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a 
Currency Equivalent - 

Currency Uni t * Pakistan Rupee8 (Rs. ) 
1 Rs. - 100 Palsas 

A t  ~ppraieal (November 1983 ) 

$1 I. Rs. 12.75 
1 Rs. - $0.0783 

Since January 9, 1982, the Pakistan Rupee has been delinked from U.S. Dollar. 
Pakistan now maintain8 a managed floating exchange rate based on a weighted 
bqsket of currencies of the country's major trading partners. The rupee - 
U.S. Dollar parity is fixed daily. 

% 

A t  Project Canpletion (December l988 ) 
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Wh 
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GWh 
Load factor 

Syetems lossee 

Plant factor 

(Volt ) - 
(Kilovolt) - 
(Watt) - 
(Kilowatt) - 
(Megawatt 1 - 
(Megavar ) - 
(Watt-hour ) - 
(Kf lowatt-hour ) ,- 

(~igawatt-hour ) - 

Reliability factor 

Availability factor 
5, 

Unit of volkage 

1,000 volts 

Unit oE real power 

1,000 watts 

1,000,000 watts 
1,000,000 vol t-ampere-reactive 

Unit of energy 

1,000 Wh 
Million kWh 

Ratio of average power demand to 

maximum power demand 

Energy losses incurred in power 

system networks and equipment 

The ratio of actual capacity 

utilizi$ion of the plant to its 

maximum possible . capacity . 
utilization 

I 

The per cent oE time the unit is 
in operation. It is equal to the 

hours the unit is in operation 

divided by the total hours in the 

period under consideration. 

The per cent oE time the unit is , , 

available for, services, whether 

opxated or not, It is equal to 

available hours divided by. the 

total hours in the period under 
consideration. 
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A. LOAN IDENTLFICAI'ION 

1 .  Country 

2.  Loan Numbers 

3 .  Project T i t l e  

4 .  Borrower 

5 .  Executing Agency 

6. Amount of Loans 

8 .  M A N  DATA 

i. Appraisal 

- Date Started 
- Date Completed 

2. Loan Negotiations 

- Date Started 
2&3 - Date Completed 

3 .  Date of Board Approval 

4 .  . Date of Loan Agreement 

5. Date of Loan Effectiveness 

- In Loan Agreement 
- A C ~ U ~  

I .I - Number of Extensions 

6. Closing Date 

- In Loan Ag~eement 
- Actual 
- Number of Extension 

~...;laniic ~cpublic of Pakistpn 

OGG1-DAK and OGGO-PAK(SF) 

Cucldu 450 MW Combined Cycle Power 
1'1 a11L 

rs1aali.c llcpublic of Pakistan 

']'lie Pakistan Watet a Power 
!jr?vcl.opnent Authority 

OGG1-PAY, 57.5 million 
0660-PAK (SF) 4 83.4 million 

'rota1 ,lr10.9 million 

7. Terms of Loan 
OGGO-PAK (Sfi 0661-PAK 

- Interest  Rate D 10.5% 
- Service Charge 1% 0 .75% 
- Bank Fee 0.52 0.75% 
- Maturity (No. of years) 3 0 25 
-Graceperiod (No.ofyears )  10 5 

March 20, 1981 
tlovember 2 ,  1984 

nugust 31 ,  1987 
llot yet closed 

One 



BASIC DA'YA !illl?l~:'f.' (Conk Id)  

8. TeKtW of ~ e l e r i d h g  

- In teres t  Rate L1.2 .. - Maturity (No, of years) 2 5 
- Grace Period (No. of years )  5 

9.  Disbursements 

- Date of I n i t i a l  Disburse~net~t: Decernkr 21, 1904 - Date of Final Disbur~erne~~l: - Amount Disbursed 
- Amount Cancelled 

10. Local Cost (Financed) t4/A 
8 , I  

4 C . PROJECT COST DATA 

Appraisal 
EsLirnate 

Project Cost ($ mill ions) 

Actual 
Total L 

a) Foreign Currency Cost 206 .9  188.60 
b) Local Currency cost: 
C) Total 

Financing Plan ($ million ) 

a) Dank Financed 140.9 
b) Other Financed (USAID) 52 .O 
c) Local Financed 
d l  Total 

Cost Breakdown by Project: Co~npor~cnts 

a )  Gas Turbine-Generakors 90,3 
b )  Transformer and Switchyard 12 .1  
c) Steam Plant 76.4 
d )  Central Controls 2 . 0  
e )  Gas Pipeline 7 .O 
f) Engineering Services 3 .7  
g)  In teres t  during Construckion 14 .O 
h )  Other -- 155.3 
i )  Total 362.2 

I"' 1Rh.F  - 



4. Pro jec t  Schedule 

The WAPDA tlProEorma PC-1" sclicclul.c! ( f i gu re  7 )  whic11 wao issued i n  

August l9!2 showed Phase I ( t h e  g a s  Lurblnc p l an t )  ao being c ~ i s s l o n e d  

by mid-February 1985 and Pliase 11 ( t h e  cunbincd cycle add-on) ae belng 

cmnissioned by mid-March 1987. I'hilsc:! :r: was t o  be completed wltlijn 10-1/2 

months oE the  award oE gas turl~J.lle cont rac t  and Phase I 1  was to be 
completed within 38-1/2 months of t l ~ i  award of cbntract  f o r  the IIRSC's and 

steam turbine-generators . 
The schedule prepared by Stone & Wcbster i n  April  1903 ( f i gu re  0)  

showed Phase I a s  being completed Ly rni.d-;la~~uary 190G and Phase I1 a s  

being completed by mid-February 19137. Phase I was t o  be completed wlthin , 

24 months of award of the  gas turbinc contract while Phase I1 whs t o  be 

completed within 28-1/2 months of the 11RSG's and steam turbine plant: 

cont rac t .  The Stone & Webster scheclulr! is considered t o  be the reference 

schedule f o r  comparison purposes. 

