus 

Crow Corvus splendons 

Quail Cortunix cottunix 

Black Partridge Francolinus francolinus 

Grey Partridge Francolinus pondicerianus 

5 
AM-125 to 
AM-150 

Okara 

Sparrow Passer domesticus 

Crow Corvus splendons 

Quail Coturnix coturnix 

Grey Partridge Francolinus pondicerianus 

Parrot Psittacula krameri 

6 
AM-151 to 
AM-166 

Kasur 

Sparrow Passer domesticus 

Crow Corvus splendons 

Quail Coturnix cotumix 

Grey Partridge Francolinus pondicerianus 

Parrot Psittacula krameri 

Common Myna Acridotheres tristis 

Hoopoe Upupa epops 

7 

AM-167 to 
AM-169 

Nankan Sahib 

Little Cormorant Phalacrocorax niger 

Sparrow Passer domesticus 

Crow Corvus splendons 

Dove Streptopelia decaocto 

Peddy Bird Ardeola grayii 

Kite Elanus caeruleus 

5.3.2.3 	Endangered Fauna 

a. Mammals 

Some mammalian species which were once common in the tract have become extinct or 
near extinction in the area on account of excessive shooting, hunting and loss of habitat. 

Olo 	These include Blue bull, Wolf, Wild boar, Hog dear, Chinkara and Black buck. 

b. Birds 

Birds like Tilor (Houbara bustard), Marbled Teal (Marmaronetta angustirostris), Black 

partridge (Francolinus francolinus), Jal Kookri/Coot (Fulica atra) and Falcon (Falco 
peregrinus) have been subjected to excessive hunting and catching on account of their good 
quality and tasty meat or their commercial value as a prey bird thus falling in the category of 
Endangered or Vulnerable species. 
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5.3.2.4 	Wetlands in the COI 

No wetlands which are notified by the GOP lie within the COI of the Project alignment in any 
Angle Marking of Matiari-Lahore Project, thus there will be no impact on any wetland 
biodiversity. 

	

5.3.2.5 	Game Reserves, National Parks and Wildlife Sanctuaries 

The proposed T/L will not pass through or cross any protected area i.e. Game Reserves, 
National Parks, Wildlife Sanctuaries etc. However, proposed T/L passes at a distance of 
about 12 kilometers from Changa Manga Reserve Forest (RF) at AM-160. Proposed Project, 
therefore, will not cause any impact on the flora and fauna of the Reserved Forest. 

	

5.3.2.6 	Agriculture 

The Project Area passes throough various types of land uses including agriculture, grass 
land, desert, etc. The major agricultural crops in Sindh Province include Rice, Wheat, 
Cotton, Sugarcane, Pea nut, Fodder crop and Vegetables. In Punjab Province, Maize is also 
grown in addition to the crops mentioned above. The district-wise detail of agricultural crops 
and yield is given in Socio-Economic Baseline part of the report. 

	

5.3.2.7 	Fisheries 

Fishery activities were neither observed nor reported by the local inhabitants of the Project 
Area during field survey. As such, fishery discipline is conspicuous by its absence in the 
area; therefore, the Project will not pose any threat/impact to the Fishery Sector. 

5.4 	Socio-Economic Environment 

Thecomponents of the human environment described in this section cover the socio-
economic characteristics of the population, both provincially and locally in the COI. These 

4 

	

	components consider, among others, the political and administrative structures, the 
dynamics of the demography, the ethnicity/casts, religion and languages, the dwellings, 
education, health, landuse, land ownership, the socio-economic activities, the role of the 
women and the existing and planed infrastructure and development orientations. 

Baseline condition is described based on the surveys conducted on sample population 
settled in the COI, i.e. of Section-I and Section-II. 

To describe the baseline conditions and demographic characteristics of the population in the 
COI, proposed T/L route is mainly divided into two (02) sections as already mentioned. 

In Sindh and Punjab rural areas due to cultural norms, direct consultation with the local 
women was not allowed by the locals. For the collection of baseline data, field visits were 
carried out in June and July, 2015. 

	

5.4.1 	Political and Administrative Settings of Section-I (Sindh) and Section-II 
(Punjab) 

In both Sections potential administration system is more or less identical therefore, it is 
described under this head. Union Council (UC) is the lowest tier of the local government. 
A sherwan or village council in Pakistan is an elected local government body headed by 
a nazim (which is equivalent to a mayor) and a naib nazim (deputy mayor). Union councils 
are the fifth tier of government in Pakistan and are often known as "village councils" in rural 
areas, the territory represented by a village council usually comprises a large village and 
surrounding areas, often including nearby small villages. The term "union council" may be 
used for localities that are part of cities. 

Headed by a union nazim, each union council has 13 elected members or councilors. In 
addition to four male and two female members elected directly, there are two male and two 
female representatives of the labour, a minority member, a union council nazim and his 
deputy known as union council naib nazim. Beside elected members, there are several 
government employees and functionaries in every union council, who report to the secretary 
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of the union council. The territory of a union council or village council is usually part of 

a tehsil (a district subdivision). 

Taluka/Tehsil Council is the next tier of local government. About 4 to 5 UCs fall in the 
Taluka/Tehsil Council (TC). Taluka/Tehsil is a sub-unit of the district, which is the highest tier 

111 	of the local government system, dealing with the administrative matters at district level. In 
Sindh Province it is called Taluka Council and in Punjab it is termed as Tehsil Council. 

A district is composed of 3 to 5 Taluka/Tehsil's and is governed by the District Coordination 
Officer (DCO). The local government system of Section-I and Section-II comprise UCs 
consisting of members directly elected through an open competition, which is also from the 
Electoral College for the selection of the members for the next higher tier. This reveals that 
UCs have a sizable representation from the vulnerable groups belonging to the local 
community including female members. Considering the social, geographical as well as the 
traditional settings of the area in the COI from Matiari to Nankana Sahib (near Lahore), the 
lives of the people in rural areas of Section-I are tribal, while the remaining rural areas have 
"Bradari system" which determines the socio-economic pattern of the people's life. 

Union Council Nazim is responsible to collect and maintain statistical information for socio-
economic surveys in the community and to consolidate village and neighbourhood 
development needs and priorities them into union-wide development proposals with the 
approval of the Union Council and make recommendations thereof to the District 
Government or Tehsil Municipal Administration, as the case may be. Union council nazim 
also manage O&M of public resources such as drinking water, including wells, water pumps, 
tanks, ponds and other works for the supply of water. Union council nazim have access to 
Tehsil Nazim and Tehsil Nazim have access to District Nazim. District Government take 
funds from Provincial Government and District Nazim allocate fund with the coordination of 
DCO to Tehsil Nazim and Tehsil Nazim allocate fund as per the need of the administrative 
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	set up at District, Tehsil and Union Council level. The administrative setup of district, tehsil 
and union council level is shown inFigure 5-15 a, b and c. 

5.4.2 Approach and Methodology 

Socio-economic and demographic characteristics of both provinces are assessed based on 
primary and secondary information. Primary data was collected through field surveys and 
secondary data obtained from relevant publish material such as DCRs of relevant districts. 
Following approach and methodology was adopted to conduct the socio-economic survey in 

the COI. 

5.4.2.1 Sample Size 

To document the socio-economic conditions of the population settled in the COI, socio-
economic surveys of the selected households were carried out. One of the major steps after 
the identification of the villages and their estimated populations during the field visit was the 
calculation of sample size. Total 164 villages were found within the T/L COI (i.e. 250 m from 
either side in the centerline of the T/L) for Matiari to Nankana Saheb and socio-economic 
survey was conducted in these villages. Based on the reconnaissance, approximate a 
number of households and their population were estimated. Estimated population and 

households are given in Table 5-16. 

Section-I 

• 	 Households at Section-I along T/L COI 

Sr. 
No AM No. Location/ 

Districts 

Villages located 
along the Project 

alignment 
(Nos.) 

Estimated No. of 

Households 

Estimated 
Population 

(Nos.) 

1  1 to 7 Matiari 6 250 1,700 

2  8 to 27 Sanghar 34 7800 54600 

3 28 to 35 Khairpur 14 5200 41600 
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Sr. 
No 
. 

AM No. Location/ 
Districts 

Villages located 
along the Project 

alignment 
(Nos.) 

Estimated No. of 

Households 

Estimated 
Population 

(Nos.) 

4 36 to 40 Sukkur 7 560 4200 

5 41 to 49 Ghotki 8 270 1755 

Total 69 14,080 103,855 

Section-II 

• 	 s and Households at Section-II along COI 

Sr. 
No. 

AM No. Location/ 
Districts 

Villages located 
along the Project 
alignment (Nos.) 

Estimated 
Households 

Estiamted 
Population 

(Nos.) 

24,000 1 50 to 62 
Rahim Yar 

Khan 
9 3,000 

2 63 to 74 Bahawalpur 12 3,500 26,250 

3 75 to 94 Bahawalnagar 15 4,500 29,700 

4 95 to 124 Pakpattan 20 3,820 26,740 

5 125 to 150 Okara 22 6,200 46,500 

6 151 to 166 Kasur 13 4,915 31,948 

7 167 to 169 
Nankana 

Saheb 
4 1,700 11,050 

Sub-total 95 27,635 196,188 

Grand Total (Section-l+ Section- 
II) 

164 41,715 300,043 

From the total 41,715 households it was assumed that about 5% households (i.e. 8,343 
nos.) may have some impact due to the implementation of the Project (i.e. digging, 
concreting, erection of Towers, stringing activities). 

For determining the sample size of potential affected persons, the variability or proportion 
estimated based on the critical parameters under the study is essential to determine a 
statistically valid and representative sample size from the target population. A representative 
sample size is also important to derive meaningful results from the information collected in 
the field consisting of individual interviews, community/ group consultations and village level 
information. 

In this context, of the total expected affected households of 83,43 nos. (5% of No. of total 
H/H) from Matiari to Nankana Saheb, a Sample size" of 450 households were determined 

13Consideration: population is given and the population proportion is known. 

NZ2  P (1-P)  

Nd2  + Z2  P (1-P) 

	

Where, n 	= 	Sample size of potential affected households 

Total number of potential affected households (1,288 nos.) 

	

P 	= Population proportion (the value P= 0.50) 

	

Z 	= Level of reliability (the value of Z at 95% confidence level is 1.96) 

Maximum acceptable error (value: 0.045) 

(8343) (1.96)2  0.5 (1- 0.5)  

(8343) (0.045)2  + (1.96)2  0.5 (1- 0.5) 

448 say 450 households 
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by using a statistical formula'''. Based on the number of household sample size was 
proportionally divide in two sections Sindh and Punjab. In Section-I about 150 households 
and Section-II 300 households were selected as a sample. 

The sample households were selected randomly from different categories of potential 
affected households, i.e., land owners, tenants, shopkeepers/ businessmen, labourers etc. 
To ensure the reliability and validity of the information, every head of the household in the 
001 was considered as a unit of analysis. 

5.4.2.2 Data Collection 

To maintain the quality of field data and representation, data collection tools/ techniques 
such as interview schedule, participatory rapid appraisal, consultations with the local 
community, cross-questioning and physical observations were utilized. The data was 
collected using both structured and semi-structured questionnaires. The structured socio-
economic questionnaire was used for the collection of data from potential affected persons, 
while the semi-structured format was used for conducting consultations/ group discussions 
and village profile survey. 

Five (05) teams were formed for the collection of baseline data. Each team was headed by 
an experienced sociologist. Efforts were made to include local persons belonging to the 
areas falling in the COI of the proposed T/L in the respective team. Two (02) teams were 
assigned the task to conduct socio-economic surveys in the COI falling in Section-I. 
Remaining three (03) teams were assigned the task to collect data in Section-II. 

Data collection was started after four (04) days trainings of the survey teams, so that the 
quality of data collection into a requisite format/ unit of measurement could be maintained 
and accordingly the results could be derived. Baseline survey was carried out in the COI. 

5.4.2.3 Public Consultation/Scoping Sessions 

In order to ensure participatory development and to answer and clear out any 
apprehensions, myths and misconceptions of the locals, number of scoping sessions were 
conducted in the selected villages/settlements in the COI. Scoping sessions also provide 
support to extract qualitative information related to the perceptions, apprehensions and 
reactions of the local population and to build a sense of confidence and ownership of the 
Project. 

5.4.2.4 Data Entry and Analysis 

After the completion of the field surveys, all the questionnaires were scrutinized properly. 
Data collected on the basis of the above mentioned surveys were processed and analyzed 
using the computer software Statistical Package for Social Sciences (SPSS). SPSS provides 
a Powerful statistical analysis and data management system in a graphical environment, 
using descriptive menus and simple dialog boxes to do the analysis. 

5.4.2.5 Results 

The results generated through the data entry and analyses on SPSS were expressed in the 
form of tables and graphs. Analysis results are described in the form of frequency 
distributions. Description of the tables was made, the results related to different social and 
demographic parameters were analyzed and baselines established for the people in the 
001. 

This section provides baseline information on socio-economic and cultural parameters of the 
COI, which includes demographic parameters, settlement patterns, availability of basic 
amenities, existence of religious and cultural sites, indigenous people and the condition of 
women. Moreover, the results were also presented through maps, graphic illustrations and 
photographs. Following sections describe these baseline conditions. 

14 Cristina Parel, et.al. 1973, "Sampling Design and Procedures, ADC, 630 Fifth Avenue, New York. 10020). 
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5.4.3 	Socio-Economic Conditions of Section-I 

5.4.3.1 	Demography of Section-I 

T/L in Section-I passes through some semi urban and mostly rural areas. In this section, 69 
villages are located. Baseline conditions, demographic characteristics and socio-economic 
profile are described in below. AM wise detailed baseline profile is attached as Annex IV. 

i. Population and Distribution 

As per the last 1998 census, the estimated population of the districts where the T/L will pass 
is shown in Table 5-17. Data shows that highest population is living in Khairpur district which 
was 1,546,587persons and the lowest population was in Matiari district i.e. 253,747. As per 
DCR and socio-economic survey population details along average household size are 
shown in Table 5-17 below. 

Table 5-17: District Wise Population and Average Household Size based on DCR and 
Socio-economic Survey 

Sr* No. 
 AM No. Districts 

Population 
as Per 

DCR, 1998 

Average 
Size of 

Household 
(No.) as 

Per 
DCR,1998 

(No.) 

Population 
as Per 
Survey 

Average 
Size of 

Household 
(No.) as 

Per Survey 
(No.) 

1 1 to 7 Matiari 253,747 5.6 1,700 6.5 

2 8 to 27 Sanghar 1,453,000 5.8 54,600 7 

3 28 to 35 Khairpur 1,546,587 6 41,600 8 

4 36 to 40 Sukkur 908,373 6.5 4,200 7.5 

5 41 to 49 Ghotki 970,549 5.5 1,755 6.5 

Total 5,132,256 5.8 103,855 7 

Above data shows that as per DCR total populations in the COI are 5,132,256persons. The 
average household size was computed 5.8 members per household. 

As per socio-economic survey highest population in this section is residing in Sanghar 
district and lowest population in Ghotki district because in Ghotki district most of the T/L 
route is in desert area. 2nd  highest population is living in Khairpur district which is 41,600 
persons. Total population in the COI of Section-I is 103,855 persons. 

Family/Household Size 

As per DCR the highest average household size is 6.5 for Sukkur district and the lowest 
average household size is for Ghotki district which is 5.5. Because Sukkur is the main city of 
Sindh and there are lot of job or business opportunities available therefore, people of the 
other areas are settled there. Due to the availability of facilities such as health, education 
etc. while migration ratio from Sukkur to other cities are less as compared to other districts 
falling in the COI, which is a main cause of higher family size in Sukkur district. Based on the 
socio-economic survey highest average household size of Khairpur district (8) and lowest is 
in Ghotki district (6.5). Highest family size of Khairpur district shows that the joint family 
system is strong in this district. Variation in household size of districts DCR is due to the fact 
that DCR covers whole district including urban and rural areas. While T/L route is pass 
through mostly rural areas. Comparison of average household size in Section-I is also 
shown in Figure 5-16. 
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Figure 5-16: Comparison of Average Household Size 

EIA Report 

As per social survey maximum household size is for Khairpur and Sukkur districts which are 
8 and 7.5 respectively. Result shows that joint family system is common throughout the COI, 
whereas only small percentage of families is living as a single family (called nuclear family 
system). In Khairpur and Sukkur districts, tribal system exists, therefore, people give 
preference to live as joint family. During the discussions with the locals of Khairpur and 
Sukkur, it was clarified that larger family size is treated as the strength of the family. 

Based on social survey, overall average household size is concluded as 7 which is higher 
than DCRs average family size. The higher values of household size are based as most of 
the part of the proposed T/L will cross the rural area while in DCRs average household size 
is given of the whole district. 

Sex Ratio 

As per socio-economic surveys, the average sex ratio (males per 100 females) for Section-I 
was worked out as 114 which is higher as compare to average sex ratio based on the DCRs 
of 1998 where the sex ratio is 110.8. Details are given Figure 5-17. 

Figure 5-17: Sex Ratio as per DCR and Socio-Economic Survey 

Above figure shows that as per DCR the maximum sex ratio is in Sukkur district (114) and 
the lowest sex ratio is in Matiari district (109.4). As per social survey, maximum sex ratio in 
the 001 of Khairpur district which is 113. 

Based on the socio-economic survey, the lowest sex ratio in the 001 is 109 and 112 which is 
for the Sanghar and Matiari districts. Socio-economic conditions of the rural areas of 
Sanghar and Matriari districts are not as good as compared to urban areas. Most of the 
earning male members of the families are not living there, they are outside from their houses 
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and working in different cities and come back during the harvesting seasons. Majority of the 
people are employed or doing business in Sukkur, Hyderabad and Karachi cities. Hence the 
sex ratio in these areas are lower than others areas. 

ii. Ethnicity/ Caste Groups 

The core unit of social organization is the biraderi/caste group which is either defined on the 
basis of specific occupation or lineage. Occupationally defined caste groups are considered 
as lower status in the social setup which they are living. For instance occupationally defined 
biraderi/caste groups are Mochi (Cobbler), Machi (Fisherman), Nai (Barbar), Gujjar (Dairy 
and Livestock), Julahay (Weavers) while linage based biraderi/caste groups are Laghari, 
Baloch, Watoo, Chatha, Malik, Bhatti, Rajput etc. 

There are number of tribes and caste group located in the Section-I. The social life of the 
population is traditionally on tribal lines. Many local and other tribes from Muslim and non-
Muslim communities are settled in the COI of Section-I. 

Based on the social survey, the population in Matiari district found lot of tribes which have 
strong caste system. The major caste/ethnic groups settled in the Section-I are Sommo, Jatt, 
Khusk, Khosa, Burdi, Machhi, Khaskali, Kohli, Beer, Dogar, Brohi, Bagrani, Lund, Kori, Rind, 
Kerio, Baloch, Awan, Mahar, Arain, Rajput, Jutt, Bhatti, Shar, Junejo, Sammats, Samas, 
Mahers, Mohris, Samejas, Raja, Bajeer, Sheikh, Memon, Soomro, Qureshi, Syed, Kalhora, 
Lakhah, Kolachi, Channa, Lund, Laghari, Chandio, Khosa, Bhutta, Talpur and Unnar among 
others. Summary of major casts existing in the COI are given in Table 5-18. 

Table 5-18: Major Caste Groups/ Tribes Settled in the COI 

Sr. 
No. 

AM No. Districts Major Caste/ Tribes 

1 1 to 7 Matiari 
Jutt, 	Khusk, 	Khoso, 	Khaskali, 	Buridi, 	Balock, 	Khyber, 
Machhi,Talpur 

2 8 to 27 Sanghar 
Khoso, Pir, Kohli, Khyber, Dogar, Dehlo, Bheel, Dehri, 
Brohi, Bagrani, Talpur, Lund, Rajput, Arain, Jutt, 

3 28 to 35 Khairpur 
Megwan, 	Mahers, 	Maree 	Laghari, 	Chandio, 	Sheikh, 
Soomro, Syed, Kalhora, Channa and Lund 

4 36 to 40 Sukkur Sahata, Sammats, Samas, Mahers, Mohris 

5 41 to 49 
Ghotki 

Kholi, 	Mhangwar, 	Maree, 	Raja, 	Bajeer, 	Sheikh, 
Memon,Soomro, 	Qureshi, 	Syed, 	Kalhora, 	Lakhah, 
Kolachi, Channa, Lund 

It is worth mentioning here that the major castes/ tribes were important because they have a 
key role in decision making regarding the resolution of social issues of family matters. For 
instance, in Section-I, Landlord (locally named as Vadaira/Raise) and Shah as well as the 
head/ or elder of the respective tribe generally make decisions related to the social issues at 
village level as well as the social development works in their areas. It was assessed that 
prior to the initiation of any Project/ program, it is essential to involve these effective groups/ 
tribes at each stage from design, implementation and operation of the Project for the 
success of the Project. 

iii. Languages Spoken in Section-I 

Sindhi as a mother tongue is spoken in the COI, however, Punjabi, Saraiki, Balochi and 
Pashto are also spoken in the areas near to the Punjab boundary i.e. Ghotki and 
Sukkur.Large number of Punjabi families is living in Sanghar district due to in Sanghar 
Punjabi language is common speaking. 
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iv. Dwellings 
Housing condition is also an important parameter for the assessment of the living standard / 
household well-being of the locals. Information collected from primary as well as secondary 
sources shows that settlement pattern of the houses in all the district of Sindh Province is 

very simple. 

In Section-I poor people are living in a but consisting of mud or cattle walls and a roof of 
thatch with a hedge round it. It consists of living rooms, kitchen, store room, bathroom etc. 
The houses of Zamindar (Landlord) and well off people are built of sun dried bricks with a flat 
roof. It consists of a living room, with one or two side rooms which serves as box-rooms. The 
houses of the rich people are distinguished by ample accommodation and more grandeur 
along the same lines. In the big towns such as Matiari, Khairpur, Sanghar, Sukkur and 
Ghotki houses are usually made of burnt bricks and provided with necessary furniture and 
other luxury items. As per socio-economic survey details of different types of housing 
structures are shown in below Figure 5-18. Results shows that in the COI, poor people are 
living in Katcha houses made from baked bricks and wood or bushes while the houses of 
well off people are usually built of sun dried bricks with a flat roof. As per baseline survey, 
occupancy in different types of houses is shown in Figure 5-18. 

Figure 5-18: Different Types of Houses as per Social Survey 

■ Pacca 

■ Katcha 

it Total 

Nature of Tenure 
As per DCRs nature of tenure of the houses of the districts shows that the majority of people 
have their own houses and the only few percent people are living in rented houses. 
However, during the social survey It was observed that about 99% respondents had their 
own houses. While remaining 1% are tenents or labours who are working as employ under 
the landlord. 

Decision Methods adopted in the Villages of the COI 

4 	The methods of the decision for social conflicts in the COI are panchayat, court, jerga, caste 
groups and others (method constituted at the spot considering major and scope of the 
conflicts). According to the collected information, panchayat is most commonly accepted 
method of decision in the COI. At some places such as Sanghar and Ghotki districts, the old 
traditional decision and conflict resolution method exist. 
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In the "Panchayat" system, team lead by village leader Vadaira, Raise and religious scholar 
make decisions based on investigations and witnesses. Details of decision making method 
in the COI are given in table 5-19 below: 

Table 5-19: Decision Methods in the Villages 

Sr. No. AM No. 
Location/ 
District 

(% of Villages) 

Panchayat Court Jerga Within the Caste 
Group 

1 1 to 7 Matiari 50 14 25 27 

2 8 to 27 Sanghar 40 11 25 22 

3  28 to 35 Khairpur 95 - - - 

4  36 to 40 Sukkur 90 - - - 

5 41 to 49 Ghotki 50 - - - 

Average 65 - - - 

Table 5-19 indicates that in the COI people prefer panchayat as compared to court or other 
legal system because this method is more effective. As per the locals, Panchayat provide 
timely justice while other methods are complex and require time as well as money. 

v. Existence of Associations 

The strong and effective village societies/associations and other community based 
organizations can play an important role in the designing, implementation and operation of 
community/social and development Projects. Based on the village profile, it was observed 
that on the whole, there is no single NGO is working in the villages of 001 of Section-I. 

vi. Cooking Method 

As per DCR, different sources are being used for cooking purpose in the COI. Data reveals 
that majority of people more than 95 percent population are using locally available wood and 
animal dung for cooking purpose, while Gas is second highest source for cooking. While as 
compared to wood, only few number of people use kerosene oil because of high prices of 
kerosene oil. Reason to utilize wood for cooking is due to the fact that it is cheap and easily 
available in rural areas as compared to other methods. 

vii. Role of Women 

The emancipation of women is a campaign to give women equal rights and status with men. 
The emancipation of women i.e. their liberation from economic and sexual oppression, their 
access to higher education and their escape from narrow gender roles is not easily achieved 
due to tribal setup and remoteness in the area. Rural society of Sindh is dominated by men. 
Cultural tradition, social practices and low female literacy ratio have left women in a 
vulnerable position. Women are restricted to performing household work and excluded from 
decision-making both on the domestic front and at the community level. Women's access to 
education and health care is limited because such services are not available close to home 
in the COI. Women take active part in agricultural activities, collects fuel wood and fetch 
water, in addition to household work and family duties, but their due status is not given by 
the society. 

Women in the COI are also vulnerable through economic, social and psychological poverty. 
Economic poverty is due to lack of assets and low endowment of human capital. Social 
poverty derives from the inability of the society to accept women's equality and their 
economic, political and cultural rights, while psychological poverty is a product of the 
subjugation of women, under the dictates of customs and traditions, which deprives them 
even of control over their own lives. 
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In the rural set-up women are kept under-educated or uneducated. They are mainly 
dependent on male members of the family for economic reasons and cannot take decisions 
regarding their own lives. Indeed, women cannot use their rights to caste vote during general 
elections, they have no say in the family matters and are not asked about their preference 
for marriage. Yet for the paucity of rights, women play a vital part in the society fetching 
water and firewood from distant places, nurturing children and cooking and cleaning for the 
family. Nonetheless, these conditions make communication with women within the tribal 
regions more difficult and there are numerous aspects of women lives in the region which 
need to be explored. 

Major Issues faced by Women in the COI 

Information which is collected through secondary sources and group discussion with locals 
shows that major problems faced by women in the area are lack of primary health care, the 
lack of education opportunities and the lack of access to clean water. Other problems faced 
by women included very labourious work such as woods collection for cooking and heating, 
working in agricultural fields and fetching and carrying water from distant places. These 
tasks not only affect their health but also take up a major portion of their time, which they 
could use in some other productive work. 

5.4.3.2 Main socio-economic Activities in Section-I 

Farm income can be classified as the income generated through selling of farm products 
such as crops, fodder and dairy products from livestock. The main source of income and 
livelihood of the locals falling in the 001 is agriculture. Along agriculture, locals perform other 
work as a secondary source of income. The households earn income by doing farm activities 
i.e. by dong permanent job in public sector or private sector, business and other daily wage 
works. By adding both the incomes, total earned income of the households is estimated 
which is available with the members of the households for consumption or saving purpose. 
In rural areas, the main asset considered is livestock, since the farmers can sell an animal to 
have money to fulfil their urgent needs. Livestock also partially fulfills portion requirements of 
locals especially children and women. Details are given in Figure 5-19. 

i. Structure of Occupation and Employment 

Based on the field survey major occupations in the 001 are agriculture / farming, Labour 
(Unskilled workers), service (government or private employ), business (small shop keeper) 
and livestock rearing (sale and purchase of livestock and dairy products). As per data 
collected for the baseline, it was noticed that agriculture/farming and unskilled labour is the 
main source of income for the locals. As discussed above, major part of the T/L passes 
through rural areas and majority of people are involved in agriculture activities or labour 
related to the field of agriculture. Details of occupations in the 001 are given below: 

Figure 5-19: Main Occupations in COI 
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Figure reveals that, in the COI, maximum number of people more than 70 percent of the all 
the districts are attached to the field of Agriculture, while 2nd  highest percentage of 
respondent are involved in daily wage labour and the lowest percentage are employed in 
Govt. and private sectors and remaining are doing business or fall in others sectors. 

Another important thing is that majority of the locals are involved in multiple occupations as 
all are farmers but also are labourer and do some other business. 

ii. Agriculture 

Landuse Pattern 

The optimum cropping pattern refers to the allocation of the cropped area under different 
crops during the year in order to attain maximum output within the existing resources. In 
general, there are four (04) main crops (i.e. wheat, cotton, Maize, sugarcane) being grown in 
the COI from Matiari to Ghotki. (Refer Crop Calendar Annex-V11),In addition vegetables, 
some fodder, sunflower, rose and orchards (Mango, Plump, Guava etc.) were also found 
under the cropping pattern in the COI. Details regarding the cropping pattern in the COI are 
presented in Figure 5-20. 

Figure 5-20: District Wise Cropping Patterns as per Social Survey 

iii. Other Activities 

Household Livelihood 

Average Annual Income 

Generally income of the households consists of farm income and nonfarm activities. The 
farm income is obtained by selling crops. The income earned by conducting off-farm 
activities is referred as non farm income. The assessment of annual household income is 
one of the important indicators to measure the well-being/ livelihood of the household. 
During the field surveys, it was observed that in case of farm households, the major sources 
of income included the income from crops and livestock (dairy products). For non-farm or 
landless households, the main sources of income are the income from off-farm activities, 

so. 	such as business, Govt. or private employment, labour etc. 

The survey results depicted in below Figure 5-21 reveal that in the COI, average annual 
household income is computed to be Rs. 122,000/- while the per month amount is Rs. 
10,167/-. The average annual and monthly, per capita income is estimated as Rs. 28,477/-
and Rs.2,373/- respectively. Details of average income in the COI are show in Figure 5-21. 

r 
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Figure 5-21: Average Income in the COI 

EIA Report 

 

Household Expenditure 
The annual expenditure and pattern of the expenditure provides an indication for assessing 
the standard of living of a household. The expenditure on food items includes cereals, 
pulses, flour, sugar, cooking oil/ ghee, milk etc., while the non-food items consist expenditure 
on education, medical treatment, clothes, shoes, cosmetics etc. 

The survey indicates that on overall basis, the average annual household expenditure on 
both food and non-food items is computed to be Rs. 82,972/-. In case of food and non-food 
items, such proportion is to the extent of Rs. 64,050/- (77.2%) and Rs.18,922/- (22.8%) 
respectively. 

Extent of Credit Utilization 

Generally, the credit is obtained to supplement the income to meet the routine and some 
extra expenditure of the household including investment, social needs and other unforeseen 
situations. Credit is obtained from both the formal (banks) and informal sources (friends, 
relatives, land owner etc.) 
As per the socio-economic surveys, majority of the respondents did not take loan during the 
last year and only 1 percent take loan for household matters such as for diseases or 
marriages etc. 

5.4.3.3 Social Amenities and Infrastructure in Section-I 

Considering the objective of the study, the profile of the villages has been interpreted in 
detail focusing on social and societal aspiration of the present time and the development of 
infrastructure demonstrates availability of social amenities at village level. These include 
road, electricity, dispensary/ basic health unit (BHU), school, Sui gas, drinking water facility, 
telephone and others. 

The availability of the basic infrastructure and social amenities measures the development of 
the area and living standard of the people. During the social survey, data regarding the 
availability of village infrastructure including electricity, road, BHU, school, drinking 
water/water supply scheme, telephone, sewerage/drainage, fuel wood and sui gas were 
collected in order to identify the pressing infrastructural development needs of the villages 

located in the COI. 
The survey results derived based on the 'village profile' summarized in Figure 5-24 shows 
that out of 10 villages / Goths, 60 to 80 percent population in the COI had access to roads, 
electricity, fuel wood and schools especially for boys, while the other facilities like health, sui-
gas, drinking water and telephones were found at 12 percent population. Drinking water/ 
water supply schemes were also not available in most of the villages. In the COI from 
Matiari to Ghotki districts, drinking water is a major issue for the people especially in desert 
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areas of Sanghar and Ghotki where people are forced to use pond water for drinking. The 
major sources of drinking water in the COI are streams, nullahs, pumps and tubewell etc. In 
some areas women have to fetch water from far away ponds and dug wells from their 
houses. Details of the availability of infrastructure in different villages are given in below 
Figure 5-24. 

Education Facilities 

During the field visit, it was observed that in the 001, educational buildings are available. 
Educational institutions were found but in poor condition. Due to the non-availability of 
students as well as teachers, most of the school buildings have collapsed or in a poor 
condition. 

In the COI, most of the schools for girls and boys are of primary and middle level and in 
many areas children have to go at taluka headquarter for higher secondary education, which 
are not easy to travel for the vast majority of students especially girls. 

Educational facilities are better in Matiari and Khairpur districts while other districts of the 
COI are considered educationally backward especially with respect to the female. The poor 
class may get education upto primary standard but they rarely go any further studies. The 
teaching staff of the schools of all the districts is mostly trained and medium of instruction at 
present is Sindhi and Urdu languages. Based on the socio-economic survey, details of 
education facilities in the 001 are given below in Figure 5-24. 

Literacy Rate 

According to Pakistan's National Literacy Policy, "a person is literate if he/she can read and 
write a paragraph of at least three lines in any regional or national language along with 
comprehension". 

According to DCRs the literacy rate of Sukkur district is highest (i.e. 46.6) among all districts 
(Figure 5-22). In Sukkur city, there are number of educational institutions. However, like 
other districts of Section-I, literacy ratio among women is not so good due to cultural 
restriction of women education. 

In the COI, the lowest literacy ratio is in Khairpur district which is 21.7 percent. Based on 
DCRs, district wise literacy rate are shown in Figure 5-22. 
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Figure 5-22: Literacy Rate as per DCR 

As per socio-economic survey, highest literacy ratio was of Matiari and Sukkur district i.e. 
30.5 percent as compared to other areas in the COI. Figure 5-23 shows the results of survey 
carried out in the COI. 

Figure 5-23: Literacy Ratio as per Survey 

Based on the field survey, average literacy rate of the sample population is 14 percent, i.e. 
lower as compare to average literacy rate 28.6 percent based on DCRs. This variation is due 
to the fact that T/L mostly crosses the rural areas of Section-I. 

Health Infrastructure 

Health facilities are inadequate in the COI. The people in the COI have a tendency to get 
treatment from Indigenous Healers, due to the lack of suitable and sufficient health facilities. 
Bad sanitary conditions, insufficient medical facilities and meagre parental care, all 
contribute to the prevalence of ill health and high rate of mortality in the COI. 

As per socio-economic survey, although health facilities area exist few villages of the COI 
but not so good. Buildings are available but without any health facility. In few villages of 
Matiari and Sanghar district BHUs are working to some extent. While in reaming district 
people have to cover long distance to gain health facility. This situation is much poor for 
women in delivery cases. Although majority respondent said that for delivery case they go to 
Lady doctor in nearby city but due to lack of proper facilities of transportation and road 
infrastructure it is not easy task. In the COI, private clinics exists which are run by dispensers 
and compounders. Based on field survey, health facilities available in the COI are described 
in Figure 5-24. 

5-49 



Matiati 
Khairpur 

b• Aft. 1,  MI Sukkur 

tsate`  

‘-1 " c4.  
‘40  

e 
1/40 	41? 

to Ghotki 

.e* al Average 

‘,.`" 

HVDC Transmission Line from Matiari to Lahore  

Figure 5-24: Availability of Infrastructure 
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Sanitation / Drainage Facilities and Solid Waste 

Sanitation is poor in the area. There is no proper sewerage system available and only a few 
villages of the COI were observed to be connected with the proper sewerage system. In a 
majority of the cases, village's wastewater is disposed of into open spaces or nearby ponds. 
Ultimately, wastewater is drained into a pond/nullah, thus it becomes a source of pollution. 
Same is the case with solid waste there is no proper arrangement for disposed of solid 
waste. 

5.4.3.4 Migration in Section-I 

The process of migration especially internal migration in Pakistan is an old phenomena. It 
not only provides opportunities for employment but also improves the socio-economic 
conditions of migrant households. Lack of employment opportunities coupled with 

1110 	inadequate income from farming are considered the leading cause of migration. 

Same is the case with the population residing in the COI. Locals in the COI are migrated to 
other cities of Pakistan or abroad due to the unavailability of economic resources. In 
Section-I, migration rate is high as compare to Section-II. There are four (04) main reasons 
of migration in the COI: 

• Lack of job opportunities; 

• Limited business opportunities; 

• Economic Development; and 

• Un-satisfaction from Agriculture production. 

During the field visit, locals informed that they are forced to migrate due to lack of job and 
business opportunities. In the majority of cases, male members usually migrate. Some times 
whole families migrate to other areas. Although, if a person has moved to the city in practice, 
he retains his ties with his village and his rights there are acknowledged long after his 
departure. Typically, the migrant sends part of his earnings to the family he left behind and 
returns to the village to work at peak agricultural seasons. Even married migrants usually 
leave their families in the village when they first migrate. The decision to bring wife and 
children to the city is thus a milestone in the migration process. 

Although this migration has had little effect, it has affected social fabric. While a man is away 
from his family, his wife often assumes responsibility for many day-to-day business 
transactions that are considered the responsibility of men. 

5.4.3.5 Religious Archaeological and Historical Sites in Section-I 

Religious Sites 

Religious sites include mosques, shrines and graveyards. These are socially sensitive areas 
to deal with. The survey has exposed that the people of the Project Area are strongly 
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attached to their religion and culture. Shrines and graveyards are regarded as sacred 
heritage and receive devoted attention from the people. As per social survey, it was 
observed that number of religious sites exists in the COI from Matiari to Ghotki. But all the 
sites are from the out side of the COI. Due to no impact is considered on these sites. 

Archaeological Sites 

No archaeological and any historical site was observed to exist within the COI, during the 
field visit. 

Indigenous People 

As per social survey no indigenous people are found in the COI. 

5.4.4 	Socio-economic Conditions of Section-II 

5.4.4.1 Demography of Section-II 

Socio-economic survey were carried out in the COI to establish the socio-economic baseline 
conditions, which will provide the basis for the estimation of potential impacts, monitoring 
and evaluation against which to appraise the mitigation measures. 

i. Population and Distribution 

As per 1998 census, the estimated population of the districts in Section-II where the T/L will 
pass is shown in Table 5-21. Data shows that maximum population is living in Rahim Yar 
Khan district which is 3,141,053 persons and the minimum population is in Nankana Saheb 
district i.e. 683,963. As per DCR and socio-economic survey, population details along 
average household size are shown in Table 5-21. 

Table 5-21: District Wise Population and Average Household Size 

Sr. 
No. 

AM No. Districts 

As Per DCR 
As Per Socio-economic 

Survey 

Population 

Average. 
Size of 

Household 
(No.) 

Population 

Average. 
Size of 

Household 
(No.) 

1 49 to 62 Rahim Yar Khan 3,141,053 7.5 22,000 8 
2 63 to 74 Bahawalpur 2,433,091 6.8 11,400 7.5 
3 75 to 94 Bahawalnagar 2,061,447 6.7 42,000 6.5 
4 95 to 124 Pakpattan 1,286,680 6.4 26,000 7 
5 125 to 150 Okara 2,232,992 6.5 95,000 7.5 
6 151 to 166 Kasur 2,375,875 7 91,000 6.5 

7 167 to 169 Nankana Saheb 683,963 6.7 10,000 6 

Total 14,215,101 6.8 297,400 7 

Above data shows that as per DCR total population of the districts along COI are 
14,215,101persons. The average household was computed 6.8 members per household. 

As per socio-economic survey, highest population in the COI is calculated as 95,000 
persons of Okara district. Due to urban or semi urban area population density is high in 
Okara. The lowest population is 11,400 persons in Bahawalpur district due to the most of the 
part of TL pass through the rural in this district. Total population falling in the COI from 
Rahim Yar Khan to Nankana Saheb is 297,400. 

Family/Household Size 

As per DCR, the highest average household size is 7.5 for Rahim Yar Khan district and the 
lowest average household size for Pakpattan district which is 6.4. While based on socio-
economic survey, highest average household size is 8 of Rahim Yar Khan district and lowest 
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is 6 of Nankana Saheb district. Highest average household size is because Rahim Yar Khan 
is an important city of South Punjab. Rahim Yar Khan is a commercial and industrial center; 
it is connected to the rest of the country through Railway Transport and Air Traffic including 
the other industrial hubs such as Lahore, Karachi, Islamabad, Quetta and Faisalabad. 
Industries include fertilizer Such as Fauji Fertilizer Company, Fatima Fertilizer Company, 
cosmetics, glass manufacturing, cotton production and processing, large textile units, flour 
mills, sugar and oil mills and large-scale Power generation projects. There is also large 
number of educational institution as people of the other areas come for different purposes 
such as job or business opportunities and settled there. Based on social survey overall 
average household size is concluded 7 which is higher the DCRs 6.8. Comparison of 
household size is given in below Figure 5-25. 

Figure 5-25: Comparison of Average Household Size 

( 

Most of the families in these districts where the T/L will pass are living in joint family system 
comprising grandparents, uncles, aunties and lot of cousins, whereas only small percentage 
of families are living as a single family (called nuclear family system). Nuclear family only 
exists near urban or semi urban areas. Although joint family system is undergoing a radical 
change with a greater influence of media and education but people of the COI do not feel 
good about this change. Because while living in a joint family system a lot of emotional 
attachments are enhanced and they feel that by separating in nuclear family system, their 
relations will damaged and family ties will be weakened. 

As per the locals, joint family system is basically a form of organization. In this organization 
there are defined norms and values to follow strictly by all the members. All the members 
have their defined tasks and responsibilities to perform. There is equal share of each and 
every member of the family in the available resources in the form of money, food and other 
requirements and locals feels better in joint family system as compare to nuclear family. 

During the discussion with the locals, it was clarified that larger family size is also treated as 
the strength of the family. 

Sex Ratio 

As per DCR the sex ratio (males per 100 females) for these districts is shown in Figure 5-26. 
Maximum sex ratio is for Kasur and Okara districts which is 110 and the lowest sex ratio is 
108 for Rahim Yar Khan and Pakpattan districts. While as per socio-economic survey, 
maximum sex ratio is calculated as 114 for Bahawalpur district which is higher as compare 
to 1998 DCR. Based on social survey, average sex ratio is high 111 percent as compare to 
DCRs 109 percent. District wise and socio-economic survey sex ratio details are given 
Figure 5-26. 
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Figure 5-26: Sex Ratio as per DCR and Socio-Economic Survey 

Causes of Higher Sex Ratio in the COI 

Above figure shows that sex ratio in the COI is higher as compared to female. Above figures 
for sex ratio are taken from census data and socio-economic survey carried out in the COI. 
The sex ratio depends on the factors such as the sex ratio at birth, differential mortality rates 
between the sexes at different ages and losses and gains through migration. As in other 
areas of Pakistan in the COI, sons are preferred because (i) they have a higher wage-
earning capacity, (ii) they continue the family line; and (iii) they are generally recipients of 
inheritance. Girls are often considered an economic burden because of the dowry system, 
after marriage they typically become members of the husband's family, ceasing to have 
responsibility for their parents in illness and old age. The impact of son preference on the 
population sex ratio can be seen in above Figure 5-27. 

ii. Ethnicity/ Caste Groups 

Number of castes/tribes exists in the 001 from Rahim Yar Khan to Nankana Saheb. Major 
castes in the colony area of Rahim Yar Khan are the Arain, Jat, Rajput and Gujjar. They 
have all come from the adjoining districts of East and West Punjab. The old settlers are The 
Joya, Wattoo, Daudpota, Baloch and Pathan. While in cholistan area of the district Dahar, 
Joya, Mehra and Kakar are inhabited. Summary of major casts in the 001 are given below in 
Table 5-22: 

Table 5-22: Major Caste Groups/ Tribes Settled in the COI 

Sr. 
No. 

AM 
No. 

District Castes 

1 
49 to 

62 
Rahim 	Yar 
Khan 

Panwar, 	Paracha, 	Lodhi, 	Phularwan, 	Sukhera, 	Laleka, 
Mohal, 	Rajput, 	Arain, 	Jatts, 	Chishtis,Sial, 	Khakwanis, 
Cheema, Arain, Jat, Rajput and Gujjar 

2 63 to 
74 

Bahawalpur Syed, Qureshi, Baloch, Pathans, Rajput, Jat, Arain, Gujjar 

3 75 to 
94 Bahawalnagar Mashadi, Kirmani, Bukhari, Abbasi,Qureshi, Rajpur,Jat 

4 95 to 
124 Pakpattan Arain, Jat, Rajput, Watto, Hans, Bhattis, Chishties 

5 125 to 
150 Okara 

Khrrals, 	Wattos, 	Arain, 	Gujjar, 	Sial, 	Rajput, 	Jat, 	Awan, 
Kumbo, Bhatti, Sheikh 

6 151 to 
166 Kasur 

Kirmani, Bukhari, Abbasi, Watto, Hans, Bhattis Sial, Rajput, 
Jat, Awan,Kokar, Kumbo, Sheikh, Bhatti 
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Sr. 
No. 

AM 
No. 

District Castes 

7 167 to 
169 

Nankana 
Saheb 

Watto, Hans, Bhattis, Arain, Jat, Rajput, Cheema, Arain, 
Jat, Rajput, Sheikh, 

During the field survey, it was also observed that these major castes/ tribes were important 
because they have a key role in decision making regarding the resolution of social issues of 
family matters. For instance, Landlord (locally named as SardarNadaira) as well as the 
head/ or elder of the respective tribe generally make decisions related to the social issues at 
village level as well as the social development works in their areas. It was assessed that 
prior to initiate any project/ program, it is essential to involve these effective groups/ tribes at 
all levels of the project starting from design, implementation and operation of the project for 
the success of the project. 

iii. Languages Spoken 

Saraiki and Punjabi as a mother tongue are spoken in the COI of Section-II, however, 
Balochi and Pashto are also spoken in the few areas.From Rahim Yar Khan to 
Bahawalnagar Saraiki is dominant language in the area while from Bahawalnagar to 
Nankana Saheb Punjabi and Urdu are spoken. 

iv. Dwellings 

Houses in the rural areas of Rahim Yar Khan to Bahawalpur can be classified into three (3) 
types; Katcha (made from wood and tree branches), Semi Katcha (made from unbaked 
bricks or few portion made from burnt bricks) and Cemented (made from burnt bricks or 
stones). Houses in the rural areas usually lack a kitchen and are even without a toilet facility. 
Houses made with wood and branches, are being replaced by semi-katcha to cement as 
their occupants gain economic prosperity. In rural areas, houses usually comprise one or 
two rooms, a veranda and animal penning area, which is fenced with tree branches. In the 
urban areas such as Rahim Yar Khan and Bahawalpur people live in cemented well 
designed houses. 

As other areas of Punjab, housing structure from Bahawalnagar to Nankana Saheb usually 
are made of mud, wooden beams and bricks. There is one big room, which is used as living 
room and one or two smaller ones at the back used as store. People of the area generally 
live in villages rather than on the farms. There are usually a few wooden with a few chairs 
and occasionally sofa and tables in the houses of well to do Zamidars. In towns and cities, 
houses are built of bricks, cement and steel which is furnished with marble tiles and wood. 
As per DCRs, details of different types of housing structures are given below in Figure 5-27: 

Figure 5-27: Different Types of Houses as per DCR 
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Figure 5-28: Different Types of Houses as per Social Survey 
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Figure 5-28 shows that in the COI large number of respondents 62.8 percent are living in 
Pacca houses which are made from bricks and blocks. While 27.2 percent are living in Semi 
Katcha houses made with mud and unbaked bricks. Theses category mostly exists in district 
Rahim Yar, Bahawalpur and Bahawalnagar. In last, only 10 percent respondent are living in 
Katcha house made with wood or bushes. This type exists in rural areas in the COI from 
Rahim Yar Khan to Bahawalpur. As per baseline survey, different types of houses are given 
below Figure 5-28: 

Nature of Tenure 

As per DCRs nature of tenure of the houses of the districts shows that the majority people 
98 percent have their own houses and the only 2 percent people are living in rented houses. 

It was observed during the field survey 100 percent respondents have their houses, there is 
no house on rent in the COI. 

v. Decision Methods in the Villages 

The methods of the decision for social conflicts in the COI are panchayat, court, jerga, caste 
groups and others (method constituted at the spot considering major and scope of the 
conflicts). According to the data collected during social survey in Section-II, panchayat is 
also most commonly accepted method of decision making in the COI. 

The survey results presented in Table 5-23 reveals that in the COI informal and traditional 
methods were adopted by the villagers to resolve the social disputes amongst the caste 
groups, relatives and neighbours and other villagers. 

In majority of the villages, 93.4 percent in the COI, social disputes are settled through the 
"Panchayat" system lead by village leader Vadaira and religious scholar. Details of decision 
method in the COI are given in below table 5-23: 

Table 5-23: Decision Methods in the Villages 

Sr. 
No. 

AM No. Location/ 
District 

(% of Villages) 

Panchayat Court Jerga 
Within the 

Caste 
Group 

1 49 to 62 
Rahim 	Yar 
Khan 

95 5 - - 

2 63 to 74 Bahawalpur 98.5 1.5 - - 
3 75 to 94 Bahawalnagar 97 3 - - 
4 95 to 124 Pakpattan 85 8 - 7 
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Sr. 
No. 

AM No. Location/ 
District 

(% of Villages) 

Panchayat Court Jerga 
Within the 

Caste 
Group 

5  125 to 150 Okara 93 7 - 

6 151 to 166 Kasur 92 6 - 2 

7 167 to 169 
Nankana 
Saheb 

93 5 - 2 

Average 93.4 5.1 - 1.6 

Table 5-21 indicates that in the COI, people prefer panchayat as compare to court or other 
legal system because this method is more effective. As per the locals, Panchayat provide 
timely justice while other methods are complex and require time as well as money. 

vi. Existence of Associations 

The strong and effective village societies/associations and other community based 
organizations can play an important role in the designing, implementation and operation of 
community/ social and development projects. Based on the village profile, only few villages 
NGOs are working in the field of microcredit. 

vii. Cooking Method 

As per DCR, different sources are being used for cooking purpose in the COI. Data reveals 
that majority of people 79.6 percent population are using wood for cooking purpose in these 
districts while Gas is second highest source for cooking. As per DCR, different sources of 
cooking are shown in Figure 5-29. 

Figure 5-29: Source of Cooking in the COI 

Baseline survey also verifies the DCRs data. As per survey it was observed that majority 
58.1 percent of the locals in the 001 use wood for cooking while 34.2 percent used other 
sources such as bushes or Dunk as a major source of cooking (refer Figure 5-30). Due to 
high price only 3.2 percent people use Kerosene. Details of the sources of cooking in the 
COI are given below Figure 5-30. 
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Figure 5-30: Main Source of Cooking in the COI as per Social Survey 

viii. Role of Women 

The women and girls of the study area were observed busy in doing laundry, looking after 
the children, preparing food etc. There is a lack of employment opportunities for women. 
However, in city areas such as in Rahim Yar Khan, Bahawalpur, Pakpattan, Okara and 
Kasur, few women doing jobs in different professions like teaching, medical and Govt. and 
Private Sector were reported. 

Women of the study area were asked about their skills. Majority of the respondents reported 
to have the skill of stitching and embroidery, which they have learnt from their elder ladies 
but their male members do not allow using their skill for commercial purpose. 

It was assessed that socio-economic conditions of the women were not so good in the study 
area. All women showed their favour and appreciation for the proposed project. 

Women were also asked about their marriages that either before marriage their permission 
is taken or not. Women of the study area reported that decisions regarding their marriages 
are made by their male heads and we have no objection regarding their decisions, as they 
are our parents, they know what is better for us, however, endogamy (marriage within family) 
is preferred. 

5.4.4.2 Main Socio-economic Activities in Section-II 

i. Structure of Occupation and Employment 

Based on the field survey, major occupations in the 001 are agriculture / farming, unskilled 
labour, service, business, shops and livestock rearing. As per data collected for the baseline, 
it was noticed that agriculture/farming and unskilled labour is the main source of the income 
for the locals. As discussed above, major part of the T/L passes through rural areas and 
majority people are involved in agriculture activities. Details of occupation in the COI are 
given below in Figure 5-31. 
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Figure 5-31: Main Occupation in the COI 

Figure 5-31 reveals that on overall basis, in the COI, 34.5 percent respondent are involved in 
agriculture, 32.1 percent are related to daily wage labour, while 7.4 percent are employed in 
Govt. and private sectors, remaining are doing business or activities in others sectors. 

Another important thing is that majority of the locals are involved in multiple occupations as 
all are farmers but also are labourer and do other businesses. 

ii. Agriculture 

Landuse Pattern 

The optimum cropping pattern refers to the allocation of the cropped area under different 
crops during the year in order to attain maximum output within the existing resources. In 
general, there are four (04) main crops (i.e. wheat, cotton, Maize, sugarcane,) being grown 
in the COI from Rahim Yar Khan to Kasur (Refer Crop Calendar as Annex-VIII). In addition 
vegetables, some fodder, sunflower, rose and orchards (Mango, Plump, Guava) were also 
found under the cropping pattern in the COI (Refer Fruit Calendar As Annex-IX) .Details 
regarding the cropping pattern in the COI are presented in below Figure 5-32. 

Figure 5-32: Distribution of Cropping Pattern 

Cropping Intensity 

The cropping intensity15  refers to the proportion of cultivated area being cropped during the 
year. In the survey, it was observed that average cropping intensity is estimated as 124.2 in 

15  Cropping intensity is computed by dividing the cropped area by cultivated area and multiplying by 100 and 
expressed in terms of percentage. This reveals the extent of cultivated area being cropped dur'ng the year. 
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the COI. 

Crop Yield 

Crop yield is one of the key performance indicators to assess the productivity of land. As 
discussed above, wheat, sugarcane, cotton and maize are being grown. Based on the 
results of the field survey, it was noted that overall basis, the average yield of sugarcane per 
acre is 1503.5 kg, wheat 36 kg, maize 63.3 kg and cotton34.2 kg. District wise details are 
shown in Figure 5-33. 

Figure 5-33: Distribution of Average Yield of Major Crops in the COI 

iii. Household Livelihood 

Average Annual Income 

Average household annual income is an indicator for assessing the livelihood/ well-being of 
a household. During the field surveys, it was observed that in case of farm households, the 
major sources of income included the income from crops and livestock (Dairy products). For 
non-farm or landless households, the main sources of income are the income from off-farm 
activities, such as business, Govt. or private employment, labour etc. 

The survey results depicted in Figure 5-34 reveal that on overall basis, the average annual 
household income is computed to be Rs. 391,650/- while the per month amount is Rs. 
32,638/-. The average annual and monthly, per capita income is estimated as Rs. 56,916/-
and Rs.4,743/- respectively. Details of COI are given below Figure 5-34. 

iv. Household Expenditure 

The annual expenditure and pattern of the expenditure provides an indication for assessing 
the standard of living of a household. The expenditure on food items includes cereals, 
pulses, flour, sugar, cooking oil/ ghee, milk etc., while the non-food items consist expenditure 
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on education, medical treatment, clothes, shoes, cosmetics etc. In this respect, survey 
results are presented in Figure 5-35. 

The survey indicates that on overall basis, the average annual household expenditure on 
both food and non-food items is computed to be Rs. 139,010/-. In case of food and non-food 
items, such proportion is to the extent of Rs.101,081/- (73.3%) and Rs.37,929/- (26.8%) 
respectively (refer Figure 5-35). 

Figure 5-35: Distribution of Monthly Expenditure 
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Extent of Credit Utilization 

Generally, the credit is obtained to supplement the income to meet the routine and some 
extra expenditure of the household including investment, social needs and other unforeseen 
situations. Credit is obtained from both the formal (banks) and informal sources (friends, 
relatives, land owner etc.) 

As per the socio-economic survey 4 percent took loan during the last year for household 
matters such as disease or marriage etc. 

5.4.4.3 Social Amenities and Infrastructure in Section-II 

The availability of the basic infrastructure and social amenities measures the development of 
the area and living standard of the people. During the social survey, data regarding the 
availability of village infrastructure including electricity, road, basic health unit/center, school, 
drinking water/water supply scheme, telephone, sewerage/drainage, fuel wood and sui gas 
were collected in order to identify the pressing infrastructural development needs of the 
villages located along the COI (Refer Annex-IV). 

The survey results derived based on the 'village profile' summarized in Figure 5-38 shows 
that out of 66 villages, 85 to 90 percent of the villages in the COI had access to roads, 
electricity, fuel wood and schools especially for boys, while the other facilities like health, sui-
gas, drinking water and telephones were found at 56 percent villages. Drinking water/ water 
supply schemes were also not available in most of the villages. The major sources of 
drinking water are hand pumps, streams, nullahs, pumps and tubewell etc. in the COI. In 
some areas of Rahim Yar Khan, Bahawalpur and Bahawalnagar districts, women have to 
fetch water from dug well or water ponds far away from their houses. Details of the 
availability of infrastructure in different villages are given in below Figure 5-38. 

Education Facilities 

During the field visit, it was observed that in the COI educational buildings are available. 
Educational institutions were found but in poor condition. Due to the non-availability of 
students as well as teachers, most of the school buildings have collapsed or in a poor 
condition. 
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People of the COI get basic education at local level after that go to nearby city for higher 
education. All types of educational facilities are available in the district level. All the districts 
in the COI from Rahim Yar Khan to Nankana Saheb have number of education intuitions. 
Education facilities are better in Rahim Yar Khan, Bahawalpur and Pakpattan as compared 
to other districts, however, people of the COI give preference to Lahore for better education. 
Lahore is a first class place of learning in Pakistan. The world famous and the oldest 
university of Pakistan i.e. University of the Punjab located in this city. Besides these other 
famous institutions are Govt. College University, Lahore College for Women University, 
University of Engineering and Technology etc. 

In the COI, most of the schools for girls and boys are primary and to middle level. While in 
most of the area for higher secondary education, children have to go Tehsil headquarter, 
which are not easy to travel for the vast majority of students especially girls. 

v. Literacy Rate 

As per DCRs, the literacy rate of Okara district is highest i.e. 37.8 among all districts. There 
are two main reasons of higher literacy rate in Okara, first one is that in Okara number of 
educational institutions exists for both male and female and second reason is that Okara is 
just about 150 Km from Lahore. Due to the availability better education facilities in Lahore, 
locals residing in the COI of Okara districts prefer Lahore for education being nearest. In the 
COI the lowest literacy rate is Rahim Yar Khan district which is 33.1 percent. Based on 
DCRs district wise literacy ratio is shown in Figure 5-36. 

Figure 5-36: Distribution of Literacy Ratio as per DCR 

As per socio-economic survey of the COI, literacy rate of the Kasur district is the highest i.e. 
42.4 percent as compared to other districts in the COI (refer Figure 5-37). Lowest literacy 
rate is Bahawalpur district i.e. 30.4 percent in which 22.6 percent in male and 7.8 percent in 
female. Below figure shows the results of survey carried out in the COI. 

Figure 5-37: Distribution of Literacy Ratio as per Social Survey 
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Based on the field survey, average literacy rate of the sample population is 34.8 percent. It is 
important to disuses here that female literacy ratio among all districts of the COI is lower as 
compare to men. There are many cause of low literacy rate among women in which few is 

discussed below: 

Causes of Low Literacy Rate among Women 

Data shows that female literacy rate in all districts are lower as compare to male. There are 
many reasons of lower literacy rate among women such as first cause of women illiteracy is 
the increase in population, which is playing a negative role in this deprivation of female 
education. A family having more number of children and less income will prefer to educate 
the boys of the family, while the girls will be given embroidery or sewing skills. Secondly, 
there is also a misconception that females merely have to manage a home after being 
married where as males have to earn so education matters only for males but not for 
females. Thirdly, it have been observed that traditionally, women are considered as the 
asset of males of the family. So these males are responsible for taking decisions of their 
lives. In most cases, males do not allow their sisters or daughters to go to schools or 
universities. Additionally, some families do not like their daughters to study in co-education 
institutes thus depriving them of higher education. Fourthly, the social setup is a male 
dominated one. Girls cannot move freely thus any male of the family has to take 
responsibility of her care. This sometimes seems difficult to them. There is also a sharp 
division between female oriented work and male oriented work. Females are not allowed to 
work in all spheres of life therefore their education is not considered valuable. Fifthly, the 
number of schools and colleges for females are very less. Girls have to travel a long 
distance to reach the schools or colleges. For this reason most of the parents prefer to give 
them religious education. Lastly, every government talks about the importance of female 
education but none of them has given attention to it. 

141 	Health 

Health facilities are inadequate in the COI. The people in the 001 have a tendency to get 
treatment from Indigenous Healers, due to the lack of suitable and sufficient health facilities. 
Bad sanitary conditions, insufficient medical facilities and meagre parental care, all 
contribute to the prevalence of ill health and high rate of mortality in the COI. 

Being district headquarters, Bahawalpur, Bahawalnagar, Pakpattan, Kasur and Nankana 
Saheb are also well equipped with a network of hospitals and dispensaries established by 

the government and private sectors. 

The Government of Punjab has maintained a number of hospitals and medical centers within 
the district in order to provide medical facilities to all. The government hospitals are 
reasonable in price and offer the best medical facilities. People of the districts of 
Bahawalnagar, Pakpattan, Okara, Kasur and Nankana Saheb give preference to Lahore for 
better medical facilities. Hospitals in Lahore are well equipped with all modern medical 
equipments and technology. Government hospitals of Lahore have been serving the 
province several decades. The provincial government is the administrative authority of these 
hospitals and takes care of the maintenance of medical aid within these hospitals. Some of 
the major hospitals of the city of Lahore are Lahore General Hospital, Jinnah Hospital, 
Fatima Memorial Hospital, Gulaab Devi Hospital, Lady Wallington Hospital and Mayo 

Hospital. 

There are a number of private hospitals in Lahore. People from other district come to Lahore 

to get better medical facilities. 

As per socio-economic survey, there is not a single Govt. health facility available in the 001 
from Rahim Yar Khan to Kasur. Based on field survey, health facilities available in the 001 

are described in Figure 5-38. 
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Figure 5-38: Availability of Infrastructure in the villages of the COI 

Sanitation / Drainage Facilities and Solid Waste 

There is no proper sewerage and sanitation system available in the COI and only a few 
villages of the COI were observed to be connected with the proper sewerage system. In a 
majority of the cases, village's wastewater is disposed of into open spaces or nearby ponds. 
Ultimately, wastewater is drained into a pond/nullah, thus it becomes a source of pollution. 
Same is the case with solid waste there is no proper arrangement for disposed of solid 
waste. 

5.4.4.4 Religious, Archaeological and Historical Sites in Section-II 

Religious Sites 

Religious sites include mosques, shrines and graveyards. These are socially sensitive areas 
to deal with. The survey has exposed that the people of the COI are strongly attached to 
their religion and culture. Shrines and graveyards are regarded as sacred heritage and 
receive devoted attention from the people. No religious site is exist in the COI from Rahim 
Yar Khan to Nankana Saheb. 

Archaeological Sites 

No archaeological and any historical site was observed to exist within the COI, during the 
field visit. 

Indigenous People 

No indigenous people were identified during the field survey in the COI. 

4 
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6 	STAKEHOLDER CONSULTATIONS 

6.1 	General 

Stakeholders, especially the local population, involvement is an important feature of the 
environmental assessment and can lead to a better and more acceptable decision-making 
regarding the Project design and implementation. Public involvement, undertaken in a 
positive manner and supported by a real desire to use the information gained to improve the 
Project design, will lead to better outcomes and lay the basis for on-going positive 
relationships between the stakeholders. Public involvement is necessary for smooth 
implementation of the Project. The local community support is also required for the success 
of the Project. 

Given the dimension and nature of the Project, T/L Project management are committed for 
undertaking public consultation at local level as a part of Project planning/design, getting 
necessary environmental permissions/NOCs, land acquisition, compensation for land and 
other assets and management of infrastructures. 

Under the proposed Project of T/L, public consultation was carried out for all accessible 
villages of COI. These consultations were conducted during the baseline survey carried out 
during the month of May, June 2015. The major categories participated in public consultation 
were local population, community groups, landowners, businessmen, tenants, women, 
vulnerable groups and potential Project affected persons (PAPs) belonging to the COI. The 
feedbacks and issues raised during the consultation were recorded and documented for 
developing the strategy. 

6.2 	Objective 

As per Pak-EPA Guidelines for public consultations, consultations for EIA were carried out 
keeping in view the following major objectives: 

• Sharing of information with government authorities and local communities on the 
proposed Project activities and expected impacts on the physical, ecological and socio-
economic conditions of the C01; 

• Understanding the stakeholders concerns regarding various aspects of the Project, 
including the existing situation, route alignment, land acquisition, compensation and the 
potential impacts of the construction-related activities and operation of the Project; and 

Recording the feedback of public, in order to develop a mechanism to address their 
issues and other local level concerns and incorporation of the outcomes in final decision 
making. 

6.3 	Identification of Stakeholders 

Stakeholders were identified before the starting consultation. The major stakeholders related 
to the proposed Project are as under: 

• NTDC; 

• Agriculture Department Punjab; 

• Agriculture Department Sindh; 

• Forest, Wildlife and Fisheries Departments Punjab; 

4 	• 	Forest, Wildlife and Fisheries Departments Sindh; 

• District and Local Governments of Punjab and Sindh; 

• NGOs; 

• Farmers; 

• PAPs (men); 
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• PAPs (Women); 

• General user of the Project Area (Like Nomad People, Drivers, Labourers etc.); 

• SEPA; 

• EPA Punjab; and 

• Pak-EPA. 

Details regarding roles and responsibilities of the concerned agencies and departments are 
given below Table 6-1. 

Table 6-1: Role of Concerned Agencies/Departments 

Project 
Stakeholder Name Roles 

National 
Authorities 

Pak-EPA • Pak EPA is an attached department of the Ministry of 
National 	Disaster 	Management 	and 	responsible 	to 
implement the PEPA Act, 1997 in the country. 

• An Act to 	provide for the 	protection, 	conservation, 
rehabilitation and improvement of environment, for the 
prevention and control of pollution, and promotion of 
sustainable development. 

• Pak EPA also provides all kind of technical assistance 
to the Ministry of National Disaster Management. 

• Recently due to the 18th  amendment Pak EPA has 
delegated all his Powers to the provincial EPAs. Now 
the 	Provincial 	EPAs 	are 	the 	responsible 	to 	the 
implementation of PEPA Act, 1997 and all its provisions. 

NTDC • NTDC is the Project Proponent of the proposed Project. 

• NTDC operates and maintains nine 500 KV Grid 
Stations, 4,160 km of 500 KV T/Ls and 4,000 km of 220 
KV T/Ls in Pakistan. NTDC also perform the following 
task in the country ; 

o 	Central Power Purchasing Agency; 
o 	System Operator; 
o 	Transmission Network Operator; and 
o 	Contract Registrar and Power Exchange 

Administrator. 

Punjab and 
Sindh 
Authorities 

SEPA 	and 
EPA, Punjab 

• Sindh 	(SEPA) 	and 	EPA, 	Punjab are the regulator 
authorities 	and 	mainly 	responsible 	to 	develop 	and 
implement 	national 	environmental 	policies 	and 
strategies in order to integrate the environmental issues 
and sustainable development approaches into the legal 
and regulatory frameworks. 

• SEPA and EPA are responsible for the issuance of NOC 
of the Proposed Project. 

• SEPA and EPA, Punjab are also responsible for the 
compliance of EMMP and NOC provision during the 
construction and operation stages of the Project. 

Agriculture 
Department 

• Ensuring food security 

• Enhancing productivity through better varieties and 
improved management practices 

• Promoting high value crops, fruits and vegetables 
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Project 
Stakeholder Name Roles 

• Promoting export of high value agricultural products 
• Promoting efficient use of water and other inputs 
• Improving soil health 

• Development of culturable waste lands 
• Ensuring fair returns for the growers in marketing of 

their produce 

Forest 
Department 

• Protection, improvement and maintenance of existing 
forests 

• Increase forests by planting new trees 
• Extension and advisory services to the general public 

about tree plantation 

Wildlife 
Department 

To save and protect wildlife 

Fisheries 
Department 

• Conservation of fisheries reservoirs 

• Management and development of resources on 
scientific lines 

• Extension services to private sector 

Under the proposed Project, public consultation was carried out in the villages of district 
Matiari (Sindh) to Nankana Saheb (Punjab). Total 67 consultative meetings were held with 
320 participants and the major categories participated in these meeting were local 
population, community groups, landowners, businessmen, tenants, vulnerable groups and 
potential project affected persons. Majority of the people who participated in these 
consultations are mature/elderly persons because as per the local culture, elders have the 
right regarding any decision. Although, young people were also present during consultations, 
but their participation was little. Details of public consultations carried out with the PAPs/local 
community and other stakeholders are attached as Annex-X. 

6.4 	Public Consultation 

A series of public consultations was required to get the feedback/ concerns of the different 
category of stakeholders including potentially affected persons, local community and other 
general public located in the COI and concerned officials. Thus, total 67 consultations/ group 
discussions were made with the PAPs/local community & general public. District-wise 
summary of consultations/ consultative meetings is presented in Table 6-2. 

Table 6-2: List of Consultations with the Stakeholders 

Sr. No. Date Venue 
No. of 

 Participants 

1 June 08, 2015 Siakhart/Matiari 5 

2 June 08, 2015 
Wali Muhammad Jatt, Allah Baksh 
Khasal, Rasheed 
Khyber/Siakhart/Matiari 

12 

3 June 09, 2015 
Goth Shah Nawaz, Haji Khuda Baksh 
Khoso/Mitha Khora/Matiari 

13 

4 June 10, 2015 
Matho Dehro/Pur Fogar 
ShoroiTandoadam/ Sanghar 

10 

5 June 10, 2015 
Haji Khan. M. Der, Haji Zagir Dero/ 
Kund DerofTandoadam/ Sanghar 

9 
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Sr. No. Date Venue 
No. of 

Participants 

6 June 11, 2015 
Pir Baksh Brohi, Chono Bhamboro, 
Wali Bagrani/ Asgharabad/Sanghar 

11 

7 June 11, 2015 
Haji Phetto Dhehyo, 25-B Jhamro, Dr. 
Manzoor, Jhamroi, Habib Mahar/ 
Khadro/Singhoro/ Sanghar 

16 

8 June 12, 2015 

Fager Pur Bakash Goth, 
Peer Bux Ghaho Deeh (Peer) Bux, 
Allahabayo Rajper, 
Karim Bux Aaradio/ 
Khenwari/Naro/Khairpur 

14 

9 June 13, 2015 
M. Ali khan Bhambhro/ Sakandarabad/ 
Saleh Pet/Khairpur 

11 

10 June 14, 2015 
Thikratto/Mubarakpur/Pano 
Aqal/Sukkur 7 

11 June 15, 2015 
Goth M. Murad, Mareagro/ 
Barota/Dharki/Ghotki 7 

8 June 17, 2015 
Chak No. 262/ P/Tehsil Sadiq Abad/ 
District Rahim Yar Khan 

6 

9 June 18, 2015 
Chak No. 237, Chak No. 229/ Tehsil 
Sadiq Abad/ District Rahim Yar Khan 

21 

10 June 18, 2015 
Chak 	94,95 	P, 	Tehsil 	Sadiq 	Abad/ 
District Rahim Yar Khan 

13 

11 June 26, 2015 
Kahnewala Pul/ Drawar/ Yazman/ 
Bahawalpur 

16 

12 June 26, 2015 14 DRB/Yazman/ Bahawalpur 15 

13 June 26, 2015 
Chak No. 79/Chanan Pir/Yazman/ 
Bahawalpur 

7 

14 June 27, 2015 Chak 68,73, 74 /Yazman/ Bahawalpur 11 

15 June 27, 2015 

Chak 73-F, 85-Fateh,86, 
87/Hasilpur/Bahawalpur 12 

16 June 28, 2015 
9-Chank, Mangowala, Khuda Bux, 
Soda Bux, Mahar Sharif, Chak Chupa, 
Chak Sarkari/Chistian/Bahawalnagar 

15 

29 June 28, 2015 
Chak Shah Wala/ Bahawalnagar/ 
District Bahawalnagar 8 

30 June 29, 2015 
Chak KhaimgarhiTehsil 
Chistian/District Bahawalnagar 

6 

31 June 29, 2015 
Ali Shair/ Tehsil Bahawalnagar/ District 
Bahawalnagar 7 

32 June 29, 2015 
Basti Zakheera/ Chak Momin 
Abad/Tehsil Bahawalnagar/District 
Bahawalnagar 

5 
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Sr. No. Date Venue 
No. of 

Participants 

33 June 29, 2015 
Sharif Kot/ Tehsil Bahawalnagar/ 
District Bahawalnagar 

1 

34 June 29, 2015 
Mad Mian Sahib/Tehsil 
Bahawalpurnagar/ District 
Bahawalnagar 

4 

35 June 29, 2015 
Kot LamphariTehsil Bahawalnagar/ 
District Bahawalnagar 

2 

36 June 29, 2015 
Kond Qadir, Tehsil Arif Wala, District 
Pakpattan 

3 

37 June 30, 2015 
Ali Shah, Tehsil Arif Wala, District 
Pakpattan 

4 

38 June 30, 2015 
Mad Habit, Tehsil Arif Wala, District 
Pakpattan 

4 

39 June 30, 2015 
Chak Hota, Tehsil Pakpattan, District 
Pakpattan 

8 

40 June 30, 2015 

Basti Bittian Chakgan, Col Shah, 
Heman Maruka, Chak Joya, Mouza 
Kala Pathan (Goan Kot Ahmed 
Hussain)/Arifwala/Pakpattan 

15 

41 June 30, 2015 
Moaza Jhan, Taie Chak Jawandar, Kot 
Radha Kishan, Chak Khamma 
Dogar/Pakpattan/Pakpattan 

10 

42 June 30, 2015 

33 SP, Natho wala Kho-32 SP, Moza 
Bonga Sharif, Chak 55P, Nosher Kot, 
60-D 
Khokharwala/Pakpattan/Pakpattan 

14 

43 June 30, 2015 
40-D, 42-D, 43-D, 
Narranwala/Depalpur/Okara 

11 

44 July 01, 2015 7/1L, 2/1-L, 15-1-URenala khurd/Okara 12 

45 July 01, 2015 
Bopawala Chak 23, Jasherb Chack 24, 
Chak Khodian-41/ Pattoki/ Kasur 

8 

46 July 01, 2015 Chitti/Nankana Saheb 4 

6.4.1 	Concerns/Feedback (Section I & II) 

Feedback received during public consultation includes both Project related concerns and 
other/general concerns. 

Project related concerns and suggestions are related to the willingness of people to accept 
project, livelihood, electricity and compensation/relocation/resettlement while concerns 
include drinking water supply and sewerage, health facilities, road infrastructures, education, 
women issues, agriculture and security. 

Consultation with Affectees of Converter Station in Matiari 

• Affectees told that proposed land for converter station is a very fertile land for agriculture 
activities, therefore they are not willing to lose this land; 

6-5 



HVDC Transmission Line from Matiari to Lahore 	 EIA Report 

• Land owners suggested that local govenment should consider nearby land which not 
fertile; 

• If this land has been finalized for proposed converter station than compensation should 
be as per existing market prices; 

• The land being considered is located on the N-5 and have sweet ground water, hence 
the prices are very high; 

• Initially 300 acre land was selected for converter station and now it has been reduced to 

about 210 acre; 
• Affectees requested that proposed converter station land have orchards of banana, 

mangoes and dates that provide good income and this is the major source of income; 

• Affectees demanded good compensation of fruit and ornamental trees; 

• As per the locals they earn more than 3 lacs/acre per year from falsa and banana trees; 

• Due to the acquisition of land their livelihood will be lost forever; 

• Afectees demanded good compensation should be provided so that we can purchase 

alternative land easily; 

• The major source of irrigation water is Matiari Minor that originates from Rohri Canal and 
water is almost available for 12 months; 

• Tube-wells are also installed to supply water to the orchads during the shortage of the 

canal water; 
• 

• Owners also sell soil form the barren lands in the site proposed for the converter 

stations; 
• Approximately 350 acres alternative land for converter station is also available near 

(Chandan Mori, Matiari) about 3 to 4 Km away from this site, that is less costly and the 
owners are willing to sell on account of receiving the handsome compensation that is of 
course will be less as compare to the actual land to be acquired; 

• Some locals demanded that alternate land in nearby areas instead of market price will be 
acceptable to them. Some showed concerns that cash compensation should be given to 
the PAPs directly and political interference should be avoided; 

• Affectees pleased that the agricultural land is their sole source of income and we do not 
possess any technical and vocational skills. Therefore by selling this land, we will 
become idle and will not be able to fulfil the basic needs of our family. People are very 
worried and most of the people are on bed due to depression; 

• Affectees demanded that subsides electricity should be provided to the affected people 

of converter station; 

• A few people said that their skilled children should be given employment opportunities 
during the construction stage of the proposed plan; 

• Affectee told that market price of this land is about 40 to 50 lac per acre; and 

• Affectee said that compensation should be paid of all effected structures, trees and tube-

wells. 

Consultations in the COI 

• Compensation for loss of crops due to the project activities should be provided; 

• Crops compensation should be provided in case of affected crops ; 

• Compensation of trees should also be given; 

• Project should provide the cheap electricity to the local people especially affected 

persons; 
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• There should be transparent and fair compensation; 

• All actions associated with the project should be through proper consultations; 

• There should be a continuous community consultation program throughout the project 
implementation period; 

• There should be employment opportunities for skilled and unskilled local people, 
preference should be given to the project affected persons; 

• Vocation training / educations needs to be provided to local women, so that they could 
be able to support their families by supplementing their household income; 

• Generally, the basic infrastructure like roads, electricity, schools, gas supply, dispensary 
and sewerage / draining is limited along the project route alignment. The project may 
consider some appropriate measures for the infrastructure development; 

• WAPDA may allow the affectees to install their private tubewells on electricity with 
subsidized flat rates; 

• With ensured provision of electricity to private tubewells will help to enhance the crop 
production in the area; 

• Electricity and irrigation water and electric tubewells are needed for the increased 
productions of crops; 

• Generally, people along the route alignment have no major concerns associated with this 
project. However, they desired for the compensation on the loss of assets based on the 
current market rates as well as replacement cost; 

• The proposed T/L project is good project for people and the country as price of electricity 
will be reduced; 

• To participate local people wherever possible in jobs during the construction of project. 
Thus, income generating activity of the area will be enhanced; 

• There should be compensation of affected land, crops and tress for the land owners and 
leaseholders; 

• Compensation should be given to affectees for land and crops; 

• Chances of some environmental effects like noise / vibration and dust emissions to the 
nearby community; 

• There may be some magnetic effects arise during the operation phase of the project. 

• A large number of women are involved in working in agriculture fields, so that their 
routine activities should not be disturbed; 

• According to stakeholders including APs, project alignment should have sufficient 
distance from villages and public infrastructure; 

• The installation of Tower should be at the edge of the field rather than in the centre of 
field, so that the disturbance to farming activities could be minimized; 

• No major effect on land or crop will occur if the project is implemented after crop harvest; 

• Overall the project is good for the villagers and the country; 

• No serious concerns with the project because this project will increase the employment 
and will reduce the load shedding issue of the country; 

• If possible, to provide sewing machines to local women as an income generation activity. 

• Compensation should be provided to land owners for affected crops; 
• Need schools for boys and girls in the villages those have no education facility; and 

• Requested for Benazir income support program to supplement their household income / 

livelihood. 
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A. 	Project Related Concerns/Feedback 

i. People's willingness 

The whole country is suffering from energy crisis. Continuous Power shutdown is badly 
affecting daily life of the people. People in the COI are quite happy with this Project. Most of 
the people along Section-I promised their cooperation and support for the proposed Project. 
According to respondent, such projects are important for the prosperity of people and 
country. People even demanded that this Project should be implemented as soon as 
possible. For the consulted communities this Project is more attractive than adverse impacts. 
Few respondents are even willing to bear minor losses due to this Project. 

Very few people have negative views about government Projects, as according to them land 
value would be reduced due to the construction of T/L in the Project Area. Development 
Project in Area would be ceased due to the construction of Towers. 

ii. Livelihood 

In the COI, farming, labour and small businesses are the main sources of livelihood. Majority 
of the respondents are poor and they told that there are very few employment opportunities. 
Therefore, economic conditions are not so good. Pakistan is an agricultural country and 
about 90 percent population in rural areas are using tube-well for irrigation purposes as 
canal water is not enough. People of the Matiari, Sanghar, Khairpur, Sukkur in Sindh and 
Rahim Yar Khan, Bahawalpur and Bahawalnagar in Punjab told during consultation that due 
to shortage of canal water in the area, they are forced to use lift irrigation which is based on 
electricity. Load shedding has badly affected agriculture activities in these areas. Locals told 
that thousand of labourers are becoming jobless as small cottage industries are shutting 
down due to load shedding and locals have to close down their private businesses. 
Electricity shortage has severely affected the livelihoods of thousands of families along the 
COI. As per respondents in the COI, proposed Project implementation will have positive 
impact on livelihood as it will trigger income generating activities and crop production will 
also increase as it depends upon the availability of water. People in the COI said that 
employment opportunities during implementation phase of the Project should be given to 
them and government should provide jobs opportunities to poor people residing in the 
Project Area, on priority. 

iii. Compensation/Relocation/Resettlement 

In case, crops and trees are damaged due to T/L Project, proper compensation should be 
paid. If any community or private structures are affected, it should be relocated and 
compensated properly. Locals demanded that the T/L should be kept away from residential 
areas so that resettlement issues are avoided. 

iv. Electricity 

Electricity is not available in most of the villages of Khairpur, Sukkur and Ghotki. It was 
suggested that electricity should be provided to all the villages in the route alignment of T/L. 
According to locals, provision of electricity will reduce many constraints of daily life. It will 
initiate development in the area and increase the living standard of locals. 

B. Other Concerns/Feedback 

Basic amenities of life are not available in most of the villages in COI from Matiari to Lahore 
section. Medical facilities, proper education system, road infrastructure and electricity are not 
present in many areas along Project corridor. 

i. 	Water Supply/Drinking Water/Irrigation Water 

Locals of the southern Punjab informed that water scarcity is a big issue in most of the 
settlements, accessible ground's water is neither good for drinking nor for irrigation of crops. 
In some areas such as Bahawalpur, Bahawalnagar and Pakpattan, drinking water is 
brackish which cause water borne diseases. Locals demanded that clean and safe drinking 
water should be provided through water supply system or water filtration plants. 
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People told that irrigation water disputes are common in COI. Water distribution is not 
transparent due to influential people of area. People residing at canal tail do not receive 
sufficient water for irrigation. 

ii. Sewerage System 

There is no proper sewerage system in most of the villages in the COI. Absence of proper 
sewerage system results in epidemic health problems. Locals demanded that sewerage 
system should be installed to improve sanitation condition of rural areas. 

iii. Health/Medical Facilities 

Water borne diseases are common in most of the villages along route alignment. Diseases 
such as jaundice, hepatitis, fever, tuberculosis and stomach disorders etc. are common in 
these areas. Hospitals are mostly far away while dispensaries are not fully equipped. 
Maternity homes are not available. Due to inadequate health facilities, majority of the 
patients couldn't get proper treatment. People have to travel long distances to get health 
facility. In Section-I, more than 90 percent villages have no health facility. People demanded 
that health facility should be provided to the locals. 

Livestock rearing is main source of income in many areas in the COI. There are no 
veterinary hospitals near settlement. Any disease outbreak among livestock directly affects 
the households. So veterinary centers should be provided in areas where livestock rearing is 
common. 

iv. Public Infrastructures/ Roads 

Transportation and road infrastructure is very poor in the COI. Most of the settlements have 
Katcha tracks. People have to travel longer distances by foot. During rainy season, travelling 
on Katcha tracks become difficult. It was demanded that roads should be constructed and 
public transport should be provided to facilitate the local people. 

v. Education 

Education facilities are very poor in the COI. Schools are not present in villages and boys 
and girls have to travel long distances for education. Schools are devoid of proper 
infrastructure and learning aids. Many students could not join the college. It was suggested 
by locals that proper education system should be introduced along the COI especially for 
girls. 

6.4.2 Concerns/ Feedback of Focus Group Discussions 

Project related concerns and feedback by the women in the 001 is presented below: 

A. Project Related Concerns/Feedback 

i. Willingness 

Women have also shown positive approach towards the proposed Project, as it will help in 
the development of country by providing more electricity. 

ii. Privacy 
Women have discussed their privacy issues, as according to them when outsiders will come 
into their area during construction phase they will have to restrict their mobility. Project 
should not be implemented during the harvesting season as during that season they have to 
go out to help male members in the fields. 

iii. Employment 
It was demanded by the locals that Govt. should provide job opportunities of literate women 
in education and health sectors. Women demanded that if possible during construction stage 
of the project their male member should be provided skilled and unskilled job opportunities. 
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B. Other Concerns/Feedback 

i. 	Awareness 

Most of the women expressed a desire to expand the magnitude of their work and 
responsibilities; due to lack of opportunities, mobility, illiteracy and poverty. Though they 
have access to information and agricultural knowledge about farming and livestock activities 
which has come to them through word of mouth and over time, their main obstacle is their 
exclusion from using their knowledge and information 

ii. Education 

Lack of income and mobility is the main hurdle in sending the girls to school. High schools 
and collages were also not available which has also reduced the women literacy status. 
Males get preferential treatment regarding formal education as compare to females. 

iii. Income 

Women have complained that usually they receive no wages at all, sometimes only food for 
work and men and women are not paid equally for their services. They have seen 
agricultural work opportunities squeezed year by year and because they have no alternative 
but to suffer continuing impoverishment. 

Women unanimously complain of restricted earning opportunities outside agriculture due to 
cultural and social pressure. They go in groups or are accompanied by a male family 

member. 

Women of Project Area repeatedly complained of lack of alternate working opportunities to 
agriculture, as well as lack of social and professional mobility. Social norms leading to 
restricted mobility in search of other work is one of the stumbling blocks to women's 

employment. 

iv. Health 

Women along Project corridor were facing major health problems. Most of women are facing 
maternity problem. In most of the cases medical facilities are far away. Women access to 
these health facilities is not possible because they couldn't travel long distance. 

Majority of the area, crossed by the T/L is poor; people have great expectations towards the 
Project. Moreover, having the opportunity to express them has enabled the people to 
communicate all the frustrations they are living day by day. 
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7 	IMPACTS ASSESSMENT AND MITIGATION MEASURES 

7.1 	General 

This Chapter identifies the potential environmental and social impacts due to the 
implementation of the proposed Project on the physical, ecological and socio-economic 
environment. This Chapter also suggest/propose the mitigation measures that will help to 
avoid, reduce and mitigate the Project's adverse environmental and social impacts due to 

the proposed T/L Project. 

The impacts of the proposed Project are divided into two (02) major components which are 

given below: 

• 	Transmission Line (T/L); and 

• Converter Stations. 

7.2 	Tools used for Impact Assessment 

The methodology has been described in Chapter-1. Following tools were used for the 
identification of the Project potential environmental and social impacts: 

7.2.1 	Project Screening Checklist 

The first step in the identification of potential environmental and social impact is to classify 
the significant and insignificant potential adverse impacts. The insignificant potential adverse 
impacts are screened out using the impact screening checklist. 

The Project has been broadly classified into two major components i.e. proposed T/L and 
proposed Converter Stations. The potential impacts and their mitigations measures are also 
described separately. Other components such as Contractor Camps, Vehicle/Storage areas, 
Quarry areas etc. are considered as a part of T/L. 

Based on the findings of desk studies, processed satellite imageries, previous studies, 
screening checklist for the impacts were prepared to screen out the significant and 
insignificant impacts of the proposed Project on physical, ecological and socio-economic 
environment. After the completion of field visits, compilation of baseline information, 
processing of available Google Earth Satellite Imagery, the screening checklist was filled to 
screen out the impacts of the proposed Project during the construction and operation stage 
with and without mitigation. The filled screening checklist is given as Annex-XI. 

7.2.2 	Project Impact Matrix 

A Project impact matrix helps in identifying the potential temporal impact and screens the 
Project for environmental and social soundness. Spatial based impacts are identified using 
Overlays discussed in the next head. Each Project activity is screened separately with 
regard to its construction and operation phases and according to the various physical, 
ecological and social parameters. Matrices are used to identify temporal impacts. These 
impacts are categorized on the basis of nature, magnitude /severity, extent, timing, duration, 
uncertainty and reversibility. Table 7-1 shows the categorization of impacts. 

Table 7-1: Categorization of Environmental Impacts 

Sr. 
No. 

Nature 
Category 

Magnitude 
/Severity 
Category 

Extent 
Category 

Timing 
Category 

Duration 
Category 

Uncertainty 
Category 

Reversibility 
Category 

1 Indirect Low Site-specific Short Term Temporary Low Probability Reversible 

2 Direct Moderate National 
Medium 
Term 

Permanent 
Medium 
Probability 

Irreversible 

3 Cumulative High Local Long Term High Probability 

4 Residual Regional 

5 Synergistic Trans-boundary 
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Annex-XI' provides the Project Impact Matrix. The classification criteria used in the Project 
Impact Matrix for the environmental impacts of the proposed Project activities is given below 
in Table 7-2. 

Table 7-2: Impacts Classification Criteria for Project Impact Matrix 

7.2.3 Overlays 

In order to identify the spatial based (location based) impacts, overlays are used. An overlay 
is based on a set of transparent maps each of which represents the spatial distribution of 
environmental characteristics (for example susceptibility to erosion). Information for an array 
of variables is collected for the standard geographical units within the COI and recorded in a 
series of maps typically one for each parameter. These maps are overlaid to produce a 
composite map. The resulting composite maps characterize the area's physical, ecological, 
socio-economic and other relevant characteristics relative to the location of the proposed 
Project. Software used for the overlays are Arc View and AUTOCAD. For the subject Project 
digitized available Google Earth Imageries and ARC GIS was used to prepared overlay 
maps. Land-use map prepared for overlays of the COI and Converter Stations are attached 
as Figure 5-1 and 5-2. 

7.2.4 	Delineation of Project Corridor of Impact (COI) 

Before proceeding to the environmental analysis of the Project, it is imperative to delineate 
the COI. The COI has already been described in Chapter-1. There are two (02) types of 
Project corridors which have been used for the environmental baseline information, impacts 
assessment and mitigation purposes and is described briefly as under: 

7.2.4.1 Corridor of Impact (COI)/ Area of Influence 

COI is a limit which identifies the area where direct and indirect impacts of the Project 
activities are envisaged like existence of forests, game reserves, wetlands, archaeological 
sites etc. COI also includes the ROW. This limit varies from a 200 m wide strip to 1 km or 
even more for collection of baseline information, impacts assessment and mitigation 
measures of physical, ecological as well as social resources. 

Apart from the COI, which is along the centerline, area identified for the 
Construction/Contractor camps, vehicle, equipment yard, material quarry areas and access 
tracks are also considered for the study and termed as Project Area. Therefore, in this report 
COI also means the Study Area or Area of Influence. 

Study Area for the Converter Stations is the area to be acquired for the construction as well 
a 	as the adjoining area where the Project activities may have impact on the environment. 

As the location of Construction/Contractor camps, vehicle, equipment yard, material quarry 
areas and access tracks have not been defined yet, so impacts evaluated due to these 
facilities in this section will be of generic nature. Converter Station Site Selection Criteria is 
provided in Section 3.6. 
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7.2.4.2 Right of Way (ROW) / Project Area 

ROW is the corridor where direct impacts of the proposed T/L due to the construction of 
Towers are envisaged. In the ROW there will be direct impact on the environment like 
relocation of the physical infrastructure, clearing of vegetation, cutting of trees, loss of crops 
due to the installation of Towers and some indirect impacts on shrubs, ornamental trees etc. 
are also envisaged. ROW is taken as 100 m wide strip through which the T/L will pass. 
Similarly, Project Area is the area to be acquired for the construction of Converter Stations. 

7.3 	Positive Impacts 

With the implementation of the proposed Project, the following major positive impacts are 

foreseen: 

7.3.1 	Availability of Electricity and Reduction in Load Shedding 

Construction of new T/L will indirectly increase the supply of electricity by despatching Power 
from Thar to the major load distribution centers i.e. Lahore. This will increase the electricity 
in the national grid and will help to reduce the load shedding thereby improving the overall 

electricity situation in the country. 

7.3.2 	Employment Opportunities 

During construction phase and operation phase, jobs will be created for the unskilled and 
skilled labour. Locals will be employed in these jobs to fulfill skilled and unskilled labour 
requirements. This will bring prosperity among locals and help in increasing the confidence 

of locals towards development Project. 

During the construction phase, the locals can also open small shops, workshops etc., to 
provide daily needed bread and butter for the workers, hence business opportunities will be 

generated along the COI. 

Development of quarry areas will also create jobs and business opportunities for the locals. 
This will also be a positive impact for the locals. 

	

7.3.3 	Infrastructure Development 

The construction of the Converter Stations will help towards the development of 
infrastructure, business and routine life in these regions especially the Tharparkar area 
which is an under developed and remote area. Locals will be benefited by this, as this will 
contribute to their livelihoods. Moreover, access roads/tracks developed for the 
construction/installation of Tower will also be utilized by the locals. 

	

7.3.4 	Increase in Land Value 

Construction of new T/L and Converter Stations is expected to increase the land value, due 
to the increased accessibility, especially in villages where little or no road infrastructure is 
present. Land owners will have an opportunity to sell their land at increased prices and start 

new businesses. 

	

7.3.5 	Socio-Economic Uplift 

Development of business during the construction stage will cause socio-economic uplift of 
the locals along the COI. The socio-economic impacts like employment, education, living 
standard and cultural uplift during the interaction with locals are the indirect benefits due to 
the Project implementation. T/L will create new job opportunities for local residents during 
the construction stage of the Project. This will uplift the socio-economic situation of the area 
hence living standard of the local population will improve. 

	

7.3.6 	Indirect Benefits 

There are many indirect benefits associated with the proposed Project. The benefit of 
decrease in electricity load shedding will facilitate other services, such as health facilities, 
schools, water supply etc., which are dependent on electricity. This will also result in the 
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improvement of the socio-economic conditions of the locals. Expansion of the industrial base 

is also expected. 

Indirect positive impacts of the proposed Project on environment and social settings of the 

Project Area are as under: 

• Due to the implementation of the Project, availability of electricity will be increased; 

• Due to increased electricity availability opportunities will be available to develop a large 
area of barren land into agriculture land by installation of tubewells. This will not have 
any significant adverse impact on the biodiversity of the area; 

• Expansion of the industrial base is expected due to the availability of electricity; 

• Better quality of life will be available for the residents of the Study Area; and 

• Electrification of a number of villages where the present day basic necessities are not 
available, will result in the spread of knowledge, education and provide recreation 
through mass media communication by television in the rural areas of the country. 

7.4 	Potential Adverse Impacts of Transmission Line 

Apart from positive impacts of the T/L on the environment, there are some potential 
significant adverse environmental and social impacts on the local environment. The 
proposed Project broadly can be divided into three (03) stages i.e. Pre-construction/ 
Planning and Design Stage, Construction Stage and Operational Stage. The Pre-
construction Stage includes all stages before the construction Stage (i.e. land acquisition, 
site investigation work i.e. topographical, geotechnical, seismic studies etc.); Construction 
Stage includes all stages from mobilization of Contractor to the completion of Project; and 
Operation Stage starts after the Construction Stage which includes the inspection and repair 

works. 

Adverse impacts envisaged at these three (03) stages of the proposed T/L Project Section-I, 
II along with their proposed remedial or mitigation measures are detailed below. 

7.4.1 	Adverse Impacts during Planning and Design Phase 

Potential adverse impacts during the planning and design stage of the Project are given 

below: 

7.4.1.1 Physical Environment 

i. Permanent Land Acquisition 

Permanent land acquisition by NTDC will be required for the proposed Coverter Stations. 
About 215 acres of land will be requied for the Converter Station at Matiari. Land has been 
selected and Section 4 has been notified. Land is partially owned by the Privately and by the 
Government. As per information available so far about 88 acres of this piece of land is 

privately owned rest is owned by the Government. 

The proposed T/L will not involve the permanent land acquisition as per NTDC practice in 
the light of LAA and Telegraph Act, 1910. No permanent land acquisition will be made for the 
land at the Tower footings as the landowner will be allowed to use the area under the 
Towers after the installation. T/L Section II is mostly passing over the agriculture land. 
During the previous studies on the other similar Projects, it was particularly observed that 
people are using the land under the Towers for agriculture purposes. 

Mitigation  

During the route identification and optimization studies, efforts were made to avoid the 
spotting of Towers as well as T/L alignment over houses and populated areas. No specific 
mitigation measures can be suggested as no land will be acquired on permanent basis. 
Impacts and mitigation due to temporary acquisition of land is given below. 
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ii. Temporary Acquisition of Land 

The Contractors will require temporary land acquisition for: 

• The development of Contractor camps and facilities i.e. storage, workshops, equipment 
parking and washing areas; 

• Aggregate quarries; and 

• Access roads/tracks for haulage, transportation etc. 

The approximate area required for the establishment of one Contractor's camp facilities will 
be 5000m2  (refer Section 4.4.3)at the different locations. Land utilization for Project activities 
and subsequent operation of Project may induce temporary as well as permanent changes 
in the existing landuse pattern. This impact can be categorized as direct, low, site-specific, 
short term, temporary, medium probability and reversible. 

Mitigation  

The land for above mentioned facilities should be selected and leased prior to the start of 
construction phase. Land for above mentioned facilities will be directly rented from the 
private landowners by the Contractors. The provisions of the Land Acquisition Act (LAA), 
1894 will not be involved as the acquisition of the land will be temporary and will be covered 
by short-term lease agreements between the landowners and Contractor. Rental terms 
should be negotiated to the satisfaction of the concerned landowners and the agreement 
should be in local language to make the process clear. 

NTDC staff will monitor the process of site restoration of the land after the construction 
phase and will ensure through the terms of the Construction Contracts that landowners are 
compensated according the terms of the lease agreements and the site restoration plans 
agreed upon by the Contractors are duly carried out. Photographic documentation of the 
existing land prior to the temporary acquisition should be available which will be beneficial to 
resolve the restoration conflicts between the landowner and the Contractor. A mechanism for 
Redress of Grievance is also provided in the Section 8.11 to resolve the conflicts between 
the landowner and the Contractor. This record should be available at the office of NTDC 
Environmental & Social Expert Project office. 

In addition, the following general guidelines should be followed to minimize the impacts on 
the landuse: 

• Project facilities should be located at a minimum distance of 500 m from the existing 
settlements, built-up areas, wildlife habitats, archaeological and cultural monuments as 
the case may be. 

• Prior to the commencement of the construction activities, the Contractor should submit a 
development plan to the Engineer-incharge and the concerned EPA (if required) for its 
scrutiny and approval; and 

• As far as possible, waste/barren land i.e. areas not under agricultural or residential use 
and natural areas located at high elevation should be used for setting up the Contractor 
camps. 

7.4.1.2 Ecological Environment 

i. Vegetation Cover and Fauna 

During the planning and design phase of the Project, limited vegetation cover will be 
removed and some shrubs/trees/fruit trees will be removed for setting up the temporary 
camps, material storage areas and for the development of the temporary tracks. This may 
affect the existing vegetation to some extent in Section II of the proposed T/L. 

During the site investigation work i.e. topographical, geotechnical, seismic studies etc. the 
fauna may be affected insignificantly in Section II and some parts of Section II. Clearing of 
vegetation cover might affect the habitat of animals residing in the bushes and scattered 
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grass.This impact can be categorized as direct, low, site-specific, short term, temporary, low 
probability and reversible. 

No specific measures are required for the insignificant impact; however, use of good 
engineering practices such as use of equipments to cause minimum noise and damage to 
the vegetation will further minimize the impact. 

7.4.1.3 Socio-Economic Environment 

During the planning and design phase of the Project it is anticipated that there will not be any 
potentially significant adverse impact on the socio-economic environment. Locals may be 
temporarily disturbed due to the field investigations and drilling activities. This impact can be 
categorized as indirect, low, site-specific, short term, temporary, medium probability and 
reversible. 

No mitigations measures are required. Good engineering practices along with above 
suggested mitigation are required to avoid and reduce these low adverse impacts. 

7.4.2 	Adverse Impacts during Construction Stage 

7.4.2.1 Physical Environment 

i. Ambient Air Quality 

Ambient air quality will be affected by the fugitive dust and emissions from the construction 
machinery and vehicular traffic during the construction phase. These impacts are envisaged 
mainly for Section I and Section II. Emissions may be carried over long distances depending 
on the wind speed, wind direction, temperature of the surrounding atmosphere, atmospheric 
stability, topography, occurrence of any significant obstruction such as buildings and type of 
terrain. The critical sources of air pollution during the construction phase are: 

• Quarry areas that generate fugitive dust during the excavation; and 

• Construction material haulage trucks that generate dust, particularly during the loading 
and unloading processes. 

This impact can be categorized as direct, moderate, local, medium term, temporary, high 
probability and reversible. 

Mitigation  

The following effective measures need to be adopted for controlling the potential adverse 
impacts on ambient air quality: 

• The existing quarries should be used to borrow the aggregate materials; 

• Concrete batching plants should be equipped with dust control equipment such as fabric 
filters or wet scrubbers to reduce the level of dust emissions; 

• Ensure the proper and periodic tuning of the vehicles; 

• Dust emissions from trucks will be reduced by a regular sprinkling of water for keeping 
the dust settled at least twice a day; 

• Haul-trucks carrying sand aggregate and other materials will be kept covered with 
tarpaulin to reduce the dust pollution; 

• NTDC should set up a system to monitor the air quality along the Project corridor in 
accordance with the accepted local and international standards. The system will cover 
protocols for sampling and analysis, assessment of air quality at sensitive locations, 
reporting and information sharing. NTDC will coordinate all the efforts in this area with 
the concerned EPAs and the local authorities; and 

NEQS provisions for ambient air quality, stack emission, noise levels and vehicular 
exhaust should be used for reference during the construction works. 
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ii. Noise Level 

Noise generated by the construction machinery during the construction stage is likely to 
affect the 001 particularly the sensitive receptors like nearby schools, hospital etc. This 
impact will be more pronounced in Section I and Section II. 

411k 	This is a potentially significant adverse environmental and social impact of temporary nature. 
This impact can be categorized as direct, moderate, local, short term, temporary, high 
probability and reversible. 

Mitigation  

As the proposed T/L route some sections are passing near houses, so special care must be 
taken for noise producing activity by providing casing to the noise generating part of the 
machinery or use of noise absorbing materials. Properly tuned vehicles and oiling of moving 
part of equipment may also reduce the noise levels. Construction timing should be 
coordinated with locals. Normally noise generating activities are allowed from 9 AM to 5 PM 
during day time to avoid disturbance to humans as well as fauna. 

NTDC will also set up a system to monitor the noise levels in the 001 near the construction 
activities to facilitate the concerned EPAs in enforcing the noise standards as prescribed in 
the NEQS. 

iii. Liquid and Solid Waste from Construction Camps 

Approximate proposed strength of the labour in all camps is 179 persons (refer Section 
4.4.4). These persons will be involved during hauling and installation stage. As a general 
rule the water consumption will be about 20gallon/capita/day (75.7 liter/capita/day) and will 
subsequently generate about 70 to 80% of this water as sewage. 

Total amount of water required for the camps domestic and drinking water requirements are 
40. 	not much. However, a proper planning should be done for the source of water to be used to 

provide water for the camp area. Groundwater should be the first priority after Pumpout Test 
and resistivity survey if it is available at reasonable depth, quantity and quality. Similarly if 
the sources are far apart then option of Bowser trucks should be considered. Regular 
sampling and testing of water against the drinking water quality guidelines are 
recommended. 

Disposal of wastewater without treatment will pollute the soil and groundwater. Hence water 
demand will be 13.5 m3/day and estimated generated wastewater will be about 10.16 
m3/day. 