The p ro j ec t  schedule includrxl i n  the Bank's appraisal  report  issued 

i n  November 1983 ( f i gu re  9 ) ,  sliowcd Phase I ( t h e  gas turbine p l an t )  a s  
being cormnissioned by . November 3.905 and Phase I1 ( t he  combined cycle  

add-on) a s  being c m i s s i o n e d  by January 1907. Phase I was to  . be 

completed within 21 months from the award of the contract  while Phase I1 

was t o  be completed within 29 rnontl~r; f r a n  the award.oE the contract  Eor 

the  BRSS's and steam turbine-generakor!;. 

A comparison of key da t e s  between the appraisal  schedule and ac tua l  

performance is as  follows: 



& p 3 1 ~ ~ 1 ~  -- Actual 

L O ~  II\: gas turblne plant 

Contract award Ja ruary  15, 1104 June 20, 1904 

Initial Operation Unit No. 3 Septcrnlx?r 15, 1905 March 1, 1906 
Initial Operation Unit No. 4 sepLcl~~txr 15, 1905 March 12, 1906 
Taking Over Unit No. 3 1~lovc~i11l:er: 15, 1985 March 6, 1906 

' Taking Over Unit No. 4 tlovcrntx3r 15, 1905 npril 12, 198G 

Lot 18: Gas turbine plant 

Contract award 

Initial Operation Unit No. 1 
Initial Operation Unit No. 2 

Taking Over Unit No. -1 
' Taking Over Unit No. 2 ' 

Lot 4: Combined cycle add-on 

Contract award 

Initial Operation Unit No. 1 
Initial Operation Unit No. 2 

January 15, 1904 June 20, 1904 

November 28, 1985 
December 27, 1985 

Dccernber 20, 1985 
March 30, 198G 

March 16, 1986 

December 27, 1987 
March 22, 1908 

Taking Over Unit No. 1 January 15, 1307 November 19, 1988. 
Taking Over Unit No. 2 January 15, 1987 August 21, 1988 

I .I 

I Data on Bank 

Date - Type of Mission --- Mandays 

(To be completrxl by Bank) 



Scope, Objeckives and Rationale 

Introduction: 

On December 6, 1903 the Asian Dcvclopncnl: Bank approved two loans tto. 
661-PAK and GCO-PAK i n  the a1noi111C of US J: 140.9 million for the Guddu 450 

MW Combined Cycle Power Plant Project. l'llc! borrower for the project was 
the Islamic Republic of Pakistan and t t ~ c  executing agency was the Pakistan 
Water and Power Developnent Authority (PIAPDA ) . Please see Appendices 12 
and 13. 

The cost of the project was estimated t o  have a foreign exchange 
component of U S  $192.9 million (excluding inte'rest during constructionl. . , 

The ADD loan was supplemented by tinancing of US $52 million Prom the 

United States Agency for  International Developnent ( U S A I D ) .  The ADD. and , 

USAID financing was intended to cover the construction of two canbined 

cycle u n i t s  (with each unit  comprisir~y I-jlo ( 2 )  100 MW .gas turbines, two , 

(2 )  heat recovery steam generators and one (1) 100 MW steam turbine and 

its aux i l i a r i e s ) ,  an extension to  tlie existing 220 kV switchyard, central 

controls,  the construction of a 65 Krn gas pipeline and engineering 

services. T h e  450 MW nominal r a t i n g  corresponds t o  an ambient a i r  ' 

temperature of 50°C. The plant  output a t  2 7 O C  is approximately 600 MW. 

Project  Scope 

The project: consisted of two ptiases: Phase 1 canprised the gas 
turbines, switchyard and gas pipeline and phase I1 comprised the canbined 

cycle add-on. The scope of the project  a s  envisaged a t  appraisal is given . 

i n  d e t a i l  i n  Appendix 2 and summarized below: 



( i , Phase I : 

( a ) .  Ins ta l la t ion of four gag I:i~rbi~lc:-gc~~erilI:oro 

(c) .  erection of the 220 kV !;wi!:cl~yarcl extension 

( d l .  Associated auxiliary plan!: and equipment 

( i i) .  Phase 11: 

( a ) .  Ins ta l la t ion of four ( 4 )  Ilc;it Recovery Stem Generators '(HRSG's) 

( b )  , Ins ta l la t ion of two ( 2  Sl-.cnrn 'l'urbine-Generators 

( c . Associated auxil iary plant and equipnent: 

3 .  Project Ob jecbives and Rationale 

3 ,   he project  was conceived in the context of WAPDA's pressing need to  

narrow the expanding gap between the supply and clemand 'of e l ec t r i ca l  power ' 

i n  Pakistan. This project was park of Pakistan's s i x t h  (6 th)  Eive year 

plan (1983-1987/88) for the developncnt of the energy sector. The 

rat ionale for  the project considered the higher efficiency of a cchined , - 

cycle plant (vis-a-vis a convetltional thermal u n i t ) ,  the use of an 

indigeneous energy resource, ankicipated plant r e l i ab i l i ty  and relat ively 
shock construction schedules, par kicularly for the gas turbine units. 