Based on the rough estimate, labour camps will generate 0.5 kg/person/day solid waste of 
domestic nature comprising kitchen waste, garbage, putrescible waste, rubbish and small 
portion of ashes and residues. Estimated quantity of solid waste will be about 89.5kg/day. 
Improper waste management activities can increase disease transmission, contaminate 
ground and surface water and ultimate damage to the ecosystem. 

This impact can be categorized as direct, moderate, site-specific, short term, temporary, high 
probability and reversible. 

Mitigation  

To dispose the liquid and solid waste generated from the construction activities, the following 
steps should be taken by the Contractor: 

• Domestic and chemical effluents from the construction camp should be disposed by the 
development of on-site sanitation systems i.e. septic tanks along with soakage pits. 
Proper monitoring to check the compliance of NEQS will be carried out; 

• Sewage from construction camps will be disposed of after proper pre-treatment and 
processes such as soakage pit; 
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• All the solid waste from the camps should be properly collected at source by placing 

containers and disposed of through proper solid waste management system. The 
Contractor will coordinate with local representatives and administration concerned 
department for the disposal of solid waste; 

• The concerned department must develop a plan of action for transporting the waste to 
the disposal site for final disposal. It is the responsibility of the concerned department to 
ensure that the disposal site is properly lined to prevent the leachate from contaminating 
the groundwater; 

• Secondly, the disposal site must be located away as far as practical from populated 
areas and regions that have a high density of Wildlife; 

• Toxic waste will be handled, stored, transported and disposed separately; 

The waste will be properly sealed in containers with proper labels indicating the nature 
of the waste; and 

• Solid waste will be segregated at source so that it can be re-used or recycled. 

iv. Soil Erosion 

Construction activities such as clearing and grubbing, excavation, filling, laying down 
concrete foundation for Towers and setting up construction camps will affect the existing soil 
condition in the COI. The clearing of vegetation can also loosen the soil and make it more 
susceptible to erosion due to wind and rain. There is also a possibility of silt runoff during 
rainy season causing soil erosion. During the rain, the eroded soil mix with stagnant water to 
transform into slush, which can affect movement of vehicles and machinery and construction 
work as well as limit the movements of local people. 

Soil erosion may also occur in the workshop areas as a result of improper drainage system 
of equipment washing-yards and improper management of construction activities. This 
impact can be categorized as indirect, moderate, site-specific, long term, permanent, high 
probability and irreversible. 

Mitigation  

Good engineering practices will help to control or minimize the soil erosion both at the 
construction sites and in peripheral areas, particularly at the Tower foundations and along 
the haul tracks. All the disturbed areas need to be protected against soil erosion by stripping 
and stockpiling of all the available topsoil for later re-vegetation. Special slope protection 
measures should be adopted in the sensitive areas i.e. desert or semi-desert areas Section-I 
and Section-II. Site restoration plan for the Project should be strictly followed. 

Siltation of Natural Streams and Irrigation Channels 

Natural streams and irrigation channels mostly in Sectionl and Section-II may be prone to 
increase in sedimentation and silt due to excavated material (loose aggregate) with the 
runoff from the construction area, workshops and equipment washing-yards. 

The irrigation/drainage channels and natural streams running along the Project corridor in 
the Project Area may also become silted, if unmanaged excavation is carried out for the 
Tower foundations and other construction activities. 

This impact can be categorized as indirect, moderate, site-specific, long term, permanent, 
high probability and irreversible. 

Mitigation  

The excavated material will be managed by ensuring proper storage areas located far away 
from the water bodies. It will not cause the siltation of the irrigation channels. All the areas 
disturbed due to erosion need to be protected against soil erosion by stripping and 
stockpiling of all the available topsoil for later re-vegetation. At sand dunes, proper slope 
protection should be provided to reduce the erosion of the slopes. 
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v. Soil Contamination 

Land may be contaminated due to the spillage of chemicals, fuels, solvents, oils, paints, 
concrete, solid waste generated at campsites etc. This normally happens when these 
materials are transported in open or loosely capped containers. 

'ir 	The possible contamination of soil by oils and chemicals at camp sites, workshop area and 
equipment washing-yards may limit the future use of land for agricultural purposes. This 
impact can be categorized as direct, moderate, site-specific, long term, permanent, high 
probability and irreversible. 

Mitigation  

The following practice will be adopted to minimize the risk of soil contamination: 

• The Contractors will be required to instruct and train their workforce in the storage 
handling and management of materials and chemicals that can potentially cause soil 
contamination; 

• Material Safety Data Sheets (MSDS) should be strictly followed during handling and 
storage of chemicals; 

• Soil contamination due to concrete transportation will be minimized by placing all 
containers in casings; and 

• Solid waste generated at the camp sites will be properly treated and safely disposed 
only in the demarcated waste disposal sites/areas. 

vi. Public Infrastructure 

Construction stage of the proposed Project may affect the existing infrastructure within the 
ROW of the T/L where Towers are to be installed and stringing activities. List of 
infrastructure falling with ROW (100 m) is given in Table 7-3 attached at the end of this 
Chapter. Exact number will be identified after the finalizaiton of the spotting of Towers. 

Road Crossings 

Field surveys revealed that the proposed T/L will cross some roads, the details of road 
crossings are provided in the Table7-3. At the time of stringing of proposed T/L, interference 
to the traffic movement is expected. This will be a significant adverse physical and social 
impact during the construction stage. This impact can be categorized as direct, moderate, 
local, medium term, temporary, high probability and reversible. 

Mitigation  

During the detailed design stage, NTDC will coordinate with NHA and local road 
department/authorities for the installation of the Towers and during stringing of the 
conductors where the line is crossing the existing roads for the provision of alternate traffic 
route and management. NTDC will provide adequate line clearance from the road. Further, 
during the installation process, proper traffic management plan will be prepared to avoid the 
traffic hazards and the construction should be carried out in off peak hours. 

Canals 

The proposed T/L will also cross the canals at different locations (Refer Table 7-3). Crossing 
of canal will not have any significant adverse impact on environment during the stringing 
action stage. 

Mitigation  

No specific mitigation measure can be suggested for this impact. Moreover, it is suggested 
that no Tower footings are to be spotted in the canal or river beds. 
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Power Transmission Lines 

The selected route of the proposed T/L involves the crossings of the some existing T/L 
(Refer Table 7-3 at the end of this chapter). Crossing may be dangerous during the stringing 
action and operation stage, if proper clearance is not provided at the design stage of the 
Project. This impact can be categorized as direct, low, site-specific, short term, temporary, 
low probability and reversible. 

Mitigation  

Special care is required during the construction of Towers as well as stringing of conductors. 
During the stringing of conductors, temporary shutdown of the existing T/Ls will be ensured 
to safeguard the workers and the surroundings. A proactive coordination is required between 
the construction staff and relevant Grid Station operation staff to ensure the shutdown 
schedule. 

vii. Impact on Water Resources 

This section explains how COI will be affected in terms of the water resources use and water 
body contamination. It also describes the mitigation measures to manage these impacts. 

Contamination of Surface and Groundwater 

Surface and groundwater resources may get contaminated by the fuel and chemical spills, or 
by solid waste and effluents generated by the kitchens and toilets at the construction camp 
sites. Moreover, runoff from the chemical storage areas may also contaminate the surface 
water bodies. This impact can be categorized as direct, moderate, local, medium term, 
temporary, high probability and reversible. 

Mitigation  

As a mandatory step, all the effluents should be disposed as per the requirements of NEQS. 
Moreover, to reduce the risk of surface and groundwater contamination, good management 
practices will be adopted to ensure that fuels, chemicals, raw sewage and wastewater 
effluent are disposed of in a controlled manner. These measures are described below: 

• 	Construction camps should be established in areas with adequate natural drainage 
channels in order to facilitate the flow of the treated effluents after ensuring that NEQs 
are met; 

• Wastewater effluent from the Contractors' workshops and equipment washing-yards 
should be passed through gravel/sand beds to remove oil/grease contaminants before 
discharging into the natural streams. According to the NEQS, the BOD concentration in 
sewage must be brought down to less or equal to 80 mg/I before being discharged into 
a natural stream having capacity to dilute the effluent. For wastewater apart from BOD, 
COD of 150 mg/I should also be checked; and 

• Similarly, if the sewage after treatment is to be discharged on to the land it should meet 
the requirements of the NEQS for disposal of wastewater. 

7.4.2.2 Ecological Environment 

The impacts on the flora and fauna and corresponding mitigation measures are given below: 

i. Impacts on Flora 

Trees and Shrubs 

T/L section passing through agriculture land i.e. Section-I and Section-II, where trees have 
been raised by the farmers along the boundaries of their agricultural fields or along the water 
channels. Some orchards (mostly Mangos, Banas, Guava and Citrus in Sindh and Punjab 
etc.), also exist. Trees also exist along the highways and canals, where these trees have 
been grown by the Government Departments. Sporadic growth of trees, coming within the 
COI have to be removed if these are located within the Tower foundations during 
construction. As these are small in number, their removal will cause no significant adverse 
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environmental impact. With the erection of T/L Towers, tree need to raised away from the 
location of Towers.This impact can be categorized as direct, low, site-specific, long term, 
permanent, high probability and irreversible. 

Mitigation  

glitt 	Following mitigations are suggested: 

• Land holders should be paid reasonable compensation for the loss of their standing 
trees, in accordance with the prevailing market rates. This will mitigate the financial 
losses of the land holders. They should be encouraged to plant new trees, outside the 
ROW of the T/L; 

• Existing access tracks to the Tower sites should be used and new paths should be 
constructed only in case, no existing path is available; 

• While making paths for carriage of equipment and material to the site of Towers, care 
should be taken that minimum land is utilized and minimum area of crop is disturbed. 
cutting of trees should be avoided by making diversions; 

• Areas for construction camps, established for labour and other personnel, should be 
kept to the minimum. The camp sites should be located in plain areas, with minimum 
vegetation cover. Clearing of land and cutting of trees and vegetation should be avoided 
as far as possible; 

• Staff and labour should be strictly directed not to damage any vegetation such as trees 
or bushes. They should use the paths and roads for travel and should not go for short 
cuts through the fields; 

• Special measures need to be adopted to minimize impacts on important resources, 
such as activities during critical periods of migration, breeding and feeding; 

• While setting up construction camps, for the erection of Towers, stringing of conductors 
or Converter Stations, care should be taken that no obstruction is placed in natural 
streams nullah or natural drainage; 

• Vehicle speed should be controlled to avoid any damage to existing vegetation, 
environment and to avoid accidental mortality of small mammals and reptiles; and 

• Shrubs and herbs existing within the COI will be subjected to a significant adverse 
impact as these may be tangled and destroyed due to the movement of heavy vehicles. 
These shrubs may also be subjected to cutting for use as firewood in the labour camps 
to be set up along the proposed T/L route. 

ii. Impact on Fauna 

Mammals and Reptiles 

During the construction phase, there are no significant adverse impacts on the big mammals 
and reptiles of the area due to the activities involved in the construction of access roads, 
Towers, stringing of conductors, movement of labour, carriage of goods and machinery to 
various sites, within the COI of T/L route. 

Mammals such as wild boar, jackal etc. will move away from these areas. Same will be the 
case with reptiles; some reptiles might be killed during the digging and dragging operations. 
Movements of the mammals and reptiles to the Project Area will be restricted during the 
construction phase. This impact can be categorized as direct, moderate, local, medium term, 
temporary, high probability and reversible. 

Mitigation 

Following measures are suggested: 

• Hunting and harassing of wild animals will be strictly prohibited and the Contractors will 
warn their labour not to indulge in any such activity; 
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Activities such as construction of Towers, stretching of conductors and carriage of 
materials will not be allowed during the night in the Wildlife sensitive areas; 

• Lights used in the camps during the construction will be kept to the minimum. In the 
Wildlife sensitive areas, upward scattering lights will preferably be used; and 

• Vehicle speed should be controlled to avoid incidental mortality of small mammals and 
reptiles. 

Avi Fauna 

Birds like Tillor (Houbara bustard), Marbled Teal (Marrnarone tta Angustirostris), Black partridge (Francolinus francolinues), Jal Kookri (Fulica Atra) and Falcon (Falco peregrinus) 
exist in and around the COI. These birds have been subjected to excessive hunting and 
catching on account of their good quality and tasty meat or their commercial value as a prey 
bird. 

These birds will try to find shelter and food somewhere else and will tend to move away from 
the route of T/L due to the activities mentioned above for fear of being hunted / trapped or 
killed. This impact can be categorized as indirect, moderate, local, medium term, temporary, 
high probability and reversible. 

Mitigation  

• Trees having habitat of birds should not be allowed to cut; 

• Special mitigation measures needs to be adopted to minimize impacts on the birds, 
such as avoiding construction activities during the critical periods of breeding and 
feeding; and 

Staff working on the Project should be given clear orders not to shoot, snare or trap any 
bird. 

Migratory Birds 

Construction of the proposed T/L will not have any pronounced impact on the migratory birds 
because their migration route (Green Flyway International) along River Indus is quite far 
away. The proposed T/L route is also away from any major water bodies, therefore, no 
impact on the migratory birds are foreseen. 

Mitigation  

As the proposed alignment of the T/L is far away from the established route of the migratory 
birds from Siberia to the major wetlands in Sindh, which is normally along the River Indus, 
no mitigation measures are foreseen at this stage. 

iii. Impact on Reserve Forests 

The proposed T/L will no cause any major impact on the flora and fauna of the any Reserve 
Forest. So, no mitigation measures are foreseen at this stage. 

7.4.2.3 Socio-economic Environment 

This section describes the impacts of the proposed Project during construction stage on the 
local communities, construction workers, indigenous and vulnerable people as well as on 
structures or sites of cultural and religious significance. 

i. Agriculture 

Based on the Google images and field surveys, the total cultivated area, which will be 
affected due to this Project, is nearly about 16,500 hectares, which forms about 38.8% of the 
total area coming in the COI. The agriculture of the tract in Sindh and Punjab will receive 
significant adverse impact due to various operations such as movement of heavy machinery, 
erection of Towers, dragging, stretching and stringing etc. This impact can be categorized as 
direct, moderate, site-specific, medium term, temporary, high probability and reversible. 
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Mitigation  

Land holders will be paid compensation for the loss of their standing agricultural crops in 
accordance with the prevailing market rates as per LAA, Telegraph Act, NTDC practices, 
Land Acquisition and Resettlement Framework (LARF) and Land Acquisition and 
Resettlement Plan (LARP) specific to the Project. The landholders will also be allowed to 
salvage the agricultural crops and other vegetation from the affected fields. 

ii. Loss of Crops 

The damages may occur to existing crops during the construction stage due to the following 
activities: 

Considerable vehicular movement for the transportation of materials/water and steel 
work will be involved at the time of concreting of Tower foundations. This movement and 
storage of materials will cause damage to the existing crops; and 

• The stringing of conductors involves movement of equipment and vehicles along the 
corridor, which may involve the cutting of trees and considerable damage to the existing 
crops. 

Since the Project is at the feasibility stage and detailed design is to be carried including the 
exact spotting of the Towers on ground. So in the absence of the availability of the spotting 
of Tower (project foot print), it is very difficult to calculate the exact amount of the crop 
losses. However, based on the route alignment, field visits, maps and experience of similar 
Projects already implemented, it is estimated that about 16,500 hectare of crops of 
agriculture land in the COI is required to be cleared due to construction of the footings, field 
investigations, stringing of conductors, accessibility tracks/roads. Approximately 75% of the 
proposed T/L is passing through desert while 25% is passing through plain area. It is also 
estimated that the Project activities will continue round ,the year at each Tower from the start 
of survey to the stringing of conductors. So the affectees will lose their crops and fruits may 
be for two or more seasons i.e. Rabi (Spring Harvest) and Khraif (Autumn Harvest). The 
major crops which are being sown in the Project Area are wheat, rice, cotton, maize and 
vegetables apart from the Orchards of Banana, Mango, Citurs etc. This impact can be 
categorized as direct, moderate, site-specific, medium term, temporary, high probability and 
reversible. 

Mitigation  

The following measures are recommended to minimize the impact of crop losses. 

• Compensation for the loss of crops to the land owners and cultivators as the case may 
be will be paid, in accordance with the prevailing market prices and uniformity in rates 
will be ensured within the local areas; 

• The whole process of the payment to the farmers should be made transparent, judicious 
and without any discrimination or favour; 

• Minimum possible area should be disturbed for the construction of new paths or roads 
for carriage of machinery and materials; and 

• As far as possible, barren land without any crop should be selected for the camp sites 
and disturbance to the crops and natural vegetation should be avoided as much as 
possible. 

• Orchards compensation is a complex issue. However, efforts should be made to avoid 
damage to fruit trees other wise compensation for the whole is required. Similarly, 
banana plant/tree if damaged needs to be compensated on loss of tree basis. 

iii. Conflict over Resources 

It is anticipated that local water resources will be utilized to meet the camp and construction 
requirements, bringing its use into competition with the local use especially in the desert 
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areas of Sindh and Punjab province i.e. Section-I and Section-II where the water availability 
is limited. This may cause conflicts between the locals and the Contractors. This impact can 
be categorized as direct, low, local, short term, temporary, low probability and reversible. 
Mitigation  

The following measures will be carried out to mitigate the impacts of tapping local community 
water resources, where required: 

In areas of concern where the potable water is in short supply; the water will be 
provided through vehicles from the nearby cities; 

• As already mentioned in the mitigation of temporary land acquisition impact, the camps 
should be located at least 500 m away from the nearest local settlements to prevent the 
contamination of community-owned water resources; 

• Approval from the local administration and representatives of the concerned irrigation 
departments or other relevant authorities will be obtained before using the local surface 
water resources; 

• The Contractors will be required to maintain close liaison with the local communities to 
ensure that any potential conflicts relating to the common resource utilization are 
resolved quickly; and 

• Guidelines will be established to minimize the wastage of water during the construction 
activities and at campsites. 

iv. Impacts on Local Communities/Workforce 

Local communities will be affected during the construction phase as follows: 

• During the construction phase, the general mobility of the locals and their livestock in 
and around the COI will be affected temporarily on specific locations. The movement of 
the Towers and conductors from the stocking area to the construction site may cause 
traffic problems on the road for the locals. This may affect their mobility at times. During 
the stringing operations, interference to the traffic movement is also expected. This will 
have low adverse impact on the locals on temporarily basis; 

• 	Community have to face the noise and dust problems during the construction activities, 
which may have adverse impact on the health of the locals. However, these impacts are 
of temporary nature; 

• Induction of outside workers by the Contractor may cause conflicts with the locals on the 
cultural issues related to social and gender due to the unawareness of the local customs 
and norms. These issues may adversely affect the construction phase of the Project. 
This is a medium adverse social impact of temporary nature; and 

• Theft problems to the community by the Contractor's workers and vice versa may also 
create social issues if outside labour is used by the Contractor. 

Overall these impacts can be categorized as direct, moderate, local, medium term, 
temporary, high probability and reversible. 

Mitigation  

Potential social conflict between the outside labour and local community may be avoided by 
implementing the measures listed below: 

During the construction phase, mobility of the workers in the nearby areas should be 
strictly restricted by the Contractor to avoid any inconvenience to the local communities. 
The Contractor should select specific timings for stringing so as to cause least 
disturbance to the local population considering their peak movement hours; and 

To avoid pollution problems due to noise, smoke and fugitive dust following mitigation should 
be followed: 
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• Use of good engineering practices such as water sprinkling, encasement and provision 

of silencer and mini stacks of generators etc. should be adopted to avoid inconvenience 
to the locals due to noise, smoke and fugitive dust; and 

To avoid conflicts between Contractor staff and locals, following mitigation should be 
adopted: 

• Contractor will take care of the concerns of the local community and the sensitivity 
towards the local customs; 

• Good relations with the local communities will be promoted by encouraging the 
Contractor to provide opportunities for skilled and unskilled employment to the locals, as 
well as on-job training for workers. Contractor will restrict his permanent staff to mix with 
the locals to avoid any social issues; 

• Local vendors will be provided with regular business by purchase camp site goods and 
getting services from them; and 

• The Contractor will warn the workers not to indulge in any theft activities and if anyone 
gets involved in such activities, he will have to pay heavy penalty and would be handed 
over to the police. Similarly at the time of employing, the Contractor has to take care 
that the workers should be of good repute. The Contractor camp should be fenced 
properly and main gate will be locked at night with a security guard at guard to avoid 
any theft incidence. 

v. Loss of Income 

• During the construction activities of the Tower foundations, erection and stringing of 
conductor, people will suffer loss in their annual income due to the loss of crops, trees 
etc.; 

• The land under the Towers during the operation stage may restrict the current landuse 
for agriculture purposes; 

• The restriction of plantation of trees above 2.5 m height during the operation stage may 
also cause the inconvenience to the locals; and 

Due to the erection of Towers and the passing of T/L, the value of land may decrease 
on the long term basis. 

This impact can be categorized as indirect, moderate, local, medium term, permanent, high 
probability and irreversible. 

Mitigation  

• Fair, prompt and negotiated compensation for the crops and trees on private land will be 
provided to the affectees. Generally, the area is devoid of forest and very few trees exist 
along the Project corridor. However, orchards of Mango, Citrus, exist near Section-II (b), 
need special provision for the compensation; 

• Affectees will be involved in the valuation process at all stages of the Project i.e. soil 
investigations, Tower footings, Tower erection and stringing of conductors; 

• Orchards of Guava and Citrus (except mangoes) with height less than 2.5 m can be 
grown. Similarly, cultivation of the crops can be carried out without any hindrance. In 
case of mango trees (such as Section-II and change in alignment should be made to 
avoid the cutting of mango trees or use of high Towers for mango trees; and 

• Since the erection of Towers will involve very limited amount of land and the land under 
the Towers and conductors can be easily used for crops, so not much depreciation in 
the land value is foreseen. However, at certain locations where other T/Ls crossing land 
value may depreciate. This is a residual impact. 
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vi. Gender Issues 

• As the Project route is passing through the rural areas of Okara, Pakpattan, 
Bahawalnagar, Bahawalpur, Rahim Yar Khan and all district of Sindh from Ghotki to 
Sanghar, Matiari, women activities in the field may become affected due to the 
construction activities; 

• The rural women in these areas normally use the open field latrines and their privacy 
may suffer due to the Project activities; 

• The induction of outside labour may create social and gender issues due to the 
unawareness of local customs and norms. It will also cause hindrance to the mobility of 
local women; and 

• Disturbance to the privacy of the local women will be due to outside workers working on 
the erection of Towers and stringing of conductors. 

This impact can be categorized as direct, moderate, local, medium term, temporary, high 
probability and reversible. 

Mitigation  

• The Contractor have to select the specific timings for the construction activities like 
Tower footings, erection and stringing of conductors so as to cause least disturbance to 
the local population particularly women considering their routine movement hours; 

• The Contractor have to carry out the construction activities in such a way that the open 
field latrine usage timings by the local community particularly women, should not be 
affected. The normal timings to use the toilet facilities by the rural women are early in 
the morning and at evening so the Contractor will have to take care of these timings; 

• 	Contractor should warn the staff strictly not to involve in any un-ethical activities such as 
theft, prostitution and to obey the local norms and cultural restrictions particularly with 
reference to the women; 

• While working on the erection of Towers, if privacy of the nearby households is affected, 
the Contractor will inform the house owner to make some arrangements; 

vii. Indigenous, Vulnerable and Women Headed Households 

• During the social field survey of the Project, no indigenous group of people was 
identified, which comes under the definition of the "Indigenous People". So, no impact 
on the indigenous people is envisaged due to the implementation of the Project; 

• During baseline survey it was identified that, T/L also crosses some houses of 
vulnerable people in few areas of Sectionl (Sanghar, Ghotkik and Sukkur) and Section-II 
(Bahawalpur district, Bahawalnagar, Pakpattan and Okara districts). During the field visit 
it was also identified that the owners of the affected structures fall below the poverty 
line. Income of these vulnerable groups may be affected due to the implementation of 
the Project like crossing of T/L upon their infrastructure, affect of any assets such as 
houses, tubewells room etc. However, their livelihood will not be affected by the 
implementation of the Project; 

• No women headed household was identified during the social survey of the Project, 
therefore, no special measures are recommended. 

This impact can be categorized as difect, moderate, local, medium term, temporary, high 
probability and reversible. 

Mitigation  

• As referred earlier, no indigenous people have been identified in or along the Project 
corridor, so no mitigation is required; 

7-16 



fie 

HVDC Transmission Line from Matiari to Lahore 	 EIA Report  
• Assistance provisions for the vulnerable persons identified during baseline survey will 

be covered under LARP. The vulnerable persons shall be provided with all possible 
assistance and help for acquiring the skills and preference should be given to them for 
employment. The persons having no land or a person who is going to lose over 50 % of 
his land will be considered as vulnerable people and will be specially treated to provide 
the maximum benefits; 

• As referred earlier, no women headed household has been identified during the social 
field survey. So no mitigation is proposed due to the implementation of the Project on 
women headed households; and 

• At some location efforts are being made to avoid the houses by adjusting Towers 
locations. 

viii. Safety Hazards 

• Occurrence of accidents/incidents during the construction stage is a common 
phenomenon and workers as well as locals will be more prone to serious accidents; and 

• 	The COI falls in Sindh and Punjab in which area is sensitive from the law and order 
point of view and the security of the Contractor and Consultant staff will be a major 
issue. 

This impact can be categorized as direct, moderate, site-specific, medium term, temporary, 
medium probability and irreversible. 

Mitigation  

Following mitigation is given to avoid the accidental risks: 

Complying with the safety precautions for the construction workers as per International 
Labour Organization (ILO) Convention No. 62, as far as applicable to the Project 
Contract; 

• Training of workers in construction safety procedures, environmental awareness, 
equipping all construction workers with safety boots, helmets, gloves and protective 
masks, goggles, shields and monitoring their proper and sustained usage. 

• Contractor will ensure the provision of medicines, first aid kits, ambulance etc. at the 
camp site. 

• Contractors should instruct their staff to use Personnel Protective Equipments (PPEs) 
(e.g., wire containment, displaying warning signs along the work site, communicating 
advance warnings to mats) to enhance the safety. 

• Safety lookouts will be built to prevent people and vehicles from passing at the time of 
hot or cold work. 

• In the security vulnerable areas, special measures should be adopted by the Contractor 
as well as the Consultant staff with the consultation of the local responsible agencies to 
control the law and order. 

ix. Relocation of Private/Public Infrastructure 

Removal of the infrastructure like buildings, huts, animal sheds, tubewells etc. will cause the 
loss of community shelters and sources of income. 

Although the number of public infrastructure fall into the proposed T/L route, no relocation is 
expected as the Project has the flexibility to provide proper horizontal/vertical clearance for 
safe passage over the existing infrastructure. This impact can be categorized as direct, low, 
site-specific, long term, temporary, low probabilityand reversible. Detail of affected structures 
is given in Table 7-3. 
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Mitigation  

In order to mitigate or compensate the impact of land acquisition and resettlement LARP 
needs to be prepared; 

• Utmost efforts will be made to minimize the relocation/damage to infrastructure 
especially houses. For this purpose, the route alignment will also be changed subject to 
the site conditions; 

• No relocation of settlements (group of people) will be involved as the Project has 
flexibility to change the alignment; 

• Compensation will be paid to the affectees for the built-up areas like buildings, huts, 
animal sheds, peter engines/electric motor sheds etc. on replacement cost basis and 
the land on existing agricultural land value; 

• Payment of three (03) months house-rent will be made to the affectees while they will 
construct a new abode for their families; 

• Full market price of any equipment (not shiftable) and cost of reconstruction including 
labour charges will be paid to the affectees; 

• Affectees will be allowed the salvaging of the demolished materials; and 

• All the provision of LARP should be followed. 

x. Religious, Cultural and Historical Sites 

There are no notified religious, cultural and historical sites exist in the proposed T/L COI and 
ROW. T/L passes close to a number of religious structures like shrines, mosques and 
graveyards, none of them is falling within the ROW limits except a katcha mosque (which is 
not in use). This impact can be categorized as negligible. 

Mitigation  

• During detail design, efforts will be made to avoid the crossing of mosque. Incase of 
relocation, NTDC will compensate the owner (community/imam/caretaker) on 
replacement value basis and will pay the land value on agricultural land basis; 

• No other religious and cultural sites like mazars/shrines, graveyards, community center 
etc. will be affected due to the implementation of the proposed Project; and 

• Similarly, no known archaeological site is located within the Project corridor; therefore, 
no impact on any archaeological site is envisaged. However, the Contractors will be 
required to train the construction crews and the site supervisors in archaeological site 
recognition, conservation procedures and temporary site protection. In case of a chance 
archaeological find during excavation, the Contractors must halt work at the site 
immediately and notify the Department of Archaeology and Museums through Project 
Director, NTDC. 

7.4.3 Adverse Impacts during Operation Stage 

7.4.3.1 Physical Environment 

i. Air Quality 

The air quality during operation phase is not expected to be different than at planning and 
design phase and will be better than the air quality during construction phase due to the 
absence of large vehicular movements etc. However, the use of machinery and vehicles for 
routine inspection may affect the air quality to some extent but it is expected to be 
insignificant. This impact can be categorized as direct, low, site-specific, short term, 
temporary, low probabilityand reversible. 
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Good engineering practices such as use of properly tuned vehicles, use of silencers, 
prohibition of pressure horns, scheduling of O&M at appropriate timing and compliance of 
NEQS applicable for vehicles and ambient air quality is recommended. 
ii. Excessive Noise Problem 

Sr 	 During the operational stage some people may have to tolerate a higher noise level due to 
the current flow in the conductors especially in the rainy season. Noise is generated during 
the ionization of the ambient air due to the electromagnetic field (EMF) around the T/L. Such 
a situation occurs with more severity in the rainy season when moisture in the air is relatively 
high. The community residing under or along the T/L may feel discomfort due to the noise 
generated through the passage of electric current. This impact can be categorized as direct, 
low, local, long term, permanent, highprobabilityand reversible. 

Mitigation  

To overcome this problem, the route has been selected to pass through the least populated 
areas. Construction of houses and building structure within the 001 will be avoided and 
NTDC will make sure to check noise level should not cross the permissible limit near the 
sensitive receptor i.e. school, residential areas etc. in the COI. Recommended Monitoring 
Protocol provided in Chapter 9 for the monitoring of noise in the COI should also be 
followed. 

iii. Electric Current 

During the operational stage, electric current (induction) may travel into the Towers due to 
short circuiting and may become a hazard to the public and livestock. This impact can be 
categorized as indirect, low, site-specific, long term, permanent, low probabilityand 
reversible. 

Mitigation  

It is recommended that NTDC at the planning stage of the Project would plan necessary 
arrangements in the form of Earthling system of the Towers to avoid accidents. As exact 
location of Towers spotting is not yet finalized at this stage. However, it is recommended that 
at least two diagonal legs of the Towers should be properly grounded to avoid any such 
incident. 

iv. Effect of Electro Magnetic Field (EMF) 

The EMF may have significant adverse impacts on the health of locals. EMF due to extra 
high voltage (EHV) can cause the risk of leukaemia, which is a disease in which white blood 
cells mutate and become cancerous before maturity. These cells are important in fighting 
against infection in the body. Leukaemia also slows down the production of red blood cells 
that are needed to carry oxygen in the blood. Leukaemia is the second leading cause of 
death for children ages 2-15 years. 

This impact can be categorized as indirect, low, local, long term, permanent, low probability 
and reversible. 

Mitigation  

Different studies were carried out in Britain to find out the effects of EMF due to EHV on 
children particularly with reference to leukaemia. British study suggested that children who 
live close to high voltage overhead Power lines may be at an increased risk of leukaemia. 
Although the researchers have made efforts to identify the effects of EHV related to 
leukaemia, but till now researchers cannot prove that the Power lines are the cause of 
leukaemia. They have admitted that their findings could be due to some chance or other 
factors. 

Since the Project has been planned to pass through the least populated area and the T/L will 
be kept at least 100 m from the populated areas, effects due to EMF are envisaged will be 
minimal due to safe distance. Similarly a vertical clearance required as per international 
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standards will also be maintained especially near the populated areas. During operation 
stage check will be kept by the NTDC that no construction will be allowed within 100 m of the 
proposed T/L. 

v. Collapsing of Towers 

Collapse of the Towers due to the high wind or earthquake will be dangerous for human as 
well as animal life and can cause loss to property. This impact can be categorized as direct, 
low, site-specific, long term, permanent, low probability and reversible. 

Mitigation  

The Towers are designed on the basis of proper subsoil investigations and climatic 
conditions of the area including maximum wind velocity and earthquakes which are normally 
based on last 50 years data. At the time of detailed survey for fixing the Tower positions 
proper soil investigations will be carried out to check the presence of collapsible soils and if 
detected, Engineer will be informed immediately for design change. It will be ensured that no 
accident due to collapsing of Towers would occur during the life of the Project. 

vi. Breaking of Conductors 

Breaking of conductors due to any mishap will cause a safety hazard due to the current flow 
in the fields and crossing over roads, canals, streams etc. This impact can be categorized as 
indirect, low, site-specific, long term, permanent, low probability and reversible. 

Mitigation  

The conductors are selected on the basis of local climatic conditions including maximum 
wind velocity, temperature and humidity conditions. So, there is almost no risk of breaking of 
conductors. However, due to some unavoidable circumstances, if such a situation occurs, 
NTDC has provided such an arrangement that the flow in the conductors will be 
automatically tripped instantaneously. So, no risk to human or animal life is envisaged due 
to the breaking of conductors. 

vii. Working Failure of Electronic Devices/Equipment 

The electronic devices/equipment class A, B, C and D may fail to work under the flux of EHV 
T/L. This impact can be categorized as indirect, low, local, long term, permanent, low 
probability and reversible. 

Mitigation  

The failure of electronic devices/equipment to work under the EHV T/L is a common 
phenomena. The severity of this impact can be minimized by providing proper requisite 
clearance, for which observations should be made in the field under the existing EHV T/L 
deliberately. 

7.4.3.2 Ecological Environment 

i. Danger to Bird Movements 

The T/L may become a danger for the movement of indigenous birds and species and 
fatalities may occur if the birds sit on the conductors especially in the wet conditions. Since 
there is an EMF around the high voltage T/L and excessive noise, no birds sit over the 
conductors. However, even if the birds sit over the conductors particularly in the wetland 
areas, the danger will arise if two phases of the current meet, but as there is 4.75 m to 5.50 
m distance between the two opposite phased conductors, no danger to the birds is 
envisaged.This impact can be categorized as indirect, low, local, long term, permanent, low 
probability and reversible. 

Mitigation  

Proper clearance between the two (02) conductors will be ensured. 
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ii. Danger to Aquatic Life 

Passing of T/L from water bodies/wetland will be a continuous danger to the aquatic life due 
to the erosion and chances of flow of current into the water due to short circuiting. This 
impact can be categorized as indirect, low, local, long term, permanent, low probability and 
reversible. 

Mitigation  

• Buffer zones should be left on the banks to minimize erosion and habitat destruction; 
and 

• Due to the provision of insulators at the junction of the conductors and Towers, no risk 
of flow of current from the conductors to the wetland/water bodies is expected. No such 
type of accident has been observed at the existing T/L passing through the rivers and 
wetlands. 

7.4.3.3 Social Environment 

i. Safety 

The flow of electric current in the T/L will have an impact on the safety of the locals. The 
burning electrical equipment due to short circuiting can create a fire which can spread. This 
will become a safety hazard for the locals. This impact can be categorized as direct, low, 
local, long term, permanent, low probability and irreversible. 

Mitigation  

During the operational phase of the Project, a security plan should be employed and good 
engineering practices will be used for carrying out operation and maintenance activities. An 
effective communication system must be established so that the concerned authorities are 
notified in case a conductor wire falls loose. 

7.5 	Potential Adverse Impacts of Converter Stations 

7.5.1 	Adverse Impacts during Planning and Design Stage 

7.5.1.1 Physical Environment 

i. Permanent Land Acquisition 

Following are the two (02) convertor stations for which NTDC will have to acquire land on 
permanent basis. 

1. Matiari Convertor Station near N-5 
2. Lahore Convertor Station 

A total of approximately 215 acres of land will be permanently acquired for the construction 
of Matiari Convert Station and total land required by the Converter Station near Lahore is 
being finalized. 

The land of Matiari Converter Station is privately and Governemnt owned. Land is highly 
fertile with agriculture fields and Orchards of furits such as Mango, Banana, Guava etc. 

This impact can be categorized as direct, high, site-specific, long term, permanent, high 
probability and irreversible. 

Mitigation  

Permanent land will be acquired as per Land Acquisition Act (LAA), 1894 and local NTDC 
and concerned departmental policy requirements. Involuntary Resettlement requirments will 
also be fulfilled. It is recommended that existing market price of the land should be paid to 
the landowner. In this regard proper LARP should be prepared and implemented prior to the 
construction of the Converter Station. 
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ii. Temporary Acquisition of Land 

As mention earlier, the Contractors will require temporary acquisition of land for Contractor 
camps, aggregate quarries and access roads for haulage etc. About 5000m2  (1.2 acre)of 
land will be acquired for the construction of camp for each Coverter Station which may 
induce temporary as well as permanent changes in the existing landuse pattern. 

This impact can be categorized as direct, low, site-specific, medium term, temporary, low 
probability and reversible. 

Mitigation  

Mitigations are already mentioned in the impact of Temporary Acquisition of Land for the 
proposed T/L (Section 7.4.1.1 (a-ii)). 

7.5.1.2 Ecological Environment 

i. Impact on Avifauna 

Movement of vehicles will produce noise and vibration in the area during topographical, 
geotechnical and seismic studies which will scare away the birds, wildlife, rodents and 
reptiles etc.This impact can be categorized as indirect, low, site-specific, short term, 
temporary, low probability and reversible. 

Mitigation  

There will not be any major significant impact during this phase of the Project. Hence, no 
mitigation measures are suggested. However, impact can be minimized by use of good 
engineering practices. 

7.5.1.3 Social Environment 

No major impact on the social environment of the area is foreseen at this stage of Project. A 
few huts of the tenants were observed in the land selected for the Matiari Coverter Stations. 
These were contacted and it was confirmed that as the land will be acquired from the owners 
they will move to the new place with the owners. Hence no issues were identified. 

7.5.2 Adverse Impacts during Construction Stage 

7.5.2.1 Physical Environment 

i. Soil Erosion 

Construction activities such as clearing, excavation, filling, development of access roads, 
construction camps will cause the soil erosion in the Project Area and may have an adverse 
impact on the environment. This impact can be categorized as indirect, moderate, site-
specific, long term, permanent, medium probability and irreversible. 

Mitigation  

All the disturbed areas need to be protected against severe erosion losses. The following 
good engineering practices will be adopted to control the soil erosion: 

• Stripping and stockpiling of all the available topsoil for later re-vegetation; 

• Use of Proper drainage system above the works for significant protection; and 

• Planting of rapidly growing indigenous vegetation/grass in the Project Area to reduce 
the impact of soil erosion. 

1r" 	ii. Air Quality and Noise 

During the construction stage, heavy equipment and machinery will be used which will 
generate noise and exhaust emissions. The anticipated equipment's to be used are: 

• Concrete Batching plants; 

• Concrete Paver; 
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• Concrete Mixer; 

• Excavators; 

• Dump trucks; 

• Haul trucks; and 

• Transport vehicles. 

The possibility of noise generation and exhaust emissions increases when old 
vehicles/plants are utilized. Generally, construction activities will generate particulate matter 
(PM10), smoke, dust, CO and NO in the ambient air which will deteriorate the air quality 
imparting adverse impacts on human health, flora and fauna. The movement of heavy 
machinery and vehicles on the dirt tracks will also be causing fugitive dust emissions. Due to 
the movement of trucks and other vehicles, noise and vibration will increase which will also 
create disturbance for the residents of the nearby settlements. 

This impact can be categorized as direct, moderate, site-specific, medium term, temporary, 
medium probability and reversible. 

Mitigation  

The following effective measures need to be adopted for controlling the adverse impacts on 
the ambient air quality: 

• Use of old vehicles should not be allowed during the construction phase of the Project 

• Proper tuning of the construction vehicles at appropriate intervals should also be 
ensured; 

• Haul truck carrying concrete, coarse and fine aggregate such as crush, sand and other 
fill materials should be kept covered with tarpaulin; 

• Batching plant should be sited at least 500m away from the villages and settlements so 
that the dust generated by their operations does not have any adverse impact on the 
locals; 

• Control of heavy machinery speed (dumpers, bulldozers, excavators etc.). Maximum 
speed of 30 km/hr. should be practiced; 

• Concrete batching plant should be equipped with dust control equipment such as fabric 
filters or wet scrubbers to reduce the level of dust emissions or at least water should be 
used during crushing operations to avoid air pollution. This water should be recycled to 
avoid generation of wastewater; 

• The existing quarries should be used to borrow the aggregate materials and each 
quarry site should have a proper quarry management plan; 

• Where necessary, dust emissions will be reduced by regular sprinkling of water for 
keeping the dust settled, at least twice a day depending on the availability of water and 
nature of work; 

• The NEQS applicable to the gaseous emissions generated by the construction vehicles, 
equipment, generators and machinery will be enforced during the construction works; 

• Compliance monitoring of vehicles, generators and machines emissions (air and noise) 
should be regularly carried out; 

• Construction activities shall be avoided during the night time and silencers should be 
provided in all the vehicles to minimize the emissions and noise. Noise complaints 
should be logged and kept onsite by the Contractor; 

• Construction timings should be fixed after consultation with the residents of the nearby 
villages preferably during the day. This will minimize the disturbance to the local 
population; and 
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• If the proposed Project Area is near the school, college etc. the area where noise 
producing activity is to be undertaken should be screened with noise absorbing material 
or casing. 

iii. Liquid and Solid Waste from Construction Camps 

Approximate proposed strength of the labour in each camp for Converter Station will be 
about 25 persons which will generate about 1.9 m3/day of wastewater and about 12.5 kg/day 
of solid waste. Improper wastewater and solid waste management activities can increase 
disease transmission, contaminate ground and surface water and ultimate damage to the 
ecosystem. 

This impact can be categorized as direct, moderate, site-specific, short term, temporary, high 
probability and reversible. 

Mitigation  

Please refer the mitigation measures discussed in Section 7.4.2 (iii). 

iv. Surface and Groundwater Quality 

Surface water quality of the natural ponds/mullahs and the other water bodies may be 
impacted due to the construction activities and wastewater from labour camps. The 
movement of heavy vehicles on jeepable weathered (katcha) tracks, excavation activities; 
oil, lubricants, bitumen/coal tar and other liquid and chemical spills may deteriorate the 
quality of surface and groundwater resources. This impact can be categorized as direct, 
moderate, local, medium term, temporary, mediumprobability and reversible. 

Mitigation  

Mitigation regarding surface and groundwater quality as mentioned in impact of "Surface and 
Groundwater Quality" during construction stage of proposed T/L will be applicable for 
Converter Station. 

7.5.2.2 ecological Eniiironment 

Impact on Flora 

During the construction stage, clearing and grubbing activities, construction of access road, 
installation of batching plants and worker's camps, natural vegetation and flora such as 
shrubs and herbs, including some species of medicinal plants, fuel wood plants and trees 
will be removed. This will be a potential adverse impact on the natural vegetation of the 
Study Area.This impact can be categorized as direct, low, site-specific, long term, 
permanent, high probability and irreversible. 

Mitigation  

The following measures, will be carried out to mitigate the impacts on flora: 

• While making paths for the carriage of construction materials, care will be taken that 
minimum land is utilized and minimum vegetation is disturbed; 

• Plantation is required in the areas, where trees or bushes have been cut to make path 
for construction of new T/L; 

• The camps and workshop facilities will be established on the barren land; however, if 
such type of land is not available, it will be ensured that minimum clearing of the 
vegetation occurs and minimum damage to the trees and undergrowth is ensured; 

• The Contractor's staff and labour will be strictly directed not to damage any vegetation 
such as bushes; and 

• Contractor will provide the fuel wood/gas cylinders at the camps for cooking purposes 
and cutting the trees/bushes for fuel will not be allowed. 
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Impact on Fauna 

During construction activities lot of noise and noxious gases will be produced from the heavy 
vehicle, construction machinery and other activities which will scare away birds, wildlife, 
rodents and reptiles. Some of the avifauna may also get killed during construction works. 
This will be a potential adverse environmental impact and needs to be encountered on 
priority basis. This impact can be categorized as direct, low, site-specific, medium term, 
permanent, mediumprobability and reversible. 

Mitigation  

Please refer the mitigation for "Impact on Fauna" during construction stage of T/L. 

7.5.2.3 Socio-Economic Environment 

i. Mobility of Locals 

During the construction phase, the general mobility of the locals and their livestock in and 
around the Project Area will be affected. The movement of the heavy equipment i.e. poles, 
transformers, conductors etc. from the storage area to the Convertor Stations will cause 
traffic problems on the road for the locals and affect their mobility. This impact can be 
categorized as direct, moderate, local, medium term, temporary, medium probability and 
reversible. 

Mitigation  

During the construction phase, mobility of the Contractor's staff through the nearby 
residential areas should also be strictly prohibited by the Contractor to avoid any 
inconvenience or any risk. 

Temporarily and for short duration, the Contractor has to select specific timings for 
construction work so as to cause least disturbance to the local population considering their 
peak movement hours. 

ii. Conflict over Resources 

Local water supplies will be utilized to meet the camp site and construction requirements, 
bringing its use into competition with the local use. This may cause conflicts between the 
locals and the Contractors.This impact can be categorized as indirect, low, local, medium 
term, temporary, high probability and reversible. 

Mitigation  

Please refer to the mitigation for "Conflict over Resources" during construction stage of the 
proposed T/L. 

iii. Cultural Issues 

Induction of outside workers by the Contractor may cause conflicts with the local people on 
the cultural issues related to social and gender due to the unawareness of the local customs 
and norms. These issues may adversely affect the construction phase of the Project. This 
impact can be categorized as indirect, low, local, medium term, temporary, medium 
probability and reversible. 

Mitigation  

Following measures should be adopted in order to minimize the impacts related to the 
cultural issues. 

• The Contractor will be required to maintain close liaison with the local communities to 
ensure that any potential conflicts related to the use of common resource utilization for 
the Project purposes are resolved quickly; 

• Contractor will take care of the concerns of the local community and the sensitivity 
towards the local customs and traditions; 
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• Good relations with the local communities will be promoted by encouraging the 
Contractor to provide opportunities for skilled and unskilled employment to the locals on 
priority basis, as well as on-job training in construction for young people. Contractor 
should restrict the staff to mix with the locals to avoid any social problems; and 

• Local vendors will be promoted for routine regular business by purchase of the camp 
site goods and services from them. 

iv. Gender Issues 

With the influx of labour force and other staff related to the construction activities, daily 
activities of the female population are likely to be affected. However, this impact will be of 
temporary nature. 

Impact may also occur on the privacy of the local women during the construction activities as 
mostly the houses are without boundary walls. This impact can be categorized as indirect, 
low, local, medium term, temporary, medium probability and reversible. 

Mitigation  

Please refer the mitigation for "Gender Issues" during construction stage of proposed T/L 
which will be applicable to the Converter Station. 

v. Health & Safety 

Workers and the local community will be prone to accidents/incidents during the construction 
phase. They will be susceptible to accidents especially when the forklifts and cranes are 
being used for lifting the heavy equipments i.e. poles, transformers, conductors etc. 
Unmonitored construction activities, e.g. blasting may create an accident risk for the local 
residents particularly their children. This impact can be categorized as indirect, low, local, 
medium term, temporary, low probability and reversible. 

Mitigation  

Please refer to the mitigation for "Safety Hazardous" during construction stage of proposed 
T/L. 

vi. Aesthetics 

During the construction phase, excavation of land and drilling activities, storage of material 
and construction of workers camps at Project site, solid waste disposal by the workers and 
leakage and spillage of oil will have adverse impacts on the aesthetics of the area. 
Community have to face the noise and dust problems during the construction activities. This 
impaCt can be categorized as indirect, low, local, medium term, temporary, medium 
probability and reversible. 

Mitigation  

Proper disposal of excavated material and back filling of land after construction activities will 
minimize the impact on the aesthetics of the Project Area. 

vii. Security Situation 

Due to the vulnerable security situation in Section-I (AM # 41-49) Ghotki district there are 
potential risks for Contractor and other persons working during the construction stage. 
Therefore, these are potentially at risk. This impact can be categorized as indirect, low, local, 
medium term, temporary, low probability and reversible. 

Mitigation  

Due to the vulnerable security situations in the area special arrangements should be taken 
with the help of local heads for the Contractor staff to avoid any unpleasant incident. 

Local heads should be involved in development works to gain confidence for local 
community. 
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4 

7.5.3 Adverse Impacts during Operation Phase 

7.5.3.1 Physical Environment 

i. 	Air Quality 

As mention earlier, the air quality during operation phase is not expected to be any different 
than that at planning and design phase and will be better than the air quality during 
construction phase due to the absence of large vehicular movements etc. 

However, the heating of the oil in the transformers at Converter Stations and the heat 
generated due to current flowing through the supply lines will result in the emission of 
pollutants into the air, thus deteriorating air quality. These emissions can adversely affect 
human health. These emissions affect human life through the following process: 

• Emission; 

• Dispersion; and 

• Reception. 

Once these pollutants are dispersed into air they are inhaled by humans and intercepted by 
buildings. These emissions can be washed out of air through rain in the form of acid 
precipitation with significant adverse impacts on humans. 

This impact can be categorized as direct, low, site-specific, short term, temporary, 
highprobability and reversible. 

Mitigation  

To mitigate the pollutants emissions, following measures should be adopted: 

• Transformers should be equipped with silica gel; and 

• Use of low sulfur oil should be ensured. 

ii. Noise 

Similarly, noise levels are expected to decrease at this phase due to the absence of 
construction workers and vehicles but it will be lower than the construction phase. However, 
during routine inspections, some noise may be generated during operational stage; however 
it will be of temporary in nature and insignificant. 

This impact can be categorized as direct, low, site-specific, short term, temporary, medium 
probability and reversible. 

Mitigation  

Noise levels during operation phase will be negligible or insignificant during the operation 
stage. Therefore, no mitigation measures are suggested for the noise level. 

iii. Soil 

It is not expected that soil quality and texture will be adversely affected during the operation 
phase, however during routine inspection, if repair work is required involving oil leakage from 
the transformers and other electric equipments, the soil can be affected but this will be a 
minor impact and temporary in nature. This impact can be categorized as direct, low, site-
specific, short term, temporary, low probability and reversible. 

Mitigation  

Impact on soil during operation phase will be insignificant. Good engineering practices will 
have to be adopted by the O&M staff of NTDC during the repair and replacement activities. 

7.5.3.2 Ecological Environment 

i. Flora 

No major impact is foreseen on the flora during the operation phase of the Project. 
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ii. Fauna 

During the operation phase of the Project no major impacts on the fauna are anticipated. 

7.5.3.3 Socio-Economic Environment 

i. Safety 

The flow of electric current in the conductors will have an impact on the safety of the locals. 
The burning of the transformer or other electrical equipment due to short circuiting can 
create a fire which can spread. This will become a safety hazard for the locals. This impact 
can be categorized as direct, low, local, long term, permanent, low probability and 
irreversible. 

Mitigation  

During the operational phase of the Project, a security plan should be employed to ensure 
the safety of the employees working at the Converter Station. An effective communication 
system must be established so that the proper authorities are notified in case there is a fire 
in the Converter Station. 

EIA Report 
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Table 7-3: Public Infrastructure within COI (Section I) 

Sr. 
No. 

Angle 
Marker 

Length 
(KM) 

Road 

Type of Area Canal River 
Shrine/ 

Graveyard 
Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah 
Railway 

Line 
T/L Forest Airport Orchard Mosque 

Brick Reference  s heets   

Katcha Pacca 

1 
Converter 

Station 
Yes Yes Agriculture Yes Banana Sheet # 1 

2 1 0 Yes Yes Agriculture Yes Banana Sheet # 1 

3 2 1.71 Yes Agriculture Yes Yes Banana Sheet # 1 

4 3 3.13 Yes Agriculture 
Sheet # 1 

 
Banana Yes 

5 4 4.97 Yes Yes Agriculture Yes Yes Banana Yes Sheet # 1 

6 4-5 Yes Yes Agriculture Yes Yes 
nana 

Mango' Sheet # 1 
 

7 5 6.9 Yes Yes Agriculture Yes Yes Yes 
Banana, 
Mango 

Yes Sheet # 1 

8 5-6 Yes Yes Agriculture Yes Yes Yes 
Banana 

and 
Mango 

Yes Sheet # 1 

9 6 10.29 Yes 
Agriculture 
with some 

Barren land 

Yes Yes Sheet # 1 

10 6 10.29 Yes Yes Agriculture Yes Yes Yes Banana Yes Sheet # 1 

11 7 16.55 Yes Yes Agriculture Yes Banana Sheet # 1 

12 7-8 Yes Yes Agriculture Yes 
Banana, 
Mango 

Sheet # 2 

13 8 19.5 Yes Yes Agriculture Yes Banana Sheet # 2 

14 8-9 Yes Agriculture Yes Banana Sheet # 2 

15 8-9 Yes Agriculture 

Tando 
Adam 
Branch 
Canal 

Sheet # 2 
 Yes 

16 8-9 Yes Agriculture 

Tando 
Adam 
Branch 
Canal 

Yes Yes Yes Banana Sheet # 2 

17 9 26.97 Yes Yes Agriculture Yes Yes Yes Banana Sheet # 2 

18 9-10 Yes Yes Agriculture Yes Banana Yes Sheet # 2 

19 10 29.46 Yes Yes Agriculture 
Jam 

Branch 
Yes Sheet # 2  Yes 
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Sr. 
No. 

Angle 
Marker 

Length 
KM () 

Road 

Type of Area Canal River 
Shrine/ 

Graveyard 
Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah 
Railway 

Line 
T/L Forest Airport Orchard Mosque 

Brick 
Kiln 

Reference 
Sheet # 

Katcha Pacca 

Canal 

20 10-11 Yes Yes Agriculture 
Jam 

Branch 
Canal 

Sheet # 2 

21 11 33.91 Yes Yes Agriculture Yes Yes Sheet # 2 

22 12 36.15 Yes Agriculture 
DargahSay 

edMalok 
Shah Baba 

Yes Yes Yes Sheet # 2 

23 13 42.01 Yes Yes Agriculture Yes Yes Sheet # 3 

24 14 46.37 Yes Agriculture 
Jamrao 
Canal Yes Yes Yes Sheet # 3 

25 15 52.66 Yes Yes Agriculture Yes Sheet # 3 

26 16 57.63 Yes Yes Agriculture Yes Yes Sheet # 4 

27 17 61.96 Yes Agriculture 
Dim 

Branch 
Canal 

Yes Yes Yes Sheet # 4 

28 18 67.07 Yes Agriculture 
Dim 

Branch 
Canal 

Yes Yes Sheet # 4 

29 19 68.61 Yes 

Barren 
Landsurround 

ed by 
Agriculture 

Area 

Yes Yes Sheet # 4 

30 20 72.04 Yes 

Barren Land 
Most and 

LessAgricultur 
e 

Yes Yes Yes Sheet # 4 

31 21 82.3 Yes 

10 to 20% 
Agriculture Ag 
and 80 % 

Barren 

Yes Yes Yes Sheet # 5 

32 21 82.3 Yes 

50% 
Agriculture 
and 50% 
Barren 

Yes Yes 

banana, 
Lemon, 
Mango, 
Oranges 

Yes Sheet # 5 

33 22 87.78 Yes Yes 
Agriculture 
with less 
Barren 

Yes Yes Yes Yes Sheet # 5 

34 23 89.03 Yes Yes 

60 % 
Agriculture Ag 
and 40 % 

Barren 

 Yes Yes Yes Yes Sheet # 5 

35 24 90.51 Yes Yes 
Agriculture 
with less 
Barren 

Yes Yes Yes Yes Sheet # 5 
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Sr. 
No. 

Angle 
Marker 

Length 
(KM) 

Road 

Type of Area Canal River Shrine! 
Graveyard 

Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah Railway 
Line T/L Forest Airport Orchard Mosque Brickriiicnk K Reference 

Sheet # 
Katcha Pacca 

36 25 96.52 Yes 

Les 
Agriculture 
and more 

Barren 

Yes Yes Yes Sheet # 5 

37 26 102.95 Yes 

Barren and 
Desert 	e type 

with less 
Agriculture 

Yes Yes Sheet # 6 

38 26-27 Yes 

Barren and 
Desert typ type 

with less 
Agriculture 

Yes Sheet # 6 

39 27 116.66 Yes Barren Land Yes Yes Yes Sheet # 6 

40 28 126.69 Yes 
Barren more 

with less 
agriculture 

Yes Yes Yes Sheet # 7 

41 29 153.19 Yes Yes 

Barren (Near 
Agriculture 
Area inside 

C01) 

Yes Sheet # 8 

42 30 173.05 Yes Yes Sand Dunes Yes Yes Sheet # 9 

43 31 177.43 Yes Yes Agriculture Yes Yes Dates Sheet # 10 

44 32 181.14 Yes Agriculture Yes Yes Dates Sheet # 10 

45 33 183.46 Yes 

Barren Land 
With Less 
Agriculture 

Area 

Yes Sheet # 10 

46 34 186.83 Yes Yes 
Agriculture 
with less 

Barren area 
Yes Yes Mango Sheet # 10 

47 35 197.56 Yes Yes 

Mostly Barren 
/ Desert area 

with less 
Agriculture 

area 

Yes Yes Mango 
Dates 

Yes Sheet # 11 

48 36 201.48 Yes 

Mostly Barren 
/ Desert area 

with less 
Agriculture 

area 

Yes Khumbri Yes Sheet # 11 

49 37 210.71 Yes Yes 

Almost 60% 
Barren and 

40% 
Agriculture 

Yes Yes Dates Yes Sheet # 11 

50 38 217.68 Yes 

Mostly Barren 
/ Desert area 

with less 
Agriculture 

Yes Ues Khumbri Yes Sheet # 11 
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Sr. 
No. 

Angle 
Marker 

Length 
(KM) 

Road 

Type of Area Canal River Shrine/ 
Graveyard 

Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah Railway 
Line T/L Forest Airport Orchard Mosque Brick 

Kiln 
Reference 

Sheet # Katcha Pacca 

area 

51 
Near A.M 

38 217.68 Yes Agriculture Yes Yes Dates Sheet # 12 

52 Near A.M 
38 

217.68 Yes Agriculture Yes 
Dates 
and 

Lemon 
Sheet # 12 

53 Near A.M 
38 217.68 Yes Agriculture Sheet # 12 

54 Near A.M 
39 259.52 Yes Agriculture Yes Yes Sheet # 14 

55 
Near A.M 

39 259.52 Yes Agriculture Yes Yes Yes Sheet # 14 

56 Near 40 262.16 Yes Agriculture Yes Yes Sheet # 14 

57 Near 41 266.49 Yes 

Agriculture 
with Few 
patches of 

Sand Dunes 

Yes Sheet # 14  

58 Near 42 268.61 Yes Agriculture Sheet # 14 

59 Near 43 273.78 Yes Agriculture Yes Yes Sheet # 15 

60 44 279.67 Sheet # 15 

61 45 285.74 Sheet # 15 

62 46 290.75 Sheet # 16 

63 47 298.77 Sheet # 16 

64 48 301.38 Yes 
Agriculture 
with less 

desert area 
Yes Yes Yes Lemon Sheet # 16 

65 49 313.37 Yes 

Agriculture 
(mostly trees) 

with 70 % 
desert area 

Yes Yes Lemon Sheet # 17 

iv 
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Table 7-3: Public Infrastructure within COI (Section II) 

Sr. 
No. 

Angle 
Marker 

Length 
(KM) Type of Area Canal River Shrine/ 

Graveyard 

ish  
Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah Railway 
Line T/L Forest Airport Orchard Mosque 

Brick 
Kiln 

Reference 
Sheet # 

Katcha Pacca 

1 50 342.08 Yes Yes 
Agriculture with 

less desert 
area 

Yes Yes Lemon Yes Sheet # 17 

2 51 340.75 Yes Yes 
Agriculture with 

less desert 
area 

Yes Yes Yes Sheet # 18 

3 52 344.46 Yes 
Agriculture with 

less desert 
area 

Yes Yes Lemon Sheet # 19 

4 53 348.55 Yes 
Agriculture 

Area 
Yes Yes Yes 

Mango 
(Few 

Trees) 
Yes Sheet # 19 

5 54 354.84 Yes Yes 

Agriculture 
Area and 

surrounded by 
some Sand 

Dunes 

Yes Yes Sheet # 19 

6 55 356.55 Yes Agriculture 
Area 

Chaman 
Canal 

Yes Sheet # 19 

7 56 364.5 Yes 
Agriculture 

Area 
Yes Yes Yes Sheet # 20 

8 57 369.59 Yes 

Agriculture 
Area and 

surrounded by 
some Sand 

Dunes 

Abe 
Hayat 
Canal 

Yes Yes Yes Sheet # 20 	• 

9 58 372.85 Yes 

Agriculture 
Area and 

surrounded by 
some Sand 

Dunes 

Abe 
Hayat 
Canal 

Yes Yes 
Lemon 

and 
Orange 

Sheet # 20 

10 Near 59 386.99 Yes Desert Yes Sheet # 21 

11 60 399.48 Yes Desert Yes Sheet # 22 

12 60-61 Yes Yes 
Agriculture with 

less desert 
area 

Yes Yes Yes Sheet # 23 

13 61 451.12 Yes Yes 
Agriculture with 

less desert 
area 

Yes Sheet # 24 

14 62-63 481.9 Desert Area Yes Sheet # 25 

15 Near 63 499.9 Yes 

Agriculture 
Area and 

surrounded by 
Sand Dunes 

Yes Yes Sheet # 27 

16 64 519.59 Yes 
Barren Area 

and surrounded 
ChananPir Yes Yes Yes Sheet # 28 
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Sr. 
No. 

Angle 
Marker 

Length 
(KM) 

Road 

Type of Area Canal River 
Shrine/ 

Graveyard 
Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah Railway  
Line 

T/L Forest Airport Orchard Mosque 
Brick 
Kiln 

Reference 
Sheet # 

Katcha Pacca 

Area is 
Agriculture 

17 65 534.5 Yes Yes 
Agriculture with 

less desert 
area 

Yes Yes Yes Yes Sheet # 29 

18 66 540.4 Yes 
More Desert 

and Less 
Agriculture 

Yes Yes Yes Sheet # 29 

19 67 542.1 Yes 
50% 

Agriculture and 
50% Desert 

Yes Yes Yes 
Mango, 
Oranges 
, Dates 

Yes Sheet # 29 

20 68-69 554..4 Yes Desert Yes Yes Sheet # 30 

21 69-70 617.3 Yes Desert Yes Yes Sheet # 31 

22 Near 70 614.2 Yes 
Agriculture 

Area 
Yes Yes Sheet # 33 

23 71 626.8 Yes Desert Area Yes Sheet # 34 

24 72 633.1 Yes 
Agriculture 

Area 
Yes Sheet # 34 

25 73 637.5 Yes 

Agriculture 
Area alongwith 
some barren 

patches 

Yes Mango Yes Sheet # 35 

26 74 645.4 Yes 

Agriculture 
Area alongwith 
some barren 

patches 

Yes Yes Sheet # 35 

27 75 650.6 Yes 
Agriculture Ag 

Area 
Yes Yes Sheet # 35 

28 75 650.6 Yes Yes Agriculture Yes 
Same 
Nullah 

Yes 
Yes 

(Large 
T/L) 

Yes Sheet # 35 

29 76 654.3 Yes Yes Agriculture Yes Yes Sheet # 36 

30 
77 
- 

78 
661.5 Yes Agriculture Yes Yes Sheet # 36 

31 Near 79 667.1 Yes Agriculture Yes Yes Yes Yes Yes Sheet # 36 

32 80 668.8 Yes Yes Agriculture Yes Yes Yes Yes Sheet # 36 

33 81 671.7 Yes Yes Agriculture Yes Yes Yes Yes Yes Sheet # 37 

34 82 676.1 Yes Yes Agriculture Yes Yes Yes Sheet # 37 

vi 
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Sr. 
No. 

Angle 
Marker 

Length 
(KM) ype of Area Type Canal River 

Shrine/ 
Graveyard 

ish  
Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah 
Railway 

Line 
- T/L Forest Airport 

Sheet #  
Orchard Mosque 

Brick 
Kiln 

Reference 

Katcha Pacca 

35 83 678.4 Yes Yes Agriculture Yes Sheet # 37  

36 84 681.9 Yes Agriculture Yes Yes Sheet # 37 

37 85 685 Yes Yes Agriculture Yes Yes Yes Yes Dates Yes Yes Sheet # 37 

38 86 689.2 Yes Yes Agriculture Yes Yes Yes Sheet # 37 

39 87 691.6 Yes Agriculture Yes Yes Yes Sheet # 38 

40 88 697.8 Yes Yes Agriculture Yes Yes Yes Sheet # 38 

41 88 697.8 Yes 
Agriculture 

Area 
Yes Yes Yes Guava Yes Sheet # 38 

42 89 700.6 Yes 

Agriculture 
Area alongwith 
some barren 

patches 

Yes Yes Yes Yes Sheet # 38 

43 90 705.9 Yes 
Agriculture 

Area 
Sikanda 

rWah  
Yes Yes Yes Sheet # 38 

44 91 708.7 Yes 
Agriculture Ag 

Area 
Yes Yes Yes Yes Sheet # 39 

45 92 709.6 Yes Yes 
Agriculture 

Area 
Yes Yes Yes Yes Yes Yes 

Yes 
(Inside 
Village) 

Sheet # 39 

46 93 711.2 Yes 
Agriculture 

Area 
Yes Yes Sheet # 39  

47 94 713.3 Yes 
Agriculture 

Area 
Yes Yes Sheet # 39  

48 95 714.6 Yes 
Agriculture 

Area 
Yes Yes Sheet # 39 

49 96 716.4 Yes 

Agriculture 
Area alongwith 
some barren 

patches 

Yes Yes Sheet # 39 

50 97 718.1 Yes 
Agriculture 

Area 
Yes Yes Yes Sheet # 39 

51 98 719.9 Yes 
Agriculture 

Area 
Yes Yes Yes Sheet # 39 

52 99 721.3 Yes 
Agriculture Ag 

Area 
Yes Yes Yes Sheet # 39 

53 100 722.1 Yes 
Agriculture 

Area 
Yes Yes Sheet # 40 

54 101 723.5 Yes 
Agriculture Ag 

Area 
Yes Yes Sheet # 40 

v ii 
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Sr. 
No. 

Angle 
Marker 

Length 
(KM) 

Road 

Type of Area Canal River Shrine/ 
Graveyard 

Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah Railway  Line T/L Forest Airpo Airport Orchard Mosque 
Brick 
Kiln 

Reference 
Sheet # 

Katcha Pacca 

55 102 724.8 Yes 
Ag riculture 

Area Branc 
Khadir 

h  
Yes Yes Yes Yes Sheet # 40 

56 103 728.6 Yes 
Agriculture 

Area 
Yes Yes Sheet # 40 

57 104 730.7 Yes Agriculture 
Area 

Yes Yes Sheet # 40 

58 105 732.6 Yes 
Agriculture 

Area 
Yes Yes Sheet # 40 

59 106-107 736.3 Yes Agriculture Yes Yes Sheet # 40 

60 107 739.9 Yes Yes Agriculture Yes Yes Sheet # 40 

61 108 741.9 Yes Yes Agriculture Yes Yes Yes Yes Sheet # 41 

62 109 744.27 Yes Yes Agriculture Yes Yes Yes Yes Sheet # 41 

63 110 747.5 Yes Yes Agriculture Yes Yes Sheet # 41 

64 111 748.8 Yes Yes Agriculture Yes Yes Yes Yes Sheet # 41 

65 112 750.4 Yes Yes Agriculture Yes Yes Yes Yes Yes Sheet # 41 

66 113 752.2 Yes Yes Agriculture Yes Yes Yes Sheet # 41 

67 114 753.9 Yes Agriculture Yes 
Yes 

(Large 
T/L) 

Yes Sheet # 41 

68 115 755.3 Yes Agriculture Yes Yes Yes Yes Yes Sheet # 41 

69 116 760.9 Yes 
Agriculture 

Area Yes Yes Yes Sheet # 41 

70 117 763.2 Yes 
Agriculture 

Area Yes Yes Sheet # 42 

71 118 765.02 Yes 
Agriculture 

Area 
Yes Yes Sheet # 42 

72 119 767.7 Yes 
Agriculture 

Area 
Yes Yes Yes Sheet # 42 

73 120 770.2 Yes 
Agriculture 

Area Yes Yes Yes Yes Yes Sheet # 42 

74 121 773.5 Yes 
Agriculture 

Area 
Yes Yes Yes Yes Sheet # 42 

75 122 774.6 Yes 
Agriculture 

Area 
Yes Yes Yes Sheet # 42 

viii 
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Sr. 
No. 

Angle 
Marker 

Length 
(KM) 

Type of Area Canal River 
Shrine/ 

Graveyard 

ish  
Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah 
Railway 

Line 
T/L Forest Airport Orchard Sheet #  

Mosque 
Brick 
Kiln 

Reference 
 

Katcha Pacca 

76 123 777.2 Yes 
Agriculture 

Area 
Yes Yes Guava Sheet # 42 

77 124 779.3 Yes 
Agriculture 

Area 
Yes Yes Yes Yes Sheet # 42 

78 125 781.01 Yes 
Agriculture 

Area 
Yes Yes Dates Yes Sheet # 42 

79 126 783.9 Yes Forest Sheet # 43  Yes Yes 

80 127 787.4 Yes Yes Agriculture Yes Yes Yes Sheet # 43 

81 128 789.7 Yes Yes Agriculture Yes Yes Yes Yes Sheet # 43 

82 129 790.6 Yes Yes Agriculture Yes Yes Yes Sheet # 43 

83 130 792.4 Yes Agriculture Yes Yes Yes Sheet # 43 

84 131 794.1 Yes Yes Agriculture Sheet # 43  Yes Yes 

85 132 795.9 Yes Yes Agriculture Yes Yes Yes Sheet # 43 

86 133 796.3 Yes Yes Agriculture 
Gambee 
r Canal 

Yes Yes Yes Sheet # 43 

87 134 798.6 Yes Yes Agriculture Yes 
Same 
Nullah 

Yes Yes Sheet # 43 

88 135 799.9 Yes Yes Agriculture Yes Yes 
Yes 

(Large 
T/L) 

Yes Sheet # 43 

89 136 800.7 Yes Yes Agriculture Yes Yes Yes Sheet # 43 

90 137 801.4 Yes Yes Agriculture Yes Yes Yes Yes Sheet # 44 

91 138 803.9 Yes Agriculture Sheet # 44  

92 139 806.2 Yes Yes Agriculture Sheet # 44  Yes 

93 140 808.2 Yes Yes Agriculture Yes Yes Yes Sheet # 44 

94 141 814.7 Yes Yes Agriculture Yes Yes Jambul Yes Yes Sheet # 44 

95 142 817.4 Yes Yes Agriculture Yes 
Yes 

(Large 
T/L) 

Jambul Yes Sheet # 44 

96 143 820.1 Yes Agriculture Yes 
Yes 

(Large 
T/L) 

Jambul Yes Sheet # 44 
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Sr. 
No. 

Angle 
Marker 

Length 
(KM) 

Road 

Type of Area Canal River 
Shrine/ 

Graveyard 
Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah 
Railway 

Line 
T/L Forest rt Airport Orchard Mosque 

Brick 
Kiln 

Reference 
Sheet # 

Katcha Pacca 

97 144 821.05 Yes Agriculture Yes 
Yes 

(Large 
T/L) 

Jambul Yes 
Sheet # 44 & 

45 

98 145 822.8 Yes Yes Agriculture Yes Yes Yes Jambul Yes Sheet # 45 

99 146 823.8 Yes Agriculture Yes Yes Jambul Yes Sheet # 45 

100 147 824 Yes Agriculture Yes Yes Jambul Yes Sheet # 45 

101 148 826.4 Yes Yes Agriculture Yes 
Yes 

(Large 
T/L) 

Yes Sheet # 45 

102 149 827.4 Yes Yes Agriculture Yes Yes 
Yes 

(Large 
T/L) 

Janbul Yes Sheet # 45 

103 150 835 Yes 
Agriculture Ag 

Area 
Yes Yes Yes Yes Yes Sheet # 45 

104 151 836.8 Yes 
Agriculture 

Area 
Yes Sheet # 45 

105 152 837.6 Yes 
Agriculture 

Area 
Yes Yes Sheet # 45 

106 153 837.8 Yes 
Agriculture 

Area 
Yes Yes Yes Sheet # 45 

107 154 840.6 Yes 
Agriculture 

Area 
Yes Yes 

Sheet # 45 & 
46 

108 155 842.7 Yes 
Agriculture 

Area 
Yes Yes Yes Sheet # 46 

109 156 844.1 Yes 
Agriculture Ag 

Area 
Yes Yes Sheet # 46 

110 157 845.5 Yes Agriculture 
Area 

Yes Yes Yes Sheet # 46 

111 158 846.6 Yes 
Agriculture 

Area 
Yes Yes Yes Sheet # 46 

112 159 848.5 Yes 
Agriculture Ag 

Area 
Yes Yes Sheet # 46 

113 160 849.4 Yes 
Agriculture 

Area 
Yes Yes Sheet # 46 

114 161 851.1 Yes 
Agriculture 

Area 
Yes Yes Yes Yes Yes Sheet # 46 

115 162 853.03 Yes 
Agriculture 

Area 
Yes Yes Yes Sheet # 46 

116 163 853.9 Yes 
Agriculture Ag 

Area 
Yes Sheet # 46 

117 164 854.9 Yes 
Agriculture 

Area 
Yes Yes Yes Yes Sheet # 46 
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Sr. 
No. 

Angle 
Marker 

Length 
(KM) 

Road 

Type of Area Canal River 
Shrine/ 

Graveyard 
Tube 
Well 

Residential 
Areas 

Fish 
Pond/ 
Water 
Pond 

Nullah 
Railway 

Line 
T/L Forest Airport Orchard Mosque 

Brick 
Kiln 

Reference 
Sheet # 

Katcha Pacca 

118 165 857.3 Yes 
Agriculture 

Area 
Yes Yes Yes Yes 

Sheet # 46 
and 47 

119 166 859.7 Yes Yes Agriculture 

Baloki- 

Sk7 ilr_iiinakn 
Canal 

Yes Yes Yes Yes Sheet # 47 

120 167 862.8 Yes Agriculture 
River Yes Sheet # 47 

121 168 865.3 Yes Yes Agriculture Yes Yes 
Yes 

(large 
T/L) 

Yes Sheet # 47 

122 169 865.5 Yes Yes Agriculture 
Yes 

(large 
T/L) 

Guava 
Oranges 

Yes Sheet # 47 

123 
Converter 

Station 
Lahore 

Yes Yes Agriculture Yes Yes 
Yes 

(large 
T/L) 

Guava Yes Sheet # 47 
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8 	COMPENSATION POLICY FRAMEWORK 

8.1 	General 

• 
This section defines the compensation and rehabilitation framework for the proposed T/L. 
This framework is based on the laws of Pakistan and the requirements of the ADB 
Safeguard Policy Statement 2009 on Involuntary Resettlement and summarizes the main 
components of the policy framework prepared specifically for the proposed T/L Project to 
ensure that ADB's policy on involuntary resettlement is complied with. All the detailed 
surveys and other requirements related to the compensation, rehabilitation will be covered 

under LARP which is being prepared separately. 

	

8.2 	Identification of Project Affected Persons (PAPs) 

As referred earlier, the Project is at the feasibility stage and detailed survey along with the 
spotting of the T/L Towers and their design are still to be finalized. Only demarcation of the 
T/L route and AMs has been marked on Google Imageries. In the absence of the 
demarcation of T/L in the field and spotting of Towers, it was very difficult to identify the 
PAPs within the ROW. However, efforts were made to identify the PAPs by the Consultants 
within the ROW which is a part of COI. The number of affectees will be identified within the 
ROW when the detailed LARP survey after the spotting of Towers at the site will be 
available. Occurrence of any public and religious structures such as mosque or graveyard 
will also be identified/verified at that stage, which may be affected due to the Project 

implementation. 
The major effect of the Project is the loss of crops and few orchards during the 
implementation stage. As discussed earlier, the crops such as wheat, cotton, maize, and 
sugarcane and orchards of mangoes, plumb, guava and citrus are estimated to be affected 
during the field survey and the construction activities. However, at the present stage of the 
Project, it is hard to identify the actual loss and the list of the landowners to be affected. 

	

8.3 	Related Laws, Policies and Guidelines 

Following paragraphs provide review of applicable laws and guidelines to be used for the 

compensation purpose: 

8.3.1 	Land Acquisition Act, 1894 

The LAA 1894, with its successive amendments, is the main law regulating land acquisition 
for public purpose. The LAA has been interpreted by local governments and some province 
has augmented the LAA by issuing provincial legislations. The LAA and its Implementation 
rules require that following an impacts assessment/valuation effort, land and crops are 
compensated in cash at market rate to titled landowners and registered land tenants/users, 
respectively. The LAA mandates that land valuation is to be based on the latest 5-3 years 
average registered land sale rates, though, in several recent cases the median rate over the 
past year, or even the current rates, have been applied. Due to widespread land under-
valuation by the Revenue Department, current market rates are now frequently used with an 
added 15 per cent Compulsory Acquisition Surcharge as provided in the LAA. 

Based on the LAA, only legal owners and tenants registered with the Land Revenue 
Department or possessing formal lease agreements, are eligible for compensation. The 
rights of the non-titled, are however addressed under the 1986, Punjab Jinnah Abadis for 

• 
Non-proprietors in Rural Areas Act which recognize squatters right to receive rehabilitation in 
form of a replacement plot. It is to be noted that this right has been sometimes extended in 
practice to include some form of rehabilitation in cash or in forms different from land. 
Projects such as Chotiari Dam, Ghazi Barotha HydroPower and National Highways 
Improvement, have awarded compensation and assistance to unregistered tenants and 

other forms of AH (sharecroppers/squatters). 

It must also be noted here that the LAA does not automatically mandate for specific 
rehabilitation/assistance provisions benefiting the poor, vulnerable groups, or severely 

8-1 
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affected AHs, nor does it automatically provide for rehabilitation of income/livelihood losses 
or resettlement costs. This however is often done in many Projects in the form of adhoc 
arrangements based on negotiations for a specific Project. 

As noted above, exceptions to the rule are intrinsic to the fact that the law is both elastic and 
broadly interpreted at provincial level depending on operational requirements, local needs 
and socio-economic circumstances. Recourse is often taken to adhoc arrangements, 
agreements and understandings for resettlement in difficult situations. The above is also 
influenced by the fact that an amendment of the LAA has been considered necessary by the 
Ministry of Environment now Ministry of Disaster Management. Accordingly, a National 
Resettlement Policy (NRP) and a Resettlement Ordinance have been drafted to broaden 
LAA provisions and current practices so as to widen the scope of eligibility and tightening up 
loopholes (i.e. regarding definitions of malpractices, cut-off dates, political influence op 
routing etc.). But both these documents are still awaiting government's approval for 
implementation. 

8.3.2 	ADB's Involuntary Resettlement Policy 

The ADB Policy on Involuntary Resettlement is based on the following principles: 

• Involuntary resettlement is to be avoided or at least minimized; 

• Compensation must ensure the maintenance of the AHs' pre-Project living standards; 

• Compensation is required for PAP's who as a result of a Project has their access to, or 
use of, land restricted; 

• PAPs should be fully informed and consulted on Land Acquisition and Resettlement 
(LAR) compensation options; 

• PAPs socio-cultural institutions should be supported/used as much as possible; 

• Compensation will be carried out with equal consideration of women and men; 

• Lack of formal legal land title should not be a hindrance to rehabilitation; 

• Particular attention should be paid to households headed by women and other 
vulnerable groups, such as indigenous people and ethnic minorities and appropriate 
assistance should be provided to help them improve their status; 

• LAR should be conceived and executed as a part of the Project and the full costs of 
compensation should be included in Project costs and benefits; and 

• priorpaid 	o ground levelling and 
demolition. 

8.3.2.1 	Comparison of Pakistan Land Acquisition Act & ADB Resettlement Policy 

Table 8-1 below outlines the differences between Pakistani Law and ADB policy. 

Table 8-1: Pakistan and ADB Land Acquisition Policies 

Pakistan's Land Acquisition & 
Telegraph Acts 

ADB Involuntary Resettlement 
Policy 

Land compensation only for titled landowners or 
customary rights holders. 

Lack of title should not be a bar to compensation 
and/or rehabilitation. Non-title-holders are to be 
rehabilitated also. 

Crop 	losses 	compensation 	provided 	only 	to 
registered 	landowners 	and 	lease/sharecrop 
tenants (Non-registered are often deprived). 

Crop compensation are provided to landowner 
and sharecrop/lease tenants according to their 
shares whether they are registered or not. 	I 

Tree losses are compensated on the basis of 
officially 	fixed 	rates 	by 	the 	Forest 	and 

Tree 	losses 	are 	compensated 	according 	toll  
actual worth of affected trees based on market 
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i 	Pakistan's Land Acquisition & 
Telegraph Acts 

ADB Involuntary Resettlement 
Policy 

Horticulture departments. rates. 

Land valuation based on the median registered 
land transfer rate over the previous 3 years. 

Land 	valuation 	is 	to 	be 	based 	on 	current 
replacement (open market) value. 

Structures valuation based on official rates, with 
depreciation deducted from the structure gross 
value. 

Valuation 	of 	built-up 	structures 	is 	based 	on 
current market value/cost of new construction of 
the structure. 

Land 	Acquisition 	Collector 	(LAC) 	or 	District 
Judge (in case of the Telegraph act) are the final 
authorities 	to 	decide 	disputes 	and 	address 
complaints regarding quantification and 
assessment of compensation for the affected 
lands and other assets. 

Complaints 	and 	grievances 	are 	resolved 
informally through community participation in the 

 
Grievance Redress Committees (GRC), 	local 
governments, 	NGO 	and/or 	local- 	level 
community based organizations. 

The Telegraph Act (TA) provides that land for 
Tower construction or under a T/L is not to be 
acquired or compensated as long as the land's 
permanent productive potential is not affected. 
Under the TA therefore only temporary impacts 
on crops are compensated. 

Based on ADB policy all land impacts are to be 
compensated. As urban/residential-commercial 
land is affected either if a Tower/pole provides 
clearance or not, the TA provisions have been 

 
c 
modified 	for 	this 	project 	so 	as 	to 	address 

 d damages that a Tower/pole causes to plots with 
 

real estate value. 	For this project urban and 
 

commercial or residential plots weather urban or 
rural will be fully acquired and compensated at 
market rates. The same will happen in case of 
rural/agricultural land when the land under a 
Tower/pole is no longer usable or access of the 
APs is restricted. 

Conclusions 

In principle, Pakistan Law and ADB Policy adhere not only to the objective of PAPs 
compensation, but also to the objective of rehabilitation. However, LAA is unclear on how 
rehabilitation is to be achieved and in practice the provision of rehabilitation is left to ad hoc 
arrangements taken by local governments and specific Project Proponents. To clarify these 
issues and reconcile eventual gaps between Pakistan Law and ADB Policy, the LARF and 
LARP for the proposed T/L is being prepared as a separate document to ensure 
compensation at replacement cost of all items, the rehabilitation of informal settlers and the 
provision of subsidies or allowances for PAPs that may be relocated, suffer business losses, 
or may be severely affected. 

8.3.3 	Telegraph Act (TA), 1885 

In case of impacts caused by Poles and Towers for public facilities and T/Ls, the land 
acquisition is not regulated by the LAA but instead by the Telegraph Act, 1885 (amended in 
1975). The original provision of this law was that the land occupied by telegraph poles was 
not to be compensated (only crops destroyed during the erection of the pole were 
coimpensated). This was based on the logic that a pole, covering only a negligible land area, 
does not cause substantial impacts to landusers. This, however, is no longer the case once 
the same provision is extended to transmission Towers. 

The Telegraph Act (Section 11) confers Powers on the DISCOs to enter private lands and 
(Section 10) construct/ maintain electric poles and lines without the need to acquire the land 
affected and paying compensation for it. However, the Sub-section 10 (d) provides that a 
DISCOs is required to avoid causing unnecessary damages to the affected land and 
associated assets. Finally, the Section 16 provides that if any such damage occurs (i.e. 
damages to crops, irrigation facilities, and land quality or land income). The Proponent has 
to provide compensation for the damages. 
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To accommodate the APs needs, under this program, the DISCOs have agreed to apply the 
Telegraphic Act liberally by i) compensating at market rates all land occupied by Towers in 
urban areas; ii) by avoiding land impacts in rural areas through the use of Towers with 
sufficient vertical clearance to allow the continuation of unrestricted farming and animal 
grazing; and iii) if the construction of such Towers is impossible, by compensating the land 
occupied by Tower bases land also in rural areas. In addition, the DISCOs will compensate 
by default all crops expected to be affected by the 3 major distribution lines construction 
phases, i.e. i) construction of Tower bases; ii) Tower erection; and iii) stringing. 

8.3.4 	Punjab Katchi Abadis Act, 1992 

Punjab Katchi Abadis Act, 1992 (Amendment Ordinance No. XVIII of 2007), this ordinance 
updated the Punjab Katchi Abadis Act, 1986. It made provisions for the regularization of 
Katchi Abadis and outlined the provision for giving assistance. The ordinance 
stated that the Director General shall be appointed by the Government and will be 
responsible to implement the Act. Subject to the provisions of sub-sections (2), (3), (4) and 
(5) and the directions, if any, of the government the Director General can regularize any 
settlement of more than 40 dwelling units that was occupied before 23tdMarch 2010. 

8.3.5 	Sindh Katchi Abadis Act, 1987 

The impact of urbanization and urban growth on land has been severe. The government is 
unable to provide land for the poor and migrants. This reality has led to a large scale 
proliferation of squatter settlements or Katchi Abadis. People get piece of land from the land 
grabbers at an affordable price. Mostly, the land belongs to the Board of Revenue. The 
Katchi Abadi is officially a temporary settlement where legal leases cannot be issued. 
However, the official temporary nature of these settlements may be perceived quite 
differently by the occupants as the defecto security level of the settlement is usually much 
higher. The security level has also been increased with periodic announcements by different 
governments for regularizing Katchi Abadis creating one cut-off date following by another. 
Under the policy, Katchi Abadis existing upto 23 March 1985 and comprising at least 40 
houses will be identified for regularization. 

Until the late seventies low-income housing policies in Karachi were based on clearance of 
Katchi abadis and resettlement of the residents. All the resettlement schemes failed to reach 
the target group due to variety of reasons. In the early seventies a change of policy came 
about. This policy was to legalize and improve these settlements rather than to demolish 
them. There were the following four basic features of the policy: 

i). Security of tenure for the residents was provided through the issue of 99 years leases for 
which the resident had to pay a lump sum amount. The lease rate were differentiated as 
per landuse category (residential, commercial) and according to plot size (the larger the 
plot the higher the lease rate per square yards); 

ii). Karachi Metropolitan Cooperation (KMC) carried out a program of environmental 
upgrading (water supply, drainage, sewerage and solid waste disposal systems and 
metalling of roads). Planning standards where flexible in relation to local circumstances, 
and incremental, no solution was fixed; rather the opportunity for future development was 
being guaranteed; 

iii). The whole program was self-financing; improvement had to be financed out of revenues 
from lease and improvement charges; 

iv). In the whole process, peoples participation was crucial, not only because the residents 
had to pay for the improvements; also, because planning (e.g. of standards) cannot be 
done properly without the residents involvement. Finally, on plot improvements were 
completely left upto the inhabitants; 
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Thus, the regularized Katchi Abadi is one, which has been approved by the government 
agencies for proper leasing and carrying out physical improvements to certain acceptable 
minimum standards. Its then forms an officially accepted part of the city master plan. 

In 1978 Martial Law Order (MLO) No. 67 was issued called 'Regularization and Development 
of Katchi Abadis'. It was reconstituted in 1979 (MLO 110) and again in 1982 (MLO 183), and 
complemented by the Sindh Katchi Abadi Rules of 1982. This order further states refer page 
no. 2 article 7(1)(1)(a) that regularization scheme shall inter-alia provide for 'the rehabilitation 
of the unauthorized occupants of a Katchi Abadi in the same Katchi Abadi or, where it is not 
possible, in any other locality by allotting plots of prescribed size'. 

In 1980 Chief Martial Law Administrator Zone 'C' promulgated an order MLO 130 to provide 
for measures for prevention and removal of encroachments. This order was called Removal 
of Encroachment Order, refer page 8. In 1983 Martial Law Administrator zone 'C' 
reconstituted MLO 130 by MLO 202. This order provides the encroacher a facility to appear 
before the officer issuing the notice for removal of encroachment refer Page 11 Article 8. 

In March 1987, the Government of Sindh enacted a new law known as Sindh Katchi Abadis 
Act, 1987 refer page 52, whereby Sindh Katchi Abadis Authoirty was setup under the Act. 
Sindh Katchi Abadis Authority was authorized to declare any area or part thereof, which was 
partially or wholly occupied in an unauthorized manner, prior to March 23, 1985, as a Katchi 
Abadi. 

In the year 1993, in suppression of all previous orders, directives and instructions formulated 
Sindh Katchi Abadis Authority (Regulations, improvement and development) Regulations, 
refer page no. 19, was notified. The article 8 of chapter IV of this regulation states "that the 
regularization scheme should dislocate minimum occupants, article 10 (ii) and (v) provides 
for an opportunity to the occupant to submit his objection regarding the scheme and when 
any building is required to be demolished according to the approved development scheme, 
the Authority shall compensate the owner in shape of allocating a minimum size open plot. 
Article 8 and 9 of chapter VII of the Sindh Katchi Abadi Act regulations 1993 further provides 
for the relocation and rehabilitation for the structures demolished from any reservations or 
amenity areas. Sufficient time will be given to the owner for removal of such structures'. and 
'if affected by an approved scheme, original unauthorized occupant may be resettled by 
providing an open plot of not less than 80 sq. yd. in area, preferably within the same Katchi 
abadi depending on the availability of land on the rates as mentioned in schedule 'C' of 
Sindh Katchi Abadis Regulations 1993. No cash compensation shall be given except the 
provision of an open plot mentioned above'. 

Present policy decisions announced by the Chief Executive of Pakistan for the 
Regularization and up-gradation of Katchi Abadis on 15th  January 2001 refer Page No. 71 
states that the process of the regularization and up-gradation of the before 1985 Katchi 
Abadis shall continue as per current policy. 

8.4 	Strategy for Compensation of Land Affected by Towers 

Besides the amended LAA, the NTDC has adopted the Telegraph Act, 1885 (amended) for 
the construction and maintenance of T/L. The later Act was originally framed for the 
construction of telegraphic poles during the British Era and later inherited by Pakistan upon 
independence. This Act was subsequently adopted by WAPDA for electric poles and supply 
lines and eventually passed to NTDC. However, telegraphic or electric poles cover a much 
smaller area of land compared with transmission Towers which have the potential to affect 
crops, orchards and scattered wood and fruit trees. The NTDC makes utmost efforts to 
minimize resettlement impacts, alternatively the affected farmers are compensated for their 
crop and tree losses and built-up structures requiring relocation, based on prevalent market 
prices. 

Based on current Pakistani Law and NTDC's practice, the land under the Towers is not 
acquired permanently and therefore, compensation is not required for land. However, it is 
suggested that the land under the Tower will not be acquired, but would only require 
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compensation in the case where: (i) in rural areas, the Tower hinders access to the land 
under the Tower for cultivation; and/or, (ii) in urban/residential areas, the Tower restricts use 
of the land for housing development. 

In the case of urban/residential areas, the land under Towers will be considered as being 
permanently affected and therefore it will be compensated in full. In the case of rural areas 
and agricultural land as long as the Towers provide sufficient clearance to allow the 
continuation of crop cultivation, the land will be considered to be temporarily affected (for the 
duration of Tower installation and stringing of the lines) and therefore will not be acquired nor 
compensated. However, for Towers with low-bars which would restrict the farmer's access 
for cultivation activities, the land will be considered as acquired permanently and 
compensated. However, the respective landowners can reuse such land for cultivation or 
similar purposes. But, as none of the Towers of this 500KV TL are located in an urban area 
nor they will hinder future cultivation of land in rural areas, no land compensation will be 
applicable for the land under Tower and only crop and tree compensation will be paid to the 
AHs. 

The construction of Towers on agricultural land however will still require the provision of 
compensation for crops and loss of trees, for the area under the Tower plus a small 
perimeter surrounding it (an access and working area). The area included in the perimeter 
has been assessed at10,000m2(1 ha) for a ±600KV Tower. Furthermore, as the construction 
of Towers involves a 3-tier process, namely: (i) preparation of the foundation; (ii) erection of 
the Tower; and (iii) stringing of the Power cables and this process has the potential to affect 
three crops and thus, compensation for three crops will be paid to the affected farmers. The 
outstanding payment of compensation for the affected crops and trees by the construction of 
Tower foundations in the past (1996-97) will be paid to the affected farmers (landowners and 
sharecroppers) at the current market rates of the year of payment. 

	

8.5 	Land Classification 

Identification of the type of land affected is an important step in determining eligibility for 
compensation of land. Jurisdiction rather than use classifies land. Rural land includes 
irrigated land and un-irrigated land and is governed by the Land Revenue Act, 1967 which 
must be read in conjunction with the LAA and other legislation that may also apply, including 
for example the Punjab Alienation of Land Act, 1900, Colonization of Government Lands Act, 
1912 and the various Land Reform Regulations. Rural land falls under the jurisdiction of 
revenue districts. 

Land other than rural land is urban and including all permutations there-under such as 
residential, commercial, built upon and buildable and is governed by various regulations and 
ordinances including the People's Local Government Ordinance, 1972 for each province, 
Cantonments Act, 1924 and Land Control Act, 1952. Urban land falls under the jurisdiction of 
municipal and local government authorities. 

While there are broad definitions of rural and urban land in the People's Local Government 
Ordinances, such classifications are not immutable and have been and are changed by the 
Collector of Revenues and provincial governments over time. In general, it is either the 
People's Local Government Ordinances or the Land Revenue Act that determines the 
classification of land however there are some cases where both applies and other cases 
where different legislation altogether can dictate jurisdiction and classification over 
land. Hence there is neither a universal classification nor legislation pertaining to the land 
that will be potentially affected under the program. 

	

8.6 	Eligibility 

PAPs entitled for compensation or rehabilitation provisions under the program are: 

• All PAPs affected by restricted access to or use of land whether they have legal 
title/traditional land rights or not; 

• Tenants and sharecroppers whether registered or not; 

8-6 



HVDC Transmission Line from Matiari to Lahore 	 EIA Report  

• Owners of buildings, crops, plants, or other objects attached to the land; and 

• PAPs losing business, income and salaries (livelihood). 

Cut-off Date: Compensation eligibility will be limited by a cut-off date fixed by NTDC for this 
Project. PAPs that settle in the affected areas and/or make changes in the landuse patterns 

w4 	after this cut-off date will not be eligible for compensation. They will, however, be given 
sufficient advance notice requesting them to vacate premises/corridor and dismantle all 
affected structures and other establishments (if any) prior to Project implementation. They 
will be allowed to reuse their salvaged material for free and they will not be asked to pay any 
fine for making those change. Forced eviction will only be considered after all other efforts 
are exhausted. 

8.7 	Compensation Entitlements 

Entitlement provisions for PAPs cover such impacts as land losses, house and buildings 
losses, crops and trees losses, a relocation subsidy, rehabilitation measures and a business 
losses allowance based on tax declarations and/or lump sums. These entitlements are 
detailed below: 

Agricultural land impacts will be compensated based on whether a PAP's access to, or use 
of, their land is restricted. For PAPs whose access to and use of, agricultural land is not 
restricted i.e. they can continue to cultivate the land, compensation will be for removed or 
damaged crops and trees. For PAPs whose access to, or use of, agricultural land is 
restricted i.e. they cannot continue to cultivate the land compensation will be paid at 
replacement value in: (i) cash at current market rates plus a 15% compulsory acquisition 
surcharge (CAS), or (ii) through replacement land equal in value/productivity to the plot lost. 
When >10% of an PAP's income or agricultural land is affected, AHs (owners, leaseholders 
and sharecroppers) will get an additional allowance for severe impacts equal to the market 
value of a year's gross yield of the land lost (inclusive of winter and summer harvest). 
Eventual transaction taxes/fees will either be paid by NTDC or waived by local governments. 
Market rates will be assessed through a survey of prevalent land prices, carried out by local 
government and financing institutions along with involvement of community. 

Residential/commercial land will be compensated at replacement value by either (i) land 
for land or (ii) cash at current market rates free of any deductions. Renters/leaseholders will 
receive an allowance corresponding to 3 months' rent. However, the land under Towers and 
line (100m wide ROW) can be used by the landowner or sharecropper for cultivation. 

Houses, buildings, structures will be compensated in cash at replacement cost free of 
depreciation, salvaged materials and transaction cost deductions. The compensation for 
houses/buildings will also include the cost of lost water and electricity connections. 

Crops: Cash compensation at current market rates for the net harvest actually lost as it 
may be the winter, the summer crop, or both. Crop compensation will be paid both to 
landowners and tenants based on their specific sharecropping agreements. 

Trees: Cash compensation shall reflect income replacement based on market price. 

Businesses: compensation for permanent business losses will be in cash for a 1-year 
income based on tax declaration or, if unavailable, based on the official minimum salary; 
compensation for temporary business will be in cash for the period of income interruption (1 
to 3 months) based on tax declaration or, if unavailable, official minimum salary. 

Business workers and employees: Indemnity for lost wages for the period of business 
interruption upto a maximum of 3 months. 

Agricultural land leaseholders, sharecroppers and workers: Where the access to, or 
use of, the land is restricted; affected leaseholders will receive either a renewal of the lease 
in other plots or cash corresponding to the yearly yield of land lost for remaining years of the 
lease upto a maximum of (3) years. Sharecroppers will receive their share of harvest at 
market rates (if impact is temporary) or if the land is lost permanently additional 
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compensation for one (1) crop. Agricultural workers, with contracts interrupted, will get an 
indemnity in cash corresponding to their salary in cash and kind for the remaining part of the 
agricultural year (inclusive of both winter and summer crops). 

Community structures and public utilities: These will be fully compensated or 
replaced/rehabilitated so as to satisfy their pre-Project functions. 

Relocation subsidy: PAPs forced to relocate will receive a relocation subsidy sufficient to 
cover transport costs and living expenses for 1 month. 

8.8 	NTDC Current Procedures for Payment of Compensation 

The construction of the T/L and Converter Station will cause damage to the crops, trees and 
may be some built-up properties during: 

• Soil Investigation at the Tower foundations; 

• Excavation and concreting of the Tower foundations; 

• Erection of Towers; and 

• Stringing of conductors. 

These impacts have been estimated based on the preliminary route alignment, field survey 
and similar Projects carried out in the past. At the time of detailed survey, the losses will be 
properly assessed and evaluated for compensation, in accordance with the prevailing rules 
and regulations of the Government. Cutting/trimming of the trees above 2.5 m height and 
built-up properties (if any) for public safety and integrity of the T/Ls within ROW of 100m, will 
be adequately compensated. 

8.8.1 	Compensation at the Time of Survey/Soil Investigations 

4 	The damages caused to the existing crops during the detailed survey and soil investigation 
work for the Tower foundations will be recorded and estimates of compensation will be 
prepared accordingly by the concerned revenue staff i.e. Patwari. For the identification of the 
crop owners, it is preferable that the "Dhal-Wash" document may be consulted. This 
document is prepared by the "Mal Patwari" and issued to the farmers by the Qanoongo. The 
estimates will be prepared in accordance with the approved rates of the concerned District 
Government. The record of the Patwari will be verified by the Assistant Land Acquisition 
Officer (ALAO) and NTDC's Sub-Divisional Officer (SDO), who will be the in-charge of the 
work. After verification, the record will be submitted to the Chief Engineer (EHV-II), NTDC 
through the Project Director, NTDC, the competent authority for approval. Accordingly, funds 
will be released for prompt payment to the affectees. 

8.8.2 Compensation at the Time of Construction of Towers 

Considerable vehicular movement for the transportation of the materials/water and steel 
formwork will be involved at the time of construction of the Tower foundations. This will be 
considered as temporary acquisition of land. This movement and storage of the materials 
and equipment will cause damage to the existing crops. In this case, the damage of the 
access road to.  the Tower locations will also be recorded. The procedure for recording 
verifications, approvals and payments to the affectees will be the same as discussed in the 
above paragraph. 

As per NTDC's existing practices under the Telegraph Act, 1910, no permanent land is 
acquired for the Tower foundations as the landowners are allowed to use the land under the 
Towers for cultivation purposes. For the other existing EHV lines, farmers are using the land 
under the Tower footings for cultivation and even use tractors for the ploughing purposes. 

The stringing of conductors involves the movement of equipment and vehicles along the 
corridor, which may involve the cutting of trees and cause considerable losses of the existing 
crops. The revenue staff including Patwari, Qanoongo and ALAO will be responsible for the 
estimation and valuation of the crops as per prescribed criteria of the District Government. 

A 
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On completion of the estimates and their approval, the compensation amount will be 
disbursed promptly. 

Stringing activities can affect the built-up properties and other structures due to the required 
clearance for the T/L. However, as per preliminary field observations, no such structure or 
built-up property have been identified, which may be affected, however, this matter will be 
checked during the detailed design stage. 

8.9 	NTDC Practice for Passing Transmission Lines over Existing Infrastructure 

For crossing the T/L over or near the existing infrastructure or sensitive sites, NTDC 
approaches the concerned agencies and gets their approval. Any damages caused to the 
trees or other properties are paid to the concerned agency as per their rules. 

This particularly implies to the forest areas, wetlands, railway tracks, highways, airports, 
archaeological sites, army garrisons etc. Normally, where the existing infrastructure like 
highways, railway tracks, telephone poles and other T/Ls are to be crossed, NTDC adjusts 
the Towers in a way that will requires minimum clearance. 

In the following paragraphs, it is discussed as to whether or not for the proposed ±600KV T/L 
and ±600KV Grid Station; NTDC has to get "No Objection Certificate (NOC)" from the 
different agencies/departments. 

8.9.1 	National Highway Authority (NHA) 

The proposed T/L will cross National Highway at various locations. NTDC will get NOC from 
NHA if deemed necessary as per NHA rules and regulations. However, NTDC has already 
taken care to provide the required horizontal as well as vertical clearances to pass the T/L 
over the highways and motorways. 

8.9.2 	Pakistan Railways 

As the proposed T/L will pass near the railway track and crosses at some points, so NOC 
may be required from Pakistan Railway. 

8.10 	Compensation Eligibility and Entitlements for the Project 

Land acquisition tasks for this T/L Project, will be implemented according to a compensation 
eligibility and entitlements framework in line with Pakistan's laws/ regulation and ADB Policy. 

Entitlements matrix based on the available information and field surveys is provided in Table 
8-2 below. 

Table 8-2: Compensation and Entitlement Matrix 

Sr. 
No. 

Assets Lost/ 
Impact 

Specification Affected 
Persons 

Compensation Entitlements 

1. Land 
permanently 
acquired for the 
construction of 
Grid/ 
Substation/ 
Converter 
Station 

All land losses Land owner/ Title 
holders/ 
Customary rights 

• Cash compensation at replacement 
cost plus 15% CAS, free of taxes, of 
registration and transfer costs; or 

• Land for land compensation through 
provision of plots of equal value and 
productivity as that of lost. 

• If land is provided as a donation/ or 
on voluntarily basis, in such cases, 
ADB Policy is not triggered. 

2. Arable Land 
temporarily 
affected by the 
construction/ 
installation of 
Towers/ or T/L 

Access is not 
restricted and 
existing or current 
landuse will remain 
unchanged by the 
construction of 
Towers and 
installation of T/L. 

Land owner/ 
Titleholder/ 
Customary rights 

• No land compensation provided that 
land 	is 	rehabilitated/restored 	to 
former quality following completion 
of works. 

• Compensation, 	in 	cash, 	for 	all 
damaged crops and trees. 

Leaseholder • No land compensation provided that 
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Sr. 
No. 

Assets Lost/ 
Impact 

Specification Affected 
Persons 

Compensation Entitlements 

(registered or not) land 	is 	rehabilitated/restored 	to 
former quality following completion 
of works. 

• Compensation, 	in 	cash, 	for 	all 
damaged crops and trees. 

Sharecroppers 
(registered or not) 

• Compensation, in cash or kind, for 
all damaged crops/ trees. 

Squatters/ 
Encroacher 

• Cash 	compensation, 	for 	all 
damaged crops/ trees. 

3. Arable land for 
Tower/T/L 
installation, 
construction 
restricts access 
or agricultural 
use 

All adverse effects 
on landuse having 
the severity of 
impact). 

Land owner/ Title 
holders/ 
Customary rights 

• Land for land compensation with 
plots 	of 	equal 	value 	and 
productivity to the plots lost/or cash 
compensation for affected land at 
current market price plus 15% CAS 
and free of taxes, registration, and 
transfer costs. 

Leaseholder 
(registered or not) 

• Renewal of lease in plots of equal 
value/or productivity of land lost, or 
Cash equivalent to market value of 
gross value of affected land for the 
remaining 	lease 	years 	(upto 	a 
maximum of 3 years). 

Sharecroppers 
(registered or not) 

• Cash 	compensation 	equal 	to 
market value of lost harvest share 
once (temporary impact) or twice in 
case of permanent impacts. 

Agricultural 
workers 

• Cash 	indemnity 	equal 	to 	salary 
(including 	portions 	in 	kind) 	for 
remaining part of agricultural year. 

Squatters/ 
Encroacher 

• 1 	rehabilitation allowance equal to 
market value of 1 	gross harvest 
(additional to crop compensation) 
for the loss of landuse. 

Additional for severe 
impacts 
(>10% of land loss) 

Land owner/ Title 
holder/ Customary 
rights 

• 1 severe impact allowance equal to 
market value of gross harvest of 
affected land for 1 year (inclusive of 
winter 	and 	summer 	crop 	and 
additional 	to 	standard 	crop 
compensation). 

Leaseholder 
(registered or not) 

• 1 severe impact allowance equal to 
market value of gross harvest of 
affected land for 1 year or renewal 
of lease in plots of equal value/ or 
productivity of land 	lost, or Cash 
equivalent to market value of gross 
value 	of 	affected 	land 	for 	the 
remaining 	lease 	years 	(upto 	a 
maximum of 3 years). 

Sharecroppers/ 
leaseholders 
(registered or not) 

• 1 severe impact allowance equal to 
market 	value 	of 	harvest 	share 
(additional 	to 	standard 	crop 
compensation) 

Squatter/ 
Encroacher 

• 1 severe impact allowance equal to 
market value of gross harvest of the 
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Sr. 
No. 

Assets Lost/ 
Impact 

Specification Affected 
Persons 

Compensation Entitlements 

affected land for 1 year (inclusive of 
winter 	and 	summer 	crops 	and 
additional 	to 	standard 	crop 
compensation). 

4. Residential/ 
Commercial 
land affected 
by Towers/ T/L 

Future usage of the 
land will get 

i restricted trce dt 
permanently 

Titleholder • Land for land through provision of 
plots comparable in value/ location 
to plot lost; or cash compensation 
for affected land at full replacement 
cost 	free 	of 	taxes, 	registration, 
transfer costs plus 15% CAS. 

Renter/ 
Leaseholder 

• 1-3 months allowance based on 
current monthly rent 

Squatters • Relocation in a public resettlement 
area or a self-relocation allowance 

5. Houses and 
Structures 

Displaced houses/ 
structures will be 
demolished 

Relevant AFs/ 
squatters/ 
Encroacher 

• Cash compensation at replacement 
rate 	for 	affected 	structure/other 
fixed 	assets 	free 	of 	salvaged 
materials, depreciation transaction 
costs. For partial impacts full cash 
assistance to restore structure. 

6. Crops Crops affected 
(damaged/ lost) 

All APs/ squatters • Tower 	installation 	(excavation, 
concrete 	and 	erection): 	Crop 
compensation in cash at full market 
rate 	equivalent 	to 	maximum 	3 
harvests 	depending 	upon 	the 
magnitude of impact on APs. 

• Line 	corridor 	stringing: 	Cash 
compensation 	at 	market 	rate 
equivalent to 1 harvest. 

7. Trees Affected trees 
(trees removed) 

All APs/ squatters • For 	ornamental/timber/ 	wood 
trees, the compensation will be the 
market 	value 	of 	tree's 	wood 
content. 

• Fruit 	trees: 	compensation 	to 
reflect income replacement; trees 
grown and/or used. 

8. Business/ 
Employment 

Loss of business/ or 
employment 

All APs/ squatters • Owner 	of 	business: 	(i) 	Cash 
compensation 	equal 	to 	1 	year 
income 	(if 	loss 	permanent); 	(ii) 
Cash compensation for the period 
of business 	interruption 	(if loss 	is 
temporary). 

• Worker/ 	employee: 	lost 	wages 
indemnity 	for 	the 	business 
interruption period upto 3 months. 

9. Relocation Transport/ 
transition costs 

All AFs • Provision of sufficient allowance to 
cover 	the 	transport/ 	shifting 
expenses; 	and 	livelihood 
assistance for 1 month. 

10. Community 
Structures/ 
Assets 

Affected community 
structures & 
installations 

All affected 
communities 

• Rehabilitation/substitutionof 
affected 	structures/utilities 	(i.e. 
mosques, roads, schools and other. 
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No. 

Assets Lost/ 
Impact 

Specification Affected 
Persons 

Compensation Entitlements 

11. Vulnerable 
affected 
families 

Households below 
poverty line and 
female headed 
households 

All affected 
vulnerable families 

• Lump 	sum 	one 	time 	livelihood 
assistance allowance (Rs. 7,500) on 
account 	of 	livelihood 	restoration 
support. 

• Temporary 	or 	permanent 
employment during construction or 
operation, where feasible. 

12. Unidentified 
Losses 

Unanticipated 
impacts 

All APs • Deal appropriately during proposed 
project implementation according to 
the ADB Safeguard Policy. 

8.10.1 Assessment of Compensation Unit Values 

The proposed methodology to be adopted during the LARP for assessing unit compensation 
values of different items is illustrated as follows: 

• Land shall be valued at replacement cost based on actual land sale price survey in the 
year before the impact survey. No deductions for taxes/transaction costs will be applied; 

• Houses/buildings will be valued at replacement value based on cost of materials, type of 
construction, labour, transport and other construction costs. No deductions will be 
applied for depreciation, salvaged materials and transaction costs; 

• Annual crops will be valued at net market rates at the farm gate for the first year crop. In 
the eventuality that more than one-year compensation is due to the AHs the crops, after 
the first will be compensated at gross market value; and 

• Fruit trees will be valued based on age category (a. seedling; b. not yet productive; c. 
productive). Productive trees will be valued at gross market value of 1 year income x the 
number of years needed to grow a new tree with the productive potential of the lost tree. 

8.11 	Mechanism for Redress of Grievances 

The cost of properties likely to be damaged, removed or relocated will be assessed and 
evaluated with the consultation of affectees. Complete inventory of the properties will be 
maintained in the compensation registers. Where needed, the respective Revenue Record 
will also be consulted. All the payments will be made in the presence of the local 
representatives through cross-cheques. 

Although due care will be taken for the assessment, valuation and compensation to the 
affectees, even then the affected persons may have some objections or observations such 
as: 

• Dispute on ownership; 

• Relocation of infrastructure; 

• Inadequate compensation; 

• Delays in the payment of compensation, resulting in court cases; 

• Reluctance of the owners to allow the installation of the Towers before payment of 
M 	 compensation; and 

• Type and number of trees to be removed and their compensation. 

To address the grievances, a committee comprising the following members will be 
constituted by NTDC: 

• Executive Engineer, Head of the committee; 
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• Sub-Division Officer, Member; 

• Social Expert, Coordinator; 

• Nazim/Naib Nazim of concerned tehsil, Member; and 

• Representative of PAPs Member. 

A Community Complaints Register (CCR) will be maintained by the committee. The 
affectees will register their complaints in the register with their particulars, such as name of 
the affectee, village, type of complaint etc. The committee will resolve the issue within two 
weeks to overcome the delay in the construction activities. In case the committee is unable 
to resolve the issue, the case will be 'forwarded to the Project Director (Superintending 
Engineer), who will resolve the issue with the consultation of Chief Engineer within a week. 
The social expert will act as a coordinator between NTDC and the community. The decision 
of the committee will be conveyed to the affectee in writing. As there will be very minor 
resettlement issues and no permanent land acquisition is involved, so it is expected that the 
grievances will be addressed adequately to the satisfaction of PAPs within the purview of the 
proposed committee. However, in case of any unresolved issue, court will be considered as 
last resort. 
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9 	ENVIRONMENTAL MANAGEMENT AND MONITORING PLAN 

9.1 	General 

This Chapter provides an overall approach for managing and monitoring the potential 
environmental and social impacts and describes the institutional framework and resource 
allocations to implement these measures. The main objectives of the EMMP are: 

• Provide the details of the Project impacts along with the proposed mitigation measures 

and the corresponding implementation activities; 

• Define the role and responsibilities of the Project Proponent, Contractor, Supervisory 
Consultants and other role players and effectively communicate environmental issues 

among them; 

• Define a monitoring mechanism, reporting frequency and identify monitoring parameters 
to ensure that all the mitigation measures are completely and effectively implemented; 

and 

• Identify the resources required to implement the EMMP and outline the corresponding 

financing arrangements. 

9.2 	Environmental Policy, Legislation and Framework 

A brief about Environmental policy, legislation and framework is described below: 

The Pakistan Environmental Protection Act, 1997 

PEPA Act, 1997, provides for environmental assessment inClause 12, and various other 
clauses. The details description of PEPA Act, 1997 is given in Section 2.3. 

Revipw of Initial Environmental Examination and Environmental Impact Assessment 

Regulations, 2000 

This regulation has been notified vide S. R. 0. No. 339 (1)/2000 dated 13th  June, 2000. A 

detail of these regulations is given in Section 2.3.1. 

EIA Guideline Package 
The Federal EPA, in collaboration with other key stakeholders, including Provincial EPA's 
and Planning and Development Division from both the Federal Government and the 
provinces, other Agencies, NGO's representatives of Chambers of Commerce and Industry, 
and academics and consultants, prepared a package of comprehensive procedures and 
guidelines for environmental assessment in Pakistan. It is emphasized that the various 
guidelines may be read as a package; reliance on the sectoral guidelines alone will be 

inadequate. The principal documents are: 

Policy and procedures for the filing, review and approval of environmental assessments, 
which setsout the key policy and procedural requirement contains a brief policy statement on 
the purpose of environmental assessment and the goal of sustainable development, required 
that environmental assessment be integrated with feasibility studies. Defines the jurisdiction 
of the Federal and Provincial EPA's and P&D's. Lists the responsibilities of Proponents, and 
lists the duties of Responsible Authorities. It provides schedules of proposals that require 

either an IEE or an EIA. 

Guidelines for the preparation and review of Environmental Reports 

It is a longer and more descriptivedocument, which covers: 

• The Initial Environmental report (scoping, alternatives, site selection, format of IEE) ; 

• Assessing impacts (identification, analysis and prediction, baseline data, significance); 
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• Mitigation and impact management (and preparing an environmental management 
plan), 

• Reporting (drafting style, main features, shortcoming, other forms of presentation); 

Review and decision-making (role, steps, remedial options, checks and balances); 

• Monitoring and auditing (systematic follow up, purpose, effective data management); 
and 

• Project management (inter-disciplinary teams, programming & budgeting). 

Guidelines for public consultation (in preparation) 

This document covers: 

• Consultation, involvement and participation; 

• Stakeholders; 

• Techniques for public consultation (principles, levels of involvement, tools, building 
trust); 

• Effective public consultation (planning, stages of EIA where consultation is appropriate); 

• Consensus building and dispute resolution; and 

• Facilitating involvement (including the poor, women, building community and NGO 
capacity). 

Guidelines for sensitive and critical areas (in preparation) 

These guidelines will identify sensitive and criticalareas in Pakistan, in relation both to the 
natural environment and to cultural aspects. Detail of these guidelines is given in Section 
2.5. 

Pakistan environmental legislation and the National Environmental Quality Standards 
(NEQS) 

It is a reference document listing key environmental laws and regulations, and a complete 
listing of the NEQS. Details of NEQS are given in Section 2.8. 

ADB's Safeguard Policy Statement (2009) 

Environmental safeguards requirements, including environmental impact assessment 
requirements, are defined in ADB's Safeguard Policy Statement (2009). All projects funded 
by ADB must comply with SPS 2009. The purpose of the SPS, 2009 is to establish an 
environmental review process to ensure that projects undertaken as part of programs funded 
under ADB loans are environmentally sound, are designed to operate in compliance with 
applicable regulatory requirements, and are not likely to cause significant environmental, 
health, or safety hazards. Detail of SPS 2009 is given in Section 2.11.1. 

	

9.2.1 	Interaction with Other Agencies 

NTDC is responsible for ensuring that the Project complies with the laws and regulations 
controlling the environmental concerns of the construction and operation of HVDC T/L from 
Thar to Lahore and that all pre-construction requisites, such as permits and clearances are 
met. This section describes the nature of the relationship between the NTDC and the 
concerned line departments. 

	

9.2.2 	Federal Government Institutions 

The Ministry of Disaster Management deals with the Environment and Wildlife issues at the 
federal level. Within the Ministry, the NCS Unit, established in 1992, is responsible for 
overseeing the implementation of the Strategy. 
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Pakistan Environmental Protection Council (PEPC) and the Pak-EPA are primarily 
responsible for administering the provisions of PEPA, 1997. The PEPC oversees the 
functioning of the Pak-EPA. Its members include representatives of the government, industry 
and NGOs. Pak-EPA is required to ensure compliance with the NEQS, establish monitoring 
and evaluation systems and identify the need as well as initiate legislation whenever 
necessary. It is thus the primary implementing agency in the hierarchy. The provincial EPAs 
are the provincial arms of the federal EPA. Pak-EPA has delegated Powers to its provincial 
counterparts. One of the functions delegated by the Pak-EPA to the provincial EPAs is the 
review and approval of environmental assessment reports and to issue NOCs. EPA, Sindh 
(SEPA) and EPA, Punjab are responsible for the approval of EIA and issuance of NOC for 
HVDC 1300Km Long T/L from Thar to Upcountry being a part of Sindh and Punjab 
provinces. 

9.2.3 	Federal and Provincial EPAs 

As per PEPA 1997, each provincial government has its own Environmental Protection 
Agency/Department responsible for environmental protection and pollution control. The 
provincial EPAs are responsible for the approval of the EIA and IEE of new developments 
under their jurisdictions. 

9.2.4 	Provincial Departments of Wildlife, Forestand Archaeology 

At the feasibility stage of the Project as per the requirement of EPA guidelines for the 
Sensitive and Critical Area, concerned provincial departments are informed through letters 
for the proposed T/L project. 

During the construction stage, if the implementation of the proposed Project involves the 
clearing of vegetation and trees which belongs to the forest or wildlife department, the 
Project Contractor will be responsible for acquiring a NOC from the concerned provincial 
forest department. The application for an NOC will need to be endorsed by NTDC. Similarly, 
if any Archaeological monument or site is crossed by the proposed T/L concerned provincial 
department needs to be contacted for NOC. 

Where construction is to be carried out in the close proximity of the protected forests and 
Wildlife and Archaeology sites, the NTDC is required to coordinate with the concerned 
departments to ensure that the impacts on vegetation and wildlife are minimized. The 
Contractor is also required to contact with concerned department before the start of the 
construction work. 

9.2.5 	Provincial Revenue Departments 

Under the national law, matters relating to the landuse and ownership are provincial subjects 
and the revenue department of the concerned province is emPowered to carry out the 
acquisition of private land or built-up property for public purposes, including on behalf of 
other provincial or federal agency. For this purpose, the concerned department must lodge 
an application with the concerned provincial government to depute a LAC and other revenue 
staff, who will be responsible for handling the matters related to the acquisition and 
disbursement of compensation. 

9.3 	NOC and Other Approvals 

Obtaining NOC from the SEPA and EPA, Punjab is the primary responsibility of the Client 

10 	prior to the start of any construction activities. This process is discussed in Chapter 2. 

This NOC will not relieve the Proponent from other legal obligations and hence Project 
Proponent and Project Contractors will obtain all other relevant clearances and necessary 
approvals required by the GOP prior to commencing their respective operations. 

9.4 	Project Proponent 

NTDC was incorporated on the 6th November, 1998 and commenced commercial operation 
on 24thDecember, 1998. NTDC operates under WAPDA. It was organized to take over all the 
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properties, rights and assets, obligations and liabilities of 220KV and 500KV Grid Stations 
and T/Ls/network owned by Pakistan Water and Power Development Authority 
(WAPDA).The NTDC operates and maintains nine 500KV Grid Stations, 4,160 km of 500KV 
T/Ls and 4,000 Km of 220KV T/Ls in Pakistan. 

NTDC was granted Transmission License No. TL/01//2002 on 31 'December 2002 by 
National Electric Power Regularity Authority (NEPRA) to engage in the exclusive 
transmission business for a term of thirty (30) years, pursuant to Section 17 of the 
Regulation of Generation, Transmission and Distribution of Electric Power Act, 1997. 

Under the regime set out in the License, the NTDC is entrusted to act as: 

• Central Power Purchasing Agency; 

• System Operator; 

• Transmission Network Operator; and 

• Contract Registrar and Power Exchange Administrator. 

The roles of NTDC listed above are briefly outlined below: 

i. Central Power Purchasing Agency (CPPA): As the Central Power Purchasing 
Agency (CPPA), for procurement of Power from GENCOs, Hydel & IPPs on behalf 
of Distribution Companies (DISCOs), for delivery through 500 KV, 220KV & 132KV 
Network. 

ii. System Operator: For secure, safe and reliable operation, control and dispatch of 
generation facilities. 

iii. Transmission Network Operator: For O&M, Planning, Design and expansion of the 
500 KV and 220 KV transmission network. 

iv. Contract Registrar and Power Exchange Administrator (CRPEA): As CRPEA, to 
record and monitor contracts relating to the bilateral trading system. 

NTDC's headquarter is situated at WAPDA House, Lahore. 

9.4.1 	Roles and Responsibilities of NTDC 

9.4.1.1 Design and Construction Stage 

Design and construction of the Project is the core responsibility of Chief Engineer (EHV-I &II) 
and his staff. The major role and responsibilities related to the environmental and social 
tasks are as under: 

Chief Engineer (EHV-1 &II) 

The Chief Engineer (EHV-I &II) 'Construction Projects' will be responsible for ensuring that 
the Project design and specifications adequately reflected in the EMMP along with the 
resettlement/compensation provisions documents. Other responsibilities will include: 

• To ensure the Project compliance with the environmental regulations and donor 
requirements; 

• Stakeholder participation in the Project design; 

• To ensure that the TOR for the Supervisory Consultants adequately cover the 
environmental and social issues; and 

• Approval of compensation budgets. 

Project Director (PD) 

The specific responsibilities are as follows: 

• Setting up systems for environmental management; 
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• 
Ensuring that the Contractor(s) develop and carry out environmental implementation 

plans that are consistent with the EMMP; 

• 	Change of alignment, if sensitive sites come into the proposed route; 

• Coordination with the regulatory agencies including EPAs, local NGOs and CBOs that 
could assist NTDC in independent review of environmental and social compliance; 

• Assistance in EIA approval from the EPAs concerned; and 

• 
Liaising between the Project staff (essentially XENs, SDOs etc.) and the Supervisory 
Consultant's staff to monitor environmental compliance during construction. 

Executive Engineer and Sub Divisional Officers (XENs and SDOs) 

The specific responsibilities will be as under: 

• 
Select the Tower spotting in such a way that it should not disrupt the community or if 

unavoidable, then disruption should be the minimum; 

• 
To ensure the minimum disruption of shaded trees and no disruption of fruit trees; 

• 
Project route should avoid the disruption of schools, hospitals, shrines, mazars, 

mosques and graveyards; and 

• 
Proper soil investigations should be ensured and appropriate mitigations should be 
adopted at the design stage in water logged, wetland and wet soils. 

Executive Engineer and Sub Divisional Officers (TLC) 

4 	
The Executive Engineer and Sub-divisional officers (TLC) are the core persons to handle the 
field activities and report them to the PD. The main field activities related with the 

environmental management are as under: 

• 
Preparing a joint on-site inventory and valuation of the affected assets and incomes of 

individual PAPs with Social Expert; 

• 
Supervising and providing technical support to the Project supervision and monitoring 

staff to help ensure compliance with the EMMP; 

• 	To recommend compensation for the loss of crops and cropping seasons; 

To recommend compensation for removal of trees having economic value and more 
than 2.5 m high from the ROW of 50 m (25 m on each side of the centerline of the T/L 

route); 

• 
Compensation for the built-up properties to be removed from the COI as well as ROW; 

• Compensation for the removal of infrastructure like houses, wells etc.; 

• 
To make the site visits to manage the pollution of land and water resources including 

irrigation channels, nullahs, natural streams etc.; 

• Clearance of 50 m wide strip during the stringing operations; 

• 
To check the possibility of soil erosion during the excavation of Tower foundations as 

to 	 per EMMP; 

• 
To deal with a surprise archaeological find in the area and report it to Archaeological 

Department; 

• 
Visually check the fugitive dust, noise and vibration during the construction stage; and 

• To ensure safety measures during construction. 
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Environment and Social Expert 

The specific responsibilities of the social experts will include: 

• Provide environmental and social review and technical support to the Project Director, 

NTDC; 

• Coordination between NTDC management and the community including PAPs, NGOs, 

CBOs and other stakeholders; 

• Identifying and verifying PAPs on the basis of LARP and revenue records etc.; 

• Identifying alternative resettlement sites for PAPs (if applicable); 

• Carrying out a consultation and dissemination campaign with regard to compensation 
procedures, entitlement packages and the proposed alternative resettlement sites; 

• Identifying any problems due to the restricted access to the community during 

construction; 

Preparing individual entitlement files; 

• Preparing compensation budgets; 

• Providing shifting assistance to the displaced persons and to allow them to salvage their 

facilities; 

• Full fill the responsibilities as specified during the LARP implementation; and 

• Identifying major issues of conflict between PAPs and the NTDC/Contractors during the 

implementation of the Project activities. 

NTDC Environment Cell 

Environmental Cell is directly in-charge for the financial and technical matters and directly 

reports to the Project Director. 

The general monitoring responsibilities of the Environmental Cell and NTDC Environment 

and Social Expert will consist of: 

• Assessment of the crops, valuation of property and negotiation with the affectees for 
fixation of compensation to be paid for temporary acquisition of the land under the 

Towers. 

• To estimate the crop compensation for the construction of foundations and erection of 
Towers and in the 10 m wide corridor during the stringing operations; 

• Assist in valuation of the infrastructure, tubewells/peter engines, trees etc. and 

negotiation with the owners; 

• Assist in checking genuine ownerships of the claimants, in consultation with the 

Revenue staff for prompt payment to the affectees; 

• To ensure that the tenants get their rightful compensation as per prevailing law 

especially in case of loss of crops; 

• 	Assist the Contractor for the timely payments of negotiated prices; 

• Check that the Contractor backfills, compacts and leaves the ground in the original 
condition after excavation of pits for subsurface investigations and for the Tower 

footings; 

• Keep checks and controls so that the pollution of land and water resources due to the 
spills of lubricants, fuel, chemicals and other wastes does not take place; 
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• Monitor, that pollution of wetlands is not avoided during the excavation for the Tower 

footings; 

lir 	
• To check that the Contractor keeps the damages to the minimum while making tracks 

for accessibility and that the damage is rectified properly; 

• All the existing tracks, roads, water courses etc. are left in the original shape after 

completion of the construction activities; 

• Monitor that the Contractor uses such working methodology so as not to cause 
disturbance to the communities by fugitive dust, noise, fumes etc.; 

• Monitor that the Contractor adjusts his working hours during the stringing activities in 
such a manner that it causes the least inconvenience to the local population. 

• To ensure that the Contractor keeps first aid kits, medicines, safety gadgets at the site 
for taking care of possible mishaps to the workers or other persons; and 

• To keep the working site/camps tidy so as to avoid unhealthy impacts on the work force. 

9.4.1.2 Operation Phase 

The Chief Engineer (GSO) 

Chief Engineer will take over the Project after completion of the construction activities on 
completion of the Project, a joint visit will be made by the staff of Chief Engineer (GSO) to 
ensure that the implementation of the Project is as per approved specifications. In the 
operation stage, Chief Engineer (GSO) is responsible for the overall operation and 
maintenance of the Converter Stations as well as T/Ls. He will coordinate with the staff to 
monitor the environmental compliance during the operation and maintenance of the T/L and 

the Grid Station. 

The Superintending Engineer (SE) 

Superintending Engineer, will be responsible for reporting on the progress of the 
environmental compliance to the concerned provincial EPAs. Similarly, he will plan for 
sustaining a working partnership among NTDC, EPAs, provincial agriculture, forest and 
Wildlife departments, NG0s/CBOs and other related public/private sector organizations. 

Executive Engineer and Sub-divisional Officers (XEN and SDOs) 

These officers will be responsible to check the stability of the Towers and the system on 
periodic basis and to assess the long-term environmental impacts of the T/L operation 
including EMF. For Sub Stations operation, a contingency plan will be prepared to overcome 

any emergency situation arising due to fire, disaster etc. 

Environment and Social expert will assist and advise all the above key players in their 

respective responsibilities as and when required. 

9.4.2 	Role and Responsibilities of Supervisory Consultants (SC) 

A Supervisory Consultant appointed by NTDC will be designated as the "Engineer/Project 

Manager". The Consultant will be responsible for: 

• Supervising the Project's Contractors and ensuring that all the contractual obligations 
related to the design and construction, as well as environmental and social compliance 

are met; 

• Ensuring that the day-to-day construction activities are carried out in an environmentally 
and socially sound and sustainable manner; Developing 'good practices' construction 
guidelines to assist the Contractors and NTDC staff in implementing the EMMP; and 
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• 	Assisting the Chief Engineer (EHV-1&I1) in coordinating with the EPAs, provincial 
agriculture, forest and Wildlife departments, NGOs/CBOs and other public/private sector 

organizations. 

9.4.3 	Role and Responsibilities of Contractor 

For the proposed Project, NTDC will appoint Contractor(s) for construction and other project 
activities. The Contractor(s) will be responsible for the physical execution / implementation of 
EMMP, or adherence to all the provisions of the EIA and EMMP and any environmental or 
other code of conduct required by EPA Punjab and SEPA. Overall responsibility for the 
Contractor's environmental performance will rest with the NTDC. 

9.4.4 	Environmental Protection Agency 

SEPA and EPA, Punjab are the regulator authorities and mainly responsible to develop and 
implement national environmental policies and strategies in order to integrate the 
environmental issues and sustainable development approaches into the legal and regulatory 
frameworks. EPAs are also responsible to assess the effectiveness of the implementation of 
the environmental legislation and regulations to improve the sustainability of the use and 
management of natural resources and the effectiveness of the measures for conservation 
and rehabilitation of the environment. Similarly, PEPA, 1997 emPowers the EPAs to take 
legal action against the non-compliance of environmental legislation and regulations and 
penalties may be imposed from cancellation of license to six months imprisonment, or both. 

Its main function is to develop and implement the national environmental policies and in the 
proposed Project will be as an independent monitoring agency. EPA will inspect the Project 
at its own convenience or on receipt of complaint about non-compliance of any 

environmental legislation or its part. 
0 

The proposed Project falls under the jurisdiction of SEPA as well as EPA, Punjab. For the 
implementation of the proposed Project as well as other anticipated developments, these 
EPAs have to play a proactive role apart from issuing NOC. 

9.4.5 Local Government 

Revenue department will be involved for the verification of land ownerships and 
disbursement of compensation for land, crops and other infrastructure. However, this aspect 
is being taken up in detail during the preparation of Land Acquisition and Resettlement 

Framework and Plan (LARF and LARP). 

It is suggested that concerned staff of the Revenue Department should be nominated for the 

Project and properly trained. 

9.4.6 NGO 

A strategy is needed to outline the ways and means through which the NGOs and 
Community Based Organizations (CBOs) can play their part in the sustainable development 
of this Project. NGOs mostly provide support to the locals, in the form of small grants and 
installation of tubewells. Still the works are required to focus on social welfare problems with 
attention to environmental and development issues. That will increase their role in 
networking and public decision-making. This aspect is being taken up in detail during the 

LARF and LARP studies. 

9.5 	Environmental Mitigation and Management Matrix 

The environmental protection and enhancement are achieved in various ways. These 
approaches should begin right at the embryonic stage, i.e. i) Project location; ii) design, 
specifications and tender/contract documents; iii) construction activities; and iv) post 
completion activities i.e. operation and maintenance stage. Appropriate environmental 
management measures are required to be exercised in a cascade manner by NTDC at each 

stage of the Project in Pakistan. 

4 
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It is envisaged that the Project will achieve maximum on-going cost-effective, environmental 
sustainability and social soundness, far beyond the end of implementation of the Project. All 
the stages of the Project have to be managed by adopting the proposed environmental 
mitigation measures, where, besides engineering aspects, due importance is to be accorded 
to the mitigation measures which make a perfect blend with the surrounding ecosystem. The 
key environmental and social issues have already been discussed in Chapter-7. 

An Environmental Mitigation & Management Matrix (MMM) for the T/L and Converter 
Stations is given in Table 9-1 (a&b). This table is attached at the end of this Chapter, which 
establishes the linkages between the environmental and social impacts, mitigation strategy 
and the agencies responsible for execution. 

9.6 	Environmental Monitoring Plan 

This section provides a monitoring plan that identifies the roles and responsibilities of the 
staff involved in environmental monitoring under the proposed Project and lists the 
parameters that will be used in the monitoring process. 

9.6.1 Objectives 

The main objectives of the pre-construction and construction phase monitoring plans will be: 

• To monitor compensation for the loss of assets during the pre-construction activities and 
payment of compensation for the loss of crops as per latest rates announced by the 
government as every year rates have to be revised by the government; 

• Monitor the actual impacts of the construction activities in the COI related to physical, 
ecological and socio-economic receptors. This will indicate the adequacy of the EIA; 

• Recommend mitigation measures for any unexpected impact or where the impact level 
exceeds the anticipated levels; 

• Ensure compliance with legal and community obligations including safety at the 
construction sites; and 

• Monitor the impacts on land water resources, air quality, noise level and cutting of trees 
in the corridor of T/L and vegetation clearing at campsites as described in the EMMP. 

The main objectives of environmental monitoring during the operation phase will be to: 

• Appraise the adequacy of the EIA with respect to the Project's predicted long-term 
impact on the corridor's physical, ecological and socio-economic environment; 

• Evaluate the effectiveness of the mitigation measures proposed in the EMMP and 
recommend improvements, if necessary; and 

• Compile periodic non-conformance report to support the analyses that will help to 
minimize the future risks. 

9.6.2 NTDC Proposed Setup 

The existing institutional setup of NTDC for the implementation and operation of the Project 
for design and construction stage is illustrated in Figure 9-1. Theproposed Project will be 
administrated by NTDC during the implementation stage as described in detail below: 

9.6.2.1 Design and Construction Stage 

The NTDC head offices at Hyderabad and Lahore are responsible for managing the Project 
at the policy level. At the highest level, General Manager (GSC) along with Chief Engineer 
(EHV-I and II) will be responsible for the day-to-day Project management at the Project 
implementation stage. He will report directly to the General Manager, who will have the 
ultimate responsibility for planning and managing the implementation of the T/L Project. 
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The Chief Engineer (EHV-I and II) will be assisted by the Project Directors who will have the 
overall responsibility for ensuring the Project compliance with the EMMP. The Project 
Director (PD) will be supported by two Executive Engineers i.e. Survey and Soil 
Investigations (SI) and Transmission Line Construction (T/LC), who will further be assisted 
by the concerned Sub-Divisional Officers (SDOs) and their teams. To ensure community 
participation and to provide socially viable conditions, NTDC will also hire the services of 
Environmental and Social Experts from their Environmental Cell, who will support the field 
team and also work as the coordinator between the community and Client i.e. NTDC and the 
Stakeholders. If the staff from the Environmental Cell is not available then it is proposed that 
Environment and Social Experts should at least having Degree in Environmental 
Engineering and Sociology/Social Sciences with 5 years experience in handling 
environmental and social issues of development Projects should be hired for the proposed 
Project. 

9.6.2.2 Operational and Maintenance Stage 

After completion of the Project, It will be handed over to the GSO Division of NTDC, which is 
working under the General Manager and Chief Engineers (GSO). Chief Engineers (GSO) 
reports to the General Manager, GSO for operation and maintenance of the T/Ls and Grid 
Stations. The Chief Engineer GSO will be supported by the Superintending Engineer (SE) 
for the proposed Project, who will also be assisted by Executive Engineer, SDO and his field 
team. The hired environmental and social staff will be transferred to the GSO office for their 
duties related to 0 & M stage. 

9.7 	Site Restoration Plan 

The main areas to be considered for the site restoration include the construction area, camp 
sites area, temporary tracks; landused for vehicle and material stores and material 
excavation pits etc. These areas should be restored to their original condition with the 
maximum possible effort. The following procedures will be adopted for the restoration of the 
site: 

• All temporary construction built for the site development will be removed; 

Site for construction camps will be restored to its original (pre-construction) condition as 
much as possible; 

• All the toxic and hazardous chemicals/materials will be completely removed from the 
site. Efforts will be made to completely remove the oils and chemical spills during the 
construction; 

• Any debris from the construction site will be removed properly; 

• All fencing and gates will be removed and pits will be backfilled; and 

• Whole of the site will be covered with the original soil and plantation will be done, 
wherever required. 
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Contractor will prepare a Site Restoration Plan well before the completion of the construction 
activities and submit to NTDC through SC for approval. Finally, after the completion of the 
restoration process, NTDC, through Environmental and Social Staff and other community 
members will inspect the site and give restoration clearance to the Contractor. 

	

9.8 	Management of Solid and Hazardous Waste 

Management of solid and hazardous waste is one of the most important issues during 
construction stage of the Project. Development of solid and hazardous waste management 
plan is beyond the scope of this EIA study and EMMP. However, a criterion is given below 
for the development of a solid and hazardous waste management plan. 

The criterion is as follows: 

• All the anticipated solid wastes should be collected through a properly designed solid 
waste management system. Enough number of containers should be placed inside the 
camps and within the construction area for the collection of various types of waste; 

• These containers will help the component separation of various type of waste at source. 
Classification will be based on organic waste, recyclable waste, reusable waste (for 
resource and recovery) and waste for sanitary land fill. Based on the conditions of the 
region, organic waste should be frequently collected to avoid odour problems; and 

• Recyclable, reusable and waste for sanitary land fill should be collected twice a week 
and on alternate days and should be transferred to a properly designed sanitary landfill 
site. All these waste should be stored and compacted to increase their density. These 
wastes should be transferred twice a month from the transfer station to final disposal for 
recycling, reuse and landfill purpose. It is recommended that the solid waste 
management system should have a stationary container system to collect such waste 
and transport them to the transfer station. 

Many of the materials found at the construction site may be hazardous to the environment or 
to personnel. It is always important to read the MSDS of the materials or products that are 
located onsite; they may contain warning information that will indicate a potential problem. 
As a minimum, any products in the categories listed below are considered to be hazardous: 

• Paints; 

• Acids for cleaning masonry surfaces; 

• Cleaning solvents; 

• Asphalt products; 

• Chemical additives used for soil stabilization (e.g. palliative such as calcium chloride); 
and 

• Concrete curing compounds and additives etc. 

The Criterion given above should be followed for selection of an effective solid waste 
management system. 

	

9.9 	Archaeological Chance Find Procedure 

The purpose of these guidelines is to address the possibility of archaeological deposits, finds 
and features becoming exposed during earth removing and ground altering activities 
associated with the Tower construction and to provide procedures to follow in the event of a 
chance archaeological find. 

The objective of these procedures is to identify and promote the preservation and recording 
of any archaeological material that may be discovered at the construction site. 
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Procedure 

During the Project induction meeting, all Contractors will be made aware of the presence of 
an on Site In-Charge who will monitor earthmoving and excavation activities. The following 
procedure is to be executed in the event that archaeological material is discovered: 

• All construction activity in the vicinity of the find/feature/site will cease immediately; 

• The discovered find/feature/site will be delineated; 

• Record the find location and all remains are to be left in place; 

• Secure the area to prevent any damage or loss of removable objects; 

• The on-site HSE In-charge will assess record and photograph the find/feature/site; 

• The on-site HSE In-charge will undertake the inspection process in accordance with all 
Project health and safety protocols; 

• The Project Manager will inform the concerned provisional department i.e. Culture 
Department, Sindh and Youth Affairs, Sports, Archaeology and Tourism Department 
Punjab; 

• In consultation with the statutory authorities, the on-site in-charge and Archaeologist will 
determine the appropriate course of action to take; 

• Finds retrieval strategy: All investigation of archaeological soils will be undertaken by 
hand all finds, osteological remains and samples will be kept and submitted to the 
National Museum as required. In the event that any artefacts need to be conserved, the 
relevant licence (Licence to Alter) will be sought from the concerned authorities; 

An on-site office and finds storage area will be provided, allowing storage of any 
artefacts or other archaeological material recovered during the monitoring process; 

• In the case of human remains, in addition to the above, the concerned authorities will be 
contacted and the guidelines for the treatment of human remains will be adhered to. If 
skeletal remains are identified, an osteo archaeologist will be made available to 
examine the remains; 

• Conservation: A conservator will be made available to the Project, if required; 

• The on-site archaeologist will complete a report on the findings; and 

• Once authorisation has been given by the responsible statutory authorities, the client 
will be informed when works can resume. 

	

9.10 	Monitoring Strategy 

The monitoring of environmental and social activities will be carried out by NTDC through 
Environmental and Social Experts from their Environmental Cell or hired staff by NTDC as 
already mentioned above as Internal Monitoring agency. The Environment and Social Expert 
working under the NTDC field staff will supervise all the activities in the field and will provide 
assistance to the NTDC staff in this regard. He will also ensure public participation. 

	

9.11 	Environmental and Social Monitoring 

9.11.1 Objectives 

The objective of environmental monitoring during the construction and operation will be as 
follows: 

• To check compliance with the requirements of the EMMP by monitoring activities of the 
Project Contractors on daily basis. This will be called Activity Monitoring; 
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• To monitor the actual impacts of the Project activities on the physical, ecological and 
socio-economic receptors of the COI so that any impacts not anticipated in the EIA or 
impacts which exceed the levels anticipated in the EIA can be identified and appropriate 
mitigation measures can be adopted in time. This objective will be achieved through the 
effects monitoring; and 

• To ascertain residual impacts of the operation. This will be achieved by post-Project 
monitoring. 

' The Contractors will report compliance with the MMM to NTDC for verification. Table 9-2 
shows the Recommended Monitoring Protocol for the proposed Project. 

Table 9-2: Recommended Monitoring Protocol 

Receptor 
Monitoring 
Parameters 

Location 
Monitoring 
Mechanism 

Monitoring and 
Reporting Frequency 

Water 
Resources/ 
Water Quality 

pH, Temperature, 
Colour, 	Total 
Dissolved 	Solids 
(TDS), 	Total 
Suspended 
Solids 	(TSS), 
Taste and Odour, 
Total 	Hardness, 
Aluminium, 	1 
Antimony, 
Barium, 	Boron, 
Cadmium, 
Copper, Cyanide, 
Lead, 
Manganese, 
Mercury, 	Nickel, 
Nitrate 	as 	NO3, 
Selenium, 
Residual 
Chlorine, 
Pesticides, 	I 
Phenolic 
compounds, Poly- 
nuclear 	aromatic 
hydrocarbons, 
Alpha 	emitters, 
Beta 	emitters 
Ammonia, 
Arsenic, Turbidity, 
Chlorides as Cl-, 
Fluoride 	as 	. F-, 
Sulphate 	as 
50

lph  
42-. 	Iron 	as 

Fel'', 	Sodium, 
Iodine, 	Zinc 	as 
Zn2+, 	Total 
Coliform 	and 	E- 
Coli as per NEQS 
2010 for Drinking 
Water. 
pH, Temperature, 

Oxygen Demand 
Biochemical  

Converter Station near 
Lahore. 
_ 	Three 	(03) 	points 

within 	the 
boundary 	of 

Converter Station. 
Converter 	Station 	at 
Matiari. 
- 	Three 	(03) 	points 

within 	the  
boundary 	of 
Converter Station. 

Proposed T/L Route. 

- 	Major receptor i.e. 
rivers, 	canals,  
residential 	areas 
etc. 	within 	the 
ROW 	of 	the 
Proposed 	T/L. 
However,  

estimated 
sampling 	points  
are 	sixty 	(60) 
which 	will 	be 
verified 	at 
construction stage.  

Other 	proposed  
effluent 	discharge  

points are: 
_ 	Contractors camps 

- 	Concrete 
preparation plants 

- 	Fuel 	(Petrol. 	Oil 
and 	Grease) 
products storages. 

- 	Vehicle 	and 
machines repairing 
and 	servicing  
yards. 

Discrete 	grab 
sampling and 
laboratory 
testing 	of 
water 
samples 	by 

EPA 
approved 
Labouratory 
for monitoring. 

1 

1 

I 
1 

Once before the start of 
construction 	by 	activity 
monitors 	and 	reported 
on 	a 	monthly 	basis 
during 	the 	construction 
and 	bi-annually 	during 
operation. 
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Receptor Monitoring 
Parameters 

Location Monitoring 
Mechanism 

Monitoring and 
Reporting Frequency 

(BOD5), 
Chemical Oxygen 
Demand 	(COD), 
TSS, 	TDS, 
Grease 	& 	Oil, 
Phenolic 
Compound 	as 
Phenols, Chloride 
as 	Cl-, 	Fluoride 
as 	F-, 	Cyanide 
total as CN-, An- 
ionic 	Detergents 
as 	MBAs, 
Sulphate as S042-  
, Sulphide as S2-' 
Ammonia 
Pesticides, 
Cadmium, 
Chromium 
trivalent 	and 
hexavalent, 
Copper, 	Lead, 
Mercury, 
Selenium, 	Nickel, 
Sliver, Total toxic 
metals, 	Zinc, 
Arsenic, 	Barium, 
Iron, Manganese, 
Boron 	and 
Chlorine 	as 	per 
NEQS 2000 for 
wastewater. 

Soil Visual Converter Station near Discrete 	grab Once before the start of 
Contamination observations. Lahore. sampling and construction 	by 	EPA 

Soil 	testing 	of — 	Three 	(03) 	points laboratory approved Labouratory. 
contaminated within 	the testing for soil Sampling and laboratory 
sites. boundary 	of and 	water testing should be done 

Converter Station. 
Converter 	Station 	at 
Matiari. 
— 	Three 	(03) 	points 

within 	the 
boundary 	of 
Converter Station. 

Proposed T/L Route. 

samples. 

monthly basis.  

on 	fortnightly 	basis 
during 	the 	construction 
stage and reported on a 

Bi-annual 	monitoring 
and reporting during the 
operational stage. 

— 	Tower 	sites 	with 
severe 
contamination. 

Other 	proposed 
sampling sites are: 
— 	Construction 	' 

Camp. 

— 	Equipment 
washing yards. 

— 	Spillage 	points 	of 
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Receptor 
Monitoring 
Parameters 

Location 
Monitoring 
Mechanism 

Monitoring and 
Reporting Frequency 

fuel, chemicals and 
lubricants. 

Land 
Resources 

Random 	visits 
and 	visual 
observations 	of 
landuse 	change 
from 	agriculture 
to residential and 
commercial. 

Surrounding 	areas 	of 
Converter Station near 
Lahore. 
Surrounding 	areas 	of 
Converter 	Station 	at 
Thar. 
Proposed T/L Route. 

- 	Towers Sites with 
significant landuse 
change. 

Visual checks. Once about a fortnight 
before the construction 
starts 	by 	activity 
monitors 	and 	reported 
on 	a 	monthly 	basis 
during 	the 	construction 
period. 

Dust 
Emissions 

PK° Converter Station near 
Lahore. 
- 	Four 	(04) 	points 

within and outside 
the 	boundary 	of 
Converter Station. 

Converter 	Station 	at 
Matiari. 

- 	Four 	(04) 	points 
within and outside 
the 	boundary 	of 
Converter Station. 

Proposed T/L Route. 

- 	Sensitive receptors 
within the ROW of 
the proposed 	T/L 
close to the access 
roads. 	Estimated 
sampling 	points 
are 	thirty 	(30) 
which 	will 	be 
verified 	during 
construction stage. 

Visual checks. Once 	prior 	to 	the 
construction 
Weekly 	during 	the 
construction 	period 
reported 	on 	monthly 
basis. 

Noise 
Pollution 

dBA Leq. as per 
NEQS 2010 

Converter Station near 
Lahore. 
- 	Four 	(04) 	points 

within and outside 
the 	boundary 	of 
Converter Station. 

Converter 	Station 	at 
Matiari. 

- 	Four 	(04) 	points 
within and outside 
the 	boundary 	of 
Converter Station. 

Proposed T/L Route 

- 	Sensitive receptors 
within the ROW of 
the proposed 	T/L 
close to the access 
roads. 	Estimated 
sampling 	points 

Noise 	level 
meter 

monthly 
 

Once prior to the start of 
construction. 

As and when necessary 
or 	as 	instructed 	by 
Supervisory 
Consultants. 
Sampling 	should 	be 
done 	on 	regular basis 
during 	the 	construction 
of 	Project 	specifically 
during 	the 	blasting 
period and reported on a 
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Receptor 
Monitoring 
Parameters 

Location 
Monitoring 
Mechanism 

Monitoring and 
Reporting Frequency 

are 	thirty 	(30) 
which 	will 	be 
verified 	during 
construction stage. 

Other 	proposed 
sampling sites are: 

- 	Construction 
camps. 

- 	Equipment yards. 

Fumes 	and 
gases 

SOX, 	NOR, 	HC 
and PM10  as per 
NEQS 	2010 	for 
ambient 	air 	and 
NEQS 2009 for 
vehicular 
emission. 

Converter Station near 
Lahore. 
_ 	Four 	(04) 	points 

within and outside 
the 	boundary 	of 
Converter Station. 

Converter 	Station 	at 
Matiari. 

- 	Four 	(04) 	points 
within and outside 
the 	boundary 	of 
Converter Station. 

Proposed T/L Route 

- 	Major 	receptors 
within the ROW of 
the proposed T/L 
close to the access 
roads. 	Estimated 
sampling 	points 
are 	thirty 	(30) 
which 	will 	be 
verified 	during 
construction stage. 

Emissions 	from 	the 
silencers 	of 	heavy 
machinery, trucks and 
other vehicles. 

Onsite 
monitoring 	of 
ambient 	air 
quality in ppb 

will 	be 
preferred, 
however 	if 
onsite 
monitoring 
facility 	is 	not 
available than 
onsite 
sampling 	and 
testing 	in 
laboratory can 
be performed. 

During the baseline and 
once 	prior 	to 
construction 
Monitoring and reporting 
of 	air 	pollution 
parameters 	including 
NOR, 50x, COX, Lead 
and HC after every three 
(03) . months during the 
construction period. 
Monitoring and reporting 
on 	bi-annual 	basis 
during the operation. 

Ecological 
Resources 

Random 	visual 
checks of natural 
habitat. 

Converter Station near 
Lahore. 

- 	Ten 	(10) 	points 
within and outside 
the 	boundary 	of 
Converter Station. 

- 	Converter 	Station 
at Matiari. 

- 	Ten 	(10) 	points 
within and outside 
the 	boundary 	of 
Converter Station. 

- 	Proposed 	T/L 
Route 

- 	Natural 	habitats 
along the ROW of 
the proposed T/L 
(i.e. 	Deserts 	and 

Visual checks 
and 	counting 
to ensure that 
only 	marked 
trees are cut. 
During 
operation 	to 
check that no 
tree should be
above 2.5 m 
he fight in 15 m 
of 	Project 
corridor 	on 
either side. 
Monitoring 	of 
Wildlife/birds 
hunting. 

Monitoring and reporting 
on monthly basis during 
the construction stage. 
Bi-annual 	monitoring 
and reporting during the 
operation stage. 
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Receptor 
Monitoring 
Parameters 

Location 
Monitoring 
Mechanism 

Monitoring and 
Reporting Frequency 

Xeric 	Shrublands 
and North-western 
Thorn 	Scrub 
Forests). 

Houses 	and 
Animal Sheds 

Visual 	checks 
and 	consultation 
with community. 
Removal 	of 
houses, 	animal 
sheds etc. which 
are 	within 	the 
Project corridor. 

Lahore 	Converter 
Station site. 
MatiariConverter 
Station site. 
Proposed T/L Route 

- 	Houses, 	animal 
sheds 	within 	the 
ROW 	of 	the 
proposed 	T/L. 
These 	structures 
will be verified prior 
to 	the 	start 	of 
construction. 

Random visits 
and 
consultations 
with PAP's. 

Prior 	to 	the 	start 	of 
construction. 
Reporting will be done 
on the basis of LARP. 

Public 
infrastructure 

Visual 	checks 
and 	by 
community 
consultations 
Removal 	of 
tubewells, 	peter 
pumps, 	rooms, 
open 	wells 	etc. 
within the ROW 
and Project Area 
for 	Converter 
Stations. 

Lahore 	Converter 
Station site. 
MatiariConverter 
Station site. 
Proposed T/L Route 
_ 	Public 

infrastructures 
within the ROW of 
proposed 	T/L. 
These 	structures 
will be verified prior 
to 	the 	start 	of 
construction. 

Random visits 
and 
consultations 
with PAP's. 

Prior 	to 	the 	start 	of 
construction. 
Reporting will be done 
on the basis of LARP. 

Comm unity 
around 	the 
Project 
corridor 

Use of common 
resources. 
Hindrance 	to 
mobility. 

- Communities around 
the 	Lahore 
Converter 	Station 
site. 

- Communities around 
the Thar Converter 
Station site. 

- Communities 	within 
the 	ROW 	of 	the 
proposed T/L 

By community 
consultations. 

Prior 	to 	the 	start 	of 
construction and during 
the construction stage. 
Reporting will be done 
on the basis of LARP. 

9.12 	Environmental and Social Training 

To strengthen the environmental and social monitoring capacity of NTDC field staff, short 
training courses supplemented through on job training will be conducted, which will also 
provide awareness about the environmental issues, ADB safeguards and guidelines and 
monitoring strategies. The short term training programmes will also be conducted for the 
unskilled workers hired from the local community. Training Consultants will be engaged to 
impart these trainings. The remunerations for the training Consultant and training materials 
are included in the cost. 
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9.12.1 Reporting Mechanism 

The Supervisory Consultant will be responsible for submitting a monthly 
environmental/social report for the Project, with copies to the Chief Engineer (EHV-I &II) and 

• PD who can submit these to EPAs and the donor agencies. The Supervisory Consultant's 
monthly progress report will include the following environmental and social information: 

• Breakdown of environmental non-compliances and rectification by the Contractors; 

• The results of monitoring of environmental and social parameters carried out by the 
Environmental Staff; and 

• Grievances that arise during the month and their rectification to the satisfaction of PAPs. 

The Environmental Cell will provide the report depicting the monitoring results to the 
Supervisory Consultants with a copy to the PD. The overall progress reporting of the 
compensation for the losses of crops, structures, infrastructure and other community issues 
is the responsibility of the Environmental and Social Expert of NTDC and field Staff, who will 
provide these reports to the Supervisory Consultant. The Consultant will compile the report 
on monthly basis and submit to the Chief Engineer (EHV-I &II) who will submit it to ADB. The 
Consultant will also submit a comprehensive report reflecting the environmental and social 
aspects based on the reports of Environmental Cell, Environmental and Social Experts and 
their own observations on quarterly basis. 

9.13 	Community Consultation 

There will be different stages of the Project such as design, pre-construction, construction, 
operation and maintenance. To make the Project sustainable and environmentally viable, it 
is essential to consult the community in the various activities to be carried out at the different 

114 	stages of the Project. Therefore, following mechanism is suggested to ensure participatory 
consultations. 

Pre-construction Stage 

During pre-construction stage NTDC will depute a consultant who will full fill all the 
environmental and social requirements of the local as well as the ADB Safeguards. In this 
regard, IPSA, EIA and the preparation of LARP will ensure the participatory consultation of 
all the stakeholders including PAPs. 

Construction Stage 

NTDC will ensure that the construction contractor is legally bound to full fill all the 
arrangements, measures and documentation as per the EIA, EMMP etc. This will be 
ensuring through Supervisory Consultant deputed by the NTDC. SC  will ensure that active 
participatory consultation with the locals and concerned NGOs and other groups is being 
carried out. 

Operation and Maintenance 

During the 0 & M stage, NTDC Environmental Cell staff will ensure the consultation with the 
locals. In this regards, Environmental Cell will generate annual reports covering the 
consultations records with photographic evidence. 

Based on the potential impacts of the proposed T/L following Table 9-3 shows the major 
activities which will require participatory consultation along with stage and major issues to be 
discussed. 

Table 9-3: Community Consultations in Various Project Activities 

Sr. 
No. 

Activities 
 Proj 
Stage

ect Consultation Mechanism 

• Compensation 	of 
Losses 	(crops 

Pre- To consult the community in order to evaluate the 

414 
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Sr. 
No. Activities 

 Proj 
Stage

ect 
Consultation Mechanism 

&trees) Construction losses and compensation paid to them. 

• Relocation 	of 
Structures 

Pre- 
Construction 

Relocation of structures (houses etc.) will be done with 
the community participation. 

• Relocation 	of 
Infrastructure 

Pre- 
Construction 

Relocation of infrastructure (tube well, well etc.) will be 
done with the community consultation. 

• Installation 	of 
Contractors 	& 
Workforce Camps 

Construction For the placement of camps at appropriate locations, 
locals will be taken into confidence through discussing 
the needs with them. 

• Installation of Towers Construction Social mobilization will be done before installation of 
Towers 	to 	get 	the 	consent/willingness 	of 	the 
community. 

• Camp/ Labour force 
activities 	(hunting, 
fishing etc.) 

Construction In the local consultations, the Contractor will make sure 
his presence. 

• Installation of Water 
Pumps 	by 	the 
Contractors 

Construction Suitable location (s) for the installation of water pumps 
must be shared with the locals. The community must 
be assured that after completing the Project, the 
Contractor will leave the installed assets (like water 
pumps etc.) with the community. 

• Noise Effects of the 
Project 

Operation During the periodic inspection for the proper operation 
and 	maintenance 	of 	the 	Project, 	the 	concerned 
community will be consulted to identify the Project 
effects. Accordingly remedial/mitigation measures will 
be adopted/implemented. 

• Electromagnetic 
Field 	Effects 	of the 
Project 

Operation Periodic consultations with the locals will be carried out 
to examine the EMF effects and suggested measures 
to 	mitigate 	such 	effects 	will 	be forwarded 	to 	the 
concerned authorities. 

• Others Operation In 	the 	periodic 	inspection 	visits, 	the 	community 
concerns 	will 	be 	examined 	and 	analyzed 	in 	the 
operational stage of the Project. 

9.14 	Monitoring and Evaluation 

Monitoring and evaluation (M&E) are critical activities in the social impacts assessment and 
involuntary resettlement. Monitoring involves periodic checking to ascertain whether the 
activities are progressing as per schedule while the evaluation is essentially a summing up, 
at the end of the Project, of the assessment of actual achievements in comparison to those 
aimed at during the implementation and to assess the benefits provided by the Project to 
uplift the socio-economic conditions of the community particularly PAPs. 

The monitoring and evaluation is carried out in two stages i.e. during implementation of the 
Project and at operation stage. During the implementation of the Project, as referred in 
previous paragraphs Environmental and Social Expert will be responsible for the 
environmental and social monitoring. During the operation and maintenance stage, same 
staff will monitor the environmental and social aspects. The parameters to be monitored at 

ih• 	each Project stage have been discussed in previous sections. 

As there are temporary impacts on the PAPs during the implementation stage like crop and 
tree losses, houses and infrastructure relocation and they will be compensated properly, so it 
is expected that they will return to their normal routine life soon after implementation of the 
Project. Due to the above reasons, it is not necessary to evaluate the social impacts during 
the operation stage of the Project by an independent agency. However, the NTDC operation 
staff will monitor and evaluate the social impacts like EMF effects etc. 
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9.15 	Change Management Plan 

The present EIA has been carried out on the basis of the Project information available at this 
stage. It is however possible that the changes are made in some components of the Project 

6 	during the design and construction phases. In order to address the environmental and social 
implications of these changes, a simple framework has been devised, which is described in 
this section. The change management framework recognizes the three broad categories (A, 
B & C) of the changes in the Project as detailed below: 

9.15.1 Category 'A' Change 

The 'Category A' change is one that will lead to a significant departure from the Project 
described in the EIA and consequently requires a reassessment of the environmental and 
socioeconomic impacts associated with the change. In such an instance, NTDC will be 
required to conduct a fresh EIA of the changed aspect of the Project design and send the 
updated report to the relevant agencies for approval. Some of the examples of category "A" 
changes are briefed below: 

• Change in the T/L route by more than 10 km of the original alignment or a change in the 
route by less than 10 km, but the changed route has environmental and/or social 
sensitivity more than the original route. Increase in the T/L length exceeding 20 % of the 
original design, or increase in the length by less than 20% but involving areas which are 
more sensitive — environmentally and/or socially — than the original route. Change in the 
Converter Station site by more than 1 km of the location studied during the EIA, or 
change in the site by less than 1 km but the new location has a higher environmental 
and/or social sensitivity. Increase in the number of Converter or Grid Station to be 
established. 

A 	9.15.2 Category 'B' Change 

The category 'B' change is one that will entail Project activities not significantly different from 
those described in the EIA, which may result in the Project effects with overall magnitude to 
be similar to the assessment made in this report. In case of such changes, the EIA will be 
required to reassess the environmental and socio-economic impacts of the activity, specify 
additional mitigation measures, if necessary and report the changes to the relevant agencies 
(Contractors, EPAs). Examples of such changes are provided below. 

• Changes in the T/L route by more than 500 m but less than 2 Km of the original 
alignment or increase in the T/L length exceeding 10 % of the original design, but not 
exceeding 20%, provided that the extended route does not have environmental or social 
sensitivity. Change in the Grid Station site by more than 500 m of the location studied 
during the ESA, but not exceeding 1 km, provided that the new location does not have 
such changes, which will necessitate site surveys for the T/L routes or Grid Station 
sites, by the environmental and socioeconomic experts. A site specific assessment for 
any additional environmental as well as socioeconomic issues will need to be carried 
out. 

9.15.3 Category 'C' Change 

A Category-C change is one that is of little consequence to the EIA findings such as change 
in alignment less than 500 m. This type of change does not result in effects beyond those 
already assessed in the EIA; rather it may be made onsite to minimize the impact of an 
activity, such as re-aligning a particular section of the T/Ls to avoid cutting a tree, or 
relocating construction campsites to minimize clearing vegetation. The only actions required 
for such changes are informing all the key personnel and document the change. 

9.16 	Public Disclosure 

NTDC will disclose this EIA to all the stakeholders prior to the start of the construction. This 
report will be made available to the stakeholders at places as designated by the EPAs in 
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accordance with the PEPA, 1997. In addition, executive summary of the Report will be 
translated into Urdu language and made available to the affected communities and locals. 
The copies will also be kept at construction site for ease in accessibility of the locals. This 
will ensure the locals to be aware of the Project impacts, its mitigation, responsible staff and 

0 	mode of implementation. In addition, the executive summary will also be published on NTDC 
website. 

9.17 	Plantation Plan 

Plantation plans for the oneConverter Station at Matiari and one sub-station near Nankana 
Sahib are described in the following paragraphs. 

9.17.1 Converter Station at Matiari 

The Converter Station has a total peripheral area of 5.0 Km and if two (02) rows of plants are 
proposed to be raised, one along the outer periphery and one along the inner side of the 
boundary wall, keeping the distance as 3 meters from plant to plant, nearly 3500 plants (or 
say, 4000 plants) shall be raised along the boundary. Therefore, about 2000 large size 
plants shall be planted along the outer side of the boundary wall, whereas medium size 
plants (2000 Nos.) are recommended for inner side. 

Approximately, another 2000 plants of medium size height can be grown along the inner 
roads of the Converter Station, while 2000 ornamental and flowery shrubs are to be raised in 
the open spaces of the Converter Station and in the grassy lawns. The following number and 
kinds of plants, therefore, will be required for the Converter Station as given in Table 9-4. 

Table 9-4: Number and Types of Plants 

Sr.No. Kind of Plants Number of Plants 

1 Large Size Plants 2,000 

2 Medium Size Plants 4,000 

3 Ornamental / Flowery Shrubs 2,000 

Total Plants 8,000 

i) Large Trees to be planted along outer side of Main Boundary 

Trees suggested to be planted along the outer side of Main Boundary are given in Table 9-5 
below: 

Table 9-5: Large sized Trees for Outer Boundary 

Sr. No. Local Name Scientific Name 

1.  Pipal Ficus religiosa 

2.  Simal Bombax ceiba 

3 Arjan Terminalia arjuna 

4.  Shisham Dalbergia sissoo 

5.  Neem Azadirachta indica 

6.  Kikar Acacia nilotica 

7.  Gule-Nishtar Erythorina suberosa 

8 Conocarpus Conocarpus lancifolius 

9. Siris Albizzia lebbek 
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ii) Medium Sized Trees to be planted along the inner side of the main boundary and 
Inner Roads 

Table 9-6 shows the trees suggested to be planted along the inner roads on both sides. 

Table 9-6: Medium Sized Trees for Inner Boundary and Roads 

Sr. No. Local Name Scientific Name 

1.  Bakain Melia azadarach 

2.  Amaltas Cassia fistula 

3.  GuI Mohar Poinciana regia 

4.  Jacaranda Jacaranda moniosifolia 

5.  Robinia Robinia pseudoacacia 

6.  Alstonia Alstonia scholaris 

7.  Silver Oak Grevillea robusta 

8.  Bottle Brush Collistemon lanceolatos 

9.  Sukhchain Pongamia glabra 

10.  Kachnar Bauhinia variegata 

iii) Shrubs to be Raised in the Grassy Lawns and Open Areas 

• Duranta Golden (Duranta sp); 

• Boganvilla (Bougain villea sp); 

• Tecoma (Tecoma stans); 

• Peeli booti (Cassia glauca); 

• Habiscus (Hibiscus sp); 

• Erythrina sp; and 

• largestomia (Lagerstroemia alba). 

9.17.2 Converter Station near Lahore 

Length of the boundary, covering all the four sides of this Converter Station comes to 4.2 Km 
and as in case of Converter Station at Matiari, two rows of plants shall be raised along the 
periphery, one row of large size plants on the outer side of the boundary and one row of 
medium size plants along the inner side of the boundary wall keeping plant to plant distance 
as 3 meters. In this way nearly 3000 plants will be required for boundary planting with 1500 
large size plants for the outer side of the boundary and 1500 plants of medium size for the 
inner row of the boundary wall. Likewise, another 1500 plants of medium size shall be 
required for raising plants along the inner roads, while 1500 ornamental/flowery shrubs will 
be required for the grassy and open land. Detail of plants required is in the Table 9-7 given 
below. 

Table 9-7: Number and Types of Plants 

Sr.No. Kind of Plants Number of Plants 

1 Large Size Plants 1,500 

2 Medium Size Plants 3,000 

3 Ornamental / Flowery Shrubs 1,500 

Total Plants 6,000 

EIA Report 
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Trees recommended for raising along the outer and inner side of the main boundary 

i) Large Trees to be planted along outer side of Main Boundary: 

Trees suggested to be planted along the outer side of Main Boundary are given in the Table 
9-8. 

Table 9-8: Large Trees to be Planted 

Sr. No. Local Name Scientific Name 

1.  Pipal Ficus religiosa 

2.  Shisham Dalbergia sissoo 

3.  Neem Azadirachta indica 

4.  Simal Bombar cilba 

5.  Arjan Terminalia arjuna 

6.  Siris Albizzia lebbek 

7.  Kikar Acacia nilotica 

8.  Chinar Platanus orientalis 

9.  Aistonia Alstonia scholaris 

10.  Gule-Nishtar Erythorina suberosa 

11.  Pilkan Ficus infectoris 

12.  Kachnar Bauhinia variegata 

ii) Medium Sized Trees to be planted along the inner side of the main boundary and 
Inner Roads 

Table 9-9 indicates the tree species suggested for planting along the inner roads on both 
sides. 

Table 9-9: Medium Sized Trees to be Planted 

Sr. No. Local Name Scientific Name 

1.  Amaltas Cassia fistula 

2.  Mulberry Morus alba 

3.  Gul Mohar Poinciana regia 

4.  Jacaranda Jacaranda moniosifolia 

5.  Robinia Robinia pseudo acacia 

6.  Bakain Melia azadarach 

7.  Silver Oak Grevillea robusta 

8.  Bottle Brush Collistemon lanceolatos 

g. Sukhchain Pongamia glabra 

iii) Shrubs to be Raised in the Grassy Lawns and Open Areas 

• Jasmine (Jasminum humile); 

Peeli booti (Cassia glauca); 

Habiscus (Hibiscus sp); 

• Erythrina sp; 
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• Marva (Murraya exotica); 

• largestomia (Lagerstroemia alba); 

• Largestomia (Lagerstroemia rosa); 

• Largestomia (Lagerstroemia purpurea). 

• Tecoma (Tecoma stans); and 

• Bouganvilla (Bougain villea sp). 

9.17.3 Plantation Cost 

The cost of plantation includes the cost of initial planting (including restocking during first 2 
years), and maintenance cost for first four years of plantation on the basis of Rs. 500/- daily 
labour rate for first two years and Rs. 600/- for the 3rd  and 4th  year. The cost break-up of 
planting and maintenance for a period of four years is given in the Tables 9-10 to 9-13. 

Table 9-10: Estimated Cost of Plantation of 500 Plants for First Year 

Sr. 
No. 

Particulars of Work Quantity Rate 

(Rupees) 

Amount 
(Rs.) 

1 Clearance of site 500 plants ( 2 
MD) 

500/MD 1,000 

2 Layout 500 plants 

(2 MD) 

500/MD 1,000 

3 Digging of Pits 2.65 x 500 = 1325 cft. 
(465.075 m3) 

500 pits 

(20 MD) 

500/MD 10,000 

4 Average cost of plants 500 plants Rs.50/- 25,000 

5 Carriage of plants 500 Nos. from 
Nursery 	to 	Site 	including 
loading/unloading 

500 plants Rs.10/- per 
plant 

5,000 

6 Planting of plants with ball of earth 500 plants 

(10 MD) 

500/MD 5,000 

7 Replacement of earth with silt 1 cft. 
per pit 

500 cft. LS 15,000 

8 Hand 	watering with 	bowser (one 
driver+one coolie) 60 times x 500 
plants @ 5 MD per 1000 plants 

30,000plants 

(150 MD) 

500/MD 75,000 

9 Weeding 4 times 500x4 2000 plants 

(4 MD) 

500/MD 2,000 

10 Miscellaneous/ Contigencies LS 15,000 

Sub-total 154,000 

9-25 



HVDC Transmission Line from Matiari to Lahore 
	

EIA Report 

Table 9-11: Estimated Cost of Restocking of 20% Plants and Maintenance for 2nd Year 

Sr. 
No. 

Particulars of Work Quantity Rate 

(Rupees) 

Amount 
(Rs.) 

1 Restocking of 20% plants 100 plants Rs 50/- 5,000 

2 Carriage of plants from Nursery 
to 	site 	including 
loading/unloading 

100 plants Rs. 10/- per 
plant 

1,000 

3 Re-digging of pits 20% (100 No) 100 No. 

(4 MD) 

500/MD 2,000 

4 Planting 	of 	plants 	with 	ball 	of 
earth — 100 No. 

100 No. 

(2 MD) 

500/MD 1,000 

5 Hand watering with bowser (one 
driver+one 	coolie) 	60 	times 	x 
500 plants @ 5 MD per 1000 
plants 

30,000 plants 

(150 MD) 

500/MD 75,000 

6 Reopening of pits twice 1 cft per 
pit (400+500) = 900 cft 

900 cft 

(4.5 MD) 

500/MD 2,250 

7 Weeding 500x2 1000 	Nos. 	of 
plants 

(4 MD) 

500/MD 2,000 

8 Miscellaneous LS 15,000 

Sub-total 103,250 

Table 9-12: Estimated Cost of Restocking of 20% Plants and Maintenance for 3rd Year 

Sr.No. Particulars of Work Quantity Rate 

(Rupees) 

Amount 
(Rs.)  

1 Restocking of 20% plants 100 No. Rs 60/- 6,000 

2 Carriage of plants from Nursery 
to 	site 	including 	loading/ 
unloading 

100 No. Rs. 15/- per plant 1,500 

3 Re-digging of pits 20% 60 No. 100 No. 

(4 MD) 

600/MD 2,400 

4 Planting 	of plants with 	ball 	of 
earth (100 No.) 

100 No. 

(2 MD) 

600/MD 1,200 

5 Hand watering with bowser (one 
driver+one 	coolie) 	48 	times 	x 
500 plants @ 5 MD per 1000 
plants 

24,000 plants 

(120 MD) 

600/MD 72,000 

6 Reopening of pits twice 1 cft per 
pit (400+500) = 900 cft 

900 cft 600/MD 2,700 
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Sr.No. Particulars of Work Quantity Rate 

(Rupees) 

Amount 
(Rs.)  

(4.5 MD) 

7 Weeding twice 500x2 1000 Nos. 

(4 MD) 

600/MD 2,400 

8 Miscellaneous 20,000 

Sub-total 108,200 

Table 9-13: Estimated Cost for Maintaining 500 Plants for 4th Year 

Sr.No. Particulars of Work Quantity Rate 

(Rupees) 

Amount 
(Rs.)  

1 Hand watering with bowser (one 
driver+one 	coolie) 	48 	times 	x 
500 plants @ 5 MD per 1000 
plants 

24,000 plants 

(120 MD) 

600/MD 72,000 

2 Weeding 500x2 1,000 Nos. 

(4 MD) 

600/MD 2,400 

3 Trimming/pruning of plants 500 No. 

(5 MD) 

600/MD 3,000 

4 Miscellaneous 20,000 

Sub-total 97,400 

Grand Total 

(or say) 	Rs. 

462,850 

465,000 

Cost of raising 500 plants has been estimated as Rs. 465,000/- including price of plants, 
earthwork, procurement of manures, supply of water to young plants throughout the year 
and maintenance of plantation for four years. Therefore, cost of raising one plant and its 
maintenance for 4 years comes to be Rs. 930/-. 

i) Cost for raising 14,000 plants @ Rs. 930/- per plant 

alongwith maintenance for 4 years 	 = Rs. 13,020,000 

ii) Cost of development of Grassy Lawns on 5 acres in 

different patches at both Converter Stations 	(LS) 	= Rs. 1,000,000  

Total Cost: 	= Rs. 14.02 million 

9.18 	Estimated Environmental Management, Monitoring and Auditing Costs 

Table 9-14 provides the estimated costs for the resettlement/compensation, environmental 
monitoring and training to NTDC field staff. 
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The resettlement/compensation costs relate to the compensations for temporary acquisition 
of land under the Towers, crops, cropping season, trees, structures, infrastructure etc. to be 
removed from the 100 m corridor. It should be noted that as referred earlier that the Project 
is at a preliminary stage and the detailed survey is to be carried out for the Project showing 
the actual position of the Towers, so at this stage only tentative and lump sum amount has 
been allocated for the relocation of the infrastructure and the compensation for land 
acquisition and resettlement is based on the environmental and social field surveys. The 
cost of land was calculated based on the discussions with stakeholders, PAPs and market 
rates of the area. 

To assess the replacement cost of the structures, similar newly constructed structures will be 
visited and the cost assessed by consultation with the owners of these structures. The loss 
of crops will be estimated during the soil investigations and construction of the Tower 
foundations and erection. A 20 m x 20 m space will be required for the aforesaid activities 
and during stringing action a 10 m wide strip will be required. To reach the working sites, the 
existing tracks and roads will be used. However, a minor loss due to the accessibility to the 
site has also been included in the crop loss estimation. The loss of crops will be based on 
the considerations that the loss will be for a whole year i.e. two cropping seasons i.e. winter 
harvest and summer harvest. During the valuation of crops and trees, in addition to the 
social surveys, the concerned agriculture and forest departments needs to be visited along 
with discussion with the PAPs. 

The crop rates vary on yearly basis as these are dependent upon the market rates. Govt. 
announces new rates every year for rice, wheat and cotton crops in Pakistan. The cost for 
environmental monitoring is based on the sampling, transportation and analysis of the 
samples by EPA approved private laboratory. However, cost for the purchase of any 
equipment has also been included in the estimate. 

Cost for training is based on one week training workshops both on environmental and social 
issues and the hiring of services of two Environmental and Social Consultants and 
developing reading materials required for distribution amongst the participants of the 
workshop. 

Cost for auditing is based on the fact that on each trip two experts i.e. environmentalist and 
social expert will visit the site for one week. This also includes cost for their travelling and 
lodging, report writing at home etc. 

Table 9-14 shows the estimated Environmental and Social Management, Monitoring and 
Auditing Cost for the proposed T/L Project. The total estimated cost for the environmental 
and social management, monitoring and auditing comes to about Rs. 60.4 Million. 

Table 9-14: Estimated Environmental and Social Management, Monitoring and 
Auditing Cost 

Sr. 
No. 

Description Unit Quantity 
Unit Rate 

(Rs.) 

Total Cost 

Remarks 

(Rs.) 

A. Land Acquisition, Compensation and Resettlement 

1. Loss of crops Acre 

Rates of 
various 

crops are 
provided in 
Table 9-15. 

For two crop seasons loss 	(i.e. 
winter 	harvest 	and 	summer 
harvest). Cost worked out for each 
crops and finally weighted average 
considered. Loss will be about four 
(04) times i.e. at the time of the 
excavations of tower foundations, 
concreting/pouring, 	tower 
installation 	and 	stnn•in•of 
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Sr. 
No. 

Description Unit Quantity 
Unit Rate 

Total Cost 

Remarks 

conductors 

(Rs.) 
(Rs.) 

2. Loss of Trees -- 

a.  
Loss of Trees 
(Ornamental) 

Rs. 
2,500/tree 

Based 	on 	past 	experiences 	of 
such 	Projects 	and 	general 
perception 	of 	the 	Punjab 	and 
Sindh 	areas 	compensation 	for 
each tree has been evaluated as 
an average of Rs. 2,500/tree. 

(Average 
rate) 

b.  
Loss of Trees 
(Fruit) 

Rs. 
10,000/tree 

Based 	on 	past 	experiences 	of 
such 	Projects 	and 	general 
perception 	of 	the 	Punjab 	and 
Sindh 	areas 	compensation 	for 
each tree has been evaluated as 
an average of Rs. 10,000/tree. 

3. 
Plantation 
Cost 

a.  

Reforestation 
Works for
Converter 
Stations. 

Lump sum 14,020,000 
Cost 	includes 	four 	(04) 	years 
maintenance (refer Section 9.17) 

b.  

Reforestation 
works during 
installation of 
towers 

Refer 	section 	9.17 	for 	cost 	of 
raising per plant @ Rs. 540/- 

4. 
Compensation 
of house 
structures 

An average 
of Rs. 

100,000 /- 
per house 
structure 

Cost will be worked out once the 
ROW is marked on site 

5. 
Shifting 
Assistance 

Rs. 
14,000/- 

per house 
Once Only 

6. 
Assistance for 
three months 
rent 

Rs. 9,000/- 
per house 

-- 

7. 
Relocation of 
Infrastructure 

Lump sum 3,000,000 

On the basis of assumption that a 
few no. tubewells, wells, boundary 
wall etc. may be affected during 
the final design 

Sub-Total (A) 17,200,000 

B. Environmental and Social Monitoring and Evaluation 

1 

Monitoring of 
Social 
Parameters by
Social Expert 

Month 24 
Rs. 

75 ,000/- 
per month 

1,800,000 
Social Expert is to be employed by 
NTDC Environmental Cell 

2 

Environmental 
Monitoring by 
NTDC 
Environmental 
Cell 

Lump 
sum 

(Annualy) 
12,000,000 

Cost worked out based on market 
rates of monitoring and the 
frequency as mentioned in the 
report (Refer Section 9.11 and 
Table 9-2). 
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Sr. 
No. 

Description Unit Quantity Unit Rate 
(Rs.) 

Total Cost 

Remarks 

(Rs.) 

3 Training on environmental and Social issues with the breakup as follows: 

a.  

Training 
Design 
(training 
module 
environmental 
and social) 

Lump 
sum 

500,000/- 
per year 

500,000 This cost includes cost of Trainer. 

b.  

Training 
Material 
(reading 

material for 
participants, 
training aids 

etc.) 

Lump 
sum 

500,000/- 
per year 

500,000 

Initially 	for 	one 	(01) 	years 	This 
Cost 	includes 	cost 	of 	literature 
preparation, 	cost 	of 	printed 
material 	such 	as 	posters, 
pamphlets etc. 

c.  Miscellaneous 
Lump 
sum 

400,000 
Training 	expert will 	be 	hired 	by 
NTDC for one (01) week. 

4. Auditing Cost 

. 	a. 
Hiring of 
Auditing 
Agency 

6 trips/- 
(two 

 (02) 
per year) 

Rs. 
375,000/- 
per trip 

Trip 
 

2,250,000 

One (01) week input at site and 
three (03) days input at office for 
report 	preparation 	by 	two 	(02) 
experts. Total trips will be six (06) 
upto the completion of construction 
period. The cost for local travelling 
at site will be borne by the NTDC. 

Sub-Total (B) 17,450,000 

C. Management Cost 

a. HSE Month 12 
Rs. 

313,400 
3,760,800 

One (01) HSE Engineer will be 
deputed for one (01) year. 

b . 
Solid Waste 
Management 

Month 24 
Rs. 

313,400 
7,521,600 

One 	(01) 	Solid 	Waste 
Management 	Expert 	will 	be 
deputed 	for 	the 	two 	years 
(construction stage). 

c. 
Social Welfare 
Cost 

Lump 
sum 

7,500,000 

Different 	social 	welfare 	Projects 
i.e. 	easy 	loans 	for 	affectees, 
rehabilitation 	of 	schools, 	roads, 
irrigation channels etc. 

Sub-Total (C) 18,782,400 

D. Miscellaneous 

a. Miscellaneous 
Lump 
sump 

1,500,000 

 (D) 1,500,000 

Total Cost (A+B+C+D) 54,932,400 

9-30 



HVDC Transmission Line from Matiari to Lahore 
	 EIA Report 

Sr. 
No. 

Description Unit Quant
ity Unit Rate 

(Rs.) 

Total Cost 

Remarks 

(Rs.) 

Contingency @ 10 % 549,3240 

Grand Total 60,425,640 

Table 9-15: Average Crops Prices in the COI in 2014 to 2015* 

Sr.No. Crops 
Average 

Yield 
Kg/ha 

Market 
Price 

Rs/40 kg 

Crops 
Price 
Rs/ha 

Crops 
Price 

Rs/acre 

1 Maize 5,434 1,100 149,435 60,500 

2 Sugarcane 74,100 155 287,135 166,248 

3 Wheat 3,458 1,150 99,415 40,248 

4 Oil seed 1,200 1,000 1,200,000 485,000 

5 Cotton 3,952 2,500 247,000 100,000 

6 Rice 5,434 800 108,680 44,000 

7 Pulses 800 1,200 960,000 388,000 

*Based on the baseline survey carried out for the EIA study. 
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Table 9-1 (a): Environmental Mitigation Management Matrix for Transmission Line 

Sr. 

No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

1. Land 
Resources 

Construction 
of T/L 

a. Temporary 
acquisition of land 
for 	Tower 
Construction, 
Contractors 
Camps, 	access 
roads, 	aggregate 
quarries etc. 

- 	Land would be acquired 
through 	short 	term 	lease 
agreement 	between 	the 
Landowners 	 and 
Contractors. 	Rental terms 
should be negotiated up to 
the satisfaction of the 
concerned landowner. 

- 	Compensation for loss 
of crops, cropping seasons, 
and trees to be removed 
from the Tower locations in 
the 100 m wide ROW. 

- 	The 	other 	general 
guidelines to minimize the 
impacts on land use are: 

i. Project 	facilities 	should 
be 	located 	at 	a 
minimum 	distance 	of 
500m from the 	major 
receptors 	i.e. 	built-up 
areas, 	wildlife 	habitats, 
archaeological, 	cultural 
monuments etc. 

ii. Prior 	to 	the 
commencement of the 

Environment & 
Social Expert, 
NTDC 

- 	To 	make 	fair 
assessment of the 
compensation cost 
and 	affectees 
approval 	to 	be 
sought. 

One window 
operation for quick 
payment to the 
affectees. 

Before 
Construction 
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Sr. 

No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility - 	Action 	— Timing 

construction 	activities, 
the 	Contractor 	should 
submit 	a 	development 
plan 	to 	the 	Engineer- 
incharge 	and 	the 
concerned EPA (if 
required) for its scrutiny 
and approval. 

iii. 	Waste/barren 	land 	and 
natural areas located at 
high elevation should be 
used for setting up the 
Project campsite. 

b.  Excavation of pits 
during 	the 
subsurface 
investigations 	for 
Tower 
foundations. 

- 	Backfilling, 	compaction 
and leveling to original state 
will 	avoid 	the 	accidental 
mishaps 	to 	people 	and 
cattle as well as check the 
potential land erosion. 

- 	Contractor, 
Supervisory 
Consultants 
and NTDC. 

Contractor 
adheres to the 
restoration clause. 

During 
Construction 

c.  Air Pollution due 
to the use of 
construction 
machinery and 
heavy vehicle 
during 
construction 
phase. 

- 	Concrete batching plant 
should 	be 	equipped 	with 
dust control equipments i.e. 
fabric 	filters, 	wet 	scrubber 
etc. 

- 	NEQS 	should 	be 
enforced 

- 	Proper 	tuning 	of 
vehicles should be ensured. 

- 	Haul trucks 	should 	be 
covered with tarpaulin. 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

Contractor to 
implement and 
regular monitoring 
by Supervisory 
Consultants. 

During 
Construction 
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Sr. 

No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

- 	NTDC should setup air 
quality 	monitoring 	system 
along Project corridor. 

d.  Noise Pollution 
due to the use of 
construction 
machinery and 
heavy vehicle
during 
construction 
phase. 

- 	Provide 	the 	casing 	to 
the 	noise 	generating 
machinery as use of noise 
absorbing material. 

- 	Proper tuning of vehicle 
and 	oiling 	of 	equipments 
moving parts. 

- 	NTDC 	should 	setup 
noise 	level 	monitoring 
system along the COI near 
construction activities. 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

Contractor to 
implement and 
regular monitoring 
by Supervisory 
Consultants. 

During 
Construction 

e.  Soil erosion due 
to the 
construction 
activities such as 
clearing and 
grabbing, 
excavation, filling, 
laying down 
concrete 
foundation for 
Towers and 
setting up 
construction 
camp. 

- 	All 	disturbed 	areas 
should be protected against 
severe 	soil 	erosion 	by 
stripping and stockpiling of 
the available topsoil for later 
re-vegetation. 

- 	Special 	slop 	protection 
in 	the 	sensitive 	areas 	i.e. 
desert or semi desert areas. 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

- 	Contractor 	to 
implement 

- 	Regular 
Monitoring 

During 
Construction 

f.  Soil 
contamination 

- 	Contractors 	will 	train 
their workers in the handling 

Contractors, 
Supervisory 

- 	Regular During 
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Sr. 

No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

due to the 
spillage of fuel, 
chemicals and 
lubricants during 
the construction 
of T/L. 

and 	storage 	of 	the 
chemicals that can cause 
soil contamination. 

- 	Soil contamination due 
to 	concrete 	transportation 
will be minimized by placing 
all containers in casings. 

- 	Solid 	waste generated 
at the camp sites will be 
properly treated and safely 
disposed 	of 	only 	in 	the 
demarcated waste disposal 
sites. 

Consultants 
and NTDC to 
monitor. 

Monitoring 

- 	Contractor 	to 
implement. 

Construction 

g. Impacts on Public 
infrastructure i.e. 
roads, canals, 
existing power 
lines etc. during 
construction 
stage. 

- 	For 	road 	crossings 
NTDC will provide adequate 
line 	clearance 	from 	road. 
Proper traffic management 
plan will be prepared and 
construction 	work 	will 	be 
carried 	out 	at 	off 	peak 
hours. 

- 	Canal crossing will not 
have any significant impact 
during the stringing 	action 
stage. 

- 	For 	Power 	lines 
crossing 	temporary 
shutdown 	of 	the 	existing 
T/Ls will be carried out and 
proactive 	coordination 	will 
be 	made 	between 	the 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

- 	Regular 
Monitoring 

- 	Contractor 	to 
implement. 

During 
Construction 
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Sr. 

No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

construction 	staff 	and 
concerned 	grid 	station 
operation staff. 

h.  During the 
operational stage 
local people have 
to tolerate an 
excessive noise 
level due to the 
current flow in the 
conductors 
especially in the 
rainy season. 

- 	To 	overcome 	this 
problem, the route has been 
selected 	to 	pass 	through 
the least populated areas. 

- 	Construction of houses 
and building structure within 
the COI will be avoided and 
NTDC will 	make 	sure to 
check 	such 	type 	of 
construction 	during 	the 
operation stage. 

NTDC to 
monitor. 

Regular 
Monitoring. 

During 
Operation 

i.  During the 
operational stage, 
electric current 
(induction) may 
travel into the 
Towers due to 
short circuiting 
and may become 
a hazard to the 
public /animals. 

- 	Earthing system of the 
Towers to avoid accidents 
and at least two diagonal 
legs of the Towers should 
be properly grounded. 

NTDC to 
monitor 

Regular 
Monitoring. 

During 
Operation. 

j.  Collapse of the 
Towers due to the 
high wind or 
earthquake will 
be dangerous for 
human as well as 

- 	The 	Towers 	are 
designed 	on the 	basis of 
proper 	 subsoil 
investigations 	and 	climatic 
conditions 	of 	the 	area 
including 	maximum 	wind 

Contractor, 
Supervisory 
Consultants 
and NTDC 

Contractor will 
implement during 
construction and 
NTDC to monitor 
during operation. 

During 
construction 
and 
operation 
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Sr. 

No . 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

animal life and 
can cause loss to 
property. 

velocity 	and 	earthquakes 
which are normally based 
on last 50 years data. 

- 	At the time of detailed 
survey for fixing the Tower 
positions proper soil 
investigations will be carried 
out to check the presence 
of 	collapsible 	soils 	and 	if 
detected, 	Engineer will be 
informed 	immediately 	for 
design 	change. 	It 	will 	be 
ensured 	that 	no 	accident 
due to collapsing of Towers 
would occur during the life 
of the Project. 

k. Limited use of 
agricultural land 
under the Towers 
during operation 
phase. 

After 	construction 	of 
Towers, the land can mostly 
be used for agriculture, as 
observed along the existing 
66/132/220/500kV 	T/Ls 	in 
Pakistan. 

NTDC Fair compensation 
at the start of work 
and 	 job 
opportunities 
should 	be 
provided 	to 	the 
affectees to off-set 
the loss of income 
due 	to 	the 
acquisition of their 
land. 

During 
Operation 

I. The 
electromagnetic 
field (EMF) due to 
current flow in 

- 	The Project has been 
planned to pass through the 
least 	populated 	area 	and 
the T/L will be kept at least 

NTDC to 
monitor 

Regular 
Monitoring 

During 
Operation 
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Sr. 

No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

proposed T/L can 
cause the risk of 
leukemia during 
operational stage. 

100 m from the populated 
areas even if some effects 
due to EMF are envisaged 
will be minimal due to safe 
distance. 

- 	A 	vertical 	clearance 
required as per international 
standards 	will 	be 
maintained especially near 
the populated areas. 

- 	Check will be kept by 
the 	NTDC 	that 	no 
construction will be allowed 
within 	100 	m 	of 	the 
proposed T/L. 

m. Breaking of - 	The 	conductors 	are NTDC Regular During 
conductors due to 
any mishap will 
cause a safety 
hazard due to the 
current flow in the 
fields and 
crossing over 
roads, canals, 
streams etc. 

selected 	on 	the 	basis 	of 
local 	climatic 	conditions 
including 	maximum 	wind 
velocity, 	temperature 	and 
humidity 	conditions. 	So, 
there is almost no risk of 
breaking 	of 	conductors. 
However, 	due 	to 	some 
unavoidable circumstances, 
if such a situation occurs, 
NTDC has provided such 
an 	arrangement 	that 	the 
flow in the conductors will 
be automatically tripped 
instantaneously. 

Monitoring Operation 
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Sr. 

No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

n. The electronic 
devices / 
equipment may 
fail to work under 
the flux EHV T/L. 

The severity of this impact 
can 	be 	minimized 	by 
providing 	proper 	requisite 
clearance, 	for 	which 
observations 	should 	be 
made in the field under the 
existing 	EHV 	T/L 
deliberately. 

NTDC Regular 
Monitoring 

During 
Operation 

2. Water 
Resources 

Construction 
of T/L. 

a. Contamination of 
surface and 
ground water 
resources from 
fuel and 
lubricants 
generated from 
the Contractors' 
camps, 
equipment wash 
yards, etc. 

- 	The work will be carried 
out in such a manner that 
pollution of water resources 
is avoided. Fuel storage will 
be 	in 	proper 	bounded 
areas. 	Above 	surface 
storage 	tanks 	with 
polythene separators shall 
be used. All the spills and 
collected, 	waste 	products 
will be collected, stored and 
taken 	to 	the 	approved 
disposal sites as directed by 
the 	 Supervisory 
Consultants. 

- 	Construction 	camps 
should 	be 	established 	in 
areas with adequate natural 
drainage channels in order 
to facilitate the flow of the 

Contractors, 
Supervisory 
Consultants 
and NTDC. 

- 	Regular 
Monitoring 

- 	Contractor 	to 
implement. 

During 
Construction 
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Sr. 

No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

treated effluents. 

- 	For wastewater effluent 
according to the NEQS, the 
BOD5 	concentration 	in 
sewage must be brought 
down to less than 80 mg/I 
and COD of less than 150 
mg/I 	should 	also 	be 
checked. 

- 	Similarly, if the sewage 
after treatment is to be 
discharged on to the land, it 
should 	meet 	the 
requirements of the NEQS 
for disposal of wastewater. 

b. Siltation of 
Natural Streams 
and Irrigation 
Channels 

- 	The excavated material 
will 	be 	managed 	by 
ensuring 	proper 	storage 
areas at location should be 
far away from the water 
bodies 

- 	At sand dunes, proper 
slope protection should be 
provided 	to 	reduce 	the 
erosion of the slopes, which 
may cause the siltation of 
natural streams. 

Contractors, 
Supervisory 
Consultants 
and NTDC. 

- Regular 
Monitoring 

- 	Contractor 	to 
implement. 

During 
Construction 

3. Ecological 
Resources 

Construction 
of T/L. 

ix 



0 
	 • 

HVDC Transmission Line from Matiari to Lahore 
	 EIA Report 

Sr. 

No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

a.  Trees and shrubs 
clearing at the 
Tower locations 
for foundations, 
stacking of 
materials and 
assembly. 

Land 	holders 	should 	be 
paid 	 reasonable 
compensation for the loss of 
their 	standing 	trees, 	in 
accordance 	with 	the 
prevailing market rates. 

NTDC Fair and prompt 
payment of 
compensation. 

Before 
Construction 

b.  Clearing of 
vegetation at 
location of camp 
facilities. 

Areas 	for 	construction 
camps should be kept to the 
minimum 	required. 	The 
camp 	sites 	should 	be 
located in plain areas, with 
minimum vegetation cover. 

NTDC Fair and prompt 
payment of 
compensation. 

Before 
Construction 

c.  Use of ecological 
resources for fuel 
purposes at 
camps. 

Staff and labour should be 
strictly 	directed 	not 	to 
damage 	any 	vegetation 
such as trees or bushes. 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

Contractor will get 
approval 	from 
Engineer 	for 
location 	of 	camp 
facilities. 

During 
Construction 

d.  Adverse impact 
on agriculture in 
COI. 

- 	Land 	holders will 	be 
paid compensation for 
the 	loss 	of 	their 
standing 	agricultural 
crops 	in 	accordance 
with 	the 	prevailing 
market rates as per 
LAA, 	Telegraph 	Act, 
NTDC 	practices, 
LARF 	and 	LARP 
specific to the Project. 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

Contractor to 
implement, 
Supervisory 
Consultants and 
NTDC to check. 

During 
Construction 
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No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

- 	The 	landholders 	will 
also 	be 	allowed 	to 
salvage 	the 
agricultural crops and 
other vegetation from 
the affected fields. 

e.  Wild animals like 
wild boar, jackal 
etc. will move 
away from the 
construction 

are 
	and 

 by  
may 

hd  
labour. Some 
reptiles may get 
killed during 
di gging and  
dragging 
operation 

- 	Hunting and harassing 
of 	wild 	animals 	will 	be 
strictly prohibited. 

- 	Activities 	such 	as 
construction 	of 	Towers, 
stretching 	of 	conductors 
and 	carriage 	of 	materials 
will not be allowed during 
the 	night 	in 	the 	wildlife 
sensitive areas. 

- 	Lights 	used 	in 	the 
camps 	during 	the 
construction will be kept to 
the 	minimum 	required. 	In 
the wildlife sensitive areas, 
upward scattering lights will 
preferably be used. 

- 	Vehicle 	speed 	should 
be controlled to avoid 
incidental mortality of small 
mammals and reptiles. 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

Contractor to 
implement, 
Supervisory 
Consultants and 
NTDC to check 

During 
Construction 

f.  Birds will try to 
find shelter and 
food somewhere 

- 	Trees having habitat of 
birds should not be allowed 
to cut. 

Contractor, 
Supervisory 
Consultants 

Contractor to 
implement, 
Supervisory 

During 
Construction 
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No . 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

else and will tend 
to move away 
from the route of 
T/L due to the 
construction 
activities and fear 
of being hunted/ 
trapped or killed. 

- 	Special 	mitigation 
measures 	needs 	to 	be 
adopted 	to 	minimize 
impacts on the birds, such 
as 	avoiding 	construction 
activities during 	the critical 
periods 	of 	breeding 	and 
feeding. 

- 	Staff 	working 	on 	the 
Project 	should 	be 	given 
clear orders 	not to shoot, 
snare or trap any bird. 

and NTDC. Consultants and 
NTDC to check. 

9. During operation 
the T/L may 
become a danger 
to the movement 
of indigenous 
birds and species 
and fatalities may 
occur if the birds 
sit on the 
conductors 
especially in the 
wet conditions. 

- 	Since there is an EMF 
around the high voltage T/L 
and 	excessive 	noise, 	no 
birds 	sit 	over 	the 
conductors. 

- 	However, 	even 	if the  
birds sit over the conductors 
particularly 	in 	the 	wetland 
areas, the danger will arise 
if two phases of the current 
meet, but as there is 4.75 m 
to 5.50 m distance between 
the 	two 	opposite 	phased 
conductors, 	no 	danger to 
the birds is envisaged. 

NTDC Regular 
Monitoring. 

During 
Operation 

4. Social and 
Cultural 
Resources 

Construction 
of proposed 
T/L. 
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No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

a.  Loss of crops. - 	Compensation 	for the 
loss of crops to the land 
owners 	as 	per 	prevailing 
market prices. 

- 	The whole process of 
the 	payment 	should 	be 
transparent, 	judicious 	and 
without 	any 	discrimination 
or favour. 

- 	Minimum possible area 
should be disturbed for the 
construction of new paths or 
roads 	for 	carriage 	of 
machinery and materials. 

- 	Barren land without any 
crop should be selected for 
the camp sites. 

NTDC Fair and prompt 
payment of 
compensation. 

Before 
Construction 

b.  Due to the 
construction of 
the Tower 
foundations, 
erection and 
stringing of 
conductor, people 
will suffer loss in 
their annual 
income due to the 
loss of crops, 
trees, etc. 

- 	Compensation 	for the 
crops and trees on private 
land will be provided to the 
affectees. 

NTDC - 	Fair, 	prompt 
and 	negotiated 
payment. 

- 	One 	window 
operation 	to 
ensure 	prompt 
 payment 	of 
negotiated 	value. 
 NTDC will pay the
compensation. 

Before 
construction 	- 

c.  Removal of the - 	Utmost efforts 	will 	be NTDC to Contractor to Before 
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Resource Project 
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Impacts 

Mitigation Strategy Responsibility Action Timing 

infrastructure like 
buildings, huts, 
animal sheds, 
tube-wells, etc. 

made 	to 	minimize 	the 
relocation/damage 	of 
infrastructure 	especially 
houses. 

Monitor Implement Construction 

- 	Compensation 	will 	be 
paid to the affectees for the 
built-up areas like buildings, 
huts, 	animal 	sheds, 	peter 
engines/electric 	motor 
sheds, etc. on replacement 
cost basis and the land on 
existing 	agricultural 	land 
value. 

- 	Payment of three (03) 
months house-rent will be 
made to the affectees while 
they will 	construct a 	new 
abode for their families. 

- 	Full market price of any 
equipment 	(not 	shiftable) 
and cost of reconstruction 
including labor charges will 
be paid to the affectees. 

- 	Affectees 	will 	be 
allowed the salvaging of the 
demolished materials. 

d. Relocation of - 	Contractors will follow NTDC to Contractor to Before 
cultural and 
religious 
structures like 
mosques, 

the realigned route of the 
T/L to avoid the relocation 
of 	cultural 	and 	religious 
structures. 

Monitor Implement Construction 
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shrines, 
graveyards, etc. proper compensation will be 

paid with the consultation of 
the community. 

- 	Where 	unavoidable, 
 

e.  Impact on the 
houses, school 
animal sheds, 
etc. due to 
crossing of 
proposed T/L. 

Efforts are being made to 
avoid 	the 	school 	and 
houses by avoiding. 

NTDC Fair, prompt and 
negotiated 
payment in case of 
relocation. 

Before 
Construction 

f.  Income of the 
vulnerable people 
may be affected 
due crossing of 
T/L upon their 
infrastructure, 
affect of any 
asserts such as 
houses, tube 
wells room etc. 

The 	vulnerable 	persons 
shall 	be 	provided 	with 	all 
possible 	assistance 	and 
help for acquiring the skills 
and preference should be 
given 	to 	them 	for 
employment. The persons 
having no land or a person 
who is going to lose over 50 
% 	of 	his 	land 	will 	be 
considered as vulnerable 
people and will be specially 
treated to provide the 
maximum benefits. 

NTDC Contractor to 
Implement 

Before 
Construction 

g.  Conflict over the 
use of local water 
resources 
between locals 
and Contractor to 
meet the camp 
and construction 

- 	In 	areas 	of 	concern 
where the potable water is 
in 	short 	supply; 	the 
availability of water will be 
assessed 	to 	evaluate the 
impacts on the community 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

Contractor to 
implement. 

Regular 
Monitoring. 

During 
Construction 
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requirements. resources. 

- 	Camps 	should 	be 
located at least 500 m away 
from 	the 	nearest 	local 
settlements. 

- 	Approval from the local 
adMinistration 	and 
representatives 	of 	the 
concerned 	irrigation 
departments 	will 	be 
obtained 	before 	using the 
local 	surface 	water 
resources. 

- 	The Contractors will be 
required to maintain close 
liaison 	with 	the 	local 
communities to ensure that 
any 	potential 	conflicts 
relating 	to 	the 	common 
resource 	utilization 	are 
resolved quickly. 

- 	Guidelines 	will 	be 
established to minimize the 
wastage of water during the 
construction 	activities 	and 
at campsites. 

h. The general 
mobility of the 
locals and their 
livestock in and 
around the 001 

- 	The 	contractor 	will 
select 	specific 	timings 	for 
stringing 	so 	as 	to 	cause 
least 	disturbance 	to 	the 
local 	population 	and 	their 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

Contractor to 
implement. 

Regular 
Monitoring. 

During 
Construction 

xvi 



IP 	 • 

HVDC Transmission Line from Matiari to Lahore 
	 EIA Report 

Sr. 

No. 

Resource Project 
Components 

Envisaged 
Impacts 

Mitigation Strategy Responsibility Action Timing 

will be affected 
temporarily on 
specific locations 
during the 
construction of 
proposed T/L. 

livestock 	considering 	their 
peak movement hours. 

i. Induction of 
outside workers 
by the contractor 
may cause 
conflicts with the 
locals on the 
cultural issues 
related to social 
and gender due 
to the 
unawareness of 
the local customs 
and norms. Theft 
problems to the 
community by the 
Contractor's 
workers and vice 
versa may also 
create social 
issues if outside 
labour is used by 
the contractor. 

- 	Contractor 	will 	take 
care of the concerns of the 
local 	community 	and 	the 
sensitivity towards the local 
customs. 

- 	Good relations with the 
local 	communities 	will 	be 
promoted 	by 	encouraging 
the 	contractor 	to 	provide 
opportunities for skilled and 
unskilled employment to the 
locals, 	as 	well 	as 	on-job 
training 	for 	workers. 
Contractor 	will 	restrict 	his 
permanent staff to mix with 
the 	locals 	to 	avoid 	any 
social issues. 

- 	Local 	vendors 	will 	be 
provided 	with 	regular 
business by purchase of the 
camp 	site 	goods 	and 
services from them. 

- 	The 	Contractor 	will 
warn 	the 	workers 	not 	to 
indulge 	in 	any 	theft 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

Contractor to 
implement. 

Regular 
Monitoring. 

During 
Construction 
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activities. 	The 	Contractor 
camp 	should 	be 	fenced 
properly and main gate will 
be locked at night with a 
security guard to avoid any 
theft incidence. 

j. Construction of 
proposed T/L can 
cause the gender 
issues in the area 
during 
construction 
stage. 

- 	The Contractors 	have 
to select the specific timings 
for 	the 	construction 
activities 	so 	as 	to 	cause 
least disturbance to women 
considering 	their 	routine 
movement hours. 

- 	The Contractor have to 
carry 	out the 	construction 
activities in such a way that 
the open field latrine usage 
timings 	by 	the 	local 
community 	particularly 
women, 	should 	not 	be 
affected. 

- 	Contractor should warn 
the 	staff 	strictly 	not 	to 
involve 	in 	any 	un-ethical 
activities with 	reference to 
the women. 

- 	While working on the 
erection 	of 	Towers, 	if 
privacy 	of 	the 	nearby 
households is affected, the 
Contractor 	will 	inform 	the 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

- 	Contractor 	to 
will implement. 

- 	Regular 
Monitoring. 

During 
Construction 
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house owner to make some 
arrangements. 

k. Construction 
activities will 
create health and 
safety issues for 
workers as well 
as locals will be 
more prone to 
serious accidents. 

- 	Complying 	with 	the 
safety 	precautions for the 
construction workers as per 
ILO Convention No. 62, as 
far 	as 	applicable 	to 	the 
Project contract. 