4 .  The spec i f i c  objectives of the projcck were to: 

( a )  Provide base load generating capacity which would a s s i s t  i n  
I 

minimizing load shedding during the winter months when hydroelectric 

power generation is curtai led due to  the reduced flow of water i n  the 

r ivers.  
I . . (  

.. 
(b )  To provide additional p a k i n g  cnpaci t y  . 



0,  Implen~entation Methocls Used 

, 5 .  The four  ( 4 )  gns Lu rb i~~cn  were or ig ina l ly  sct~eduled t o  k 
ccmnissioned by January 190G w l k h  c n r l i e r  cormnieoioning of the gas 
p ipo l ine  and tho 220 kV nw1I:cliyord exptrnslon. The two steam 

' turbine-generators were schedulccl to tu? ca~nnio~ioried by ,lariuary 1907. 

The p ro j ec t  was financed by kl~o Aaian Developnent Dank (N IB) ,  the I 

United S t a t e s  Agency f o r  In t e r n i ~ t i ~ n a l  Developnent (USI\ID) and the 
Government of Pakistan (GOP) . 
pro j ec t  Implementation was as  follows: 

i .  WAPDA es tab l i shed  a pro jec t  tcil~n led by a Pro jec t  Director report ing 
t o  the  WAPDA' General llanager ('l'herrnnl) through the chief  Engineer 

( ~ e s i g r i  and Developnent 1 I'herrnnl. 

ii. Technical and economic f e a s i b i l i t y  s t ud i e s  were prepared by the  ADD 

and a USAID financed U.S. based consulting firm (Stone & Webstet 

Engineering Corporat ion) .  Stor~c & Wcbster a l s o  prepared the "bid 
packagest1 f o r  t h e  gas turbines and s w i  tchyard ex tension. 

iii. USAID engaged a U.S. based architect-engineering firm (Gibbs & Hill 
Inc.)  which, report ing t o  WAPDA and together with a . loca l  

engineering consul t ing Eirn~ appointed. by WAPDA, was responsible Eot 
the  conceptual design oE the p lan t ,  preparation of bid packages, 

review and evaluat ion of. proposals, monitoring oE equipnent 

manufacture, and overa l l  coordination and monitoring oE a l l  s i te 
a c t i v i t i e s  through mobil.ization, construct ion,  s ta r t -up  arKl 

commercial operat ion.  

iv .  WAPDA entered i n t o  a number of turnkey type cont rac t s  ( " lo t s" )  for  

the  design, supply, i n ska l l a t i on  and c m i s s i o n i n g  of the p lan t  

f a c i l i t i e s .  The foreign currency cumpnent: oE the major cont rac t s  

involving imported equipnent was financed e i t he r  by the NIB or by ' 

I 



USAID. These included tho gnu I:u cbim-ycricratorn, tho I lRS'e, stonm 

turbine-gonerators and nuxi.J.l.ary oquiprmntt the owltchyarcl axtetmlon . 

and materlal and equipant f o r  t h n  gao pipeline, Contracts lor * - 

i n i t i a l  s i t e  preparation, the control. ar~d adrniniotration builcllngs, 

the warehouse and workoliop, t:h? conutruction of the gas plpelltie, 

1 , I  

the fuel  o i l  tanko and okhcr auxiliary f a c i l i t i e s  wore executej by . ' 

local contractors under loco1 rupee financing . 
I 

v, Foreign and s i t e ' t r a i n i n g  of I./ALUA personnel was provided by the , 

turnkey plant suppliers. 



I 

Phase I: 

The Tender clocurnerltn Lor I:he !;upply, e rec t ion  and c m i s s i o n l n g ~  

oE two ( 2 )  ga6 turbir~o-gr?ncrclCor s e t a  and accessory equlpnent were 

issued on Ju ly  15, 1903. Did:; wcrc received and opened on October, 

31, 1903. A cont rac t  wao signed k tween  ' W D A  and the General 

Electric Company oE U.S.A. on Septcm@r 2Gt l98rl. 

Gas turbine-generator ul~it::; 3 and 4 were taken over by WAPDA on 

March 6 t  1986 and Apri l  12, 1.90G rcr;pectlvely. 
I -  

2. Lot 1B; Two ( 2 )  Gas Turbl.nc-Gc~lerators and Accessory Equipnent 

The Tender documents for this work were issued along with Lot l A  
and t he  cont rac t  was a lso  sicjnccl on t h e  same da te  i . e .  September ' 26, 

1984. 

Gas turbine-generator un i t s  1 and 2 were taken over by WAPDA on 

December 20, 1985 and March 30, 190G respect ively.  

3 .  Lot 2: Main Step-up Trarlsformers f o r  Gas Turbine-Generators ar~d 

220 kV Sw!. tchyard E x  tension 

The Tender documents for  the supply, e rec t ion  and currnissionlrig 

were issued on Ju ly  15, 1983. n i c k  were received on November 1, 

1983 and t he  cont rac t  between WAPDA and Imperial Constrdction , 

Company of Pakistan was signed on Ju ly  25, 1984. 

- . . .,.. I . .. 
. . .>.. . , 
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Erection and cocmniaaionl,r~cj o t  tho t ro~lnforrnors and awltchyatd 
extension work waa cu~~[~.Lal.r!tl 011 ISI!C~?IIIIH?~: 20 1905 and Morch 31, 1906 

reupoctively . 