- 	Training of workers in 
construction 	safety 
procedures, 	environmental 
awareness, 	equipping 	all 
construction 	workers 	with 
safety 	boots, 	helmets, 
gloves, 	and 	protective 
masks, 	goggles, 	shields 
and monitoring their proper 
and sustained usage. 

- 	Ensure the provision of 
medicines, 	first 	aid 	kits, 
ambulance, 	etc. 	at 	the 
camp site. 

- 	Contractors should be 
warned to their staff about 
using Personnel Protective 
Equipments 	(PPEs) 	(e.g., 
wire 	 containment, 
displaying 	warning 	signs 
along 	the 	work 	site, 
communicating 	advance 
warnings 	to 	mats) 	to 

Contractor, 
Supervisory 
Consultants 
and NTDC. 

- 	Contractor 	to 
will implement. 

- 	Regular 
Monitoring. 

During 
Construction 
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enhance the blasting safety. 

- 	Safety lookouts will be 
built to prevent people and 
vehicles from passing at the 
time of blasting. 

- 	In 	the 	security 
vulnerable 	areas, 	special 
measures 	should 	be 
adopted by the Contractor 
as well as the Consultant 
staff with the consultation of 
the 	local 	responsible 
agencies to control the law 
and order. 

I. The land under 
the Towers during 
the operation 
stage may restrict 
the current land 
use for agriculture 
purposes. 

Affectees will be involved in 
the valuation process at all 
stages of the Project i.e. soil 
investigations, 	Tower 
footings, 	Tower 	erection 
and stringing of conductors. 

NTDC Regular 
Monitoring. 

During 
Operation 

m. The restriction of 
plantation of trees 
above 2.5 m 
height during the 
operation stage 
may also cause 
the 
inconvenience to 
the locals. 

Orchards 	of 	Guava 	and 
Citrus 	(except 	mangoes) 
with height less than 2.5 m 
can 	be 	grown. 	Similarly, 
cultivation of the crops can 
be carried out without any 
let or hindrance. 

NTDC Regular 
Monitoring. 

During 
Operation 
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n. Due to the 
erection of 
Towers and the 
passing of T/L, 
the value of land 
may decrease in 
the long term 
basis. 

Since 	the 	erection 	of 
Towers 	will 	involve 	very 
limited amount of land and 
the land under the Towers 
and 	conductors 	can 	be 
easily used for crops, so not 
much depreciation 	in land 
value is foreseen. 

NTDC NTDC Monitor. During 
Operation 
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Table 9-1 (b): Environmental Mitigation Management Matrix for Converter Stations 

Sr. 
No, Resource Project 

Components Envisaged Impacts Mitigation Strategy Responsibility Action Timing 

1. Land 
Resources 

Construction of 
Converter 
Stations 

a.  Permanent acquisition 
of 	land 	for 	the 
construction 	of 
Converter Stations. 

- 	Permanent 	land 
should be acquired as per 
Land 	Acquisition 	Act 
(LAA), 1894. 
- 	Existing 	market 	price 
of the land should be paid 
to the landowner. 

Environment 	& 
Social 	Expert, 
NTDC 

- 	To 	make 	fair 
assessment 	of 	the 
compensation 	cost 
and 	affectees 
approval to be sought. 
- One 	window 
operation 	for 	quick 
payment 	to 	the 
affectees. 

Before 
Construction 

b.  Temporary 
acquisition of land for 
Contractors 	Camps, 
access 	roads, 
aggregate 	quarries 
etc. 

Pease refer the mitigation 
as mentioned in the T/L 
section. 

NTDC Fair compensation at 
the start of work and 
job 	opportunities 
should be provided to 
the affectees to off-set 
the loss of income due 
to 	the 	acquisition 	of 
their land. 

Before 
Construction 

c.  Soil 	erosion 	due 	to 
the 	construction 
activities 	such 	as 
clearing, 	excavation, 
filling, development of 
access 	roads, 
construction 	camps 
etc. 

All 	the 	disturbed 	areas 
need 	to 	be 	protected 
against 	severe 	erosion 
losses 	by 	adopting 
following measures: 
- 	Stripping 	and 
stockpiling 	of 	all 	the 
available 	topsoil 	for 	later 
re-vegetation 
- 	Use 	of 	Proper 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 
monitor. 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 
Consultants 	and 
NTDC. 

During 
Construction 
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drainage 	system 	above 
the works for significant 
protection 
- 	Planting 	of 	rapidly 
growing 	indigenous 
vegetation / grass in the 
Project Area to reduce the 
impact of soil erosion. 

d. Air and noise pollution 
due 	to 	the 	use 	of 
construction 
machinery 	i.e. 
concrete 	batching 
plants, 	concrete 
paver, concrete mixer, 
excavators, 	dump 
trucks, 	road 	rollers, 
graders 	and 	heavy 
vehicle 	during 
construction phase. 

- 	Use 	of 	old 	tuned 
vehicles should not be 
allowed. 
- 	Proper 	tuning 	of the 
construction vehicles at 
appropriate intervals. 
_ 	Haul-trucks should be 
kept 	covered 	with 
tarpaulin. 
- 	Batching plant should 
be sited at least 500 m 
away from the villages and 
settlements. 
- 	Control 	of 	heavy 
machinery 	speeds. 
Maximum 	speed 	of 	30 
km/hr should be practiced. 
- 	Concrete 	batching 
plant should be equipped 
with 	dust 	control 
equipment such as fabric 
filters or wet scrubbers to 
reduce the 	level 	of dust 
emissions or at least water 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 
monitor. 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 
Consultants 	and 
NTDC. 

During 
Construction 
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should 	be 	used 	during 
crushing 	operations 	to 
avoid 	air 	pollution. 	This 
water should be recycled 
to 	avoid 	generation 	of 
waste water. 
- 	The 	existing 	quarries 
should be used to borrow 
the 	aggregate 	materials 
and 	each 	quarry 	site 
should 	have 	a 	quarry 
management plan. 
- 	Where necessary, dust 
emissions 	should 	be 
reduced 	by 	regular 
sprinkling of water. 
- 	The NEQS applicable 
to the gaseous emissions 
should be enforced during 
the construction works. 
- 	Compliance monitoring 
of 	vehicles, 	generators 
and 	machines 	emissions 
(air 	and 	noise) 	to 	be 
regularly carried out. 
- 	Construction 	activities 
shall be avoided during the 
night 	time 	and 	mufflers 
should be provided in all 
the 	vehicles 	to 	minimize 
the emissions and noise. 
Noise 	complaints 	should 
be logged and kept onsite 
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by the Contractor. 
- 	Construction 	timings 
should 	be 	fixed 	after 
consultation 	with 	the 
residents 	of 	the 	nearby 
villages 	preferably 	during 
the day. This will minimize 
the disturbance to the local 
population. 
- If the proposed Project 
Area is near the hospital 
and 	college, 	the 	area 
where noise producing 
activity is to be undertaken 
should be screened with 
noise 	absorbing 	material 
or casing. 

e.  The heating of the oil 
in the transformers at 
Converter 	Stations 
and 	the 	heat 
generated 	due 	to 
current 	flowing 
through 	the 	supply 
lines will result in the 
emission of pollutants 
into 	the 	air, 	thus 
deteriorating 	air 
quality 	and 	affect 
human health. 

To mitigate the pollutants 
emissions 	following 
measures 	should 	be 
adopted: 
- 	Transformers 	should 
be equipped with silica gel. 
_ 	Use of low sulfur oil. 

NTDC NTDC to monitor. During 
Operation. 

f.  Routine 	inspection 
and 	repair 	work 

- 	Impact on 	soil during 
operation 	phase 	will 	be 

NTDC NTDC to monitor. During 
Operation. 
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involving 	oil 	leakage 
from the transformers 
and 	other 	electric 
equipments 	can 
contaminate the soil. 

insignificant. 	Good 
engineering 	practices 
should be adopted by the 
operation 	 and 
maintenance (O&M) staff 
of NTDC during the repair 
and replacement activities. 

2. Water 
Resources 

Construction 	of 
Converter 
Station. 

a. Disposal 	of 
wastewater 	without 
treatment 	will 	pollute 
the 	soil 	and 	ground 
water. 

- 	Domestic 	and 
chemical effluents from the 
construction camp should 
be 	disposed 	of 	by 	the 
development 	of 	on-site 
sanitation 	systems 	i.e. 
septic 	tanks 	along 	with 
soakage 	pits. 	Proper 
monitoring 	to 	check 	the 
compliance 	of 	NEQS 
should be carried out. 
- 	Sewage 	from 
construction camps should 
be disposed of after proper 
pre-treatment 	and 
processes 	such 	as 
soakage pit. 
- 	The Contractor should 
also develop guidelines for 
the clean up of small spills 
on 	site. 	Proper 	PPE 
should 	be 	worn 	when 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 
monitor. 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 
Consultants 	and 
NTDC. 

During 
Construction 
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cleaning 	the 	spills. 
Techniques 	for 	the 	spill 
cleaning 	should 	ensure 
that the spill is absorbed, 
neutralized and collected. 

b. Improper 	waste 
management activities 

- 	All 	the 	solid 	waste 
from the camps should be 

Contractors, 
Supervisory 

- 	Contractor 	to 
implement. 

During 
Construction 

can increase disease properly 	collected 	and Consultants - 	Regular 	Monitoring 
transmission, 
contaminate 	ground 
and surface water and 
ultimate 	damage 	to 
the ecosystem. 

disposed of through proper 
solid waste management 
system. 
- 	The Contractor should 
coordinate 	with 	local 
representatives 	and 
administration 	concerned 
department 	for 	the 
disposal of solid waste. 

and 	NTDC 	to 
monitor. 

by 	Supervisory 
Consultants 	and 
NTDC. 

- 	The 	concerned 
department must develop 
a plan of action for 
transporting the waste to 
the disposal site for final 
disposal. 	It 	is 	the 
responsibility of the 
concerned department to 
ensure 	that the 	disposal 
site 	is 	properly 	lined 	to 
prevent the leachate from 
contaminating the ground 
water. 
- 	Secondly, the disposal 
site must be located as far 
as 	practical 	from 
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populated 	areas 	and 
regions that have a high 
density of wildlife. 
- 	Toxic waste should be 
handled, 	stored, 
transported and disposed 
of separately. 
- 	The waste should be 
properly 	sealed 	in 
containers 	with 	proper 
labels indicating the nature 
of the waste. 
- 	Solid waste should be 
segregated at source so 
that it can be re-used or 
recycled. 

• 

c. Surface water quality 
of 	the 	natural 
ponds/nullahs and the 
other 	water 	bodies 
may be impacted due 
to 	the 	construction 
activities 	and 
wastewater 	from 
labour camps. 

Pease refer the mitigation 
strategy for T/L. 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 
monitor. 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 
Consultants 	and 
NTDC. 

During 
Construction 

3. Ecological 
Resources 

Construction 	of 
Converter 
Stations. 

- 

a. Movement 	of 
transport 	or 	vehicles 
produces 	noise 	and 
vibration 	in 	the 	area 

This 	will 	not 	be 	a 
significant 	impact. 
However, this impact can 
be minimized by use of 

NTDC NTDC to monitor. Before 
Construction 
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during 	topographical, 
geotechnical 	and 
seismic studies which 
will 	scare 	away 	the 
birds, wildlife, rodents 
and reptiles etc. 

good 	engineering 
practices. 

b. During 	 the 
construction, 	clearing 

- 	While making paths for 
carriage 	of 	construction 

Contractors, 
Supervisory 

- 	Contractor 	to 
implement. 

During 
Construction 

and 	grubbing materials 	minimum 	land Consultants - 	Regular 	Monitoring 
activities, construction should 	be 	utilized 	and and 	NTDC 	to by 	Supervisory 
of 	access 	road, 
installation of batching 
plants 	and 	worker's 
camps, 	the 	natural 
vegetation 	and 	flora 
such as shrubs and 
herbs, including some 
species 	of 	medicinal 
plants, 	fuel 	wood 
plants 	and trees will 
be removed which will 
have 	a 	significant 
adverse impact on the 
natural 	vegetation 	of 
the Study Area. 

minimum 	vegetation 
should be disturbed. 
- 	Plantation 	is 	required 
in the area, where trees or 
bushes have been cut to 
make path. 
_ The camps and 
workshop facilities should 
be 	established 	on 	the 
barren 	land; 	however, 	if 
such type of land is not 
available, 	it 	should 	be 
ensured that minimum 
clearing of the vegetation 
occurs and minimum 
damage to the trees and 
undergrowth is ensured. 

monitor. Consultants 	and 
NTDC. 

- 	The Contractor's staff 
and 	labor 	will 	be 	strictly 
directed 	not 	to 	damage 
any 	vegetation 	such 	as 
bushes. 

VIII 
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local 	customs 	and 
traditions. 
- 	Good relations with the 
local communities will be 
promoted by encouraging 
the Contractor to provide 
opportunities 	for 	skilled 
and unskilled employment 
to the locals, as well as on 
-job training in construction 
for young people. 
- 	Contractor 	should 
restrict the staff to mix with 
the 	locals 	to 	avoid 	any 
social problems. 
- 	Local vendors will be 
promoted 	for 	routine 
regular 	business 	by 
purchase of the camp site 
goods and services from 
them. 

d.  With the influx of labor 
force and other staff 
related 	to 	the 
construction activities, 
daily 	activities 	of the 
women are likely to be 
affected. 

Pease refer the mitigation 
strategy for "impact gender 
issues during construction 
phase" 	provided 	in 	T/L 
table. 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 
monitor. 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 
Consultants 	and 
NTDC. 

During 
Construction 

e.  Construction activities 
will create health and 
safety 	issue 	for 	the 
workers and the local 

Pease refer the mitigation 
strategy 	for 	"Health 	and 
Safety 	issues 	during 
construction 	phase" 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 

During 
Construction 
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Contractor 	has 	to 	select 
specific 	timings 	for 
construction work so as to 
cause least disturbance to 
the 	local 	population 
considering 	their 	peak 
movement hours. 

b.  Local 	water supplies 
utilization to meet the 
camp 	site 	and 
construction 
requirements 	may 
cause 	conflicts 
between 	the 	locals 
and the Contractors. 

Pease refer the mitigation 
strategy 	for 	"impact 	of 
conflict 	over 	the 	use 	of 
local 	water 	resources 
during construction phase" 
provided in T/L table. 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 
monitor. 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 
Consultants 	and 
NTDC. 

During 
Construction 

c.  Induction 	of 	outside 
workers 	by 	the 
Contractor may cause 
conflicts with the local 
people on the cultural 
issues 	related 	to 
social and gender due 
to the unawareness of 
the local customs and 
norms. 

Following 	measures 
should be adopted in order 
to minimize the impacts. 
- 	The Contractor will be 
required to maintain close 
liaison 	with 	the 	local 
communities 	to 	ensure 
that any potential conflicts 
related 	to 	the 	use 	of 
common 	resource 
utilization 	for 	the 	Project 
purposes 	are 	resolved 
quickly. 
- 	Contractor 	will 	take 
care of the concerns of the 
local community and the 
sensitivity 	towards 	the 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 
monitor. 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 
Consultants 	and 
NTDC. 

During 
Construction 
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- 	Contractor will provide 
the 	fuel 	wood/gas 
cylinders at the camps for 
cooking 	purposes 	and 
cutting 	the 	trees/bushes 
for fuel will not be allowed. 

c. Noise 	and 	noxious 
gases 	will 	be 
produced 	from 	the 
heavy 	vehicle, 
construction 
machinery and other 
activities 	during 
construction 	activities 
will scare away birds, 
wildlife, 	rodents 	and 
reptiles. Some of the 
avifauna may also get 
killed 	during 
construction works. 

- 	Pease 	refer 	the 
mitigation 	strategy 	for 
"impact 	on 	wild 	animals 
and 	reptiles 	during 
construction 	provided 	in 
T/L section. 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 
monitor. 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 
Consultants 	and 
NTDC. 

During 
Construction 

4. Social 	and 
Cultural 
Resources 

Construction 	of 
Converter 
Stations. 

- 

a. The 	general 	mobility 
of the locals and their 
livestock 	in 	and 
around 	the 	Project 
Area will be affected 
during 	 the 
construction phase. 

- 	Mobility 	of 	the 
Contractor's staff through 
the 	nearby 	residential 
areas 	should 	also 	be 
strictly 	prohibited 	by 	the 
Contractor 	to 	avoid 	any 
inconvenience or any risk. 
- 	Temporarily 	and 	for 
short 	duration, 	the 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 
monitor. 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 
Consultants 	and 
NTDC. 

During 
Construction 
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Sr. 
No. Resource Project 

Components 
Envisaged Impacts Mitigation Strategy Responsibility Action Timing 

community and they 
will 	be 	prone 	to 
accidents / incidents. 

provided in T/L table. monitor. Consultants 	and 
NTDC. 

f.  Excavation 	of 	land 
and 	drilling 	activities, 
storage 	of 	material 
and 	construction 	of 
workers camps, solid 
waste disposal by the 
workers and leakage 
and spillage of oil will 
affect 	the 	aesthetics 
of the area. 

Proper 	disposal 	of 
excavated 	material 	and 
back 	filling 	of 	land 	after 
construction 	activities 	will 
minimize the impact on the 
aesthetics 	of the 	Project 
Area. 

Contractors, 
Supervisory 
Consultants 
and 	NTDC 	to 
monitor. 

- 	Contractor 	to 
implement. 
- 	Regular 	Monitoring 
by 	Supervisory 
Consultants 	and 
NTDC. 

During 
Construction 

g.  Due 	to 	the 	poor 
security 	situation 	in 
some areas of Punjab 
and Sindh there are 
security risks for the 
Contractor people. 

Special 	arrangements 
should be taken with the 
help of local heads for the 
Contractor staff to 	avoid 
any unpleasant incident. 
Local 	heads 	should 	be 
involved 	in 	development 
works to gain confidence 
for local community. 

NTDC NTDC to monitor. During 
Operation. 
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10 	CONCLUSION AND RECOMMENDATIONS 

The implementation of the proposed Project will have many positive impacts for the Country 

• and on the population residing within the COI. Major positive impacts of the proposed Project 
are: 

• Construction of new T/L and Converter Stations will improve transmission of electricity 
and increase its supply in the national grid. This electricity will help to reduce the load 
shedding and will reduce the load on the nearby grid thereby improving the overall 
electricity efficiency. Proposed T/L will add flexibility and reliability to NTDC grid. 

• During construction and operation phases, unskilled and skilled jobs will be created. 
Locals will be employed in the Project to fulfill skilled and unskilled labour requirements. 

• The construction of the Converter Stations will help towards the development of 
infrastructure, business and improved quality of life of the locals; 

• Construction of new T/L and Converter Stations is expected to increase the land value, 
especially in villages where little or no road infrastructure is present due to the increase 
in infrastructure and improved accessibility; 

• Development of business to fulfill the daily needs of staff working during the construction 
stage will cause socio-economic uplift of the locals along the COI; and 

Indirect positive impacts of the proposed Project on environment and social settings of the 
COI are as under: 

• Due to the implementation of the Project, availability of electricity will increase as per the 
demand of the area hence the issue of low voltage will be resolved; 

• Opportunities will also be available to develop a large area of barren land into 
agriculture land by installation of electricity operated tubewells if electricity is made 
available to the areas in the COI; 

• Expansion of the industrial base is expected due to the increase in the availability of 
electricity in the national grid; and 

Apart from the positive impacts of the Project, the proposed T/L will also have potential 
adverse environmental and social impacts during the construction and operational stages. 
Most of these adverse impacts during construction are of a temporary nature. These 
potential impacts can be avoided or mitigated by adopting suitable mitigation or remedial 
measures as mentioned in this Report. Following are some of the potential adverse 
environmental and social impacts and their suggested mitigation measures: 

• The proposed T/L Project will not involve the permanent land acquisition as per NTDC 
practice in the light of LAA and Telegraph Act, 1910; however, land needs to be 
acquired on permanent basis for the proposed Converter Stations near Nankana Sahib 
and at Matiari. 

- Permanent land will be acquired as per LAA, 1894 and ADB policy requirements for 
Involuntary Resettlement. It is recommended that existing market price of the land 
should be paid to the landowners. In this regard proper LARP should be prepared 
and implemented prior as soon as the locations of the Converter Stations are being 
finalized. 

• The Contractors will also require temporary land acquisition for the development of 
Contractors' camps and facilities i.e. storage, workshop, equipment parking and 
washing areas, aggregate quarries and access roads/tracks for haulage, transportation 
etc. as per Telegraphy Act and NTDC practices. 
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- The land for above mentioned facilities should be selected and leased prior to the 
start of construction phase. Land for above mentioned facilities will be directly rented 
from the private landowners by the Contractors. 

- Based on the Google images and field surveys, the total cultivated area, which will be 
affected due to this Project, is nearly 16,500 hectares, which forms about 38.8% of the 
total area coming in the COI. The agriculture of the tract in Sindh and Punjab will 
receive significant adverse impact due to various operations such as movement of 
heavy machinery, erection of Towers, dragging, stretching and stringing etc. 

- Compensation for the loss of crops to the land owners and cultivators as the case 
may be will be paid, in accordance with the prevailing market prices and uniformity in 
rates will be ensured within the local areas. 

- The whole process of the payment to the farmers should be made transparent, 
judicious and without any discrimination or favour. 

• Air quality will be affected by the fugitive dust and emissions from the construction 
machinery and vehicular traffic during the construction phase. 

- Use of good engineering practices such as water sprinkling, encasement and 
provision of silencer and mini stacks of generators etc. should be adopted to avoid 
inconvenience to the locals due to noise, smoke and fugitive dust. 

• Construction activities such as clearing and grabbing, excavation, filling, laying down 
concrete foundation for Towers and setting up construction camp will affect the existing 
soil condition in the COI. 

- All the disturbed areas need to be protected against soil erosion by stripping and 
stockpiling of all the available topsoil for later re-vegetation. Special slope protection 
measures should be adopted in the sensitive areas i.e. desert or semi-desert areas 
of Sanghar, Ghotki, Rahim Yar Khan and Bahawalpur districts in Section-I and 
Section-II. Site restoration plan for the Project should be strictly followed. 

• Land may get contaminated due to the spillage of chemicals, fuels, solvents, oils, paints, 
concrete, solid waste generated at campsites etc. This normally happens when these 
materials are transported in open or loosely capped containers. 

- Domestic and chemical effluents from the construction camp should be disposed by 
the development of on-site sanitation systems i.e. septic tanks along with soakage 
pits. Proper monitoring to check the compliance of NEQS will be carried out. 

Sewage from construction camps will be disposed of after proper pre-treatment and 
processes such as soakage pit. 

• At the time of stringing of conductors for the proposed T/L after the installation of 
Towers, interference to the traffic movement is expected. This can be a potential 
significant adverse physical and social impact during the construction stage but will be 
of temporary nature; 

- During the detailed design stage, NTDC will coordinate with NHA and local road 
department/authorities for the installation of the Towers and during stringing of the 
conductors where the line is crossing the existing roads for the provision of alternate 
traffic route and management. 

• The selected route of the proposed T/L involves the crossings of the existing Power 
lines of i.e. 220 KV and 132 KV near Kasur and Nankana Sahib in Section II. This will 
be a great hazard during the installation of Towers, stringing of conductors and 0 & M 
stage. 
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Special care is required during the construction of Towers as well as stringing of 
conductors. During the stringing of conductors, temporary shutdown of the existing 
T/Ls will be ensured to safeguard the workers and the surroundings. A proactive 
coordination is required between the construction staff and relevant Grid Station 
operation staff to ensure the shutdown schedule. 

Trees also exist along the highways and canals, which have been grown by the 
Government Departments. Sporadic growth of trees, coming within the ROW have to be 
removed if these are located within the Tower foundations during construction. 

- If cutting of trees along the COI is involved permission will be taken from the relevant 
department. As these are small in number, their removal will cause no significant 
adverse environmental impact. With the erection of T/L Towers, tree need to rise 
away from the location of Towers. 

It is anticipated that local water resources will be utilized to meet the camp and 
construction requirements, bringing its use into competition with the local use especially 
in Section I and II where the water availability is limited. 

- Approval from the local administration and representatives of the concerned irrigation 
departments or other relevant authorities will be obtained before using the local 
surface water resources. 

- The Contractors will be required to maintain close liaison with the local communities 
to ensure that any potential conflicts relating to the common resource utilization are 
resolved quickly. 

- Guidelines will be established to minimize the wastage of water during the 
construction activities and at camp sites. 

• During the construction phase, the general mobility of the locals and their livestock in 
and around the COI will be affected temporarily on specific locations mostly in areas 
near to the villages. The movement of the Towers and conductors from the stocking 
area to the construction site may cause traffic problems on the road for the locals. This 
may affect their mobility at times. During the stringing operations, interference to the 
traffic movement is also expected. This will have low adverse impact on the locals on 
temporary basis. 

- The Contractor should select specific timings for stringing so as to cause least 
disturbance to the local population considering their peak movement hours; and 
proper traffic management plan should be developed to avoid such issues. 

• Induction of outside workers by the Contractor may cause conflicts with the locals on the 
cultural issues related to social and gender due to the unawareness of the local customs 
and norms especially in Section-I falling in Sindh province. These issues may adversely 
affect the construction phase of the Project. This is a medium adverse social impact of 
temporary nature. 

- Good relations with the local communities will be promoted by encouraging the 
Contractor to provide opportunities for skilled and unskilled employment to the locals, 
as well as on-job training for workers. Contractor will restrict his permanent staff to 
mix with the locals to avoid any social issues. 

- During the construction phase, mobility of the workers in the nearby areas should be 
strictly restricted by the Contractor to avoid any inconvenience to the local 
communities. 
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- The Contractor have to select the specific timings for the construction activities like 
Tower footings, erection and stringing of conductors so as to cause least disturbance 
to the local population particularly women considering their routine movement hours. 

• The land under the Towers during the operation stage may restrict the current landuse 
for agriculture purposes. 

- Towers are desinged to allow the paasage of vehicle such as tracters. Hence during 
the operation stage of project farmers can use their land under the Towers for 
agriculture purposes. 

• Due to the erection of Towers and the passing of T/L, the value of land may decrease in 
areas where existing T/Ls are also crossing in Section II Kasur and Nankana Sahib 
districts; 

- Since the erection of Towers will involve very limited amount of land and the land 
under the Towers and conductors can be easily used for crops, so not much 
depreciation in the land value is foreseen. 

• As the Project route is passing through the rural areas of Section-I and Section-II, 
women activities in the field may be affected due to the construction activities. 

- The Contractor have to select the specific timings for the construction activities like 
Tower footings, erection and stringing of conductors so as to cause least disturbance 
to the local population particularly women considering their routine movement hours. 

• The rural women in few areas use the open field latrines and their privacy may suffer 
due to the Project activities. 

- The Contractor have to carry out the construction activities in such a way that the 
open field latrine usage timings by the local community particularly women, should 
not be affected. The normal timings to use the toilet facilities by the rural women are 
early in the morning and at evening so the Contractor will have to take care of these 
timings. 

• Disturbance to the privacy of the local women will be due to outside workers working on 
the erection of Towers and stringing of conductors; 

- Contractor should warn the staff strictly not to involve in any un-ethical activities such 
as theft, etc. and to obey the local norms and cultural restrictions particularly with 
reference to the women. 

• During the social field survey of the Project, no indigenous group of people was 
identified, which comes under the definition of the "Indigenous People". So, no impact 
on the indigenous people is envisaged due to the implementation of the Project. 

• Income of the vulnerable people may be affected due to the implementation of the 
Project like crossing of T/L upon their infrastructure; affect on any assets such as 
houses, tubewells, room etc. In few areas, T/L also crosses some of the houses in 
Bahawalpur, Bahawalnagar, Pakpattan and Okara. The owners of the affected 
structures identified during the field visits also fall below the poverty line. 

- The vulnerable persons shall be provided with all possible assistance and help for 
acquiring the skills and preference should be given to them for employment. The 
persons having no land or a person who is going to lose over 50 % of his land will be 
considered as vulnerable people and will be specially treated to provide the 
maximum benefits. 

• Occurrence of accidents/incidents during the construction stage is a common 
phenomenon and workers as well as locals will be more prone to serious accidents; 
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- Complying with the safety precautions for the construction workers as per ILO 
Convention No. 62, as far as applicable to the Project Contract. 

- Training of workers in construction safety procedures, environmental awareness, 
equipping all construction workers with PPEs such as safety boots, helmets, gloves 
and protective masks, goggles, shields and monitoring their proper and sustained 
usage. 

• During the operation stage, people assume that they will be prone to danger due to 
collapse of towers, the electric flux on conductors, Towers, breaking of conductors etc. 

- At the time of detailed survey for fixing the Tower positions proper soil investigations 
will be carried out to check the presence of collapsible soils and if detected, Engineer 
will be informed immediately for design change. It will be ensured that no accident 
due to collapsing of Towers would occur during the life of the Project. 

- The conductors are selected on the basis of local climatic conditions including 
maximum wind velocity, temperature and humidity conditions. So, there is almost no 
risk of breaking of conductors. However, due to some unavoidable circumstances, if 
such a situation occurs, NTDC has provided such an arrangement that the flow in the 
conductors will be automatically tripped instantaneously. So, no risk to human or 
animal life is envisaged due to the breaking of conductors. 

• The 001 falls in areas which is sensitive from the law and order point of view and the 
security of the Contractor and Consultant staff will be a major issue especially Section I 
Ghotki Area. 

- For the security in vulnerable areas, special measures should be adopted by the 
Contractor as well as the Consultant staff with the consultation of the local 
responsible agencies to control the law and order. 

• Removal of the infrastructure like buildings, huts, animal sheds, tubewells etc. will cause 
the loss of community shelters and sources of income. 

- No relocation of settlements (group of people) will be involved as the Project has 
flexibility to change the alignment. 

- Compensation will be paid to the affectees for the built-up areas like buildings, huts, 
animal sheds, peter engines/electric motor sheds etc. on replacement cost basis and 
the land on existing agricultural land value. 

- Payment of three (03) months house-rent will be made to the affectees while they will 
construct a new abode for their families. 

- Full market price of any equipment (not shiftable) and cost of reconstruction including 
labour charges will be paid to the affectees. 

Affectees will be allowed the salvaging of the demolished materials. 

In order to minimize, avoid or reduce the potential adverse impact appropriate mitigation and 
remedial measures have been suggested against each identified impact. Efforts are made to 
propose economical and sustainable mitigation and remedial measures which can be easily 
implemented. 

In order to provide compensation for losses, a framework has been suggested as per local 
laws as well as ADB polices. Moreover, detailed study for the mitigation of these major 
impacts i.e., the preparation of LARP, has been initiated. 

Permanent acquisition of land will only be required for the construction of Converter Stations 
near Nankana Sahib and at Matiari. It will be ensured that no resettlement issue arises due 
the acquisition of land for these stations. Proper market price as per Land Acquisition Act 
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• 

and NTDC practices will be provided to the land owners. Moreover, as per PEPA, 1997 a 
separate Environmental Assessment Study should be carried out for each Converter Station. 

In the end, EMMP has been developed to provide proper framework for the implementation 
of the suggested mitigation measures. This includes the identification of the major 
stakeholders, roles and responsibilities along with the resource requirements. 

EMMP includes the monitoring mechanism which will ensure that proper results are being 
achieved by the implementation of the suggested mitigation measures from concerned 
entities. Change management plan has been suggested to incorporate the affects due to 
change in any design on route of the proposed T/L. An estimated cost for environmental 
management, monitoring and training has also been provided for inclusion in the PC-I or 
overall Project Cost. 

As a conclusion of the study, the proposed T/L and Converter Stations will not cause 
potentially significant environmental and social adverse impacts on the local environment 
after the implementation of mitigation measures. Considering the current electricity situation 
and the efforts being made by the Government to generate electricity in Thar, T/L to dispatch 
the generated Power to the upcountry is a prerequisite. It is suggested that the proposed T/L 
should be implemented as soon as possible after all necessary approvals, design provisions 
and the implementation of EMMP and LARP. 

• 
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IR* *nth NTDC 44AM L T 2018-2022 VFIErflath, itiliCSAKCiMA(a) 
P.U.3)** 2018 4f-A-F, -14d EtEENftaftilliVAWMONSt • 

n 2018 7}C IF, 	T 	500kV EAt piaim. N-1, ±660kV HVDC 443(3:0J--  
tic) 500kV ZiEklAaliti N-1 i=itAte N-1, N-2 itNALA#M. 

Abstract 

Basic load flow calculation with the scenarios ranging from 2018-2022 is conducted and the 
buses' voltage and load of lines with the scenarios 2018 are evaluated in this report. All the 
scenarios are provided by NTDC. 

For the year 2018, the contingencies checked are converter station in and out AC 500kV lines 
N-1, AC 500kV parallel lines with ±660kV HVDC N-1, ±660kV HVDC N-1, N-2. 
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1. 	RA" Introduction 

1=1 Till , E41(0J.4kgf7AAEg1140)3ZA 500 -TR, EJMNA±111.1RitanMVit 
3 hiCPf913. 1LErpiVICL-L. iatz=itmoi rtidiAtFgre9 2-4 EIZA 500 

At present, Pakistan has transmission grids with the ceiling voltage of AC 500kV, and its main grid 
structure covers the main areas of the country with 2-4 circuit AC 500kV transmission channels 
from the south and north to the load centers with loop networks in Islamabad and Punjab. 

E4)iit.:1131*%.*&,.4 (NTDC) IFM'Egffi4&ZA 500 -,fXR 220 1-1X, ±-th FIEVL 
FPE4aYgZA, 132 -f-IXR 66 

	

	, 	it' 66 -T-fX*,.EVAn7ri`:.] 132 -f-Vuifil. jij 
.e,J45%; .1)1kffl it LLCM gisi 29%; VAk, 

alt-L,),IIPTIlEtLL*3-)- M 11%, 8%fli 

NTDC has main grid structure with voltages of AC 500kV and 220kV, and local power distribution 
companies have grids of AC 132kV and 66kV, of which the 66kV is being transited to 132kV. As 
for the power consumption structure, residential electricity accounts for a largest proportion of 
about 45%; the proportion of industrial electricity takes second place with about 29%; and power 
consumption proportions for agriculture, business and other large users are about 11%, 8% and 7% 
respectively. 

filfg-Elafttt, 	intafUlgrzg, E,440:13AVA 2017*, 2018*, 2020*, 2023 *ft 
26680MW, 28020MW, 30820MW, 38250MW, 2015-2020 	"*t.1.9tig-1.* 

4.9%, 2020-2023 **V.Vd-LE* 7.5%, 

According to the latest load forecast data provided by NTDC, the maximum loads of the power grid 
of Pakistan in 2017, 2018, 2020 and 2023 will reach 26680 MW, 28020 MW, 30820 MW and 38250 
MW respectively; the average annual growth rates in 2015-2020 and 2020-2023 are 4.9% and 7.5% 
respectively. 

E*1101.141- -g1Vf 	, 2014 	IIIVENWK3filiT 111 E 
g-ilfZIDIMERM, X71 	2014 'T.  11 	 Egmfkoits*, pi *fp rri tiro 

ffitt}i5CEMIVill 2023 *in-w.nm-uzli*AA 21 4, t fi920)i 1770.5 	axILL -T 
(71a±660 kV, 4000 

MW). 111 1.1 2018 	.-E,41,0,11.qMNAJMI, 	 IAAAVotAM--ts[IIMMM 

In order to meet the requirement of social and economic development in Pakistan, the National 
Energy Administration implemented energy planning for CPEC in 2014, and the bilateral 
governments signed "Cooperation Agreement for the Energy Project of CPEC" in November 2014. 
21 planned power projects will be put into operation before 2023 as per the agreement with total 
scale of 17705 MW. After analyzing various alternatives, it was identified that the alternative of 
direct current transmission ( Bipole of ± 660 kV, 4000 MW) as the most suitable pl 
transmission from the plant in the south to the north. Figure 1.1 shows a schematic 
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Figure 1.1 NTDC 500 kV network in 2018 
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111 • 	500 kV grid in Pakistan of the year 2018 including the DC link. One side of the DC link is located 
in MATIARI and the other side is located in LAHORE. 
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2. R # Objective 

*/Ki5-Ik53-fRiffiAME1-1Si- AgE4AEAMig.PJZI 2018 *1=0ArI<I AL5 Y-4 

2018 71c*l143/1N .A. 

This report describes and evaluates the performance of the interconnected system with the entry into 
operation of the Matiari-Lahore DC link in steady state for the horizon year of 2018-2022. 

r8k1Tlfdi 	 AMittitdY44AEgP12. 

ItPltit/M. ZSE13 NTDC Ilf#0 

In this study more unfavorable conditions were investigated considering different scenarios and 
settings in order to confirm the performance of the DC link. These conditions were provided by 
NTDC. 

2018 	fillIVT<'33-ffirlffTh'rq-/e1A: 
Power flow contingencies analysis includes: 

fitg33-  500 kV litISAYMSE/IgEltlitATEgEMSI(1.1-0.9 pu)a?-MittlfRPR(Rate A)*& 

Ift-X‘f TMli`A: 
Some 500 kV buses and line flows will need to be reported and listed against line loading limits 
(Rate A) and bus operating voltages limits (1.1 to 0.9 pu) forthe following modes: 

a 	
■ 2018 *t' --0,--.AXL441KZIAEiRilt±-4Aat 5400MW, Moro-R.Y.Khan 

R.Y.Khan-Sahiwal 
2018 peak load conditions — 5400 MW in total on both HVDC and AC channels, with no 
Moro-R.Y.Khan series compensation and R.Y.Khan- Saihwal line. 

■ 2018 	Si.J\ 	 5400MW, Moro-R.Y.Khan 

R.Y.Khan-Sahiwal *Iii3W-E3tI1iL 1LSVIAITHIl*-T'a 
2018 off peak load conditions — 5400 MW in total on both HVDC and AC channels, withno 
Moro-R.Y.Khan series compensation and R.Y.Khan- Saihwal line.Maximum generation in the 
south and low genertation in the north. 

And Conintngcies: 

■ a) AM -AY/4M* 	jrS 	ti N-1, 	%J L71 	N-1; 
AC N-1 contingencies for the ac lines out from both converter stations and for the parallel AC 

channels; 

It 

■ b) MARAfiltezl*,  'W-4-0-VAMOMfgffitIo 
DC blocking faults, monopole or bipole. 

T fi4J itESAM IMMO AVIR 11=1 42IKR: 
The following bus voltages and line flows must be reported: 

3 
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■ 1) i*St-tE in 500 kV Eid, ; 
500 kV buses in the southern region; 

■ 2)*/./r<P1LE-E- MERI (AN Rewat); 
Three buses away from Lahore in the north (up to Rewat); 

■ 3) bkmyulL4gza-iltd±.W4n 500 kV -131dadi'li; 
All 500 kV buses and lines for the parallel AC lines from south to north. 

4 
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3. itSWIt-*#,RtiOk Assumption and Criteria 

3.1 AIA*AANEmt 
HVDC access scheme 

il3AICA-M4A.A.Cin RI 3-1 PE-)Tio t.altATASA it ATAW '  (Jamshoro) -*F/44 (Moro) 

500kV anr, 	 2x20km; IC Ara-fRtNi (Dadu New) 500kV 	fsq 

V.Jah-Lan 2 X 30km. AAtiag)Kittlklii),  500kV FEE4VMAIAgEM. 3141CR,AOM 

io EIffitt, 2 FarizEl', 1 IQ /M, 1 flaMtW13, 6 111flE4VA. 

The access system of sending-end converter station is shown as Figure 3.1. 

At the HVAC side of HVDC Matiari converter station, connect (7( connection) to Jamshoro - Moro 

500kV lines, with the new lines being about 2x20km long, and connect (it connection) to Jamshoro 

- Dadu New 500kV lines, with the new lines being about 2x30km long. The HVDC thermal power 

generating unit is connected to the converter station at a voltage of 500kV. The Matiari converter 

station will have 10-circuit outgoing lines, with 2 to Jamshoro, 1 to Moro, 1 to Dadu New and 6 to 

the matching power supply.. 

• JCHISTX ,̀1 Sin  
'Jo Z4i't 

037„,1214. 4.,--  

I.; • 
de NEW r t8 

^10 
6 g,  

Wilt 
Novi :. It4{  

I 

gfifirk0 
NEW HUECO 

SSRL THAR 
a 

4mow, Eva THAR COA 
PORTliVit, 

IN 3.1 AtATCAAMAtA7T- 2111 
Figure 3.1 Schematic diagram of access system of sending-end converter station 

felklkAAMA011 3-2 Pfi-Ai. A.A.31.**SA5EAVIJCIAffi 500kV, 	lt 

(Lahore) 	 (Lahore South) AD 500kV git.dr4- A3-j-AY 2 X 21cm fl1 2 

X 12.5km; 31-RDMASA-IsIt7i<t(Lahore North )711i1 500kVRY4, R24- ft..esJ 2 

.DAICKPLIMA 6 Li ffid ,  2 El 	2 111flAt-i %Tg 2 11111.*:7:1L. 

The access system of receiving-end converter station is shown as Figure 3.2. 

5 
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Adopt 500kV voltage at the HVAC side of HVDC Lahore converter station and connect (a 
connection) the converter station to the Lahore-Lahore South double-circuit 500kV lines, with the 
new lines being 2x2km and 2x12.5km long respectively; build the receiving-end converter 
station-Lahore North double-circuit 500kV lines with a length of about 2x100km. The Lahore 
converter station will have 6-circuit outgoing lines, with 2 to Lahore, 2 to Lahore South and 2 to 
Lahore North. 

MI 3.2 '1AIAMS-MALT- k. 
Figure 3.2 Schematic diagram of access system of receiving-end converter station 

3.2 tt3)'ifi/ItiNfi#-Pfk 

Contingency Analysis Criteria 

a3)-*43, VilaMAVILVXPSS/E,  Ak*Yi 33, A?-AP 	-ildVitY3MACAllifilM, if 
SitiliTA-11tRAM611MIT: 
In this analysis, PSS/E version 33 was adopted. The software used to draw the system topology is 
NR Power Flow Chart. Assumptions and criteria are listed below: 

AgAMS,3)-fcli'8,1-4 2018-2022 7E-T4ril7hliAii-U2 2018 * N-1 NIV- 3-)-*. 
Power flow analysis includes power flow calculation of 2018-2022 and N-1 contingencies analysis 
in 2018. 

■ 2018 -aditiERfAIInWit Grid Code 2005 I:POW& Alli* 3-1 Pfit.. 
The criteria used to check the limits of buses voltages is Grid Code 2005 as shown in Table 3-1. 

,c,smiss,....„)  

(Isaki*Ma) 	
''''c'2-  .-° c" 

(NormaUContingency Condition) 	 '  \ r-.. 

6 

*3-1 Lt- i7EgEEX,111 
Table 3-10PERATING VOLTAGE LIMTS 
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EhEEAC-9z 

TAtitCg  

oiiiist:coildit (11 	eonditet;fi 
Voltage level t 

ax 

.-- T 	fi 
Max 

--.4*1.1\ 
''MiD 

500 kV 540 475 550 450 
220 kV 238 209 245 198 
132 kV 143 125 145 119 

■ 2018 i_tl*iliAiltiPArntd-cittAIM6,24M 5Mliti (Rate A) *MC gliVt4-4BR  
R.,,R1-4 10 
The criteria used to check the line overload is the Line Overload Limits (Rate A) which is 
provided in Attachment 1. 

3 
7 
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VMA Power Flow Scenarios 

4.1 	Scenarios 

NTDC AttE=Tt -T 12 ffil --Anlezg dIT 2018 71KYIJ 2022 71 -if rrg.to -A. MjA3-)-C 
RP Ijsi'Atifgito 	 4-1 )3*II -A141, A.M4):NRSe-A-W41140.fialaij*, tflgatffi 
)7BC,M71(Y., * 4-2 Y3A1-"Aitia -AllAfittAChtlelijsaiiiikinI)]*. 

Twelve scenarios were provided by NTDC ranging from the year 2018 to the year 2022. The power 
flow study was based on these data. The description of the scenarios, the power flow of DC and 
parallel AC lines, the total generation and load of each scenario are listed in Table 4-1. The 
description of the scenarios and the DC links existed in each scenario and their transmission power 
are shown in Table 4-2. 

* 4-1 7i .441iM1 .-AfIltfiffit*IIPA21C5F 
Table 4-1 Scenarios Descriptions and Generation and load of each scenario 

SCENARIO 

' 	 MN* 
. :Power'FlovroffiVDC and 

trallel AC Channels 
Generat;op7: ., ar 

MW la n 

1 
2018 	.. 

Summer peak in 2018 
5416 27019.57 26062.71 

2 
2018 *S/.1\ 

Off peak in 2018 
5375 24001.68 23136.38 

3 
2019 *I 

Summer peak in 2019 
6762 , 29296.97 28385.09 

4 
2019 V:-- 

Winter peak in 2019 
4561 20793.64 20130.88 

5 
2019 	i.IN 

Summer off peak in 2019 
6803 26857.48 25904.17 

6 
2019 	..4.AN 

Winter off peak in 2019 
5213 16173.78 15535.56 

7 
2020 

Winter peak in 2020 
6543 22320.65 21682.11 

8 
2020 	/1N 

Off peak in 2020 
6667 18000.25 17362.48 

9 

2021 *N. 

Summer peak in 2021* 

8463 

*:The PSS/E file of this 

Scenario is not convergent. 

33901.85 32512.31 

2021 	$/J\ 
10 

Off peak in 2021 
8229 29747.65 28616.5 

.ca,c‘ 
11 2022 	-.- 8956 25707.47 248 Z017/4/.  

8 
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a 

Winter peak in 202 

12 
2022 	*/.1N 

Off peak in 2022 
7969 19845.44 19126.48 

*4-2 -•AMi4tr- - 41:P AVItlirg S 

Table 4-2 Scenarios Descriptions and DC links in each scenario 

t 

SCENARIO 

.. , 	V+ 

Number 
of DC links 

Matiari 
-Lahore 

PrtQsm 
-Fbd west 

Tajikistan 
-Peshawar 

/ (MW) (MW) (MW) 

1 
2018 	g * 

 
Summer peak in 2018 

1 4000 ---- ---- 

2 
2018 *S/.1N 

Off peak in 2018 
1 3300 ---- ---- 

3 
2019 *It 

Summer peak in 2019 
2 2600 2600 ---- 

4 
2019 **t 

Winter peak in 2019 
1 3000 ---- ---- 

5 
2019 *Xi.iN 

Summer off peak in 2019 
3 3300 2000 1000 

6 
2019 $4-/.1\ 

Winter off peak in 2019 
1 3400 ---- ---- 

7 
2020' 

Winter peak in 2020 
2 2600 2600 ---- 

8 
2020 **/.1\ 

Off peak in 2020 
2 2600 2600 ---- 

9 

2021 *It 
Summer peak in 2021* 

(The PSS/E file of this Scenario 

is not convergent) 

3 3200 3200 1000 

10 
2021 *$/.1\ 

Off peak in 2021 
3 3200 3200 1000 

11 
2022 *)  

Winter peak in 2022 
2 3500 3500 ---- 

12 
2022 *.-/1N 

Off peak in 2022 
2 3100 3100 ---- 

01. 
9 
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4.1.1 	1-2018 Eic Scenario 1- Summer peak 2018 

EsiA")3.4-F, Mial3Ritrffit43Z , 	 FO,titliniYggA 
nAlgIME4fsgiaViV4a-, 	 +MLA. "NMAIVOICI.ISWELAT 

1:11, nMAMPlhi9i3iFt 4000 MW , 	yoludAifsii nA-vjlij5 	1416 MW, #tUIN 4.1 Pfi 

Tr■ 

This scenario represents the situation of the power plants in the south generating a large amount 
power and the Matiari-Lahore DC link running at a maximum transmission level to transmit the 
power to the north. With the dispatch of Engro Thar plant, SSRL plant, Hub and Port Qasim plants, 
the DC link is able to transfer 4000 MW to the north while the parallel AC lines transfer 1416 MW, 

as shown in Figure 4.1. 
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4.1.2 	2-2018 IF*1.IN Scenario 2- Off peak 2018 

AVAN/01141KnZlitlil 
g.EMMfiNiMTM 3 	5375 MW, 1 -.Ailcr4AK#1114. 	 if,V7t1=1-X, NI411 
Attlg EPS-  osa+fiwtnffi)Jt 4228 MW. 

In this scenario, the DC link is running at a lower power level. The load in this scenariois less than 
that in the peak scenario. The transmission power of the section consisted with the DC link and 
parallel AC lines is 5375 MW, almost the same with that of the peak scenario. The generation of 
EngroThar, SSRL, Hubco CFPP and Port Qasim plant is 4228 MW. 

to 
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4.1.3 	3-2019 1fXt Scenario 3- Summer peak 2019 

qmpi=1 4,;,*AAVIC, htiVA-,AYg 2600 ivniv. MUM441K3ZAA 
11.41.MY-MA.4MIM+Y3 6762 MW. 4 2018 71(7bL, i TO Miti.3A-M*0)311-  

Rp Lucky VICI-4, Sidgsns tVgF3it 	 HI yg 920 MW. 

In this scenario, there are 2 DC linksboth running at a power level of 2600 MW. The transmission 
power of the section consisted with the DC links and parallel AC lines (Matiari- Moro &Jamshoro-
Dadu) is 6762 MW. Compared with 2018, there are two more power plants put into operation, i.e. 
Lucky CFPP and Sidgsns CFPP. The generation of these two plats is 920 MW. 
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4 	4.1.4 	4-2019 SfAt. Scenario 4- Winter peak 2019 

AfifiAMVAY 3000 MW. AgAljtg-Sent2M11.AMMVIIM*Y3 4561 

MW, mniart)-- 	 VtIA§Mb.A. +Ao*nffity3 
4228 MW. 

In this scenario, the DC link is running at a power level of 3000 MW. The transmission power of the 
section consisted with the DC link and parallel AC lines is 4561 MW, the generation of EngroThar, 
SSRL, Hubco CFPP and Port Qasim plant is 4228 MW. 
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4.1.5 	5-2019 Int/J\ Scenario 5- Summer off peak 2019 

-iP<• ATA,(1 3 4.-Afflitatlil,  ArtilA*R_I-tffer<IF/AnitilIt**-11zt 3300 MW. 
1Lf134—*AA4±CtoMtgfilito Alzii3Etil.A*114RZAMMTIAMMIMIt*Y3 6803 
MW. 4 2018 *111 bL i 	F, ASA 	M Mgt.  EgF&ALtAT , RP Luckytilltk4, Sidqsns 

FgM 	FOr1=1(1ffi )7)3 920 MW. 

In this scenario, there are 3 DC links. The transmission power of Matiari- Lahore is 3300 MW.It's 
noteworthy that in the north there is another DC link connecting with Tajikistan. The transmission 
power of the section consisted with the DC links and parallel AC lines (Matiari- Moro &Jamshoro-
Dadu) is 6803 MW. Compared with 2018, there are two more power plants put into operation, i.e. 
Lucky CFPP and Sidqsns CFPP. The generation of these two plats is 920 MW. 
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4.1.6 7j 6-2019 4f4 /J' Scenario 6- Winter off peak 2019 

AAdMitililIM'i7E-T-Y3 3400 MW. CIVEtinadiV11#10MMAYMIAnt 
KiibtAVJ*Y9 5213 MW,'MN SI` Eqr JLfJt 4228 MW. 

In this scenario, the DC link is running at a power level of 3400 MW. The transmission power of the 
section consisted with the DC link and parallel AC lines is 5213 MW. The generation of EngroThar, 
SSRL, Hubco CFPP and Port Qasim plant is 4228 MW. 



System Study for 
	

WA00191K-SS-01 

±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Load Flow Calculations and Contingency 
Analysis of The Year 2018 

4.1.7 	7-2020 SErAt/J\ Scenario 7- Winter peak 2020 

pg*Amtop,gAglinifaiIt**.sFAY3 2600 MW. Filn&A24*1141AZA.Aii 
Ifj* j 6543 MW. Mf933 6 tltrinffitt 5120 MW. 

In this scenario, there are 2 DC links both running at a power level of 2600 MW. The transmission 
power of the section consisted with the DC links and parallel AC lines (Matiari- Moro &Jamshoro-
Dadu) is 6543 MW. The generation of power plants in the south including Engro char, SSRL, Port 
Qasim, Hubco CFPP, Lucky CFPP and Sidqsns CFPP is 5120 MW. 

4.7 ""A 7 2020 

Figure 4.7 Scenario 7: Winter peak 2020 
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4.1.8 flA 8-2020 SEr** Scenario 8- Off peak 2020 

Pg*A.MtlifEaMnVi±VA7.1(W-A 2600 MW. Etinaw[i4lomaam 

giAnc-mitt3±vAlyg 6667 MW. All3 6 t 	ffi)It 5120 MW. 

In this scenario, there are 2 DC links both running at a power level of 2600 MW. The transmission 
power of the section consisted with the DC links and parallel AC lines (Matiari- Moro &Jamshoro-
Dadu) is 6667 MW. The generation of power plants in the south including Engro char, SSRL, Port 

Qasim, Hubco CFPP, Lucky CFPP and Sidgsns CFPP is 5120 MW. 

[114.8 	8 2020 

Figure 4.8 Scenario 8: Off peak 2020 

17 



System Study for 	 WA00191K-SS-01 

±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Load Flow Calculations and Contingency 
Analysis of The Year 2018 

4.1.9 71 9-2021 lirX Scenario 9- Summer peak 2021 

i.4-Flt,(1.  3 qzflaittFOAM 	FIAVAIEffl.-1-S-i-g-,5FAMAIMIt*Vizt 3200 MW. 
lhfii 	 . CL1 ELI AAR Y1 ZA M kflh IngirhiM *Y9 8436 
MW. 	 K2/K3 	 if 	2035 MW. 

In this scenario, there are 3 DC links. The transmission power of Matiari- Lahore is 3200 MW. It's 
noteworthy that in the north there is another DC link connecting with Tajikistan. The transmission 
power of the section consisted with the DC links and parallel AC lines (Matiari- Moro &Jamshoro-
Dadu) is 8436 MW. There is a new power plant put into operation, i.e. K2/K3. Its generation is 
2035 MW. 

4 

 

IN 4.9 	9 2021*kt 
Figure 4.9 Scenario 9: Summer peak 2021 
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4.1.10A 10-2021 Sf*/.IN Scenario 10- Off peak 2021 

1,A-FAA-  3 A-AaSiogiAM, Itr131)ASEI-ViAiAnifiliIt*I.(IFYv 3200 mwo 

10,M-4:AM4**5Alt4tEtilito AfiLl3E13WriffOZRARrglikiMilANMVAY3 8229 

MW. WAifAT, K2/K3 WELT-WO:14,1T, ffl)Jt 2035 MW. 

In this scenario, there are 3 DC links. The transmission power of Matiari- Lahore is 3200 MW. It's 
noteworthy that in the north there is another DC link connecting with Tajikistan. The transmission 

power of the section consisted with the DC links and parallel AC lines (Matiari- Moro &Jamshoro-
Dadu) is 8229 MW. There is a new power plant put into operation, i.e. K2/K3. Its generation is 

2035 MW. 

fi 

IN 4.10 	10 2021 $/J\ 

Figure 4.10 Scenario 10: Off peak 2021 
d 
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4.1.11 	11-2022 1=F4- Scenario 11- Winter peak 2022 

?±-1AJJ 	AAPO:MAW-rt. tM22.1-t-.*:FAMirilt**(3 3500 MW. SAM 
dnr*P4OZAISIVINUnitirffiiiiiI)At 8956 MW. 'CB 7 ll'itr-ntyu 7183 MW. 

In this scenario, there are 2 DC links. The transmission power of Matiari- Lahore is 3500 MW. The 
transmission power of the section consisted with the DC links and parallel AC lines (Matiari- Moro 
&Jamshoro- Dadu) is 8956 MW. The generation of power plants in the south including K2/K3, 
Engro char, SSRL, Port Qasim, Hubco CFPP, Lucky CFPP and Sidgsns CFPP is 7183 MW. 

RI 4.11 IyA 11 2020 V-1.-)C 

Figure 4.11 Scenario 11: Winter peak 2022 
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4.1.12A 12-2022 Sf*AN Scenario 12- Off peak 2022 

(}3A-F, 	 VART.-t.*%i<MAitliTM41, 71 	3100 MW. FHA& 

tia0041#MA3111tilAnttfiffiViiI)J1 	7969 MW. Mfif3 7 /IiEbrilg t -y9 7183 MW. 

In this scenario, there are 2 DC links. The transmission power of Matiari- Lahore is 3100 MW. The 
transmission power of the section consisted with the DC links and parallel AC lines (Matiari- Moro 
&Jamshoro- Dadu) is 7969 MW. The generation of power plants in the south including K2/K3, 
Engro char, SSRL, Port Qasim, Hubco CFPP, Lucky CFPP and Sidcisns CFPP is 7183 MW. 
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4.2 4SMatath Converters Data 

4-3 iti u*ifv.T*111-11.*T-v*Amntatx, 	4-4 YgAFIVitEIMVez, 	1:1:11;11All<JA 
I)J4-'YgifiZflo T1*/FtS51-CIArt=1, ;=14 - 4 1 ri4, 	 t 4-5 r1=1 

YgiithaMittA, ilAttfiXA PSS/E ItinAiAtArtiAltA. 

The table 4-3 presents the Converter data of terminal Matiari and Lahore.The table 4-4 presents the 

main circuit data of the DC link. It should be noted that the DC power in this table is a nominal one. 

In the scenarios analyzed in this report, only for scenario 1 the DC link is operating at the nominal 

power. The table 4-5 presents the firing angle data.These data was used in PSS/E Program to 

represent the DC link. 

4-3 IAMAtzlig 
Table 4-3 Converters Data 

040E414-M0M 
Terminal Matiati — 6 pulse bridge 

tit*tita-icitkzlh 
Terminal Lahore — 6 Pulse bridge 

Description Unit Value Descri6tion Unit Value 
Affi gll-L-  

Commutation Reactance o [v ] 18 Afn FOR 
Commutation Reactance [%] 18 

 

5e.gOZE,E 
Nominal AC Voltage 

[kV] 510 
ZfiA:MEPH 

Nominal AC Voltage 
[kV] 510 

*iMiCli 
Number of Bridges in Series 

- 2 
* gfAtkM. " 

Number of Bridges in Series 
- 2 

Ataft 
Maximum Tap Setting 

[pu] 1.2875 
*tat 

Maximum Tap Setting tt 
[pu] 1.2875 

IR/1 \ *Mk 
Minimum Tap Setting 

[pu] 0.9125 
44\ MIA 

Minimum Tap Setting 
[pu] 0.9125 

Tap Step 
[pu] 0.0125 

Tap Step 
[pu] 0.0125 

4-4 AAZM 
Table 4-4 DC link Nominal Data 

$14.  
Data ' 

li 
Value 

fii 
Unit' 

ASIpsiEgE 
Nominal DC Voltage 

660 kV 

Agal)1t. VA. 
Nominal DC Power 

4000 
smiss , 

ANAMC3.11 
DC line Resistance 

5.646 

` 
 

z ,... o 	Q -c 
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4-5 AMITAM 
Table 4-5 Firing Angle Data 

44CW CC ( a ) 

Matiari Side (a) 
tkti.Vig ( r ) 

.;Lahore Side ( y ) . 

Data Value 
lilt 
Unit Data 

fea, 
Value 

Itiftt 
Unit 

fl "IA 

Firing Angle 
15 0 01...31Th 

ExtinctionAngle 
17 0 

a/Nolt 
Minimum Firing angle 

12.5 0 A4,19„31111f1 
Minimum Extinctionangle 

- 0 

aWzMthAfh 
Maximum Firing angle 

17.5 0 Mt31'.31M 
Maximum Extinction angle 

- 0 

16 
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5. 2018 IFtm3Hfirsviti*41 

Contingencies Analyzed in Power Flow in 2018 year 

-415.Phil]MAYv 2018 *I -xtfil - /1N)J 	Atztglil NTDC 	M 4 *1111CA 
Mth A[ 5A 

The scenarios used in this report are 2018 summer peak and 2018 off peak whose data is provided 
by NTDC. The descriptions of these two scenarios can be found in Chapter 4. 

'WAijs-FEif53-1-WA: 
a) 4CRAAWgi N-1 MLR*; 
b) N-1 tit3A; 
c) MAMM, t4t-4#h`fMVAMA0 

In these two scenarios, contingencies of 3 parts listed below are implemented. 
a) AC N-1 contingencies for the ac lines out from both converter stations 
b) For the parallel AC channels. 
c) DC blocking faults, monopole or bipole. 

AWSESAntrAMA 

The contingencies applied were divided in 4 parts: 

■ 	it,tiqrh 7 tt3Z14: 

7 contingencies in Rectifier side: 

1) ,R4f/--tMRN.Agti& 500 kV g'IM N-1 
500 kV MORO – MATIARI N-1 

2) J0-7,X*AiLlICAkt 500 kV am N-1* 
500 kV DADU – MATIARIN-1 

3) Mtlif/ 1 -TMEN.AFILM 500 kV am N-1 
500 kV JAMSHORO – MATIARI N-1 

4) -k-MEJA-IEMIIMi 500 kV tAM N-I 
500 kV PORT QASIM – MATIARI N-1 

5) tA4Aqr-TMENIAAM 500 kV gliW N-1 
500 kV HUBCO CFPP – MATIARI N-1 

6) W.T■T'<f-A42-C---VARIAAM 500 kV am N-1 
500 kV SSRL – MATIARI N-1 

7) IMAIAIM-iMIC — E< 500 kV anr N-1 
500 kV ENGRO THAR – MATIARI N-1 

24 
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4 	 71.00&-<1,hatT;FiVA- 
*: not for of fpeak load scenario 

■ 41KZAttiAn 16 'N tea: 
16 contingencies in AC Parallel Lines: 

1) 500 kV MORO -R.Y.KHAN N-1 

2) 500 kV DADU-SHKPR N-I 

3) 500 kV SHKPR-GUDDU N-1 

4) 500 kV D.G.KHAN-GUDDU N-1 

5) 500 kV M.GARH-GUDDU N-1 

6) 500 kV GUDDU-GUDDU-NEW N-1 

7) 500 kV D.G.KHAN- M.GARH N-1 

8) 500 kV GUDDU-NEW-M.GARH N-1 

9) 500 kV R.Y.KHAN —GUDDU-NEW N-1 

10) 500 kV R.Y.KHAN —MULTAN N-1 

11) 500 kV M.GARH-MULTAN N-1 

12) 500 kV MULTAN-SAHIWAL N-1 

13) 500 kV SAHIWAL-SAHIWAL-PP N-1 

14) 500 kV MULTAN-ROUSCH N-1 

15) 500 kV MULTAN-HB.SHAH-CCPP N-1 

16) 500 kV ROUSCH-GATTI N-1 

IN 5.1 LP. 

These contingencies can be clearly displaced in grid diagram as shown in Figure 5.1. 

4,  
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• 

al 5.1 )flOCZVAM N-1 'MA 
Figure 5.1 Parallel AC Lines N-1 Contingencies 

■ 3.Eirfiliin 3 
3 contingencies in Inverter side: 

1) Vi.,-,-).T<Af/Aki-lAt-:.1 500 kV gi-24 N-1 
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4 	 500 kV LAHORE - LHR SOUTH CS N-1 

2) TA*;T:Av4-1_,I.*:1-< 500 kV am N-1 
500 kV LAHORE-S - LHR SOUTH CS N-1 

3) El*if■MAA-t.*//11h 500 kV 	N-1*  
500 kV LAHORE-N - LHR SOUTH CSN-1*  

*: i_ittuita.-/Ahat.TT&O 

*: not for of fpeak load scenario 

■ AC2MtrA13*: 
DC blocking faults: 

) VA ti 
monopole 

2) g 1 1'711 41  
bipole 
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6. 2018 Sfgii3i‘M-i; 

Contingencies Analysis Conclusion in 2018 year 

6.1 EgE N-1 t(li*M-i: 

AC Contingencies Conclusions 

500 kV aMitii N-1 ffc&a, 	500 kV -'4[1,c, FLE•MI3k, 500 kV a 
MX3Itio A-'21KtztE 1)01A. 

For N-1 contingencies of the 500 kV lines of parallel AC channels, the voltages of main 500 kV 
buses don't exceed the limits and the 500 kV lines aren't overloaded. The detailed data can be found 
in Appendix. 

6.2 AVEtti**1: 

DC Contingencies Conclusions 

IV  500 kV 1-5- AEO,. ckAPR, RMA-A-Ri9A, 
131-RaIROYMmill 6.1, 6.2 Pfi;12,- , 

After DC monopole block fault, the voltages of main 500 kV buses don't exceed the limits and lines 
are slightly overloaded. It is necessary to adjust the operation mode. The overload lines and heavy 
load lines are shown in Figure 6.1 and 6.2. The detailed data can be found in Appendix. 

AagfOIlt91BoTc115a/Ja-Pitra9414M1Afi, Isoo kV VAIEETkAPR, 500 kV gtPr 
O 

For DC bipole block fault, after taken stability measures, i.e. tripping generators and load shedding, 
he voltages of main 500 kV buses don't exceed the limits and the 500 kV lines aren't overloaded. 
The detailed data can be found in Appendix. Table 6-1 is the simulation results of DC block faults. 

a4 
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111 6.1 2018 *X- 7.- AML-fAtkftliliF,IARRItlarh 
Figure 6.1 Overload Lines After DC Monopole Block Fault in summer 2018 
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7 PftA Appendix 

7.1 	1 Scenario 1 

7.1.1 Igilgtka Contingencies on the rectifier side 

Table7.1.1. 	Contingencies on MATIARI - Scenario 1 

cAl4g: colOvoiNoms'. 	, 	, 	4:, 
Case 1 "Scenario 1" 

Case 2 "CONTINGENCY_01 - TL 500 kV MORO - MATIARI " 

Case 3 "CONTINGENCY 02 - TL 500 kV DADU - MATIARI " 

Case 4 "CONTINGENCY 03 - TL 500 kV JAMSHORO - MATIARI " _ 

Case 5 "CONTINGENCY_04 - TL 500 kV PORT QASIM - MATIARI " 

Case 6 "CONTINGENCY 05 - Ti. 5b0 kV HUBCO CFPP - MATIARI " _ 

Case 7 "CONTINGENCY_06 - TL 500 kV SSRL - MATIARI " 

Case 8 "CONTINGENCY 07 - TL 500 kV ENGRO THAR - MATIARI " _ 

Table7.1.2. 	Voltages in the 500 kV bus station - Scenario 1 

uS 	 . 
, easel Case 2 Case 3 Case 4 Case 5....' Case 6 Case ' Case IV:- 

'«Number 	l Name 

500 kV busbars in the southern region 

80 JAMSHORO 1.02 1.02 1.02 1.03 1.02 1.02 1.02 1.02 

85 ENGRO THAR 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

86 SSRL 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

87 PORT QASIM 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

90 HUB 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

91 NKI 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

92 HUBCO CFPP 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

95 MATIARI 1.02 1.02 1.02 1.02 1.02 1.02 1.01 1.01 

Three busbars away from Lahore 

30 LAHORE 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

32 LAHORE-S 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

28 LAHORE-N 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

24 GUIJRNWLA 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

46 BHIKKI-CCPP 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

36 SAHIWAL-PP 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 

40 GATTI 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

35 SAHIWAL 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 

22 REWAT 1.04 1.04 1.04 1.04 1.04 1.04 1.04  

213 N-JEHLUM 1.06 1.06 1.06 1.06 1.06 1.06 1. 	07-1.1T6'■ 

30 
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• !M.': 	 : , -  I Sie 7 3 ›' Case 4 k  Case 5 '' Cip 0 
,,. 
as , Case 

Number -  Name 

34 LHR-SOUTH-CS 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

500 kV busbars in the parallel AC lines 

70 DADU 1.04 1.04 1.04 1.04 1.04 1.04 1.03 1.03 

75 MORO 1.04 1.05 1.04 1.04 1.04 1.04 1.04 1.04 

62 S1-II(PR500 1.07 1.07 1.07 1.07 1.06 1.06 1.06 1.06 

60 GUDDU 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

58 R.Y.KHAN 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

54 D.G.KHAN 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

63 GUDDU-NEW 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

53 M.GARH 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

50 MULTAN 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 

42 HB.SHAH 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

545 ROUSCH 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

41 FBD-WEST 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

Table7.1.3. 	Emergency loading percentage on main 500 kV circuits - Scenario 1 

mil Bus '   bus Nc 
Emergency  loading.PCMPtag 	I , 	. 

'046 . C:ase 2 Case 3 Case 4 : :ease 5 
,. 
, 	#1,5 e t 

80 JAMSHORO 95 MATIARI-CS 1 24.85 18.82 17.07 0 25.56 25.71 26.95 26.94 

80 JAMSHORO 95 MATIARI-CS 3 7.81 5.77 5.16 22.55 8 8.04 8.4 8.39 

80 JAMSHORO 70 DADU 2 46.57 62.48 67.33 51.33 46.44 46.4 46.11 46.17 

95 MATIARI-CS 70 DADU 1 39.16 54.76 0 36.32 39.13 39.11 38.98 39.04 

95 MATIARI-CS 75 MORO 1 31.93 0 45.25 30.04 31.89 31.87 31.74 31.79 

75 MORO 70 DADU 1 1.17 17.91 8.89 0.72 1.13 1.12 1.06 1.06 

70 DADU 62 SHKPR500 1 20.32 20.83 19.57 20.34 20.31 20.3 20.22 20.26 

70 DADU 62 SHKPR500 2 22.71 23.26 21.89 22.73 22.71 22.7 22.63 22.68 

75 MORO 58 R.Y.KHAN 1 36.22 32.56 37.25 35.98 36.14 36.11 35.9 35.96 

62 SHKPR500 60 GUDDU 1 17.17 17.82 16.57 17.2 17.05 17.02 16.79 16.83 

62 SHKPR500 60 GUDDU 2 18.5 19.21 17.86 18.53 18.38 18.35 18.1 18.14 

60 GUDDU 54 D.G.KHAN 1 35.47 35.5 35.29 35.45 35.33 35.29 35.02 35.05 

60 GUDDU 53 M.GARH 1 31.58 31.63 31.37 31.56 31.41 31.37 31.05 31.08 

60 GUDDU 63 GUDDU-NEW 1 6.44 7.11 6.86 6.44 6.07 6.01 5.52 5.49 

54 D.G.KHAN 53 M.GARH 1 6.83 6.87 6.73 6.82 6.74 6.71 6.55 6.57 

63 GUDDU-NEW 53 M.GARH 1 33.3 33.32 33.1 33.28 33.12 33.08 32.75 32.78 

53 M.GARH 50 MULTAN 1 7.94 8.06 7.86 7.94 7.92 7.91 7.88 7.89 

53 M.GARH 50 MULTAN 2 8.06 8.19 7.98 8.07 8.05 8.04 8.01 8.01 

53 M.GARH 42 HB.SHAH 1 0.2 0.23 0.17 0.2 0.19 0.18 0.15 01 

50 MULTAN 35 SAHIWAL 1 23.67 23.69 23.66 23.67 23.65 23.65 23.62 1  * 1,34 

.87 

I/. 

50 MULTAN 545 ROUSCH 1 19.83 19.84 19.84 19.84 19.85 19.85 19.8 	z.) 
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roni Bus 
'EnlerlMirtkilf..01,1 percent* %) 

"6 Case 7 Case 8 
To bus" 

1 Casa 3 Case 4 Case 5 

35 SAHIWAL 36 SAHIWAL-PP 1 27.25 27.25 27.25 27.25 27.25 27.25 27.25 27.25 

36 SAIBWAL-PP 32 LAHORE-S 2 27.96 27.97 27.96 27.96 27.97 27.97 27.97 27.97 

42 HB.SHAH 41 FBD-WEST 1 7.58 7.57 7.57 7.58 7.57 7.57 7.55 7.55 

545 ROUSCH 40 GATTI 1 13.2 13.22 13.2 13.2 13.19 13.19 13.18 13.18 

40 GATTI 46 BIIKKI-CCPP 1 23.9 23.9 23.9 23.9 23.9 23.9 23.91 23.91 

46 BHIKKI-CCPP 30 LAHORE 1 19.26  19.27 19.26 19.26 19.26 19.26 19.27 19.27 

7.1.2 #113MSakli* Contingencies on Parallel AC lines 
Table7.1.4. 	Contingencies on Parallel AC Lines - Scenario 1 

CAFE  OEN 	- 	 . 	. 	, 

Case 1 "CONTINGENCY_ 01 - TL 500 kV MORO -R.Y.KHAN " 

Case 2 "CONTINGENCY_ 02 - TL 500 kV DADU-SHKPR" 

Case 3 "CONTINGENCY_03 - TL 500 kV SHKPR-GUDDU" 

Case 4 "CONTINGENCY 04 - TL 500 kV D.G.KHAN-GUDDU " _ 

Case 5 "CONTINGENCY_ 05 - ii., 500 kV M.GARH-GUDDU " 

Case 6 "CONTINGENCY 06 - Ti, 500 kV GUDDU-GUDDU-NEW" _ 

Case 7 "CONTINGENCY_ 07 - n. 500 kV D.G.KHAN- M.GARH" 

Case 8 "CONTINGENCY 08 - TL 500 kV GUDDU-NEW-M.GARH _ 

32 



System Study for 	 WA00191K-SS-01 

118 

±660kV HVDC Project from Matiari to Lahore in Pakistan 
	

Load Flow Calculations and Contingency 
Analysis of The Year 2018 

Figure 2 Parallel AC Lines N-1 Contingencies 1-8 

Table7.1.5. 	Voltages in the 500 kV bus station - Scenario 1 

Ili  
Case 1 Case 2 

 , 
' Case ,3 Case 4 . Case Case 6 Case 7 Cate11 

Number ame 

500 kV busbars in the southern region 

80 JAMSHORO 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

85 ENGRO THAR 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

86 SSRL 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

87 PORT QASIM 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

90 HUB 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

91 NKI 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

92 HUBCO CFPP 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

95 MATIARI 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

Three busbars away from Lahore 

30 LAHORE 1.00 1.00 1.00 0.99 0.99 1.00 0.99 0.99 

32 LAHORE-S 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

28 LAHORE-N 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

24 GUIJRNWLA 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

46 BHIKKI-CCPP 1.01 1.01 1.01 1.01 1.01 1.01 1. 	..k 
o - nl ss, 

36 SAHIWAL-PP 0.99 0.99 0.99 0.99 0.99 0.99 * 0.99 

40 GATTI 1.02 1.02 1.02 1.02 1.02 1.02 41 * *02* 
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nt 
Cast 

. 
Case Case 4' Case 5 .,- Case 6:`iise Case  fi 

Number illne 
Case•I 

500 kV busbars in the southern region 

35 SAHIWAL 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 

22 REWAT 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

213 N-JEHLUM 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

34 LHR-SOUTH-CS 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

500 kV busbars in the parallel AC lines 

70 DADU 1.03 1.03 1.04 1.04 1.04 1.04 1.04 1.04 

75 MORO 1.03 1.03 1.04 1.04 1.04 1.04 1.04 1.04 

62 SHKPR500 1.06 1.06 1.06 1.07 1.07 1.07 1.07 1.06 

60 GUDDU 1.06 1.06 1.06 1.06 1.06 1.07 1.06 1.06 

58 R.Y.KHAN 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

54 D.G.KHAN 1.05 1.05 1.05 1.03 1.05 1.05 1.07 1.05 

63 GUDDU-NEW 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

53 M.GARH 1.04 1.04 1.04 1.03 1.04 1.04 1.04 1.04 

50 MULTAN 1.03 1.03 1.03 1.03 1.03 1.04 1.03 1.03 

42 HB.SHAH 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

545 ROUSCH 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

41 FBD-WEST 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

Table 7.1 6 Emergency loading percentage on main 500 kV circuits - Scenario 1 

From Bus To bus Ne 
Emergency loading percentage 

.. 
Case I 2' Case 3 

' 	 ° 
Case 4 Case 5 Case 6 Case 7, Caves 

80 JAMSHORO 95 MATIARI-CS 1 23.71 24.92 24.95 24.90 24.90 24.87 24.86 24.90 

80 JAMSHORO 95 MATIARI-CS 3 7.44 7.84 7.85 7.83 7.83 7.82 7.82 7.83 

80 JAMSHORO 70 DADU 2 48.35 45.41 46.19 46.42 46.44 46.66 46.56 46.44 

95 MATIARI-CS 70 DADU 1 40.74 37.86 38.76 39.00 39.03 39.28 39.15 39.02 

95 MATIARI-CS 75 MORO 1 26.14 32.25 32.31 32.09 32.10 32.06 31.97 32.07 

75 MORO 70 DADU 1 16.81 2.91 1.18 0.61 0.62 0.86 1.03 0.64 

70 DADU 62 SHKPR500 1 30.96 0.00 18.93 19.74 19.83 20.44 20.28 19.86 

70 DADU 62 SHKPR500 2 34.37 35.17 21.19 22.09 22.18 22.87 22.68 22.21 

75 MORO 58 R.Y.KHAN 1 0.00 42.23 39.55 37.59 37.58 36.49 36.43 37.43 

62 SHKPR500 60 GUDDU 1 26.97 15.29 0.00 15.99 16.43 17.23 17.24 16.44 

62 SHKPR500 60 GUDDU 2 29.09 16.47 29.62 17.23 17.71 18.58 18.58 17.71 

60 GUDDU 54 D.G.KHAN 1 36.91 35.11 35.10 0.00 44.91 35.78 32.67 , 
tia  

60 GUDDU 53 M.GARH 1 33.40 31.17 31.26 44.08 0.00 32.02 33.18 .‘,9,4 
a 

60 GUDDU 63 GUDDU-NEW 1 17.88 6.65 6.25 17.47 16.21 0.00 10.4 ems 9.83 

54 D.G.KHAN 53 M.GARH 1 7.94 6.66 6.84 24.80 14.63 7.70 0.0 	*-4.7, 
t V 

458 
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rom Bus o bus c 
mergOcY 14.31004PeM,Ntage Wo1 

Case 3 Cale* Case e , CaSe7,  Case 
63 GUDDU-NEW 53 M.GARH 1 34.81 32.95 33.01 46.11 44.88 32.61 34.92 0.00 

53 M.GARH 50 MULTAN 1 9.70 7.65 7.77 4.99 5.14 8.12 7.23 4.64 

53 M.GARH 50 MULTAN 2 9.91 7.76 7.88 5.09 5.19 8.25 7.37 4.69 

53 M. GARR 42 HB.SHAH 1 0.62 0.13 0.16 1.84 1.16 0.34 0.81 1.47 

50 MULTAN 35 SAHIWAL 1 23.51 23.65 23.67 23.16 23.34 23.77 2337 23.24 

50 MULTAN 545 ROUSCH 1 19.99 19.83 19.83 20.01 19.92 19.79 19.98 19.96 

35 SAHIWAL 36 SAHIWAL-PP 1 27.28 27.24 27.24 27.21 27.21 27.25 27.25 27.21 

36 SAHIWAL-PP 32 LAHORE-S 2 28.00 27.96 27.96 27.93 27.93 27.96 27.97 27.92 

42 HB.SHAH 41 FBD-WEST 1 7.63 7.57 7.57 7.56 7.51 7.57 7.56 7.51 

545 ROUSCH 40 GATTI 1 13.08 13.19 13.20 12.77 12.94 13.28 12.97 12.86 

40 GATTI 46 BHIKKI-CCPP 1 23.88 23.90 23.90 23.91 23.93' 23.90 23.91 23.93 

46 B1-IIKKI-CCPP 30 LAHORE 1 19.25 19.26 19.26 19.19 19.22 19.27 19.23 19.21 

Table 7.1.7 Contingencies on Parallel AC Lines - Scenario 1 

• CA 9 	GEfictiS' ' 
Case 9 "CONTINGENCY_09 - TL 500 kV R.Y.KHAN -GUDDU-NEW" 

Case 10 "CONTINGENCY 10 - TL 500 kV R.Y.KHAN -MULTAN" 

Case 11 "CONTINGENCY_11 - TL 500 kV M.GARH-MULTAN" 

Case 12 "CONTINGENCY_12 - TL 500 kV MULTAN-SARIWAL " 

Case 13 "CONTINGENCY_13 - IL 500 kV SAHIWAL-SAHIWAL-PP " 

Case 14 "CONTINGENCY 14 - TL 500 kV MULTAN-ROUSCH" _ 

Case 15 "CONTINGENCY_15 - TL 500 kV MULTAN-HB.SHAH-CCPP" 

Case 16 "CONTINGENCY_16 - TL 500 kV ROUSCH-GATTI" 
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Figure 2 Parallel AC Lines N-1 Contingencies 9-16 

St 

Table 7.1.8 	Voltages in the 500 kV bus station - Scenario 1 
, 	

.. 

US 	 A Case 9 'Case 11 - ,Y Case 2 :.Case 13 . 14 '': 	ase'1 5 Case 1.6  . 
Number 	 Name 

500 kV busbars in the southern region 

80 JAMSHORO 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

85 ENGRO THAR 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

86 SSRL 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

87 PORT QASIM 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

90 HUB 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

91 NKI 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

92 HUBCO CFPP 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

95 MATIARI 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

Three busbars away from Lahore 

30 LAHORE 0.99 0.99 1.00 0.99 0.99 0.99 0.99 0.99 

32 LAHORE-S 1.00 0.99 1.00 , 0.99 1.00 0.99 1.00 0.99 

28 LAHORE-N 1.00 1.00 1.00 0.99 1.00 1.00 1.00 1.00 

24 GUIJRNWLA 1.01 1.01 1.01 1.00 1.01 1.01 1.01 1.01 

46 BHIKKI-CCPP 1.01 1.01 1.01 1.00 1.01 1.01 1.01 1.00 

36 SAHIWAL-PP 0.99 0.99 0.99 0.96 1.00 0.99 0.99 0.99 

40 GATTI 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.01 

35 SAHIWAL 0.99 0.99 0.99 0.96 0.99 0.99 0.99 0.99 

22 REWAT 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

213 N-JEHLUM 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

34 LI-IR-SOUTH-CS 1.00 1.00 1.00 0.99 1.00 1.00 1.00 1.00 

500 kV busbars in the parallel AC lines 

70 DADU 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

75 MORO 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

62 SHKPR500 1.06 1.06 1.07 1.07 1.07 1.07 1.07 1.07 

60 GUDDU 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

58 R.Y.KHAN 1.04 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

54 D.G.KHAN 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

63 GUDDU-NEW 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

53 M.GARH 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

50 MULTAN 1.03 1.03 1.03 1.04 1.03 1.03 1.03 1.03 

42 HB.SHAH 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

545 ROUSCH 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

41 FBD-WEST 1.02 1.02 1.02 1.02 1.02 1.02 1.02 vc Z997.m i 

Table 7.1.9 	Emergency loading percentage on main 500 kV circuits - Scenario 1 

0') 

Eniergency loading'percentiii0 
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Table 7.1.10 Contingencies on LAHORE - Scenario 1 

if' 	 Table 7.1.11 	Voltages in the 500 kV bus station - Scenario 1 

37 

,Case 9,
, 

  ° Case' if CaW11.:  Case 12 Case 13; :icalfe 14 Case Ca4:16'. 

80 JAMSHORO 95 MATIARI-CS 1 25.15 24.68 24.86 24.85 24.85 24.85 24.85 24.85 

80 JAMSHORO 95 MATIARI-CS 3 7.91 7.76 7.82 7.81 7.81 7.81 7.81 7.81 

80 JAMSHORO 70 DADU 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

95 MATIARI-CS 70 DADU 1 45.88 46.89 46.56 46.58 46.56 46.56 46.56 46.57 

95 MATIARI-CS 75 MORO 1 38.45 39.48 39.15 39.17 39.15 39.14 39.15 39.16 

75 MORO 70 DADU 1 32.77 31.31 31.95 31.95 31.93 31.92 31.92 31.92 

70 DADU 62 SHKPR500 1 3.07 3.28 1.11 1.24 1.12 1.11 1.14 1.18 

70 DADU 62 SHKPR500 2 18.06 21.69 20.28 20.32 20.30 20.31 20.32 20.33 

75 MORO 58 R.Y.KHAN 1 20.27 24.21 22.67 22.71 22.69 22.71 22.71 22.73 

62 SHKPR500 60 GUDDU 1 43.34 31.94 36.35 36.28 36.26 36.20 36.20 36.19 

62 SHKPR500 60 GUDDU 2 14.62 18.43 17.13 17.17 17.15 17.15 17.16 17.17 

60 GUDDU 54 D.G.KHAN 1 15.75 19.86 18.46 18.51 18.48 18.48 18.49 18.51 

60 GUDDU 53 M.GARH 1 38.35 41.74 35.29 35.57 35.35 35.36 35.42 35.52 

60 GUDDU 63 GUDDU-NEW 1 34.92 39.10 31.34 31.63 31.46 31.50 31.54 31.63 

54 D.G.KHAN 53 M.GARH 1 12.25 8.39 6.82 7.32 6.21 5.82 6.06 6.43 

63 GUDDU-NEW 53 M.GARH 1 8.63 11.85 6.52 6.37 6.91 7.14 7.00 6.83 

53 M.GARH 50 MULTAN 1 37.11 41.44 33.04 33.37 33.17 33.20 33.25 33.35 

53 M.GARH 50 MULTAN 2 11.16 16.03 0.00 5.85 10.58 10.60 9.19 6.94 

53 M.GARH 42 HB.SHAH 1 11.41 16.44 12.54 6.01 10.80 10.79 9.34 7.02 

50 MULTAN 35 SAHIWAL 1 1.03 2.30 1.17 1.84 3.01 2.39 1.30 1.40 

50 MULTAN 545 ROUSCH 1 23.20 22.09 23.41 0.00 46.71 19.42 22.67 25.93 

35 SAHIWAL 36 SAHIWAL-PP 1 20.20 20.98 20.14 15.11 27.06 0.00 20.82 28.01 

36 SAHIWAL-PP 32 LAHORE-S 2 27.31 27.43 27.33 31.84 0.00 28.99 27.48 26.51 

42 HB.SHAH 41 FBD-WEST 1 28.03 28.15 28.05 32.68 0.00 29.75 28.21 27.20 

545 ROUSCH 40 GATTI 1 7.70 7.86 7.70 9.44 5.00 5.20 8.14 9.55 

40 GATTI 46 BHIKKI-CCPP 1 12.81 11.96 13.00 16.72 10.95 28.39 12.32 0.00 

46 BHIKKI-CCPP 30 LAHORE 1 23.85 23.78 23.85 21.38 36.23 22.05 23.67 24.25 

7.1.3 3.156111tt1* 

Contingencies on the inverter side 

CidES COrthcgNSWI 	 , 

Case I u  "CONTINGENCY_ 01 - TL 500 kV LAHORE - LHR SOUTH CS " 

Case 2 "CONTINGENCY_02 - TL 500 kV LAHORE-S - LHR SOUTH CS " 
''N.  

Case 3 "CONTINGENCY_ 03 - TL 500 kV LAHORE-N - LHR SOUTH CS " 
'1/4,.--- 

,- 17 

• 



System Study for 

±660kV HVDC Project from Matiari to Lahore in Pakistan 

)11 

It 	 r. 
Case 2 Case 3 

14tivaber. ,Nam  e  
*el 

500 kV busbars in the southern region 

80 JAMSHORO 1.02 1.02 1.02 

85 ENGRO THAR 1.06 1.06 1.06 

86 SSRL 1.06 1.06 1.06 

87 PORT QASIM 1.04 1.04 1.04 

90 HUB 1.05 1.05 1.05 

91 NKI 1.04 1.04 1.04 

92 HUBCO CFPP 1.04 1.04 1.04 

95 MATIARI 1.02 1.02 1.02 

Three busbars away from Lahore 

30 LAHORE 0.99 0.99 0.99 

32 LAHORE-S 0.99 ' 	0.99 0.99 

28 LAHORE-N 1.00 1.00 1.00 

24 GULIRNWLA 1.01 1.01 1.01 

46 BHIKKI-CCPP 1.01 1.01 1.01 

36 SAHIWAL-PP 0.99 0.99 0.99 

40 GATTI 1.02 1.02 1.02 

35 SAH1WAL 0.99 0.99 0.99 

22 REWAT 1.04 1.04 1.04 

213 N-JEHLUM 1.06 1.06 1.06 

34 LHR-SOUTH-CS 1.00 1.00 1.00 

500 kV busbars in the parallel AC lines 

70 DADU 1.04 1.04 1.04 

75 MORO 1.04 1.04 1.04 

62 SHKPR500 1.07 1.07 1.07 

60 GUDDU 1.06 1.06 1.06 

58 R.Y.KHAN 1.06 1.06 1.06 

54 D.G.KHAN 1.05 1.05 1.05 

63 GUDDU-NEW 1.06 1.06 1.06 

53 M.GARH 1.04 1.04 1.04 

50 MULTAN 1.03 1.03 1.03 

42 HB.SHAH 1.04 1.04 1.04 

545 ROUSCH 1.04 1.04 1.04 

41 FBD-WEST 1.02 1.02 1.02 

Table 7.1.12 Emergency loading percentage on main 500 kV circuits - Scenario 1 

- From Bus ' To Bus a 
sinergCati:10adiig pc 	fic,ts,  

b 
Case Y Cise 

ro 
''- Case 3 

80 JAMSHORO 95 MATIARI-CS 1 24.85 24.8 72 * *85* 
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1.02 JAMSHORO 80 

ENGRO THAR 

1.05 

1.07 

1.07 

1.06 

85 1.05 

1.05 SSRL 86 

1.04 87 PORT QASIM 

1.04 HUB 90 

91 1.04 NKI 

92 1.04 HUBCO CFPP 

39 

Number 

Bus;  

Narne' 
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80 JAMSHORO 95 MATIARI-CS 3 7.81 7.81 7.81 

80 JAMSHORO 70 DADU 2 46.57 46.57 46.57 

95 MATIARI-CS 70 DADU 1 39.16 39.16 39.16 

95 MATIARI-CS 75 MORO 1 31.93 31.93 31.93 

75 MORO 70 DADU 1 1.17 1.17 1.17 

70 DADU 62 SHKPR500 1 20.32 20.32 20.32 

70 DADU 62 SHKPR500 2 22.72 22.71 22.72 

75 MORO 58 R.Y.KH AN 1 36.21 36.22 36.21 

62 SHKPR500 60 GUDDU 1 17.17 17.16 17.17 

62 SHKPR500 60 GUDDU 2 18.50 18.50 18.50 

60 GUDDU 54 D.G.KHAN 1 35.47 35.46 35.47 

60 GUDDU 53 M.GARH 1 31.59 31.58 31.59 

60 GUDDU 63 GUDDU-NEW 1 6.40 6.40 6.40 

54 D.G.KHAN 53 M.GARH 1 6.85 6.84 6.85 

63 GUDDU-NEW 53 M.GAR11 1 33.31 33.29 33.30 

53 M.GARH 50 MULTAN 1 7.88 8.12 7.93 

53 M.GARH 50 MULTAN 2 8.01 8.26 8.06 

53 M.GARH 42 HB.SHAH I 0.44 0.05 0.25 

50 MULTAN 35 SAHIWAL 1 23.12 25.12 23.73 

50 MULTAN 545 ROUSCH 1 19.32 20.28 19.72 

35 SAHIWAL 36 SAHIWAL-PP 1 28.45 25.76 27.65 

36 SAHIWAL-PP 32 LAHORE-S 2 29.19 26.44 28.37 

42 HB.SHAH 41 FBD-WEST 1 7.86 7.41 7.67 

545 ROUSCH 40 GATTI 1 13.62 12.94 13.32 

40 GATTI 46 BHIKKI-CCPP 1 22.18 25.14 24.49 

46 BHIKKI-CCPP 30 LAHORE 1 19.38 19.89 19.88 

7.1.4 Aaawom 
DC links Contingencies 

Table 7.1.13 	Voltages in the 500 kV bus station - Scenario 1 
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Bus- " 
2 	: 

, Number  Name-; 
I 

95 MATIARI 1.02 1.06 

30 LAHORE 1.03 1.03 

32 LAHORE-S 1.03 1.03 

28 LAHORE-N 1.03 1.04 

24 GUIJRNWLA 1.03 1.04 

46 BHIKKI-CCPP 1.03 1.04 

36 SAHIWAL-PP 1.01 1.03 

40 GATTI 1.02 1.05 

35 SAHIWAL 1.01 1.02 

22 REWAT 1.05 1.05 

213 N-JEHLUM 1.07 1.08 

34 LHR-SOUTH-CS 1.04 1.04 

70 DADU 0.99 1.05 

75 MORO 0.99 1.05 

62 SHKPR500 1.01 1.06 

60 GUDDU 1.01 1.06 

58 R.Y.KHAN 1.00 1.05 

54 D.G.KHAN 1.01 1.05 

63 GUDDU-NEW 1.01 1.06 

53 M.GARH 1.01 1.04 

50 MULTAN 1.01 1.04 

42 HB.SHAH 1.03 1.06 

545 ROUSCH 1.03 1.05 

41 FBD-WEST 1.02 1.05 

Table 7.1.14 Emergency loading percentage on main 500 kV circuits - Scenario 1 

From Bus ' 	To bus 'Ne ' 
mergeneyioading'pereent2ge (*AI 

I N-2 

80 JAMSHORO 95 MATIARI-CS 1 1.4 14.12 

80 JAMSHORO 95 MATIARI-CS 3 0.99 4.9 

80 JAMSHORO 70 DADU 2 104.68 72.39 

95 MATIARI-CS 70 DADU 1 95.56 68.19 

95 MATIARI-CS 75 MORO 1 78.99 56.25 

75 MORO 70 DADU 1 1.41 0.74 

70 DADU 62 S1-IKPR500 1 62.06 40.03 

70 DADU 62 SHKPR500 2 68.47 44. 	..consr7/,> 

75 MORO 58 R.Y.KHAN 1 92.26 
e 	s, 

62 SHKPR500 60 GUDDU 1 55.95 
* * _ 

62 SHKPR500 60 GUDDU 2 60.4 
4.. 	1 
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Case 6 

4t,  

NumbCI 

80 

85 ENGRO THAR 

JAMSHORO 

500 kV busbars in the southern region 

1.02 

1.06 

1.02 

1.06 

1.04 

1.05 

1.02 

1.06 

Case 5 

1.02 

1.06 
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roni Bus 
IESliergenerlou g percentage j°,?1, 

To tus 
N4 N-2 

60 GUDDU 54 D.G.KHAN 1 66.6 54.32 

60 GUDDU 53 M.GARH 1 69.08 54.48 

60 GUDDU 63 GUDDU-NEW 1 28.12 17.98 

54 D.G.KHAN 53 M.GARH 1 36.18 24.39 

63 GUDDU-NEW 53 M.GARH 1 72.3 57.13 

53 M.GARH 50 MULTAN 1 33.98 25.79 

53 M.GARH 50 MULTAN 2 35.1 26.62 

53 M.GARH 42 HB.SHAH 1 21.77 14.13 

50 MULTAN 35 SAHIWAL 1 69.5 59.22 

50 MULTAN 545 ROUSCH 1 22.45 12.77 

35 SAHIWAL 36 SAHIWAL-PP 1 12.63 5.09 

36 SAHIWAL-PP 32 LAHORE-S 2 12.96 5.22 

42 HB.SHAH 41 FBD-WEST 1 22.42 17.38 

545 ROUSCH 40 GATTI 1 35.67 27.71 

40 GATTI 46 BHIKKI-CCPP 1 12.17 14.22 

46 BHIKKI-CCPP 30 LAHORE 1 26.56 33.43 

7.2 	2 Scenario 2 

7.2.1 ISOM* Contingencies on the rectifier side 

Table7.2.1. Contingencies on MATIARI - Scenario 2 

:,CASES CONTINGENCIES 

Case I "Scenario 1" 

Case 2 "CONTINGENCY_01 - TL 500 kV MORO - MATIARI " 

Case 3 "CONTINGENCY_ 03 - ii, 500 kV JAMSHORO - MATIARI " 

Case 4 "CONTINGENCY_04 - TL 500 kV PORT QASIM - MATIARI " 

Case 5 "CONTINGENCY 05 - 11, 500 kV HUBCO CFPP - MATIARI " _ 

Case 6 "CONTINGENCY_06 - TL 500 kV SSRL - MATIARI " 

Case 7 "CONTINGENCY 07 - TL 500 kV ENGRO THAR - MATIARI " _ 

Table7.2.2. 	Voltages in the 500 kV bus station - Scenario 2 
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'Case 
Bus  

, Case, Case34  Case 4 ,  : 	age 5' , 	Case 6 ' Case 7 
Number Name 

1, 

86 SSRL 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

87 PORT QASIM 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

90 HUB 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

91 NKI 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

92 HUBCO CFPP 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

95 MATIARI 1.01 1.01 1.00 1.01 1.01 1.00 LOO 

Three busbars away from Lahore 

30 LAHORE 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

32 LAHORE-S 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

24 GUIJRNWLA 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

46 BHIKKI-CCPP 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

36 SAHIWAL-PP 1.00 1.00 1.00 1.00 1,00 1.00 1.00 

40 GATTI 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

35 SAHIWAL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

22 REWAT 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

213 N-JEHLUM 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

34 LHR-SOUTH-CS 1.01 1.01  , 	1.01 1.01 1.01 1.01 1.01 

500 kV busbars in the parallel AC lines 

70 DADU 1.03 1.03 1.04 1.03 1.03 1.03 1.03 

75 MORO 1.03 1.04 1.03 1.03 1.03 1.03 1.03 

62 SHKPR500 1.06 1.06 1.07 1.06 1.06 1.06 1.06 

60 GUDDU 1.06 1.06 1.07 1.06 1.06 1.06 1.06 

58 R.Y.KHAN 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

54 D.G.KHAN 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

63 GUDDU-NEW 1.07 1.07 1.07 1.07 1.07 1.07 1.07 

53 M.GARH 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

50 MULTAN 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

42 HB.SHAH 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

545 ROUSCH 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

41 FBD-WEST 1.03 1.03 1.03 1.03 1.03 1.03 1.03 

Table7.2.3. 	Emergency loading percentage on main 500 kV circuits - Scenario 2 

From Bus i ICI bus  
merge*, oacliatpereentalie[%1 

6; -ease 7,- Catiejj 
• 

..Casil :'Case i . , Clisil 6;e:5 Case 

80 JAMSHORO 95 MATIARI-CS 1 26.77 50.05 0.00 29.60 29.97 32.76 32.60 

80 JAMSHORO 70 DADU 1 58.20 82.22 48.07 58.10 58.07 57.79 I'Ltii  .  
80 JAMSHORO 70 DADU 2 61.92 87.41 51.11 61.83 61.79 61.5 

4..a.. 
75 MORO 70 DADU 1 49.11 0.00 67.85 49.09 49.07 48. 41' 48.93 

4.3#4  70 DADU 62 SHKPR500 1 1.02 28.94 11.87 1.20 1.23 1. A--31  - 
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From Bus . :, 	bus Nc 
Emergency loadinuercentage 1%] 

Case 1:  - Case 3 Case3 , Case 	, Case 5 Case 6 CnieT.' 