4 .  t o t  4: POUP ( 4 )  Ileal: Recovery SLoam Gcncrators (llR95'81, Two ( 2 )  

Steam ~urblne-Generatot: (T?lC1s) and Oalance of Plant (BOP) 

The Tenddr docueents Eel: Llle supply erection and camnlsslonlng 
of Lot 4 - Four ( 4  tIREG1fl1 YWo (7.1 Stem TurbineGeneratore and 

13alance of Plant (BOP) were imucd on hgust 17 , 1984. Old8 were 
received on January 29, 5.905. l'lle price envelopes were opened on 
January 15, 190G a f t e r  thc technical. evaluation was ccmpleted. The 

Letter oE Intent  to  the award a contract was issued t o  the General 

Elect r ic  Company (GE) of the U.S.A. on February 19, 1986. The 

I ,, 
contract between W D A  and GL.: was signed otl March 19,  1986 with 

ef fect  on March 16, 1986. 

GE s tar ted  constructiol~ at: the s i t e  in June 1986. Dy the end oE 

1986 i t  became apparent that the completion schedule was not on 

, ta rget .  Estimated s i t e  progress a t  the end of the year was 15 ' 

petcent against the approximately 40 percent required t o  meet the 

contract schedule. Much of this delay was at tr ibuted t o  the 
non-availability of equipnent ah3 material a t  s i t e .  Although the . '  

pace of material deliveries increased during early 1907, and by ' 

March over 40 percent completion was achieved, progress was still 
below the requireb level .  

In  order t o  expedite power generation workaround schernen were 

developed whereby only those systems that: were required t o  bring the 
plant on l i n e  were commissioned. The remaining work was t o  be . 

completed a f t e r  the plant s tar ted  generating power, As 'a result ,  
even though the machines s tar ted  generating power in December 1907 
and March, 1988 the plant was not considered substantially cunplete 

u n t i l  early 1989. 



As the  oysterne kcalrlc i1vu1lihl.c jncl canpleted, they were taken 

over by WAPDA. Followir~g i a  a L 1 r ; l :  of takiny over packagco acceptcd 

. Ilydrogen Generation Plant 
Gas Chromatograph 
Stag Unit No. 2 IlRSG'8 nlld 
Balance oC Stag Unit No. 2 
Stag Unit: 1 HRSGfs and 
Balance of Stag Unit No. 1 
Cooling Tower 
Water Treatment P lan t  

February 3 ,  1900 
April  15, 1900 

Novernkr 19, 1900 
December 21, 1900 
February 15, 1989 

The systems t h a t  are s t i l l  t o  bo completed include the plant 

microprocessor based control  :;yr;l:elrl and "punch list" items. 

5. Lot 5C: Central.  Chi l l ing  and lieating Plant  

The tender document for  the supply, e rec t ion  and c m i s s i o n i n g  

oE Central  Chi l l ing  and lleating Plank was issued on May 8, 1905. 

Bids were received on October 27,  1985. The contract  was signed 

between WWDA and Ger~eral L7l.ectric Company of U.SrA. on Fqbcuary 10, 

The p l an t  was taken over by MAPDA on May 21, 1988. The 

guarantee period of the  plant: is clue t o  be cmple ted  on May 21, 1909, 

G. Lot GA & GB: Gas Pipel ine Material Supply and Erection 

The Tender documents Eor the supply of Natural Gas Pipel ine . 

Material ' ( t o t  ' 6 A )  including Gas Mixing S ta t ion  and Dehydration Plant 

were issued on October 12, 1904. Bids were received and opened on 

December 24, 1984 and the contract  was awarded t o  various suppl iers  

on Apri l  4 ,  1965 ,  

Commissioning of the Mari-Guddu Gas Pipel ine (Lot 6B) was 

completed on. June 15, 1986 although Mari gas was f i r s t  delivered t o  

Guddu i n  February 1986. 



chronoiogy of major cvcntn n t l ~ c  hirltory of the project are , 

Design and Ap&raisal 

1. Introduction 

In 1983 the Goverrur~cnl: 01: Pakiatan proposed tlint the Dank 

finance the foreign currency parLion of the 450 MW Canbinecl Cycle 

Project a t  Guddu to  comprise four ( 4 )  gas turbine-generntoro and two 

steam turbine-generatora raked a t  100 MW each, 

In consiclerat4on of I f eas ib i l i ty  studies prepared ,by 

consultants in 1983, the project was appraised by Ehe M B  ard a 
report submitted in Moveidxr 1903. 

The appraisal nlission consi&recl the project well conceived, 

technically feasible and economically viable. I n  view oE the WAPDA'g 

experience in  the implementntion of the previous projects financed by 

the bank, the appraisal rnissior~ considered that WAPDA was fully 
Eamiliar with the Bank's guidelines on the use of consultants atld 

guidelines for  procurement: as well as  with the standard loan 

conditions, and therefore, was competent t o  undertake the project. 

On December 6 ,  1983 the I3ank approved two loans: one Eor $57.5 

million £ran its ordinary capital  resources .with repayment terms oE 

25 years including a 5 year ,grace period, and another loan of $ 03.4 . 
million i n  Special Drawing R i g h t s  (s&) frcm the Bank's special fund 

resources a t  standard terms of the bink with repayment 'in 30 years 
including a grace p r i c d  of 10 years. 

The borrower of both the loans, was the Islamic Republic of 
Pakistan, which relent  t h e  proceeds. of the loan t o  WAPDA, the 
executing agency for the project. 

, :  . , , . . .  .. . ". , .. , , . , , ,  ; . . , . . . ,;:I ,,.y;.; . . ., ., 70.. 
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Additional financing I I ~ U ~ ~ L I I I ~ :  of U .O. $52 I n i l l  ion waa 

provided hy USAID. Tllia f i ~ ~ i ~ n c i ~ ~ q  w a r  riccclcd t o  aaet tho cntlmatetl 
to ta l  foreign ehchangc reyuj I nt~c!l~c.!r of  thr! project. 

The foreign exchan(jc c(.%:l; of irll:creot during construction ($14  

million) was t o  be met by t h  (iovcrru~~cnl: of Pnkiotan through ~ ~ A P D A .  

10. In addition t o  the sl:mdarcl provisionc and requirements 

embodied In t h e  loan and pr:o-jc?ct agreernente of the Bank, the 
following issues were identified: 

, - 

i. As a condition of 10x1 eftectiveness a gas supply contract 

' I  ,, between R W I A  and the o p r a t o r  of the Mari gas w a s  to be signed 
(Loans Agreement section G .01 ( d  ) ) 

ii. The borrower ( I e l m i c  Republic o i  Pakistan) and WAPDA have 

agreed t o  maintain a three year average self-financing ra t io  of 

40 percent for 1982/03 and thereaEter. (.Special' Operations 
loan agreement schedule G, para 5 )  

iii. WAPDA has given assurances that to ta l  e lec t r ic i ty  losses w i l l  

not; exceed 27 percent by June 30, 1304 and 23 percent b y ,  June 

30, 1986. (Special Operations loan agreement schedule 6, para 7 )  

iv.  W U D A  were to undertakd a comprehensive t a r i f f  study t o  be , 

completed not l a t e r  than June 30, 1984. (Special Operations 

loan agreement, schedu l~  G I  para 0) 

I 

v.   he Borrower and WAPDA were to  keep the Bank informed oE the 

major ins t i tu t ional  chanye in  the power sector. (Special 

Operations loan agreement, schedule 6,  para 10) 



Project: cunponentn at) c~nvlai~qcrl nl: uppraloal arc given l'rr 

million, of which the forciyrl cllcrerlcy canponenl: wao $206 .!J million, 

The base coot of kl~c pro:ject: was adjusted to January 1903 
prices. A provision of 5 percent for physical contingencieo on a l l  

base costs were included. I h 1 . k  prescribed price escalation rates 

were appl led, which i s  owmxi.xcd I~low: . 

Price Escalation Rates Applied - 
~ore ign  cost Local cost 

1983 
1984 
1985 
1986 and thereafter 

A summary of the appraisal cost e..;tirnate is shown i n  Table 1: 

TAuLr; 1 
' A P P R A I S A L  COSY ESl'If4ArSE 

-- 
Description Poreig~Cu rrency Local Currency Total 

Gas turbine-generator& 77 .G 
Transformers and Switchyard 10.3 
Civil Works - 
Steam Plant and ~ l e c t r i c a &  65 .rl 

'central Controls 2 . 3  
Gas Pipeline 6 .O 
~ngineering Services 
Subtotal  

Taxes and duties - 
Physical Contingencies 8 .O 
Price Contingencies 19 .G 
Interest during Construction 14 .@ 
Subtotal  41.G 

lJ Packages include a total  of $600,000 fo r  training of s ta f f ,  
, . W i l l  be paid by WRPDA t o  the Government i n  local currency. 



14,  In view oC tho maynikuilc of Llif: cnklwalctl conk of tho projccl;, It: w a ~  
propoood tha t  the pro jec t  bo co-f l ~ \ i ~ l , ( : ~ d  by U m ~ l ) .  Tho foreigri curretic) 
cos t  of tho project  of $192.9 1riJ1 l i o t ~  wail L o  be financcd by two loarie [run 

the bonk ( t o t a l l i n g  4140.9 1111131~11) illld f i n a ~ i c i ~ ~ g  f r m  USAID ($52 

mil l ion)  . die foreign currcllcy co::!: of intcrcal: cluririg construction ($14  

millloti) would be met by t.hc Covcrll~t~cnl: tllrough ~ ~ A P D A ,  ao mntloned 

e a r l i e r ,  Tlie l oca l  currency cat~ponct~l: ol: the projccl: cos t ,  equivalenl: to 
$155.3 mi l l ion  was to  he Elnancctl by blAPDA, Thc f inancing plan ia shown 

in  Table 2: 

..---. 
A D D  USAXD 

Foreign Cost SF Government 

Gas turbine-generators 90.9 45.4 - 15 ,S - 
Transformers and swi tchyard 12.1 12.1 - - - 
Steam plant: 76.4 - 76 .4  .. - 
Central  cont ro ls  2.0 - - 2.8 - 
Gas p ipe l ine  7 .U - 7 .O - - 
Engineering Services 3 .7 - - 3.7 - 
I n t e r e s t  during construct ion 14.0 - .. - - - -  14 .O - 

206.9 57.5 83.4 52 .0  14 .O 



U . Itmplarnentat ion 

1. ProJack Components 

15 ,  There were Cow chanyou i l l  pro jock ca~~poriento and irnplomer~tat loti 
methocls. ~ h o a a  changes were i n r ~ i g n i . f J c i t  And were of the type that would 

be expc ted  on a project of the o ize  and canplcxity oE a powor genecatlng 

plant. The changes included the fo.ll.owJ.ric~: 

I 

i . The plant arrangement wl1ic11 was developed a t  the f eas lb l l l  ty 
study stage was cllanyud. 111 the original plan, the Ceritril 

Control Building was t o  Lx! placed between the combined Cycle . 
Units 1 & 2 while the SLwm Turbine Building was located between 
the Central Control Building and the existing r a i l  road "track on 
the south side. 