70 DADU 62 SHKPR500 2 34.51 35.58 33.30 34.49 34.47 34.32 34.35 

75 MORO 58 R.Y.KHAN 1 38.28 39.45 36.92 38.26 38.24 38.07 38.11 

62 SHKPR500 60 GUDDU 1 58.04 52.61 59.37 57.94 57.90 57.63 57.68 

62 SHKPR500 60 GUDDU 2 33.67 34.73 32.85 33.56 33.53 33.30 33.33 

60 GUDDU 54 D.G.KHAN 1 36.33 37.47 35.44 36.21 36.18 35.93 35.97 

60 GUDDU 53 M.GARH 1 48.34 • 	48.29 48.24 48.20 48.17 47.93 47.96 

60 GUDDU 63 GUDDU-NEW 1 48.58 48.54 48.46 48.41 48.37 48.09 48.12 

54 D.G.KHAN 53 M.GARH 1 18.57 20.85 16.88 18.46 18.43 18.25 18.27 

63 GUDDU-NEW 53 M.GARH 1 22.60 22.61 22.52 22.45 22.42 22.18 22.21 

53 M.GARH 50 MULTAN 1 50.90 50.80 50.79 50.72 50.68 50.39 50.43 

53 M.GARH 50 MULTAN 2 21.65 21.84 21.55 21.62 21.62 21.58 21.58 

53 M.GARH 42 HB.SHAH 1 22.28 22.49 22.18 22.26 22.25 22.21 22.22 

50 MULTAN 35 SAHIWAL 1 12.03 12.06 12.01 12.02 12.02 11.99 12.00 

50 MULTAN 545 ROUSCH 1 42.83 42.78 42.84 42.80 42.79 42.74 42.75 

35 SAHIWAL 36 SAHIWAL-PP 1 9.26 9.06 9.25 9.27 9.27 9.28 9.28 

36 SAHIWAL-PP 32 LAHORE-S 2 18.88 18.89 18.88 18.88 18.88 18.89 18.89 

42 HB.SHAH 41 FBD-WEST 1 19.38 19.38 19.38 19.38 19.38 19.38 19.38 

545 ROUSCH 40 GATTI 1 16.21 16.20 16.21 16.20 16.20 16.18 16.18 

40 GATTI 46 BHIKKI-CCPP 1 26.72 26.67 26.73 26.70 26.70 26.67 26.67 

46 BHIKKI-CCPP 30 LAHORE 1 12.52 _ 	12.52 12.52 12.52 12.52 12.53 12.53 

7.2.1 #1tXtti* #1* Contingencies on Parallel AC lines 

Table7.2.4. 	Contingencies on Parallel AC Lines - Scenario 2 

CASF.S CONTINGENCIES 

Case 1 "CONTINGENCY_01 - IL 500 kV MORO -R.Y.KHAN " 

Case 2 "CONTINGENCY 02 - TL 500 kV DADU-SHKPR" _ 

Case 3 "CONTINGENCY_03 - TL 500 kV SHKPR-GUDDU" 

Case 4 "CONTINGENCY 04 - TL 500 kV D.G.KHAN-GUDDU " _ 

Case 5 "CONTINGENCY_05 - TL 500 kV M.GARH-GUDDU " 

Case 6 "CONTINGENCY_ 06 - TL 500 kV GUDDU-GUDDU-NEW" 

Case 7 "CONTINGENCY_ 07 - T1, 500 kV D.G.KHAN- M.GARH" 

Case 8 "CONTINGENCY 08 - TL 500 kV GUDDU-NEW-M.GARH _ 
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Figure 3 Parallel AC Lines N-1 Contingencies 1-8 

• 	 Table7.2.5. 	Voltages in the 500 kV bus station - Scenario 2 

BUS.  
Case I Case 2 Case 3 Case .4 Caie 5 Case 6 Case 7 Case 8 

Number Name 

500 kV busbars in the southern region 

80 JAMSHORO 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

85 ENGRO THAR 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

86 SSRL 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

87 PORT QASIM 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

90 HUB 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

91 NKI 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

92 HUBCO CFPP 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

95 MATIARI 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

Three busbars away from Lahore 

30 LAHORE 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

32 LAHORE-S 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

24 GUIJRNWLA 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

46 BHIKKI-CCPP 1.02 1.02 1.02 1.01 1.01 1.02 1.01 1.01 

36 SAHIWAL-PP 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

40 GATTI 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

35 SAHIWAL 1.00 1.00 1.00 ' 1.00 1.00 1.00 1.00 N 	ni 

q., -144---  

1.06 "g.71.06 

22 REWAT 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

213 N-JEHLUM 1.06 1.06 1.06 1.06 1.06 1.06 
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I 

4r 

Bus 
Cli a e 2 Case 3 Case 4 Case 5 Cale 6 Case 7, Case 8 

Number Name 
Case 1 

34 LHR-SOUTH-CS 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

500 kV busbars in the parallel AC lines 

70 DADU 1.02 1.02 1.03 1.03 1.03 1.03 1.03 1.03 

75 MORO 1.01 1.02 1.03 1.03 1.03 1.03 1.03 1.03 

62 SHKPR500 1.05 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

60 GUDDU 1.06 1.06 1.06 1.06 1.06 1.06 1.07 1.06 

58 R.Y.KHAN 1.06 1.05 1.06 1.05 1.05 1.06 1.06 1.05 

54 D.G.KHAN 1.05 1.06 1.06 1.04 1.05 1.05 1.08 1.05 

63 GUDDU-NEW 1.06 1.06 1.07 1.06 1.06 1.07 1.07 1.06 

53 M.GARH 1.04 1.05 1.05 1.04 1.04 1.04 1.04 1.04 

50 MULTAN 1.04 1.04 1.04 1.03 1.04 1.04 1.04 1.04 

42 HB.SHAH 1.05 1.05 1,05 1.05 1.05 1.05 1.05 1.05 

545 ROUSCH 1.05 1.05 1.05 1.04 1.04 1.05 1.05 1.04 

41 FBD-WEST 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 

Table7.2.6. 	Emergency loading percentage on main 500 kV circuits - Scenario 2 

From Bus To bus 
Emergency lieadijie pekentage 1%] 

Case :1 Cise 27  Vise 3 Case 4` Case 5 Case6 Case 7 Case 8 

80 JAMSHORO 95 MATIARI-CS 1 27.23 24.29 26.01 26.33 26.41 26.16 26.73 26.40 

80 JAMSHORO 70 DADU 1 61.51 56.90 57.59 57.96 57.97 57.60 58.12 57.98 

80 JAMSHORO 70 DADU 2 65.36 60.49 61.27 61.66 61.68 61.29 61.84 61.69 

95 MATIARI-CS 75 MORO 1 40.47 49.98 49.86 49.23 49.30 50.08 49.27 49.25 

75 MORO 70 DADU 1 26.20 5.49 3.78 2.02 2.11 4.38 1.60 2.02 

70 DADU 62 SHKPR500 1 52.49 0.00 31.85 33.61 33.66 31.87 34.22 33.73 

70 DADU 62 SHKPR500 2 58.01 60.88 35.34 37.28 37.34 35.37 37.96 37.41 

75 MORO 58 R.Y.KHAN 1 0.00 68.76 64.79 59.95 60.21 65.95' 59.26 59.94 

62 SHKPR500 60 GUDDU 1 50.03 30.21 0.00 32.03 32.50 31.04 33.76 32.53 

62 SHKPR500 60 GUDDU 2 54.01 32.60 58.28 34.56 35.06 33.48 36.42 35.09 

60 GUDDU 54 D.G.KHAN 1 50.82 47.70 47.59 0.00 63.16 55.05 30.99 64.62 

60 GUDDU 53 M.GARH 1 51.71 47.83 47.92 66.04 0.00 56.48 56.67 68.01 

60 GUDDU 63 GUDDU-NEW 1 47.13 12.71 14.63 38.85 39.07 0.00 26.84 16.59 

54 D.G.KHAN 53 M.GARH 1 25.27 22.03 22.52 17.71 36.82 28.56 0.00 38.28 

63 GUDDU-NEW 53 M.GARH 1 53.51 50.25 50.29 68.81 69.05 40.79 59.19 0.00 

53 M.GARH 50 MULTAN 1 24.72 21.08 21.29 18.03 17.63 23.06 19.30 16.96 

53 M.GARH 50 MULTAN 2 25.48 21.70 21.91 18.58 18.15 23.75 19.87 17.47 

53 M.GARH 42 H13.SHAH 1 12.79 11.91 11.95 11.75 11.38 12.40 11.59 11.33 

50 MULTAN 35 SAHIWAL 1 42.43 42.82 42.83 42.85 42.83 42.65 42.64 42.81 

50 MULTAN 545 ROUSCH 1 9.53 9.39 9.30 10.46 10.10 9.43 9.75 /8.- 10. 	el  

v103,..-4 35 SAHIWAL 36 SAHIWAL-PP 1 18.95 18.88 18.88 18.87 18.86 18.92 18.88 
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• 

From Bus To bus /Ye' 
me 	eat),  loading pereeut,10%1 	• rrsi 

' Case 1 C 	2 ' it-rst4 Case 5 Case 6 Case 7 Case8 

36 SAHIWAL-PP 32 LAHORE-S 2 19.45 19.38 19.38 19.36 19.35 19.41 19.38 19.35 

42 HB.SHAH 41 FBD-WEST 1 16.30 16.19 16.20 16.15 16.08 16.26 16.07 16.06 

545 ROUSCH 40 GATTI 1 26.39 26.71 26.72 26.69 26.72 26.56 26.62 26.72 

40 GATTI 46 BHIKKI-CCPP 1 12.48 12.52 12.53 12.51 12.55 12.50 12.56 12.55 

46 BHIKKI-CCPP 30 LAHORE 1 16.67 16.67 16.68 16.58 16.60 16.67 16.63 16.58 

Table7.2.7. 	Contingencies on Parallel AC Lines - Scenario 2 

' CASE C4ITILNGE,N6IES 

Case 9 "CONTINGENCY_09 - TL 500 kV R.Y.KHAN -GUDDU-NEW" 

Case 10 "CONTINGENCY 10 - TL 500 kV R.Y.KHAN -MULTAN" 

Case 11 "CONTINGENCY 11 - TL 500 kV M.GARH-MULTAN" 

Case 12 "CONTINGENCY 12 - TL 500 kV MULTAN-SAHIWAL " 

Case 13 "CONTINGENCY_13 - T1., 500 kV SAHEWAL-SAHIWAL-PP " 

Case 14 "CONTINGENCY_14 - TL 500 kV MULTAN-ROUSCH" 

Case 15 "CONTINGENCY_15 - TL 500 kV MULTAN-HB.SHAH-CCPP" 

Case 16 "CONTINGENCY_16 - TL 500 kV ROUSCH-GATTI" 

Figure 4 Parallel AC Lines N-I Contingencies 9-16 

Table7.2.8. 	Voltages in the 500 kV bus station - Scenario 2 

Bus 
Case 10 ., 	., Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 

Number Name 
Case., 

500 kV busbars in the southern region 	 ,c, s a 

80 JAMSHORO 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1 2 

85 ENGRO THAR 1.06 1.06 1.06 1.06 1.06 1.06 1.06 	l 47 	.06 I e•'•  
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, Bus 
Case 9 Case `10 Case 11 Case 12 Case 13 ti.4.14-  '6;05 ,   Case 16' 

Number' Name 

86 SSRL 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

87 PORT QASIM 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

90 HUB 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

91 NKI 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

92 HUBCO CFPP 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

95 MATIARI 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

Three busbars away from Lahore 

30 LAHORE 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

32 LAHORE-S 1.01 1.01 1.01 1.00 1.01 1.01 1.01 1.00 

28 LAHORE-N 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

24 GUIJRNWLA 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

46 BHIKKI-CCPP 1.01 1.01 1.02 1.01 1.01 1.01 1.01 1.01 

36 SAHIWAL-PP 1.00 1.00 1.00 0.98 1.01 1.00 1.00 1.00 

40 GATTI 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.01 

35 SAHIWAL 1.00 1.00 1.00 0.98 1.00 	, 1.00 1.00 1.00 

22 REWAT 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 

213 N-JEHLUM 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

34 LHR-SOUTH-CS 1.01 	_ 1.01 1.01 1.00 1.01 1.01 1.01 1.00 

500 kV busbars in the parallel AC lines 

70 DADU 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 

75 MORO 1.02 1.03 1.03 1.03 1.03 1.03 1.03 1.03 

62 SHKPR500 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

60 GUDDU 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

58 R.Y.KHAN 1.03 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

54 D.G.KHAN 1.05 1.05 1.06 1.06 1.06 1.05 1.06 1.06 

63 GUDDU-NEW 1.07 1.06 1.07 1.07 1.07 1.06 1.07 1.07 

53 M.GARH 1.04 1.04 1.05 1.05 1.04 1.04 1.04 1.04 

50 MULTAN 1.04 1.03 1.04 1.04 1.04 1.04 1.04 1.04 

42 HB.SHAH 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 

545 ROUSCH 1.05 1.04 1.05 1.05 1.05 1.05 1.05 1.05 

41 FBD-WEST 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.02 

Table7.2.9. Emergency loading percentage on main 500 kV circuits - Scenario 2 

From Bus To bus Nc 
' 

Emergency loading.percentage MI 

Case 9 
„ 
'Can 10 

' ,_ 
C1,3e ti 

, 
Cilie 1,2 , 

...,_ 
Case 13, Case 14 Case 15 Case 16 

80 JAMSHORO 95 MATIARI-CS 1 26.12 26.76 26.75 26.79 26.74 26.69 26.73 26.74 

80 JAMSHORO 70 DADU 1 57.53 58.67 58.17 58.20 58.18 58.18 58.19 52.9;,.; 

/fkl.* 

,4J../)1 	.08 

80 JAMSHORO 70 DADU 2 61.20 62.41 61.90 61.93 61.91 61.90 61.92 

95 MATIARI-CS 75 MORO 1 49.98 47.90 49.16 49.11 49.10 49.07 49.08 i 
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411 

From 	s 
5 

To hus Nc 
. 

.,..E raergency lost 	nji percen int 0 . ,4  

Case 9 Case 10 easel' Case 12‘',  'Case 13 
,, 

Cast 14 
, 	, 

Case 15 ease 14' 

75 MORO 70 DADU 1 6.08 3.65 1.17 0.93 1.06 1.08 1.04 1.01 

70 DADU 62 SHKPR500 1 31.98 36.99 34.40 34.54 34.50 34.51 34.53 34.54 

70 DADU 62 S1-IKPR500 2 35.52 40.98 38.15 38.30 38.26 38.27 38.29 38.30 

75 MORO 58 R.Y.KHAN 1 66.50 49.77 58.42 57.98 58.05 57.95 57.93 57.91 

62 SHKPR500 60 GUDDU 1 31.00 35.77 33.57 33.69 33.65 33.66 33.68 33.69 

62 SHKPR500 60 GUDDU 2 33.45 38.60 36.22 36.35 36.31 36.32 36.34 36.35 

60 GUDDU 54 D.G.KHAN 1 51.93 59.60 47.82 48.53 48.28 48.38 48.44 48.50 

60 GUDDU 53 M.GARH 1 52.81 61.99 47.89 48.70 48.52 48.65 48.71 48.74 

60 GUDDU 63 GUDDU-NEW 1 9.86 6.98 19.08 18.08 18.58 18.36 18.36 18.31 

54 D.G.KHAN 53 M.GARH 1 25.88 33.28 21.89 22.42 22.60 22.74 22.75 22.70 

63 GUDDU-NEW 53 M.GARH 1 55.67 65.45 50.15 51.04 50.83 50.97 51.04 51.08 

53 M.GARH 50 MULTAN 1 25.77 35.80 0.00 17.34 23.42 22.00 20.11 18.61 

53 M.GARH 50 MULTAN 2 26.54 36.91 34.91 17.86 24.11 22.62 20.68 19.13 

53 M.GARH 42 HB.S1-IAI1 1 13.04 15.43 14.71 15.77 9.76 11.95 14.47 15.63 

50 MULTAN 35 SAHIWAL 1 42.36 41.03 41.74 0.00 61.17 42.13 43.92 50.93 

50 MULTAN 545 ROUSCH 1 9.86 10.71 9.39 10.55 11.44 0.00 9.78 27.82 

35 SAHIWAL 36 SAHIWAL-PP 1 18.98 19.20 19.10 28.75 0.00 19.06 18.55 16.60 

36 SAHIWAL-PP 32 LAHORE-S 2 19.48 19.71 19.60 29.50 0.00 19.56 19.04 17.04 

42 HB.SHAH 41 FBD-WEST 1 16.39 16.67 16.61 20.83 13.69 16.01 15.31 20.59 

545 ROUSCH 40 GATTI 1 26.28 25.19 25.79 36.19 21.57 28.08 27.86 0.00 

40 GATTI 46 BHIKKI-CCPP 1 12.44 12.30 12.36 5.53 21.52 12.38 12.85 14.75 

46 BH1KKI-CCPP 30 LAHORE 1 16.65 16.63 16.72 20.48 16.71 16.77 16.56 14.90 

7.2.3 ZEIVIlit* Contingencies on the inverter side 

Table7.2.10. Contingencies on LAHORE - Scenario 1 

CASES  CONTINGENCIES 

Case 1 "CONTINGENCY_ 01 - TL 500 kV LAHORE - LHR SOUTH CS " 

Case 2 "CONTINGENCY_ 02 - TL 500 kV LAHORE-S - LHR SOUTH CS " 

Table7.2.11. Voltages in the 500 kV bus station - Scenario 1 

Bus, 
Case 1 Case 2 

Number Name . 

500 kV busbars in the southern region 	. 

80 JAMSHORO 1.02 . 	
m iss 

85 ENGRO THAR 1.06 1-:QG  

86 SSRL 1.06 6 	4f, 
..at 
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■. 	r se 
'',-.7 	mber ' Na 

ase 	r  

87 
• 

PORT QASIM 1.04 1.04 

90 HUB 1.05 1.05 

91 NKI 1.04 1.04 

92 HUBCO CFPP 1.05 1.05 

95 MATIARI 1.01 1.01 

Three busbars away from Lahore 

30 LAHORE 1.00 1.00 

32 LAHORE-S 1.01 1.00 

24 GUIJRNWLA 1.02 1.02 

46 BHIKKI-CCPP 1.01 1.01 

36 SARI WAL-PP 1.00 1.00 

40 GATTI 1.02 1.02 

35 SAHIWAL 1.00 1.00 

22 REWAT 1.04 1.04 

213 N-JEFILUM 1.06 1.06 

34 LHR-SOUTH-CS 1.01 1.00 

500 kV busbars in the parallel AC lines 

70 DADU 1.03 1.03 

75 MORO 1.03 1.03 

62 SHKPR500 1.06 1.06 

60 GUDDU 1.06 1.06 

58 R.Y.KHAN 1.06 1.06 

54 D.G.KHAN 1.06 1.06 

63 GUDDU-NEW 1.07 1.07 

53 M.GARH 1.05 1.05 

50 MULTAN 1.04 1.04 

42 HB.SHAH 1.05 1.05 

545 ROUSCH 1.05 1.05 

41 FBD-WEST 1.03 1.03 

Table7.2.12. Emergency loading percentage on main 500 kV circuits - Scenario 1 

From Bus 
' 

To Bus  Ne- 
mergenWading percentage ("(.1 

Case.1 ' Case 3 

80 JAMSHORO 95 MATIARI-CS 1 26.77 26.76 

80 JAMSHORO 70 DADU 1 58.20 58.19 

80 JAMSHORO 70 DADU 2 61.92 
(,,,miss 

61. 

95 MATIARI-CS 75 MORO 1 49.11 
+.? 

4 g 

75 MORO 70 DADU 1 1.02 
ri I 

1 ed. 	41: •. 
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70 DADU 62 SHKPR500 1 34.52 34.51 

70 DADU 62 SHKPR500 2 38.28 38.28 

75 MORO 58 R.Y.KHAN 1 58.03 58.03 

62 SHKPR500 60 GUDDU 1 33.67 33.67 

62 SHKPR500 60 GUDDU 2 36.33 36.33 

60 GUDDU 54 D.G.KHAN 1 48.34 48.34 

60 GUDDU 53 M.GARH 1 48.59 48.58 

60 GUDDU 63 GUDDU-NEW 1 18.56 18.55 

54 D.G.KHAN 53 M.GARH 1 22.61 22.62 

63 GUDDU-NEW 53 M.GARH 1 50.91 50.90 

53 M.GARH 50 MULTAN 1 21.51 21.79 

53 M.GARH 50 MULTAN 2 22.14 22.42 

53 M.GARH 42 HB.SHAH 1 12.34 11.89 

50 MULTAN 35 SAHIWAL 1 41.00 44.32 

50 MULTAN 545 ROUSCH 1 9.14 9.04 

35 SAHIWAL 36 SAHIWAL-PP 1 20.60 17.81 

36 SAHIWAL-PP 32 LAHORE-S 2 21.15 18.28 

42 HB.SHAH 41 FBD-WEST 1 16.55 16.09 

545 ROUSCH 40 GATTI 1 27.41 26.44 

40 GATTI 46 BHIKKI-CCPP 1 10.63 14.17 

46 BHIKKI-CCPP 30 LAHORE 1 17.54 17.61 

7.2.4 AtkiliCiti* DC links Contingencies 

Table7.2.13. Voltages in the 500 kV bus station - Scenario 1 

tits 
1V-1 N-2 

Number Name 

80 JAMSHORO 1.01 1.03 

85 ENGRO THAR 1.05 1.06 

86 SSRL 1.05 1.06 

87 PORT QASIM 1.04 1.04 

90 HUB 1.04 1.05 

91 NKI 1.03 1.0 	0,,issi  

92 HUBCO CFPP 1.04 

. .(-------. 
■ 

95 MATIARI 1.01 

30 LAHORE 1.03 
(., 
j. 24 4.  
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Pus 
N 

, 
N-2 

Number Name 

32 LAHORE-S 1.04 1.02 

28 LAHORE-N 1.00 1.00 

24 GUIJRNWLA 1.04 1.04 

46 BHIKKI-CCPP 1.03 1.03 

36 SAHIWAL-PP 1.00 1.01 

40 GATTI 1.01 1.02 

35 SAH1WAL 1.00 1.01 

22 RE WAT 1.05 1.05 

213 N-JEHLUM 1.07 1.06 

34 LHR-SOUTH-CS 1.04 1.02 

70 DADU 0.97 1.01 

75 MORO 0.97 1.01 

62 SHKPR500 1.00 1.03 

60 GUDDU 1.01 1.03 

58 R.Y.KHAN 0.98 1.01 

54 D.G.KHAN 1.00 1.02 

63 GUDDU-NEW 1.01 1.03 

53 M.GARH 1.00 1.01 

50 MULTAN 1.00 1.01 

42 HB.SHAH 1.02 1.03 

545 ROUSCH 1.02 1.03 

41 FBD-WEST 1.01 1.03 

Table7.2.14. Emergency loading percentage on main 500 kV circuits - Scenario 1 

From Bus To bun. 
Emergency'loading percentage (%1 

Nc 
N-I 2 

80 JAMSHORO 95 MATIARI-CS 1 67.35 58.35 

80 JAMSHORO 70 DADU 1 104.3 89.82 

80 JAMSHORO 70 DADU 2 110.65 95.3 

95 MATIARI-CS 75 MORO 1 92.19 80.08 

75 MORO 70 DADU 1 3.78 1.82 

70 DADU 62 SHKPR500 1 70.26 58.79 

70 DADU 62 SHKPR500 2 77.52 64.88 

75 MORO 58 R.Y.KHAN 1 105.13 93.46 

62 SHKPR500 60 GUDDU 1 65.37 58.77 

62 SHKPR500 60 GUDDU 2 70.57 63.43 

60 GUDDU 54 D.G.KHAN 1 73.71 70.87 
--.. 

60 GUDDU 53 M.GARH 1 78.96 76 	i\`'MISSic)  -...„. 

60 GUDDU 63 GUDDU-NEW 1 40.52 ,-, 	'ad 
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From Bus To bus c 
Emergency loading percentage 1%] 

isi 2 

54 D.G.KHAN 53 M.GARH I 47.5 45.96 

63 GUDDU-NEW 53 M.GARH 1 	. 82.52 79.45 

53 M.GARH 50 MULTAN I 42.83 42.48 

53 M.GARH 50 MULTAN 2 44.22 43.84 

53 M.GARH 42 HB.SHAH I 28.96 27.81 

50 MULTAN 35 SAHIWAL 1 83.95 87.34 

50 MULTAN 545 ROUSCH 1 29.74 26.62 

35 SAHIWAL 36 SAHIWAL-PP 1 13.3 10.97 

36 SAHIWAL-PP 32 LAHORE-S 2 13.65 11.26 

42 HB.SHAH 41 FBD-WEST 1 28.17 27.76 

545 ROUSCH 40 GATTI 1 46.31 46.1 

40 GATTI 46 BHIKKI-CCPP 1 18.61 25.68 

46 BHIKKI-CCPP 30 LAHORE 1 31.66 43.5 
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frItE4miEtxmal----t.--6-,.hf:±660kV MAIN, gt&T ((rilEfIVFfitNAltatD. (EAM 
tgq)MaXfillt1 (National Power System Expansion Plan) IRS)) rIllAWnA,A4AAgAfft# 

ijsa rigilln40t-kiS420,XtE4Mig.E*Rffl.-k*AaffaltZBW 
o 51-X-t 2018 13t77.k.izlEA.SAI*X1. tVtWili.JP,M)7ZMA4#A-CMIAA:Si-

441,5JEffaii-N3J4Th iditkt74Wli&LiTA-FnEgPliTh,t'Ztto tmi4iiit---- 3-1- C- 7 2022 
A.S.MftZfitiA. 

Pf5i:±660kV Abn'AiLT:gt. :Z-9140*, jaMiVdCItSEIWE,.71(it- , ffliM3l131n 500kV 
XaMMIIIMAA tt,P,MASAORMOMIWEAMffitolliWgENWENMEN.- 
gAMTVNM AATIVNR*_. 

4A14; 

ABSTRACT 
China Electric Power Research Institute conducts the Security and Stability Study for Pakistan 
Matiari—Lahore ±660kV HVDC Project according to the recommended HVDC access scheme in 
"National Power System Expansion Plan of Pakistan", "China-Pakistan Economic Corridor Energy 
Plan" and Technical Minutes of Meeting with NTDC. The study carries out calculation and analysis 
on the AC/DC N-1 and N-2 contingencies for the paralleled AC/DC power system of year 2018 
and 2022. The security and stability of different modes in 2018 is also carried out. The conclusion 
is that Matiari—Lahore ±660kV HVDC project is sufficient to satisfy the Guild on Security and 
Stability for Power System. When constructing parallel 500kV AC channels, system security and 
stability can be improved and reduce the load shedding amount for DC bipolar block fault. This 
study can provide a technical reference for planning, design and operation of Pakistan Matiari~ 
Lahore HVDC project. 

KEYWORDS: access scheme, security and stability, short circuit current 
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1 fitt;- 
Preface 

EgIgfkIiii, AliMillifiriCigitAitlE4,013:ftiM8111t5Mait5T:CIME-kfijiMEM, pAtigai 
Nci11%ElEY9Vigng141-th*. 2013 5 A, 	 gillgtoa 
43A-RitiesIgFtrt, 	 NI-04111d frfiP, M041=JAPJR. 
China-Pakistan Economic Corridor refers to the economic zone with the traffic corridor from Kashgar in 
Xinjiang, China to Gwadar Port in the southwest of Pakistan as the axis and that radiates energy projects 
and industrial parks. During Premier Li Keqiang's visit to Pakistan in May 2013, both countries agreed to 
initiate the construction of China-Pakistan Economic Corridor to strengthen the connection between 
China and Pakistan, intensify the strategic cooperation between the two countries and promote the 
common development of both nations. 

REV,JAMIN`fikql EWIlf klirsita n 	 it)A314A 
0.W9EIliktEIkkilfaXnWtt, E41/0.±1.13MAVRIEE-1014PMARVOIE-AfEtIlo fti4M 2014 
11 A (+IPA RA#11-11iAiff 	 A4r1 	E0.4kItsfigNAIH ,-. ,-,iipnt114504n 2015 
4f 4 A Ell,-UAWihE4JthiE41E,v-h-s.x-n5i*,*,figt,iz aqciEMEISP.ARliET, 
tiJ E.4 ith A< X1** iEq' V15, H *fg-1;14( HAM El* it Pi /4; T311-4 1j, BOOT (iti3t4M-0.ff-
siich) tmAffammaffl.—t-g-,;.-,:wamaLt—VPIAEAMINVIltEbA9,11. tI/CEittg, VOMItIA 
CE.1—Iti±5MgEgig 
The cooperation in energy field is the focal part in the construction of China-Pakistan Economic Corridor. 
Pakistan has been facing the energy shortage problem, especially the power shortage has constrained 
the economic development of Pakistan, and the government of Pakistan hopes to solve the energy 
shortage crisis in the next 3-4 years. According to the Agreement between the People's Republic of 
China and the Islamic Republic of Pakistan on Cooperation on Energy Projects in China-Pakistan 
Economic Corridor in November 2014 and 51 cooperation agreements signed by and between China 
and Pakistan during Chinese leaders' visit to Pakistan in April 2015, State Grid of China, the Ministry of 
Water and Power of Pakistan and National Transmission & Despatch Company (NTDC) Limited, under 
the witness of leaders of both countries, signed a project cooperation agreement, in which, it is clearly 
stated that State Grid will develop Matiari — Lahore and Matiari — Faisalabad power transmission and 
transform projects with BOOT (build, own, operate, transfer) mode. According to the plan of Pakistani 
side, Matiari — Lahore HVDC Project is to be conducted preferentially. 

wirrnrsEin 60%, fligiti7-9/4ifttfi, 2017— 
2020 ig-IVIIEd)3.iihit- h Ci f fiH E 10000MW 	2023 EP,)JVaMt@YIJ 14000MW 

-441EVAV:AffiMAIOEPMAE4ItfttifiALII,C.,,, AXE4A4t1444 1.0Mastil 
itial)Mfi-lithE<EVAVt±tEan, MI.i3q1MMIRRIVARPO. 
Punjab and Islamabad Region are the two largest load centers of Pakistan, with load accounting for 60% 
of loads nationwide. According to the power balance analysis, the annual power shortage in Punjab and 
Islamabad Region will be around 10,000MW in 2017-2020, and increase to about 14,000MW in 2023. 
With the construction of the Project, the large volume of electric power may be transmitted from South 
Pakistan to the load centers, to meet the power supply requirements of Pakistan, especially Punjab and 
Islamabad Region, and to guarantee the continuous and fast economic development. 

EJ-J,L-itazialiEit$IJnIE444±1±1..t.YOMIV-tfAitRA. E4IthtEEgEf4hit-Mg4 
Yv-uithani=g-m, 	 ge,'EXOFIA4ftA, FEItor.idarnitzc*, —MNOKIJ 
IMMAIELX, 	 EVIO:1144ZEA10.4%. 

EB11-allaiti=giTg, 4tM113i8ElitigciaDMACM. Ebf-411Atgri:hc.,,V3&, 
1.),VAZE4MX.FMIM)-JJ".YEA±114A.L. 
The shortage in power supply has materially constrained the continuous and fast economic development 
of Pakistan. The composition of Pakistan's power supply has maintained the pattern of oil and •as 
generated power as the leading role for a long time, which is high in power generation cost, 
in output and high in foreign-trade dependence of energy, and has materially affected t tee 
efficiency of power plants, further aggravated the power shortage in grid. The structure of 	er supplvy\,  

1 
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needs urgent optimization and adjustment. To mitigate the power supply shortage problem, Pakistan will 
build a large coal power source at Thar Coal Field in the south, and construct an imported coal fired 
power plant at a southern port. As the Project is far from the load centers, the construction of the Project 
can meet the long-distance transmission requirement of electric power from South Pakistan. 

AZIALUkriffIla'ArWIllclEcSLMV7LAKIViREAMP21=b,)JI4kFlinM-545-. CIUMS413api5-1-  
4A- 4-ing4A, VZIE4JthilliEg)3AafEANnifiPARIAI-Eltfq, 7)ZiM4- 6‘VX3Wtt'AINNIMM 
MAME., it--SikitfliNfAiiMil, filATHEbScrA-at±. *If-231iMVXENA6tritlIM 
Mt MEN. AZVatitEiEgiAtEMM. 5. 
Meeting the power supply requirements of national economy and social development is the priority of 
developing Pakistan's power industry at the current stage. The unbalanced distribution of energy 
resources and loads has decided that the resolution of power supply shortage problem of Pakistan shall 
be based on platforms such as grid, traffic, etc. to realize the optimized configuration of energies in the 
larges range, building diversified energy supply channels and improving the security and reliability of 
power utilization. Therefore, the construction of the Project is the need to realize the optimized 
configuration of energy and meet the power shortage in energy deficient regions of Pakistan. 

21KIK*VE4M14517)AiEl—kfi%T■±660kVAAMIEgINTITiTti6JM (kA--e-x)"nz-_F_Ra (( *- t.tt 
-EroMtli*)). F (E4MifiEb,KMNAlti1 (National Power System Expansion Plan) fli.*)) 
&-ii]i/IkIn-- -ki,5(2511:1#Affla(lAgMAAtnt#*, ki-E4ItfitilltMal—Vir,±660kv AM3fiN 

Ott.xlMf.ttkliitfn3ZAVORAkAilTPINA-1V416112)=FRii-X3-}fir, 
Vi] -4"-FnIt'±fliVAVIXitti-DILL3-3-tfr- ,14ffi0,MiliTE4)thigtMIE.T.-4A±660kV 

MAINnPuli. 

This report is Book Ill Security and Stability. Study Report of Pakistan Matiari-Lahore ±660kV HVDC 
Project Feasibility Study (Primary System). Based on the recommended DC access scheme proposed in 
the National Power System Expansion Plan Report and in the meeting minutes communicated for many 
times between both parties, we will conduct a special security and stability study on Pakistan Matiari -
Lahore ±660kV HVDC Project to mainly calculate and analyze issues such as AC-DC fault, load flow 
transfer of AC-DC parallel system, etc., and compare and analyze the security and stability checking 
results under different DC conditions, from which, the conclusions may provide references to the 
planning, design and operation of Pakistan Matiari - Lahore HVDC Project. 

2 



System Study for 	 WA00191K-SS-02B 

±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Security and Stability Study Report 

• 	2 it XtLYI-A-4 
Boundary Conditions of Calculation 

itMAA-4V-k-- it64001.FiCiiE,444X3.*111044,-ftfil6-4, Eti -T-EalihigiELfqa :-FAarn 
IZWZI-[-S54Z#164t, ISIILL0.-11,93fRg —tkVisa, *7x7  
nfil (EpJJA.4,Agz9.1q)46. 

The boundary conditions of calculation and the security and stability standards shall follow the conditions 
and standards of Pakistan. However, there is not standard for the security and the stability with HVDC in 
Pakistan. According to the discussions and minutes of meeting, the calculation and analysis of security 
and stability is conducted by referring to the requirements and the Guide on Security and Stability for 
Power System of China in the feasibility stage. 

2.1 	 R71 
Calculation level year and mode 

AIgii}M,NzKiLA)s3: iN1-50'c*-IL 2018 	 2018 $g/J\ -Mnit37,-  2022 
A-fttzliT: 

The level year and mode studied are: level-year summer maximum-load mode (2018, when the project 
is operated), and long-run-year winter maximum-load (2022). For the calculation of the above modes, 
the conditions are as follows: 

(1) itIf1;aaff[1 01. 
Load and Generation installation 

111 	 le,h/fmn-fiaa-f4nvJLAY94e, P-)JcvimitAksc-A-fflg-14)Wt-flIV-It-tS. 
The calculation of load flow and stability is based on the scheme recommended by Pakistan, and the 
maximum unit installed capacity is considered as the spinning reserve in the whole grid. 

(2)  
Operation mode 

gW:.4-TZ*4),J 2018 	h 	7.3e_Aa4ITALiTitiP.AgAil<OfiffiMigg'09 5400MW. 

The basic operation mode is 2018 summer maximum-load mode, the maximum power transferred from 
south to north is 5400MW. 

2.2 -i-F*2A 
Calculation tools 

ANI 	411-41:qMPE"PSD EgtAtAV1TAt ( PSD Power Tools) "4/0v*MjMnitX31-f1r.lA, 

The PSD Power Tools of China Electric Power Research Institute is used as the calculation and analysis 
tools for the study, which mainly include: 

■ PSD-BPA Mg-H-Xf2; 
PSD-BPA load flow calculation program 

■ PSD-BPA 
PSD-BPA transient stability calculation program 

■ PSD-SCCP 
PSD-SCCP short circuit current calculation program 

glb 
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A1.500kV ZAWittEtpi*Xtap,MIEFNAM: 0.0 fiJAMat.FAH*XtifOlid&M, MOM 9(,06')7A-Tf--.°/'0 
kftli 0.1 #00f.-17itliff-A. 
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• 	2.3 ifAtilMAVIlit 
Model and parameters for calculation 

Mzfit4)09E4IthillE,)-JliTA 2015 3 Palm PSS/E MX, 	1 it PSS/E $-VA BPAnVq4J-1.4ez 
41X14,11-iM, 	1Z+BA'd BPA 4AfaX3Zilt. 	 kJAVIILITAVtii 
AMAAID4418t4iX, 1)■ffikfliCitl-MA3-)-tfi. 

Pfi4aEMItglinA4V-VE 500kV, 220kV *n 132kV5ittilMEEMI.11404±., it_IlfIlgil-94- 
awL, —6; -9giffLg1itt,ftftffigii.. 	 ttifi 	VatnfIlgliMa, 

XVCY.Elez/K ,tintii,gmtfn,eAtE)J, 	 RA' PJ n 
f5txt+Mtfittgillii-5--t*, 	TLFOTRI. 	PSS, *AM*ROJYA4t/11114 —kt, 

94151- 1,415).NAJLEIV-1,--AnAPAI.TIgft, 	 giltEhPRIXEbAkfigaug 
V- is 41- API MI 	 300MW l*EtgfinriM PSS. 

The raw data are PSS/E data provided by NTDC in March, 2015, and we transform the raw data to the 
initial data file of BPA format through the PSS/E-to-BPA program. Then, the network has been adjusted 
according to the level-year planning chart and the estimation of installed generation and load, HVDC 
is added to the data thus to make a simulated analysis on the data. 

In the raw data provided by the NTDC, all generator units are on the buses at the HV side of 500kV, 
220kV and 132kV substations, and the capacities of generator units are confusing as multiple generator 
units are replaced by one large generator unit. Some generators are using the parameters which NTDC 
provided with detailed information. For the generators witout detailed information from NTDC, typical 
parameters of generator are used according to the type and total output of generator units in the PSS/E 
data, and make considerations to excitation, speed regulation and PSS, where the basic substitutional 
principles are keeping the same generator unit types, dividing the excessive large generator unit into 
several generator units of the same type and of reasonable capacity and connecting the generator units 
to bus through boosting transformers.All generators whose capacity are above 300MW are assumpted 
to be installed with PSS. 

i=ontmffl.: mfg Ed", Eq"5V-L-1TANNI, 4tT8Yibfla, PSS niJali ,ter. co 

Xfli 50%tOJA, 50%ffigiricrEpitlit.. A-1M. I)30A-111-T-)g 1.8, -2.0. 

_Ott: AlliJqPIMVIlgilliIERMI-9-. 111-11:i*ArATIWIRM&Rfiltl, 

Generator model: Ed" and Eq" modified detail model is used, with excitation, PSS and speed regulation 
system. 

Load model: 50% constant power and 50% constant impedance load models is used. The frequency 
factors of active and reactive power are 1.8 and -2.0 respectively. 

Parameter: For the planning grid and generators, using the same typical parameters of equipment which 
are the same type and capacity. 

2.4 &Wag 
Fault simulation 

EAlthilEJAA:6MA-TAAM'flitN5**116siii, 
(E,)-JAgAT'<ftZ-9-111)) 

There is not requirements and standards of Pakistan for calculating the security and the stability with 
HVDC system, the security and the stability is calculated by referring to the calculation requirements and 
the Guide on Security and Stability for Power System of China. 

A. 	i-i-•SLi=1, 
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A2.Aa*WIlVitkl*: 0.0 f,J,MVO-fRitiA, 

A. In calculation, the fault types corresponding to the Class 1 security and stability criteria in the Guide 
on Security and Stability for Power System mainly include: 

A1.Permanent three-phase short circuit tripping single-circuit fault of 500kV AC line: A permanent 
three-phase ground fault occurs on the line at 0.0 second, the three-phase switch at the fault side is 
tripped at 0.09 second, and the three-phase switch at the opposite side are tripped at 0.1 second. 

A2.HVDC monopole block fault: The HVDC monopole is blocked at 0.0 second, and the filters with 
certain capacity at the both converter stations are tripped at 0.1 second. 

B. na ((t)-JA.gAttuo Z=1.k,KiThriZtPft, 

B1. 500kV .7Se_g,f1OVEnlikX4kis*Ot72 MOM*: 0.0 #-(p]glARtEtE171(XfitAtti*, 0.09 fiAtff 
teMOIY.Ehtlff, 0.1#00±4MAIIIR 

B2. Aagt/MCM13*: 0.0 fl,flagfRit10., 0.1 f/J,Vappilzkipsijataggnigwisid-'0  

B. The fault types corresponding to the Class 2 security and stability criteria in the Guide on Security and 
Stability for Power System mainly include: 

B1. Permanent three-phase short circuit tripping double-circuit fault of 500kV AC line: A permanent 
three-phase ground fault occurs on one circuit at 0.0 second, the three-phase switch at the fault side is 
tripped at 0.09 second, and the three-phase switches at both sides of the parallel double-circuit line are 
tripped at 0.1 second. 

B2. HVDC bipole block fault: The HVDC bipole is blocked at 0.0 second, and the filters at the both 
converter stations are tripped at 0.1 second. 

C. AlAsYzft.- 114-i:t-NU'itt, 13Z -T8 -TAAAt-A172f)A14.10,t3zP*X1,.tM;i4ezI3M711411AFP,MA 
• 

	

	 ARIMIMA. PI4g4J1 xFOYAti 	 , PIP EtZ4t3M"N-1". "N-2" 
PitY9AgAti.,1Tralt'AP*. Clilt, 1-ktAafrlittli*X4iati-i-1-RWA: 

C1. AS,IMIATAtitl*:gtRINkfilMIMAqlktans.vAmcgm, --6(VARMANT-VA 0.2 W, 

C2. AA,4/61VAM: AatkleARIfEklYv 0.15 #. 

C. Only the monopole and bipole block fault situations of HVDC system are considered in the current 
guide and calculation criteria for security and stability. However, the actual fault instances and the 
interconnected grid calculation conclusions have indicated that HVDC commutation failure and restart 
have a heavier impact on the stability of strong HVDC and weak HVAC grid, and local grid has replaced 
AC "N-1" and "N-2" faults as the restraining fault for system stable. Therefore, a calculation checking is 
conducted for various HVDC fault situations: 

C1. HVDC commutation failure: A large fluctuation of DC power is caused by the commutation failure of 
the bipole valve bank, and the primary power fluctuation is continued for 0.2 second. 

C2. HVDC restart fault: The interval from HVDC fault to free time is 0.15s. 

2.5 41Z4Pfk 
Security and stability criteria 

2.5.1 1fttV±33-A 

tIM (Egi3Aft-kf1Z*910 	 fifiq5'ft. 

1)014tilfP1?--04. 	 (RP-PagiftintAVN-1"), IVEJG#4cvr 
EgEE7E- 03-K. 

0 	
2)N1q2VVRE4)3AgAifffatiFtitki.44MJC4bfzi, Li-APJAknftZ314-T-M.,qhfit 
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3)-ichVIVIMEOJAgrAPJ/ti, i7V-41L4-TfIV/is T,•X±WAWAng,t 
2.5.1 Type of Security and Stability 

According to the Guide on Security and Stability for Power System, the security and the stability include: 
steady state security, transient stability and dynamic stability. 

1)Steady state security means other elements are not over loaded and the grid voltage level meets 
the requirement after the disconnection of single elements such as line, transformer, etc. (i.e. what 
is known as steady state "N-1"). 

2)Transient stability means the electric power system has the capability to transit to a new stable 
operation state after a large disturbance such as short circuit fault of transmission line, etc. 

3)Dynamic stability means the electric power system has the capability to maintain the operation 
stability without divergent oscillation after disturbance. 

2.5.21-KfttinEtkkini 

(Eb,t 4m)mumimpEINftmaawTEVII- 26- 41. 

X—&64: F#74i#ATATNEJJAtA1.11Jett —MOVAM, MVP. IlrftigVfORXITOOMMII, 
0Afg4EJJA III*AEO„ A-L-iciAMZNWAARgt, 

AiXP. 
ID.5c-MML1,35).11A, 050-1-Atz-WfIlAnt/J -4f.t.K*J#4/A. 

ME.-- V164: EJJAgAIA —Ilt..t.C5L-W3cflfet/14,1-, OgsAtRINC19:1-.±AtAMFtl, ilititAt"A.C14Eg 
* 	foxitflIP 	 E0J-AgAaT.:Qt)MkIE-41:4:1T. 

2.5.2 	Three Classe of Security and Stability Criteria 

Three classes of security and stability criteria are specified in the Guide on Security and Stability for 
Power System according to the severity level of faults. 

Class 1 criteria: When an electric power system under normal operation is disturbed by a single fault, 
and if the protection, the reclosure and the circuit breaker are acting properly, the stable operation and 
the normal power supply of the system must be maintained, other elements shall not exceed the 
specified post-accident overload capacity, and no interlocked trip shall occur without taking the stability 
control measures. 

Class 2 criteria: When an electric power system under normal operation is disturbed by a serious fault, 
and if the protection, the reclosure and the circuit breaker are acting properly, the stable operation of the 
system shall be able to be maintained, loss of part of the load is allowed nevertheless, and the stability 
control measures such as unit switch-off, load shedding, etc. shall be taken where necessary. 

Class 3 criteria: When the stability of an electric power system is destroyed due to some conditions, 
measures must be taken to prevent the system breakdown, to avoid the black-out of large area and the 
catastrophic power failure to users (including station service) and minimize the load loss, and the normal 
operation of the system shall be recovered at the earliest time possible. 

2.6 *MAIM 
Stability criteria 

A?Af,,,,P.M3-1-YOJffies IELEEft, 

ElrliA.-k•Ar114±16-1Ittflgfi. 

tAICIIRInr1=1-MIVE1:1 , 
itffifiElMUMKPI 
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4catAgIEWCOIM, hISV-ckYglAre-11111.4 10:tflAl.11471-4i1_,IT. 
The system stability criteria are related to power angle stability, voltage stability and frequency stability, 
and are as follows: 

Power angle: No relative power angle step-out shall occur between any main generator units in a 
synchronized system. 

Voltage: In the mid- and long-run after the elimination of fault, the bus voltage of the main load center 
unit substation shall be able to be recovered to the allowable range for operation, and the bus voltage of 
the load shall be able to be maintained or recovered to 0.9p.u. or higher. 

Frequency: The system shall be free of frequency crash, and can be recovered to the normal range, and 
the safe operation of the large generator unit shall not be affected. 

2.7 *Mfg 
Stability control measures 

ffiTN. tAttor4KAVJItEi'tfi., A/110.911J: Mg4titiCt(diVt'AVRit 
tAVIRIIEg 0.2 fis, Tits; ilit1J3Egl—tI14il, 	0.26 #t*,;  trritAtU,±atillE 

titlsL130.131-4-9--tARlizIEbAffilpi, tAtip-IIIVEME 0.3 #4-kt. 
The measures to be used in calculation mainly include the stability control measures such as unit 
switch-off, splitting, load shedding, etc., and the principles is: switching off the generator units directly 
connected with the fault line within 0.2s; remotely switching off the generator units within 0.26s; applying 
the centralized load shedding measure at the substation as the circumstances may require, in which 
case, the substation load shall be shed upon receiving the remote signal after the fault happened, and 
the load shedding time shall be considered as 0.3s. 

7 
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al 	3 E*RA-4SL*1-5j:±660kV AtM41tV)-in 
Analysis on security and stability of M-L ±660kV HVDC Project 

3.1 1417 a. 
Current conditions of power grid 

• 

MI 3-1 2014 ✓IlihtEl.E,mtus-sisi 
Fig. 3-1 Schematic connecting diagram of Pakistan's power grid in 2014 

M Ell EXMAIII.IV-11± 2014 8 A liziA 	MO kittIMAtl 	EIM*1. 
HigEIM±LIE,KiAAEIEUM 500kVo 2014 Z3ii-c)Vt:rri 18830MW, 	24110MW. 

W1niPsIth-2_22.t, 	-1g-it09t14143,b, i33> J 500kv 	IttSAA,44Kaltf493,aiip 
EbAEltAitA:ih 2-4 Cl 500kV 	 Ittit5CffiYv JAMSHORO- 

DADU-NEW—GUDDU 1XCI 500kV ROSttfiffi. EVihtilAMttAttrial 3-1 pfiw: 
According to contents of the State Grid of Pakistan in Energy Planning of China-Pakistan Economic 
Corridor Report provided by China-Pakistan energy planning expert group in August 2014, at present, 
the highest voltage class of the grid of Pakistan is 500kV. In 2014, the maximum load was 18830MW, 
and the installed capacity was 24110MW. Islamabad and Punjab are the main load centers in Pakistan, 
and a 500kV looped network structure has formed. The power generally flows from the north and the 
south to Central Pakistan, a south-north 500kV power transmission line with 2-4 circuits has 
for the grid, and the main cross section for power transmission from south to north is the cr 
JAMSHORO-DADU-NEW-GUDDU double-circuit 500kV line. The grid structure of Pakist 
in Fig. 3-1. 
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E,41thi:EI 500kV ZAlt )1VICSA&M.1, 	500kV dklii#,MAInY9i,41)Xt(TARBELA)—V 

(REwAT) EIdA, 700MW; E4WIEIEMAlLtutilltiM COMA 170--1650MW 	0 2014 

500kV tailifiA3).450 RI 3-2 

The overall load flow of Pakistan's 500kV AC grid is light, and the heaviest load flow in the load center 
500kV line is TARBELA- REWAT single-circuit line, of which, the load flow is about 700MW; the power 
transmission load flow of the south-to-north power transmission channel in the grid of Pakistan is around 
170-1650MW. The load flow of Pakistan's main 500kV channels in summer maximum-load mode in 
2014 is as shown in Fig. 3-2. 
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• 3.2 EVIfittEtitARtittftlit- 
Introduction of Pakistan's power system planning 

3.2.1 Flit ?MAN 
Forecast of power demand 

1971 *1%),*, 	 33-1M 1998*, 2008 *Wmr:a, 2010 
4*143NA. 1972-2012 /tglEj-1, ENIi6t.0.4±A-TflEb.iti-gil-Wv 6.9%0 

The power consumption of Pakistan has risen continuously since 1971, dropped respectively in 1998 
and 2008, and grown with a lower rate from 2010 to date, but basically maintained a stable situation. 
During 1972 and 2012, the annual growth rate of the whole society of Pakistan was 6.9%. 

E4Mil3_.1=1*CgAlgititEdAtE4Ahfi..Ir*VE4 (NTDC) J K 	KESC 	 *a% 
EatikAtkri<31.0-1V,EttrX, EIRkiP_.E04 2017 p. 2023 *Mdc-fi:V44331113tN 26680MW, 
38250MW, 2015-2020 	-J±N-L* 4.9%, 2020-2022 	1-/...9*-_c: 7.5%. E.Aith±gittN*0* 
3-1 

The State Grid of Pakistan is divided into National Transmission & Despatch Company (NTDC) Limited 
and KESC Industrial Park loads by power transmission regions, and according to the latest estimated 
load data provided by the Pakistani side, the maximum loads of Pakistan's grid will reach 26680MW and 
38250MW in 2017 and 2023 respectively, the annual average growth rate in 2015-2020 will be 4.9%, 
and the annual average growth rate in 2020-2022 will be 7.5%. The power demands of Pakistan are as 
shown in Table 3-1. 

*3-1 EIWEI.Eg)7M3RVIM 
Table 3-1 Pakistan Power Demand Forecast 

10MW 
Unit: 10MW 

2015-2020'1 
ii-9*-L* 

2020-2022 
i=ill-t* 

'1')I.  2015* 2017 T  2018* 2020 w Annual average 2022 w Annual 
Year 2015 2017 2018 2020 growth rate 

from 2015 to 
2020 

2022 average growth 
rate from 2020 

to 2022 

El 
Nationwide 

2422 2668 2802 3082 4.9% 3825 7.5% 

,1=I: 	NTDC 
Ind: NTDC 

2121 2335 2449 2685 ' 4.8% 3364 7.6% 

KESC 301 333 353 397 5.7% 461 6.4% 

3.2.2 Emma 
Genation arrangement 

{XittE,VREPI--k-glilfaa, 2014 11*fiLEirAlfr9=FIR 7 ilciEgl4kfttg: 
Et, XIJi-iti14-11.-  2014 *11 WINT"ITIE0.41grifiVAPAH 	 tu.K-g-crptEmpki)KEb,, * 

gzosiucEvREi 2023i'llliVq1102/1.1CSA 21 „eaqtAt 17705MW, 1=t1=11)<E, 
13665MW, *Et 2690MW, Ji1 	1350MW, .})91)tt ffinfisH*FICtMitichnfi.IJP4A. 

To promote the construction of China-Pakistan Economic Corridor and the social and economic 
development of Pakistan, the National Energy Administration of China led the energy planni 
China-Pakistan Economic Corridor in 2014, and the governments of both sides signed the Agr.:- 
the Energy Project Cooperation of the China-Pakistan Economic Corridor, and thermal .,e -r and\.°_,\ 
hydropower projects are balanced in corresponding cooperation frameworks in Nov; 	2014 \ "(?' 

• According to the Agreement, Pakistan will have 21 planned power sources turn into produc IL? by 2002, 
of which, the total capacity will be 17705MW, including 13665MW thermal power, 2690M It(  erciiSower 

'i/1/ le 

• 
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and 1350MW renewable energy, and the projects fall into two categories, namely preferential 
implementation project and active promotion project. 

Criga?'911110J 2015 5 )1 E,ErA 	 tTEittlA RAI rEVIVMV–EIRIA 
14Z 1-441Mt1.1EUMISV9iIM,  Egl'iMIDTIEMA 2017 	2018 	2020 Zi1-13r`AliC3'N11 

2010MW, 7590MW, 9180MW, 	Egsfit 1. 2021-2023 ViV=. t.ktiX4, 

1E1 	2017 .2018 ,2020 A 2022 	E MIND_ It P1 *1011.44 	28550MW,34130MW, 
36320MW A 47045MW. EMMV. EVA FUNiti-3t3Mtal* 3-2 Wm:. 

The commissioning time of the power supply projects will be the commercial operation time reported by 
the project developers in May 2015. Considering the closing time of financing can be implemented 
according to the reported time, the commissioning sequence will be arranged for the planned power 
supply projects. The commissioning scales of the power supply projects in China-Pakistan Economic 
Corridor will reach 2010 MW, 7590 MW and 9180 MW respectively in 2017, 2018 and 2020, and other 
projects are considered to be commissioned in 2021-2022. After putting the existing, in-progress and 
planned power supply projects into consideration, the year-end installed capacities of Pakistan's grid will 
reach 28550 MW, 34130 MW, 36320 MW and 47045 MW in 2017, 2018, 2020 and 2022 respectively. 
The power supply construction arrangement for Pakistan's grid is as shown in Table 3-2. 

* 3-2 L J h it 7 ItNit*Y-z14M 
Table 3-2 Construction Arrangement for Planned Power Supply Projects of Pakistan Power Grid 

10MW 
Unit: 10MW 

Sr. 
# 

Fiscal 
Year 

Name of Project Fuel Location Installed 
Capacity 

(MW) 

Expected 
Comissionin 

g Date 

Existing capacity 

1 2015-16 CHASNUPP-III Nucl Chashma, KPK 340 May-16 

2 Zonergy-II Solar Lal Sohnra (Cholistan), 
Punjab 

100 May-16 

3 M/s Hamza Sugar 
Mills Ltd. 

Baggase Khanpur, Punjab 15 May-16 

4 M/s Yunus Energy 
Ltd. 

Wind Jhimpir, Sindh 50 Jun. 2016 

5 M/s Metro Power Co. 
Ltd. 

Wind Jhimpir, Sindh 50 Jun. 2016 

6 M/s GuI Ahmed 
Energy Limited 

Wind Jhimpir, Sindh 50 Jun. 2016 

7 M/s Tapal Wind 
Energy (Pvt.) Limited 

Wind Jhimpir, Sindh 30 Jun. 2016 

8 2016-17 Zonergy-III, IV & V Solar Lal Sohnra (Cholistan), 
Punjab 

300 Jul. 2016 

9 M/s Tenaga Generasi 
Limited 

Wind Gharo/Bhambore/Kuttikun 
, Sindh 

49.5 Sep. 2016 

10 M/s Master Wind 
Energy Limited 

Wind Jhimpir, Sindh 49.5 Sep. 2016 

11 M/s HydroChina 
Dawood Power Ltd. 

Wind Gharo, Sindh 49.5 

	

S 	,•201i6ic, 
-- 	--,, 

f 	I,  
12 M/s United Energy 

Pakistan Limited 
Wind Jhimpir, Sindh 99 1 .S*. 20. 	"i" 

Li \ 4. 
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13 M/s Tenaga Generasi 
Limited 

Gharo, Sindh 49.5 Sep. 2016 

14 M/s Layyah Sugar 
Mills Ltd. 

Baggase Layyah, Punjab 41 Dec. 2016 

15 CHASHNUPP-IV Nucl Chashma, KPK 340 Dec. 2016 

16 Zonergy-VI Solar Lal Sohnra (Cholistan), 
Punjab 

100 Dec. 2016 

17 Zonergy-VII Solar Lal Sohnra (Cholistan), 
Punjab 

100 Jan. 2017 

18 Zonergy-VIII & IX Solar Lal Sohnra (Cholistan), 
Punjab 

200 Feb. 2017 

19 LNG Based Plants 
(2*GT) 

LNG Bhikki, Punjab 800 Mar. 2017 

20 Patrind HPP Hydel Kunhar River, KPK/AJK 147 Mar. 2017 

21 LNG Based Plants 
(2*GT) 

LNG Haveli Bahadur Shah 
(Jhang), Punjab 

800 Apr. 2017 

22 Gas Based Power 
Plants 

LNG Existing Plant Sites 1000 Apr. 2017 

23 LNG Based Plants 
(2*GT) 

LNG Baloki, Punjab 800 May. 2017 

24 M/s Alliance Sugar 
Mills Ltd. 

Baggase Ghotki, Sindh 19 Feb. 2017 

25 M/s Chanar Sugar 
Mills Ltd. 

Baggase Tandlianwala, Punjab 22 Jun. 2017 

26 M/s Sachal Energy 
Development (Pvt.) 

Limited 

Wind Jhimpir, Sindh 49.5 Jun. 2017 

27 Tarbela 4th Ext. 
Project 

Hydel Tarbela, KPK 1410 Jun. 2017 

28 2017-18 Neelum Jhelum 
Hydel 

Hydel Nauseri/Muzaffarabad, 
AJK 

969 Aug. 2017 

29 M/s Etihad Power 
Generation Ltd. 

Baggase Rahim Yar Khan, Punjab 67 Feb. 2017 

30 M/s Almoiz Industries 
Ltd. 

Baggase Mianwali, Punjab 36 Dec. 2017 

31 M/s Safina Sugar 
Mills 

Baggase Lalian, Sagodha 20 Dec. 2017 

32 M/s Shahtaj Sugar 
Mills Ltd. 

Baggase Mandi Bahauddin, Punjab 32 Dec. 2017 

33 M/s RYK Energy Ltd. Baggase Rahim Yar Khan, Punjab 32 Dec. 2017 

34 M/s SSJD Bioenergy Baggase Mirpurkhas, Sindh 12 Dec. 2017 

35 M/s Lumen Energia 
Pvt Ltd 

Baggase Jhang, Punjab 12 Dec. 2017 

36 Shandong Imported 
Coal Based Power 

Project 

Coal Sahiwal, Punjab 1320 
---;:,, 

ro./ 

---11 -4.- 	4ir 	lir 
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37 LNG Based Plants 
(1*ST) 

LNG Bhikki, Punjab 400 Dec. 	2017 

38 LNG Based Plants 
(1*ST) 

LNG Baloki, Punjab 400 Dec. 	2017 

39 LNG Based Plants 
(1*ST) 

LNG Haveli Bahadur Shah 
(Jhang), Punjab 

400 Dec. 	2017 

40 M/s Jhampir Wind 
Power (Pvt.) Limited 

Wind Jhimpir, Sindh 50 Feb. 2018 

41 M/s Hawa Energy 
(Pvt.) Limited 

Wind Jhimpir, Sindh 50 Mar. 2018 

42 M/s Hartford 
Alternative Energy 

(Pvt.) Limited 

Wind Jhimpir, Sindh 50 Apr. 2018 

43 M/s Tricon Boston 
Consulting 

Corporation (Pvt.) 
Limited (A) 

Wind Jhimpir, Sindh 50 Apr. 2018 

44 M/s Tricon Boston 
Consulting 

Corporation (Pvt.) 
Limited (B) 

Wind Jhimpir, Sindh 50 May. 2018 

45 M/s Tricon Boston 
Consulting 

Corporation (Pvt.) 
Limited (C) 

Wind Jhimpir, Sindh 50 May. 2018 

46 M/s Three Gorges 
Second Wind Fram 
Pakistan Ltd (Wind 

Eagle Limited) 

Wind Jhimpir, Sindh 49.5 Jun. 2018 

47 M/s Three Gorges 
Second Wind Fram 
Pakistan Ltd (Wind 

Eagle Limited) 

Wind Jhimpir, Sindh 49.5 Jun. 2018 

48 Port Qasim Power 
Project 

Coal Port Qasim Karachi, Sindh 1320 Jun. 2018 

49 2018-19 Golen Gol HPP Hydel Chitral, KPK 106 Jul. 2018 

50 Engro Powergen 
Project 

Coal Thar, Sindh 660 Oct. 2018 

51 Gulpur Poonch river Hydel Poonch River/Gulpur, AJK 102 Oct. 2018 

52 M/s Zephyr Power 
Pvt. Ltd. 

Wind Gharo, Sindh 50 Nov. 2018 

53 Coal Plant at Salt 
Range 

Coal Salt Range, Punjab 300 Jan. 2019 

54 Shanghai Electric 
Power Project 

Coal Thar, Sindh 1320 	Jan. 2019 

163 rds204  

1320 	.c-fr.  

1."` (.1:-  -41- 	

c 

55 Grange Holding Coal Arifwala, Punjab 

56 HUB Power 
Company Ltd. 

Coal HUB, Baluchistan 
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57 Lucky Electric Power 
Company Ltd. 

Coal Port Qasim, Sindh 660 Mar. 2019 

58 Siddiqsons Limited Coal Port Qasim, Sindh 350 Mar. 2019 

59 2019-20 TPS Jamshoro 
(Phase-1) 

Coal Jamshoro, Sindh 660 Jun. 2019 

60 CASA Import Cross Border 
Interconnection 

1000 Jul. 2019 

61 Coal Plant at 
Muzaffargarh 

Coal Muzaffargarh, Punjab 600 Sep. 2019 

62 TPS Jamshoro 
(Phase-2) 

Coal Jamshoro, Sindh 660 Dec. 2019 

63 Keyal Khwar Hydel Dasu District, KPK 128 Jan. 2020 

64 Other Wind Power 
Plants 

Wind Sindh 524 Feb. 2020 

65 2020-21 Karachi Coastal 
Power Plant 

(unit-1) 

Nucl Karachi 1100 Nov. 2020 

66 Dasu HPP (Phase-1) Hydel 7km upstream of Dasu 
Village on Indus River, 

KPK 

2160 Feb. 2021 

67 Karot HPP Hydel Jehlum River, Dist 
Rawalpindi, Punjab 

720 Jun. 2021 

68 Tarbela 5th Ext. 
Project 

Hydel Tarbela, KPK 1410 Jun. 2021 

69 2021-22 Suki Kinari HPP Hydel Kunhar River/Mansehra, 
KPK 

870 Jul. 2021 

70 Karachi Coastal 
Power Plant 

(unit-2) 

Nucl Karachi 1100 Oct. 2021 

71 Kotli Hydel Poonch River/Kotli, AJK 100 Jun. 2022 

72 Coal Plant at Lakhra Coal Lakhra, Sindh 660 Jun. 2022 

a: tlia\kIga, tAlffAEgMfitIte2x660MW 
Note: According to the Employer's opinions, the scale of Hubco Power Plant is changed to be 2x660MW. 

3.2.3 41W it 
Grid planning 

ili1 E444tEllIVA 	(NTDC)IlifArn (E4W1I-EgMaRAlt (National Power System Expansion 

Plan) (2011 Itk) 111*)) 	 EIlt013-=1)-PlitMaalf14-1t: 

According to the National Power System Expansion Plan Report (2011 edition) and subsequent 
adjustment information provided by NTDC, the grid development objectives of Pakistan in the future are 
to: 

(1) )JAS, 500kV ±PJAUVUE04, A11051*VfiltaTrigft, ITAFFM36131RA40171(sF, 
./AgalV; 

Enhance the 500kV main network and the transmission and distribution grid, improve the tran 	pp, 
capacity and reliability of the grid, and also reduce the loss in power transmission through im 4the' 

4 	technical and management levels; 

(2) CICIMAM31±0aliFf.EMPJNYZIJ. 	MtEgtEgiRITIffi. 



I Hiss,  
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Plan, execute and operate the outlet line of the new power supply at the same time with the power 
supply, to ensure the timely delivery of electric power. 

E41thog.in it iAlt Eli 	2011-2030 it )3 	 tae, 71(12. Tp. 2018 
2022 	19[11A.ttitle,040ftiNPIA111*,i1V7fisH nvAEci.FP,Mlz. 2015 ---'2018 

i 
getigUMEIYIAt-,VAEINA,E4iiiiilAratizlic)EV-J L=IkgfirfEUMMN; 314X EEIA- CL 

500kV ittEbAA(MilliliP—fCfr—R.Y a); 31-RIi*,/iM4 500kV 	 ria-A-113  
vAA U,  31,6tp* 	-A -AMOK it 500kViw I o EMMV. 2018 500kV FgPJMUZIJtal al 3-3 

The grid planning of Pakistan is based on the 2011-2030 National Power System Expansion Plan 
provided by the Pakistani side, in which, 2018 and 2022 are considered as the level-year and 
long-run-year; the access and power transmission requirements of the power supply projects for energy 
planning of China-Pakistan Economic Corridor shall be considered in the meantime. In 2015-2018, it is 
planned to construct Matiari-Lahore Power Transmission Project to meet the power shortage of the load 
center in Central Pakistan and the power transmission requirement of South Pakistan, build the 
South-to-North 3rd-circuit 500kV AC channel (Jamshoro-Moro-R.Y. Khan), construct the 500kV power 
transmission and transformation projects at Lahore South, etc., and construction Sahiwal Power Plant 
and South Thermal Power 500kV Outlet Project in coordination with the power supply projects in 
China-Pakistan Economic Corridor. The 500kV gird planning of Pakistan in 2018 is as shown in Fig. 3-3. 

2022 w, IPA* K-2, K-3 f itA Ati)(FgAH Nfit?'r, 	 Eig5Z= ErA 
1h3VIEP,if-2/4X1=M3.W.NcARML ittittiSPA)rfitiqW0T,LAAR 500kv EgIti; 
gh-ffiA4-4,bit-gt Chakwal, lsd West, Ludewala 4 500kV 	R% 500kV 41 1 efigAriuttit 

rIlEgYaklisEgNAH,  itasta4. tmalavit, Oracle AlLif13*It 500kV 
Tv, EAMig 2022 500kV E0-7paljtIn al 3-4 Pfi -ir\-  

With the commissioning of K2 and K3 nuclear power projects and the planned thermal power project by 
2022, it is planned to construct Matiari- Faisalabad South-to-North 2"d-circuit Power Transmission 
Project to meet the power transmission and load requirements, build Tajikistan-Peshawar DC and 500kV 
auxiliary projects, construct Chakwal, lsd West, Ludewala, etc. 500kV substations for Punjab and 
Islamabad load centers, further improve the power supply capacity of receiving-end 500kV looped 
network structure, and construct Muzaffargarh, Rahimyar Khan , Oracle and North Hydropower 500kV 
transmission projects in coordination with the power supply projects in China-Pakistan Economic 
Corridor. The 500kV gird planning of Pakistan in 2022 is as shown in Fig. 3-4. 



• 

gl 3-3 2018 E.440±1. 500 -f-RCKONYZ11111 
Fig.3-3 2018 Planning Diagram for Pakistan Power Grid of 500kV 
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Fig.3-4 2022 Planning Diagram for Pakistan Power Grid of 500kV and Above 

17 

MOW 	0 
21.0W 	

0 
MOW 

WW1 IIVOC 
YOU WO, 

PAM PEI 

0 

0 



• 

• 

System Study for 	 WA00191K-SS-02B 

±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Security and Stability Study Report 

3.3 EME--Virte51■Aiitgedia-itit6i. 
Overview of Matiari-Lahore HVDC Project 
IM ((4i EgIfkiatitigteallEiS)) 41AT-  ECIRifiCSOMIIV-PrlEalthglii*VilEg p1 (NTDC) 
1r13 KE,4ithii_=.4,PMFKOM (National Power System Expansion Plan) (2011 t;(k)tliL,5-)) aNitiA,V 

Y3{Xittfflitili,C,%.-1010s9RMMVEM9.fRM-i21,  
Altit-0);*.91..1-412,-5.-1:±660kv AgikEf-Y. IfMAE,Ilthit.1-Pft,VIAtiti6E*Ra, itikft-tt. 

3.83g 2 	74A,1=11115 IMIEiltA16-5F11f;E, Aati24i-LI.eg 878km, 	4000MW, gt 2018 

According to contents of power supply planning in Energy Planning Report for China-Pakistan Economic 
Corridor as well as National Power System Expansion Plan Report (2011 edition) and subsequent 
adjustment information provided by NTDC, to promote the development and delivery of coal fired power 
in Thar Coal Field and the coastal areas of Sindh and meet the increased load consumption 
requirements of Punjab and Islamabad Region, it is planned to construct Matiari-Lahore ±660kV HVDC 
Project. The project starts from Matiari in Sindh in South Pakistan, pass through Sindh and Punjab, and 
end at Lahore in Central Punjab, of which, the linear line length is about 878 km and the transmission 
capacity is 4000MW. It is planned to turn the project into operation in 2018. 

3.3.1 NE44111451, 
Overview of power supply projects 

iWittititikg*.ffitkq. 2014 11 A (1:1114AKA#IIIIi0t-E,I)thi1321)M-±-ARIVAVA-T- L=1:1 E,00 
klianvfi,H-f,,s-fprioAiso liMMAIHA*11:1 M*PriMMEgi.  (2x330MW), ±43AIEB —E<Wit1=Ilt 

111E0,1—  (2x660MW), --r.H#4*VIEbr (2x660MW); ith*ft/VM 3-3 FP,NA1 *CDR , trt CfR4it 
mimm=romArgirac-  (2x660MW). MMitigt10/1?-414620MW, i-MOMEI—t:*;FAS, 

ifMEP,X0. 

Engro Coal Power Plant (2x330MW), SSRL Thar Coal Block I Mine Mouth Power Plant (2x660MW) and 
Port Qasim Coal Power Plant (2x660MW) in the List of Preferential Implementation Projects in the 
Agreement between the People's Republic of China and the Islamic Republic of Pakistan on 
Cooperation on Energy Projects in China-Pakistan Economic Corridor in November 2014 are considered 
as the Sindh supporting power supply projects; furthermore, according to the latest progress of power 
supply projects in table 3-3, it is considered to actively promote the construction of Hubco Coal Power 
Plant (2x660MW) in the List. The total installed capacity of the supporting projects will be 4620MW, and 
can meet the power transmission requirement of Matiari-Lahore HVDC Project. 

(1) 3'-'4164-tVglEbr (Engro Thar Coal Power Plant) 
Engro Thar Coal Power Plant 

)01,=ItAttr, 101141 2x330MW, AkIY91,41-(40-PIX 

, 	VI,Ki3tZT-IN 131-A.13k q EPC "A#4, 

Locating in Thar Coal Field Block II, Engro Thar Coal Power Plant is a pithead coal power plant, and has 
an installed capacity of 2x330MW. Its Employer is Sindh Engro Coal Company, and China Machinery 
Engineering Co., Ltd. is going to participate in the project through EPC, for which, the feasibility study 
report has been reviewed and approved by the Pakistani side. 

(2) *VI 	 (SSRL Thar Coal Block I Mine Mouth Power Plant) 
SSRL Thar Coal Block I Mine Mouth Power Plant 

f*VgElEI— ZWADIVAgnft-T-±VFAIEEiE(  I , 	2x660MW, El itt[11119i:A 	PFUL 	BOO 

Htilnalait4MA-49f"#5't,414.113fIR*0 

Locating in Thar Coal Field Block I, SSRL Thar Coal Blockl Mine Mouth Power Plant has 
capacity of 2x660MW, and China Power International Development Limited is going 
development of the project through BOO, for which, the preliminary feasibility study 
feasibility study report have been completed. 

(3) - NAF4AVIE,F.  (Port Qasim Coal Power Plant) 
Port Qasim Coal Power Plant 
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• 	-PAINAVIC-131-F-KEIM-  gig 47km n 	)giADIAPAC--, 	2x660MW, rtil:=14 

it*Ritt-4 WU; A Os BOOT Amtufa, tiff a54-6,4iiTqftM 

Locating at Port Qasim about 47km to the southeast of Karachi, Port Qasim Coal Power Plant is an 
imported coal power plant, and has an installed capacity of 2x660MW, and PowerChina Limited is going 
to control the development of the project through BOOT, for which, the feasibility study report has been 
completed and reviewed and approved by the Chinese side. 

(4) 4MAI1' J AC--  (Hubco Coal Power Plant) 
Hubco Coal Power Plant 

-Wi.1,1--MLM 30km nt/M*, fJi D 	EIJ , RtlAlt 2x660MW, RIY3 

NI 4ff Fiat 	, 43  MI Eb,)-J itigatift4 	9:FR 	10 (2 rt,A tiE 	A-*Mt filf44 

Locating at Port Hubco about 30km to the northwest of Karachi, Hubco Coal Power Plant is an imported 
coal power plant, and has an installed capacity of 2x660MW. Its Employer is Hubco Power Company, 
and PowerChina Limited is going to participate in the development of the project. The general planning 
of plant site, the planning of access system and the environmental impact assessment have been 
completed. 

* 3-3 ititilt0)(ft4 TIM I1Ft462, 
Table 3-3 Preliminary work of the main thermal power plant projects in Sindh 

10MW 
Unit: 10MW 

Project name 

4011V-I 
Installed 
capacity 

_ 	A 4 AM 
Participating units 

Ali At 	1l 
Preliminary 

progress 

1-Wr  n't IA 
Production 

time 

1 It.4-tri VEW— 
Engro Coal Power Plant 

2x330 

)1ktMAtVrt-PDM 
A, 431  Illf/AttliifT V'O} 
413R/iti] l.,',I,EPCA_-_,* 4 
With Sindh Engro Coal 

pany as the Company 
Employer, and China 

Machinery Engineering 
Corporation participating 

through EPC mode 

j--.-Emzfd-finis-
Feasibility 

rt study report 
completed 

2019.6 

2 
*VIA I 3 1 — - - E V Wt, I = I 1 PAC — 

Thar Coal Field Block I 
Pithead Coal Power Plant 

2x660 

113  Ill It)] iiiVAlikiz4 ij, 
BOOMMffXHeld 

and developed by China 
Power International 

Development Limited 
through BOO mode 

study report 
 

54  6 	iff 1 i7 f / I i fi 
Feasibility 

rt 
completed 

2020.8 

3 - it‘diAtigtqf-  
Port Qasim Coal Power Plant 

2x660 

rtili it )J it*R {31-  4 PR IL; 
A 0,BOOTAMLUF 
Held and developed by 

Power Construction 
Corporation of China 
through BOOT mode 

546)A11-Vflliff 
4i/1111 41 	".1,Y 
W Feasibility 
study report 

completed and 
Chinese 

party's review 
passed 

2018.6 

4 
NMAVIIIMA C---- 

Hubco Expanded Coal Power 
Plant 

2x660 

Ak.IYTNMAIEtizA, 4=1  
ril it)331-aR*4 P, /1_A 

,V49=FaWith Hubco 
Electric Power Company 

.1 tE ff R III ii5F 
Feasibility 
study in 
progress 

'‘'''%:::::-: 

Or 
" -X 4  
v:A 
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as the Employer, and 
Power Construction 

Corporation of China 
participating in the 

development 

-grit Total 4620 

3.3.2 AftitAAtig -IE 
HVDC access scheme 

...*if,g 2018 itpitf.St, aNAVMMILE., WAtt,E( 500kV EbAlgit-RAPJ% (Jamshoro) — 

*gr (Moro) #11:1500kV OA, iCti (Moro) —Ms (Dadu New) *id 500kV 	*Ai (Moro) - 
Rya (R.Y.KHAN) 41.F.3] 500kV OM, AFg1LifiVuitt-31. 
By considering this project will be completed and put into service in 2018, Jamshoro-Moro single-circuit 
500kV line, Moro-Dadu New single-circuit 500kV line and Moro -R.Y.Khan single-circuit 500kV line will 
be constructed in the 500kV grid of south area based on existing network, to further strengthen the 
capability of power transmission from south to north. 

#zriAMMEIlterAqPint'Zirt-.4-T, ;API4",z1s*FnIt'AR, 
31-a R.Y.tvC— P*E%.g 1 III 500 -,f)o'CV-01, #WM4i-R.y.a 500 -f-f)AM-hn 	40%* 

OT-111Phif<: 
Meanwhile, in order to enhance the stable operation of the State Grid of Pakistan and reduce the 
measures for serious faults, R.Y.Khan-Sahiwal single-circuit 500kV AC line is suggested to be 
constructed to support Matiari-Lahore ±660kV HVDC project, with 40% series compensation in 
Moro-R.Y.Khan 500kV line, as shown in the figure below: 
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• 1.rtf-A-t-VOMEIRMIitithEqPY9Aaii-M*utA,  # W -FiAMAk,MAVIE -A: 

It is considered to take Matiari, Sindh and its surrounding areas as the starting point of the HVDC Project, 
and the following access scheme is proposed for the Matiari Converter Station: 

MR.5.1AikA Tr AW.We. 	(Jamshoro) —*/fi (Moro) 500kV ak,41; Tr AN 	 ( Dadu 
New) 500kV LA*. 500kV EgEE4kMAASA. A§NuA&AIM 10 OVA, 2 III 

#41:e:', 1 lia*Fgr, 1 FIYMMli, 6 r1:31DEVtffio ti:CEDWit 1)34Esit-IM 2610Mvar, 
33-4 4 	16 !MU *gfiViY9 150-180Mvar. AMMilMA -AtzniS1 3-6 

At the HVAC side of HVDC Matiari converter station, connect (Tr connection) to Jamshoro - Moro 500kV 
lines and connect (Tr connection) to Jamshoro - Dadu New 500kV lines. The HVDC thermal power 
generating unit is connected to the converter station at a voltage of 500kV. The Matiari converter station 
will have 10-circuit outgoing lines, with 2 to Jamshoro, 1 to Moro, 1 to Dadu New and 6 to the matching 
power supply. The reactive compensation capacity of Matiari Converter Station will be 2610Mvar, and 
will be divided into 16 subgroups under four groups. The capacity of each group will be 150-180Mvar. 
The access scheme for the Matiari Converter Station is as shown in Fig. 3-6. 

• 

RI 3-6 il-1hlt1MA* 
Fig. 3-6 Access scheme of Matiari Converter Station 

tkW0,-FDA/M-1MAA - : 

It is considered to take Lahore South, Punjab as the end point of the HVDC Project, 
access scheme is proposed for the Lahore Converter Station: 

ASfeYeASAZKNIJCEEVII 500kV, 	Abl-A-ir: (Lahore) —4-PL*5.r:m (La 

e follo■nritysa, 

outh) 
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500kV dOi;Itik_31445kAk. —tk*%:g1L (Lahore North) X21:1 500kV dY41. AAlkak&XA 6 EIVA, 
2 	 2 illt.-A-%T<M, 2 PlIA.fr:Mhe 1.4.14-VAM:fraIMFit -I4It 2480Mvar, 3-}A 4 
16 /MI, 	150-160Mvar. A4.41CRA4A --Vtral 3-7 pfiW-s- o  

Adopt 500kV voltage at the HVAC side of HVDC Lahore converter station and connect (7 connection) 
the converter station to the Lahore-Lahore South double-circuit 500kV lines; build the receiving-end 
converter station-Lahore North double-circuit 500kV lines. The Lahore converter station will have 
6-circuit outgoing lines, with 2 to Lahore, 2 to Lahore South and 2 to Lahore North. The reactive 
compensation capacity of Lahore Converter Station will be 2480Mvar, and will be divided into 16 
subgroups under four groups. The capacity of each group will be 150-160Mvar. The access scheme for 
the Lahore Converter Station is as shown in Fig. 3-7. 

S 
FP4; ht 	 42' 	 '41 

. J2)11[1111 

Rv,h6:-.1;0t. 

fffat 
MN/ Alluldis 

Luditina-- 

gi 3-7 1:41SURAMAA 
Fig. 3-7 Access scheme of Lahore Converter Station 

UM JHELUM A 

3.4 Agg-i-I-X 
Load flow calculation 

-H-nVIIE41 riftitM 2018 	 (NTDC) at-{kIn 
MUM,' (National Power System Expansion Plan) (2011 Ak)tlif.1A1)) Sz.14-VIV.CA#441  

2018 	 Mnit)a*n 3800MW. fRigE, -M, 2018 13trzi=1 E,g1 
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MiNA 1410MW, ta.rilEgIgfklOnfi, 350MW XAA 1E1 	1760MW AC N-FAEgfq FIcrA 
`A-F 1760MW REgffitipilfs 	MitIO'Fiqt,g4=O7 4600MW, 

t5:1:-±660kV WAInhk.C9,331, 4000MW MIL 500kV ZikAINASg.ig 690MW. 
*igfAffiit 3 t-Nit--T,Eb,r-ffit 3000MW, Sahiwal tAgtEgr ffl)7 1200MW ItOtAf#IALP,C.,,P(tid, 
E4V011,41, tfk, New Kotlakhpat -f7-1+450/-50MVar rI4J SVCIES11.€1.A.IEZnrfflIT3Z)Vt --f,/.1P-V1 
b="to 
In calculation, 2018 summer maximum-load mode is used for the grid of Pakistan. According to power 
balance in National Power System Expansion Plan Report (2011 edition) and subsequent adjustment 
information provided by NTDC, the surplus electricity in the south in 2018 is about 3800MW without 
regard to wind power. As introduced by Pakistan side, in 2018 besides 350MW of wind power in the 
project of China-Pakistan Economic Corridor, 1410MW of wind power is newly added, so there is totally 
1760MW of wind power; due to low rate of full capacity operation of wind power, under normal mode, the 
capacity of 1760MW of wind power is considered as 50% output, and the total power delivered from the 
south is 4600MW, MATIARI-Lahore ±660kV HVDC project delivers 4000MW of power from the south to 
central load center, and the south-to-north 500kV HVAC channel delivers about 690MW of power from 
the south. Three LNG units is added in Punjab with output of 3000MW, Sahiwal coal fire plant output 
1200MW, meanwhile the generators connected to the lower voltage level are closed near load center. A 
SVC with capability of +450/-50MVar is provided in New Kotlakhpat, and one maximum unit installed 
capacity is considered as the spinning reserve of whole system. 

j..5'0A -AfAMFA3-1-40-W5g. CEE7101zir4ZOL 	 DADU-NEW- 
SHIKARPUR fA MORO— R.Y.KHAN ZAA ffi MM./A AM1)v 290MWoklil JAMSHORO—DADU-NEW, 
MATIARI—DADU-NEW *11 MATIARI —MORO 73e„aiffilhffiltjaS:009 690MWo tM.REN,—k-Er:T:Afit, 
q)7R.A.j.ilAakr5---1A.*5FM, 	 AblAS 	A 511L 3 tAtiMffl , 3 tigilifjA3)111 

1234MW, 1860MW, 802MW. I'r6 77AAJa3-)-45#ttlIM 3-8 Pfi;j---:. 

The load flow calculation indicates that the load flows of Matiari and Lahore areas are distributed evenly, 
their voltage levels can meet the requirements. On the HVAC outlet cross sections of 
JAMSHORO-DADU-NEW and MATIARI-MORO HVAC channels operating in parallel with the HVDC line, 
the load flow is 290MW, which is light. On the HVAC outlet cross sections of JAMSHORO-DADU-NEW 
and MATIARI-MORO channels, the load flow is 690MW, which is also light. Matiari-Lahore HVDC power 
is mainly transmitted through three channels, Lahore South - Converter Station, Lahore - Converter 
Station and Lahore North - Converter Station, of which, the load flows is 1234MW, 1860MW and 802MW 
respectively. The load flow distribution under normal mode is as shown in Fig. 3-8. 

'OP 
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24 

521,9 

525.3 

517.7 
REWAT-N 

527.1 
N-JEHLUM 

titi 

• 



• 

System Study for 	 WA00191K-SS-02B 

±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Security and Stability Study Report 

3.5 3ZS#IVIALArl1Volti 
Impacts of AC fault on system 

3.5.1 Af-AMT 
Operating voltage of system 

500kV FO,Pfi NriaithMEUlm-r4 
500kV WIELEE/A40114EfrgreMIZIE-flo 

When it is ensured that the generator unit operates in reasonable power factor and given that 
appropriate LV reactive compensation capacity is allocated in the Karachi region substations, the 500kV 
bus voltage of converter stations can be controlled within the reasonable range. 

xd----f-mt-rnaA).-v, mix (EmmiLiE)Jimm#K14trfig (NEPRA Grid Code))) A. 2015 7 A 2 -9-  

	

190€11AAM 500kV 	 475-540kV, IMAM:ZAN 500kV cidtk-ki 
500kV, 	CDR 450-550kV. 

For the recommended access scheme, according to NEPRA Grid Code and the minutes in 
China-Pakistan Expert Meeting on July 2, 2015, it is definite that the normal voltage of converter station 
500 kV bus is between 475 and 540kV, and the rated voltage of converter station HVAC side 500kV bus 
is 500kV, and voltage after fault is 450kV - 550kV. 

3.5.2 Ago* 
System frequency 

(E4)thil2E,)JiaWN4PritCklq (NEPRA Grid Code)) t 2015 7 A 2 id-
IMMIMM-40MtiEVIAWv 50±0.1Hz, hAgAat*Mtk10446,111tfV9 

49.4-50.5Hz,titiltiTiRVI9MWOJX-1103 50±0.2Hz. 

According to actual system operation situations, NEPRA Grid Code and the minutes in China-Pakistan 
Expert Meeting on July 2, 2015, it is definite that the normal fluctuation of the converter station bus 
frequency is 50±0.1Hz. In case of occurrence of system fault, the frequency range is provisionally 
determined to be 49.4 - 50.5Hz, and the fluctuation is 50±0.2Hz after the fault is removed. 

3.5.3 aZitX 
Stability calculation 

ngaAntAa-F, fuVa'4E71(4411*, ig/PRE.E4-411g, AtAY-9 1A-M#0.., MAO* 3-4 

In case of HVDC access, relevant lines will incur permanent three-phase ground fault. In this case, 
efforts shall be done to ensure the units to operate properly, thus enabling the system to keep stability. 
See Table 3-7 for the calculation results. 

*3-4 F001Z-i1VXMX* 
Table 3-4 Stability Calculation Results 

dill Vis 
Name of line 

16c1gAMM 
Fault type 

*Zit-  14W* 
Stability calculation  result 

MATIARI—MORO E-  *  Permanent three-phase ground fault 
tP. 

Stable 

MATIARI—JAMSHORO 
.1(  E7  Permanent three-phase ground fault Stable 

MORO—DADU-NEW .  _-::- 71(  
Permanent three-phase ground fault Stable  

■ nn ., 

MORO—R.Y.KHAN 
L-.:7  1( 

Permanent three-phase ground fault 
ft 	,----- 

Sta 

MATIARI—THAR COAL PLANT J' 
Permanent three-phase ground fault 

 * 
Stab e...\ 	, 
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1) ivtoomasn Moro'—R.Y. KHAN it,' 14.E_-.* N-1, xtanAtAurn-az 
1) where, permanent three-phase ground fault N-1 for Moro-R.Y.KHAN line whose load is h 
corresponding system response curve is as follows: 
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MATIARI—QASIM COAL PLANT E.7  1( 
Permanent three-phase ground fault 

flt 
Stable 

MATIARI—NEW HUBCO COAL 
PLANT 

_Eh< 
Permanent three-phase ground fault 

41Z 
Stable 

LAHORE Aakt-LAHORE SOUTH 
LAHORE Converter station— 

LAHORE SOUTH 

iii 
Permanent three-phase ground fault ftZ 

Stable 

LAHORE AIkt----LAHORE 
LAHORE Converter station-- 

LAHORE 

=_=-.-71( 
Permanent three-phase ground fault #1. 

Stable 

AMM---LAHORE NORTH 
LAHORE Converter station-- 

LAHORE NORTH 

:_..--* 
Permanent three-phase ground fault 

Stable  

ftZ 

LAHORE NORTH—GAKKHAR Eh  < 
Permanent three-phase ground fault 

ft. 
Stable 

GAKKHAR—LAHORE SOUTH Eh 
Permanent three-phase ground fault 

P  . 
Stable 

GAKKHAR—LAHORE 1( E'  
Permanent three-phase ground fault 

KAZ 
Stable 

SAHIWAL—LAHORE SOUTH ..: i< .E7  
Permanent three-phase ground fault 

f6t 
Stable 

MATIARI—THAR COAL PLANT 
E.71(0012E1 

Permanent three-phase ground fault 
and double-circuit trip 

tLl 1000MW fila 
1000MW load shedding 

MATIARI—QASIM COAL PLANT 
E.71(002 El 

Permanent three-phase ground fault 
and double-circuit trip 

-pj 400MW 'AM- 
400MW load shedding 

MATIARI—NEW HUBCO COAL 
PLANT 

-1-.71(kg El 
Permanent three-phase ground fault 

and double-circuit trip 

t)J 400MW trpl 
400MW load shedding 

LAHORE ASA —LAHORE SOUTH 
LAHORE Converter station—LAHORE 

SOUTH 

E.--h<0021=1 
Permanent three-phase ground fault 

and double-circuit trip 

fItZ 
Stable 

LAHORE A/W-LAHORE 
LAHORE Converter station—LAHORE 

E.-71(002 El 
Permanent three-phase ground fault 

and double-circuit trip 

2Z 
Stable 

LAHORE 	gtit—LAHORE NORTH 

LAHORE Converter station—LAHORE 
NORTH 

EhaV2111 
Permanent three-phase ground fault 

and double-circuit trip 

t.  
Stable  

LAHORE NORTH--GAKKHAR 
-i71(002 III 

Permanent three-phase ground fault 
and double-circuit trip 

KAZ 
Stable 
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111 3-9 Moro—R.Y.KHAN amE.---.7-k N-1 tAls*WilMiltIPIALit-4; G.BROTH fltil1VJThg 
Fig.3-9 Moro-R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault-related south generator angle 

differences to G.BROTH generator angle 
0 

IN 3-10 Moro—R.Y.KHAN 	N-1 tal*WartkliREMilft 
Fig.3-10 Moro-R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault-related south 
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0 250- 

IN 3-11 Moro—R.Y.KHAN 	EA< N-1 t3z liV1=1) d CE 1 
Fig.3-11 Moro-R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault-related Bus Voltage Graph 

iN 3-12 Moro'—R.Y.KHAN glAcE.-.71( N-1 tAI*23MaY03* dffl 
Fig.3-12 Moro—R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault AC Power Curve 

Moro—R.Y.KHAN 	N-1 Mz I3W4 	htIthiVi 	M 	gisJ 8011, V AIL, ElErf-ZE,AirAja 
Vil,..3Z.A.E71( N-1 MaktVIOV.JN, 	 Moro—R.Y. KHAN 500kV 

293MW Wat$33.3111.ki MORO—DADU-NEW 500kV 
\on Co 

When there is a three-phase permanent ground N-1 fault in Moro--R.Y.KHAN line, the fir ,...t,y1t4ng 
south generator angle difference with north generator is about 80 degrees. The generator i ry step- *t 	\ 
and the power angle is stable. Due to low load flow in AC channel, AC permanent three- 	e gromnd 	=D- 
NA fault has little influence on system, and the voltage can restore to the reasonable rang 	st power / 
of 293MW load flow in MORO-R.Y. KHAN 500kV line is transferred through MORO-DADU 	SkokV 
line. 	 \‘: 

10 30 40 20 
Time(sec.) 

♦ JAMSHORO-DA DU ■ MATA RI-DA DU 
• MATA RI-MORO ♦ LA HORE53- LA HORE-S 
• LA HORE53- LA HORE x LA HORE53- LA HO RE- N 
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2) LAHORE AM:16—LAHORE d-,nri-:71( N-1, kienAtAilmi.-  

2) Where, LAHORE Converter station—LAHORE Line occurs permanent three-phase ground N-1 fault, 
corresponding to the following system response curve: 

al 3-13 LAHORE Converter station LAHORE .t1 	71( N-1 MAA1113V1..t1011xt-ILS G.BROTH 
Fig.3-13 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault-related south generator 

angle differences to G.BROTH generator angle 

♦ ENGRO 	■ I-RJBCOCF • PORT OAS 

49.9 	 
--I  

0 10 	 20 	 30 	 40 

Time(sec.) 

RI 3-14 LAHORE Converter station—LAHORE 4_04-Z-.71( N-1 61s4A-NiffttiXEU115,1A 
Fig.3-14 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault-related so h-gene,rptsr 
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speed 

3-15 LAHORE Converter station—LAHORE* N-1 movriA-BRA EgEE 
Fig.3-15 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault-related Bus Voltage 

Graph 

• 

3-16 LAHORE Converter station—LAHORE .t1V4E-.* N-1 maZNAMIA* of 
Fig.3-16 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault AC Power Curve 

LAHORE MA,k4 — LAHORE d, =71C N-1 Mzli*Pi AntIMIlkilhifiqUIVAgg'9 40 Ix, viffittz, 
tio:-Bidq.,EETtAuoti-n.x-rtAN.LAHORE AgM—LAHORE 500kV 721:1±.(t<3 1860MW My&dii 
ft1*-111.WAW; 1670MW, LAHORE AV6—LAHORE-N V1=1?-AAAfithk 802MW 860MW, 
LAHORE AiAtifs—LAHORE-S MilitIMAJW)■ 1234MW INN 1348MW. Eti LAHORE *- Agilic.,,PJ 
MVA, MAY4E- iic N-1 MIIVIVAVIru]Vd\ 

When there is a permanent three-phase ground N-1 fault in LAHORE converter station-LAHORE line, 
the first swing of power angle difference between south generator and north generator is about 40 
degrees and the power angle is stable. The related bus voltage can return to the reasonabl 
1860MW load flow in LAHORE converter station-LAHORE double-circuit 500kV line is 
through surplus single-circuit line by 1670MW, the load flow of LAHORE converter statio 
double-circuit line is increased from 802MW to 860MW, and that of LAHO 

• station-LAHORE-S double-circuit line is increased from 1234MW to 1348MW. Due to the 
of load center, AC line permanent three-phase ground N-1 fault has little influence on syst 
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3) MATIARI—THAR COAL PLANT d24i-=:71< N-2, XtginAgAurla 111 

3) For MATIARI—THAR COAL PLANT line permanent three-phase ground N-2, the corresponding 
system response curve is as follows: 

RI 3-17 MATIARI—THAR COAL PLANT LI 	A< N-2 tkis*A111341,kiNkflhg-13G.BROTH &AMA 
Fig.3-17 MATIARI—THAR COAL PLANT Line Permanent Three-phase Ground N-2 Fault -related south 

generator angle differences to G.BROTH generator angle 

RI 3-18 MATIARI—THAR COAL PLANT dAIL---_71( N-2 MtIsAttizIMOIAL k 
Fig.3-18 MATIARI—THAR COAL PLANT Line Permanent Three-phase Ground N-2 Fault -relat 
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generator speed 

Rcl 3-19 MATIARI—THAR COAL PLANT dOiE.71( N-2 	 ELEER1 
Fig.3-19 MATIARI—THAR COAL PLANT Line Permanent Three-phase Ground N-2 Fault-related Bus 

Voltage Graph 

3-20 MATIARI—THAR COAL PLANT govz-L-71( N-2 tAIIMALMVJA 111 r  :.- 
Fig.3-20 MATIARI—THAR COAL PLANT Line Permanent Three-phase Ground N-2 Fault AplRower* 

Curve 
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al 3-21 MATIARI—THAR COAL PLANT dY4 E..-* N-2 talluRitg 	OKI 
Fig.3-21 MATIARI—THAR COAL PLANT Line Permanent Three-phase Ground N-2 Fault Bus 

Frequency Curve 

MATIARI—THAR COAL PLANT tialiE.71( N-2 Mat 	Atkl5i.* 1800MW V3*, g.A*A'a )9 48.9Hz, 
mg 1000MW Arr if0,VTVAU115t,IMEtil MATIARI—QASIM COAL PLANT *11 MATIARI—NEW 
HUBCO COAL PLANT X±d*-E.71( N-2 W*, 	1.1tAr6t 400mw 

When there is a three-phase permanent ground N-2 fault in MATIARI—THAR COAL PLANT line, the 
sending-end will lose the power of 1800MW and the lowest frequency will be 48.9Hz, but after the 
1000MW load shedding, the frequency can return to allowable range. When there is a three-phase 
permanent ground N-2 fault in MATIARI—QASIM COAL PLANT line and MATIARI—NEW HUBCO 
COAL PLANT line, with 400MW load shedding respectively from each line, the system frequency can 
restore to allowable range. 

3.6 AtiAli*VALZMuiti 
Impacts of DC fault on system 

3.6.1 AlafitlikrANECIMIlli 
Impacts of DC block on system 

XMIttrA#1*, 
AIIRMIA,AgAigl#0,Zitft; X±V6V1iiii -41*, M3i-gi.1A1/36tAtAtIl 2640MW. 

1700MW 	iPlglAtL01 6%, AIR41115WIAKfM1=#.4ic. 

Calculate HVDC monopole and bipolar block faults. Stability calculation result shows that, when 
Matiari-Lahore HVDC Project encounters monopole block fault, no load shedding is required and the 
system maintains stable operation. When Matiari-Lahore HVDC Project encounters bipolar block fault, 
2640MW units require to be switched off and load shedding of 1700MW is required, accounting for 6% of 
the loads of the whole grid; after taking these measures, the system resumes stable operatio 

1) 40fiiltal*, 	gAtElA 11: 

1) In a monopole block fault, the relevant curve of system is indicated below: 
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III 3-22 A.& 44-tROMMOMIOR.gliffIA-VO G.BROTH LIIbTh 
Fig.3-22 HVDC Monopole Block Fault-related south generator angle differences to G.BROTH generator 

angle 

3-23 ANALVARJVAIst(ticl*CMIlgliaftt1Lit1 
Fig.3-23 HVDC Monopole Block Fault -related south generator speed 

" 

34 

• 

• 

• ENGRO • FUBCOCF • PORT OAS 

f 

50.3— 

50:• 

49.9: 
i 



480 

4702. 	 

. 
0 

r 	 
10 40 20 	 30 

Trne(sec.) 

• DADU • SHKFR • GUODU • LAHORE • GATT1 x IVIULTAN 

550: 

540- 

3  530- 

I 520 

500- 

_ 
490- 

v v v 
61 	11 

i 	'I' 

• JAMSHORO-DADU • MATARI-DADU 
• MATARI-MORO • LAHORE53-LAHORE-S 
• LAHORE53-LAHOW x LAHORE53-LAHORE-N 

1,400- 

1,200- 

1,000. 

800- 
m 

t 600- 
a 

400: 

200 -1 

0- 

  

10 
	

20 
	

30 
	

40 
Time(sec.) 

System Study for 

±660kV HVDC Project from Matiari to Lahore in Pakistan 

WA00191K-SS-02B 

Security and Stab lity Study Report 

K13-24 ASAtItrilif-Vik10111 -RaCILTI 
Fig.3-24 HVDC Monopole Block Fault -related Bus Voltage Graph 

al 3-25 MAA&RJOAPEONAAVA:.1001 
Fig.3-25 HVDC Monopole Block Fault AC Power Curve 
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IN 3-26 A:StAtRRICAtkis*AAVA 
Fig. 3-26 HVDC Monopole Block Fault System Frequency Curve 

5-5A .AttIM*51:. 
ChtlalAffiX?_43 50 1, IAA 	 A.A$PAIVt'agl9Yv 49.9Hz, AgAOL 

It can be seen that, after HVDC monopole block occurs, the power surplus shifts to the HVAC channel in 
parallel operation, and the AC system can withstand it. The first swing of power angle difference between 
south and north generator is about 50 degrees and power angle is stable. The voltage can return to 
allowable range. The frequency of the system is stable, with the lowest frequency at approximately 
49.9Hz. 

2) 3zfRitiAtAPVcAlf,RIPIaAf-AMt, ,ter.-A41 

2) In a bipolar block fault without control measures the system is unstable, the relevant curve of system 
is indicated below: 
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IN 3-28MAAVA1 1",t3t1 44.0EgiEn1 
Fig. 3-28 HVDC Bipolar Block Fault-related Bus Voltage Graph 
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3-27 hiagtiiMMVAVURVA :Nam 
Fig.3-27 HVDC Bipolar Block Fault Power Angle Graph 

AITRiMM4 2640MWCAL x 1700MW 	 - sf:A*11A 111 11 

In case of bipolar block fault, 2640MW units require to be switched off and load shedding of 1700MW is 
required, and after taking these measures, the system resumes stable operation. The relevant curve of 
system is indicated below: 
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RI 3-29 ASAMftli.9.4 toZICZ&WV)3* :11  
Fig. 3-29 HVDC Bipolar Block Fault AC Power Curve 

IN 3-30 E.&XORMiljit-MAgAg*::: 
Fig. 3-30 HVDC Bipolar Block Fault System Frequency Curve 

0.A.SA-W1.10)9M, 53-C-AaMiAktAaRtiwam pk-AHRaftEEnt,A: trt*41tAgjitir7> ftla 
ArVig 1.10p.u. (550kV) 	itteAtAgf,1 	1-AMEghEi/ Ph-F13*, ELEEMzagg',7 

0.96p.u.(480kV). EtEETICI<JORIXIXAMIAO,f1 	 NAM, ),KffiV 
*M-AltEET13*, YFV]rniAgAII<T1144 4-ToizilITV&RMIA113tiVA-tAtl, 2640MW.IMMA 1700MW 

Af0{,VitqffitET]4.311611M AtA0*-4c-Xft. 

Taking HVDC monopole block fault as an example, analyze the impacts of HVDC block on volts 
converting bus and related buses within the grid. Before switching off filter, the bus voltage incr 
to about 1.10p.u. (550kV); after switching off filter, every bus voltage decreases, and the 	ge is 	,, 
reduced at the lowest to about 0.96p.u.(480kV). The main cause for voltage drop is the shi 	i pow  
surplus to the AC grid from south to north after HVDC block, leading to voltage drop along t 	e et 
the normal system operation is not influenced. If after bipolar block, 2640MW units are switch 
1700MW loads are shedded, so as to reduce the voltage along the line to an acceptable ra . 
system frequency does not lose its stability. 

. 
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3.6.2 AtEMFIVitxtMUM* 
Impacts of DC commutation failure on system 

A&D'AIMph125EMWDM2AtE.-liitillitAIO (0.1 	), 
-FINPfi*: 
When three-phase short-circuit fault (0.1s — 0.2s) occurs at the outlet of the inversion station within the 
grid at HVDC Lahore side, the DC commutation is fail, with the relevant curve indicated below: 

IN 3-31 MAORAdIVE1 14agffilli 
Fig. 3-31 HVDC Commutation Failure-related Bus Voltage Graph 

111 3-32 E.VMEI91V6zP*Aadr4iTA*:11dRci 
Fig. 3-32 DC Commutation Failure DC Power Curve 

1.fi:VAlalin 0.2 ), 
A-A-Ts] 1.18 p.u. (588kV) 	atrtgATIDKVE-133M, M4AAVAntAR., AtttELEE0.1iVAMI 
;r0SRZ4)Vzfi7I(Tho 
It can be seen that, in a HVDC primary commutation failure, the DC power is obst f d 
approximately, leading to voltage decreasing first and then rising at the Matiari converter sta iOn and lao.t  
nearby, reaching the highest voltage of about 1.18 p.u. (588kV), which is under the bears to  angeOf 

111` 	unit. With the recovery of HVDC power, the bus voltage will be restored to the original ley\erafter 
V.,. fluctuation. 

14-r9FiAgatlAtlitk, t€1)0110011 
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Fig. 3-34 HVDC Monopole Restart Fault DC Power Curve 
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3.6.3 AS4ia WitA MO1116144 
Impacts of DC restart on system 

A.VM4A -Mtlklit[F, MA:Ni-tOTW7-Js- : 

In a HVDC monopole restart fault, the relevant curve is indicated below: 

Rg 3-33 AVP-R4843tikli*TAAAEKEERI 
Fig. 3-33 HVDC Monopole Restart Fault Converter Station Bus Voltage Graph 
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RCI 3-35 AfflAtIA-4844klittiMM.11.0.*:::gAIII 
Fig. 3-35 HVDC Monopole Restart Fault Sending-end Unit Frequency Curve 

411. 0.4±, AgEMds*, .t1.11 0.15 Wk0A131-f-2, fl'! T41111)3, 44-UAIMAPftid-4.0C190-f- 
f=d4, aliVigi,J 1.11 p.u. (559kV) 	i, ifitSASAfa4hV)JMI)AllIAY, 
t.473M7.1(- , 

It can be seen that, when a HVDC fault occurs, after a 0.15s process of deionization, HVDC restart 
succeeds, leading to voltage rising first and then decreasing at the converter station and bus nearby, 
reaching the highest voltage of about 1.11 p.u.(559kV). With the recovery of power after HVDC restart 
succeeds, the bus voltage is gradually restored to the original level after fluctuation, and the south 
generation unit frequency is within the safe range. 

3.6.4 *,ItAgOlitt elt 
Consideration of DC overloading capacity 

J44r611115V-t4111*, AAAgA 
AA"—v4Jatahlto ASAlitg,  fittiiMiilaii11116J -L014.3-1j9t[11- kitOrntnAMILMOrflt 

)7. 

DC power transmission system generally operates at continuous rated power. But considering the 
design allowance of equipment and change of environmental temperature, all DC systems have a 
certain overloading capacity. The DC overloading capacity may be divided into transient overloading 
capacity and short-time overloading capacity according to the length of duration of overloading time. 

nattl,tt-treivAtg, m-a-itiAtAnwl,ftzKlikAA-fiJo Amti.wratiamntolip#Dta5e... 
fl_11411M7 'JAAI-a-A-MitgR)7&t, 

The stronger the DC transient overloading capacity is, the more contribution is made to improvement of 
transient stability level of system. The main benefit of DC short-time overloading capacity lies in that, 
after operation suspension of AC/CD equipment for some reasons, more power is transmitted by the 
overloading capacity of the operating DC equipment, so as to reduce the impact to the grid. 

fliLAT*Aa*ittica, 4401-±MbillAgif.**1-StCS-VA911.1 -F, AAVA341,WR-1-1111A-1-1Mtl'iM, 
mv-In 1.2 	AS.AgA 2 /1,1rIMALMgrktNItc'EZSM94in 1.11M-8. 

According to the design standards of Ning-Dong HVDC Project, under the principle th 
• investment is made to converting equipment, the 3s transient overloading capacity of HVDp:s.§istervi. is; 

temporarily decided to be 1.2 times the rated transmission capacity, and the 2h short-timet  ciiierloac(Vr 
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• capacity of DC system is temporarily decided to be 1.1 times the rated transmission capacity. 