The revised plan, while J.eaving the Central Control Buildltig i n  
a its original  location, rrlovcd the Steam Turbine Building t o  the 

north side and locatd j.L. k t w e n ' t h e  Central Control Building . 
and the 220 kV Switchyard. The cooling tower location was also 

changed from east  side of the plant to the west side and on the 

south s ide  of the railroad track. 

ii. I t  was originally intended that  a l l  c iv i l  and s t ructura l  works 
would be furnished under l.ocal rupee financed contracts ( t o t  
3 ) .  However it: was realized tha t  in many cases (e.g. the gas 

turbine foundations, the stearn turbine building, the circulating 

water intake and discharge structures,  the 11RSG ~ound&Aons and 

the cooling tower f ounclations and basin) t h i s  approach would . 
resul t  in  log i s t i c  and rnanagement problems with the potential 

for  unfavorable impact on both schedule and costs. C i v i l  and 

s t ructura l  works such as  those referred t o  above were therefore, 

included in  the turnkey packages for the associated gas 

turbines, steam turbine plant etc.  



iii. 'Il~e canbined cycle add-on wao oriyina1l.y envisaged as  belrig 

supplied under two tutllkay contract~ll  Lo(: 4 A  for the llR9G1s and 

auxi l iar iee  and Lot 4 3  fol: ~ I I C  ntcarn turbine-ge~leratore ard 

,balance of plant. A t  t l ~ c  t i ~ r ~ o  af preparation of tllc Lot: 'IR and 

Lot 40 tender documentn it  wao cIeci.dec1 that: proposalo would also 
k accepted for the add-011 as a zlinyle contrack (Lot 4 ) .  The 

Lot 4 propoeale which wore tcnderccl .ware evaluated against the 
lowest evaluated ~ ~ ( n l ~ i n e r l  1,ot 4A and Lot 4D propooals. The hot 

4 proposal submitted by the General e l ec t r i c  Canpany wan 

evaluated lowest and tl~crcforr? Lot 4 replaced the oepilrate t o t s  , 

4A and 40. 

. v .  Lot 5 was originally deaignal:ecl as the "central control f a c i l i t y  

and data logger" and war; intended t o  include the plant control 

board, a data logger, cable trays and wiring, and control r m  

f a c i l i t i e s  such as l ighting and W A C  equipnent. The supply of 

the control  panels was subsequently transferred to  the main 

turnkey packages and Lol: 5 was divided in to  three sub-lots. The ' -  

data logger was designated Lot 5A. A plant simulator was 

proposed a s  an additional itern and designated Lot 5B. The , 

central  control f a c i l i t y  heating and chil l ing plant was 

designated Lot 5C. Lot 5 ~ .  was subsequently abandoned as s 

separate contract since the ~ o t  4 contractor oEfered a plant 

control system with data logging capability. I t  was a l so  

decided not t o  proceed w i t h  the Lot 5B simulator. The original  
Lot 5 was therefore reduced t o  Lot 5C, the heating and chilling 
plant. 

v. A number of components and items of equipnent were procured Erom 
foreign sources outside the supply of the main turnkey packages. 

These procurements were necessi tated'  by unforeseen project. 

developnents and were financed by both the ADD and USAID. To 
give one. example, it becanie evident in mid-1985 that  the gas 

pipeline and gas mixing s t a t ion  would not be available t o  
support the i n i t i a l  start-up of the f i r s t  two gas turbines. A 



standby proenura rarluclrlq ntation', valvou arid plpdng wco 
procured under ADD Einnrlcir1r.j t o  armble n tie-in to  the Sul yoe 

l ine.  d l i e  ~ n u b l ~ c l  qucr turl.)irlco urllto 1 nnd 2 to  be curmleelo~~od 
ut i l iz ing Sui gnu, 

2 .  Project Costs 

Actual project expc3nilil;urcr; breakdown into ~na Jor canpotlent6 . I  o 

shown i n  Appendix 4 .. 
17. A comparison , of actual expel-~diture w i t h  the appraisal' cost 

estimates sliows that there were substantial cosl: underruns in the 
foreign end local currency costs, as shown i n  Table 3: 

- 
Description Appraisal Actual Underrun Percentage 

Foreign Currency Cost 206.9 100. G O  18.30 8.85 
Local Currency Cost 155.3 ---- G G  -12 89.10 57.42 m Total 362.2 254.72 107 " 4 8  

I ,. A s  a result  of the foreiyn currency uriderrun financing Eor 'the 

project fran the Bank and USAID differed from the financing plan ' 

anticipated a t  appraisal. 

3. Recruitment of Consultants 

18. A s  envisaged during appraisal, USAID extended the services of 
' the short term Consultants, Stone 61 Webster Engineering Corporatlori, i 

U.S.A. t o  undertake the drafting of the bidding documents for contract . 
packages Lots 2,,/1B - gas turbine-generators and accessories, and Lot 

2 - main s t e p u p  transformers and switchyard extension. These two 

packages were issued for  international bidding in  July 1983. 



USAID ruloo require h \ l :  tlir? long torm erlqinmring c c m u l t a ~ ~ t  Iw 
at~gagetl ur~der own competi tion along corlsul tan tu from U ,s . A .  Ushl D 

with the Dank's concurrence, nc1ccl:ed G i b o  & Ilill  Inc,, 1J.S.h. for 

the coneultancy aarviceo. Gibtm fi II~. 1.1 Inc, , co~nrncrlcod their  projecl: 
acL1 vi t ien  in November 1903.  '1'11~ ucopc of the engllrecr ' o  ~:r?~vlcen In 

de~cr ibed  in Appendix G .  