Aga*.t.RIMAtiiCli*act, fitii-Xlitt.-T8tA 3 WI,  1.2 iiiniiffisel Re.)3, 3 f!Mt-t-Es 1.1 15  2 ,J,  [11-n 
AitEM:91f1Z MOA/Zt/JfIlik:YAISJIM, 

At a HVDC monopole block fault, the stability calculation considers the HVDC 3s overloading capacity at 
1.2 times the rated transmission capacity and the 2h short-time overloading capacity at 1.1 times the 
rated transmission capacity after the first 3s. The monopole block is stable, no switching off or load 
shedding is required, with the related curve indicated below: 

J 3-36 nikAtRitfitali*,V-1 3fIllitliki1LN G.BROTH tjaftwrig 
Fig.3-36 HVDC Monopole Block Fault-related south generator angle differences to G.BROTH generator 

angle 

• IN 3-37 AikAtRitilitAlOtetlsWangfiaEMIlill 
Fig.3-37 HVDC Monopole Block Fault -related south generator speed 
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[II 3-39 A.A-P-fRffigitezPMAMV4V3* 
Fig.3-39 HVDC Monopole Block Fault AC Power Curve 
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IN 3-38 AVPaltifittill*tMERItEESI 
Fig.3-38 HVDC Monopole Block Fault -related Bus Voltage Graph 
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3-40 AA., eik fR 	tz MARA YliliJ* l a IN 
Fig.3-40 HVDC Monopole Block Fault DC Power Curve 

• 
— no load shedding 

50.15 

50.1- 
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rti 3-41 AS.51-fMiltAl*AtA0.*:::d111 
Fig. 3-41 HVDC Monopole Block Fault System Frequency Curve 

MRAtal21J0. lifi#11A4M — t7 3 #41i 1.2 1,initt*fiejJ, 3 #1-8 1.1 if 2 ii,Frrnitg: 
m-gt, A.47 4-myotn...a.141-135e_mici.E, )7ZAAtARM*311:, 
It can be seen that, when HVDC monopole block occurs, the 3s overloading capacity of the 	er-pbTe*) :\ 
1.2 times the rated transmission capacity and the 2h short-time overloading capacity at 11,.-1./fimes the 

• 	rated transmission capacity after the first 3s are considered. The power shifts to the Ap•Ohann_sti in 
parallel operation, and the AC system can withstand it. The system frequency is stable. 	\ 	 it  J 
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0 	3.7 *WES41,14mAZTAiit 
Without MORO—R.Y.KHAN series compensation, R.Y.KHAN—SAHIWAL 500kV line 

3.7.1 sitiai-X 
Load flow calculation 

5.T ±660kV ISafMlEb, 4000mw, )7M4HIMM (MORO-R.Y.KHAN *41,, 
R.Y.KHAN—SAHIWAL500kV 	Tita, MIL 500kV 	 690MW, 	JAMSHORO- 
DADU-NEW, MATIARI—MORO *II MATIARI—DADU-NEW s.a lhm4*e -ALLsuAlto 
The calculation adopts Matiari-Lahore ±660kV HVDC Project with 4000MW power transmission, and it is 
considered the AC compensating network (MORO— R.Y.KHAN series compensation, R.Y.KHAN-
SAHIWAL500kV line) can't be put into service. The load flow in south-to-north 500kV AC channel is 
690MW, and transmitted outwards through JAMSHORO DADU-NEW, MATIARI — MORO and 
MATIARI—DADU-NEW, and the south-to-north load flow has no change through comparison with basic 
mode. 

iXIVAAfAftiM-3-)-10e,J. Fbaz1(i-AXR:4Z.4qt**1173ESAVA41113-1-4M1[33 3-42 

The load flow calculation shows that, at the receiving end, distribution of system load flow is uniform and 
voltage level meets requirements. When the AC compensating network cannot be put into service, the 
load flow distribution is illustrated in Fig. 3-42. 

0 
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Fig. 3-42 Load Flow Diagram for Failure to Put into Service of the AC compensating netWork 
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3.7.2 aZi-FX 
Stability calculation 

_.,3/:_'&41•31ITJ (MORO—R.Y.KHAN *41,, R.Y.KHAN—SAHIWAL500kV gir4) 4:4-1Stntri6i,T, 
500kV tT- 7AMYMt-i*--titl*Af-V41±ft ,ii-",iUkEriffii_livi- N-2 

MAIix-WARMIAltAtA0.4gtARIC,IVAIN. 	 Attffrig4ft,Z, MO)Kft-ana., A 
SAMMO-dl* AgAM2, MAIIVJRM4A 3960MW VAL fpJRIt7J{ 3000MW 
VIJ 12%, ,`r%`iEr-IIMMZ. etitsm[1* 3-5 WT: 
Considering that the AC compensating network (MORO—R.Y.KHAN series compensation, R.Y.KHAN-
SAHIWAL 500kV line) cannot be put into service, the stability calculation result shows that, when a 
single fault occurs in 500kV main network line, the system can maintain safe and stable operation, and in 
case of N-2 fault in outgoing circuit of power plant at Matiari side, load shedding measure needs to be 
taken to restore the system frequency to allowable range. The system can keep stable with no measure 
taken, in case of the HVDC monopole block fault. The system becomes unstable when the HVDC bipolar 
block fault, and the Matiari 3960MW unit switch-off and 3000MW load (12% of load of the whole grid) 
shedding is performed to make the system maintain stable. The stability calculation results are shown in 
Table 3-5: 

3-5 lAttial-NiVR* 
Table 3-5 Grid Stability Calculation Results 

ft iViVis 
Name of line 

ttivitAM 
Fault type 

11Z-FXMAI 
Stability result 

ilkktiEtzlit 
Matiari side AC fault 

MATIARI—JAMSHORO _-"-.-- -__A(  
Permanent three-phase ground fault 

att 
Stable 

DADU-NEW—JAMSHORO E .71(  
Permanent three-phase ground fault t 

tt 
Stable 

MATIARI—DADU-NEW E7  . 1( 
Permanent three-phase ground fault 

Kit 
Stable 

MATIARI—MORO EA  
Permanent three-phase ground fault 

Kit 
Stable 

MATIARI—THAR COAL 
PLANT 

E i0 11 
Permanent three-phase ground fault and 

double-circuit trip 

t13 woomwg- 
1000MW load shedding 

MATIARI—QASIM COAL 
PLANT 

E ii( W I=11 
Permanent three-phase ground fault and 

double-circuit trip 

V] 400MW 'AO 
400MW load shedding 

MATIARI—NEW HUBCO 
COAL PLANT 

E 706XXEl 
three-phase ground fault and 
double-circuit trip 

i)J 400MW ft..Permanent 
400MW load shedding 

Dill3ZS#11* 
Lahore side AC fault 

IMM----LAHORE SOUTH 
LAHORE Converter station- 

LAHORE SOUTH 
—ix  

Permanent three-phase ground fault 

—  
.M - - 	- 

--• St46le . 	- 

SA—LAHORE 
LAHORE Converter station- 

 ---.771( 
Permanent three-phase ground fault 

, 	t  
St talk,  
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LAHORE 

Wkit4S —LAHORE NORTH 
LAHORE Converter station- 

LAHORE NORTH 

L.--* 
Permanent three-phase ground fault 

tt -Z 
Stable 

M-it-LAHORE SOUTH 
LAHORE Converter station- 

LAHORE SOUTH 

H-171(005( El 
Permanent three-phase ground fault and 

double-circuit trip 

et 
Stable 

MM-LAHORE 
LAHORE Converter station- 

LAHORE 

Eil(OLA El 
Permanent three-phase ground fault and 

double-circuit trip 

ftZ 
Stable 

AgEkt —LAHORE NORTH 
LAHORE Converter station- 

LAHORE NORTH 

E.-- 71aM11=1 
 Permanent three-phase ground fault and 

double-circuit trip Stable  

AtiEftliit 
HVDC Fault 

MATIARI—LAHORE MA 
MATIARI—LAHORE HVDC 

V-VAI01 
Monopole block fault 

41Z 
Stable 

MATIARI—LAHORE AS. 
MATIARI—LAHORE HVDC 

PIJC/ 
Bipolar block fault 

V] Ilit 3960MW full, HUM 
g 3000MW ttp-MA.q.6tA 

Yet 
The system restores to the 
stable state after 3960MW 

unit switch-off and 
3000MW load shedding. 

1) itxxotain Moro—R.Y. KHAN 	N-1, xtanAgArIPF37. 111 009: 

1) where, permanent three-phase ground fault N-1 for Moro-R.Y.KHAN line whose load is heavest, the 
corresponding system response curve is as follows: 
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3-43 Moro—R.Y.KHAN RAE* N-1tiklsitCallgtIAM-10113G.BROTH &Mi. 1M 
Fig.3-43 Moro-R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault-related south generator angle 

differences to G.BROTH generator angle 

[Xi 3-44 Moro—R.YKHAN aM-Eik N-1 tli#4113411,g1Mt#1.111 
Fig.3-44 Moro-R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault-related south generator sped 
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RI 3-45 Moro—R.Y.KHAN agli-E71( N-1 MtP1411 .14-ititEEEN 
Fig.3-45 Moro-R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault-related Bus Voltage Graph 

al 3-46 Moro—R.Y.KHAN 	N-1 ktiCZAI.IA1)3*u: 
Fig.3-46 Moro—R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault AC Power Curve 

Moro—R.Y.KHAN .tiat-E.71( N-1 t6(s*, M1hValAffiV1 —An 90 f 13ffill, 
V,,73Eik,E-71( N-1 41t1S)O-TVIAV/.1,, 3.3117,4_41FOKtil*,EEPtkAfriNrelilpk-in Moro—R.Y. KHAN 500kV 

263MW ifiAMLZ33-3tlid MORO—DADU-NEW 500kV fAMM. 

When there is a three-phase permanent ground N-1 fault in Moro—R.Y.KHAN line, the first swing of 
south generator angle difference with north generator is about 90 degrees. The generator is not step-out 
and the power angle is stable. Due to low load flow in AC channel, AC permanent three-phase,ground 
N-1 fault has little influence on system, and the voltage can restore to the reasonable range.,M45t-power•,, 
of 263MW load flow in MORO-R.Y. KHAN 500kV line is transferred through MORO-DADU 	500RV 
line. 
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Fig.3-48 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault-related soUthienerator 
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2) LAHORE ASA—LAHORE 	N-1, M- 5i/InVALIrrla 

2) Where, LAHORE Converter station--LAHORE Line occurs permanent three-phase ground N-1 fault, 
corresponding to the following system response curve: 

3-47 LAHORE Converter station—LAHORE .ilaiE.71( N-1 MaiArtf1141031411X4Jtfill G.BROTH tlattItifi 
Fig.3-47 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault-related south generator 

angle differences to G.BROTH generator angle 
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speed 

Ma' 49 LAHORE Converter station—LAHORE R*E71C N-1 MAN kffjil Eti 
Fig.3-49 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault-related Bus Voltage 

Graph 

1113-50 LAHORE Converter station—LAHORE flaliE 71c N-1 410.432SA *VA a® 
Fig.3-50 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault AC Power Curve 

LAHORE Aakt-----LAHORE ama-71( N-1 mzii*, Affi3a4mfotlhatng11imffign 30 fl., who, -z. 
41 A imtt Eg EE T,,JARN-grgiE IN r: . LAHORE Ikgi3LA—LAHORE 500kV El tii WEN 1775MW *MLA' 
#1j-*-1=42M-M 1600MW, LAHORE A&I.'it-LAHORE-N XlEi,  .044-Mk 790MW *bag 840MW, 
LAHORE Aakt-LAHORE-S GI fAMAjm, 1332MW int:0.11450MM Eii.f-  LAHOREC135,0fill,CA 
AM31, )7'ejAttiliE.-_-71( N-1 Mt14XV-AVIroMi.N. 

When there is a permanent three-phase ground N-1 fault in LAHORE converter station-LAHORE line, 
the first swing of power angle difference between south generator and north generator is about 30 
degrees and the power angle is stable. The related bus voltage can return to the reasonable range. 
1775MW load flow in LAHORE converter station-LAHORE double-circuit 500kV line is transferred 
through surplus single-circuit line by 1600MW, the load flow of LAHORE converter station-LAtipREAT - -. 
double-circuit line is increased from 790MW to 840MW, and that of LAHORE/coiwe'rtev 
station-LAHORE-S double-circuit line is increased from 1332MW to 1450MW. Due to the sts  ndAetwork 
of load center, AC line permanent three-phase ground N-1 fault has little influence on syste : 	Y.,- ,,;, 
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3) MATIARI—THAR COAL PLANT d; =* N-2, ari<3..i*Dituk-  m itY9: 
3) For MATIARI—THAR COAL PLANT line permanent three-phase ground N-2, the corresponding 
system response curve is as follows: 

Kl 3-51 MATIARI—THAR COAL PLANT ki ME* N-2 tedstAMIUMLS G.BROTH fItgfiAiti 
Fig.3-51 MATIARI—THAR COAL PLANT Line Permanent Three-phase Ground N-2 Fault -related south 

generator angle differences to G.BROTH generator angle 

N] 3-52 MATIARI—THAR COAL PLANT nm__' =_-_71( N-2 taliVe11*Miflifilkii.Xittne./.  
Fig.3-52 MATIARI—THAR COAL PLANT Line Permanent Three-phase Ground N-2 Fault Olotwl south 
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• generator speed 

RI 3-53 MATIARI—THAR COAL PLANT a oi Eh( N-2 410V11)03MEgfEIN 
Fig.3-53 MATIARI—THAR COAL PLANT Line Permanent Three-phase Ground N-2 Fault-related Bus 

Voltage Graph 

PI 3-54 MATIARI—THAR COAL PLANT gAME--.)1( N-2ti,V47,3-c_gdAIM*:::.0ES-.7-;-:,77--,:--, 
Fig.3-54 MATIARI—THAR COAL PLANT Line Permanent Three-phase Ground N-2 Fa ,P1/4,-Power. , 

Curve 	 1. / 
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IN 3-55 MATIARI—THAR COAL PLANT gui.E1-* N-2 114-14d * 
Fig.3-55 MATIARI—THAR COAL PLANT Line Permanent Three-phase Ground N-2 Fault Bus 

Frequency Curve 

MATIARI—THAR COAL PLANT an.E.* N-2 tiAPW4, 1X4N 1800MW 	0,44t.  V9 49.2Hz, 
1000MW 	 fiNk 	iVrelt1 MATIARI—QASIM COAL PLANT U MATIARI—NEW 

HUBCO COAL PLANT ct.tiME.:71( N-2((sC 3-1-M-Wg 400mw 	 *p7 Ic  
When there is a three-phase permanent ground N-2 fault in MATIARI—THAR COAL PLANT line, the 
sending-end will lose the power of 1800MW and the lowest frequency will be 49.2Hz, but after the 
1000MW load shedding, the frequency can return to allowable range. When there is a three-phase 
permanent ground N-2 fault in MATIARI—QASIM COAL PLANT line and MATIARI'—NEW HUBCO 
COAL PLANT line, with 400MW load shedding respectively from each line, the system frequency can 
restore to allowable range. 

• 
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4) .gOARRAtiz*,AtIDZ WarFIN: 

4) In a monopole block fault, the relevant curve of system is indicated below: 

1113-56AMP-thiltibltAPMEIM/LtlitIMM G.BROTH #1,g11.1MA 
Fig.3-56 HVDC Monopole Block Fault-related south generator angle differences to G.BROTH generator 

angle 

RI 3-57 AS,*tRRIV91A-MedMit1,3i11.41XEMILLII 
Fig.3-57 HVDC Monopole Block Fault -related south generator speed 
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RI 3-58 AA,5417131.4kIstrffilgIdELIERI 
Fig.3-58 HVDC Monopole Block Fault -related Bus Voltage Graph 

1113-59 na*-tIAMPAPC'Eadr4VA- affi 
Fig.3-59 HVDC Monopole Block Fault AC Power Curve 
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RI 3-61 AAVVAMAtIMIVIItIlgliVA 	RI 
Fig.3-61 HVDC Bipolar Block Fault Power Angle Graph 
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3-60 Aar VARIOtiti*AgAgAm 
Fig. 3-60 HVDC Monopole Block Fault System Frequency Curve 

rlf 0,4- W , Aa*f.01.10,1, *VAS-0;9J)tMli- 0(373-cAiffil_E., ZIAtAggig40% ticl*F=A--1Z 
htItgflAiri gl'3 50 1, V3ifitto R#IA 1 p-ijUffi&, Ttf6, l 1, fjAvAmte.g4j y9 49.9Hz, 	taffis 

V.WZ. 
It can be seen that, after HVDC monopole block occurs, the power surplus shifts to the HVAC channel in 

• 

	

	parallel operation, and the AC system can withstand it. The first swing of power angle difference between 
south and north generator is about 50 degrees and power angle is stable. The voltage can return to 
allowable range. The frequency of the system is stable, with the lowest frequency at approximately 
49.9Hz. 

5) 7PIARMMOTAIIRIIISAtAMI,  AgAtH 

5) In a bipolar block fault without control measures the system is unstable, the relevant curve of system 
is indicated below: 
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3-63 MAWR MCVAPMAP-AAVAII: 111 
Fig. 3-63 HVDC Bipolar Block Fault AC Power Curve 
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6) i0R121.10.14i1Mfi, Alfx-MizIAA 3960MW 	 3000MW 	 AfAt[J) 
VOJTA: 

6) In case of bipolar block fault, 3960MW units require to be switched off and load shedding of 3000MW 
is required, and after taking these measures, the system resumes stable operation. The relevant curve of 
system is indicated below: 

RI 3-62 A&MRM-011Atli4glitEill 
Fig. 3-62 HVDC Bipolar Block Fault-related Bus Voltage Graph 
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Ell 3-64 AS.VVEA-.1  
Fig. 3-64 HVDC Bipolar Block Fault System Frequency Curve 

AnT-VtiMg1 1,A)43zAk*-Wtit 3960MW, DAVI51* 3000MW nma, 41WitEP,EFF4n101, A.tA 
LE110.4-51-+*Mt, 444**Fib0M -PRI.  1300MW f)5,157. 

• 	If 3960MW unit switch-off and 3000MW load shedding are performed after a bipolar block fault, 
amplitude of voltage drop is reduced along the line to make system frequency not lose stability, and extra 
1300MW load is shedded compared with the basic scheme. 

3.8 3ZtitMaT414, 	AculitfiffiSjA5400MW, Afillinfiti/JALI)DYA 
Worst case that without MORO—R.Y.KHAN series compensation, R.Y.KHAN—SAHIWAL 
500kV line, 5400MW maximum power from south, minimum generation in north 

3.8.1 411-1-1-X 
Load flow calculation 

EMAMM- tititiMMAEVA IA 2018 ri<ixEP:4iikt}itkJ 1756MW, MXE4JthifitE,/ziA (NTDC) 
gellJAMIW, 	th•KtI4ft14-'ArffiEq, 	0.91p.u.0 	GYIJPI,Eb,nfi,11M/icitXERfliA 

1VL FA 	 ifl3 1L rnvit-94:tagE, 	 44 N 5400MW 
The generating capacity of the wind power project planned by Sindh Province of Pakistan will reach 
1756MW in 2018. The planners of NTDC point out that the wind farm takes account of load simultaneity 
factor and auxiliary power and its maximum output is 0.91p.u.. Considering the actual maximum 
generating capacity of the power project and other power projects in the south, the transmission capacity 
from the south to the north will reach 5400MW in the maximum wind power generation mode. 

itnAJTJE4IthtgiqM 2018 	 t.C5-4,EU,XMIEPALA 5400MW, 101,3*/.1,M11., P0-150141s 
3NrolM (MoRo—R.Y.KHAN *41,, R.Y.KHAN—SAHIWAL 500kV —Eld) 
4AfAiNJA3-1-40M ELEE71<flO4ZUZ. KiEb,XACLA 5400MW i"AiNg5)-4011111 3-65 P11-;-1-. 
The load flow calculation of the Pakistan Grid is carried out based on summer maximum-load mode in 
2018, and 5400MW maximum wind power transmission from the south, minimum generation in north 
without MORO—R.Y.KHAN series compensation, R.Y.KHAN—SAHIWAL 500kV line is cons' VlIppd 
flow calculation shows that, at the both side, distribution of system load flow is uniform an 
meets requirements. The load flow distribution in 5400MW maximum wind power transm 	from the 
south to the north is illustrated in Fig. 3-65. 

60 



Security and Stability Study Report 

WA00191K-SS-02B System Study for 

±660kV HVDC Project from Matiari to Lahore In Pakistan 

P13468.6 
524.0 

38.6 	TARBELA 
P1509.6 
520.2 

P11404 8 
521.0 
G.BROTHA P1711.7 

517.4 
REWAT-N 

P1950.0 
527.2 
N-JEHLUM 

cP7'  
qyo 

P1817.2 
P1428.0 	 519.5 
520.6 	 GUJRNWLA 
CHAKWAL- 

P1735 6 
518.8 
FBD-W 

P1404.7 T 
523.6 	rA' 
HB.SHAW 

P1383.4 
525.0 
ROUSC 

P1132.1 
522 7 
M.GARH 

LAHORE53 
525.0 

P11132.6 
522.9 
LAHORE-N 

521.6 
D G. KHAN 

519.8 
GUDDU 

6 
523.4 
SHIKARPUR-NEW 

ryl 

518.2 
DADU-NEW 

P/898.8 
524.1 
HUBCO 

522.7 
JAMSHORO 

1.99  

25.0 
MATARI 

P11235.9 
527.9 
ENGRO-TH 

522.8 
N.K.I 	P11235.9 

528.6 	 P11235.9  
HUBCO-CF 	528.1 

PORT_QAS 

P1617.9 
527.8 
SSRL 

505.3 
PESHAWAR 
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Fig. 3-65 Load Flow Diagram of 5400MW Maximum Power Transmission from South to,  
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OP 	3.8.2 laZi-FX 
Stability calculation 

i0,Alt)CaME0,1Eil 5400MW 	 500kV I-T)141 0a4t-e0--tdds*Agif 
1X41Z41Zi#:4-i-,ith'itrAVOfi,  N-2 MAtztAginiItagitAiAgg5civroi. AagtvAN-mtA 
Is*, 	Aa'lki-55.*fiL)J, AkOTIMIZ. Agx2tliftWAls*, 	MAXMA31* 3960MW 
VIAL FlotT-WIt 3000MW 17, IPJ':97:teti UM 11%, A?.-ATTN4V2Z. ftiZil-SgMIX 3-6 
When the power of south-north power transmission is considered to be 5400MW, the stability calculation 
result shows that, when a single fault occurs in 500kV main network line, the system can maintain safe 
and stable operation, and the load shedding measures for outgoing line N-2 of power plant are taken to 
make system frequency recover its allowable scope. If the system becomes unstable because of the 
HVDC monopole block fault, the system can maintain stable considering HVDC overloading capacity. If 
the system becomes unstable because of the HVDC bipolar block fault, the 3960MW unit switch-off and 
3000MW load (11% of load of the whole grid) shedding should be performed to make the system 
maintain stable. The stability calculation results are shown in Table 3-6: 

* 3-6 Is0AftZitSk-AX* 

Table 3-6 Grid Stability Calculation Results 

aktvis 
Name of line 

ocriitotm 
Faulty type 

itiZiFXCM* 
Stability calculation result 

ANOZtIMIS* 
Matiari side AC fault 

MATIARI—JAMSHORO 1( E-: 7  
Permanent three-phase ground fault 

tti 
Stable 

DADU-NEW—JAMSHORO .E  
Permanent three-phase ground fault Stable 

MATIARI—DADU-NEW EA  < 
Permanent three-phase ground fault 

ftZ 
Stable 

MATIARI—MORO =.  .1.71( 
Permanent three-phase ground fault 

P, 
Stable 

MATIARI—THAR COAL 
PLANT 

_71(00)Z1=1 
Permanent three-phase ground fault 

and double-circuit trip 

0 1000MW tipi 
1000MW load shedding 

MATIARI—QASIM COAL 
PLANT 

E-71(001Fi 	. 
Permanent three-phase ground fault 

and double-circuit trip 

t 400MW 'AM 
400MW load shedding 

MATIARI—NEW HUBCO 
COAL PLANT 

-E-.)YOLVEI 
Permanent three-phase ground fault 

and double-circuit trip 

-VJ 400MW 
400MW load shedding 

lbt Etttik Pit 
Lahore side AC fault 

LAHORE WA:it—LAHORE 
SOUTH 

LAHORE Converter 
station-LAHORE SOUTH 

EA( 
Permanent three-phase ground fault 

tt. 
Stable 

LAHORE ASA----LAHORE 
LAHORE Converter 

station-LAHORE Permanent three-phase ground fault Stable 	. 	. / *- 	------: . 	. 

• 
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LAHOREAS30—LAHORE 
NORTH 

LAHORE Converter 
station-LAHORE NORTH 

E.-. 7-1( 
Permanent three-phase ground fault 

ftt 
Stable 

LAHORE Aam —LAHORE 
SOUTH 

LAHORE Converter 
station-LAHORE SOUTH 

Ei1<OP5( El 
Permanent three-phase ground fault 

and double-circuit trip 

f.t 
Stable 

LAHORE AS,M-LAHORE 
LAHORE Converter 

station-LAHORE 

-E71(005(1.7 
Permanent three-phase ground fault 

and double-circuit trip 

RtZ 
Stable 

LAHORE Amo —LAHORE 
NORTH 

LAHORE Converter 
station-LAHORE NORTH 

E_-_--.71(003I El 
Permanent three-phase ground fault 

and double-circuit trip 

flt 
Stable 

Me* 
HVDC fault 

MATIARI—LAHORE AA 
MATIARI-LAHORE HVDC 

*VA MO, 
Monopole block fault 

ft. 
stable 

MATIARI—LAHORE AM 
MATIARI-LAHORE HVDC 

xm ma 
Bipolar block fault 

)I* 3960MW CA, Ript-w{ 
3000MW wril--,i A 	Rf,P,. 

The system restores to the stable 
state after 3960MW unit 

switch-off and 3000MW load 
shedding. 

1) imzmaktIn Moro—R.Y. KHAN 04F_.--71( N-1, ki-anA.AliAli_k- dYg: 
1) where, permanent three-phase ground fault N-1 for Moro-R.Y.KHAN line whose load is heavest, the 
corresponding system response curve is as follows: 
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Ill 3-66 Moro—R.Y.KHAN PA> E.71( N-1 WW-913#1.WM-10-13G.BROTH 
Fig.3-66 Moro-R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault-related south generator angle 

differences to G.BROTH generator angle 

NI 3-67 Moro—R.Y.KHAN 	N-1((i#4,13#1S.ME,M.3.11 
Fig.3-67 Moro-R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault-related south generator speed, 

WA00191K-SS-02B 
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IN 3-68 Moro—R.Y.KHAN it*E-71( N-1 tizIsMAAtiliEblEffl 
Fig.3-68 Moro-R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault-related Bus Voltage Graph 

3-69 Moro—R.Y.KHAN m4E* N-1 #13C.e..SAYVA Hi ffi 
Fig.3-69 Moro—R.Y.KHAN Line Permanent Three-phase Ground N-1 Fault AC Power Curve 

Moro—R.Y.KHAN ili4:7-_-171( N-1 tdtMfl, AlLtItgliVAIZ —An 90 1, IMfifealt, Etlf-ZaliirMa 
V,XM,F_-:_71( N-1 MaktlibriiV,, IVAWHARAMEETiftAkYIJ*g.fulEIA. Moro—R.Y. KHAN 500kV 

667MWMatii933-3-dilt MORO—DADU-NEW 500kV WM-M. 
When there is a three-phase permanent ground N-1 fault in Moro—R.Y.KHAN line, the first swing of 
south generator angle difference with north generator is about 90 degrees. The generator is not step-out 
and the power angle is stable. Due to low load flow in AC channel, AC permanent three-phase grpund 
N-1 fault has little influence on system, and the voltage can restore to the reasonable range. Mcepower 
of 667MW load flow in MORO-R.Y. KHAN 500kV line is transferred through MORO-DADU-N4W;1560kV 
line. 
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• 2) LAHORE Aatit—LAHORE d> =* N-1, X5.1nAfAufr`IgZ WU: 

2) Where, LAHORE Converter station—LAHORE Line occurs permanent three-phase ground N-1 fault, 
corresponding to the following system response curve: 

IN 3-70 LAHORE Converter station—LAHORE WIFE* N-1 AMAII3tilkfltRXW-13G.BROTH 
Fig.3-70 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault-related south generator 

angle differences to G.BROTH generator angle 

IN 3-71 LAHORE Converter station—LAHORE fA r4E.* N-1 tezls*CfRagi.AEMAI 
Fig.3-71 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault-related\ 

south generator speed 
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RA 3-72 LAHORE Converter station—LAHOREf_smi a---.* N-1 Mzf011iAffidELEEIN 
Fig.3-72 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault-related 

Bus Voltage Graph 

3-73 LAHORE Converter station—LAHORE 	N-1 kk*ZAdY441/Ag..d1/1 
Fig.3-73 LAHORE Converter station—LAHORE Line Permanent Three-phase Ground N-1 Fault AC Power Curve 

LAHORE ARA—LAHORE OM-TA< N-1 WAF=4, 1 7IAIL4liffixt101411,41.1)JAAg/g 50 TA, VJA42Z. 
pki °LAHORE SA—LAHORE 500kV 	0(3 1794MW 

#.1*—EArg-M, 1670MW, LAHORE Aak&—LAHORE-N voMplARA 530MW thrIN 600MW, 
LAHORE ARA—LAHORE-S DAWN 	1522MW WJAYIJ 1600MW. 143=f- LAHORE kAIAPliic.,,Pl 
gvg, 5-e-Aar4E-71( N-1 mtp*A-Amgnmii,. 
When there is a permanent three-phase ground N-1 fault in LAHORE converter station-LAHORE line, 
the first swing of power angle difference between south generator and north generator is about 50 
degrees and the power angle is stable. The related bus voltage can return to the reasonablp—mge,.., 
1794MW load flow in LAHORE converter station-LAHORE double-circuit 500kV line is .1*s_terreej 
through surplus single-circuit line by 1670MW, the load flow of LAHORE converter stationkAKDRE-N" 
double-circuit line is increased from 530MW to 600MW, and that of LAHO 	ve er 

• station-LAHORE-S double-circuit line is increased from 1522MW to 1600MW. Due to the s 
of load center, AC line permanent three-phase ground N-1 fault has little influence on syste 

• 
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3) MA 	M— t, 	 3 fi,V1i  1.2 ffinitgarif-RM, 3 	1.1 fp, 2 /1■Httl<1id-131f7gt, 

3) When a HVDC monopole block fault occurs, the 1.2 times of three-second overloading capacity and 
1.1 times of two-hour overloading capacity after three seconds are considered, the system keeps stable. 
The relevant curves are as follows: 

3-74 AVOVIMMAPVIltliffP-110,13 G.BROTH 
Fig.3-74 HVDC Monopole Block Fault-related south generator angle differences to G.BROTH generator angle 

• Kl 3-75 AVP-fRitlet4MiiO4ifialklMV/13.11 
Fig.3-75 HVDC Monopole Block Fault -related south generator speed 
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M 3-77 ARA& lAitAtiltIVEadYVM* m dal 
Fig.3-77 HVDC Monopole Block Fault AC Power Curve 
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IN 3-76 Mk. ITIVRAMezIVEIkUit Eb,E 
Fig.3-76 HVDC Monopole Block Fault -related Bus Voltage Graph 
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11: dtza-FM: 4) vaRlMtiklitz4ISAffAM11, AgAtti 

a 	 al 3-79 MAvtitkiMoliMAttgilIMA:::d111 
Fig.3-79 HVDC Bipolar Block Fault Power Angle Graph 
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IN 3-78 MAgP4O-JaitAMAkA$PAiiiigiati 
Fig. 3-78 HVDC Monopole Block Fault System Frequency Curve 

- if;ltffl, MA-54MM, Pa*IM*SMIJ#NI_VanZA1111:., 3'e.& -AfrAft4ifoto tkl*MM —TX 
LtIlkili)JAV-43 50 1SE, VJffift. tzli*FlEqffiMAKY1 1-A-54.1E111, VAR*MtfUlgYv 49.9Hz, AtAA 

*ftc. 
• 	It can be seen that, after HVDC monopole block occurs, the power surplus shifts to the HVAC channel in 

parallel operation, and the AC system can withstand it. The first swing of power angle difference between 
south and north generator is about 50 degrees and power angle is stable. The voltage can return to 
allowable range. The frequency of the system is stable, with the lowest frequency at approximately 
49.9Hz. 

4) In a bipolar block fault without control measures the system is unstable, the relevant curve of system 
is indicated below: 
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5) VtaltIOAII, Aitt-PJP.MV 3960MW CAL x 3000MW x:17, 	 AtAffi 

VaELFPEI: 

5) In case of bipolar block fault, 3960MW units require to be switched off and load shedding of 3000MW 
is required, and after taking these measures, the system resumes stable operation. The relevant curve of 
system is indicated below: 

3-80 AAVVARIVAtAIVII-AltEE111 
Fig. 3-80 HVDC Bipolar Block Fault-related Bus Voltage Graph 

al 3-81 MAVVARAMICEVA IM*;;; OKI 
Fig. 3-81 HVDC Bipolar Block Fault AC Power Curve 
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1113-82 AFRY2tARJCIttl*AgA0.*::: 
Fig. 3-82 HVDC Bipolar Block Fault System Frequency Curve 

AnAgaRIMPlAiriMMtIi. 3960MW, AlvAtAVal 3000MW J#a A?kg*M-t, )7MAilgig 
IPA 	 -9EttAtipitina. 

If sending-end 3960MW unit switch-off and receiving-end 3000MW load shedding are performed after a 
bipolar block fault, the system frequency does not lose stability, and the load flow of the AC channel is 
heavy. This shows that it will have an effect on DC safety and stability, and shed load will be increased. 

3.9 /.INM 
Summary 

EVrAtfi EPA 2018 	U*R.T.—k-t-i5f:±660kV 	4000MW 

.ter.`Aat.--E-71( N-1 to(PUstAgV-9fitiA4aZ CRAY It 	AffilABldEgEfIlIJAVIW tAti2 # iLto 
m._s  A,AAgAlsmm-4.AMMIVAXIE-71( N-2 Mzli*[frAt-AO*LM, 	 t.A./VA 

RRELEERAtAO*RMIVE*5trailpia. AMMMilitt, igt-M5ftZ. MATORMiAivr, M531-M 
Akt,K5M-MiL 2640MW, 	 1700MW 	 AutP)R.V -AMfTMIEb, 
5400MW, 	 5e_&41-11Miltiti5nM-A-F ,  ASAVAICEV-V1, AS,g6KRJOAR:5-1-  

3960MW, 1:4t)31,a 3000MW 	 AXAMYtc*nAA4P, 
14ft*AAVARTIX,  EiditEEglii-X-M -WA*MXY4)74f17.10/ 0 Af.AMENRIVEME, 

300MW 0,±Aglit.S0E1 PSS, AP 143 PSS ne,E.filii,±/Aftt33-tfra3li5C4R3f- , 
o 

Under Pakistan Grid 2018 summer maximum-load mode and Matiari-Lahore ±660kV HVDC Project 
4000MW power transmission scheme, HVDC system can maintain stable in case of permanent 
three-phase ground N-1 fault; after removal of fault, the HVDC converting bus voltage and power output 
can maintain stable. In case of permanent three-phase ground N-2 fault in supporting power plants of 
HVDC Matiari side, after load shedding measure is taken, the HVDC converting bus voltage and system 
frequency can maintain in reasonable range. At the time of HVDC monopole block, the system can _Keep 
transient stability. At the time of HVDC bipolar block, 2640MW units switching off and 17 	W 
shedding are required to restore the normal stable operation of system. Due to the lo darnpirig-of 

• 	system, typical PSS is assumped to be installed at all of the geenrators above 300MW, h 	)iek;.special 
study of small signal stability and PSS needs to be developed subsequently in the next s 
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4 EWEA-t4A-Z±660kV AMIZittSt-tfi 
Matiari-Lahore ±660kV HVDC stability sensitivity analysis 

L* 3 tE.41RE:.1 1E0A 2018 Xti.E -4t4i -A, U;NRI-4i-A-5,g±660kV 
4000MW, 	 Stt3-1-tfi, -1-Apla-Igi[1* 4-1 Pfi*. 

Based on normal Pakistan Grid 2018 summer maximum-load mode in chapter 3 and Matiari-Lahore 
±660kV HVDC Project with 4000MW power transmission scheme, it is considered to analyze the grid 
safety and stability respectively in different modes, with the details indicated by Table 4-1 as below. 

*4-1 4c1=.ApY-4:* 
Table 4-1 Contents of Different Modes 

A 
Mode 

P44 
Contents 

4n-A 
Basic mode 

A. AM-A 4000MW , 3ZM 690MW 
HVDC 4000MW ,HVAC 690MW 

--t 1 
Mode 1 

AaMsi.21 3000MW 13gf1M*1:#:1-T- 
DC 3000MW transmission operates with reduced 

power. 

-it 2 
Mode 2 

DA 660MW titglifM 
Lahore side 660MW unit stops operation 

A 3 
Mode 3 

m#1.gfiAMA-1,1=J*110,9J 5% 
Spinning reserve percentage of units throughout 

the grid is increased to 5%. 

A 4 
Mode 4 

2018 	g/JN --A 
2018 summer off-peak mode 

4.1 1 At44P 3000MW 
Consideration on HVDC transmission at 3000MW reduced power 

4.1.1 maits 
Load flow calculation 

st,ME1.—tAti-i1±660kVA.7fl2iiftiAl= 3000MW 
Considering that the transmission operates at 3000MW reduced power for Matiari-Lahore ±660kV 
HVDC Transmission Project. 

ADAA1001a3-1-4W=], 	 A1E, 3000MW 
OM 4-1 
The load flow calculation shows that, distribution of system load flow is uniform and voltage level meets 
requirements. When power transmission operates at 3000MW reduced power, load flow distribution is 
illustrated in Fig. 4-1. 
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4.1.2 11*-1FX 
Stability calculation 

tWAMEN.—tcltf:f±660kV 	 3000MW 4I)J4-5116.1j-- A, #,Zi-FXMAA19i,  500kV 

TPM:JUMt.-*---MMEAgAiVITi2V4T4ftiliT,Ig**Fiffif-A14 N-2 MAIDt-W1MoilliMikAgA0 
*'AAICIVE111. ASA&M-Mezl*, AgcE%4KAZ. AS5M1.1CAtiA, ,ter.gAMt,AIR-VJR.M 4A 
1980MW 	 1000MW 	NigliltiinLVIJ 4%, AgAlifiV-441. flZitSWRAn* 4-2 

Ph7T\s: 
Considering that Matiari-Lahore ±660kV HVDC TransMission Project operates at 3000MW reduced 
power, the stability calculation result shows that, when a single fault occurs in 500kV main network line, 
the system can maintain safe and stable operation, and the load shedding measures for outgoing line 
N-2 of Matiari side power plant are taken to make system frequency recover its allowable scope. When a 
HVDC monopole block fault occurs, the system can maintain stable. If the system becomes unstable 
because of the HVDC bipolar block fault, the 1980MW unit switch-off and 1000MW load (4% of load of 
the whole grid) shedding is performed to make the system maintain stable. The stability calculation 
results are shown in Table 4-2: 

* 4-2 EVTIftZil--n±A* 
Table 4-2 Grid Stability Calculation Results 

004-40t 
Name of line 

AMA& 
Fault type 

ainliCie* 
Stability result 

itientalit 
Matiari side AC fault 

MATIARI—JAMSHORO 
1( E7  Permanent three-phase ground fault 

ftZ 
Stable 

DADU-NEW—JAMSHORO 
EA( 

 Permanent three-phase ground fault 
KiZ 

Stable 

MATIARI—DADU-NEW 
"A  ( 

Permanent three-phase ground fault 
tt. 

Stable 

MATIARI—MORO 
EA( 

 Permanent three-phase ground fault 
fIZ 

Stable 

MATIARI—THAR COAL PLANT 
E.:71(00REI 

Permanent three-phase ground fault and 
double-circuit trip 

7J 1000MW 'AM 
1000MW load 

shedding 

IgiVWCF* 
Lahore side AC fault 

LAHORE 	&M—LAHORE 
SOUTH 

LAHORE Converter 
station-LAHORE SOUTH 

E.171( 
Permanent three-phase ground fault 

0 
Stable 

LAHORE ASA—LAHORE 
LAHORE Converter 

station-LAHORE 

Eii< 
Permanent three-phase ground fault 

ttZ 
Stable 

LAHORE ASA—LAHORE 
NORTH 

LAHORE Converter 
station-LAHORE SOUTH 

_a' 71 c 
Permanent three-phase ground fault 

#',---- 
Stable 	, - 	,o. 

,  

LAHORE WV'S—LAHORE SOUTH 
LAHORE Converter 

T-_.71(0012F1 
Permanent three-phase ground fault and 

_ 	.4  
' 	table --‘' 	j 
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station-LAHORE SOUTH double-circuit trip 

LAHORE 	1AM-LAHORE 
LAHORE Converter 

station-LAHORE 

E71(0tV El 
Permanent three-phase ground fault and 

double-circuit trip 

itZ 
Stable 

LAHORE ASA-LAHORE NORTH 
LAHORE Converter 

station-LAHORE SOUTH 

71.71(g4t2 El 
Permanent three-phase ground fault and 

double-circuit trip 

fltZ 
Stable 

ASA* 
HVDC fault 

MATIARI—LAHORE Ala 
MATIARI-LAHORE HVDC 

 *VA OM 
Monopole block fault 

ft.Z 
Stable 

MATIARI—LAHORE AS. 
MATIARI-LAHORE HVDC 

It/Wit4, 
Bipolar block fault 

MR 1980MW tjaii, Fti 
otn 1000MW va-T 

fAg-AikftZ. 
The system restores 

to the stable state after 
1980MW unit 
switch-off and 
1000MW load 

shedding. 
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1) MATIARI— MORO dr4E7ic N-1, xtritznA.-Aullib.t-L oyl: 
1) In this case, the system response curve corresponding to MATIARI-MORO line permanent 
three-phase ground N-1 is presented as follows: 

IN 4-2 MATIARI—MORO AL-7A N-1 t3z1VTIARd*IEFEI 
Fig.4-2 MATIARI-MORO Line Permanent Three-phase Ground N-1 Fault-related Bus Voltage Graph 

4-3 MATIARI—MORO gAVA- EJ N-1 macznadoivA 
Fig.4-3 MATIARI-MORO Line Permanent Three-phase Ground N-1 Fault-related 

Graph 
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2) *VA RitA430*, ktamAivoia 
2) In this case, the system response curve corresponding to monopole block fault is presented as 
follows: 
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IN 4-4 MATIARI—LAHORE it& 	 dEb,EKI Eb,EK 
Fig. 4-4 MATIARI-LAHORE HVDC Monopole Block Fault-related Bus Voltage Graph 

11 

4-5 ASAVARMAPCZAa.d*VA OgS1 
Fig. 4-5 HVDC Monopole Block Fault-related AC/DC Line Power Graph 
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1114-6 A7AtRftliMiltli*Ag0-91,*mitffl 
Fig. 4-6 HVDC Monopole Block Fault-related System Frequency Graph 

Aa-g01 	SeAVARM*IL.I)A%-ii, V.091AJWMg'Ov 50.0Hz, A-AgAit.. 
• It can be seen that, when a DC monopole block fault occurs, the AC system can withstand power 

transfer; the lowest system power is about 50.0Hz, which is stable. 

3) 75(t)A IMMO*, tAtl 1980MW, typtg 1000MW v., Aft6Uv4ft, ktanAgArom dyg: 
3) The 1980MW unit switch-off and 1000MW load shedding are performed after a bipolar block fault, and 
then the system keeps stable. The system response curve is presented as follows: 

it 	 KI 4-7 naggtMiltiat0flife,,Eal 
Fig. 4-7 HVDC Bipolar Block Fault-related Bus Voltage Graph 
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Fig. 4-8 HVDC Bipolar Block Fault-related AC/DC Line Power Graph 
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IN 4-9 AVM ftliffiAl*Ae.*- 
Fig. 4-9 HVDC Bipolar Block Fault-related System Frequency Graph 

AFIAWJARIV,XIENCIMOVI.1980MW,  fc4V.IM*4 1000MW MIRA, 	 ,ter.-tit 
ELEE*110.**ft. 44e - ALLZt, MkAIM*3.1_#1TAIIIM -PM 660MW, 	 700MW. 
If 1980MW unit switch-off and 1000MW load shedding are performed after a bipolar blpeKjaj-gt; 
amplitude of voltage reduction should be lowered along the line to make system voltage anOtequency 

6 	not lose stability. Comparing to the basic mode that HVDC transfers 4000MW, the opera/IEWmode of 
HVDC power reduction can avoid 660MW unit and 700MW load being shedded. 
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4.2 IM VA 660MW 
Consideration on stoppage of Lahore side 660MW unit 

4.2.1 Ngt-H-XC 
Load flow calculation 

t.t831:* SAHIWAL gtEgr"-1,-' 660MW VL.41143 -40 

Considering that one Lahore side 660MW unit of SAHIWAL coal power plant stops running. 

5.31:4AkAA71 33-4bA'7. EqLE710/i-Ak*. R 660mw 
4-10 Pfr-/Th-: 
Load flow calculation shows that, distribution of system load flow is uniform and voltage level meets 
requirements. When Lahore side 660MW unit stops running, load flow distribution is illustrated in Fig. 
4-10. 
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Fig. 4-10 Load Row Diagram for stoppage of Lahore side 660MW unit 
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4.2.2 itZ-4-X 
Stability calculation 

G x7  660MW 	 ttti-I-N4riX*F9J, 500kV tTmodoial*—Mtl*AAiVfl2V4-k- 
f-,1#„zi:-.4;--,im=griaidA N-2 MIURV32147#414,1tAkAgA4kitiVAIII. Al #1 	•AA 

qi2V4tt, T5Alf3tt7JARItil/A. AXgfIAMAtiicRI, AgAMit, nAtz-VigiVAA 3300MW 
I5111 --Wa 2400MW 	rS•PlArd-ibLVIJ 9%, AtAqiXIVI:Z. f-ti1- SWR#41]* 4-3 
When the shutdown mode of the Lahore 660MW unit is considered, the stability calculation result shows 
that, when a single fault occurs in 500kV main network line, the system can maintain safe and stable 
operation, and the load shedding measures for outgoing line N-2 of Matiari side power plant are taken to 
make system frequency recover its allowable scope. When a HVDC monopole block fault occurs, the 
system can maintain stable without any load shedding measures. If the system becomes unstable 
because of the HVDC bipolar block fault, the 3300MW unit switch-off and 2400MW load (9% of load of 
the whole grid) shedding is performed to make the system maintain stable. The stability calculation 
results are shown in Table 4-3: 

4-3 EgM -i-FniX* 
Table 4-3 Grid Stability Calculation Results 

al ifiViF 
Name of line 

too& 
Fault type 

tWititM* 
Stability Calculation Result 

illiMSAtli, 
Matiari side AC Fault 

MATIARI—JAMSHORO -: -Z*  
Permanent three-phase ground fault Stable 

DADU-NEW—JAMSHORO _  ,__ 7 ( 
Permanent three-phase ground fault 

f14. 
Stable 

MATIARI—DADU-NEW Eh< 
Permanent three-phase ground fault 

t 
Stable 

MATIARI—MORO E h<  
Permanent three-phase ground fault 

itZ 
Stable 

MATIARI— THAR COAL 
PLANT 

_ 7Otg lil 
Permanent three-phase ground fault 

and double-circuit trip 

i/J 1000MW -ffij-4-  
1000MW load shedding 

MATIARI—QASIM COAL EAdJMEI 
Permanent three-phase ground fault 

and double-circuit trip 400MW load shedding 

MATIARI—NEW HUBCO 
COAL PLANT 

_-:-:-.71(avIll 
Permanent three-phase ground fault 

and double-circuit trip 

tA 400MW tg, 
400MW load shedding 

.50145EStall* 
Lahore side AC Fault 

AAm—LAHORE SOUTH 
Converter station-LAHORE 

SOUTH 

-L--  h< 
Permanent three-phase ground fault 

". 
Stable 

Alm—LAHORE 
Converter station-LAHORE 

Eh< 
Permanent three-phase ground fault 

ft, 
Stable 	

___. 	...., 

Converter station-LAHORE 
NORTH 

l'A s. kis — LAH ORE NORTH 
 

EA< 
Permanent three-phase ground fault 

fli, 
Stable 	t 	'  
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AVII-LAHORE SOUTH 
Converter station-LAHORE 

SOUTH 

E *OW El 
Permanent three-phase ground fault 

and double-circuit trip 

ft 
Stable 

AM----LAHORE 
Converter station-LAHORE 

ik OM El 
Permanent three-phase ground fault 

and double-circuit trip 

t. 
Stable 

AFAIM—LAHORE NORTH 
Converter station-LAHORE 

SOUTH 

E.-: *OM Ell 
Permanent three-phase ground fault 

and double-circuit trip 

tt.. 
Stable 

AVM* 
HVDC Fault 

MATIARI—LAHORE AA 
MATIARI—LAHORE HVDC 

qtaiiitl 
Monopole block 

ftZ 
Stable 

MATIARI—LAHORE AA 
MATIARI—LAHORE HVDC 

V tIA 1.4-J0 
Bipolar block 

mg 3300MW MIA, 11-1 HI -Pi R 
2400MW PAF,AftMkft 

The system restores to the stable 
state after 3300MW unit switch-off 

and 2400MW load shedding 

• 
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WA00191K-SS-02B 

• 1) MATIARI—MORO Va4-E-71( N-1, nmi<JAf-Angm.  m _Q/9: 
) In this case, the system response curve corresponding to MATIARI-MORO line three-phase 

permanent ground fault N-1 is presented as follows: 

♦ MATAR1-S ■ JAMSHORO • LAHORE ♦ GATTI 

4-11 MATIARI—MORO _AIt .E7j( N-1 totl**11 -14.tiltifffl 
Fig. 4-11 MATIARI-MORO Line Permanent Three-phase Ground N-1 Fault-related Bus Voltage Graph 

I114-12 MATIARI—MORO 6,ME-171( N-1 tb05e.nafAMV3* lIl111 
Fig. 4-12 MATIARI-MORO Line Permanent Three-phase Ground N-1 Fault-related AC/DC Line Ppwer 

Graph 
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2) *fgRJOAPS, 
2) The system-related curve corresponding to monopole block fault is presented as follows: 

Ki 4-13 MATIARI—LAHORE AVAVAR.IVAtitIVE1A-4-*EUEM 
Fig. 4-13 MATIARI—LAHORE HVDC Monopole Block Fault-related Bus Voltage Graph 

RI 4-14 .ftikAARliVAIVEAVAWJAHldffl 
Fig. 4-14 HVDC Monopole Block Fault-related AC/DC Line Power Graph 
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4-15 AikAtiff2MW*A-0.*::IdAl 
Fig. 4-15 HVDC Monopole Block Fault-related System Frequency Graph 

4ijs4W, AMAttitlil Pgi*VASWPMAri<773e.S.AkAi., 3-e.gAgAriMl(fz:, AfA$PANtf.Wv 
49.9Hz, AgAEgEEfrigAtto 
It can be seen that, in case of a DC monopole block fault, the redundant power will transfer to the 
connected AC system, and the AC system can withstand it. The lowest frequency of the system is about 
49.9Hz, and system frequency and voltage are stable. 

3)VA1ICAMt11*, tAffl, 3300MW, Mt* 2400MW F, AgAig4f1Z, xtanvAroj&-- ::..tiov: 
3)The 3300MW unit switch-off and 2400MW load shedding are performed after a bipolar block fault, and 
then the system keeps stable. The system response curve is presented as follows: 

• IN 4-16 AikVtARIMSZPVE14aELEEril 
Fig. 4-16 HVDC Bipoar Block Fault-related Bus Voltage Graph 
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RI 4-17 AM31VAFtliAt6110A.adY4i1M4-  glffl 
Fig. 4-17 HVDC Bipolar Block Fault-related AC/DC Line Power Graph 

4-18 As'lVVRistiOzIst(AgAWV- 
Fig. 4-18 HVDC Bipolar Block Fault-related System Frequency Graph 

tzriAMARliARTIVIrAtAtit 3300MW, 11:41-pptg-  2400MW MIAS, 141V{1-AELEETRMIgl, AgA 
V.4, Aft, 11,4 441:1 LL MO t/JIs. 700MW 	a FiEufmo,tw, 

/ 
If 3300MW unit switch-off and 2400MW load shedding are performed after a bipolar IDIO.ckr‘fault; 
amplitude of voltage reduction is lowered along the line to make system frequency not lose s abidty, and 

• additional 700MW load should be shed compared with the normal mode. This shows that huidownle 
unit in AC channel has an effect on HVDC safety and stability, and shed load is increased. 	c;1 

• 

88 



System Study for 	 WA00191K-SS-02B 

±660kV HVDC Project from Metier' to Lahore in Pakistan 	 Security and Stability Study Report 

Ift 	4.3 I*14$66olilthilk*-WrgiRig 
Consideration on increase of spinning reserve 

4.3.1 Nittillg 
Load flow calculation 

/AW*Tfitz 	 /.1,1MfaMA., EVREJ.EgPlAMVIV/1,, 
VA—f-ta)c 541117-itiVk 5%o 

For power dispatching and operation in China, the spinning reserve percentage is defined as 2% to 5% 
(smaller value for big grid and bigger value for small grid). The power grid of Pakistan is relatively small 
in scale, so the operation standards should be adopted to increase the spinning reserve percentage to 
5% from the one maximum unit capacity. 

31.DAVAMIC)-401-M 1=1E71(-ILAX5*. Voltilf-MMS-#3*10,07 5% *ANY 
33-10-0 NI 4-19 PE*. 
Load flow calculation shows that, at the receiving/sending-end, distribution of system load flow is uniform 
and voltage level meets requirements. When the spinning reserve percentage of units throughout the 
grid is increased to 5%, load flow distribution is illustrated in Fig. 4-19. 

• 

• 
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Fig. 4-19 Load Flow Diagram for 5% Spinning Reserve Percentage of Units throughout the.Grid 
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4.3.2 taZi-FX 
Stability calculation 

t.rfr,VicltILkliaSi44114-0v5% -4, i-FNMAVA, 500kV IT-PiMtMat*---tizMA.pT% 
ASAtitMOMM, 

AgA4j14X4f,.., 4cM0A115c0IJAINS. MV0/0)VMM, 	 MAA-VJAAkii 2640MW IL 
poitvjg 1300MW 	N±KtrasiLVIJ 5%, AtATIIIX4ftZ. flZi-FSkiAtill 4-4 Pfi*: 

When the spinning reserve percentage of units throughout the grid is considered to be 5%, the stability 
calculation result shows that, when a single fault occurs in 500kV main network line, the system can 
maintain safe and stable operation, and the load shedding measures for outgoing line N-2 of Matiari side 
power plant are taken to make system frequency recover its allowable scope. If the HVDC monopole 
block fault occurs, the system can maintain stable without any load shedding measures. If the system 
becomes unstable because of the HVDC bipolar block fault, the 2640MW unit switch-off and 1300MW 
load (5% of load of the whole grid) shedding should be performed to make the system maintain stable. 
The stability calculation results are shown in Table 4-4: 

* 4-4 Eb,MtZilltgitiA* 
Table 4-4 Grid Stability Calculation Results 

W*44* 
Name of line 

*WIXOM 
Fault type 

411Z-i-F,XM* 
Stability calculation result 

MilZiEftleit 
Matiari side AC fault 

MATIARI—JAMSHORO 
L.-71( 

Permanent three-phase ground 
fault 

tt 
Stable 

DADU-NEW— 
JAMSHORO 

Permanent three-phase ground 
fault 

0,. 
Stable 

MATIARI—DADU-NEW Permanent three-phase ground 
fault Stable 

MATIARI—MORO 
Eh( 

Permanent three-phase ground 
fault 

it 
Stable 

MATIARI—THAR COAL 
PLANT 

...--_71<kvEl 
Permanent three-phase ground 

fault and double-circuit trip 

-W 600MW t id f 
600MW load shedding 

904SEttal* 
Lahore side AC fault 

A- ,—LAHORE 
SOUTH 

Converter 
station-LAHORE SOUTH 

_-__-71( 
Permanent three-phase ground 

fault 
 

ftZ 
Stable 

Aatir —LAHORE 
Converter 

station-LAHORE 

_.-:_.* 
Permanent three-phase ground 

fault 

AZ 
Stable - ---------- 

t1,$—LAHORE 
NORTH 

Converter Converter 
station-LAHORE NORTH 

E-171( 
Permanent three-phase ground 

fault 
Stable  ' 

f;;  

WA00191K-SS-02B 

91 



• 

System Study for 

±660kV HVDC Project from Matiari to Lahore in Pakistan 

WA00191K-SS-02B 

Security and Stability Study Report 

&AM—LAHORE SOUTH 
Converter station-LAHORE 

SOUTH 

:___-- )1(0Kg El 
Permanent three-phase ground 

fault and double-circuit trip 

fm 
Stable 

M.M- LAHORE 
Converter station-LAHORE 

=-7:-.7M 1cg11 
Permanent three-phase ground 

fault and double-circuit trip 

ez 
Stable 

AaM----LAHORE NORTH 
Converter station-LAHORE 

NORTH 

.E*001 Ell 
Permanent three-phase ground 

fault and double-circuit trip 

Z. 
Stable 

ASI&IIIX 
HVDC Fault 

MATIARI—LAHORE Ag 
MATIARI-LAHORE HVDC 

Aitiftlil 
Monopole block fault 

f,t 
Stable 

MATIARI—LAHORE AA 
MATIARI-LAHORE HVDC 

g &MP. 
Bipolar block fault 

-V] g 2640MW CAL, 19" fit VI Vt 1300MW 9 1M 
fliA-A'WAf2. 

The system restores to the stable state after 
2640MW unit switch-off and 1300MW load 

shedding. 

• 
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• 1)MATIARI—MORO d, E)( N-1,X11lA.tAaPJT.i 
1)In this case, the system response curve corresponding to MATIARI-MORO line three-phase 
permanent ground fault N-1 is presented as follows: 

4-20 MATIARI—MORO dAE-1* N-1 mogctIA-Lqac-Em 
Fig.4-20 MATIARI-MORO Line Permanent Three-phase Ground N-1 Fault-related Bus Voltage Graph 

4-21 MATIARI—MORO 	71( N-1 tkiSCZASAAVA :1: 
Fig. 4-21 MATIARI—MORO Line Permanent Three-phase Ground N-1 Fault-related AC/DC Line ,ov4er\ = 

Graph 
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[3] 4-23 AS*-tit RICA#103ZAWJAVA aim 
Fig. 4-23 HVDC Monopole Block Fault-related AC/DC Line Power Graph 
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• 2)*VA 	Istt, 
2)The system-related curve corresponding to the monopole block fault is shown as follows: 

al 4-22 MATIARI—'LAHORE AsikAtg 
41 	Fig.4-22 MATIARI-LAHORE Line HVDC Monopole Block Fault-related Bus Voltage Graph 
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4-24 A.Mkt)01-MitIOAgA043-:::affi 
Fig. 4-24 HVDC Monopole Block Fault-related System Frequency Graph 

AM-eittaltiMiVigAft.4gOVAnZAAgA_E,  ZAA-Afig4711. AAf.A*JR103 
49.9Hz, AtAELE*nf:PAttiZ. 
It can be seen that, in case of a DC monopole block fault, the redundant power will transfer to the 

• connected AC system, and the AC system can withstand it. The lowest frequency of the system is about 
49.9Hz, and system frequency and voltage are stable. 

3v0AI11Itea*, tAfj1 2640MW, tympi 1300MW JA, Af_A%40., ki- rflAfloiRamaYg: 
3)The 2640MW unit switch-off and 1300MW load shedding are performed after a bipolar block fault, and 
then the system keeps stable. The system response curve is presented as follows: 

• 4-25 A.axORMAt3011A-14.tiFgEEISI 
Fig.4-25 HVDC Bipolar Block Fault-related Bus Voltage Graph 
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1114-26 
Fig. 4-26 HVDC Bipolar Block Fault-related AC/DC Line Power Graph 

NI 4-27 MVORRJOAP*Ag-AN*-:::.0111 
Fig. 4-27 HVDC Bipolar Block Fault-related System Frequency Graph 

ttnwpoljoAgziuMtjt 2640MW. 	 1300MW tt434-4M, PCLUI134tEEETRMIPMF, AgA 
ffi*E10.$7c/02., 4.1'A*Ht117.1JR 400MW 17o iAE914W-A-IliNAXAMfaZA160P, 

F-UPM-WttiiItiiAto 
If 2640MW unit switch-off and 1300MW load shedding are performed after a bipolar block fault, 
amplitude of voltage reduction should be lowered along the line to make system voltage and frecillency77--N 
not lose stability, and shedded load can reduce by 400MW when compare with the basic mode that only- 	\\, 

41 	one maximum unit as spinning reserve. This shows that increase of spinning reserve per6entage will • \ 
have an effect on HVDC safety and stability, and shedded load will be decreased. 
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• 	4.4 2018 IfX/.1N'A 
Pakistan Grid 2018 summer off-peak mode 

4.4.1 *fait* 
Flow load calculation 

.,LISTP6R.1-11.-f,,s-5-fassokvA:LlittMit 3300MW I)J*3..41--A. 
Considering that HVDC transmission operates at 3300MW reduced power for Matiari-Lahore ±660kV 
DC Transmission Project. 

iCAitNVA, 	 Eq,ffi7IOTLAX0*. X/1\ --AiVIA:3)-lolzriril 4-28 Pb-i\-. 
Load flow calculation shows that, at the receiving/sending-end, distribution of system load flow is uniform 
and voltage level meets requirements. The load flow distribution in summer off-peak mode is illustrated 
in Fig. 4-28. 

4 
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• 4.4.2 wzi-i-X 
Stability calculation 

Mlifg 2018 X/1, 41- 4, 	i1 A 	AA, 500kV 

4— titIst[Af-tM1X141-4415Z344T,i lti-iffif-jeA N-2 MATC-PJIMM istA-eft$A**Ift,i* 
AiV04171141W*, AtAfg441. A&YVAMO,t130)t, AfAM:t,MAIR01*±MMA 2640MW 

tram Rol-0g 1700MW AM, r^±ParriuML04 7%, AgAl5Tat4eZ. ftZii-NeAtzn* 4-5 Pft*: 

Considering that Matiari-Lahore ±660kV HVDC Transmission Project operates in 2018 Summer off-peak 
Mode, the stability calculation result shows that, when a single fault occurs in 500kV main network line, 
the system can maintain safe and stable operation, and the load shedding measures for outgoing line 
N-2 of Matiari side power plant are taken to make system frequency recover its allowable scope. When a 
HVDC monopole block fault occurs, the system can maintain stable. If the system becomes unstable 
because of the HVDC bipolar block fault, the 2640MW unit switch-off and 1700MW load (7% of load of 
the whole grid) shedding should be performed to make the system maintain stable. The stability 
calculation results are shown in Table 4-5: 

* 4-5 EtMfliii-NgiiX* 
Table 4-5 Grid Stability Calculation Results 

• 

ditli.403Sc 
Name of line 

#151kOM 
Fault type 

fiZiliCM* 
Stability calculation result 

AWES** 
Matiari side AC fault 

MATIARI•JAMSHORO 
:IL 1( 
J'  

Permanent three-phase ground fault 
fli, 

Stable 

DADU-NEW—JAMSHORO 
---_  ._ii(  

Permanent three-phase ground fault Stable 

MATIARI—DADU-NEW 
E-7 

 
1( 

Permanent three-phase ground fault 
ft Z 

Stable 

MATIARI—MORO 
---, E_*  Permanent three-phase ground fault Stable 

MATIARI•THAR COAL 
PLANT 

-a:- 71(0011:1 
Permanent three-phase ground fault 

and double-circuit trip 

0 1000MW ffiA 
1000MW load shedding 

MATIARI—QASIM COAL 
PLANT 

E71(0 5t El 
Permanent three-phase ground fault 

and double-circuit trip 

t)J 400MW 
400MW load shedding 

MATIARI—NEW HUBCO 
COAL PLANT 

E.17(0tA El 
Permanent three-phase ground fault 

and double-circuit trip 

tJ 400MW AM 
400MW load shedding 

DaSEtiEtikl* 
Lahore side AC fault 

S,M----LAHORE SOUTH 
Converter station-LAHORE 

SOUTH 

E: hc 
Permanent three-phase ground fault 

ft 
Stable 

WikA—LAHORE 
Converter station-LAHORE Permanent three-phase ground fault 

EA(  
Stable 	' 

MAkt—LAHORE NORTH 
Converter station-LAHORE 

Eh( 
Permanent three-phase ground fault 

f.t 	' 5-,' 	Itt 
Stable 

's 	\ 
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NORTH 

,$—LAHORE SOUTH 
Converter station-LAHORE 

SOUTH 

_-=-..71(MAK1 
Permanent three-phase ground fault 

and double-circuit trip 

 Z. 
Stable 

AM—LAHORE 
Converter station-LAHORE 

1.71('2 f7 00 1=1 
 ound f Permanent three-phase ground 

and double-circuit trip 
Stable 

&AM—LAHORE NORTH 
Converter station-LAHORE 

NORTH 

E* 	El 
Permanent three-phase ground fault 

and double-circuit trip 

fl.tZ 
Stable 

AtiakRit 
HVDC fault 

MATIARI—LAHORE .1i#, 
MATIARI-LAHORE HVDC 

IMMO. 
Monopole block fault 

ft 
Stable 

MATIARI—LAHORE Am 
MATIARI-LAHORE HVDC 

A &Hlip 
Bipolar block fault 

OR 2640MW Mt, 14[11-WA 
1700MWP, r, A tAW(Aft 

The system restores to the stable 
state after 2640MW unit 

switch-off and 1700MW load 
shedding. 

• 
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1)MATIARI—MORO 	X71( N-1, nanAgAcia-  dYV: 
1)In this case, the system response curve corresponding to MATIARI-MORO line three-phase 
permanent ground fault N-1 is presented as follows: 

• 
[II 4-29 MATIARI—MORO g•Jata-Eik N-1 Ma0f1 )1Ej *,.[E® 

Fig. 4-29 MATIARI-MORO Line Permanent Three-phase N-1 Fault-related Bus Voltage Graph 

• 4-30 MATIARI—MORO M 	MEICEAV-MIM*;;: LA 
Fig.4-30 MATIARI-MORO Line Permanent Three-phase Ground N-1 Fault-related AC/DC Lin 

Graph 
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20 
Time(sec.) 

10 30 	 40 

1114-32 ASA& Ritilt3tWeigARriii* 
Fig.4-32 HVDC Monopole Block Fault-related AC/DC Line Power Graph 
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• 2>emobotmo, vitznviEnHa itY9: 
2)In this case, the system response curve corresponding to monopole block fault is presented as follows: 

4-31 MATIARI—LAHORE 	efitith-Mtikl**M14d EgEE 
• Fig. 4-31 MATIARI-LAHORE HVDC Monopole Block Fault-related Bus Voltage Graph 

♦ MATARI-S ■ JAMSHORO • LAHORE ♦ GATTI 
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RI 4-33 AM-YttAftlgittid*VAMI o,l  affi 
Fig. 4-33 HVDC Monopole Block Fault-related System Frequency Graph 

AatMffliffilVi, c<_AA.ffAgm*,,-0)Ao4, AtAg*mtenyv 49.9Hz, ,r.-ft 	 Z. 
It can be seen that, in case of a DC monopole block fault, the AC system can withstand power transfer. 
The lowest frequency of the system is about 49.9Hz, and system frequency is stable. 

33q)01:10 t(l*, t)31, 2640MW, ot*--  1700MW F, 	 klanAgAulr`45L- mivv: 
3)The 2640MW unit switch-off and 1700MW load shedding are performed after a bipolar block fault, and 
then the system keeps stable. The system response curves are presented as follows: 

g14-34 MA-EMARJOARtEligiREEMal 
Fig. 4-34 HVDC Bipolar Block Fault-related Bus Voltage Graph 
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IN 4-35 A.VXtRP-Mtzls*AggIV4i1A..*::: 
Fig. 4-35 HVDC Bipolar Block Fault-related AC/DC Line Power Graph 

IN 4-36 ASXMRJAls4AkA0.::: 
Fig. 4-36 HVDC Bipolar Block Fault-related System Frequency Graph 

2640MW. !DAV] PA' 1700MW 	PPfrarplizt q.EET ri<J[Piigt, AgA 

If 2640MW unit switch-off and 1700MW load shedding are performed after a bipolar block fault, 
amplitude of voltage reduction should be lowered along the line to make system voltage and frequency 

• not lose stability. 
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• 4.5 /1\M 
Summary 
EvAgtymEa—ti- P-151:±660kV 	 ialf-izttt&tA- , MitAil* 4-6 
Different modes are considered for Pakistan Matiari-Lahore ±660kV DC for security and stability check. 
The results are shown in Table 4-6: 

*4-6 ,ili -*Afti-Fgi±,.* 
Table 4-6 Stability Calculation Results in Different Modes 

)= -9-  
SIN Mode 

t&I•AM 
Fault type 

h-A  
3ZS N-1 
AC N-1 

zit N-2 
AC N-1 

n  
Monopole 

block 

A PM 
Bipolar block 

A 1 
Mode 1 

A'31-1 3000MW pumvit-  
T7 

DC transmission is operated 
at a reduced power 

transmission power of 
3000MW. 

fltZ 
Stable 

MATIARI—THAR 

-W 1000MW AM,  
MATIARI—QASIM 

V) 400MW tni 
MATIARI—HUBCO 

VI 400MW 'IA* 
1000MW load 
shedding for 

MATIARI—THAR; 
400MW load 
shedding for 

MATIARI—QASIM; 
400MW load 
shedding for 

MATIARI—HUBCO 

VI 
 

fr-Z 
Stable 

unit switch-off  

Vig 1980MW 
tn.gft, 	Hutt)]* 
1000MWiMzi 
AtImktet 

1980MW 

and 1000MW 
load shedding, 

the system 
restores to 

stable 
operation. 

A 2 
Mode 2 

DA 660MW ffi.kfi4i.a.i 
Lahore side 660MW unit 
stops operation 

KA"Z 
Stable 

MATIARI—THAR 

vi 1000MW "A 
MATIARI—QASIM 

V] 400MW "14 
MATIARI—HUBCO 

VI 400MW Vai 
1000MW load 
shedding for 

MATIARI—THAR; 
400MW load 
shedding for 

MATIARI—QASIM; 
400MW load 
shedding for 

MATIARI—HUBCO 

al  
Stable 

tAg 3300MW 

CAL 1411-Mg 
2400MW tr4-71 

AgA'Wkft 
After 3300MW 
unit switch-off 
and 2400MW 
load shedding, 

the system 
restores to 

stable 
operation. 

A 3 
Mode 3 

1fi1gl4M454M11 
5% 

Spinning reserve rate of units 
in the whole grid is increased 

to 5%. 

-Z 
Stable 

MATIARI—THAR 

tjJ 600MW fitn, 
600MW load 
shedding for 

MATIARI—THAR 

tct. 
Stable 

iTh 	2640MW 
MI, AIVR 
1300MW ti 

Ag-Wt-trZ--.- 
After'200MW: 
unit syVitch-off 
aipd 1300 	i 
load Shetidi g, 

• 

• 
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the system 
restores to 

stable 
operation. 

A 4 
Mode 4 

2018 *x/.1N --A 
2018 summer off-peak mode 

f.a 
Stable 

MATIARI—THAR 

t7J 1000MW#1, V 
MATIARI—QASIM 

)J 400MW VA 
MATIARI—HUBCO 

t73 400MW 
1000MW load 
shedding for 

MATIARI—THAR; 
400MW load 
shedding for 

MATIARI—QASIM; 
400MW load 
shedding for 

MATIARI—HUBCO 

ft 
Stable 

-PJ g 2640MW 
VIAL Pi act -VJg 
1700MW 'ffisCIA 

AgA'mYta 
After 2640MW 
unit switch-off 
and 1700MW 
load shedding, 

the system 
restores to 

stable 
operation. 

ZAPAPanNfill3-1-4gLIAI/ttit7'. 	 RI=Mtc-PCLEAtAft.ttt, WrAWM* 
114A5- MtItkiliMA-14J4./.>X4fRitiOstifiAtctAtItVntrrinIfiato 

In conclusion, the Lahore side unit stops operation will reduce system stability. The operating mode of 
HVDC power reduction and increase of spinning reserve rate of units in the whole grid can decrease unit 
switch-off and load shedding after a bipolar block fault occurs. 

106 



System Study for 	 WA00191K-SS-02B 

±660kV HVDC Project from Matiari to Lahore in Fieldstan 	 Security and Stability Study Report 

0 	5 itflpst*EA—VA-Zii660kV AStaZ3-1-* 
Security and stability analysis of Matiari — Lahore ±660kV DC line in 
future year 

5.1 ESWEEIIRI 2022 4f4a51, 

Overview of 2022 Pakistan power grid 

ftilMEMAMEVAMIJ,MCEE4MtiftittitigalJEgniffiX**r4ig-ffA'afffAh -1- etthEIJAWAN 

0, Mt ENIthtE11110iAttV*AN.4- Mtl-erVrg±660kv A&VIELIN*IltMIE.T.RPtEttin 

±600kV ATEAMAEg 	3,. 1aP,7ti5JYi 4000MW. 
According to the Pakistan power grid planning, to meet the power supply demand of Sindh province as 
well as the load demand of Punjab and Islamabad region, the Matiari – Lahore ±660kV HVDC 
transmission project and Matiari – Faisalabad ±600kV HVDC transmission project are designed to be 
constructed in Pakistan, and the power transmission capacity of each project is 4000MW. 

2022 	Wc,IJA***Allfitf3._01'eti,  (PESHAWAR) r143±500kV Aaittrtin (CASA1000), 
Eg94k1000mw, #flEg31* 500kV *MIN; Alt31*CLEItt-int*.REIYVffi5T:M±660kV MAI 

fUntt*R.1PkEttfirSi±600kV ALEAMAitiN, 	 4000MW; i *'OEFfplifif,-  

f.AM-rilibiffi316935)-  500kV 5EEgM, 	io 500kV 5FKOZAtiklUgtilt— A. 2022 	,PJA13Z119.011 

5-1 
By the end of 2022, Tajikistan – PESHAWAR ±500kV DC transmission project (CASA1000) with a 
transmission capacity of 1000MW will be constructed, and a supporting 500kV power grid project will 
also be built; in south Sindh, the Matiari – Lahore ±660kV HVDC transmission project and Matiari –
Faisalabad ±600kV HVDC transmission project will be built, and the power transmission capacity of each 
project is 4000MW. In Punjab and Islamabad load centre, part of 500kV substation will be newly built, 
and the power supply capacity of load center 500kV looped network structure will be improved further. 
For 2022 power grid planning, please see Fig. 5-1. 

2015-2022 11q1A , ECffit_EIA,P30.131-6/EUMILWAIVg 17705MW, 441)<Eb, 13665MW, hot 

2690MW, ffigg 1350MW, K2/K3 	2200MW; 	ktA-Egiggaini, tt8±3tM-12P- Ell1etJA 

g■Lg. AiXnfi. 	2018 	*itnfis Hi:2022 	902022 	E41thlilEgfq*10/1,44i 

iJ 47045MW. 

From 2015 to 2022, the overall power installation capacity proposed by Pakistan power grid planning is 
17705MW, including 13665MW thermal power, 2690MW hydropower, 1350MW new energy and 
2200MW K2/K3 nuclear power, according to the power source construction period and considering 
about the listed coal power, wind electricity and photovoltaic project which will be put into operation in 
2018, the hydroelectric project which will be put into operation in 2022; by the end of 2022, the 
installation capacity of Pakistan power grid at the end of the year will reach 47045MW. 

E4WIAMitM1igab1EgEAt133- Ealtfit41114zittE0,1itl (NTDC) J 	KESC iikEtru, ititg 

Efkl.LitiVtffiNtYrrfANtlEA ,  L4. itrIE6a1 2022 .Atfil**it91 38250MW 
Pakistan state grid is divided into Pakistan National Transmission and Dispatch Company (NTDC) and 
Karachi Electric Supply Corporation industrial park load based on their locations; according to the latest 
load prediction provided by Pakistan, the maximum load in 2022 will be 38250MW. 

• 
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5-1 2022 E.4hifi. 500kV A 0,±. IELMdim 
Fig. 5-1 Planning Graph of 2022 Pakistan Power Grid 500kV or above 

5.2 E4/AtiliVCIANErIMRAJ 
Impacts of AC fault on system 

5.2.1 Nitlailt 
Load flow calculation 

itNA)14E.CtsiglEgM 2022 	-t -A, 	FY MATIARI—LAHORE 4 MATIARI—FBD AWL33-1.1)ylM 
4000MW, 	500kV 	 BFI 9J1t 

DADU-NEW 1 JWIt 347MW,A&A DADU-NEW #11;elt 227MW,WA.MY MORO ASA 2.23rorpoi,  
	 UCE—tkir%gAS,Eb.,)110iilatICAM—LAHORE-S. /SVA-34S—LAHORE-N  

LAHORE 	 1153MW. 1522MW. 1097MW. 
EE7J(iLAZ5*. "in---itigig-i-FSM*0 [II 5-2 Ph*. * 	-- 
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The calculation applies the Pakistan p 
power of MATIARI - LAHORE and 
transmitted to the two load centers —L 
500kV AC channel is 347MW from si  
DADU-NEW is 227MW; the load flow 
indicates that Matiari-Lahore HVDC pi  

wer grid 2022 winter maximum-load mode. The 4000 MW HVDC 
MATIARI - FBD HVDC Transmission Projects in Pakistan is 
hore and Faisalabad from the south. The load flow of south-north 
uth to north to DADU-NEW; the load flow of converter station—
f converter station—MORO is 223 MW. The load flow calculation 
wer will be mainly transmitted through three channels, Converter 

Station—Lahore-S, Converter Station —Lahore-N and Converter Station—Lahore, of which the load 
flows will be 1153MW, 1522MW anci 1097MW respectively. The distribution of system load flow is 
uniform and voltage level meets requitiments. The results of load flow computation in normal mode are 
illustrated in Fig. 5-2. 
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519 2 

5185 

524.4 
EMEHLUM 

511. 
PES 

513.1 
REWAT-N ALLOT 

523.6 
KAROT 

91)90 
LAHORE-61 

508.7 
LAHORE-SWITCHING 

5169 
DO. 

524.0 
SHIKARPUR-NEW 

520 2 
DADU-NEW 

5162 
JAMSHORO 

5)88 
HUBCO 

515 1 
RO THAR 

HUBCO- 
509 5 
SOUTI1-11V12C 

5117 
PORT QASIM 

5116 
K-2A(.5 

4559 

114.6 
5)0 

A 	SIDDIQUE SONS 
KY 

104.2 

5-2 2022 ,,-t•AMMIll 
Fig. 5-2 Load FIw under 2022 Winter Maximum-load Mode 
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Stability calculation 

VilE4ifgrAEgRJ 2022 
4000MW. 	 500kV tT 

i-t-NMA#In* 5-1 Pft2I- 0 
The calculation applies the Pakista 
transmission capacity of MATIARI -
Pakistan is 4000MW respectively. 
The stability calculation result shows 
network line, the system can maintai 
please see Table 5-1. 

5-1 EgMftii-Ngt,AA 
Table 
	

Grid Stability Calculation Results 

ORFVfs 
Name of line 

• tclifMt 
Fault Type 

115Z-ititM* 
Stability Result 

lit —MX 
Single fault 

MATIARI—MORO ermanent Three-phase ground fault Stable 

MATIARI—JAMSHORO 
E.7  ermanent Three-phase ground fault Stable 

MORO'—DADU-NEW 
E.*.  Permanent Three-phase ground fault 

ft Z 
Stable 

MORO—R.Y.KHAN 
Eii  permanent Three-phase ground fault 

■ 
Stable 

MATIARI—THAR COAL PLANT 
EA( 

Permanent Three-phase ground fault 
ftt 

Stable 

CHAKWAL—GATTI E.*  Permanent Three-phase ground fault 
ft 

Stable 

LAHORE-SWITCHING— 
LAHORE-N 

Eh< 
Permanent Three-phase ground fault 

KiZ 
Stable 

SAHIWAL—LAHORE-S 
E.7 

 
i ( 

ermanent Three-phase ground fault 
ftt 

Stable 

LAHORE-HVDC----LAHORE -_- E.-7*. 
ermanent Three-phase ground fault ir)  Stable 

Pitt* 
Serious fault 

K2/K3 A- EbAS—LAHORE AMMI% 
akt 

K2/K3 nuclear power plant— 
LAHOREDC sending-end converter 

station 

..--71(Y4MILI 
ermanent Three-phase ground fault 

and double-circuit trip 

ft. 
Stable 

/"---7— 

FBD AgAAMM—GATTI 
FBD DC receiving-end converter 

station — GATII 

r 
E71(il 	XIQ 

Permanent Three-phase ground fault 
and double-circuit trip 

, 
 . 	

. 

	

(StSble 	.:t.r. 	) 
t 	-4  

WA00191K-SS-02B 

pki MATIARI—LAHORE 4 MATIARI—FBD ASM-AIMEb, 
Alg-iatfft—t(14. 

power grid 2022 winter maximum-load mode, the power 
HORE and MATIARI - FBD HVDC Transmission Projects in 

hat, when a single fault or serious fault occurs in 500kV main 
safe and stable operation. For the stability calculation result, 
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LAHORE MA 31:41Alt-IN 
LAHORE 

LAHORE DC receiving-end 
converter station—LAHORE 

E. *kV El 
ermanent Three-phase ground fault 

and double-circuit trip Stable 
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1)JAMSHORO 	DADU-NEW 
1)In this case, the system response cu 
permanent ground fault N-1 is present 

♦ JAMS 

ME* N-1 , 	 or.) 	fAY9: 
e corresponding to JAMSHORO—DADU-NEW line three-phase 

d as follows: 

■ MORO 	• LAHORE ♦ GATTI 

=41111..:=2=0=11==i5 
500 

°) --_, 400- 

o - 

N c C 300- 

Cr 	- 
a) 
co 	- 

200 

0  
0 

• 100- 

I 	 
0 

• I 	• 	• 
20 

Time(sec.) 

• I 	• 	• 	• 	• 	r• 

	

30 	 40 0 

Ill 2,000 

3,000:  

2,500 

ca. 
0 1,500 
0 

10 
• 

20 
Time(sec.) 

30 	 40 

• MATAR1- LAHORE ■ MATARI-FBD 
4,500- 

4,000 

3,500 

1,00o= 

■ 	♦ ■ 

5-3 JAMSHORO IDADU-NEW fAM,E* N-1 tt 13**Rj a FLEE RI 
Fig. 5-3 JAMSHORO—DADU-NEW Li Il

e Permanent Three-phase N-1 Ground Fault-related Bus Voltage 
Graph 

al 5-4 JAMSHORO—D DU-NEW 	N-1 .413*A ARAI)]* LIM 
O Fig. 5-4 JAMSHORO—DADU-NEW ine Permanent Three-phase N-1 Ground Fault-related DC Line 

Power Graph 
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• 2)K2/K3 4 	MATIARI A 
2)The system response curve corresp 
Station permanent three-phase ground 

71( N-2, 	a4i A f-A 	Tic/ 	: 
ding to K2/K3 Nuclear Power Plant—MATIARI HVDC Converter 

IN-2 is presented as follows: 

JAMSHC • MORO 	• LAHORE • GATI1 
se

q
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en
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• 

NI 5-5 K2/K3 ltM—MATI 
Fig. 5-5 K2/K3 Nuclear Power Plant'- 

Grounc  

RI AsaiMAakiStME.* N-2 tizMffikt4fACILTI 
IIATIARI HVDC Converter Station Permanent Three-phase N-2 
Fault-related Bus Voltage Graph 

• MATARI-LAHORE • MATARI-FBD 

4,000 • • • • 
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Time(sec.) 

III 5-6 K2/K3 fAltk:S—mA-riA Aa,WAAak-iStME- A< N-2 tAls*AaagliVA 
Fig. 5-6 K2/K3 Nuclear Power Plant 	ATIARI HVDC Converter Station Permanent Three'-pt6se N-2 

• Ground ault-related DC Line Power Graph 

113 



System Study for WA00191K-SS-02B 

  

±660kV HVDC Project from Matiari to Lahore in P istan 	 Security and Stability Study Report 

• 5.3 ASOMMARrigi6ni4 
Impacts of DC block on system 

, Ellph MATIARI—LAHORE 4 MATIARI—FBD AgE3-)-1htig 
fi7J--, 	MATIARI—LAHORE AMfait,if2at-eil-VARMItk 
twokimas*, -Alf,x.VJtjt 1980MW 1MA, AIRIPAF,J 

E4Mil=1_.,P4 2022 
4000MW. f".. -i-FX*19J, 0* 5-2 

13t, XMAILXIMA*RMIZ:EtT; 
AgA'AlfItZi_RAT. MATIARI—FBD 

tAtAMAtozIstc, X514'VJ 
The calculation applies the Pakista 
transmission capacity of MATIARI -
Pakistan is 4000MW respectively. Th 
Pakistani MATIARI - LAHORE HVDC 
stably in case of monopole block fault; 
system in case of bipolar block fault. F 
taken to keep systems run stable in 
restore stable operation of the system i 

„." 
iLitiaNatql-vAR.10,t04, XM7fRINSAgE7MftZLIT; 

AIL 1320MW J#a 	ATZMMFIA-YEIA/f13.4-To 
power grid 2022 winter maximum-load mode, the power 
HORE and MATIARI - FBD HVDC Transmission Projects in 

stability calculation shows that, as shown in Table 5-2, for the 
ransmission project, no measure is taken to keep systems run 
nd 1980MW unit is switched off to restore stable operation of the 
r the MATIARI - FBD HVDC transmission project, no measure is 
e of monopole block fault; and 1320MW unit is switched off to 
case of bipolar block fault. 

• 

Table 5- 
5-2 itMItZ-i-M-MT* 
Grid Stability Calculation Results 

  

i 
diitiVis 

Name of line 
likl*AM 

Fault Type 
asZi-MMAI 

Stability Calculation Result 

10---ttl* 
Single fault 

MATIARI—LAHORE AA 
MATIARI - LAHORE HVDC 

1 

qt 	Mil & 
Monopole 

block 

fIZ 
Stable 

MATIARI—FBD fl 
MATIARI - FBD HVDC 	7 

44.&1711C1 
Monopole 

block 

ft 
Stable 

FtUcikit 
Serious fault 

MATIARI—LAHORE AA 
MATIARI - LAHORE HVDC 

MAMA 
Bipolar block 

V011, 1980MW ii AteMItZ 
The system restores to the stable state after 

1980MW unit switch-off 

MATIARI— FBD AA 
MATIARI - FBD HVDC 	1  

t 

xt/A I" 
Bipolar block 

-WV1, 1320MW )TAttAYil 
' The system restores to the stable state after 

1320MW unit switch-off 

1)MATIARI — LAHOREp MATIARI 
1)In this case, the system response 
MATIARI - FBD monopole block fault is  

FBD 3-}NlJatAA*taffliA, 
curve corresponding to converter MATIARI — LAHORE and 
presented as follows: 

• 

114 



System Study for WA00191K-SS-02B 

................. • 

....... • • 

0 20 	 30 	 40 
Time(sec.) 

Fig. 5-7 MATIARI-LAHORE VDC Monopole Block Fault-related Bus Voltage Graph 

MATARI-FBD 	• MATARI-LAHOREPI ■ MATARI-LAHOREP2 

• 

. 	• 
10 	 20 

Time(sec.) 

■ 
30 	 40 

1,000 

•	 0 • 

4,000 

3,000- 

6 if 
2,000 	 

0 1;A 
0 

11 - 

0 

■ 

±660kV HVDC Project from Matiari to Lahore in Pakistan 	 Security and Stability Study Report 

• JAMSHCOO ■ MORO 	• LAHORE ♦ GATTI 

• • • ..... 

V- 
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RI 5-8 MATIARI— ORE naVRPfiattS/MAM* 
Fig. 5-8 MATIARI-LAHORE VDC Monopole Block Fault HVDC Line Power Graph 
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WA00191K-SS-02B 

• JAMSHC • MORO 	• LAHORE • GATI1 

• 

20 	 30 	 40 
Time(sec.) 

[E 5-9 MATIARI FBD 	51412/.10AIVII -Ettflig,EE 
Fig. 5-9 MATIARI-FBD HV C Monopole Block Fault-related Bus Voltage Graph 

gl 5-10 MATIARIFBD WiAAtRIMPAP*AatiMIA* mall] 
Fig. 5-10 MATIARI-FBD HVDC Monopole Block Fault HVDC Line Power Graph 

IH1 MNAIKMAFI, M.*VAS.#49.14AM73E.AAt-A±., 731...AV-AftV*14c,AtAE, 	**4 

ft . 
It can be seen that, in case of a HVOC monopole block fault, the redundant power/trarrtfers to the ■ 

• connected AC system, and the AC system can withstand it. The system frequency:and volta dears - \ 
stable. 

	' 
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• 2)MATIARI—LAHORE at.AVVR 
nanAflurtimiz iii  ti09: 
2)If a HVDC bipolar block fault is fo 
performed to make the system maintain  

WA00191K-SS-02B 

istan 	 Security and Stability Study Report  

moAlavjp;m4 1980MW fRgIln/tiA, 	r-i7igt4tZ 

d in MATIARI—LAHORE line, the 1980MW unit switch-off is 
stable. The system response curves are as follows: 

• 

• 

111 5-11 MATIARI—LAHORE A.A71fg 	 qEE111 
Fig.5-11 MATIARI—LAHOR HVDC Bipolar Block Fault-related Bus Voltage Graph 

RI 5-12 MATIARI— HORS AVVIklitigtal4AiLtiMVA 	' 
Fig.5-12 MATIARI—LAHO HVDC Bipolar Block Fault HVDC Line Power Graph.  
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• 3)MATIARI—FBD 	 VAIIR-VJRM* 1320MW tfitIAMS, AfVfiV4ft, 
nAgAornia m .00v: 
3)If a HVDC bipolar block fault is found In MATIARI—LAHORE line, the 1320MW unit switch-off should 
be performed to make the system maintiain stable. The system response curves are as follows: 

111 5-13 MATIARFr FBD MAVVARMIMOVVIA-140Eq,EERCI 
Fig. 5-13 MATIARI—FBD FtVDC Bipolar Block Fault-related Bus Voltage Graph 

Ri 5-14 MATIARI— BDE Mti.0,11Mtkli*A.AgiMIt*lli d 
Fig. 5-14 MATIARI—FBDEHVDC Bipolar Block Fault HVDC Line Power Graph 

0 

ORE, MATIARI—FBD 	 MX 
tut, 53j- MAIRtyjtjt 1980MW flVJf1I 1320MW 1194W-4 

- LAHORE and MATIARI — FBD HVDC transmissiop' projects in 
systems run stable in case of monopole block fault; 4nd1119801y1W,„ 
bre stable operation of the system in case of bipolartb*Vadtt. 
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6 M-1..&11,5C 
Conclusions and suggestions 

6.1 Mit 
Conclusions 

5,i:±660kV AgtEilXV, 2018 #VcEMfAtfIEAJVAAMVI, It'ak.13-)-tirMit 

After HVDC access of Pakistan powerigrid in 2018 operation year, for the Matiari — Lahore ±660kV 
HVDC transmission project, the conclus$bns on security and stability analysis are described as follows: 

(1) 500kV 
When a single fault occurs in 500kV Plain network line, the system can maintain safe and stable 
operation. 

(2) ltT'lin-i-MtP<", 	 {g4N=650.Z.MAW/Wit-01- , MAttit*tAtil3960MW,  
fe...4-P]t* 3000MW 	Afti5XXit-; 
For worst case, the system keeps trannient stability in case of HVDC monopole block fault. In case of 
HVDC bipolar block fault, the 3960MW unit switch-off and 3000MW load shedding shall be performed to 
restore the system to stable state. 

(3) tf8171A:MtIall.AW-t-T11*-riTS?ARRJCA trift; 
An increase of spinning reserve rate of limits in the whole grid can decrease load shedding after a bipolar 
block fault occurs. 

(4) 5M)N01•31. DMIlkli3f#10U, 
System security level will be enhancing; consider the AC compensation network and more Lahore side 

• units in service. 

• 	

itN'W.AMTVA, 
N-1 W4, A.ellfljsig#4fIZ:#.:47,' N-2 ttkl*illatAWIMAV12V4At$ftZi.ff,  U*R1—  
4Y1*..i:±660kV AMA2 	4A71t4ii" 

This research is base on the raw data provided by NTDC, HVDC model is added to the data and some 
generator parameters are adjusted, Tlle calculation principle and stability standard are discussed and 
checked with NTDC. The simulation insult shows that the system can keep stable under N-1 fault 
without mitigation measures and N4 fault with mitigation measures. This result can confirm the 
feasibility of Matiari — Lahore ±660kV FIVDC transmission project. 

6.2 AlSt 
Suggestions 

(1) IMEMitgilEgPMEASAgAitAPJ111, 	

▪ 

 lOVRIE03Mt 

While Pakistan Power Grid constructs HVDC system, the stability control system is recommended to be 
installed in the receiving/sending-end Of HVDC transmission project so as to ensure the safety of power 
grid at detailed design/implementation Stage; 

(2) Et3±VA4ZENSAVIAllt, i1NT40.Z.ffr4rIPSS ria.11-1,5CakigMfEgM; 

Due to the low damping of system, small signal stability and PSS installation study is suggested to be 
conducted at detailed design/implementation stage; 

(3) ift3fIZIfitSVIE5*, 4113f1VigtOfiZa ptTri Y9MAniitE71Afig-±M*X4,  
f;ri<JVIEn-Vifi,ltiEVIAZ,  FtPlIZ±ZiTEtlEitf-. 

Upon request of Pakistan, this sewn* and stability report is prepared to confirm the feagilAty' of this 
HVDC project, and provides the technical support for the final power transmission schenie'. The fina• 
power transmission scheme must be desided and confirmed by Pakistan. The system Operatipn 913 
responsibility of Pakistan. 
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4-145-iiktihf0N.ENIJ 

Task Basis and Main Priciples 

0.1 fEA-fitg 
Task basis 

(1) 111=1)7R*A4I-A14/24A-TE ItfrtEllk*R.T.—ti-E= ±660kVAAVIELInr-MtiMn*Rd 
(,)JAf`A— ). 

The Contract on the Feasibility Study 	Pakistan Matiari-Lahore ±660kV DC Transmission Project of 
China Electric Power Equipment & Tech ology Co., Ltd. (Power System Primary Part); 

(2) E4WIDEPArAPIt (National lower System Expansion Plan) , 2011, ho*SNC-_LT 

National Power System Expansion Plan (2001), SNC-Lavalin Group Inc. 

(3) 201411/1 (ll*AKARIVAR 

tAisa)). 2015*4P + .4f-%Affi-we4 
The Agreement on the Energy Project 
the Governments of the People's R 
November, 2014 and the cooperation 
during Chinese leaders' visit to Pakistai  

0.2 a*t-int 
Technical standards 

4EAltfri13_1#1thf11111ZuffA-f-rilE,k1113RMAII*IIM 
igcliExn- 2114351*,*fptlya. 

Cooperation of the China—Pakistan Economic Corridorbetween 
ublic of China and Islamic Republic of Pakistan signed in 
reements on 51 projects signed between China and Pakistan 

lin April, 2015. 

iKinam+B. I )11 MiAttPtIOA.: 
The technical standards to be implemei  

(1) IEC 62001-2004 Guide to the specifi 
At10413ZangigNgeiVilibtititikagi 
(2) IEC 60909-02001-07 INTERNATI 

Calculation of currents3ZAAtA 

(3) EJ7A-Wai-Milfll SDJ161-85 
Code for Design of Power System ( 

(4) 11 )7A?kg-KtAZ-9.111,1JDL755-20 
Guidelines for Power System Security 

. (5) Pakistan Standard: NEPRA Grid 

IDJ161-85) 

1 
Ind Stability(DL755-2001) 

ode 2005( (#Kitt91)) ECthiP_A,t1Wff 

ted and referenced for the Project mainly include: 

ation and design evaluation of a.c. filters for HVDC systems ( HVDC 

NL STANDARD: Short-circuit in three-phase a.c.system, Part 0 

0.3 iitit*-111* 

Design level year 

E4W11.17MEI—it 
The Pakistan Matiari-Lahore ±660kV 
operation in 2018, and the year of 201 
the Project. 

IfYitt12018$XIVA. IVI7iffttit*-TWA2018. 
C Transmission Project is planned to be put into doubl 
s considered as the design level year for the feasibili study of 

3 
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• 1 FiltAteMa 
Power System Overview 

, E4WEIA EU, V/ MAELIUM5 

gititEXII13-1-Y9E*Ithii3.131** 
At present, the maximum voltage class 
covering major regions throughout the 
channels for supplying power from sou  
Punjab have been established, and a lo 
of Pakistan is divided into National Tr 
Supply Co. Ltd. (KESC) Industrial Park 

OkV, EffAtitg111.10ithEMIPMA-ifti, XAC'1,3, lhrig 
41d5001<vViEgiSil, E `.4743,11,,3,144M. E4AhiffilllotP1 
(NTDC) St-WA-KEscIAIRI. 
f Pakistan transmission grid is 500kV. The main grid structure 

ountry has been formed, the 2 to 4-circuit 500kV transmission 
hern and northern parts to the load centersin Islamabad and 
ped network has been built in the load centers. The State Grid 
insmission &Despatch Co. Ltd. (NTDC) and Karachi Electric 
y transmission areas. 

EAlthillaAPJVAMEgLEAs0M500kv,  
VaiE4ilki32kvkitit. HnE41t 
2911, q-74E1823.10MVA, 500kV 
The voltage classes of the main grid of 
power distribution companies are 132k 
there are twelve 500kV substations ( 
(with capacity of 1823.10MVA) in 
being5144kmand8358km long respecti 

• ViltRithfili'Ll, 
FESCO, mEPcoMEV,ki31, rifitgAffl 
1-6M1-zAMQEsco,  ZiliitkEMPESc 
Based on the geographical position, th 
LESCO, GEPCO, FESCO and MEPCO 
and HESCO power distribution compi  
QESCO in Balochistan, and PESCO an  

220kV, 	 ItEE4tiM32kV,  66kV, Ar=1166kVitEg. 
PoJ4500kVIE FgM12 , Eh I4:115750MVA , 220kVlt EgM 

-115144km, 220kVilii*-118358km. 
e Pakistan Power Grid are 500kV and 220kV, and that of local 
and 66kV (66kV is being initially transformed to 132kV). Now, 

th capacity of 15750MVA) and twenty-nine 220kV substations 
e Pakistan Power Grid, with 500kV line and 220kV line 
ely. 

LESCO, GEPCO, 
ti-AithE<nSEPCO, FiEscOMEE -M-PfilaKEscIAN, 

TESCOMEETA. 
local power distribution companies of Pakistan include IESCO, 

power distribution companies in Punjab and Islamabad, SEPCO 
rues in Sindh and Karachi, KESC Industrial Park in Karachi, 
I TESCO power distribution companies in the northern part. 

2014E,446t.P.E,PJatAKAR*23 
g'967%., 	 0,ERt7tgir12, 
RA-LtifiPlliEb,LLI3)-NUE11%,  8% 
tithE<, 
ittlLfliME< g4)M4°/0, fru' E,Iith 

bmW,A--k-,)RA?-4-1883oMw, If1124iiomw, C§fgfli9-4:t 
.eg29%; VA, AA 

1*4(04-36%, 
E011. 71L6137.10t, AfitOotEilWriArli,e.,45)itifil3AltnR"E 

• 

In 2014, the maximum load demand of he National Power System was 23040MW, the actual maximum 
load was 18830MW, the installed cape ity was 24110MW, and the power utilization capacity was about 
67%. In the electricity consumption s cture, the household consumption by residents takes up the 
largest proportion, about 45%; the ind trial electricity consumption comes second, about 29%; and the 
consumption by farming, commerce a d other large users about 11%, 8% and 7%, respectively. The 
electrical load in Pakistan is concentrated  in Punjab and Islamabad in the middle part, accounting for 
about 60% of the total of the country; S ridh and Karachi takes up about 20%, Balochistan about 6%, and 
Khyber Pakhtunkhwa and surroundin inorthern areas about 14% At present, the Pakistan Power Grid 
has formeda power supply patternwith ydropower in the north and thermal power in the south,ipplying 
power to the central areas through the 'oad centers. 
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2 EIOJ 

Power System Develops nt Plan 

2.1 itt M4ZIA 
Power demand forecast 

1971 	 EtiV141-Ek 
1972-2012, 

The electricity consumption of Pakis 
2008, and from 2010 to now, the increa 
average annual growth rate of total ele 

EAlthillNIZItKI4OttitEXII.13)-)15 
EliztAJWIM 	 EIM 
26680MW, 28020MW„ 30820MW*03 

The State Grid of Pakistan is divided in 
Park loads according to the transmiss 
provided by Pakistan, the maximum I 
26680MW, 28020MW, 30820MW and 
growth rate will be 4.9% from 2015 to 
to 2023. 

4--E1+ZA‘ ,  A1998, 2008ffiROX, 20101.)),*4` 
i06. 9% 

has been rising overall since 1971, but dropped in 1998 and 
of electricity consumption slows down. From 1972 to 2012, the 

ricity consumption of Pakistan was up to 6.9%. 

Ah44111VAIEgii4 (NTDC) 	 4111W 
it)Nq 2017, 2018, 2020112023atiMpi:14.)-MitYIJ 

250MW, 2015----202071 -1*4.9%, 2020-2023A 

D NTDC and Karachi Electric Supply Co. Ltd. (KESC) Industrial 
n areas, and in accordance with the latest load forecast data 
ads of the National Power System will be respectively up to 
18250MW in 2017, 2018, 2020 and 2023, the average annual 
)20 and the average annual growth rate will be 7.5% from 2020 

• 
/f2.' -1 E.ailhg Eht ?MOM 

Table 2.1-1 1 Pakistan Power Demand Forecast 

10MW 
Unit: 10MW 

2015-2020 2020-2023S 

'ffl- 
Year 

2015 2017 2018 2020 Average annual 
growth rate 

from 2015 to 
2020 

2023 Average 
annual growth 
rate from 2020 

to 2023 

Nationwide 2422 2668 2802 3082 4.9% 3825 7.5% 

A14:1  : NTDC 7.6% 
Incl.: NTDC 

2121 2335 2449 2685 4.8% 3364 

KESC 301 333 353 397 5.7% 461 6.4% 

2.2 F,IIM#Et 

Power supply arrangement 

A541thglliZAMCXMIMAr46/, T441MiltJCSIYAV911-F. FOAM 2016, 2017. 2015 
, 2019, 2020, 2021, 20221FIR1;JL14 .5)-Mi1 Q635 MW, 6425.5 MW„ 5419MW, 5419MW, 

3572MW, 5390MW, 2730MW. 
According to the power generations planning which advised by Pakistan, the planning of- the-  powest\ 
generationsCOD timefor 2016, 2017, 2018, 2019, 2020, 2021, 2022, is 635 MW, 6425:5 MW, 541RMVC`, 

0 	5419MW, 3572MW, 5390MW and 27 MW respectively. 
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*2.2-1 ir SithiA Med ElitiSiSt * ** 
Table 2.2-1 Construction Arrange ent for Planned Power Supply Projects of Pakistan Power 

Grid 

-4k: MW 
Unit: MW 

Sr. 
# 

Fiscal 
Year 

Name of Project Fuel Location Installed 
Capacit 
y (MW) 

Expected 
Comissioni 

ng Date 
Existing capacity 

1 2015-16 CHASNUPP-III Nucl Chashma, KPK 340 May-16 

Zonergy-II Solar Lal Sohnra (Cholistan), 
Punjab 

100 May-16 2 

M/s Hamza Sugar 
Mills Ltd. 