19. WAPDA appointed Natiolml I ~ r i g l n ~ r i n y  Servicao oE Paklstan 

I ,, (NESPAK) as  t h e i r ,  local cor~sull:a~lts on October 29, 1994. NESPAK 

camnenced their  ac t iv i t ien  in November 1904. 

20. The consultantt~ were of considecable aasifitanco t o  tlhPDA in 
project implementation. 

4 .  Procurement of Goods and Services -. 

21 .  The procurement oE roreign sourced goods and fiervlces was 

conducted in ccmpliance w i t h  the Dank's and USAID's guidelinen a s  
applicable. Locally sourced goods and services were procured i n  ' 

accordance with W D A ' s  standard practices. 

22 .  I t  became evident in micl-19U5 that Mari-Guddu gas pipeline and 
gas mlxing s t a t ion  would not be available to  support the in i t ln l  
s tart-up oE the ' Eirs t  two ( 2 )  gas Lurbines.  his necemitated Lhs 

procurement oE sane equipwnt that  was not included in the main 

turnkey packages. A standby pressure reducing s ta t ion and other 

valving and piping material were pucchased in order t o  enable gas 

turbine uni ts  1 and 2 t o  be started-up on Sui gas. Doth the Dank and' 

USAID financed the purchase of this tyuipment. 

5. Condl t ions and Covenants 

'23 . W D A  has demonstrated i t s  efficiency by complying with a l l  the 

I covenants oE the loan. WhPDn also sa t  isEactorily . . accompl ished those 
measures necessary t o  ensure smooth implementation oE the project. A 



summary of WAPDAte canpliancc wil..h the loall covanalltn io givan i n  
~ p ~ e n d i n  7. 

24. The conditions of lonn cCEccl:ivc:~~cm~ wore I& 309 days aEter tho 

signing of the loan which boca~no cEl:c!ctivc on Ilovo~nhr 2 ,  1904, 

6.  Project Schedule 

25. A comparison between the appraisal nchedule and actual 

performance has ' already k e n  d1nc:urtsed ear l i e r  in t h i s  report. Table 4 

quantif ies the delays i n  canpletion with roforence t o  the ~chedu le  

presented in  the appraisal report. 

YADLE 4 
Projecl: Implementation Key IlaEea 

(Target Vu Actual) 

I Description 

GAS nmBINES 

!ZEW TURBINES 

GAS PIPELINE 

I TRANSFORMERS AN1 
SWITCHYNU) 

-1 Contract Award I Cmieeioning 
I I I I 

, Target 
I Actual 

Delay 

Target 
Actual 
Delay 

July 1983 
July 1983 

0 

Target 
Actual 
Delay - 

7. Disbursements 

March 1904 
August 1901 

5 months 

Target 
Actual 
Delay 

26. No amount: has yet: been cancelled from the loan proceeda as a 
resu l t  of cost underrun. However approximately $28 million is 

January 1984 . 
September 1984 
8 months 

August 1984 January 1987 
March 1986 
19 months 

January 1904 
October 1904 

9 months 

considered surplus and may be cancelled by the Bank. 
I I, 

November 1985 
March 1986 

4 months 

July 1983 
July 1983 

0 

July 1984 
April 1985 

9 months 

June 1985 
June 1986 ., 

12 months 

July 1984 
April 1985 

6 months 

June 1985 
February 1986 

5 months 



27 The loan clo~hg Qaka ctri(jinalJy not: for  nugusl: 31, 1907 hne 
alraady baa11 extendad t o  Auyuu t  311 1909. tlAPhA is i n  tho proceee oE 

requeotiny the Dank for  anothor cxl:ar~uJ.u~~ t o  ~ u g u o t  31, 1991. 

20, An of! February 20, 1 a11 nr~~uunt of $47.31 million harr been 

dieburoed from loan No. 0GG.l-PAK 1.cwJ.11g a balance of $10.19 million. 
Aloo an amount of! $71.29 111iJJ.ior1 tlau h c n  clioburaed fran loan No. 

0660-FN((GP) leaving a balancc of: $28 .!X mJ.1lion. 

29. I t  ohould b e ' n a t e d  t l ~ a t  t,oar~ OGGO-PN((SF) was for SDR 

78,733,000, which at: the tiuie of loan signature was equivalent: to $83.4 

million. Due t o  the change in  Lhr: par i t i e s  of various international 

I currencies, the equivalent oL SUII 7017331000  i s  now $99 $81 mlllion, 
which pa r t i a l ly  accounts for the difference in the increased balance 

for  Loan No. OGGO-PAK(SF) . Another reason was the non ut i l iza t ion oE 

approximately $10 million reserved for . .. the unallocated loans. Appendix 
8 shows the disbursement schedule canpared wi.th actual disbureement, 

C . I n i t i a l  Operation 

4 a, 

30. The project: has been operating successfully since carmiseionltig. 

Some problems were encountered as sunoliar ized below: 
I 

i. Lots 1 A  and 1B: Gas Turbine-Generators 

Significant  problems encountered during c m i s s i o n i n g  included the 

"SSS" clutch system (which is required for aynchronous condense'r 
operation), whereby pawls and rachets were broken: gas turbine hot 

gas path problems, whereby tcansit ion piecso and canbustion l ine r s  
were damaged. The pony motors for s;':ichronwa condenser operat ion 

and torque converters were found to  be undersized and the 6.6 kV bus 

transfer scheme f o r  the auxiliary power supply was also modlf ied t o  . 

meet the custcanerls requirements. 