1Baggase Khanpur, Punjab 15 May-16 3 

M/s Yunus Energy 
Ltd. 

Wind Jhimpir, Sindh 50 Jun. 2016 4 

M/s Metro Power 
Co. Ltd. 

Wind Jhimpir, Sindh 50 Jun. 2016 5 

M/s Gul Ahmed 
Energy Limited 

Wind Jhimpir, Sindh 50 Jun. 2016 6 

M/s Tapal Wind 
Energy (Pvt.) 

Limited 

I 	Wind 

I 

Jhimpir, Sindh 30 Jun. 2016 7 

8 2016-17 Zonergy-III, IV & V Solar Lal Sohnra (Cholistan), 
Punjab 

300 Jul. 2016 

M/s Tenaga 
Generasi Limited 

Wind Gharo/Bhambore/Kuttik 
un, Sindh 

49.5 Sep. 2016 9 

M/s Master Wind 
Energy Limited 

Wind Jhimpir, Sindh 49.5 Sep. 2016 10 

M/s HydroChina 
Dawood Power Ltd. 

Wind Gharo, Sindh 49.5 Sep. 2016 11 

M/s United Energy 
Pakistan Limited 

Wind Jhimpir, Sindh 99 Sep. 2016 12 

M/s Tenaga 
Generasi Limited 

Gharo, Sindh 49.5 Sep. 2016 13 

M/s Layyah Sugar 
Mills Ltd. 

Baggase Layyah, Punjab 41 Dec. 2016 14 

CHASHNUPP-IV Nucl Chashma, KPK 340 Dec. 2016 15 
Zonergy-VI Solar Lal Sohnra (Cholistan), 

Punjab 
100 Dec. 2016 

"----------- 
Jam.-2017:' 

''V 

16 

Zonergy-VII Solar Lal Sohnra (Cholistan), 
Punjab 

100 	.7 17 

Zonergy-VIII & IX Solar Lal Sohnra (Cholistan), 
Punjab 

200 	t 
l 

' Feb.2017 18 
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19 LNG Based Plants 

(2*GT) 

LNG Bhikki, Punjab 800 Mar. 2017 

20 Patrind HPP i  Hydel Kunhar River, KPK/AJK 147 Mar. 2017 

21 LNG Based Plants 

(2*GT) 

LNG Haveli Bahadur Shah 

(Jhang), Punjab 

800 Apr. 2017 

22 Gas Based Power 
Plants 

LNG Existing Plant Sites 1000 Apr. 2017 

23 LNG Based Plants 

(2*GT) 

LNG Baloki, Punjab 800 May. 2017 

24 M/s Alliance Sugar 

Mills Ltd. 

Baggase Ghotki, Sindh 19 Feb. 2017 

25 M/s Chanar Sugar 

Mills Ltd. 

Baggase Tandlianwala, Punjab 22 Jun. 2017 

26 M/s Sachal Energy 

Development (Pvt.) 

Limited 

I  Wind Jhimpir, Sindh 49.5 Jun. 2017 

27 Tarbela 4th Ext. 

Project 

Hydel Tarbela, KPK 1410 Jun. 2017 

28 2017-18 Neelum Jhelum 

Hydel 

Hydel Nauseri/Muzaffarabad, 
AJK 

969 Aug. 2017 

29 M/s Etihad Power 

Generation Ltd. 

Baggase Rahim Yar Khan, Punjab 67 Feb. 2017 

30 M/s Almoiz 

Industries Ltd. 

Baggase Mianwali, Punjab 36 Dec. 2017 

31 M/s Safina Sugar 

Mills 

1:Baggase Lalian, Sagodha 20 Dec. 2017 

32 M/s Shahtaj Sugar 

Mills Ltd. 

Baggase MandiBahauddin, 

Punjab 

32 Dec. 2017 

33 M/s RYK Energy 

Ltd. 

I  Baggase Rahim Yar Khan, Punjab 32 Dec. 2017 

34 MIs SSJD 

Bioenergy 

t Baggase 
, 
L 

Mirpurkhas, Sindh 12 Dec. 2017 

35 M/s Lumen 

EnergiaPvt Ltd 

Baggase Jhang, Punjab 12 Dec. 2017 

36 Shandong Imported 

Coal Based Power 

Project 

Coal Sahiwal, Punjab 1320 Dec. 	2017 

37 LNG Based Plants 
(1*ST) 

LNG Bhikki, Punjab 400 Dec. 	2017 

38 LNG Based Plants LNG 

(1*ST) 
 

Baloki, Punjab 400 -. -28&7 

39 LNG Based Plants 

(1*ST) 

LNG Haveli Bahadur Shah 

(Jhang), Punjab 
 

400 i Dec. 	20j7 

8 



System Study for 

1-660kV HVDC Project from Matiari to Lahore in Pakistan 

WA00191K-SS-03A 

Access System Design of Matiari Converter Station 

40 M/s Jhampir Wind 
Power (Pvt.) Limited 

Wind Jhimpir, Sindh 50 Feb. 2018 

41 M/s Hawa Energy 

(Pvt.) Limited 

I  Wind Jhimpir, Sindh 50 Mar. 2018 

42 M/s Hartford 

Alternative Energy 

(Pvt.) Limited 

' Wind Jhimpir, Sindh 50 Apr. 2018 

43 M/s Tricon Boston 

Consulting 
Corporation (Pvt.) 

Limited (A) 

r 	Wind Jhimpir, Sindh 50 Apr. 2018 

44 M/s Tricon Boston 
Consulting 

Corporation (Pvt.) 

Limited (B) 

r  Wind Jhimpir, Sindh 50 May. 2018 

45 M/s Tricon Boston 

Consulting 

Corporation (Pvt.) 
Limited (C) 

I Wind Jhimpir, Sindh 50 May. 2018 

46 M/s Three Gorges 

Second Wind Fram 

Pakistan Ltd (Wind 

Eagle Limited) 

Wind Jhimpir, Sindh 49.5 Jun. 2018 

47 M/s Three Gorges 

Second Wind Fram 

Pakistan Ltd (Wind 

Eagle Limited) 

Wind 

1  

Jhimpir, Sindh 49.5 Jun. 2018 

48 Port Qasim Power 
Project 

Coal Port Qasim Karachi, 
Sindh 

1320 Jun. 2018 

49 2018-19 GolenGol HPP Hydel Chitral, KPK 106 Jul. 2018 

50 EngroPowergen 

Project 

r 	Coal Thar, Sindh 660 Oct. 2018 

51 GulpurPoonch river Hydel Poonch River/Gulpur, 

AJK 

102 Oct. 2018 

52 M/s Zephyr Power 

Pvt. Ltd. 

Wind Gharo, Sindh 50 Nov. 2018 

53 Coal Plant at Salt 

Range 

Coal Salt Range, Punjab 300 Jan. 2019 

54 Shanghai Electric 

Power Project 

Coal Thar, Sindh 1320 Jan. 2019 

55 Grange Holding Coal Arifwala, Punjab 163 ./ ;Jap.-201 	' 

56 HUB Power 
Company Ltd. 

Coal HUB, Baluchistan 1320 	' Jan. 201 

s 	' 

57 Lucky Electric Coal Port Qasim, Sindh 660 Mar. 2019/ 
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Power Company 
Ltd. 

58 Siddiqsons Limited Coal Port Qasim, Sindh 350 Mar. 2019 

59 2019-20 TPS Jamshoro 

(Phase-1) 

r 	Coal Jamshoro, Sindh 660 Jun. 2019 

60 CASA 

J, 

Import Cross Border 

Interconnection 
1000 Jul. 2019 

61 Coal Plant at 

Muzaffargarh 

Coal Muzaffargarh, Punjab 600 Sep. 2019 

62 T PS Jamshoro 
(Phase-2) 

Coal Jamshoro, Sindh 660 Dec. 2019 

63 KeyalKhwar Hydel Dasu District, KPK 128 Jan. 2020 

64 Other Wind Power 

Plants 

 Wind Sindh 524 Feb. 2020 

65 2020-21 Karachi Coastal 
Power Plant 

(unit-1) 

Nucl Karachi 1100 Nov. 2020 

66 Dasu HPP (Phase-1) Hydel 7km upstream of Dasu 
Village on Indus River, 

KPK 

2160 Feb. 2021 

67 Karot HPP p 	Hydel Jehlum River, Distt. 

Rawalpindi, Punjab 

720 Jun. 2021 

68 Tarbela 5th Ext. 

Project 

Hydel Tarbela, KPK 1410 Jun. 2021 

69 2021-22 Suki Kinari HPP Hydel Kunhar River/Mansehra, 

KPK 

870 Jul. 2021 

70 Karachi Coastal 

Power Plant 

(unit-2) 

Nucl Karachi 1100 Oct. 2021 

71 Kotli Hydel Poonch River/Kotli, AJK 100 Jun. 2022 

72 Coal Plant at Lakhra Coal Lakhra, Sindh 660 Jun. 2022 

• 
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3 'MA& 
Project Overview 

3.1 EVAN.—tkr .-3:SASIM4456 
Overview of Matiari-Lahore DC Transmission Project 

tiXitattiliVTOXBIAW 
11-aVAA.—K-*,-4:±660kVAMfaEgIV. InAE,41/XtflASIAltititM.E1, 	3,15E 
2W, 4A433g4liNIk-gr5FitEc, *IglY4i-KftiA878km, *EtVia000mw, NAJ2018rVit?'c. 
To promote the development and transmission of Thar Coal Field in Sindh and the coastal coal power 
and meet the requirements for the increase of electrical loads in Punjab and Islamabad, the 
Matiari-Lahore ±660kV DC Transmission Project shall be planned and constructed. The Project starts 
from Matiari, Sindh (in the south of Pakistan) to Lahore, Punjab (in the central area) via Sindh and 
Punjab, and the DC line is about 878km long, the power transmission capacity is 4000MW and it is to be 
put into operation at the end of 2018. 

3.2 3tAkftgitiMOREtiflig5 

Overview of sending-end energy resources and power supplies 

• 	 Status of energy resources 

iMIEElikT- E44013_120iMP041■MA/Pki (YE-r-tkan410km, YEMVAEM300km, YE*ilM 
-1,365krn, RtidiZAMNS25kminViik-NVF#M), TCL-L140km, W.Ht 65km, ffiCA9100km2, 
x%-ffitti7554zit, rs±1111Yi94%, E440.P.MtMh111110 tEVAI'43 , 

NAllitt507k,t, 351f4K1127 to 
Thar Coal Field is located in the Tha Desert in the southeast of Sindh, Pakistan (about 410km from 
Karachi, 300km from Hyderabad and bout 65km from Midi City, and the nearest town is Islamcot Town 
which is 25km from the west of it), whi h is 140km from south to north and 65km from east to west, with 
the area of 9100km2, and the coal res urces are 175.5 billion tons, accounting for 94% of the country, so 
it is the largest coal field in Pakistan. 16 the resources, the proved reserves are up to 2.7 billion tons, the 
controlled reserves are up to 9.4 billio0 tons, the prognostic reserves are up to 50.7 billion tons and the 
prospective reserves are up to 112.7 b$lion tons. 

1,4VIERIMEXPAY9o.2o-22.81m, i UP1.),150-203mo 	IOPMIIVE12-21mtlA, 
Magt170m, ft133.tfrit3=FA, ,MFEMMWOMMIXAA•33- , IMMtto liM-TWX4 
53 	VIN-,451:MEEILMik9.144-M1133-a4MVEt: *3-)-46.77%, fU31-23.42%, It116.66% 
, 	 a3-)-1.16%, XPAR318kcal/kg. 
The thickness of coal seam of the Th r Coal Field is 0.20-22.81m, with the burial depth of 150-203m. 
The thickness of main coal seam is frtm 12m to 21m, with the average burial thickness of 170m, all of 
which are suitable for open pit m ning, and different coal types (varying from lignitic coal to 
subbituminous coal) are distributed in the Thar Coal Field a`nd lignitic coal occupies first place. Based on 
the analysis data of drilled coal sarrples, the as-received-basis chemical constituents and relevant 
characteristics of raw coal in the Thar oal Field are shown as follows: moisture: 46.77%, volatile matter: 
23.42%, fixed carbon: 16.66%, ash c ntent: 6.24%, sulphur content: 1.16% and calorific value: 3208k 
cal/kg. 

13Mti;ViriV9f)111-1011fg, 	 Eti+w,T4Eigm, 
• CfrSAJ)41 143.1*1-10=1EgFltiti.M. illi*VIEEMAA14 

ginj 'fp , 	 ZAVI, 
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• Now, the Thar coal has not been developed, and only a minority of coal mines are performing the 
preliminary work, so it has a large development potential. For the coal produced from the Thar Coal Field 
is characterized by high moisture level and low calorific value, the long-distance outward transport 
should not be adopted, and the optimum method of utilization is to construct a pithead coal power plant 
for on-site conversion. At present, there are a total of 4 blocks in the Thar Coal Field for performing the 
preliminary work, i.e. Block I, Block II, !flock III and Block IV, and the progress of Block I and Block II are 
faster. 

±V.Fg [lig I ffiCY9i5okm2, i13e5ii1 t34,fz,t0 	1499:XEdatth*ffiti18.90 km2, EtTITAME-1- 
grA23m, iLti.91A5g1150m, T31111,9atit.84z,t, gliA/284z,m3, -1Ft'adlA5.88 m3/t, PARJ 
41101+1650Tt/0 f*ZgEflE&IIA' 95.5km2, Ithffi :M220,fi,t, A43 qAliAti5.74z,to MalIM-y-
Amso 40m, IzAtIJA096.6e/t, JZI.14)M0,0350Ttio 
The area of Block I in the Thar Coal field is 150km2  and the geological resources are 3.4 billion tons. 
The surface area of the preliminary fining area is 18.90 km2, the average thickness of 3 commercial 
seams is 23m, the average burial de h is 150m, the quantity of workable raw coal is 0.48 billion tons, 
the stripping volume is 2,8 billion m3, he average stripping ratio is 5.88 m3/t and the preliminary scale 
planned is 6.5 million t/year. The are of the Thar Coal Field Block II is 95.5km2  and the geological 
resources are 2 billion tons, including the recoverable reserves of 1.57 billion tons. The average burial 
depth of seam is 140m, the average tripping ratio is 6.6m3 

and the preliminary scale planned is 3.5 
million t/year. 

3.2.2 rlitla ft 6, 

Power supply overview 

12,t-titit it EIT8201411) (4141PAKAnillARI:4 EIXOfttelt62_-/--A4limmgA 1:- ill E,k.14 
AMNIA H -cfigni/J450 fitit Pi. a 1E1 -5144M-08-4.18WEI-  (2x330MW), if, VIM —E< WAr:IMPA 

• b,i (2x660MW), -- Atai4MiltEgr 1 (2x660MW); ItEMstIMEURrA H AMAX, tOr,f3MitiOA *4 
MP-ArgINIEW-  (2x660MW). E -C1 .. 	AZTX*R1-1-4*:FMAIfMit 

X 	. 
r.  Based on the Agreement Between the Government of the People's Republic of China and the 

Government of the Islamic Repub lc of Pakistan on the Energy Project Cooperation of the 
China–Pakistan Economic Corridor i November, 2014, priority shall be given to the carrying out of 
Engro Coal Power Plant (2x330MW), har Coal Field Block I Pithead Coal Power Plant (2x660MW) and 
Port Qasim Coal Power Plant (2x660 	) described in the list of projects in the receiving-end supporting 
power supply of Sindh; besides, ac rding to the latest progress of power supply projects, Hubco 
Expanded Coal Power Plant (2x660M ) in the list will be actively promoted. The total installed capacity 
of supporting power supply is 4620 W to meet the requirements for the power transmission of 
Matiari-Lahore DC Transmission ProjeCt. 

A, 'lqt-ItAltr.  
Engro Coal Power Plant 

Y- Ii?rt-MigEartz.±±VT:PtEBIL(II, gil--1,111itAqT--, If11"=i2x33omw, lkY91-Altf.,1Z.WALAW4 
it-i-j, 43mMti3tArifyv*A-13FM70, Pc -'- 4, EIEMCIITFIRM#3E.31-E -It'W. 
As a pithead coal power plant, Engro oal Power Plant is located in Block II of the Thar Coal Field, with 
the installed capacity of 2x330MW, and Sindh Engro Coal Company is the Employer and China 
Machinery Engineering Corporation p rticipates in it with the method of EPC, and the feasibility study 
report has been completed and has passed the review of Pakistan. 

B. ±VglIIII—Ein-  ntlItEbr 
Thar Coal Field Block I Pithead Coal Power Plant 

ii4V1111—E( VW-LI=Ingtitrikf-nfif*FElE I , Iff14i2x660MW, 11311111114fA-131i/LiiJ 0,1300 
-41Z1U-Fa, NErrfinTaTiff15---t,h3CrOffM. 

Thar Coal Field Block I Pithead Coal Power Plant is located in Block I of the Thar Coal Field,,,with the 

• installed capacity of 2x660MW, and Qhina Power International Development Limited holcts shares and 
develops with the method of BOO and has completed the preliminary feasibility study exi3mfnatiorlpant 
the feasibility study report now. 	 . ,.tz • 

1 
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• 
Port Qasim Coal Power Plant 

-PANAIVIEtraf---NA**Alt4 
tItaktf}41 	PR /z Os BOOTAII 
As an imported coal power plant, Port 
from the southeast of Karachi, with th 
Development Limited holds shares a 
report has been completed and has p 

D, VMAINIVIC- 
Hubco Expanded Coal Power PI 

7kmM-Pd'41 A, 9vilt1=1fratiti-, 
a, IA ilh=2,164103fIlit*4iCIPMF4i. 

Qasim Coal Power Plant is located in the Port Qasim about 47km 
installed capacity of 2x660MW, and China Power International 

d develops with the method of BOO, and the feasibility study 
ssed the review of China now. 

nt 

NMAIriVPMELFW:f- 	 30kmahtiMi4, 	 ttivel'-.-12x660mw, )ik)L-J 
tAlffIEJJ/24, 4:1111Egtg-allitaA. 	A 0)4 	nE5-'-chitriktgOal. VAAffiEgiltl. f+-141-0 
As an imported coal power plant, Hu co Expanded Coal Power Plant is located in the Hub Port about 
30km northwest of Karachi, with the installed capacity of 2x660MW, and Hub Power Company Limited is 
the Employer and PowerChina Limited participates in its development, and at present, the overall site 
planning, access system planning and environmental impact assessment have been completed. 

*3.2-1 OteilINAittgR 
Table 3.2-1 Preliminat* Work of Major Thermal Power Plants in Sindh 

Atift: MW 
Unit: MW 

41H VIS 
Project name 

*411,--t:t 
Installed 
capacity 

# 4 ITI1A 
Participating units 

igitfiial 
Preliminary 

progress 

f-Sk?' RI rill 
Production 

time 

1 IMgtEgr 
Engro Coal Power Plant 

2f 330 

RMAtitYr-**AW4 
4, 41  111 tIlWr INN 
fhApiii_;,-A 	EPC 	4,4 

With Sindh Engro Coal 
Company as the 

Employer, and China 
Machinery Engineering 

Corporation 
participatingthrough EPC 

mode 

tA,7fliffIRfl 
Feasibility 

study report 
completed 

2019.6 

2 
itt5F A El — E< W-A-, 1=1 # 	EV-- 

Thar Coal Field Block I 
PitheadCoal Power Plant 

2X660 

43 El tWJ El 13M311 	ll 
Boo -API)R3THeld 
and developed by China 

Power International 
Development Limited 
through BOO mode 

IEWrif CM 
Feasibility 

study report 
completed 

2020.8 

3 --PAte/81/1414F 
Port Qasim Coal Power Plant 

2x660 

43 El EtJJ it tk JIM 4 PM 
MO,BOOTAMiltffa 
Held and developed by 

Power Construction 
Corporation of China 
through BOOT mode 

YE*WftliM 
4 A Ii 43 -1,f 
'w Feasibility 
study report 

completed and 
Chinese 

passed 
party's review 

 

2018.6 

4  mmArztait,n 
HubcoExpanded Coal Power 

2 660 AktV4MAq)J/ifil, 
'NA ittit*YVA-1311/4. 

I?")Tlil  Feasibility y 
study in 

220:0. 
 yq  

• 

• 
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• 

Plant t-A04)FX 
WithHubcoElectric Power 

Company as the 
Employer, and Power 

Construction Corporation 
of China participatingin the 

development 

progress 

*it Total 4620 

N131-1 fltaiTtNA 	H 3).40 RI 
Fig.3.2-1 Distribut on of Major Thermal Power Plants in Sindh 

3.3 3014Elit3izit3i* 

Analysis on sending-end rimer balance 

(1) i-f-S*114: 2017-2020a2e23; 
Calculation level year: 2017-2020 and 2023; 

(2) itittitill--PtiA-EMA-111V-Igtzttipirrg10%t.T8; Mititi*P-P14.- AtItsEpco, HESCO 
giEE,iii,--ut-pfyym-KEsc.Dikigi, At 7FIJFf*g0.850 
10% of the maximum load is taken as he spare capacity of the power grids in Sindh and Karachi; Sindh 
and Karachi is home to SEPCO and ESCO power distribution companiesand Karachi KESC Industrial 
Park, and the maximum load coincide ce factor will be determined at 0.85 

(3) E,: filA).f.se,titatit)(Eg. 
ffiWt4c.V4-1F41. 
For the installed capacity of power su 
put into operation and under constr  
hydropower projects of energy plannin 
power generation and biomass power 

(4)  
• 	13,-AVR.tT8 (67%). 

Power supply capacity involved in  

EgAIN,E.41i0_110)11111)(Eb., 7.1(EAH, 	Yt1). ±It 

ply, the thermal power and hydropower projects which has been 
ction will be taken into account and the thermal power and 
of the Pakistan will be considered, and wind power, photovoltaic-. 
enerationwill not be involved in balance. 

VfkOftntilt/liS, PMEgvolip=i,4tvElitM3?013 
rs' 

balance: pursuant to the report on energy plaring of the 
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• China—Pakistan Economic Corridor, the existing power supply utilization capacity will be considered as 
per the actual situation of 2013 provided by Pakistan (about 67%). 

1-44.VEI-NAtithDKAECthill*t0)(q4ith, gII,M4/1,V.MEM-1=1 14MrA Hs *DilLEIMEVA 
411A a-lEgM , 201820231fifilEA, fittitts*n-KkithE4tES3)•qtgl, 2018, 2019. 

2020112023$33-MitA2340mws 3530MW, 7980MWf[110070MW. tErcEittE<NIEM4sq_E, 
iti*rl-Mf4-itkE<AA-M*Itt, 

As Pakistan's future major thermal p wer bases, Sindh and Karachi will focus on the development of 
Thar Coal Field Pithead Power Plant project, port coal power project and port nuclear power project. 
During 2018-2023, there will be some ower surplus in Sindh and Karachi, reaching 2340MW, 3530MW, 
7980MW and 10070MW in 2018, 201p, 2020 and 2023 respectively. While meeting the regional demand 
for power, Sindh and Karachi will enjo a power surplus,need the HVDC to output. 

1E334 intetR441--KttlfittUK 
Table 3.3-1 Bal ce Sheet of Power in Sindh and Karachi 

10MW 
Unit: 10MW 

2017 2018 2019 2020 2023 

1, 	41:tYgi- 
Maximum load of the whole society 

503 530 558 588 686 

2. 	*tOIL-9g-t 
Installed capacity at end of year 

841 , 973 1120 1595 1903 

(1) p,,IA 	Alt 
Existing thermal power plant 

634 634 634 634 634 

(2) IMA7I(14 
Existing hydropower plant 

0 0 0 0 0 

(3) NA 	a-  ItExisting nuclear power plant 0 0 0 0 0 

(4) 11EU,N 
Power supply in construction 

75 75 75 185 295 

1) -Nfi 
Guddu Power Plant 

75 75 75 75 75 

2) as Eg 
Nuclear Power Plant 

0 0 0 110 220 

(5)iltilitig 
Planned power supply 

132 264 411 776 974 

HUBCO Coal Power Project tOMAtaalt 

■./4 

132 132 132 132 132 

Port Qasim coal Power Project --KA Pr-18ti 

ME,F•  

132 132 132 

.------------- 

132 

Engro Thar Coal-fired Power Plant Oqa- 

WIC—  
66 

, 
, 

,--- 

6-, 

15 
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SSRL Thar Coal Blockl Mine Mouth Power 
132 
	

132 

Plant 41/.1:11tEB—EVADEtk& 

TPS Jamshoro (Phase-1,2) 

Grange Power Project 

Lucky Coal Power Project 

Siddiqsons Coal Power Project 

HUB Power Project Thar Block-II 

Thal NOVA Power Project, Thar Block- 

Thar Mine Mouth Oracle *,51: Oracle 
132 

Coal Plant at Lakhra 
	 66 

*1-11114trl, -Ili 
Installed capacity available at end of year 

	
632 

66 

15 

132 

66 

35 

33 

15 

132 

66 

35 

33 

15 

II 33 33 

764 911 1386 1694 

4, EP,)J M•3± 
Electric power output demand -129 -234 -353 -798 -1007 
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rM-t-Vskfing4 
	

itMfAit-TEIMILNEat, {E.JE7-TS.E111V1.24tE01-111,01, 
*AA-1Z -M,LtRitAilstAfANt 

	
t. ffitKE - t13, 2oisVikilEwatriougF, mgqiNAEL 

1410MW, *A -M*it3190MW, 202 
	

10920MW. VO.:EN111,K,EP,Ma-Friirattit; 
fn-r- tiaithE<IttffLititA I1A3.3-2. 
China believes that new energy proje is should not be involved in the power balance, so new energy 
power is excluded from the transmi sion capacity, while Pakistan expressed that since Pakistan 
implements a capacity price mechani m, it needs to take into account the maximum output in case of 
large-scale wind power generation 	en satisfying outward delivery demand. According to Pakistan's 
description, another 1,410MW wind sower will be added in addition to Chine-Pakistan Economic 
Corridor project, with 3190MW to sati outward deliverydemand in 2018, and 10920MW in 2023. See 
Table 3.3-2 for the results of the pow r balance in Sindh and Karachi taking into account large-scale 
wind power generation. 

*3.3-2 4.*EVOUIPLEt*I WHIN* 
Table 3.3-2 Outward DeliveryD mand Taking into Account the Large-scale Wind Power 

Ge eration Planned by Pakistan 

40t: TOM. 

A1=1 
Item 

2017 2018 2019 2020 
I 

1, 1+1 E0.4 
Wind 	power 

IDI4K Eg 
of 	China-Pakistan 

35 35 35 35 
\ 
\ 

. 2:2: ' 

,./ 
- 	.1,  
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Economic Corridor 

2, E-VirPt,Fb, 
Pakistan's new wind power 

141 141 141 141 141 

3, EMILlif$01.41M/IN* (4* 
RiviAturio) 
Output demand for wind power 
station 	consider 	coincidence 
factor 50% 

85 85 85 85 85 

4, 4"*Pl. Ell tl(Jit di N* 
Electric 	power 	output 
demandconsider 	wind 	power 
station 

I 

-214 -319 -438 -883 -1092 

3.4 ifig-ROVI 

Necessity of projectconstr ction 

A, AZE,4Mt13_,41743,c.,,Ettt* MAL 
To satisfy the need of developing power load of Pakistan's load centers. 

• 

AKINMZiitq14E4MiliAli13Att0 
Ith -L:tilt2E<q)ARAFEX5, Y9& 
This project can deliver the large amot  

satisfy the power supply needs of Pa 
the sustained and rapid economic dev 

FU-.1E4Ithififfa4143,C.p, 
M#VMAJIXRICA%134. 
nts of electricity in the southern region to Pakistan's load centers, 
istan, particularly Punjab and Islamabad regions and safeguard 
lopment. 

   

B. AZE.41WillA1193itt*iMO. 
To satisfy the need of outward delivery of electricity in southern Pakistan. 

Egt 	 T EIM31=1.0$41n1-4.1tkilX1R. EVA_51.CIMA-M7V-4 0,:iffi , 
E,PRAK?k, ffitkck.,  htAx01-1114TSEA, inEtworuptr-mEo,A*, as—V301 

TRJN7itffA, Eta-Mt4, 41)CitiAl Y9111gE4MiglittlA5ITZMPLE, ECtglE14V±Af0+65:i 
gEng-atDioLcs, J,tafip41:1 -aianingob,m. 
0,:44ZECIM13_AfiriEbMitEXAffiril V. 
Pakistan's economy has long been res tricted from sustainable and rapid development by its inadequate 
power supply problem. Since oil powe and gas power, which cost much, generate less but rely heavily 
on external resources, have dominate I the power market in Pakistan for a long time, seriously affected 
the power generation efficiency of the plant, and further exacerbated domestic power shortage, hence 
the power structure needs to be adjus ed and optimized urgently. Pakistan will build a large coal power 
supply in the southern Thar Coal Fiel and a power plant using imported coal in the southern port to 
ease its shortage of power. In view of t e fact that these projects are located far from the load center, this 
Project can meet Pakistan's needs on ong-distance delivery of power in its southern region. 

c, A,E.41c4t.14111fig,VEIVAltita Nil/AV 
To satisfy the need of optimizatio and allocation of Pakistan's nationwide energy resources 

RE.5iN491433-  
4D-;5 1.0iAt4A, 4TE4IthilltEtt ,5116JENAMMIM-E4M, Z114-7-11VAIAre,-111Mightx5f. 

afitittiEN, ri4ZokittthEvutirel IkAillt
.-41=JTAtt. NIEL, AKTIY31*kVAIE,.. 	

, • 

• resources and load determines that th 

the largest extent, to establish diversi 

It is the top priority for the developmen 
national economy and social develop 

power grid, transportation and other pl ed energy 
supply channels, and to improve energy.SecOriran 

tforms to achieve energy resources optimization and allocationzeo;-/ 

of power industry in Pakistan at this stage to satiAfy,the needs, of ' 
ent on power supply. While the uneven distrii$ution of ,pnergy, 
solution to Pakistan's power supply problem should fly up th0 
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• reliability. Hence this Project is nece ary for Pakistan to achieve energy resources optimization and 
allocation and to satisfy the needs of energy-deficient areas on power supply. 

• 

18 
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4 3MktrAMAAANM 
Study on Access Schem6sof Sending-end Converter Station 

4.1 AXMASCitikAAAIANI 

Site selection and access Principles of sending-end converter station 

It4Ictit-WiMIEMM-MADMItOgli.fInfilf", MO?IkMEINPViiIPalEto 31-RAEqlh 
A*4414EUSOU-FRM-i, 17110,QaftE(g1i9Mi, 

With the continuous expanding of the development size of Sindh Thar Coal Power Plant and coastal 
power plant using imported coal, a 'wiper market is needed to consume sending-end power. Hence the 
South-to-North DC Power Delivery 1 Project can orderly guide the development and outgoing of 
sending-end power supply, promote economic development in the region, and meet the development 
needs of each load center. 

*IfM4WPC.ktrePfkl.ittO1V-01,4AifAill'U. 4ACIAMMVIlki, 0,RMAtiZAMAlt 
A4111*, A#W.111.1.1#111-F: 
The site selection of the sending-en0 converter station in this Project should take into account the 
position corresponding to the point in Connection with the system and the point of access to power, the 
path of the DC line and other factors. The specific principles are as follows: 

(1) 1-f-TViAkiMAIM1500kVEVO; 
To facilitate converter station to acces0 to Sindh 500kV power grid; 

(2) 'M±AKE<Mitl-ACIVEA; 
• To facilitate the collection of outgoing iower supply in the region; 

(3) JAV%-ttYPSEX; 
To avoid line crossingto the largest extent; 

(4) inMIJAMAY41-1/1. 
To controlthe length of DC line appropriately. 

4.2 ilMAMAStaalliA3itkil, 
Scope and circumstances Of site selection of sending-end converter station 

MMEVEUTA3J-4M-415/,, 144* t;Mr*ni,45.T‹—E<VW-LIElqi-ft-f-ftititil*CtitiVEVIII, -k- A4E1 
i8EgriltiMVA*Fik-fftititiAiffi .vM-Pftido iMIEllidEqia5ookv*ANg, 1/MI111E001H 
4 A idIYJJamshoro500kV21 EgWEA Lt300km. 

According to the distribution of suppo ing sending-end power supply, Engro Coal Power Plant and Thar 
Coal Field Block I Pithead Coal Power Plant are located in the Thar Coal Field in the southeast of Sindh, 
while Port Qasim Coal Power Plant and Hubco Coal Power Plant are located near Karachi, a city in the 
south of Sindh. Thar Coal Field has no 500kV power grid close to it, and the distance between the power 
supply project of Thar Coal Field and nearest Jamshoro 500kV substation exceeds 300km. 

WAAZ-M,IiiMa*-ApgiAgfiEtE0.,:isearifittfAti500kVEAR15,, Ritiiitaili1500kVqPJ4in< 
11131V,MHZ15], AMEgiSfEtRAMS/MA -AgA, Irlitlitt4V.AAMIi-L1,. ti-ntatito, ItiA 
FJJ-iRi-I-1331A4T- TiTA1,*Viai44E101, Eit-1,5061Elkf-tk*.E.T.ithEc, cl:ARitiSCM•iiik-T-EkIS 
ii0.4jg/920,/iMth, ItilEitri<M.  tiT—PMAYM4i,l -e_SIARE.111,5CMii, RiVitiktliak 
Eg1.9=HR, RzWiibTVMtfAElf101,3n11-):*RIRA3tit, EqPSJ*Ifi linMititgl*. 
The location of the sending-end suppOing power supply and situations of Sindh 500k power grid should 

• completely considered in the site selection of the sending-end converter station, a place betweer1414' 
Sindh 500kv power grid and Thar Coal Field power supply project should be appropriate in 44-der to 
coordinate with power supply collection and converter station access system and shorten 'the length of -; ., 
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Fig.4.2-1 Scope of SI Selection of Sending-end Converter Station 
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lailtift litittitEr 
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Ryder 	-ifi11--,'12.111, 	S, 
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• DC line as much as possible. The Ce 
conducted an site investigation and 
Pakistan proposed to select Matiari, 
away from Pakistan's station. Since 
account the site proposed by Pakist 
decided that Matiari and surrounding  
selection of the sending-end convert 

ral Southern China Electric Power Design Institute (CSEPDI) has 
ommunicated with Pakistan with regard to the site selection. 
He CSEPDI recommended that the place should be about 20 km 
the Jamshoro-Moro line in construction has already take into 
n and Pakistan has already started relevant work, it is finally 
rea in the northern of Hyderabad City should be the scope of site 
station in the Project. 

flUMMMEIMUSAMfMR, 
32", lh125°38' 25", fk-TN5111*T 

rit11114,t 1A.O'r 
V5*. &S.-MAKVA+BTitAfilith-F 

According  to the site selection of M 
station chose Sekhat, with center coo 
national trunk road (No.5 National R 
covered by bushes in a small portion. 
north need to be relocated. The inbo 
national trunk road. The country road 
wide enough to meet the requirements 
be the water source of the converter 
Indus River, approximately 1.5km awa 

Mi4111*4-tt (Sekhat) 	t1iNr1=1,L,D03: V.168°30' 
(5-g-11111) 	 .ffl33-)-fotA/J,  

Ptit-MR) (*-12.±t1g) 
4Vfi*A.M., AVR--)C *ffitft40,r4X.V.-231-6tat4 

YEEPIVIMAilg<71.5km. 

tiari sending-end converter station, the sending-end converter 
inates: 68°30' 32" E, 25°38' 25" N, located at the east side of N5 

The place is open and flat, mostly planted with wheat and 
bout five simple private houses (single-floor adobe houses) in the 
nd road may be connected to the country road extending-WM-, 
as an asphalt surface, with ordinary road conditions, and;.a width 
of construction and large transport. Groundwater is Considered to 
tation preliminarily. The place is located on the east bpink of htit's 
from the Indian River levees.  

20 
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Fig. 4.3-1 Schematic Diagravil of Sending-end Power Supply Organization Sohartie 
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• 	4.3 WiPiliiitiME 

Sending-end power suppl organization scheme 

EathiliatillEgEEV,R500k 220kV, AAIVIIEVotEvgAlt-amitUE660MWP„,1±., 
112-70,22okylt.EUMA. F-411J', 	4AAA-Ri-1-)igh-ATN- 1 NA, IkAitfflEhiAT,ITStio Ath' 
qaA-TM5ookvEgEEMMIK, 14NEOFW21=1500 	a2iNEtr-w6tm, w2n500kv.0*4AlSk 

Although Sindh applies 500kV and 22 kV in its power grid, 220kV is not suitable for access, because the 
installed capacity of the supporting iermal power plant of DC Transmission Project has exceeded 
660MW. In the meantime, the design r power supply access system should satisfy N-1 principle in order 
to improve the reliability of outgoing p er. Sending-end power supply may apply 500kV, with one power 
plant providingdouble-circuit 500kV o tgoing lines, or two power plants connectingin series to provide 
double-circuit 500kV outgoing lineswh ch connect to the converter station. 

321314*,111410U-ItYg: likt)M AV% r o.2 J 500kviVMATAAM; +HWEVIC--  0,2E1500 kVa 
YZ**Egr-, 	 CJ 500kV 

tiat64i —E<VELF-Mit. 
Sending-end power supply organ tion scheme is: the new Hubco Coal Power Plant accesses to 
the converter station through doubt rcuit 500kV lines; Port Qasim Coal Power Plant accesses to the 
converter station through double-circuit 500kV lines; Engro Coal Power Plant and Thar Coal Field Block I 
Pithead Coal Power Plant access to t converter station through single-circuit 500kV lines; and Engro 
Coal Power Plant connects to Thar oal Field Block I Pithead Coal Power Plant through single-circuit 
500kV lines. 
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• 4.4 IMAMAASVit 
Access schemes of conve er station 

agliA 04M1±., AAftE(500kV*PIRADIN' (Jamshoro) 
(Moro) 4t1=1500kVtititif, ( oro) —Mtn (Dadu New) *1:1500kvd*, I*4 (Moro) — 

R.Y.UC (R.Y.KHAN) tALI500kvala, PELlbeilMia— A. 1314iM*.E.T.SciCtitZ1/09MAT 
AAMA; EIT-f-inWegENA P,(5 okvAffi, .:711?kaAiAx1'flailhVitfigt, 	AA% 

#AMMtkts0,5ookvEg.114iiik,MA, Jitg 
Since this Project will be put into pr uction at 2018, the sending-end regional 500kV power grid will 
have new Jamshoro-Moro 

	uit 500kV line, Moro-Dadu New single-circuit 500kV line and 
Moro-R.Y.KHAN single-circuit 500kV I e in addition to existing power grid frame, and will further improve 
its South-to-North power transmission capacity. Sindh Matiari and its surrounding area will serve as the 
send-end starting point of the DC T nsmission Project; since all the sending-end supporting power 
suppliesare delivered through 500kV I ne, the sending-end converter station intends to apply 500kV line 
in order to improve AC system's capacity to support DC transmissionand reduce power loss. The 
following access schemesof sending nd converter station are proposed: 

h 1: AMVPSMAS n Af i'AY (Jamshoro) —0r4,  (Moro) 500kVdM; n  Arif4'—f,ktAis 
(Dadu New) 500kVLAStio AlE* [ttfLgfi0.5ookvEgEE4d*AISVAM. AMANAXPitio1]Witii 

, 21=1.V.#61 1 , 	1L1M ta, 61:14MEM.0 

• 

Schemel: DC sending-end converter 
2 new lines, and connects(rr conneC 
supporting thermal power generating 
The sending-end converter station wit 
Dadu New respectively, and 6 to sup 

tation connects (11 connection)toJamshoro-Moro 500kV line, with 
ion) to Jamshoro-Dadu New 500kV line, with 2 new lines. DC 
nits are connectedto the converter station through 500kV lines. 
have 10-circuit outgoing lines, with 2to Jamshoro, 1 Moro and 1 
rting power supply. 
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• AWAICAM AM0:0 
(Jamshoro) 500kV5EltkArl<J500 

o AMEV(Egtil4i1J,500kVELEE4 
Witr, 61E1Y4EVga. 
Scheme2: DC sending-end converter 
2 new lines, connectsl line to Jams 
lines. DC supporting thermal power 
500kV lines. The sending-end conve 
to Moro and 6 to supporting power su 

istan 	 Access System Design of Matiari Converter Station 

Jamshoro) —W-4 (Moro) 500kVd1;  ffilMl/Skatir$KMP.14 
VW/4; gitilk.VMAMICii (Moro) 500kV5ELMR(7500kVd 
4A1Makt. iVAIMEMili10111d, 2111Vitgi, 21:1Y 

tation connects (Tr connection)toJamshoro-Moro 500kV line, with 
ro 500kV substation and 1 line to Moro substation, with 2 new 
enerating units are connectedto the converter station through 
r station will have10-circuit outgoing lines, with 2 to Jamshoro, 2 

ply. 

3. 	VI 	vr.r • 
r K 

• 
UCHIST 

NEW HUBCO, 

Karachi' 

MitP14 

defabbsi 

Fig.4.4-2 Access cheme 2of Sending-end Converter Station 
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• 5 
Electrical calculation 

5.1 
Calculation conditions 

APJBPAAA--Zi-I-StIF, tit 

BPA load flow and stability calculati 
analysis on sending-end converter s 
2018. 2018 is chosen to be the I 
below: 

ak-IMAAkkAittiTit4litg -tfr", *T12018W'c, ii 

n program is adopted to implement electrical calculation and 
on access scheme. The project goes into operation at the end of 
year for calculation. Electrical calculation conditions are listed 

• 

(1) iiAJI 
Calculation of load and installed capa 

OsE41013APJA1Z 
tlianKrePi-t-NA**11R111.. 
In electrical calculation, load and instal 
capacity of Pakistani power grid as 
power grids of 220kV or lower voltage 

(2) WOW 
Grid structure check 

*/03, APJ EVihtilEgM20181f0381 
1E1-4A-Pf%F±660kVAM, 
In this phase, 2018 Structure Plan of 
to transmit electricity from south to n 
DC is to be constructed, leading to tra 

5.2 int-H-X 
Load flow calculation 

ii-NATHEMMtl.qPJ2018I 
, 	A fA Tigttk500kv 

-1-4±11.,4 4NcIcsiN 
Pakistan power grid 2018 summer 
±660kV DC Transmission Project le 
calculation, under all system accessi 
evenly distributed, with voltage level 
line, and transformer under N-1 mode. 
the two schemes is shown in the belo 

ity 

rir*P101.10v4 ,  TARS3-}4A220kVAIJ,TEgMl<MILgli4n 

led capacity will be calculated with the planned load and installed 
e basis, subtracting small units and related loads connecting to 

AL1, EIAMEgMittAME,1bILEIE1500kV3ZSAIA, ith”X* 
00MW. 

akistan Power Grid is adopted, and 3rd-circuit 500kV AC channel 
h is constructed in Pakistan power grid. Matiari-Lahore ±660kV 

smission capacity of 4000MW. 

MA-1-1-AF±660kVAATV31q4000mW. 
EgEE7.10194X0*, 	 5ffi.X 

'14i#ASh3-40#tri-REPfito 
aximum-load mode is adopted in the calculation. Matiari-Lahore 
s to a transmission capacity of 4000MW. According to load flow 
g schemes, 500kV power grid load flow at the sending-end is 
omplying with requirement, and there is no overloading with AC 
Load flow distribution under normal mode and main N-1 mode of 
figure. 

• 
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*5.3-1 ittligtSte41AAgAltligl1NVE 
Table 5.3-1 Investment Estima"ion for Sending-end Converter Station AccessSchemes 

1P-ik: km, T5 it 
Unit: km, 10,000RMB Yuan 

'l 
Scheme 1 Difference 

'2 
Scheme 2 Difference 

OA 

kale 
ttil 

Investment 
Alfl 
Scale 

&CY, 
Investment 

dYli 
Line 

0 0 142 32660 

lit 
Power transformation  

0 3600 

-8-  it M.A 
Total Difference 

0 
1 

36260 

• 

4f4* -Alttf 
n 	tai' (Jamshoro) —** 

—14 	(Dadu New) 500kVit 
itECVA4=IAI'ASA 0 ak1C05 IV

J  

(NEW HUBCO 20, Mild* 
ENGRO THAR COAL 11:1*IISSRL TH 

Considering the above factors, we rei  
sending-end to connect to the  
connection)toJamshoro-Moro 500kV I 
connects(rr connection) to Jamshor 
respectively. DC supporting thermal 
through 500kV lines. The sending-er 
Jamshoro, 1 Moro and 1 Dadu New 
circuits, New 500kV line2x220km.f6  
COAL 1 circuit and SSRL THAR COA 

N.-4-Aisr:EMAINAMAAA-A, A1 40g: Aaj.411M 
Moro) 500kViAM, MAdgeliik13)104343km,  165km; n 

172km. Al riEg)( JL ftll500kV 
01=1W d: 21:1Y394, 11C1 DC*, 1 (AYMtg, 611r DE 
Vv2x220km; PORT QASIM 21=1, IfrittAYMIt2x180km; 
R COAL 1E1, fiiittlr4-1Q13J4I1t245km#1245km). 

ommend Scheme 1 for Matiari-Lahore DC Transmission Project 
ystem:DC sending-end converter station connects (rr 
e, with new line about 43km and 165km long respectively, and 

)adu New 500kV line, with new line about 40km and 172km long 
power generating units areconnected to the converter station 

converter station will have 10-circuit outgoing lines, with 2 to 
spectively, and 6 to supporting power supply (NEW HUBCO 2 

RT QASIM 2 circuits, New 500kV line2x180km. ENGRO THAR 
1 circuit, New 500kV line both 245km) .. 

 

• 
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Main Conclusions 

6.1 iNliiti0Offt 

Necessity of projeotconstruct4n 

—Iti.f1-:-.1:±660k AMIEg.1 Mita, 	 il-fE 
 , 	 4ftFfixiatmuilirt,DgEgsdactFovinff 

The construction of Pakiatan Matiaritore ±660kV DC Transmission Project will contribute to meeting 
the increasing demands tor electrical ads of the area of Punjab and Islamabad, assuring the power 
supply for the load center promoting the healthy development of economy, boosting the development of 
Thar Coal Field pithead coal power and imported coal power along the coast and realizing the optimal 
configuration of energy resources in a broader sense. 

6.2 7MASM41AANait 
Access scheme of Sending-en ll converter station 

AlittalASA/44-04REIRNitZ, afF.IJEtIllAF:11500kV, TrA7.04-* 
Ir500kVtial, n-Arge6T-ffitt$00kVgiatiti, AMEV(4411.41.1A500kVCI4VMAAAA. 3t4 
TAS,k-MScioElffid, 2 	Pf. ',1 /14,1, 	1Ea*Wr5E14:45, 	 smycgcs. 

jtAia PAPia3).410g., PJAL'MVAIC, *AltRitliWAEgIMV,5*-M4ngiMitazi< 
• -9/11MAXEMV-T-n5*. 

The access scheme is: locate the DC sending-end converter station in Matiari and its surrounding areas, 
adopt 500kV voltage at the AC side, and connect (Tr connection) the converter station toJamshoro-Moro 
500kV lines, and the DC Supporting tbermal power generating unit is connected to the converter station 
at the voltage of 500kV. The sending4end converter station will have10-circuit outgoing lines, with2to 
Jamshoro Substation, 1 to Moro SaiStaion, 1 to Dadu NewSubstaion and 6 to the supporting power 
supply. According to the electrical cakiulation analysis, the load flow of sending-end grid is distributed 
properly, the grid structut* is clear, the transient state of current and long-term sending-end grid is stable 
and the short-circuit current level can meet the operating requirements of the grid. 

      

     

• 
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itEA-Ittftlt411C0 

Task Basis and Main inciples 

0.1 i*ittth 

Task basis 

(1) ITIIIIELttt***13M---f 
( IUJAf-A—W. 

The Contract on the Fe$sibility Stud 
China Electric Power Equipment & T 

(2) Emmtg.(43-438 (Natioh 

National Power System expansion 

(3) 201411P (1,13*'  RAMil; 
151145)) 20154/111:1  
The Agreement on the ergy Prof 
the Governments of th People's' 
November, 2014 and the cooperatie 
during Chinese leaders' Visit to Pakit 

0.2 bk*pri 

• 	Technical standar1s 

*ITI52-11C 
The technical standards to be imple0 

( 1) IEC 62001-2004 Guide to the spat 
A?_5EgiZAAiA5Mgird 

(2) IEC 60909-02001-17 INTERNA 
Calculation of currents 	Ait:_---414 

(3) EL)7A.1Ei3E-M,42 SDJ161-85 
Code for Design of Pow‘r System 

(4) qiJAf-AlzflitrrAMDL755-2 
Guidelines for Power Sy em Securl 

. (5) Pakistan Standard: NEPRA G 

0.3 ik-it*3FIr 

Design level year 

Iii5,1■±660kV 
The Pakistan Matiari-Lahore ±660k 
operation in 2018, and the year of 20 
the Project. 

41401.11X*RI-11.teeokvAiMEP,If.PTI-i-- t±Of 

of Pakistan Matiari-Lahore ±660kV DC Transmission Project of 
nology Co., Ltd. (Power System Primary Part); 

Power System Expansion Plan) , 2011, )31il*tSNC-±_liTX. 

(2001), SNC-Lavalin Group Inc. 

4 ECtig.iinth --.N__±.4t*nrinow-f.  E,Welfkiiii RE*, 
Millq=1Excl4i- rrg511A*.figt)145c. 

Cooperation of the ChinaPakistan Economic Corridor between 
public of China and IslaMic Republic of Pakistan signed in 

agreements on 51 projects sighed between China and Pakistan 
in April, 2015. 

ted and referenced for the Project mainly include: 

cation and design evaluatiorp of a.c. filters for HVDC systems ( HVDC 

NL STANDARD: Short-cirOuit in three-phase a.c.system, Part 0 
ELC-1-X 

DJ161-85) 

1 
nd Stability(DL755-2001) 

ode 2005( (4P149.11.1)) EVORIELtfft EN) 

iNitt2oi€4Wkai#:. 
C Transmission Project lit planned to be put into double-pole 
is considered as the design level year for the feasibility study of 

3 
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IttAaitta 
Power Systerri Over ►i 

EAMV_AbliElvi CE4111 
rblfincq-_tas 	 41,bffkiii 
rtzitirE,ZigtJ3-1- E4 
At present, the maximur4 voltage cit 
covering major regions throughout t 
channels for supplying ewer from 
Punjab have been estab hed, and Si 
of Pakistan is divided i o National 
Supply Co. Ltd. (KESC) dustrial Pa 

E,4)thglitIkP7F4,0407500 
1=11-WEA 

291c1EP.,''1823.10IIVA, 500k 
The voltage classes of tte main grid 
power distribution companies are 13.  
there are twelve 500kV substations 
(with capacity of 1823.10AVA) in the 
and 8358km long respectively. 

FESCO, MEPCOAEVA, ft61$ 

• 14,-Mitinc)Esco,  lb 
Based on the geographi 
LESCO, GEPCO, FESC 
and HESCO power dis 
QESCO in Balochistan, 

2014EMA4glitMic 
M67%. PI 	, 	Rtihni 
RIV-E- fflP)=11EhLI 01?111%, 
titE<, g`3N11160%akt; 16161V 
itiltS1thEq<JrS140/0, HUE* 

In 2014, the maximum I d demand 
load was 18830MW, the installed ca 
67%. In the electricity c nsumption 
largest proportion, about 451̀/0; the in• 
consumption by farming commerce 
electrical load in Pakis n is concert 
about 60% of the total of e country; 
Khyber Pakhtunkhwa a surroundih 
has formed a power s q pply pattern 
supplying power to the c ntral areas 

00kV, EI)WiliElt*A0n.IMAgM4g, XA*11.3. ILS 
—4D500kv4VM.11, MMr11,[1.,144f;FM. E4MtEl[11* 

(NTDC) h(--WL.KEsC.141R1. 
of Pakistan transmission grid is 500kV. The main grid structure 
country has been formed, the 2 to 4-circuit 500kV transmission 
them and northern parts to the load centers in Islamabad and 
oped network has been built in the load centers. The State Grid 
nsmission & Despatch Co. Ltd. (NTDC) and Karachi Electric 

by transmission areas. 

220kV, ittOt/z.itiJit,Eg4t,4,3132kV, 66kV, Ar1366kVEPA 
Ft1T-0-5ookv5EFg,M12iC ,Eb,-94-115750MVA, 220kVEIEP,:M 

kli-tft5144km, 220kVOM118358km. 
the Pakistan Power Grid ate 500kV and 220kV, and that of local 

and 66kV (66kV is being initially transformed to 132kV). Now, 
ith capacity of 15750MVA) and twenty-nine 220kV substations 
kistan Power Grid, with 500kV line and 220kV line being 5144km 

ri4JIESCO, LESCO, GEPCO, 
V-LATitE(rfisEPco, HE CC  

0, TESCOIEEb/Litd 
local power distribution cOmpanies of Pakistan include IESCO, 

power distribution companies in Punjab and Islamabad, SEPCO 
nies in Sindh and Karachi, KESC Industrial Park in Karachi, 
d TESCO power distribution companies in the northern part. 

OMW,it;)WzAR:18830MW, If11,24110MW, 
LE t, gig45%t.; 2101 ltEL.110X, gt 29%; VA. nAk 

isb,0M5S1=14±1:11f13 5gilf[10.1i4:1__-`_ 
/V31-itZg4J120%, IVA)Z-Alt6%, 
EP,K0fATlhazi(Eg, MillOotIlltAgAilitAr4iffl3fAitnAffi 

the National Power System) was 23040MW, the actual maximum 
ity was 24110MW, and the power utilization capacity was about 

ructure, the household consumption by residents takes up the 
stria! electricity consumptidh comes second, about 29%; and the 
d other large users about 11%, 8% and 7%, respectively. The 

b  ted in Punjab and Islama ad in the middle part, accounting for 
ndh and Karachi takes up out 20%, Balochistan about 6%, and 
northern areas about 14% At present, the Pakistan Power Grid 
ith hydropower in the mirth and thermal power in the south 
ough the load centers. 

ithZ.MPES 
I position, 
and MEP 
bution corn 

nd PESCO 
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500kV SUBSTATIONS  
1-Peshawar 
2-Tarbela (Hydel Power STN) 

3-GhazI Brotha (Hydel Power STN) 
4-Rewat New 
5-Gujranwala (Gakkhar) 

6-Lahore 
7-Gatti 
13-Rousch (IPP) 

9-Sahlwal (YASiala) 
10-MuHan 
11-Muzaffar Garh 
12-0. G. KHAN 
13-Guddu 

14-Dadu New 
15-Jamahoro 
16-N.KI HAR 17-Hubco (IPP) 

SWHOT 
LUDEWALA 

NEW 
NEW KOT LAKHPAT 

LESCO 

IINS. SAH (WWAIA 
-JVEHARI 

(P E P -6) 
BAHAWALPUR 

NEW 747 747 MW 
FOUNDATION POWER 

500kV 

7.00kV 

HYDEL P/STN 

THERMAL P/STN 

IPPs 

LEGEND  

G/STN T/L 

0 

0 	 
E3 

DAHARKI 

850 MW 
JAMSHOR 

NO' N.K.I 

NTDC PLANNING POWER 
SHAHID MAHIAOOD 	EXISTING 

NTDC GRID MAP 

500 & 220kV SYSTEM 

1292 MW HU8C0 ) 
BALDIA (KESC) 

T.M.KHAN K.D.A-33 ROAD (KEW) 

DWN. 
MGR. 
C.E 
G.M 

M. WASEEM 	sick 
you.: 4  

ENJWi8220kVik. _E qpiligomd 
Diagram of Pakistan PoWer Grid (220kV and Above) in 2014' \, 

11111-1 201 

Fig. 1-1 Geographical Connectio 

EXISTING NTDC NETWORK 

HESCO 

0 

• 
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2 ititA-IMAIMI 

Power System Develo 

2.1 EgijMVAIN 

Power demand forecast 

19714:-0.*, ECIAVAIritgizkt. 
pEj qiCAZzkl. 1972 -20121rEfj, 
The electricity consumptlon of Paki 
2008, and from 2010 to now, the incre 
average annual growth rate of total eI 

ECchtEl El* Eq givi vuo-rn 
EnIfAaffitl'AMMOIA, E 
26680MW, 28020MW, 30820MW 

The State Grid of Pakistan is divided I 
Park loads according to the transrnis 
provided by Pakistan, the maximum 
26680MW, 28020MW, 30820MW an 
growth rate will be 4.9% from 2015 to 
to 2023. 

Table 2.1«1 

ent Plan 

44gt±.I-FA, 7119981f, 2d08WIM,E14, 2010*I,J,*Y4 

has been rising overall Since 1971, but dropped in 1998 and 
e of electricity consumption slaWs down. From 1972 to 2012, the 
tricity consumption of Pakistan was up to 6.9%. 

(NTDC) ,Nc-krIKEsciiklAtP, 
FO,K12017*, 2018*, 202(20231zttriV4431-Ngit91 

250MW, 2015.2020***- -4.9%, 2020-2023* 

to NTDC and Karachi Electric Supply Co. Ltd. (KESC) Industrial 
on areas, and in accordance with the latest load forecast data 
ads of the National Power System will be respectively up to 

38250MW in 2017, 2018, 202b and 2023, the average annual 
020 and the average annual growth rate will be 7.5% from 2020 

-1 E,MithillEIIMI*1101t 
Pakistan Power Demand Forecast 

iftik: 10MW 
Unit: 10MW 

S131. 
Year 

2016 2017 2018 2020 

2016-2020* 
IfEtitlk*. 

Average annual 
grOwth rate 

from 2015 to 
2020 

2023 

2010-2023* 
Y-'iiN-L* 

Average 
annual growth 
rate from 2010 

to 2023 

111 
Nationwide 

2422 2668 2802 3082 4.9% 3825 7.5% 

A: NTDC ril
.: NTDC Incl 

2121 2335 

_ 	

2449 2685 4.8% 3364 7.6% 

KESC 301 333 353 397 5.7% 461 6.4% 

2.2 AI 

Power supply arrangemen 

IRA ECihtE.11,1t4 n VORItlA*t*/ 

• 

 , 2019'f , 2020*, 2021*, 2022

According to the power generations 
generations COD time for 2016, 2017 

3572MW, 5390MW, 2130Mwe 

5419MW, 3572MW, 5390MW and 27 

amiticsnfivrrtm, E400fidfl2016, 2017, 2018* 
0 t-,443-)-1,MY1J635 MW, 6425.5 MW, 5419MW, 64491v1W% 

Manning which advised by Pakistan, the planning:of the power 
(018, 2019, 2020, 2021, 2022, is 635 MW, 6425.5 MW, 5419, 4W, 

MW respectively. 
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• *2.2-1 
Table 2.2-1 Construction Arran9 

ESPfigitiffiatl fit/
ment for Planned Power SUpnly Projects of Pakistan Power 

Grid 

A! 4L: MW 
Unit: MW 

Sr. 
# 

Fiscal 
Year 

Name Of Project Fuel Location' Installed 
Capacity 

(MW) 

Expected 
Comissioni 

ng Date 
Existing capacity 

1 2015-16 CHASNUPP-III 	I Nucl Chashma, KOK 340 May-16 
2 Zonergy-II Solar Lal Sohnra (♦haistan), 

Punjab 
100 May-16 

3 M/s Harnza Sugar 
Miffs Ltd. 

Baggase Khanpur, Pujab 15 May-16 

4 M/s Yunius Energy 
Ltd. 

Wind Jhimpir, Sinilh 50 Jun. 2016 

5 M/s Metro Power 
CO. Ltd. 

Wind Jhimpir, Sindh 50 Jun. 2016 

6 M/s Gal Ahmed 
Enemy Limited 

Wind Jhimpir, Sindh 50 Jun. 2016 

7 M/s Taiml Wind 
Enetgy (Pvt.) 

Limited 

Wind Jhimpir, Sinilh 30 Jun. 2016 

8 2016-17 Zonerg-III, IV & V q 	Solar Lal Sohnra (Pholistan), 
Punjab 

300 Jul. 2016 

9 M/s Tenaga 
Gene!** Limited, 

Wind Gharo/Bhambora/Kuttik 
un, Si dh 

49.5 Sep. 2016 

10 M/s Mister Wind 
Energy Limited . 

Wind Jhimpir, r tiniih 49.5 Sep. 2016 

11 M/s HitiroChina 
Dawood Power Ltd. 

Wind Gharo, Singh 49.5 Sep. 2016 

12 M/s Unwed EnergY 
Pakistan Limited 

Wind Jhimpir, Sindh 99 Sep. 2016 

13 M/sTenaga 
Genenasi Limited 

Gharo, Bincih 49.5 Sep. 2016 

14 M/s Layyah Sugar 
Miiis Ltd. 

Baggase Layyah, Punjab 41 Dec. 2016 

15 CHASANUPP-IV i 	Nucl Chashma, KPK 340 Dec. 2016 
16 Zonargy-VI Solar Lal Sohnra (Choiistan), 

Punjiab 
100 Dec. 2016 

17 Zonargy-VII Solar 
i 

Lal Sohnra (Ohoilstan), 
Punjab 

100 , 	": 2017 

, 
18 ZonergY-V10 & IX ' i 	Solar 

1 

Lal Sohnra (Choilstan), 
Punjab  

200 :f  ' Feb. 2017 

• 

• 
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19 LNG Based Plants 
(2*GT) 	1 

LNG 
ii  

Bhikki, Punjab 800 Mar. 2017 

20 Patriild HPP 	I Hydel Kunhar River, KPK/AJK 147 Mar. 2017 

21 LNG Bailed Plants 
(2*IGT) 

-.  

LNG Haveli Bahadur Shah 
(Jhang), Punjab 

800 Apr. 2017 

22 Gas Barred Power 
Plants 

LNG Existing Plant Sites 1000 Apr. 2017 

23 LNG Barred Plants 
(2ow) 

I 	LNG Baloki, Punjab 800 May. 2017 

24 M/s Alliance Sugar' 
Mills Ltd. 

Eiaggase Ghotki, iiintin 19 Feb. 2017 

25 M/s Chahar Sugar 
Mills Ltd. 

1Baggase Tandlianwala, Punjab 22 Jun. 2017 

26 M/s Satnal Energy 
DevelopMent (Pvt.) 

Limited 

Wind Jhimpir, Singh 49.5 Jun. 2017 

27 Tarbela 4th Ext. 
Project 

Hydel Tarbela, KO( 1410 Jun. 2017 

28 2017-18 Neetura Jhelum 
Hydel 

Hydel Nauseri/Muzaffarabad, 
AJK 

969 Aug. 2017 

29 M/s Etihad Power 
Generation Ltd. 

Baggase Rahim Yar Khan, Punjab 67 Feb. 2017 

30 M/s Almolz 
In duitnes Ltd. 

Baggase 
I 

Mianwali, Punjab 36 Dec. 2017 

31 M/s Salina Sugar 
Mills 	11 

[Baggase Lalian, Sagodha 20 Dec. 2017 

32 M/s Shantaj Sugar 1 
Mills Ltd. 	1  

Baggase Mandi Bahauddin, 
Punjab 

32 Dec. 2017 

33 M/s RYi( Energy 

Ltd.  
Baggase Rahim Yar Khan, Punjab 32 Dec. 2017 

34 M/S SSJD 
Biosnergy 

1Baggase MirPurkhan, Sindh 12 Dec. 2017 

35 M/s Lunien Energisi 
Pvt Ltd 

Baggase Jhang, Punjab 12 Dec. 2017 

36 Shandong Imported 

Project 
Coal Barred Power  

Coal Sahiwal, Punjab 1320 Dec. 	2017 

37 LNG Barred Plants 
(1*ST) 

LNG Bhikki, Punjab 400 Dec. 	2017 
 _____, 

38 LNG Based Plants 
(1*ST) 

LNG Baloki, Punjab 400 	--- -Dec. 	2617 
/ 

39 LNG Based Plants' 
(1*ST) 

LNG Haveli BahadurlShah 
(Jhang), Punjab 

400 	, DS. 2077 

8 
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40 M/s Jhaimpir Wind? 

Power (Pvt.) Limited 

Wind Jhimpir, Sindh 50 Feb. 2018 

41 M/s Haifa Energy I 

(Pvt.)Limited 

Wind Jhimpir, Sindh 50 Mar. 2018 

42 Mis Hartford 

Alternative Energy,  

(Pvt.) Limited 

Wind Jhimpir, Sindh 50 Apr. 2018 

43 M/s Tridon Boston' 

Consulting 

Corporation (Pvt.)' 

Lirriited (A) 

Wind Jhimpir, Sindh 50 Apr. 2018 

44 M/s Tridon Boston 

Consulting 

Corporation (Pvt.)'' 

Limited (B) 

Wind Jhimpir, Sindh 50 May. 2018 

45 M/s Tridon Bostonl 

Committing 

Corporation (Pvt.) 

Limited (C) 	
I 

Wind Jhimpir, Sindh 50 May. 2018 

46 Mis Three Gorges 

Second Wind Frani' 

Pakistan Ltd (Wind ' 

Eagle Limited) 

I 	Wind Jhimpir, Sindh 49.5 Jun. 2018 

47 M/s Three GorgeS 

Second'Wind Frain 

Pakistan Ltd (Alind 

Eagle Limited) 	, I 

Wind Jhimpir, Sindh 49.5 Jun. 2018 

48 Port '43im Power 

Project 

Coal Port Qasim Karachi, 

Sindh 

1320 Jun. 2018 

49 2018-19 

52 
 

Golan Gol HPP Hydel Chitral,, KPiC 106 Jul. 2018 

50 EngrOPowergen ' 

Project 

Coal Thar, Sindh 660 Oct. 2018 

51 Gulpiir Poonch 

river 	

I  
, 

Hydel Poonch River/Gulpur, 

AJK 

102 Oct. 2018 

M/s Zephyr Power 

PVt. Ltd. 

Wind Gharo, Sindh 50 Nov. 2018 

53 Coal Pint at Salt! 

Range 

Coal Salt Range, Punjab 300 Jan. 2019 

54 Shanghai Electric. ' 

Pouder Project 

Coal Thar, Sindh 1320 Jan. 2019 

55 Grange Holding Coal Arifwala, Punjab 163 Jar."2019 

56 HUlif Power 

Company Ltd. 

Coal HUB, Baluchistan 1320 Jan. 2019 
r 

t.
Mar.'2019 57 Lucky Electric I Coal Port Qasini, Sindh 660 

stan 

9 
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titan 

   

Power Company 
Ltd. 

58 SiddiqsOns Limited' I Coal Port Qasim, Sindh 350 Mar. 2019 

59 2019-20 TPS „iamshoro 
(Phase-1) 	

1 , 	Coal Jamshoro, Sindh 660 Jun. 2019  

60 OASA Import Impo Cross Border 
Interconnection 

1000 Jul. 2019 

61 Coai Plant at 
Muzaiffargarh 

' 	Coal Muzaffargarh, Punjab 600 Sep. 2019 

62 TPS .fritmshoro 
(Pase-2) 	II 

I 	Coal Jamshoro, Sindh 660 Dec. 2019 

63 1 1 Keyal Khwar Hydel Dasu District, KPK 128 Jan. 2020 

64 Other 	nd Power 
tants 

Wind Sindh 524 Feb. 2020 

65 2020-21 Karachi Coastal 
Povrer Plant 

(unit-1) 

Nucl Karachi 1100 Nov. 2020 

66 Dasu HOP (Phase-1i Hydel 7km upstream of Dasu 
Village on Indus River, 

KPK 

2160 Feb. 2021 

67 Kartg HPP Hydel Jehlum River, Distt. 
Rawalpindi, Punjab 

720 Jun. 2021 

68 Tarbela 5th Ext. 
Project 

Hydel Tarbela, KPR 1410 Jun. 2021 

69 2021-22 Suki f<Inari HPP Hydel Kunhar RiveriMansehra, 
KPK 

870 Jul. 2021 

70 KaraChi Coastal I  
PoWer Plant 

(unit-2) 	I 

Nucl Karachi 1100 Oct 2021 

71 itotii Hydel Poonch River/Kotli, AJK 100 Jun. 2022 

72 Coal PI nt at Lakhri Coal Lakhra, Sindh 660 Jun. 2022 

• 
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C Transmission Project 

irgZigALIIRViCt#it,Efil*SigiN-trt<JX*,  
IfYAE4ItAti=igniattitilMEI, 

AdY4MV/9891km,  *144,7414000MW, Pli,t1201E4ativt. 

ission of Thar Coal Field in Sindh and the coastal coal power 
increase of electrical loads in Punjab and Islamabad, the 
n Project shall be planned and constructed. The Project starts 
kistan) to Lahore, Punjab (in the central area) via Sindh and 
long, the power transmission capacity is 4000MW and it is to be 

arket space 

2; 
022; 

UC1ruin100A-9-1660niwftS; 
MEPCO 	 IttMpo-f*go.85a0.8.. 
abad grid shall be considered at 10% of the maximum load or 

s, i.e. IESCO, LESCO, GEPCO, FESCO and MEPCO, exist in 
he maximum load coincidence factor will be determined at 0.85 

Eglt4±1311111.)(eg. 7.1(EgvAlfl, 	YLft. tfo 

ly, the thermal power and hydropower projects which has been 
tion will be taken into account and the thermal power and 
of the Pakistan will be considered, and wind power, photovoltaic 
eneration will not be involved in balance. 

VFtliAVARIIJIRS,  AlAfEbli*MV-igEMArt<32013 

alance: pursuant to the report on energy planning of the 
existing power supply utilization capacity will be considered as 
by Pakistan (about 67%). 

, VT,A-Tt.--111M-ELKITIEho 
the power market space is calculated, without sending to, and 

WIRMAIJELNAIHM, EgtiktiV)1, 2017. 20184.,  
t3- 1,1994746 MW, 3166MW; 4043 MW ii 

C1141M*E1-43-1-6-51:±66okvflailirri-l*IFA,  xfY0 
)0.q.7  nmffi. 

e largest load center throughout Pakistan and its loads,a6cq nt 
11 
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3 TN**, 

Project overview 

3.1 E*E.T.—Ettrfttliitin 
Overview of Matiari-Lahor 

Matitittilf-MItE9200*Alt rbff 
3..t-RVAR.T.—k±680kVAR* 
2W, IgA1=1:1 fMgsgihsti*Vg1Z.,  

To promote the development and trap 
and meet the requirements for the 
Matiari-Lahore ±660kV l C Transmi 
from Matiari, Sindh (in the south of 
Punjab, and the DC line is about 891k 
put into operation at the end of 2018. ' 

3.2 la1-03,331g 

Analysis on receiving-end 

(1) 2017-20201PR 
Calculation level year: 2017-2020 and 

(2) -tti VIIVICt_EbAA-/f14 
IESCO, LESCO, GEPCO, FESCO4 
The spare capacity of Punjab and IS 
660MW; 5 power distribution comp 
the area of Punjab and Islamabad art 
or 0.8. 

( 3) EgiNVI1AZ EtE/AVAA 

For the installed capacity of power 
put into operation and under con 
hydropower projects of energy plannt 
power generation and biomass powe 

(4) 0E41d 
g4367%). 

Power supply capacity involved in 
China—Pakistan Econorhic Corridor, 
per the actual situation of 2013 provi 

(5)  
Status of power sending and receivin 
receiving from, the foreign grids, 

*rIV-Iihf_t.ffifthEfjaPIRAVtA, 
2020a20231**B(.11ilfi-Llf 
11045 mwo *igiffmaittith-2-tt EO, 

The area of Punjab and Islamabad IS 
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111 	 for about 60% of the country, and f 
supply projects are carried out prefe 
Pakistan planning generations, the e 
area of Punjab and Islarflabad are 
2017, 2018, 2020 and 2023. The gr 
absorb the Matiari-Lahore ±660kV 
contributes to alleviate the situation o 

*3.2-1 

Table 3.2-1 Mark 
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2017 to 2023, the area will develop faster, so after the power 
ally for the existing projects, projects under construction and the 
is power balance shows that the maximum power deficits of the 
rately up to 4746 MW, 3166 MW, 4043MW and 11045MW in 
f Punjab and Islamabad is provided with the market space to 

Transmission Project, and the construction of the Project 
wer deficit in the area of Punjab and Islamabad. 

ktItiNliligALtilitkff$31111ZOM 

Space in Punjab and Islamabad Region 

• 

41-1k: MW 

Unit: MW 

2017 . 2018 2019 2020 2023 

1-1.Peak load (Coincidence Factor 35 16014 16864 17731 18641 28642 

1-2.Peak load (Coincidence Factor 80t$ 15072 15872 16688 17544 26957 

2-1.system backup (Peak load 10%) 1601 1686 1773 1864 2864 

2-2.system backup (660MW) 660 660 660 660 660 

3.Installed capacity 14301 19521 19521 21111 25376 

( 1 ) Existing Thermal Power Plant 7550 7550 7550 7550 7550 

( 2 ) Existing hydropower Plant 1790 1790 1790 1790 1790 

( 3 ) Existing nuclear Power Plant 650 650 650 650 650 

( 4 ) Constructing and Planning Po lant 3201 8421 11061 12651 14276 

Gas Based Power Plants(Existing Plant 

Egn 

ites)ta 
1000 1000 1000 1000 1000 

Bhikki, Balloki& H.B. Shah Mkt*, 2400 3600 3600 3600 3600 

Neelum Jhelum * I 969 969 969 969 969 
', 

Tarbela 4th extension *Eg I 1410 1410  1410 1410 1410 

patrind *Eg 147 147 147 147 147 

Suki Kinari Hydropower Station XX **OgIti$ 0 0 0 0 870 

Karot 	Hydropower Station +VA 14 0 0 0 

Golen Gol HPP(Chitrali  KPK)* 106 106 166 / 106 

Gulpur Poonch river(POonch RiveriGa ur, AJK)*  
102 102 102 

\,,,,.... 

128 

102 i 
, ‘ 	.1......, 

Keyal Khwar(Dasu District, KPK)*' 128 

12 
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Dasu HPP (Phase-1)(7km upstream of 

on Indus River, KPK)** 

u Village 
2160 

Tarbela 5th Ext. Project(Tarbela, k" 1410 

Kotli(Poonch River/Kot1 AJK)*Et 100 

Sahiwal 2x660MW Coa1-fired Power 

%.-1■WiltEgi- 

I  t P*X 
0 1320 1320 1320 1320 

VikitViji,E1Fig24 ( Sat Range Mi outh 	) 0 0 300 300 300 

Muzaffargarh coal Power Project Ott 

Stft 

MX q 

,-, 

0 0 600 600 600 

Grange Holding(Arifwala, Punjab)' l li  163 163 163 

4. Power Marker Space Scope 

Coincidence 

Factor 85% 

system backup 10% 

hydropower work 0 ty 80% 
4746 3166 3140 4043 11045 

system backup 10% 

hydropower work ca 1  ty 95% 
4587 2977 2951 3836 10087 

system backup 660 

hydropower work cap 1  1  ty 80% 
3805 2140 2027 2839 8841 

system backup 660 

hydropower work a ity 95% 
3242 1469 1326 2116 7221 

Coincidence 

Factor 80% 

system backup 10% 

hydropOwer work ea p 	ity 80% 
3710 2075 1993 2837 9191 

system backup 10% 

hydropower work cat, ity 95% 
3148 1404 1292 2114 7572 

systeM backup 660 

hydropower work ca) ity 80% 
 

2863 1148 984 1743 7156 

system backup 660 

hydropower work ca0i  i  ity 95% 
2300 477 283 1020 	5536 

-------->\ 

-,.; .,,t, 

_ 

1 
1 
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3.3 ifiattgOtt 

Necessity of project cons 

1) AXE4IthitlY:VrEttAg,  
To satisfy the need of developin 

2018, 20204sc44303s 
4043 MW*A11045 nnw,„*iftrit 

IM±11*M 17t3VritiVtil+W.A** 
As the two largest load ,centers in 
nationwide, while the analysis on be 
3166 MW, 4043MW and 11045MW 
respectively. This project Can deliver 
load centers, satisfy the bower suppl 
safeguard the sustained and rapid e 

2) AZ EAlifitgAn 0-1M45. 
To satisfy the need IOf outward 

t 1,1tRA- Z EFOW9 T E4 

T PJ t*,JM 	4P.M4litit 
FElltafflAEU,Eb,VA, im40P8 

14AX EWIMitiP 
Pakistan's economy has !Ong been, r 
power supply problem. 

has, 
	oil po 

on external resources, haVe domina 
the power generation efficiency of t 
the power structure needs to be adj 
supply in the southern tiler Coal Fi 
ease its shortage of poWor. In view 
Project can meet Pakistares needs 0 

3) AX EMIthtEi MI W* 
To satisfy the need Of optimizat 

111 RtIMII4±- ant EttiAR 
4vcitintm,  vz -T.:eAmts.)4 
MtitnE.N., AA- )-7•GlOtalMX 
WM-LEL 'Az `r figh4V ItMita 

It is the top priority for the developrn 
national economy and Social devel 
resources and load detettnines tha 
power grid, transportatiob and other 
the largest extent, to establish dive 
reliability. Hence this 0-0ject is ne 
allocation and to satisfy the needs 

tan 	 Access SyStem Design of Lahore Converter Station 

tion 

wer load of Pakistan's load centers. 

ntpittlic, 	 ifitrhEb,t 	2017 

2;409-1CL.: ttlitE( 	ftt igliet33- !1314746 MW, 3166MW 

1:1 -44EVIOIPOIMPAIEVuiESItfittiPirt'liC.,,,  AZT. 
t AVIA qn5, M.I/M440fAilArtitRitigl*. 

kistan, Punjab and Islamabad take Up 60% of the total load 
e of electric power shows that a power shortage of 4746 MW, 
ppear in Punjab and Islamabad in 2017, 2018, 2020 and 2023 
large amounts of electricity in the southern region to Pakistan's 
eds of Pakistan, particularly Punjab and Islamabad regions and 
mic development. 

ery of electricity in southern Pakistan. 

gIONT-Mtkilaa. 	 -f-A, 
figWOM411A, ristoripgr-nacet*, 
INE4mtgEgm4ta*,I.Nram, EmoiltwEvao,43.T: 

oiti=omolFtmo Ei3L-F-muixtm,14,c.pvi&,  *vmA-aid( 
5 
icted from sustainable and rapid development by its inadequate 
and gas power, which cost much, generate less but rely heavily 
the power market in Pakistan for a long time, seriously affected 
lent, and further exacerbated domestic power shortage, hence 
d and optimized urgently. Pakistan will build a large coal power 
and a power plant using imported coal in the southern port to 
fact that these projects are lOcated far from the load center, this 

ng-distance delivery of power in its southern region. 

8TMR: 
and allocation of Pakistan's nationwide energy resources 

k*PREMithiliq)iiikaRIYM-595-. forM-A4M4-3-1-  
&-manvaniivEoq. zewizfc-tvrbwta-ER rthfigN 
IkAftl En-ZP-irgtto 	AKINA-akVXE4MgignAll 

5 
of power industry in Pakistan at this stage to satisfy the needs of 
ent on power supply. While the uneven distribution of energy 
solution to Pakistan's power supply problem should rely up the 
orms to achieve energy resources optimization and allocation to 
d energy supply channels, and to improve energy security and 
ary for Pakistan to achieve energy resources optimization and 
ergy-deficient areas on power supply. 
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4 VIMSAMAXam 
Study on Access Sche 

4.1 ItatUktMitikAtAAJ1911 

Site selection and access 

01;80 
q1k1I] , APIciA9101:1F: 
The safe and reliable operation of DO 
and coordination with regional po 
receiving-end converter station of the 

(1) ISq+ISUVIMAD14600kVE01 
To facilitate converter statton to acc 

(2) )-RiEi92,WPXX; • 
To avoid line crossing to the largest e 

(3) 3thlrOJAVIY1i-Vtao 
To control the length of DC line appitl 

4.2 5DIMAMittailOtaita 
Scope and circumstanced 

fa 20171F-20 
4511MW, 4425MW, llti, EA 

mag, ont4LLtetmIgdlloi.371(Et, 
r1=1,C.PR 	MK, Vk-f- 

t1cMfoth)EfFMKTf-BtoiliklAsit 

According to the analysis of electri 
Islamabad will reach about 7537 
intends to locate its South-to-North 
to Pakistan's plan, the load in Islam 
while the first circuit of SOOth-to-No 
major load center in Punjab. In the 
the location of the receiving-end con 
to local 500kV power grid while redu 

WA00191K-SS-04A 

tan 	 Access System Design of Lahore Converter Station 

s of Receiving-end Converter Station 

nciples of receiving-end converter station 

Vilf- 413111:4EA, *WALK 

eceiving end, the formation of robust receiving-end power grid 
grid planning are mainly considered in the access of the 

oject, and the specific principles are as follows: 

o receiving-end 500kV power grid; 

site selection of receiving-end converter station 

3gfzi ilf.114)91h 	thRtt* t477537MW 3557MW 

MEglLiMAINtOAA031511r01103114f-:.tithE( tLig 
, EN1t4i_EIM—EIMEUtitliintELIfitAMA%.321; 
M4Anfth500kVitM, f JHJ1 igrMASAY4I-LQSE, 

market space, the maximum shortage of power in Punjab and 
557MW, 4511MW, 4425MW during 2017-2020, hence Pakistan 
ower Transmission Project in Punjab and Islamabad. According 
will be satisfied by hydropower generated in the northern area, 

C Power Transmission Project will be located in Lahore region, a 
ntime, it is considered that the southern region of Lahore will be 
er station in order to facilitate the access of the converter station 
the length of DC line as much as possible. 

0 
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• C.1;:.1 

mum 

4 

• 

tend 

Fig.4.2-11 Scope of 

WEI:tikti.*:-FAVIMASM;52,,  
. .0.73° 50' 18", lh.g$3195' 13", 

eta "., f,̀Ii34f4114N1t,  
Radha 
Akt7.10)-07VP,V1,3*-Ftc. 

According to the site section of 
station is located in Sittakatabad 
coordinates: 73°50'18" E, 31° 15' 1 
mostly planted with wheat. About 5 
connected to Bhai Phelli-Kot Rad 
width wide enough to meet the 
considered to be the water source 

ri• 

4.3 MUMAAWilt 

Access schema of cone 

• 

The following access Schemes of 

1 Di tit Milk MN** 
Selection of Receiving-end Converter Station 

atitAl*P-PZEit (Ehakatabad) 	MtiEnill,L44t: 
hai Pheru-Mor Khunda/Ali 101. MitithP9=FM, 
ma NA-5P I Rms.mg:ii 0 	 Pheru-Kot 

2/46?,50-f, Oiffit111-3MAZINZ-RAM6 11t5*0 

re receiving-end converter station, the sending-end converter 
the west side of Bhai Pheru-Mor Khunda road, with center 
. This place is open and flat, with lush ground vegetation, and 

r idential houses need be demolished. The inbound road may be 
ishan road, an asphalt road with good road conditions, and a 
irements of construction and large transport. Groundwater is 

converter station preliminarily. 

er station 

ifg.D'AXA, 

receiving-end converter station are proposed by taking into 
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0 	account the location of th of DC Transmission Project in the southern region of Punjab 
and load flow direction: Lahore as well as the DC 

hitt: A.igi*ASA3MiNgElIEE 

le receiving j  
project loud' 

500kV, 3311.1TrAtiti-:.F (La ore) —4A.* 	(Lahore South 
re North) 50016/gEq-kt, 
ttlitIM6LIffid,  211Mt1 	21=1Ytk-6-::gM, 21:11A.* 

-1 WPE5-1-; 
AC side of DC receiving-end converter station and connect (TT 
e Lahore-Lahore South double-circuit 500kV lines; build the 

the receiving-end converter station-Lahore North-Gakkhar 
-end converter station will have 6-circuit outgoing lines, with 2 to 
re North. See the dotted linelin Fig.4.3-1 for Access Scheme 1 

) XXI=1500kVM; It* 
"Elk (Gakkhar) F150 
Vb. DAMOMAA 
Scheme 1: Adopt 500k\1  
connection) the convert 
Lahore North 500kV s 
double-circuit 500kV line 
Lahore, 2 to Lahore Sou 
of receiving-end convert 

*Vb 
VAN.. 

voltage at 
r station 
bstation, 
The recel 
and 2 to 

r station. 

ko 

Lu 
-1 /01111010t4tAA 
heme 1 of Receiving-end C hverter Station 1 Acc Fig.4 
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AS:31:4AAMZIAIJEgEEAM5ookv,  ±i12[11:1-Aff-:.1 (Lahore) 500kV4tE1i5; ±d2Pa 
V-Lli'%.1-47 (Lahore South) 500kV5ER/A; italiiti;j1L (Lahore North) 500kVIEEgti6, 3.1*fe_44Aa 

(Gakkha: gii.41500kV004}. '532eYAMVIMfilt61=1ffid, 21Q iA T, 211IY 
2111Yk*:.gito 

Scheme 2: Adopt 500kV voltage at tie AC side of DC receiving-end converter station, with 2-circuit 
outgoing lines to Lahore 500kV substation, and 2-circuit outgoing lines to Lahore South 500kV 
substation; build the Lahore North 5bOkV substation, and the receiving-end converter station-Lahore 
North-Gakkhar double-circuit 500kV lines. The receiving-end converter station will have 6-circuit 
outgoing lines, with 2 to Lahore, 2 to Lahore South and 2 to Lahore North. See the dotted line in 
Fig.4.3-2 for Access Scheme 2 of receiving-end converter station. 

4.3-2 /44fittE364tAAtta 
Fig.4.3-2 Access Scheme 2 of Receiving-end Converter Station 

• 
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5 	fit 

Electrical calculation 

5.1 i-I- ** 

Calculation conditions 

ATFJBPAMAkJf..-t'Zii-Strf., 	 *If.T201813t, 
7J(4.1V{,x2018.0 	it 	n 
BPA load flow and stability calculation program is adopted to implement electrical calculation and 
analysis on receiving-end converter ation access scheme. The project goes into operation at 2018. 
2018 is chosen to be the level year for calculation. Electrical calculation conditions are listed below: 

(1) itStgiflIVIL 
Calculation of load and installed capaOity 

1),I.E4Ithig..PJAItlAkful011JA0v4C11,  4TIRS33-4A220kvat,,l-FEOIN/J,tgli*n 
tRaMtQfPYvi-IIIIIMI11011.. 
In electrical calculation, load and instated capacity will be calculated with the planned load and installed 
capacity of Pakistani power grid as the basis, subtracting small units and related loads connecting to 
power grids of 220kV or lower voltage,. 

(2) re.tOM 
Grid check 

AglEAVitgEtP12018,VEIJM, Emmigitikat -ACLigAir--  r-m5ookvX.s-aifil, ithiZU 
fiE—Er.*:F±660kVAgf., %VA/It/1000MM 
In this phase, 2018 Structure Plan of Pakistan Power Grid is adopted, and 3rd-circuit 500kV AC channel 
to transmit electricity from south to nPth is constructed in Pakistan power grid. Matiari-Lahore ±660kV 
DC is to be constructed, leading to transmission capacity of 4000MW. 

5.2 MItittitS 

Load flow calculation 

ii-NATHEMPitz1V%14 2018AA, UCET.—Vi.*±660kVA&IfMEL4000MW. AMitlt* 
E9J, 

	

	 IMIL-6-1Y- L3 
3-t-dtovja5}mV520ow, 1800MW, 532MW. DA500kVijaMAV-)-40:=Y-c-J. FhEE* 

Pakistan power grid 2018 summer Maximum-load mode is adopted in the calculation. Matiari-Lahore 
±660kV DC Transmission Project leas to a transmission capacity of 4000MW. Shown by the load flow 
calculation, in Scheme 1, DC elects  electricity of Matiari-Lahore is mainly transmitted via three channels: 
converter station-Lahore South, cp werter station-Lahore, and converter station-Lahore North, 
separately 1520MW, 1800MW, 532M*. 500kV power grid at the receiving-end is evenly distributed, with 
voltage level complying with requireMent, and there is no overloading with AC line, and transformer 
under N-1 mode. 

AMY/A—VLti:7ML3t-itl. 
3tiMAS.3311.091520MW, 1800MW, 532Mwo A':4500kVitKitiA5-1-40-J-k-J. Eb,,E*Y-44 
N-1JJAT7)Zaitin-, 

In Scheme 2, DC electricity of Malari-Lahore is also transmitted via three channels: „converter. 
station-Lahore South, converter station-Lahore, and converter station-Lahore North,. ••separately 

• 	1520MW, 1800MW, 532MW. 500kV power grid at the receiving-end is evenly distributed,:with.  voltage 
level complying with requirement, and there is no overloading with AC line, and transforMerunder 
mode. 	 • 
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• 1-I-JiE'',AR1.0a4)N-1A A 4- tzn-FINWW,- 9 
Load flow distribution under normal ni de and main N-1 mode of the two schemes is shown in the below 
figure. 

,S22 
LAHORE-N 

5.2-1 hisiEIMANIARE 
• Fig. 5.2-1 Sch me 1 Normal Mode Load Flow Diagram 

• 
Fig. 5.2-2 Scheme 1 Converter Stati -LAHORE SOUTH 500kV Line N-1 Mode Load Flow Diagram- 
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Fig. 5.2-14 Scheme 2 LAHORE S I UTH-SAHIWAL 500kV Line N-1 Mode Load Flow Diagram 
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5.3 -3gitet.R4tIt 

Scheme comparison and 

g*A'?AritNa,X3KC., li-51:44AA 
LEgA4ca"-R. 

According to load flow calculation, p 
evenly distributed, with' 	level 
line, and transformer under N-1 mod 

gifigfft*4-, Z1f>ii31Zia 
t-500kVIA 	;1Z1N-Alfat 

gAfitCtXtzlIT*Pfi5i■. 
In aspect of economical efficiency, 
bays shall be expanded. Scheme 2 n 
expanded. As for this, power grid ac 
saves investment. Estimated invest 
schemes is shown in the below table. 

*5.3-1 
Table 5.3-1 Investment Estima 

commendation 

Ci*-iLAZ54Z, 

er grid load flow of respective schemes at the receiving-end is 
omplying with requirement, and there is no overloading with AC 

rit2t500kVRA; 	 Mit-A6 
EqPillEtZlifAgAtitAihs. 14-- AICAM4AEgmtie,3zs. 

heme 1 needs shorter newly constructed AC line, and 2 500kV 
ds longer newly constructed AC line, while 6 500kV bays shall be 

ssing AC system for receiving-end converter station in Scheme 1 
nt of AC system for receiving-end converter station in respective 

144tSAMAAL'AbitttliffacIE 
n for Receiving-end Converter Station Access Schemes 

-Ti: km. 
Unit: km, 10,000 RMB yuan 

• 

h;g1 
Scheme 1 Difference 

"2 
Scheme 2 Difference 

A! fR 
Scale 

f3M 
Investment 

Attl 
Scale 

fiM 
Investment 

gt* 
Line 

0 0 31 7130 

1= 

Power transformation 0 5400 

gri-MA 
Total Difference 

0 12530 

M-PATM±-111*, A#A1YUIX 
M73F_AA F„EXAJ500kV, MEM311 
OA-  1SSI4DArr5.11<721111hAti 

11)736km, 53km; itatktf:flh 
(Gakkhar) 111500kVaA, 

5.r< kti5.wmak-g-,:roto 
Considering the above factors, we re 
receiving-end to connect to the sys 
converter station and connect (Tr 
double-circuit 500kV lines, with the 
Lahore-Lahore South, 36 and 53km 
build the Lahore North 500kV substati 
double-circuit 500kV lines with a le 
station will have 6-circuit outgoing ling  

Al*Y9: AA' 44AS. 
A IA* (Lahore) —Itt.-P4FA (Lahore South) ng111500kV 

V1 km, 20km, 1 38k P-, VI<J21=11jita0i-KV-)- 
ore North) 500kVEgkr$, 3/1RDMakt 
-K:PI31-Mg4360km, 50km. DiCV/NA d 6 11, 	LIDA 

•mmend Scheme 1 for Matiari-Lahore DC Transmission Project 
m: Adopt 500kV voltage at the AC side of DC receiving-end 
nnection) the converter station to the Lahore-Lahore South 
ew lines being 21km and 20km for converter station to the 
r converter station to the Lahore-Lahore(old) long respectively; 
n, and the receiving-end converter station-Lahore North-Gakkhar 
h of about 60, 50km respectively. The receiving-end a-inverter-- 
with 2 to Lahore, 2 to Lahore South and 2 to LahoreNorth. 

• 
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Main Conclusions 

6.1 It4g-a!ZO1t 

Necessity of project construe n 

X-XfiLR— t.frAi:±660kVAait*.±Cf‘32*, 4414*J-frAZig*-'4411V-IthLtaithETFJELtrist-LM 
5, igls411.47LIIii.,4,tfita, ftiVeliffitaR, A-f1J-T-IXACKAEVICI=OXEgAM-1{1EFovEgn)fa 
, -VXfitiMS-X.16,1511titadi, ' 

The construction of Pakistan Matiari-Lahore i660kV DC Transmission Project will contribute to meeting 
the increasing demands for electrica' loads of the area of Punjab and Islamabad, assuring the power 
supply for the load center, promoting Sie healthy development of economy, boosting the development of 
Thar Coal Field pithead coal power aid imported coal power along the coast and realizing the optimal 
configuration of energy resources in a broader sense. 

6.2 lak4MMIAAillalt 
Access scheme of receiving-e 

AaitilkIAMSX 
A.R4A*;job 

IVAMAMIFAC62ffin, 20 
• EPACCJ`tti, PRJAMPARg, 

5*o 

d converter station 

1-A*SithE( ZU1114:!„EAM5ookv, 3)-11TrAIA*51<-4i 
. kVIqM, 	 IN500kV 

4AQiJ 21=1Mt*Vh. 
AKVIRMEgMW0.5eVIIVEME*ff'gWAZEn 

The access scheme is: locate the DC receiving-end converter station in the southern area of Lahore, 
adopt 500kV voltage at the AC side, aid connect (11 connection) the converter station to Lahore-Lahore 
South double-circuit 500kV lines; build Lahore North 500kV Substation, and the receiving-end converter 
station-Lahore North-Gakkhar double.ircuit 500kV lines. The receiving-end converter station will have 
6-circuit outgoing lines, with 2 to Lahore, 2 to Lahore South and 2 to Lahore North. According to the 
electrical calculation analysis, the loac flow of receiving-end grid is distributed properly, the grid structure 
is clear, the transient state of current and long-term receiving-end grid is stable, and the short-circuit 
current level can meet the operating requirements of the grid. 
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400 
4g.*Oft tiR NTDC 	 '177 	itXtt 

EE-4ft*;BA;14v.Agm, ittommataatotkTml.mo}42,svEL, 
NviN3)Ma N-Ift4rAMO4R.ftk5EAVMAVANA. 

Abstract 

The maximum short circuit currant, the minimum short circuit current, the minimum short 
circuit ratio (SCR) and the offs* ve short circuit ratio (ESCR)are calculated based on the 
scenarios and data provided by 1  TDC with the Matiari-Lahore DC link accessed into the 
system. The calculation results ire used used to choose the equipment and evaluate the 
strength contrast between AC systm and DC system. 
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Introduction 

EAM±EltMiTV.T.-Itft/./T■±660k 
T 	it 2 	P,143ftMart$ 
gilt 2018   IMRIfes 
501J*-111gii4AME.Egg. 

Pakistan Matiari-Lahore ±660kV 
of Pakistan) to Lahore, Punjab (in 
878km long, the power transmissio 

Both Matiari Converter Station and 
converters and the converter transfol  

The rated transmitting power is 400 

1.1 -W 	JAVEli 

AMAFgifi'aAEIERAIVIA441)MAN., AtliA 
*VtE4 ,MkA- M-LEIth 878km, VI 	4000MW, 

-11+R--1` 12 fihaMM 	, 
4000MW, *fg 2000MW. 

Transmission Project starts from Matiari, Sindh (in the south 
central area) via Sindh and Punjab, and the DC line is about 

apacity is 4000MW and it is to be put into operation in 2018. 

ahore Converter Station are bipolar, every pole has a 12-pulse 
er of single phase double winding is used. 

W for bipole and 2000MW for monopole. 

The Calculation ON 

ISVII<J,Mi9.- itilfgrPRNO 

t and Standard Adopted 

t,)J f:glE 

• 

ILOJAVI1*, it HVDC itl&i.*0 ,̀JA/.14Anot 
ZI,ICAT-4na/iNkralibL SCR Radt\-kti- MLL ESCR, 

L*AIM$. 

n design, only the maximum short circuit current in the 

ulated, which is used to choose equipment such as switches. 

circuit current of the year HVDC project put into operation is 

the maximum short circuit current. It is used to calculate the 

d the minimum effective short circuit ratio (ESCR) after the 

stem. The strength of AC system is evaluated based on SCR 

2/kA-AYAMFb,A)); 
is IEC 60909 Short Circuit Currents in Three-Phase A.C. 

riu HVDC 

M71( 	-TitS HVDC 

#0.k*itit HVDC fI  An A 

Usually in the process of substa 

predictable year is necessary to be c 

In HVDC project, the minimum sh 

also required to be calculated besid 

minimum short circuit ratio (SCR) 

HVDC project is accessed into the 

and ESCR. 

ii-V- V1111416403 IEC60909 

The standard adopted in this repo 
Systems. 
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1.2 

The definition of SC 

kt -T*11MAVI 
(Effective Short Circuit Ratio, ESC 

*.A 

For a DC link, Short Circuit Ratio( 
evaluate the strength contrast betty 
state characteristics of the DC syst 
it is necessary to analyze and calcul  

bL SCR SZ.Y94AAMZN,14 
The short circuit ratio is defined as 
the rating power of DC link PdN, i.e. 

)3T 	)8...s.'A -AtA43'&13.11A 
$ bL ESCR nict, 

U UN [14 , 	d 
PdN L1 J bLift 

Considering the impact of equi 
compensation capacitors, the effe 
capacity &minus the reactive po 
capaticors when the voltage of cony 
link PdN, i.e.: 

and ESCR 

fg> LL (Short Circuit Ratio, SCR) A 	 bL 
510i WhIA 	f**FMT AAA gA 	AAA 
_EZEI3A-M-AMbnAZ, IAlEM5TRii- NA 3s& V.Y1+LL. 

R) or Effective Short Circuit Ratio(ESCR) are usually used to 
n AC system and DC system. The steady state and transient 
are largely determined by the effective short circuit ratio. So 
the value of ESCR. 

Ssc 4WPZAAVA PdN bLift 
ratio of short circuit capacity ,Ssc  of converter AC busbar and 

PdN 

44*AMVAARA41•101ti-V-411VP111, 1A -7.A- WR 
A.YAR,I.Y, -3/..\-A-Rarrocavb.--Nt &At 	FAM3,--eitL4 
J-)J4i-ftlEov-YipvtnIm=mc, 	II-VAA!lAIM4-' 

lent impedance of AC system, AC filters and reactive 
e short circuit ratio is defined as the ratio of short circuit 
er QcNgenerated by AC filters and reactive compensation 
er AC busbar is rating voltage UN and the rating power of DC 

SCR= 
Ssc 

ESCR—  
Ssc-QcN 

PdN 

• 

fklg WA00191K-SS-06 (4CaM 
2610Mvar, 	 ZIA —gt 180 
150 Mvar. 	A*IRLIcit# 
According to Report WA00191K-S 
of converter station, the total react 
including backup compensation cap 
Converter Station Lahore is 2480 M 
Mvar. So, in this report, the QCNROf  
2330 Mvar. 

IM4IsitatiEB.WIN rfms, tmaElmfAA*,ftt 
var ; a VV .AEI)34F11YJ 2480 Mvar, 

Ck1911.1 QCNR Y3 2430 Mvar,. 	Qou Y'V 2330 Mvar. 
06Study of Reactive Power Compensation and configuration 
e compensation of Converter Station Matiari is 2610 Mvar, 
ity of one group 180 Mvar; the total reactive compensation of 
r, including backup compensation capacity of one group 150 
e rectifier side is 2430 Mvar, the QCNI  of the inverter Side-is- 

2 
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1.3 ) -f-Agiffitt X/R `  

The Expain of System I 

IEEE/ANSI r101/14i1EMit# 
Rp 50 kA, 1J.11.1d,OgIt 	R/X 
714, Aitlf4*/z.AY3: 

FT' E tA PA 3VA 

Imagoi 

In IEEE/ANSI Standard of short ci 
the breaker rated interruping  cu 
becausethe calculation of short 
consideration.The equation is as (2 
position. All the resistance of 
transmission lines and load are all i 

fRIE IEEE 64i, VflitX*PJ 
fh 80%, Nil 	 lk"A 
*RC bLfVt -CM ffila.E. 

Based on the IEEE standard, if Al 
the circuit breakershould be based o 
X/R should be taken into considerat 

119, A IEC #ter (IEC60909- 
15544)))) 	EgS, 4tda. 
Ott, to 	18 R JGT I At, 

WA00191K-SS-05 

kistan 	 Study of System Short Circuit Characteristics 

pedance X/R 

1:P fill irlARYS:ATTICA-ROP,Z3:FtCCArt 80%, 
ft 7 kIXIY.3 IEEE tffilintimix-t-rx[ti, c sf R 

„ E 

; if-WM[11A X 0, t 	 Pft4 
-94 

it calculation, if the fault current is greater than 50kA (80% of 
t), X/R ratio should be taken into consideration. This is 
urrent in IEEE/ANSI C37.010 has not taken R into 
). The E is the highest typical operating  voltage of the fault 
system, parallel reactive compensation, capacitor of the 

ored when calculating  the equivalent impedance X. 

"&61aCA)I-Cittlit, tla /k"tE-TICMAWMJTMEM 
iffimgg)imFgan 80%, ilIZA*,,gAIYI R/X Ft o 

ess than 80% of the rated interrupting  current, the election of 
lk " .1f Ik "exceed 80% of the rated interrupting  current, then the 
n to modify the Ik". 

01) 1: BLit' M104 ((EtriZAAW;fiMi=0,Ail-M.  ( GB/T 
il-MTI3K)Ilrfbt Zio tAZiAUXT87 X 764 
i-FWAYM 

CU, 
Ik 

1I3Zk  

	

X/R 	g!AN 3-)st 

	

11P 	: 

In the standard of China (GB/T 1 
account in the calculation of short 
the range of X/R has small influen 
and is not used to modify the short c 

,A1) voitz/iN. Xat TY31111ItiMELA 4", At  

44) and IEC 60909-2001, the X and R are both taken into 
uit current. The equation is shown as (2-2),In such condition, 
on the periodic component of short circuit (effective value) 
uit current Ik  . Its main function is: 

• 
• ill -TIMEAT  C-0433- id: 

to evaluate the distance from po er plant;  

3 
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• ■ TIIIIRCAM:3-}Airl4JA;g: 
to evaluate the damping period DC component of short circuit current. 

	

h4N_Eilitimif;c ask IEC 	 X/R 	EbARAV-1-1. 

	

milipti vl 	X/R Inv454Atti-FTFistaratilomm--O3T 

As the design of switch equipment in China is based on Chinese standard and lEC standard 
mentioned above, the influence of X/R has on impulse current and DC component has been taken 
into consideration. At present, speial design of switching equipment or choosing another rating 
capacity because of X/R value haven't been found in China grid. 

• 

6 
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2. i-FNitill-VIKRA 

Boundary Conditions 

2.1 ii-NittAlkiR- 

Boundary Condition 

tiMEMOMr1=1U1 PJ MIN 
*iarAMCA7.10/0 ii' pit 
PSS/E, 33&*, 

There are two scenarios used for s 
year 2018 and another is for maxim 
provided by NTDC in PSS/E. The 
the software used to draw the s 
assumption of short circuit level inc 

■ AS 6 	(VT:1-440-, 
Sidqsns NIEgM) RFb, 

VAX; 
The sub-transient reactance o 
EngroThar, SSRL, Hubco C 
value, the calculation results wi 

■ ?1,416iSnit-NrliTitd 
The capacitive reactance of the 
consideration in this report; 

■ itiqZ.RTACA7.1<-7114, 

In the calculation of the maxim 
voltage levels, i.e. 1.1 pu, 1.05 

■ it 	'EPA* 
The voltage level for minimum 

*If2PfiftTilnIt-imitA71( 
ir 

The scenario used to calculate the 
had been planned now, i.e. the year 

• ■ Tr#1,71017 JUC; 
The amount of generation is m 

f Calculation And Scenarios 

of Calculation 

5)-A gl )161-W 2018 *Nzi_NrAMEM.7.KI=J,R 2021-22 
't4t PSS/E 	NTDC 	o V.MEEARgitatd 

CAmaiNf.T.Fp. v.r4c.k.*flSiii-Wit574-1: 

rt circuit study. One is for minimum short circuit level in the 
short circuit level in the year 2021-22. Both of these files are 

ftware used to calculate the short circuit current is PSS/E and 
tern topology is NR Power Flow Chart. The calculation 
des as below: 

VA 1'1 OPt-FAVIC—, +fi4144, Lucky Ma it 
riT0( 	 frl 	/Kt 11:3 	Ai-01J T.  tmumni-r 

he generators of the power plants in the south which are 
, Port Qasim, Lucky CFPP and Sidgsns CFPP aresaturated 
unsaturated values are also provided in the report; 

II)Asit-frIfil -0; 
ne, the reactive compensation and the load are not taken into 

1.1 -1,±W laPH71)3 1.1pu, 1.05pu, 1.0pu Ont.Mitazt( 

short circuit current, the values are calculated with different 
1.0 pu. 

71(1-1Y3 0.95 pu. 
ort circuit level is set to 0.95 pu. 

zKyr 	NTDC Initn 2022 	 31,I1Ji.t. Z.J.K-, 	 

ximum short circuit current should be the longest-Jet-in year-- 
22. The boundary conditions of this calculation are: 

urn; 

5 
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■ '147.10111Vdc; 
The amount of generation is ma7imum; 

• gAP-A]g.a31; 
The topology of the system is te strongest. 

4-INPfilTH nA/1\EMEM7.1(*±1/71Ktt NTDC tgArr) 2018 *At 	, 
E-ITFW +AIR: 

The scenario used to calculate the minimum short circuit current is the year when the HVDC put 
into operation. The boundary conditoRns of this calculation are: 

■ ; 
The amount of generation is mil mum; 

• IM 7.K -IF JR'a ; 
The amount of load is minimum 

• K*SifitWARtli, 	 
The topology of the system is 	weakest, for example considering N-2. 

2.2 

• Scenarios Calculated 

#i*i±Wra . EV-/iFP,a*T- fl(MjiNgMfl`altZnIN 2.1 P-E-/T,.. iA-F. , AgAENIAffitt 
45973.88 MW, K2 *11 K3 6 VILIOTi=t1171 . 4=t,.-1A7f,L3 qr.  , 116±441. ViVA, 11I—
C, -PANI, Mh3ti1? bA.' Lucky Mg Itl.ii. Sidqsns Migt*,ktATP,AN c, M*, AL 
S LNG FOir-  (tM Bhikki, BallO i. H.B.Shah) ffi)J71<Oct. 

The topology of the scenario used tai mlculate the maximum short circuit current is shown in Figure 
2.1.The total generation is 45973.88 4W. K2 & K3 is not taken into consideration. The other plants 
in the south including Engro char, SOU., Port Qasim, Hubco CFPP, Lucky CFPP and Sidqsns CFPP 
are all taken into consideration. Als7  the generation of the LNG power plants (Bhikki, Balloki and 
H.B.Shah) is at the maximum level. 

*-ii-V4/141/MFbA*iz114WitiV6fl•Mtifilal 2.2 PEW:. IthA4-f- .)R,-4, 
-IA IJ A it' , U* A. 1 ill VA AA' 1k D , AVI=b,F7TfIldMz.A5; isi.-A-;T:mwa):41 6 IA, IA 
V-013f4jan FAN9TtfliVtaztOli, IL LNG Ebr ( tl--  Bhikki. Balloki. H.B.Shah) AC 
itw.aii\t-imilM1111kt N-2 RP RI r1=1ffi7TilA.V-WA*.5i:lh2.1AX, 2 El tizaam. 

The topology of the scenario used to falculate the minimum short circuit current is shown in Figure 
2.2. This scenario is based on the wi er off peak operation conditions. In this scenario, there are 10 
in and out AC lines of converter stai n Matiari. The generation in the south part is high to_support 

the transmission power of HVDC. ere are 6 out AC lines of converter station Lahofe.The near 
generation of Lahore Converter has een kept for minimumand the impact of LNG,povvar plants 
(Bhikki, Balloki and H.B.Shah) has een eliminated. Line N-2 is taken into considerati 	in the 

6 
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IN 2.1 	- tiArEb,A-i.-t-SAMIE41-itti] 
Figure 2.1 The topology o he scenario used for the maximum short circuit current 
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213_N-3EHLUM 

3I_BALORI-CCPP 

_LHR-SOUTH-CS 

85_ENGRO THAR 

R-zi 22 /.140411EbAitNAIYAth-iiitig 

e scenario used for the minimum short circuit current Figure 2.2 The topology 
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Calculatio6 of sho 

of Matiari 

circuit current and short circuit ratio of bus 

Station 

ff 

results when the paratt#ters of the 
Qasim plant) in the so4tli are satur 

-* 3-1 408 	 kA4,EA&A-14dt-.MitAatiMibL COVQ1) 

Table 3-1 Short circuliicurrentland*ort circuit ratio of bus of Matiari Converter Station in 2018 

1c,ft, ii- WM-YR*AgEM-gidt.MCARtAL, jr 
CAR t114 LL 3-1 An 4 &- C--- MU51=0, 

Yu-V.13 4 ylisc---omAlyttimnimni-mmx: 
circuit ratio of converter Matiari is calculated based on the 
le provided by NTDC. Besides this, the short circuit current , 

rators and lines are calculated. Table 3-1 is the calculation 
our power plants (EngroThar, SSRL, Hubco CFPP and Port 

ones and Table 3-2 are the results with unsaturated ones. 

(Saturated Value) 

Opera ibit ;mode 

. 

Magiikk, 	(14)/ 
M4tt WOO 

1 Three-phasersh rt , 
circuittrio It 

(kA)/Short Ore it 
capacity 	) 

ICt 	 
.SCR 

A ZCVICt 
ESCR 

No I 
25.94/22466 5.62 5.01 

ii45r■ Fgrl 

Thar Power Plant- 

tfl, 1 i' 

Unit Shut iPswn 
24.84/21561 5.39 4.78 

tAtC5t c.  
Hubco Power Plant 

J1,1 ft 

 e Unit $hui )own 
24,55/21264 5.32 4.71 

--MAC—  SA1 24.42/21149 5.29 '4.
x 

 68 
-, • 

3.1 AN.W*4ti& 

NTDC fit n Ong QM 
i-FV±tIlgii, 
17Migfr1fftrystini-I-V 	X, 3- 
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Qasim Power Plant-? e Unit Shut 1, own 

VR.T.AMA- 
Matiari Converter Sta 

#11E/AY-4 
on-Jamsh 

ii• 
N-1 
N-1 

24.83/21504 5.38 4.77 

VM.EN./CAM 
Matiari Converter ation-Mor• 

-1 

-1 
25.28/21893 5.47 4.87 

IMENAAM 
Matiari Converter Stat 

M`5.tt i 
pn- Dadu 'Is. 

-1 
N-1 

25.04/20776 5.42 4.81 

i--;.gLtr-TMEAAAt44 
Thar Power Plant-Mati 

Nti  
' ' Converte 

N-1 

tation 23.99/20845 5.19 4.59 

-k- Mdiftl---VA% 
Port Qasim Coal Psi:, 

Converter $ 

111CIAtil 
er Plant- 
tion N-1 

r- N-I 
 iari 25.14/21768 5.44 4.83 

tA,(11AEgr -Mkt3EICAi 

Hubco power plant-Mritiari 
N1.  

Convert 

' N-1 

Station 25.08/21715 5.43 4.82 

• 

* 3-2 2018 *MAOilE 

Table 3-1 Short circuit Orrent andl.  

4MAIMEJW. - M JAREMbL (4cleMnfa) 
ort circuit ratio of bus of Matiari Converter Station in 2018 
(Unsaturated Value) 

• 

Operat :rn 	c 

it 

, 

, , 

ir 
_.. 

saitm* (44) 
- 	II 	

• 
Three-pha$e 

circuit ciiirreti 
(kA)/Shor cii-c 
capacity. 	V.  

' 
hd 

it 

14 

'SCR 

j.1 WW41:t 
ESCR  

1 

NorMal 

1 

25.06/21701 5.43 4.82 

it-- 	ELF 

Thar Power Plant-One 

#1, 1 ft 
. 

Unit Shut ll 
Nd 

wn 
23.96/20749 ' 5.19 4.58 

NMAEar 

Hubco Power Plant-0 

tfi 1 ft 

e Unit Shut own  

24.45/21172 5.29 	' 4.69 

--r- ONFP,Fkitil, 1 	, 

i 	r  
23.51/20358 5.09 	\\: 	4.48 

10 



System Study for WA00191K-SS-05 

istan ±660kV HVDC Project from Ma t ri to Lahore Study of System Short Circuit Characteristics 

Qasim Power Plant-Qtpe Unit S 
' 1 

'I own 
`i 

U,A'R.T.4Cfckt—t/EY05q* 
Matiari Converter Siation-Jamsh 

i 

N-1 
I •1ii • N-I 

23.95/20741 5.19 4.58  

V*ODAMM 

Matiari Converter 
Wiiil
tion-M• 

►  1 	-1 
it 	-1 

24.40/2112$ : 5.28 4.67 

vAqCCAEM+045a 
Matiari Converter Staton- Dadu 

1 	-1 
lc 	N-1 

24.16/20924 5.23 4.62 

iViu0,1--UME` 
Thar Power Plant-Ma 

M1  

Alt0 
• • Convert 

i 
N-1 

tation 23.19/20201 5.05 4.44 

-- 0-4C----U4+ 
Port Qasim Coal POYiver 

Converter Sit 

XIC/PA- 
Plant- 

Lion N-1 

v N-1 

iari 24.21/20967 5.24 4.63 

tiJ4A*1--U** 
Hubco power plant-Matiari 

.1\41  

AAM..., 
Cony 

. N-1 

Station 24.55/21260, 5.32 4.71 

• 
bk*3-1a3-21A-1,: 4134 6.14 
MAIffiLL, )( 431,H 	0.81-4.31° 

raiiN A tm.r4bLnit*, tft41Z 

From Table 3-1 and 3-21, ,Ile differen 
4 power plants are satiirated ones 

parameters are lower till n that wit 
unsaturated ones should e adopted, 

3.2 ►  IfriF#Va 13=la 

Calculation oj' short 

of Lahore Co>tverter 

NTDC TAIANN 
ilt.*:TJakYlii14, N-2 
muittiaril-n-Ra CAV 
ii-VMX0* 3-3 a Pfi;f: 

The short circuit currenSCR and 
short circuit calculation 41e provide 
North. It is treated as art S-2 scenart 
connection scenario an4 6utage of 1.  

rafflitflifft4T(Fil 	Al 43 	(ESCR) it 
ir-M1] 	ffl XMA4A114CA7.1(-M'a, 
	 RI] ESCR 4.440 

of ESCR results is about 0.08-4.31% when the parameters of 

mpared with unsaturated ones. The ESCR with unsaturated 
saturated ones. So it is recommended that the ESCR with 
. 4.44. 

cuit current and short circuit ratio of bus 

#ii- nillid\ti-MFO,a, SCR a ESCR, IEL3tItH=It.*/.T<- 
"FirctitIlIA.*5F-IA.1-5EltAMMI-Th (±40_1hA) 
LL. Z%tILWAthliCTITIVI:Itqz, tffittz, 

R of converter Lahore is calculated based on the minimum 
y NTDC. In this file, there is no line between Lahore- Lahore 
Besides this, the short circuit current, SCR and ESCR in full 
s are calculated. The parameters of power plans in, the Rorth 

11 
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Table 3-3 Short circui 4?turrent and 

MM-EldtACARtibL (tMnit.) 
ort circuit ratio of bus of Lahore Converter Station in 2018 

(Saturated Value) 

3-4 2 

Table 3-4 Short circui 

jIMMB. 
Ovided the S 

'tirrent and 

NTDC V11-4*..11 
Note: NTDC has not p 

Y. -i-tlfo 
rated Value of North Units yet, so it can not be calculated. 

am-uat8olcA15`Cmir4bE (TMMA.) 
ort circuit ratio of bus of Lahore Converter Station in 2018 

(Unsaturated Value) 
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are unsaturated ones a 
shown in Table 3-3 and 

values haven't been provided. The calculation results are 
with saturated ones are not provided). 

~Zl .,i 
Mat 

k** ( *14 it Altaigitt 
Operation i #+ de 

r 
d. 

Tkree-phuse sh rcircuit 
currentAX)/Sh 

Pac 
cu it 

SCR ESCR 

it 

linifit 	R l  

Vllt, 
Three-pitase shu 

, current (kA)/Sh ". 
cupaci 

14Et 
ESCR 

I.a 	ec 
ESCR 

1F-4  
Normal 

i 
17.53/15188 3.80 3.21 

4A-fis-Vkati4-4A4trii:b 
Lahore Converter Stationahore,  

Nr. 
1',  

1 
-1 

16.69/14456 3.61 3.03 

1A.*VMM-1-A-0-voi 
Lahore Converter Stat c!tt-Lahore 

line N-1 

1 11. 
I I  th 17.05/14769 3.69 3.11 

kisi-VAAM-4A-l8400.1 
Lahore Converter Stat ch-Lahore 

line N-1 
pi 

1  
17.09/14800 3.70 3.12 

iA*,`FICAMI3ffid 3 iritA -'1,VIA 
Without 3 LNG Power P {ants near 

i.-..._ 
L 	ore 

15.14/13111 3.28 2.70 

DA 4 El4AZAS, 
Access AC system or 

4-circuit (no Lah 

(f-A-  la 

ceiving4 
re north) 

t) 

. 
13.87/12127 3.03 2 

• 

I the satur 
4 (The res 
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it 	),AX 3-4 A'X: 
IR 2.45.  

-2Aftt, .U.M- EMI, SCR & ESCR 	zT Pfi A ESCR 

From table 3-4, the minimum short 
Lahore North station, Lei  N-2 scena  

rcuit current, minimum SCR and ESCR are obtained without 
. Therefore, the minimum ESCR is 2.45. 

0 
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3RglY4FMAtkia 
RAMN- fnit- WMA, 
Lucky Ign 'ELM. Sid 

Jhnitrin_JAszi/D1 
The calculation of m 
description is in Chapt 
power plants (EngroTh 
south are saturated on 
power plants in the no 
4-3 are the results with 

aid to Lahore in 

ort Curr 

TDC tkfft 
6 	flY
sfts 

 short 
2.3. Table 
SSRL, H 

sc and Table 
h part are s 
aturated on 
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t Circuit 

). - AfAit I)L1 2.3. 4-1 t-gitZ 6 tELI- tzXlfitg 
/./T<TOn-, 	 VMAIWILtr. -MCC 

4-2 YAIII3 6 11,0, 

4-3 t Affi tigfEll Ell-  in it If MT 
ircuit current is based on the file provided by NTDC, its 
-1 is the calculation results when the parameters of the four 
o CFPP, Port Qasim, Lucky CFPP and Sic:pus CFPP) in the 
2 are the results with unsaturated ones. The parameters of 
ated ones and the unsaturated values are not provided. Table 

4-1 
Table 4- Maximum S 

RN.iRkfit4iCk,z1(-T (lllIfft) 
Circuit levels of Converter Matiari(Saturated Value) 

S 

Voltage Level / 

S1tOrt CircUit 

LeVe1s 

Ir 1.1 p. 
, 

. 1.05 p u 	, 1.0 

4313 

lo/ NIVA 

p.u. 

1 t 

A 

s aw 	
r 3° 

kA/MVA 
o 

.4 
itt, 

1 41 

kA /114.YA 

Without Jamshoro - 

Dadu Circuit #2 

In-out at Matiari 

37.48 /32460 29.3 It 5419 36.03 /31206 24.43/28218 34.61 /29976 27.11 /23474 

With Jamshoro - 

Dadu Circuit #2 

In-out at Matiari 

40.3714963 

I 

3341 8693 38.81/33609 31.85/ 27582 37.27/32281 30.59/26492 

4-2 ti■ 

Table 4-2 Uimum Short' 
(TItilria) 

ircuit levels of Converter Matiari (Unsaturated Value) 

• 

1 
1.1 p.u. 1.05 p.u. 1.0 p.u. 

Voltage Level / I 
I
f 

Short Circuit 

Levels 
3 0 

1 
3 0 1 0 3 ri 1 0 

kA / A kA j VA kA / MVA kA /MVA kA/ MVA kA / MVA 

Without Jamshoro - 

Dadu Circuit #2 37.00 /32045 29.2 5365 35.57 /30805 28.16/24382 34.17 /29588 27.04 /23419 
I 

In-out at Matiari 

I 
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With Jamshoro - 

Dadu Circuit #2 

In-out at Matiari 

39.28 /34014 32.6 .28290 37.75 /32697 31.40/ 27195 36.27/31406 30.16/26121 

4-3 
Table 4-3Maximum Sh 

";-,:wc-t4- 21Ep,a7Ky. (MI4) 
Circuit levels of Converter Lahore (Saturated Value) 

Voltage) ever/ 

Short Circuit 

Leyels 

1.1 p. 	1  1.05 p u ; LO p.u. 

3 

k 	, 

■-• 

. 	VA 

313 

' kA / MVA ' kA i' 

o 

MVA 

3 o 

kA / MVA 

1 

 kAl NIVA 

Without Jamshoro - 

Dadu Circuit #2 

1n-out at Matiari 

34.86 /30192 27.5 3852 33.57 /29071 26.52 /22966 32.30 /27974 25.52 /22099 

With Jamshoro - 

Dadu Circuit #2 

In-out at Matiari 

34.86/30192 

■ 

273 3852 33.57 /29071 26.52 /22966 3230 /27974 25.52 /22099 

A4-4# 
aximum Sho 

EPA:, 	( 	11)  

ircuit levels of Converter Lahore (Unsaturated Value) 

• 
Table 4-4 

1.1  P.111' LO5 p.0 1.0 p.u. 

30 

kA / VA • kA' 

10 

kA 1■IVA kA / MVA 

Voltage,Level / 

Short circuit 

LeieLs‘ vicoN A 

a: NTDC tfiFtst frkt-ICti011#. 
Note: NTDC has not provided the 

g'■* 4-1 A 4-2 rA-12: V113 6 A. 
2.75-2.8%, VilitRfnifili-FUffi* 

TiM3RTH frithomiti  

From Table 4-1 and 4-2, the differe 
6 power plants are saturated ones c 
saturated parameters are higher than 
circuit current with saturated ones 
Matiari is 40.37 kA, the maximum s 

saturated Value yet, so it can not be calculated. 

./Ofik`• 
Pfi 	 Citi:7_KT 

IMMiwN.7403 40.37 kA, itt.iti=1■1 	34.86 kA. 

of ESCR results is about 2.75-2.8% when the parameters of 
pared with unsaturated ones. The short circuit currents with 
at with unsaturated ones. So it is recommended that the short 
ould be adopted, i.e. the maximum short circuit current of 
rt circuit current of Lahore is 34.86 kA. 
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Conclusions 

■ tEA*Ai.I\1-J 	tAtd* 
500kV -4VaRtiil.LBAAM 
The minimum SCR and ESCR 

respectively when N-1 scenario 
are unsaturated ones in small op 

• aAgAiJN/3A-F, 
Zdii.MbLfa/J\ 	3.03 

The minimum SCR and ESCR 
respectively when N-2 scenario 
are unsaturated ones in small op 

■ ?A). h T ited 1 Ft tit 
V*u_TA{ AS 500 kV RA 

-4d19,1iiaXtqM 14:0VE T.Y9 3 

• The maximum short circuit cu 
obtained when the line Jamsha 
parameters of generators are 
Converter side is 40.37 kA. T 
34.86 kA. 

TTh A, a IVILOOtTitfilfafrl-  , VARIICAM 
E jwyjN, 3}-03 5.05, 4.440 
500kV bus of Matiari Converter Station are 5.05 and 4.44 
taken into consideration and the parameters of power plants 
tion means. 

Ati*VCAkrS, kiri.gICAM 500 kV fuatig.DALLA 
2.45. 

f 500kV bus of Lahore Converter Station are 3.03 and 2.45 
taken into consideration and the parameters of power plants 
tion means. 

AU*RIAMA111- , 
-: _qMEgIA7107 , )19 40.37 kA; ISL*VAAM 500 kV 
6 kA. 
nt of the side of Matiari Converter Station 500 kV bus is 
- Dadu is It connected to Matiari Converter Station and the 
rated ones. The maximum short circuit current of Matiari 
maximum short circuit current of Lahore Converter side is 

16 
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xii-E*A.TAXAM4A*%/: 
%M* 

150Mvarx9+180Mvarx7, 
150Mvarx8+160M 

iM14aA41,C*.K (tAZIEttigtiMIMX*164) 
IMEAMOLMffi 16 tfaA41-MRS, 44144:IAAJ 

2610Mvare R*5MOttEStAfti 16 ti.AltiNg*.N, 
rx8, )A*0-'41 2480Mvare 

Abstract 

A comprehensive study of reactiv 
capacitor) of Matiati Converte 
results recommend: 

For Matiari Converter Station, 16 
subgroup capacity is 150Mvar 
2610Mvar. 

For Lahore Converte r Station, 16 
subgroup capacity 16 150Mvar.  
2480Mvar. 

power compensation device (AC filter grouping or shunt 
Station and Lahore Converter Station is conducted. The 

roups of reactive power compensation device are used, the 
+180Mvarx7 and the total compensation capacity is 

roups of reactive power compensation device are used, the 
+160Mvarx8 and the total compensation capacity is 
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mission acity 

±660 rfaitilEql-EfMAII:AMilASIMPAITM[VI, A,11-  
aif45 	 AAWW-La.gt 878km, %- itbs=2.-  

4.5trc o 	RIAAARIA*5.AMMPlit4Afg, flifK-1` 12 Jill( 
X, °I I 	

gVti31-)3.409VIR 4000MW. 	 2000MW. 

1 ligii§M Pro eictove 

1.1 Vilitfigt Tra 

EAltift4tMuN-fil 
2 IN, 

4000MW, NAIJ 2018 

AAA 	)1] Oil 

Pakistan Matiari-Laho 
of Pakistan) to Lahore, 
878km long, the power 

Both Matiari Converter Station and 
converters and the con tter transfo 

The rated transmitting OWer is 400 

i1V  1- 	 AMA 
4014VAV:MwiT: 
While the power of M iri-Lahore 
transmission power ca aicity from 
below: 

• 	v&iiffj--4.6m 40 Oi/1W; 

Transmission of 40 (OW uncle 

Transmission of 2030MW und 

Transmission of 20 OMW und 

1.2 ng itEE DC Oltage 

Ut-iIVIAg3f[SnA 

The DC rated operatin 
voltage between DC p 
point. 

AI)J4')4MR.Til 
475-540kV, E7.14 ,■.% 475-53  

Transmission Project starts from Matiari, Sindh (in the south 
central area) via Sindh and Punjab, and the DC line is about 
pacity is 4000MW and it is to be put into operation in 2018. 

hore Converter Station are bipolar, every pole has a 12-pulse 
r of single phase double winding is used. 

W for bipole and 2000MW for monopole. 

Altk*.E.14CAMPIA-A-VCb --1 

60kV DC Transmission Project is transmitted positively, the 
atiari Converter Station to Lahore Converter Station is as 

e bipolar operation; 

OMW; 

de of monopole metallic return; 

OMW. 

de of monopole ground return; 

Y7±660kV, 	CYTfl1.441=b,riLlikitsli AVR-EIR 

atiari Converter Station is ±660kV, and it is defined as the 
side of outgoing line of smoothing reactor and DC neutral 

0;1. , P`Of̀iZ/A-EJNEgLEaillf2153 .1-116:113110X4R 
V), AAF-FiPikrEl`MICIrrg 70%-100%, --fRt5 

atiari Converter Station to Lahore Converter Station, the AC 
scope of continuous steady-state operation (475"-540kV for 

DC voltage drop is 70 %-100% of rated voltage and every 
ly. 

1 
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WA00191K-SS-06A 

Project can achieve the operation mode as below: 

VAgi-AfFtalkktifTITct, f/100J4'.1i13,- I-T}J 
Y33.25kr$ -4A.-ts-A-<ASA109V/A)is 4T[4 fi.103 

When Matiari Conve rt  
operates as the invert  
conventional operation 
Lahore Converter Static  
mode. 

Station 
station, 

mode; whe 
ri operates 

rates as the rectifier station and Lahore Converter Station 
is called positive power output operation mode that is a 
vlatiari Converter Station operates as the inverter station and 
he rectifier station, it is called inverse power output operation 

iiMAA-WM414.)A-LE 878km, '1r] 4x 1250 mm2  -U.t1 

kV DC Transmission Project is about 878km long, and the 

N TDC 4-0■: 	 zYFiltia/g3Z 25° , tiV;Pitalg,R-5 
If 7 4 NTDC 	(Comments of Design)) ) 	 

BoRAAW1/4E0,13lla. 
/.1\ 'T).lig1-01i 	'tft 

with NTDC: The annual averaged environmental temperature 
imum value are respectively -5° and 52.5° (Comments of 
. Table 2-1 shows the minimum, rated and maximum values 
to the reactive power consumption in the converter station. 

:*2-1 

Cable 2-1 DC line resistance 

1.4 Ag cg, DC resistance 

W 	±060kV 
. 

The DC line of MatiatiLahore -±15 
conductor type is 4x1250 mm2  

21KifkfRIR CET f.9-00ithij 41  

° , 	rilig;IAZIMIX 52.5° (K1, 20 

• 	2-1 3±P-ft± 	PMN,  
PA A, 	 VIA!) 

CET did field research tad confirm 
is 25° , while its min' um and 
Design,MOM with N 	, 2015 J 
of DC line resistance, 	order to ca 

ITEM 

E 	, I 	(12) 

Resistance (12) 

*4\1 

Minimum value 

NCI 

Rated value 

*MU 

Maximum value 

l 
environmental tempeiature 

1  25° 52.5° 

AV-IA.4 

DC line resistari4 
5.056 5.646 6.18 

1.5 ZIAR*ft 

a 	

± 
l'AMk-rMA 	 
)W 	2-2, 2-3 Pfi7-5. 

1.3 	 Ope 

± 60kV 

Matiari-Lahore ±6601o1l)C Trans 

1 4Coq Y'1.4 1/F 
"V_, }J A; 

It 	17 -A. 

C syste 

6kV 

onditions 

IfYWAICA,M4A-C13114tiki 500kV 	EPA , 
0kV ZAZELM. M4101,k-tMAZAA-VIEt,E1 047' 



*2-11  MjAICA-k-MA3-e_AgArthEEE 
21,-b Voltage oi( cess AC system of converter station of both ends 

System Study for 

660kVHVDC Project from Mai 

The sending-end cony 
to 500kV AC power g 
is connected to 500kV 

The voltage and freque 
2-2 and Table 2-3. 

Table 

WA00191K-SS-06A 

Ito Lahore in 	istan 	 Study of Reactive Poser Compensation of converter station 

r station (2) 	atiari-Lahore ±660kV DC transmission project is connected 
of Sindh the south of Pakistan, and the receiving-end converter station 
power 	of Lahore, Punjab. 

y of access C system of converter station o f both ends is shown as Table 

Ate* 
Converter atation 

tt*IE1 
Matiari 

15/-15-5F 
Lahore 

WAZIL. 4-T- FLE 
Rated operating voltage , 

510kV 510kV 

ArZiliZ ELE 

Maximum steady voltage 

* 

540kV 530kV 

iHkftZFU,E 
Minimum steady voltage 

475kV 475kV 

JRAVAX4EgEE 

Maximum extreme voltagl 
550kV 550kV 

tit'iMIA i=,ffi 

Minimum extreme voltages i i 
450kV 450kV 

MkiliAgUirMAZ-AttArrilfi* 

ccess AC system of converter station of both ends Table 2.31 Frequency 0 

	

-I 	1! 

ASAS 	: 1 
Converter station 

i l  

1 

I 

tt*A1 
Matiari 

flt*:.-K 
Lahore 

V, 
Rated frequency 

„i 	
44 

, 
50 50 

flAqE11*-fAiiiX--.-  
Steady frequency deviatioiii  

''• 

±0.1 ±0.1 

APV413)- 	10 3-ArP AP," 

Frequency deviation for 1041 
1  

X 

upon cleat 
1 

- g of fault 
±0.2 ±0.2 

tittlia-FN*Ti&-: 
Frequency deviation under 

., 
a4cident con  ns  

1 a 

49.4-50.5 49.4-50.5 

3 
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±660kVHVDCProjectfromMt 	itoLahoreinil istan 	 Study of Reactive Paver Compensation of converter station 

.;L:o 
%:,f 	.) 

RO 	4% 

(I 	 ,a 
I 	

ei.... 	.6 7,. tin, 1:1  ■1  
a 431 %N 	 a 

.I... 	 A, $SRL 1113 
/twisty 	 i, 	\ 

tt,  A 
EN4%;:rtiAR cOA 

i3.61CA-kfS4Att)isitril 
Fig. 2-1 4hematic of access system of sending-end converter station 

44A&A-IMA-lia1111 2-1 Pfii-fM-MIEffl.ICAA 500kV glltilffiit 12 111, *IV 10 EL 	 
ill 6 11111=Eittgi;, 2 plYNNO V*. EgM, 1 EIYAT5EE,M, 1 f=affittfi5E1=0.A. 
The access system of sending-end cc verter station is shown as Fig. 2-1. 
The Matiari Converter Station has F.-circuit planned outgoing lines of 500kV, of which 10-circuit 
lines are in this stage, 	I. 6-circ 	being incoming lines, 2 to Jamshoro substation, 1 to Moro 
substation and 1 to Dahl, New subs gm. 

1,1111311..A'' 
■ 

•k.66,1 III 
the 

wd 
/ TH rat 

Rump 

"r. 

1.:44MM4AfA71--4F11 

Fig. 2-2 §4ematic diagrm of access system of receiving-end converter station 

9R1 2-2 PE.%! 	 500kV Rid ti 6 F1, 210)J 6 El , 	r11 2 

• g,:cM, 2 1111A*5.-1■1h5tit3ito 

The access system of r etiving-end Qnverter station is shown as Fig. 2-2. 
4 
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±660kVHVDC Project from Ma 410 to Lahore in P 

Lahore Converter Station has 6-cirri 
stage, incL 2 to Lahore *station, 2 

1.6 

error and control erro  r 

AA,At-k--IINIAliCal-  41 , M 
Ciumghz. )7!--41 !tffiamt 

The influence of manu uring tole' 
of DC voltage measur 
equipment and calcula iten error of 

$ equipme 

reliable operation of 
	

system u 
is exec consumption of DC sy 

The equipment toleranc $ and meas 

WA00191K-SS-06A 

stan 	 Study of Reactive Power Compensation of converter station 

planned outgoing lines of 500kV, and all of them are in this 
Lahore South substation and 2 to Lahore North substation. 

WA Manufacturing tolerance, measuring 

MAFgEA1-1XX. A 
IjsaIdAtki±VVIRA4APIA, OhigAAAfAArfrIl 

e of impedance of conversion transformer, measuring errors 
DC current measuring equipment and AC voltage measuring 
ntrol system shall be considered to guarantee the safe and 
various operation modes while the design of reactive power 

d deviation that shall be considered are shown as below. 

• 

• 

2-4 &&i.z_,XfOrMiliX 
ment tolerances and measured deviation 

_00 
Parameter 

tii32t 
Description 

-RA 
Error 

d 1 Maximum rianufacturing 

(5d x l5fAtM 

trances 
Stifl3C143)WC$Iiireg(gd x ) 

of relative inductive voltage drop of conversion 
transformer ( g c i c) 

±5%d,..,,, 

Ud  
7 , m 	-i,R,- gu,_ 

Measuring error 	(5U th„, 
±1%U dfuv 

Id 
1)11-1 C 	8 1,„„cos  

Measuring error 	81a„,., 
±0.3%/ dN 

utho  , 
Meastiaing error of 

41"40kAyqffiS4giYAIJI-alg uch. 
mkage transformer of capacitance divider 	oudio  

.... 

±1.0%u,o, 

7 
I *Ii I iR X or  

Measuring error 	b., 
+1.0°  

a 

1  ,i
I tI 

*ltikl 	gr, 

	

Measuring error 	gr, 
±0.5°  



INA00191K-SS-06A System Study for 
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it 	2 IAA 41)34 40*.i..4 4 riqs*M0.1 Principles of Research on 

Reactive Compenator of C nverter Station 1 

1) I)J3)-E3)- H -Ot .31/0-1, 	si- YE-Aittil. 
The reactive hie 	i hy and p 1  ion are balanced locally without considering the far-distance 
transmission. 

2)II.Mrii‘aI)J414i-94iMiii.E4.0{AAAVA:ffiftglIJJ*EttinIT)Tlilhil-lro 

In principle, the total L reactive c ipensation volume ofthe converter station is calculated on the 
basis of reactive power consu tion when the rated power is transmitted via the full-voltage 
DC system. 

3) Afik3.21- Pfi 	1-±Niinah 	41-ft'44-1EPCP-A-C4,91-f-t3)-ifird-Iftio 1±IiihA 
frAtilMM1 1.tiMA_E. n-4171A-111-94I, igMAA-ktIMIsitrer-to 

The additional reap 'we compe 	ion capacity, required by the DC overload, shall be balanced 
by the backup co ensation gnikip capacity of the converter station. A set of reserve capacity 
is added as the alctive powellt■compensation when the converter station has the maximum 
reactive consumpf 0. 

4) AxAmmva ffelgtiAlmi-mattnITAtligsta-a*.,ffiffitiavAqrrg-to 

• 

In principle, the re 
reactive loss and 
outgoing voltage 

C

tive power If the converter station is only equal to half of the sum of the 
onsumption'' converter station and reactive loss and consumption of the 

of each ler141. 

5) 3-ejAAVEltffill I: &MN, 	, fg.ilVtffi_-_Ali lain3 ,1Y- ELEKV17.KTY3K4 
49,E0.1f.no.93 1,.0613a, *IIT6La-T- PIgnn,ffirrgo.87,flic, 

Voltage control of AC system: **cording to the provision of regulation, the operation voltage 
s control level oft 	econdary site bus of the hub substation shall be as 0.93-1.06 times as the 

rated voltage of n 	rk and si 11 not be less than 0.87 times as the rated voltage of network 
after the accident. 

fiAaTPEIP-MLIKMMAil-TEg,E, EVCRTTaa 
- Mg. :706"ri/g/AVfilaiLkihe 

	

gating vol 	at any point of the network shall not exceed the highest 

	

fthe netwo 	nd shall not be less than 0.93-1.00 times of the rated voltage 
rer value Still be taken for the substation at the receiving end of the 

-V1Weit,E1) 

In any case, the o 
operation voltage 
of network. The 
network. 

A4-6(-14- Wril500 

In this calculation, 

t:t1E-AFF:  
In addition, the vo 
the generator exci 
means. 

• 6) aFtAIIARX- /I)J' 
1 1JAVATItz 

•Ii-140FigE0110.1 475 -540kVZ In] . 

500kV bvoltage is controlled between 475 to 540kV. 

igAIR,M H 	Eb,;tillhfiE, J-1-VZ.0.1TftWaEEFO,V--L-g. 1=,"-74--ag. 

ge regulatiOt means of system are mainly depended on the adjustment of 
ann. The lo'oltage reactor and capacitor can be switched, as the auxiliary 

oiiNxImffitkr 
AtMit#1,911J T #Il ado EgtIltlt* 

S'.4PM11, 

47,”.2 
6 
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• 
The operation po 
	

factor for, 
not be less than t [rated pow 
to the steam turb 
	

shall be 
controlled in such way that 
of generator shall 
	

controlled 

7) SAPfi -an pMI-ft* 

E_Alsvak-4A-Roc 
The reactive co 	rsator instal 
with the AC filter, nerally. 
of filters shall be vested to 
meet the filtering 	uirement. 
station is featured $, the capac 

8) *IfitAMA ).E(xZ/A 

It is considering setting up 
station in this Proje t and such 
quantity of uncerta factors e 
station compensatioh range. 

t 9) Ikg-3L-1 - I3J41-ft ' 3-.Hg.—  
infE4A4J 4Aith 

1.)] -+1o%, Rpm, flA3ft11), 
The reactive po r grouping 
minimum ESCR Oration mo 
switching is main r related to 
fluctuation of rea tive subgro 
power of the 	P which ind 

The calculation o switching 
executed with minimum ESCR 

maximum reactive power output control of generator shall 
actor, the power factor of the minimum reactive power output 
ntrolled below 0.95 and the water wheel generator shall be 
phase is not advanced. The voltage level at the machine end 
1.05-0.95 times of the rated voltage. 

AMNANhAi#1,1-fill, ry 
da2K, 	 LRZitA 

'91%)]o 
on the converter station shall be considered to be combined 

n the DC small operation means is adopted, a certain number 
lize the reactive excessive capacity of converter station and 
s a result, it is required that the AC system or the converter 
of absorbing a certain amount of reactive capacity. 

,f7-aT4ffiVi,  

AC supporting works in the nearby location of converter 
rks are designed and constructed by the Pakistan party. As a 

ts, the reactive consumption of DC works is included in the 

AM:0_"MtbR/Nni:145. A-Ft-to ElErT. VANklifit-P] 
nfftmx15A- x, 	IMAXMITAFMATEAFAiiti 
rnma; 
f the converter station is generally considered under the 
As the voltage fluctuation resulted from reactive subgroup 
starting-up state of local units, the calculation of switching 
of Mtiari converter station is executed with 10% transfer 
s minimum generation capacity on the sending end. 

tuation of reactive subgroup of Lahore converter station is 
d Line N-1. 
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converter station 

3.1 OZV1'!44% 

V34' ttln.  
(4000MW, -1ME 
1A.*VMMAME 

Under the conventiona 
the short circuit imp 
considered and that o 
power of high-voltage 
rated reactive power c 

gated real  

;(14M 
MAW 

ower tram 
nce of c 

Iclahore Con 
C system 
umption 

T h 3-1 Rated 

System Study for 	 VVA00191K-SS-06A 

660kV HVDC Project from M 	to Lahore in 	istan 	 Study of Reactive Per Compensation of converter station 

pacitive reactive power consumption of 

ive power consumption 

EV8ti:4Th 	A45ffAMAiiiii1415.1A* 
ildtl)Frt, UttrAlEt4M-ISAVORYMETRIER 18%, 
%,   3-10 

ission direction and full DC voltage bipolar operation mode, 
ersion transformer of Matiari Converter Station is 18% 

rter Station is 18% considered when the rated transmission 
4000MW at the .side of AC bus of rectifier/Matiari, and the 
onverter station is shown as Table 3-1. 

3-1 W1AAVIZ 3-)JAIOE 

tive power consumption of converter station 

A 1=1 
Item 

If 
*MA 

f IMANAVIEAS 
Matiari Converter Station 

tAfiVAtitle4 
Lahore Converter Station 

Unit 
500kV 500kV 

lid kV 660 642.9 

UdIO 
l kV 378.5 369.3 

Lk t?(N/ 280.3 273.5 

Id 
ff 

 A 3030 3030 

a (y) 0  15 18 

11  
c, 23.2 _ 

22.1 

dx . 	. 9 9 

Qdc 

1-  .—...- 

4var 
2151.8 2183 

WALCIL 
DC resistance 

5.646 

3.2 3RtV3fflft 

kJ 	
-it 

WiAMMt 
Possible equipment 
during the calculation 
converter station reac 
converter station is sho 

aximum 

*ITU ItlYI 

n facturing 
reactive pO 
he maxim 
as Table 

eactive power consumption 

AMX,VAlqit 
3-20 

lerances and measuring error of the system are considered 
er consumption to make the reactive power consumption of 

value and the maximum reactive power consumption of 

Tab 3-2 Maximu 

3-2 l'AWMIRIM41g 
eactive power consumption of converter station 

A 1=1 
Item 

1MIL 
TAl#Ata 

Matiari Converter Station 

tirVAtiEta 
Lahore Converter Station, 

Unit 

[ 
500kV 500kV 

8 
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Ud 1  kV 645.15 628 

Udi0 kV 379.33 366.12 

U, kV 280.9 271.1 

Id 1  A 3100 3100 

a (y) . 18 18 

1-1 
0 22.69 22.9 

clx  p.u. 9.45 9.45 

Qdc 
r-
i4var 2387 2310.8 

A,P11 
DC resistance  

n 5.056 

TXRN.IMAAJWA V/Plg Qd 
Maximum reactive po fist constimp 
Lahore Converter StatiOn is 2311M 

2387Mvar, 41 	 2311Mvar. 

Qdc of Matiari Converter Station is 2387Mvar and that of 

 

3.3 10%4\ 

operation mode 

Reactive consumption of 10% low power 

eigINIM#,Kiti/J- Aient& 10% 
a_a1M-mtRgillIk$1:31.1)01.  

15°; 4A. 
Under the conventional Power trans 
the short circuit impedance of col, 

considered and the triopr angle i 
considered and the extibetion angle 
is 400MW at the side o!'eutlet of s 

The minimum reactive power cons 

Table 3-3 Miniinwr 

IjJ TT irk F AEMAVOto.±1)]#(400mw, 
V*IIENICAk-NISVfoa-o-NRIVIR 18%, 

IR 18%, PgiT1CA 176. :I' &At+ XAgigAilt 3-3o 
ission direction and 10% low power bipolar operation mode, 
ersion transformer of Matiari Converter Station is 18% 
15° considered; that of Lahore Converter Station is 18 % 
17° when the transmission power of high-voltage DC system 
thing reactor of pole of Matiari Converter Station. 

tion of Converter Station is shown as Table 3-3. 

3-3 AgOazd,IIMME 

eactive power consumption of converter station 

g H 
Item 

*ft 
Unit 

E*ANAtittt 
Matiari Converter Station 

t-fr5.i<45kOlEk4 
Lahore Converter Station 

500kV 500kV 

Ud  kV 674.85 673 

Udio I 'kV 353.32 354.69 

LI, 1 	kV 
N — 

261.6 262.6 

Id A 296 296 

a, 	(y) 
I 	

._ 

1 	
. 15 17 

11 
0 3.7 3.3 

clx  p.u. 9 9 

Qdc Mvar 122 135 

ILA it PR 
DC resistance 

r 	I 

S2 6.18 

9 
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± 660 kV HVDC Project from Maki to Lahore in 	istan 	 Study of Reactive Paver Compensation of converter station 

* 	WAii-VUX rill= 	AA 10, 
gA-,uvAlw.,/03 12 4var, l'A 
It is shown that the reaet Ive power 
that of Lahore Convert Station is 
operation mode of 10% 	ll load a 

3.4 *FE 	WIrig 
mode 

VPFE. 	 -t-F, A 
ffl F-11),M)Frf , t-5,8U*' FACAM 

Llf<AMA4MPA [MAW I 
Under reduced voltagleration 
Matiari Converter Stat' n is cons 
23ed(the maximum); tkitt of Laholl  
tapping at the maximurn. The calc 

Table 3-4 The reacti* {tower corn 

tErKttafil 041A-4+-F U*.E1A 
135Mvar. 

sumption of Matiari Converter Station is about 122Mvar and 
5Mvar under the condition of normal trigger angle under the 
ording to the calculation' result. 

active consumption of low voltage operation 

A.V*RIAMIAIMitrn- 
L'AraWfIR ir 18 % , ICA53.)-4A 23 (A fl) ; 

%, ICkA3-)-4N(ttl. IMPAXAgigtri 3-40 
e, the short circuit impedance of conversion transformer of 
red 18 % with the conversion transformer tapping at the 
Converter Station is lg% with the conversion transformer 
n result is shown in table 3-4. 

3-4 AA,MR,EUT)3M0 
sation of converter station under reduced operation voltage(70%) 

0 

V IA 
Item 

tai 

i 	 , 

It 
it 

f 

VIM AIAtiM 
Matiari Converter Station 

i 

ft-fr51-4004 
Lahore Converter Station 

500kV 500kV 

Ud kV 462 444.9 

Udi0 kV 299.86 292.59 

u kV 222 216.66 

UR(1) I kV 510 510 

Id A 
1 

3030 3030 

a (y) 27.2 29.7 

11  21.3 20.4 

d„ 1,;.u. 9 9 

Qdc Mvar 2262 2297 

AAA C3.H. 
DC resistance 

S2 5.646 

fRIAil-WMT1114- 
YO 23 fh ()Rfh) 	4k-ftr-F, 
Figgy i 2297Mvar. 
According to the calc ration resul 
transformers of Mat iarend Lahore 
comsuption of Matiari onverter sta 

'i`11- ---1.AFA (Symbols defin n) 

V*RIV61,*. 1A-A-VM-14SAfF15b3`-4;kit 
aEllkakfaTAMAg Y7 2262Mvar, IA*../MAMAIlt 

under reducd voltage operation mode and the conversion 
i nverter stations taping to the maximum, the reactive power 
i is 2143 Mvar; of Lahore converter station is 2186 Mvar. 

Ud  kV DirectvnItage 

Utho kV Ideal r,o-load direct age per 6-pulse converter 	 ,-, . 	, 

10 
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istan 

  

     

Uv  kV Phase- 
■ 

phase vo e on the valve side of the converter transformer, r.m.s. value 

UR(i)  kV Phase- 
■ 

phase vo ii, 
1 

I on the line side of the cotwerter ,  transformer, r.m.s. value 

Id kA Dire t tu-rent 

a degrees Firing ogle r 

y degrees Extinct angle 

l-L degrees Overly ',angle [ 1  
dx  Rela inductive 1 i 	. ge drop ii 

Qd, MVAr Reac ' power 1 

0 

11 
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Study of Reactive Per Compensation of converter station 

• 

• 

4 	;14-fg.f.1)4,* itittat 	-WS Calculation of short circuit current 
and short circuit ratio of bui of converter station 

4.1 V(*A.N.#rrtiefnifrgifA/18g* It-i-FX Calculation of short circuit 

current and short 9rcuit rate of bus of Matiari COnverter Station 

f1/1)MALAAMt-A4A Waif, iik*AMMEMELVIitLitX*-9z.*Y9 2018*, tiAREg 

tilaV 4620MW 	ifStgiE 4.1119FVWBA 	 itWM 

According to the access system desi n of sending-end converter station, the calculation level year 
of short circuit ratio of bus of senLng-end converter station is 2018, 4620MW is taken as the 
auxiliary DC power supply scale aorl the calculations include operation modes such as normal, 
maintenance, and line power outage id other special operation modes. 

The calculation result is tts below: 

4-1 2018 IM2.14CAM-f-V-tiai.***EctiAtt 

Table 4-1 Short circuit current an short circuit ratio of bus of Matiari Converter Station in 2018 

i'As  V/4:A 

Operation mode 

E.-411)alifiltta(kA)/ 

MIMI CiVIVA) 
1 

Three-phase short circuit 
current (kA)/ Short circuit 

capacity (DIVA) 

*NI It 
SCR 

41kialili It 
ESCR 

Elit 
Normal  

25.13/21763 5.44 4.83 

f.4%.iltrAt1, 
Thar Power Plant-O+ 

1 ft 
Unit Shut wn 

23.95/20739 5.18 4.58 

M-A-  Ev4n, 
Hubco Power Plant-One 

1 ft 
Unit Shute wn 

23.68/20505 5.13 4.52 

+AN qf'-')M 
Qasim Power Plant-pie 

1 ft 
Unit Shut wn 

23.55/20395 5.10 4.49 

U*AEN.I*Akt -It i ttgilil 
Matiari Converter StatkM-Jamshord 

-1  

-1  
23.31/20230 5.06 4.45 

TME.a.AF/AfATAV6a*Isli 
Matiari Converter ,Slation-Moro 

23.74/20559 5.14 4.53 

PMEIAgEkt-4itgittai 

Matiari Converter statn- Dadu N 

1 

 -1 
24.07/20845 5.21 4.60 

±451■ C-- -NMEMkikAtAlliJ 
Thar Power Plant-Matiari Converter S 

i 

- 1 

n N-1 
23.81/20620 5.16 4.55 

+ MEI Ear--VZ*VAAS.f14.0 

Port Qasim Coal Power Pant- 
Station 

Matiari 
N-1 

-1 

verter 24.32/21065 5.27 4.66 

4IMAgr -UWigE 
Hubco power plant-Matiari 

v.  SAO 
Converter S 

-1 
on N-1 

24.29/21033 5.26 4:65 
. 
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M#11-1—MWR-14i: a AIA*1 
Jamshoro- Dadu New not it connected 

Converter 	tation 
i 

AMA 
Matiari 23.26/20195 5.05 4.44 

Eti_Litii-NM -ocri, r fr.-C /1\  
atioli-mbLaay35.06.m 
A lAti.MLLPRI 4.440 
According to the above • lculatiort 
side of 500kV bus of atiari Co 
operation mode consid 

If Jamshoro- Dadu New is not it c 
reduced to 5.05. The ES IiR reduces 

T8.MA:&3t471i1A• 50/1LAgiER 
Ak•NIVOZKO-M CAitIt AtzoT 
As it is the early ope ion stage 
construction cannot ma h with the 
result of short circuit of ,ins of send 

4- 2018 *IA 

Table 4-2 Short circuit c ent of bus  

T• 	TgaM N-1 (7 7i NM.E.IICAkt 500kV 
Alk*.E.AM, 91!1 B24 LEf J 5.05, 

suit, it is known that the minimum short circuit ratio of the 
rter Station is 5.06 under small operation means with N-1 

ected to Matiari Converter Station, the short circuit ratio is 
4.44. 

AN,I8AA• j•A'A 

DC project, the pro ss of AC system and power plant 
C project and DC cannot transmit fully, and the calculation 
end converter station is shown as below: 

MICAMAtkiZOLMFRA (MAIM* 10%) 
Matiari Converter Station x12018 (HVDC 10% Transfer Power) 

• 

• 
ite 

Operatio i mode  

L-72.#10.11441,S(kA)/ 

*1441 (MVA) 

Three-phase short circuit 
current (kA)/ Short circuit 

capacity (MVA) 
1 

4 4 1:14tA.A-qt". 

	

Access 	system of wading 

	

1,45.1■ 	rfftil 3 ft 
3 machines start-up in Thar rower Plant, 

-end 4-circuit 

EMAta 2 III 
circuit incoming line of poWer supply 

17.81/15420 

* 3 faViaizAt•A 
Access 	system ofs.nding-end 

ii4L1 -I FTF81, 3 et 
3 machines start-up in Thar power Plant, 

i 

3-circuit 

EWasjittl 2 Cl 
circuit incoming line of povier supply 

15.97/13830 

4 2 1:1401•Zik-A 

	

Access 	system of 	Sdeding-end 

	

*'-; %.-1 ■ 	FTFA 3 8,  

3 machines start-up in Thar Rower Plant,:  

2-circuit 

Ebajlia 2 M 

circuit incoming line of power supply 

15.73/13622 

n-t* 2 E1407;cdAfA 
Access AC system of s 

WT.: iti-Tf#1 1 1E3 
1 machine start-up in Thar Rower Plant, '4.circuit 

riding-end 2-circuit 

itnian 2 Ill 

incoming line of power supply 

13.12/11360 

,,,. 

13 
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' 4-4 201 

uit current 

14 

660kV HVDC P roje ct from Mal ri to Lahore in P istan 	 Study of Reactive Paver Compensation of converter station 

4.2 tkilh-5.j:Agtr& 
current and short c rcuit ra 

fag DRAA,m4A 
RM N-1 

According to the access ystem des 
of short circuit ratio of u  is of recet 
operation modes such as normal, a 

* 4-3 201 
Table 4-3 Short circuit current 

Calculation of short circuit 
of bus of Lahore Converter Station 

/CAM-EldtqAtLitS7KM 2018 	 iiVtATFV 

of receiving-end converter station, the calculation level year 
g-end converter station is 2018, and the calculations include 
e N-1. 

4P.L*::gICAM-14-0M24fitgati-N41hE 
short circuit ratio of bus of Lahore Converter Station in 2018 

it-riA 
Operation mode 

*- 

1 =-E-AilaiWElitiE(kA)/ 
lall4r4i (ilvA) 

Three-phase shOrt circuit 
current (kA)/ Short circuit 

capacity (MVA) 

4E* It 
SCR 

Alk*Iiii It 
ESCR 

IS 

Normal 
29.35/25403 6.35 5.77 

1 
Vi.isr5I<IMA —tAii*%Bliga N-1 1  

Lahore Converter Station-Lahore line e..-1 4.... 
28.39/24621 6.15 5.57 

EL*;T:Axwi—itifriFAiliii N-: 

Lahore Converter Station-Lahore south 133 N-1 
28.63/24794 6.20 5.62 

Iii ,'-ii- IAll'A — Isz-.*Adt.tArti N-. 

Lahore Converter Station-Lahore north limi N-1 
29.07/25137 6.29 5.71 

AgAiiN 
tkgiMb 

kulation 
Lahore C 
. The ES 

on stage o 
t and DC 

conve 

T, 	lt,RM N-1 4f -A, fA*:FAAM 500kV -ffm 
5.570 

ult, it is known that the minimum short circuit ratio(SCR) of 
verter Station is 6.15 under small operation means with N-1 

is 5.67. 

max'S,AtAit -alliaM4AMTRELIE, 1:41CAM-14 

C project, the progress of AC system construction cannot 
nnot transmit fully, and the calculation result of short circuit 
station is shown as below: 

Vi.-A-%,g/CAM-IllaWinrE41.1AKCALL 
short circuit ratio of bus of Lahore Converter Station in 2018 

191.0DALLaa 6.15, 

According to the above 
the side of 500kV bus o 
operation mode conside 

Uv.,',AMait- +DI01, A 	:11VO4 
giltintLLitlfMTOT 
As it is the early opera 
match with the DC proje 
ratio of bus of receiving- 

siff711t 
Operation mode 

-... 

.E.-- #1**Ettit(kA)/ 
*iligtt (MVA) 

Three-phase short circuit 
current (kA)/ Short circuit 

capacity (MVA) 

*OKf 
SCR 

tklii it 
ESCR 

5-erit 4 LAAZAliAl  (t.tL*AL) 
Access AC system of receiving-end 4-ctuit (no 

13.9/12870 3.22 2.64 
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Lahore nOtth) 
... 	1 

'NA 4 1=14A3'e0t1(tk-i  
Access AC system of recd 

Lahore north) 

ti. i- r5:1- AakiS—titti-%BdA• 
Lahore Converter Staff-Lahoie 

A1 
wing-end 4-c 

. 	• 

N4 
lirtLN-1 

L) 
lc uit (no  

 13.5/12130 3.03 2.45 

DI 4 Li l'A7.Z.M. 
Access AC system of rece 

Lahore narth) 

#A.i- r:-,'AFAM—EL-4.5.-1-:Att 
Lahore Converter Station -4hore 

.t(Ittf'. /1 
wing-end 4-C-tuft 

soutILIrte 

. L) 
(no 

 I 
N-1 

13.7/12617 3.15 2.57 

±.31-s1±W M 1=SUI 

i91011A bLaiLuJ 3.03, 

According to the above 0 
the side of 500kV bus o 
operation mode considers 

AVE+ 
tMA 

kulation 
Lahore C 

The ES 

TktlYli N-1 	 /51-e-,%1-0CA-M 500kV -EVA 
2.450 

ult, it is known that the minimum short circuit ratio(SCR) of 
verter Station is 3.03 under small operation means with N-1 
is 2.45. 

15 



5.1 tAtkiftftt System cal 

IRCV42E_T.4COMAAC3ti 
Based on the grid integration report 
provide reactive power tlo the send' 

5.2 ;t3-}41.-15t 	Dete 

ICAMXA*ftRig3Jittlitt 
---4417111-1 /.14.1M4Okt€ 

'(±Alk[SZNA-d±, *4fiqn‘0 
ItE58-E4(Rft=6. 
The reactive power compensation d 
adapt to various operation modes of 
There are two reactive a duping mo 

One is to connect every subgroup d 
form several subgroup ipto a gro 

'41 	existing DC project generally takes 

Reactive grouping capac.,ty must me 
and steady voltage regulation. 

The reactive group switching vol 
following selection. 

1) &-03-11.1n1-(46A Efe,* 

1) The change ratio of kansipt V0 
and the limit shall be detOrmined 

2) atm-J\-nnttl,5calEit+—  
gi 1=biffif4-.4-t6iT 	SAE 

2) Generally, the steady voltage c 
the tapping step length of conversiO 
shall not cause any action of on-loadl 

    

System Study for 

  

VIA00191K-SS-06A 

    

± 660 kV HVDC Project from Matiari to Lahore in P cistan 	 Study df Reactive Paver Compensation of converter station 

5 tk*IENAME/it%VJ/.1 	 Oetermination of grouping 
capacity of reactive subgro of Matiari Converter Station 

ability 

RS, Vifiii3ZAAMz:Pig4AikARtitXAtkto 
Matiari converter station, the AC system is considered not to 

end converter station. 

illation of reactive grouping capacity 

T 	M-?r 	flAM 	Vi 3). 	f[fq3 
El ki 	 IL 	g_HAZ 

fg—RMIUTiM—f13 'rIM3--g11V-i!2'%91tA".A.tANk.- 
4-ffsMIIM3)-gfifiti)JEgEaMgiir).-Fitl-TTA 

ice of converter station Shall operate under group switching to 
C. 

s of converter station: 

tly to the AC bus of cobverter station and the other is to first 
and then connect it to the AC bus of converter station, and 

latter. 

the requirements of change ratio of system transient voltage 

fluctuation in the retort is determined according to the 

1.5%-2%,  TAilfhAtAVVONZMIIINTAZ3k 

lage of group switching s generally not more than 1.5%----2% 
the specified range according to the system conditions; 

T4Af/RAE-ag3A%it .-LPM 75%-80%, 

nge ratio of switching group is not greater than 75%-80% of 
transformer. Namely, the voltage change of steady AC bus 

eltage-regulation tapping on conversion transformer. 

16 
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5.3 	hitttA kW*** 	 
calculation 

5.3.1 AtV.INVAllit EVE 
(10%power) 

1) 	 2018 	/.1\ --,h-A, IEVEHO 
M-4dRAgiAJdfflt*1140E4 

1) The voltage fluctuation of bus o 
shown in the following table based 
power supply machine 'of 660 un.  
reference value in the table is 500kV. 

*5-1 IA 

Table 5-1 VOkage fluctil  

reactive subgroup switching voltage fluctuation 

tj Voltage fluctuation under DC low power 

Jl 3 f; 660 fRgli, A‘ 10%V T, 1-1-ValMq1i, 
443#111-FVK-i--C. *43g4t1Y9 500kV. 

ubstation nearby the converter station and conversion bus is 
t the small operation means of 2018, start-up of 3 auxiliary 
, 10% DC power, and reactive subgroup switching. The 

R_CCAM 500kV Fh4atvywa 
tion at the 500kV side of Matiari Converter Station 

igti-)YA 
Operation mode 

).iii4ic ,'  
(1Ilvalr) 

GroupiO 
caiaci 

(Mva 1  

II, 
W& FilfEigi41' 

Transient voltage fluc4uation 
411t&EllEilk4 

Steady voltage fluctuation 

&A 
Switching in 

-MB 
Switching out 

IRA 
Switching in 

01}I 

Switching out 

_It' 

Normal 

150 1.58% -1.51% 0.78% -0.76% 

190 2.01% 
I 

-1.91% 0.99% -0.96% 

ut.a.kwiam-rtiltd,  
...'1 .V4 N-1 

Matiari Converter 
Station-Jamshoro N-1 

150 1.63% -1.5i1% 
1 

0.85% -0.85% 

170 1.86% -1.7 % 0.97% -0.95% 

180 1.98% -1.91% 1.03% -1.00% 

MX*ENAFAA-,[04a 
r4 N-1 

Matiari Converter 
Station-Moro N-1 

150 1.65% -1.56% 0.83% -0.82% 

180 

I 

1.99% -1.89% 1.01% -0.98% 

V■*lN.M374-MN 
> 	N-1 

Matiari Converter Station- 
Dadu New N-1 

150 1.62% -1.51% 0.82% -0.77% 

180 1.96% -1.8$% 0.99% -0.96% 

IELF-VARIAMMd' 
N-1 

Power plant- Matiari 
Converter Station line N-1 . 

150 1.76% -1.67% 0.97% -0.93% 

180 

L 
, 

2.12% -2.02% 

, 

1.16% -1.12% 

IP 

3t. ALABzilliri -sailtI4AS,IflEtlE, 
LERIRAMMILIECtiMgVO„E*Vii:LF*ffi-jf\-  

DC project and the progress of AC system and power plant 
project, the voltage fluctuation of bus of substation nearby 

bus is shown in the following table based on the small 
er, and reactive subgroup switching. 

17 
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The reference value in 

Table 5- 

rl to Lahore In p istan 

table is 5' kV. 

5-2 TIA ANACkeli 500kVfin 

Nbhage 	tion at the 500kV side of Matiari Converter Station 

VM00191K-SS-06A 

Study Of Reactive Per Compensation of converter station 

i -  41" 	A 
Operation mode 

[ 

Difire-i 
(Mvar) 

grouping 
capacity 

(Mvar) 

NEt1intioi 
Transient voltage 

fluctuUtit, 

tfiEll.Ektri>b 
Steady voltage fluctuation 

litA 
Switching 

in 

iZili 

Switching 
' 	out 

A IRA 
Switching in 

-17311 
Switching 

out 

'RNA V —Mt tFtit* it AV*Ak 
NAltAA 

Jamshoro- Dadu New note connected 
to Matiari Converter Station 

LEV=LN3ffIt 3 fil 
Start-up of 3 auxiliary power supply 

machines 
,.■ 

150 1.65% -1.57% 0.88% -0.87% 

, 	
180 1.99% -1.90% 1.05% -1.03% 

-RNA ----IWPIS* x MAME 
.T.Etkr5 

Jamshoro- Dadu New not Ir Connected 
to Matiari Converter Station 

liMitNfftli 1 it 
Start-up of I auxiliary power supply 

machine 

160 

, 

2.06% -1.93% 1.02% -1.00% 

T84 IJ 
F3L--Ki:NiftiE4Eb, 

AMt-,,J\13 
As it is the early opera 
construction is uncontro 
be guaranteed at least, a 
meet the operating req 

5.3.2 AMtM* 

I-T. 2018 	 zig. , A 

WW1 FO,ffiaVAIT* 

DC power is 2000MW-'--1 
The voltage fluctuation 
shown in the following 

Table 5-3 

!AVA 
660 

MTO 
n stage o 
d, the sta 

reactive 
ment of 

MEttEE  

Fit-Rig/134-TriffVfl, 	tigilAbtAtAiM 
W 	rfilJX,V3/M.1117-V1 160Mvar 

C project and the progress of AC system and power plant 
ap of 1 auxiliary power supply machine of 660MW units shall 
ubgroup capacity of bekm 160Mvar is reasonable that may 
small operation means. 

43 Voltage fluctuation under DC high power 

IA* 200 W 4000MW, &-PJII)j„ 	 E5It 

000MW 	switching is reactive based on the data in 2018. 
• f bus of s station nearby the converter station and conversion bus is 
le. 

.* 5-3 IX 	IISURA 500kV it J EgJEgtvc/5?, 
Voltage flue tion at the 500kV side of Matiari Converter Station 

g fi -- 	- A 
Operation mode 

31-411 
OVIvat,  

Groupi 
cupac' 
(mva  

WEIAFE*4 
Transient voltage fluctuation 

tft 	41E0M 
Steady voltage fluctuation 

fit A 
Switching in 

iVili 
Switching out 

&A 
Switching in 

-WEI 
Switching out 

18 
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Summer maximum load mode 

4000MW 

.14d 
Normal wiring mode 

350 

,• 

1.87% -1.78% 0.96% -0.92% 

1 
360 

1 
1.92% -1.83% 0.98% -0.94% 

i/.1,-A 
Summer minimum-load mode 

3000MW 

I'81054 
Normal wiring mode 

300 
I-. 

1.81% -1.72% 0.92% -0.89% 

320 1.93% -1.83% 0.98% -0.96% 

Summer minimum-load mode 

2000MW, 5 ,/,,,c, 
2000MW, 5 machines 

IrK4d 

Normal wiring mode 

300 	I 

r• 

2.04% -1.910/o 0.94% -0.93% 

310 2.11% -1.991% 0.98% -0.97% 

N/MA 
Summer minimum-load moat 

2000MW, 5 evt 
2000MW, 5 machines  

Mk V 4. IP. ANA'i - VI tel'i/ 
.t1 nt N-1 

Matiari Converter 
Station-Jamshoro N-1 

280 1.96% -1.83% 0.94% -0.91% 

300 2.09% -1.96% 1.00% -0.97% 

Summer minimum-load mode 

2000MW, 5 e#1. 

Fbr-VARIAA'Adit5 
N-1 

Power plant- Matiari 
Converter Station line N-1 

2000MW, 5 machines  

280 1.98% -1.86% 0.96% -0.94% 

300 
i 

2.13% -1.99% 1.03% -1.02% 

Summer minimum-load mode 
2000MW, 5 iE;V1, 

2000MW, 5 machines 

MO A 	->k)11i)M 	n A. 
U*R.T.FJoifiS 

Jamshoro- Dadu New not it 
connected to Matiari 

Converter Station 

150 1.27% -1.2$% 0.76% -0.75% 

200 1.65% -1.67% 1.00% -1.00% 

4,0 	It4,3.:#14-i-111- Mte-gt3 
L*-A 4 
nvt, 

1)Jiiq{13)4f1.4i -T-  280Mvar 	.,ZAM,- 
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• 	 91111A/J■glifttiVict 200Mvar T7ljAZAFit*VAITE1-1114Jda4M-PAV 

wi5EgEat,t.K. 
According to the simulatbn, it is l4 wn that the grouping capacity of reactive subgroup is not 
greater than 280Mvar when the acOss system of sending-end is 4-circuit that may meet the 
requirements of transient and steady *iltage fluctuations of filter switching during DC half-power 
operation and the grouping capacity o eactive subgroup is not greater than 200Mvar that may meet 
the requirements of transient and ady voltage fluctuations of filter switching during DC 
half-power operation when Jamshorofi adu New is not it connected to Matiari Converter Station. 

5.4 /,1\k4A4A-R, Summary andliuggestions 

Tk,tpE1=Vj UMEN.1 0010 gl 16 glaIti141.7410FAA*A-A3-14T*, 

Iii414'4E3-)4.11.ht 	150x9+180x7=2610Mvar 

Fri 150Mvar YTZatttgg, 18O11 ■ar).9 -/flaFbIrs:2K, 

Regarding the strictest operation situ ion, 16 reactive power groups can satisfy various operation 
conditions of the DC system in 	i converter station. The designing research results show the 
reactive power compensatiOn plan as Allowing: 150x9+180x7=26)0Mvar 

Within which 150Mvar for is the AC *er and 180Mvar is for the shunt capacitor Device. 

111 
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6 tkANAVVOtaft 
Converter Station 

 

Grouping study of groups of Matiari 

   

6.1 V*ILVSkatikOMACkEillEttiMiS Grouping scheme and voltage 
fluctuation calculation of Mat*i Converter Station 

fr±--AN'HPA<JitffeAt,  /.1147-, 

tillAXPJ 4 Jckft, amEtsive\-iY91 

11)Z 150-180Mvar, 	WiRE 	SiirMit 16 

0Mvar. itaVi] 3 t4, xtgi. 990Mvar. 

  

150-180Mvar is taken as the subgrO p capacity and 16 groups of reactive subgroup are in the 
Matiari Converter Station according!  o the calculation result of the previous section, and the 
capacity of the largest group is 660M*N.  in case 4 groups are taken. 

The largest group is 990Mvar in case groups are taken. 

1860Mvar 	tOPIE1 	 4 giriAMM&AMtklie Mt, AAA 

3000MW 	OtIV-VfAMLI.titt/J1Eqffia-M. 

When the reactive power requiremereaches 1860Mvar, then a group with input of 4 groups of 
filters exists. 

Therefore, it is necessary tb check thll voltage fluctuation of group switching when the DC power 
reaches about 3000MW. 

4.)(f3f 91 2018 	 MA* 3000MW T, &t/idalIMNIEgffiR-Mt/r1TPfi.)f,. .. 

The summer minimum-load mode in 
of group switching is shovin in the fo 

  

18 is studied, and the voltage fluctuation of reactive power 
ing table under DC power of 3000MW. 

    

The voltage fluctuation of reactive por of switching shall be less than the standard 6%. 

It 
-07I Faffia-mEdN1V4 6% *. 

,*-4tfia 6+1 I./.1N -it1k*.EN.MAIA 500kV 

Table 6-1 Voltage fluctuation at the 500k ide of Matiari Converter Station under summer minimum-load mode 

17---A 
Operation mode 

41.4.vA(mvar) 

Group capacity 
(Mvar) 

-LALLIPA*ElifEtA4 
TranSient voltage fluctuation upon 

switching out 

ET 

Normal 

1100 -5.78% 

1200 -6.27% 

EN. V' FAM —,10F/14124 N-1 
Matiari Converter Station-Jarnishoro N-1 

1100 -5.87% 

1130 -6.02% 

U*AEfflAA —am-an N-1 
Matiari Converter Station-1v ro N-1 

1100 -5.79% 

1200 -6.27% 

VAR.T. g.  AM — M 	N-1 
Matiari Converter Station- Didu New 

N-1 	, 

1100 -5.80% 

1200 -6.28%  

FOS-  —VM.EIVA-sitUA N-1 

Power plant- Matiari Converter Station 
line N-1 

1090 -6.01% 

i 40... 
1100 % 	 / -6.05 	\ 

, 	, 
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-5914—MO-U4Y14* n XUAIIE -5.40% 
.T.FAM A 900 

Jamshoro- Dadu New not it connected to 
Matiari Converter Station 1000 -6.08% 

ifig'WAT011 , 	#ASEA 
itEgizt4,5Eqffie-imAz. 14z, 4ks. 
twfvTICA-M-A-AT 	91.11 
gffiamTaa 6%nN 
According to the simulat. 	it is knoi 
transient voltage fluctuat.  t of bus 
system of sending-end 	s 4-circa 
groups and it connection f Jamsho 
uncertain, so the group ca» city shall 
cannot exceed 6% can be atisfied o 

tAAZ 4 Mad, 	 1090Mvar, Was 
-15731-93 3 	t,rks*tdael---thtP 500kV f > it A 

900Mvar, AS;1[43)- 4 glitfil1,T.V1 

n that the group capacity is not greater than 1090Mvar and 
converter station meets the requirement if the access AC 
incoming line. The converter station can be divided into 3 
- Dadu New 500kV line to Matiari Converter Station is 
less than 900Mvar and that the transient voltage fluctuation 

if the converter station is divided into 4 groups. 

6.2 /.1\ M Summary 

Agi 4 *gf1.33-gfihVlr 
	 4 .41.3)\-g.lihe 

As it connection of Jams 
the transient voltage fluot 

410 	is divided into 4 groups. 

Therefore, the grouping s  

90kV 
AZWAL5 

ro- Dadu 
ion can 

ATX4U TANMAA•TTrifiZti,  IIIIELIMRTA;Otk-& 

E.&ism7-caid 6% ry94*. Q> tMaLTAAM 

w 500kV line to Matiari Converter Station is uncertain, that 
exceed 6% can be satisfied only if Matiari Converter Station 

me of 4 	ups is used in Matiari Converter Station presently. 
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4r 	7 kir .1< AAM41k*S4M 
grouping capacity of rear 

7.1 .15ttlitititt Sy/gem cap 

lag 
Based on the grid integration report 
provide reactive power to the sending- 

.141.3)-S-Islia* Determination of 
e subgroup of Lahore Converter Station 

bilit), 

,MSt_A-A 	tICA-MWO:aVAKqo 
...ahore converter station, the AC system is considered not to 
id converter station. 

1 

7.2 G J 4474.&M I, '0 
calculation 

reactive subgroup switching voltage fluctuation 

(1)!_q_liM 3 	tris 3 Gas-led Power Stations are added at the receiving-end 

2018 ifit*ZKiz , 
The following calculations are based 
reactive subgroup switching is caJcula1  

ffiR 1 EgEEttt-4 
41, ktan, N-1 ,f/gy37Erint.- 4 
As the voltage fluctuation resulted 
starting-up state of local units, the 
executed under the small operation m 
mode and the result is as below: 

*7-1 

Table 7-1 500kV 

I-NEAirtA 4000mwvAilTrav7 lm.i.gtmiEp,E,  1-j, o  
the calculation level year 2018. The voltage fluctuation of 
under DC transmission power of 4000MW. 

Pfti=doxfAn/J\JJ 
, 

1--om reactive subgroup switching is mainly related to the 
lculation of switching fluctuation of reactive subgroup is 

ins of the system and L1ne N-1 taken as the severe operation 

%.1■4M.4 500kV 	04ZAM 
'oltage fluctuation of Lahore Converter Station 

fic-r'.4 
Operation mode 

oava 
(Mvar) 

wEIIEER-it 
Transient voltage fluctuation 

i 

titEhiii7A-4 
Steady voltage fluctuation 

Grouping 
'capacity 

(Mvar) 

ttA 
Switching in 

-L7J Eli 
Switching out 

1 

ttA 
Switching in 

-1;J Eli 
Switching out 

TZ 
Normal 

190 1.80% -1.98% 
, 

0.84% -0.81% 

200 	1 1.88% -2.09% 0.88% -0.85% 

220 	I  2.03% -2.30% 0.97% -0.93% 

171111-iilAatt --TAA-ii■ 

VM N-1  
Lahore Converter 

Station-Lahore line N-1 

190 1.82% -2.01% 0.88% -0.84% 
■ 

200 	I  1.90% -2.12% 0.93% -0.89% 

i 
210 	[ 1.98% -2.22% 0.98% -0.93% 

t1L-a- TAVA-4A- ,-.-,:j< 
Ad M N-1 

Lahore Converter 
Station-Lahore south line 

N-1 

190 1.79% -1.98% 0.86% -0.83% 

200 1.87% -2.29% 0.91% -0.87% 

220 2.02% -2.48% 1.01% .  -0.96% 

IA-..-51</AgA -V- *%. 
iMr4 N-1 

Lahore Converter 
Station-Lahore north line 

190 1.81% -2.01% 0.87% -0.83% 

200 1.89% -2.11% 0.91% -0.88% , 

220 2.04% -2.31% 1.01% -0.97% 
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■ 

i 	N-1 r: ■ 
4' ..1  

I 
1  
I 

-i.-1-N.MAVA: 	/1Ngl.*//1N+4 

The calculation result shows: 

The subgroup capacity 
meets the requirements 

(2)5i1:4X, 3 g-.1:t .. Et 
(summer minimum check) 

Table 

ii not greaterthan 
of transient fLquation 

))4(I/JA%11F) 

*7-2 
7-2 500kVE.4 

190Mvar, and the 
and steady fluctuation. 

No 3 Gas-fired 

-.A-5-f<IMAti4 500kV f4OCEEtAM 
voltage fluctuation of LahOre 

190Mvar, ICA-EldVE4k-itAXV5aitR4Zijsaf.M5 

voltage fluctuation of conversion bus 

'power Stations at the receiving-end 

Converter Station 

-.4.A 

Operation mode 

1 Otint 
(Mvar) 

Grouping 
capacity 

(Mvar) 

WEilEEttei0J 
Transient voltage fluctUation 

lit 	*A iik 4 
Steady voltage fluctuation 

45kA 
Switching in 

1J di 
SwitchiUg out 

4RA 
Switching in 

t73 Ili 
Switching out 

IES 
Normal 

170 
1• 

1.78% -1.95% 0.86% -0.84% 

180 1.86% -2.064 0.91% -0.88% 

190 	' 2.01% -2.25% 1.00% -0.97% 

Ei -8-5B' ICCLA -Vi. 11-  ir: ' 
a i'li. N -1 

Lahore Converter 
Station-Lahore line N-1 

170 1.82% -2.01% 0.93% -0.90% 

180 1.90% -2.11% 0.98% -0.95% 

Ir'L-A-VAAM-V-L -n-5 
Atl A N-1 

Lahore Converter 
Station-Lahore south line 

N-1 

180 hill 	1.80% -1.99% 0.91% -0.87% 
'-- 

190 1.88% -2.08% 0.95% -0.92% 

1  
200 1.96% -2.93% 1.00% -0.97% 

tast■ A A M --- ISLIril-■ 
ALRM N-1 

Lahore Converter 
Station-Lahore north line 

N-1 

180 1.78% -1.97% 0.88% -0.85% 

190 
r 

1.87% -2.05% 0.91% -0.89% 

200 1.94% -2.90% 0.98% -0.95% 

itXMA*0)]: tILIAlOaffiiia 
;RM.t=RO,Be_ftlR -430*. 
The calculation result shows: 

If there is no new unit at 
voltage fluctuation of conversion 
fluctuation. 

4± 2018 */1\)-JA, 
Isi.-&,;T;iL*_Fb-rsiyitoR,-F-  

#1Q-F*Pft77,-. 

! 
the receivin 

bu 

 	1*,Aalit 
(A-A 

, 	/.H[1.741./.1N-T 170Mvar, 

-end,the subgroup capacity 
meets the requirements 

JIM, 13-1*%F1L5EFli41§1-iiMMT,'Tifl, 
umLaii\nit- i--f-tii5o 
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As it is the early opera n stage 
substation is uncontrolle based on 
taken and the voltage flue, cation of c 
Lahore north substation(m imum 

t 7-3 

Table 3 sooky su 

WA00191K-SS-06A 

Study of Reactive Power Compensation of converter station 

DC project and the Construction period of Lahore north 
small operation means of 2018, the reactive switching is 

version bus is shown in the following table when there is no 
R operation mode) upon checking in this study. 

500kV -14d-qtfEtit 

oltage fluctuation of Lah4re Converter Station 

4 

Wis. f A 
Operation mode 

041.01 
. (Alva!) 

rouping 
capacity 

(Mvar) 	I li  

' 	V 	Eli iiiiti9h 

' ransient voltage fluctuation , 	 I 

tit 	EbifEi0b 
Steady voltage fluctuation 

45tA 
Switching in 

VJ I:4 

Switchingnut 
ttA 

Switching in 
-193 fli  

Switching out 

4-A*i:ML 
no Lahore north 

150 1.46% -1.48% 
i 	• 

0.92% -0.94% 

160 	. 1.53% -1.58% 0.99% -1.00% 

Itt.1q"I %J` 11, 

no Lahore north 

IA*1%-i<YAA-kili—/i1*< 
ail N-1 

Lahore Converter 
Station-Lahore line N-1 

150 1.49% -1.52% 0.97% -0.97% 

170 1.81% -1.73% 
1 	• 

H 

1.05% -1.07% 

J-61-k.fM;IL 

V 	
no Lahore

CS4 
north

S-Li', 
ANh N-1 

Lahore Converter 
Station-Lahore south line 

N-1 

`2-,53- 1PC-1"-zi:  

150 1.47% -1.50% 0.99% -0.99% 

170 1.87% -1.69% 1.36% -1.13% 

itR-MTVM #tri 

The calculation result s 

If there is no new unit 
and the voltage fluctuati 
steady fluctuation. 

7.3 i,INM Summary 

Tk.ap:Ev)-J -A, 4-y-1,-a-  ASA* 16 gfalt/MiltiM*AbtA-lAiltAT.V*, 4ta 
JEgaitii3fMA. It4140 
	

160)4+150x8=2480Mvar 

41 160Mvar 93ZAit 4, 150 

Regarding the strictest o eration situ 
conditions of the DC sy , em in La 
reactive power compensat n plan as 

kiNt fl, 	 150Mvar, miltizEb„Exwg,tv 

the receiv -end, the subgroup capacity shall be smaller than 150Mvar, 
n of cony° ion bus meets the requirements of transient fluctuation and 

ar )34gFV4-4. 

ion, 16 reactive power groups can satisfy various operation 
converter station. Th designing research results show the 

low ing: 

160x8+150x8=2480M 

within which 160Mvar fo the AC er and 150Mvar is for the shunt capacitor Devi 
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8 t:Y.*VMA%Vitti. 
Co nve rte r Station 

8.1 titri/FAXtfii}' 	Uft 
fluctuation calculation of Lah 

SAX icy 4 	Zttffl.114)-'674 

150-160Mvar is taken as the subg 
Matiari Converter Station accord in 
capacity of the largest group is 620M 

The capacity of the largest group is 9 

As.Ififf -T_A/1\"5-X-F,  
N-1 	 1±StiAt1 

The report studies the voltage fluct 
operation means of the system. 

On this basis, the severe operation 
station. 

The calculation result is as below: 

8-1 
Table 8-1 Voltage fluctuation at the 500k 

I Reactive group capacity of Lahore 

i;bi--FS Grouping scheme and voltage 
Converter Station 

U150-160Mvar, ILX*E.T.IMA,MA-14-  16 hiLI)PM.11, 

20Mvar. tIlIXTIJ 3 t 	AMR 930Mvaro 

p capacity and 16 groups of reactive subgroup are in the 
to the calculation result of the previous section, and the 

in case 4 groups are talcen. 

Mvar in case 3 groups are taken. 

41tE4LE., 	AMffla 

tion upon switching ota of reactive group under the small 

de of outgoing line N-1 is considered for the converter 

500kV1911JOIttr ICIUMF/R, 

ide of Lahore Converter Station under summer minimum-load mode 

VVA00191K-SS-06A System Study for 

660kVHVDC Project from Matierl to Lahore In Pa Study o'lleactive Per Compensation of converter station 

-TT-4 
Operation mode 

7 tff14I(Mvar) 

 Group capacity 
(Mvar) 

VnliOWEilEEttiib 

Transient voltage fluctuation upon 
switching out 

I'M 600 -5.13%  

Normal  700 -6.11% 

Isi.-f,'-.4-:.myetui — vi.*Attie4 N-1 	7i 670 -5.93% 

Lahore Converter Station-fLahore line 
N-1 	• 700 -6.25% 

I 
Vit%T<AMM—kis-%j:014t0111 N-1  600 -5.13% 

Lahore Converter Station-Lahore south 
line N-1 	. 700 -6.12% 

ti.1- 15.T■ V' *1k/ 4 — TSz± %.g 14t 24 N-1 1 	600 -5.21% 
Lahore Converter Station-Lahore north 

line N-1 700 -6.21% 

1)it =ii 3-1-g17.61  
According to the simulat n, it is k 
than 670Mvar and can 	the requ 

If8,51:4444-32J3A-F4 
h4E-7:*VYAMVJP* 

'Because the voltage fluet tion of r 
mainly checked and no full trans 

670Mvar, 	zwz5Etavmnuz. 
n that the grouping ca acity of reactive group is not greater 

nt of transient volta 	fluctuation. 

MAJJA, 

• 
tive grouping under f 1 transmission at the receiving-end is 
sion is executed under summer minimum\load .mode, the 
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r Station upon switching out reactive group under summer 
same time. 

voltage fluctuation of Lahore Conve 
maximum- load mode is checked at th 

8-2 	*%-.1-<*am 500kV oincifivoycy, 

Table 8-2 Voltage fluctuation at the 500kV e of Lahore Converter St lion under summer maximum-load mode 

37g4.5--4 
Operation mode 

ffl.-V-I(Mvar) 

Group capacity 
(Mvar) 

imbolw*EtuEilitict 
tranaient voltage fluctuation upon 

switching out 

1* 
Normal 

700 -5.62% 

800 -6.38% 

ISLISsii■AIM----431*VAM N-1 

Lahore Converter Station-Lahore line  
N-1 

720 -5.91% 

800 -6.53% 
i 

ervskm,m-15-1-p;;J:gottgii N-1 

Lahore Converter Station-Lahore south 
line N-1 

700 i 	-5.64% 

800 -6.41% 

IS-L*7-14/4A —4-4.-A-,%B1L014 N-1 

Lahore Converter Station-Lahore north 
line N-1 

700 -5.70% 

800 -6.48% 

lk 	According to the simulati n, it is k 
than 720Mvar and can 	the req 

USDNXMttlgfilit ,  
The voltage fluctuation on switc 
mode is considered when re is no 

A 8-3 X/.1\ 

Table 8-3 Voltage fluctuation at the 500k 

-T- 720Mvar, p7 	zwz5Fg,aamn*. 
n that the grouping capacity of reactive group is not greater 

nt of transient voltag6 fluctuation. 

g out of reactive grog under the summer minimum-load 
unit at the receiving-did. 

Mit 500kV ir)11J atcke-mtia 

ide of Lahore Converter S ation under summer minimum-load mode 

- 45- A 
Operation mode, 

4 

41,-"ti(Mvar) 
Group capacity 

(Mvar) 

 tatIclOWEttEEWOJ 
Transient voltage fluctuation upon 

switching out 
i 

Normal 

620 -5.81% 
, 650 -5.98% 

tt.*%1■IANA — TA*5.FAIdi N-1 

Lahore Converter Station-Lahore line 
N-1 

620 -5.99% 

650 -6.18% 
i 

tri-A-;FIMY3S-4:4.-gr%F.Otti4N-1  

Lahore Converter Station-Lenore south 
line N-1 

620 -5.84% 

650 -6.04% 

151,-;:i<AN§1S-1S11-0-15-1-01AtnrN-1 

Lahore Converter Station-Lahore north 
line N-1 

 620 -5.78% 

t 
. 

650 -6.01% 
i 

ft8MA-P-10,  tV)t N)C-T-  620Mvar, 1-11-0,44XVIEDAVAUz. 
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According to the 	latio  
than 620Mvar and can mee  

8.2 !NM Summary 

According to the cakulati 
Station can meet the requk 

n, it is kno 
t the req 

SAVA 11  
n result, 

ment that 

that the grouping cap ity of reactive group is not greater 
nt of transient volta 	fkletuation. 

tg113-1-gliV15-f 0.4/.WitEgERMTkEll 6% n54z. 
grouping scheme of 4 groups taken by Lahore Converter 

e transient voltage flucttiation cannot exceed 6%. 

VVA00191K-SS-06A 

Study of Oeactve Power Compensation of converter station 

System Study for 

±660kVHVDC Project from Matiati Lahore in Pa 
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9 SttliJ*0*.WES101  WC, Configuration optimization of inductive 
reactive power compensatioa devices 

a —AMR, 	 M5IMAAMEO&K.LaligAgTAi.tW: 

Generally, the total reactive power t 	shall be absorbed by Converter station under the minimum 
DC operation mode is calcWated acc ing to the following formula: 

Q 
Q+Qd,  

— Q I 	
„
U2  

Where, 

• )A ItifiTAA 

Q, is the total reactive po r absorb 

Q,,,Y-k -itff)EVJPALIkiaCt t, 

Qac  is the maximum react ve power 

the calculation of reactive absorption 

y shunt reactor of converter station under normal voltage; 

ICAMTAIR3dtAtAllit 1)J; 

wed from converter station to AC system permitted during 

vice; 

QacY3*--i±W JEV_PalitaA- F11-  , it*.iijkAtAlItRA ; 

ale  is the calculated react've power 4quirement of DC system during the calculation of reactive 

absorption device; 

Qpth, 	IF*  

Qf  min  is the reactive powe generated 

,3-R-1411,-MZIYY;:_gt 

U is the per-unit voltage o AC bus d 

9.1 VI#RIASS 
power compensation devices 

9.1.1 AXAVE+ T. 
under the small ope tion me 

*2P11.ffiTtfliATA; 

the minimum AC filter group under normal voltage; 

XMAY3 1.0. 

design and it is 1.0. 

C*12ffl. Configuration of inductive reactive 
Matiari Converter Station 

;i3* InductiVe reactive power requirement 
s of DC system 

MA-R FoA2N441.926 I 1. 
AFAM a-A.XV319301k 

2 groups of filters are inp 
single group capacity of I 
of Matiari Converter Stat 

0Mvar, NETT }.r AT&AM.41*AgMt; zotAtAxIVVIE1 
11111:Lli PMqV  TIACYIMbeviNg4TA({3ZUqVVA 10V01.#_fi:  

for cons ration under the minimum operation mode according to the 
OMvar of ter; AC system is not capable of reactive absorption capacity 
n. 

Therefore, the reactive balance rest 
operation mode considere ) of Matia  

under the minimum DC operation mode (only\10% bipolar / 
i Converter Station is shown as below:  
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* 9-1 ttip;RN.4.CA-Mil\A-FtlisilVI-i'iti 
balance of tiari Converter Station under tle small operation means Table 9-1 Reactiv 

AA,I)J(MW) ' 

DC power (MW) 
-4. 

400 

-• 

400 

6CAdiAtg-94a(Mvar) 

Filter capacity input (Mvar) 
1 x150 

i g,  

2x 150 

WAt31.4 1MAg(mvar) 
Reactive consumption of converter 

station (Mvar) 

122 122  

J:)J -T- Iri(Mvar) 

Reactive balance (Mvar) 
•-,-- 

28 

4- 

178 

aEvotz MA-ftrF 
178Mvar, 9-4ftVJA- il 

esPJAMM4f:15-6 zo-E 
fIJ)41-1=-th 500kV F41)J-'12,  
It is shown that about 178Mvar of c 
capacity reactive power is surplus 
operation mode. 

• 88Mvar of inductive reactive power 
about 90Mvar between t e convey 
system. Relevant compe tion pla 

500kV line reactive ba 	(with 

9.1.2 

TX,  V EITCAM*Itfi 50 V ffiR 
• 4 1114A1E, 2 Gt  k7 
• amKft 165km, 1 1=1*;frt 

IJJ11-1iir)1* 9-2 Pfi7-T-N-H, 

Matiari Converter StatiOn has 10-c 
line and the line is about 180-245km1 

As for the other 4-circuit 
40km and 43km, 1 to M 
with line length of 172k 
shown in Table 9-2. 

access syS 
ro substati 
Inductive 

rEt.avtR 

90Mvar, XPRO-.11t, g4isit; 88Mvar 

(1-TX 9.1.2) 

city reactive power of converter station is the rest and the 
r the condition of nornial trigger angle and 10% bipolar DC 

11 be compensated diving bipolar operation because it is 
station and exchange dead zone of reactive power of the 
shall be considered tOgether with the overall planning of 

1.2) 

Reactive balance Of AC system 

F1=1  6 111Y3CA 	dY14-L- MIE 180-245km 
FoA, gAM-LQS0-1- .!M 40km, 43km, 1 iilits:44E.ft 

g_AM-Kik ltkrn; 500kV TA*RIAM-A40_,Ot 

it 500kV outgoing linos, of which 6-circuit is the incoming 
ng. 

m, 2 to Jamshoro substation, with respective line length of 
with line length of 145kin and 1 to Dadu New substation 

active power balance cif 500kV Matiari Converter Station is 
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*9-2; VMEI4CASIV:61.1I)PF*1 

Table 9-2 Inductive rea-tive power balance of Mat r Cnnverter Station 

VA H 
Item 

-La 

I,e-gth 

l' '1)J*  
Charging 

power 

Charging 
I)j  

Powe 1 r 

Head end 

AM 
High 

reactance 

Tail end 

A tit 
High 

reactance 

A lit 

High reactance 

41-ftl 
Compensation 

degree thro  
'` 

)(Mvar/100 1 
(Mvai) (Mvar) (Mvar) 

fr4 %.-1 F,  b , I --- — V M 2 . . ffi . A 4 t ' 
Thar Power Plant-Matiari Ca 

Station circuit I 

. I E:1 
verter =5 

1 

128 313.6 

I 

150 120 86.10% 

iVi 'ELF —VAR  T. YAX 

Thar Power Plant-Matiari Co 
Station circuit II 

verter 

II Cl  
5 128 313.6 120 150 86.10% 

414- A gr.  — VARffl. 

Hubco Power Plant-Matiari 
Station circuit I 

tr4 I LI 

'nverter 
1
=0 

11 
, 

128 281.6 120 120 85.23% 

NM A !tr.  — M-Af.R.14C4 

Hubco Power Plant-Matiari 

II 111 
Inverter 

Station circuit II  
=0 

II 
128 281.4 120 120 85.23% 

--k.fiNFU,r — V*.E.T. 	. 
Qasim Power Plant-Matiari 

Station circuit I 
verter 

)14 I CI  
, 	SO 128 230.4 90 120 91.15% 

+Mel Egi- — tMENAtt 
Qasim Power Plant-Matiari 

Station circuit III 
 

II Cpl 
inverter 80 128 230.4 120 90 91.15% 

rzfii —TA*R1 	s 
Jamshoro-Matiari Converter 

circuit I 

I El 

Station " 	13 

,. 

100 43 134.31 0 

IM.— 	R14 
Moro-Matiari Converter ation 

' 	65 100 

t 

165 1 134.31 0 

51414 -1Afg.N.Ilti 

Jamshoro-Matiari Converter 
circuit II 

II El 

Station 10 100 
1 

40 ' 

'4  

66 0 

itli—IX4E_Igt, 
Dadu New-Matiari Convert=;  

,trS 
Station 

72 
1  

100 172 66 90 90.70% 

IMMAII-ftkii 14], 
Charging power to be comp 

for line by the converter s 

* 
sated 

ation 

962 

500kV CE:A±dr 
5001(V power outgoing 

-94:ttI)31-ft 
' e 
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±660 kV HVDC Project from Matiari Lahore In P Study o Reactive Power Compensation of converter station 

Uncompensated capacity of 
capacitive reactive power 

V. 
m N Aav-I 

Instation high reactance capacity 1.._  810 

f 
AMS1-4/.1NI)AT0'‘aV3 	la 

Reactive power shortage of converter 
station under low power 

1214 NW-if?-41 
Instation low reactance capacity 

0 

Inductive reactive power shortage 
(+shortage,-surplus) 

240 

TMf, 	 WIE4 
MiLM 	glY1M 41, 
According to previous en meering e 
source for the converter) tion shall 
this line, to make the c rging p 
considered at both sides of the line. 

112021KMAMI-LE, 
ammtimito 

rience, charging powe of collective line of auxiliary power 
compensated at powe plant side. But due to overlength of 
r of compensated 1. 	averaged, compensation shall be 

El3X 9-2 IA-0, ,kxxv 
it ;Am, 240Mvar. 

From Table 9-2, we finat 
Matiari Converter Statlo 
240Mvar. 

IYMIAT IMR W  ICAMStt 

t under th premise of 810Mvar high reactance of compensation line for 
inductive' reactive power shortage of Matiari Converter Station is 

MAR 810Mvar 

g:4-;*XMIE 	 1 1r5 5 OkV ifia. 
g-1,54Vt'AE.14A' MEN 4 

With synthesizing induct' a reactive 
converter station in DC' de, we 
Matiari Converter Station, 

9.2EL*5.-i<AMS 	11+ 
power compensation devices 

9.2.1 AXAt3V.IN 
requirement under e small 

ffiitgagg*-kifIrifl: I 0Mvar, 
ISM'fiVa4VJuglikflt ,  

A)-FI)J 	Titi- MXtarr T: 
2 groups of filters are lop for con 
single group capacity of 1 ro0Mvar of 
of Matiari Converter S 	n. 

E*fli.E.trIANATIAA3M.IktiLlt *ft- 
0Mvar 

wer compensation derr>#tnd of 500kV outgoing lines and the 
mmend that 4x60Mvar low reactance shall be configured in 

MEN Config ration of inductive reactive 
Lahore Converter tation 

VA* Induc ivie reactive power 
eration means of I1tC system 

N'TS_44.TAT*APUittAikt.T8; )7ZNAtOit■*AEN 
HENIMMANA4■3-E45--A(15A.TVM 10°/03--  

ration under the minimum operation mode according to the 
ter; AC system is not capable of reactive absorption capacity 

Therefore, the reactive h 
operation mode considere 

lance resu under the minimum DC operation mode (only 10% bipolar 
) of Ma 	Converter Station is sh iwn as below: 
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±660kVHVDC Project from Matiad Lahore In Pak an 

WA00191K-SS-06A 

Study of FE4tac ve Power Compensation of converter station 

9-3 
Table 9-3 Reactive balance of ore Converter Station under tlie small operation means 

AM.It *(Mw) 
DC power (MW) ■ 

400 400 

ELA054-S.'-(Mvar) 
Filter capacity input (Mv ) 

1 x160 2x160 

A WAS 	I)J 'A K(Mvar 
Reactive consumption of co 

station (Mvar) 
erter 135 135 

I.jj-T--It(Mvar) 

Reactive balance (Mvar 
25 185 

_. 

0474:4-F'  

4.EE< 
I)31$611 

Mvar of 
surplus uri 

Live power 
e conve 
tion planS 

(with 

W d 6( 
00kV itt4 

has 6-c 
2x2km, 7E 

north 5 

VJF-/fOt 
alance of 5 

9-41  

e balance 

TJ1- 0.4± ,  tEIVith4 
185Mvar, -94-ttIVA! 

ittPJA!'/V44tA 
)c* h 	500kV 

It is shown that about 18 
capacity reactive power is 
operation mode. 

95Mvar of inductive rea 
about 90Mvar between t 
system.Relevant compe 
500kV line reactive ba 

9.2.2 3ESAf.fA 

Irl*//il'Af/AYM2PIJI 500k 

TC 	*%.i< 

024-KA 2x60kmo 
Lahore Converter Static* 
500kV line with length() 
2x12.51cm, 2 lines to 

500kV 
Inductive reactive power 

Table 9-4 React 

Aagfk 	 Imurs-94-stI)mg4J 

90Mvar, 	 1M4l-ft 95Mvar Stt 	tiJ 

tTE. (Wil, 9.2.2) 

acity reactive power of couverter station is the rest and the 
r the condition of normal trigger angle and 10% bipolar DC 

11 be compensated during bipolar operation because it is 
station and exchange dead zone of reactive power of the 
hall be considered together with the overall planning of 

2.2) 

Reactive balance ofAC system 

41rIfi-—IflitAX:.g5001kV g114,7t4g104- 12x2km,  

10M 2x12.5km, 	 500kV 

it 500kV outgoing lines, 1; connection of Lahore-Sahiwal 
nnection of Lahore- South Lahore 500kV line with length of 
V substation with length oft 2x 60Icm. 

*9-4 Pa-i. 
kV Lahore Converter Staticm is shown in Table 9-4. 

*VMA.1.[P.INAT Pl'aIt3flt 
ore Converter Station under the small operation means 

I 

g N 
Item 	, 

Le*h 
p. 

f:q1)J*,. 

Charging 
power 

q 

Chargin 
g 

it * 
Power 

In* 
Head end 

Ag 
High 

reactance 

** 
Tail end 

-Art 
High 

reactance 

7-grug 

High reactance 

414 ft 
Compensation 
 slegree 

.. 00 
(Mvar/100 
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\ 
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Lahore In Pak Study of ac 0 Power Compensation of converter station 
System Study for 

1-3/..-J -4::/-*VCA.SE4 I til 
Lahore-Lahore Converter Stat. n 

circuit I 
36 100 36 0 

blis-A-<-4i1:)-4WitM ii 
Lahore-Lahore Converter Sta 	n 

circuit II 

531 
100 53 0 

Vg.  

Lahore south-Lahore Cony 
Station circuit I 

er 21L 100 21 0 

b-_-8-%:(A —Vg.*%.MCR,§4p 
Lahore south-Lahore Converter 

Station circuit II 

1:1 
201  100 20 0 

iti-A-  :.i1L —tk-k-, :1:4CAkt I 
Lahore north-Lahore Converter 

Station circuit I 	1  

1:1 
601 100 60 0 

IA 1--15T<AL-4Sifrii■ :4  ali,qp Fl 

Lahore north-Lahore Convetter 
Station circuit II 

60 
1 

i' 

100 60 0 

IC -kM4HtdVM EVA.* 
Charging power to be 

compensated for line by the 
converter station 

130 

500kV EOM ffl kita 
500KV power outgoing line 

-"'fIVJA41-t-2gt 
Uncompensated capacity of 
capacitive reactive power  

i 

0 

MA AT-Itit:t 
Instation high reactance capacity 

0 
.... 

MkAi.INV3*-F 04] 	Iii3O,M 
Reactive power shortage of 

converter station under low power 
95' 

MAT 	,44i 
Instation low reactance capacity 

0 

SttIMOM1.(-FM-$-) 
Inductive reactive power shotiage 

(+shortage,-surplus) i,  

22$ 

Fla* 9-4 WO 	1- '1"%1 IMARYJ 225Mvar. 

From Table 9-4, induct* reactive p er shortage of Lahore Converter Station is 225Mvar. 

g5i;*131*i.M*AM 5001(V WftS IMI-ItM*filAM/JNATIMPASAXA41414- 	, 
4x60Mv 
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±660kVHVDC Projectfrom Matiari to Lahore in Pak 

With synthesizing inductiv reactive l 
converter station in DC nY de, we rec 
Lahore Converter Station. 

WA00191K-SS-06A 

Study of Reactive Power Compensation of converter station 

wer compensation demancl of 500kV outgoing lines and the 
end that 4x60Mvar low reactance shall be configured in 
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1AL ±■60kV :OA% irlICAMIXAN1111fif 
Study of Reactive Conti uration of congener station of Pakis,tan ML 66 kV DC Transmission Project 

10 lig 	 Study onclusicilas 

(1) I- 44V TAN3/IYX/R 

(1) The AC system of M ri Convert r Station is not capable Of providing reactive support. 

(2) U -*E-W6IS1SiVtt IM An 2 87Mvar; 1--A-E'r:T4CikAttIVAlig)g 2311Mvar. 

(2) The maximum reacti e power consumption of Matiari Converter Station is 2387Mvar; The 
maximum reactive pi) er consurraiso.  n of Lahore Converter Station is 2311Mvar. 

(3) T5X41E.CC-A-Mlit CM. 16 45-Vvi\g14, 3)41,1-.Y3:1 150x9+180x7=2610Mvar; 

::RANAlftrifIE.E. 11 Y klaVY14., 3-1-.41}3tt: 160X8+150x8=2480Mvar. 

(3) 16 groups of reactiv, subgroup are recommended in Matistri Converter Station, and the 
grouping scheme is: 

150x9+180x7=2610 var; 

16 groups of reacti subgroup are recommended in Lahore Converter Station, and the 
grouping scheme is: 

160x8+150x8=2480 var. 

(4) U*R14YdttsiA 4 ka3)411 ••*; Itc.*VkAk-rSiiffl 4 g1l.3)-.4M. 

(4) The grouping scherrte 0f4 groups s used in Matiari Converter Station; The grouping scheme of 
4 groups is used in 	•re Convener Station. 

(5) UfugUjib-MS R. 4x604var 	VEZ ,  tk-6-5.10ASAM1Ikaffi011.1E. 

4x60Mvar 

(5) 4x60Mvar low volia 	reactors 'Shall be configured in jthe Matiari Converter Station, and 
4x60Mvar low vo ge reactors are installed at the loW voltage side of converter station 
transformer in Lahore converter fixation. 

(6) 4 	16 /1\ g_11 1,*4XIMAP. VA-4--FVA 
amailm*, 	TX3RffJH VC 

(6) Based on the above 
meet under normal a 
in Matiari Converter 
SVC and other dyrat 

sults, the 4,■oject adopted by the 4 gr0 s sending 16 subgroups plan to 
harsh coiditions of the system volta fluctuation range requirements 

Station an4 :,shore Converter Statioh, e minating the need for the use of 
reactive, lower compensation deVice. 
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