OE replaced the clul:cll lpawl and rachak aaaamblleu i t r  all 

unite. The eyatem has u i ~ w  opurak~'C1 ~nk ln fac to r i ly ,  Canblmtlon 

llnere and  rankt ti on piocc:a woeo nlao replaced wlth modiElod 

litlare and tranrtition p J , t ~ c ( ~ ,  TIE 13011~ tnotoro w e r ~  rep lacd  wlth 

moboro oE higtlar rating. Ifanc ~ao~JLflcskiono wo~o carried cut by GE 

on tho baaring l i f k  o i l  rJyrrl:r:ln foe tho  uynchronoue condensor. Aleo, 

1 I, torque *convertaro WLQ roplaccd w1.tll units  of hlgher ratirig. Tile 
G.6 KV auto bua t ransfer  ucl~o~ro wua alao modified by GEm All oE 

the above mbaificationo wcrc carried oul: nt no coat t o  WAPDA,' 

GE s tar ted  constructior~ al; the cike in June 1986. By Lhe end 
oE 1906, it became npparont that  the schedule had already slipped. 

Eatimelted eite progresa at: k11e end oE the year wee 15 percent 
against the approximutely 40. percent: required t o  meet the 

, schedule. Much oE thia delay was at tr ibuted to the 

non-availability of equiprncnl: and material a t  the s i t e .  Although 
the pace of material deliveries increased during 1987, and by March 

over 40 percent completion had been achieved, progtesa remained 

below the required level .  

Workaround schemes were developed whereby only ' essential  

systems would be completed, so  that  the uni ts  could be synchc,onlzed 

a t  the e a r l i e s t  possible da te  with the remaining works t o  be 
ccmpleted a f t e r  the plant s tar ted  generating power. As a result ,  

even though the machines s t a r t ed  generating power in  December 1987 I 

and March 1988, much work remained to,,be done through0u.t 1988. As 

of April 1989 outstanding work is mostly confined t o  "punch listn 
items and the DATATRONICS Control System. 

During commissioning oE the plant, problems were encountered 

with condeneate/feedwater pumps, HRSS tube sheet d is tor t ion and 

bypass damper leakage.  his l a t t e r  a l so  affected the output of the 



1 1 l  Tlro tlnrr~pat lunkoqn proljlalr~ and tho lllrm klrlxt e l m l  

t1lntort:lon prohla~na wnto c:or.ec.tcl:ad. GE has tmh r~cat~(iendat10r~f 
rognrdhg tho co~lduri~nI;o/f!rcndw, ~ l : ~ r :  l)tlrllp prol)lornn , 

In order t o  snuuro the coriL111uwl o111ootIi oprihtion of tlio Cod~lnw1 

Cycle Plant: tho Collowjng nr-li~r;trrr?r~ were tukcn: 
I 

Gaa turbine hot: gar; patl~:  I)uri.ng the i n i t i a l  operation oE the 

gas kurblnes, prot)ll?lrm wctr? r~oLlced i n  the hot gas path 

compnents, T h e m  prvblc~~~r;  were overcome by General 

Electric's implanentakior~ of a pact modification and 

replacemenk program. A Ge ltesldent: Engineer remained on # l t e  
during the ent i re  period I:o rectify tile problems nnd keop the 
rmchines running. 

Puel Gaa Supply: 

A Euel gss supply s tudy  team consisting of W D A ,  General 

e l e c t r i c  and Gibbs & llill representatives and an independent 

consultant was Eormd to  evaluaLe the deleterious oEEect8 of 
l iquids  in  the gas Eucl on gas turbine avai labi l i ty  and 

r e l i a b i l i t y .  The team':; charter was to  r e c m n c l  the remedial 
measures t o  be taken.   he team established that  the l lqulrl  
hydrocarbon problem was associated pcimar i ly wi tli the Su 1 

gas. They recormnendecl that the Sui gas should riot be used In 
the gas turbines un t i l  new f i l t e r s  and other equipment are 

ins ta l led  a t  Guddu. The Lean1 members Eurther recommended the 
a d i t i o n  of new f i l t e r s  and a scrubber a t  the Marl Eleld and 

the addition of gas heaters and a scrubber a f t e r  the mixlng 
s t a t ion  a t  Guddu. The purpose oE the heater is to  vapor 12s , 

the l iquid hydrocarbon mist in the gas. ProcuCement oE 

aCldi t ional  e q u i p n t  is underway'. 



C )  Training of Pocaonr~ol 

I n  ardor t o  falnllinrlzu W A W A  l)crr~on~iel wltli tho plant nyetomo 

and equipment, bott~ I I ~ ~ ~ J - ~ I I  nnd claoa room trnlnlng waro A 

provided at: a l t e .  Rcl~lor: W ' D A  ariylnwra who attended LItLo 

t ralning arc  prc?so~~t.Jy hpartl.ng tho knowlcclgo qahed t o  t l ~ a l r  

junior a t a f f .  

d) Supply of Sparea 

Spare park9 are eosenklal lot: ci11k)ot11 and colitinuoun o p r a t l o n  

of the plank and the :!!;ulq)l.y of ~iptrrea was glven top prior1 ty ,  
WAPDA originally purchac;c!d only the eaaentlal Rpre parts, 

su f f i c i en t  for EirsL year ' a  plant operatlotr, Iludevar , 
additional orders werc? roccntly placed for 3-5 year and 10 

year supply of spares. 

e )  Intake Structure: 

I ,, 
Intake otructure problclns becam apparent during l aa t  sumer 's 

floods whidh caused considerable damage t o  the '  intake . 
s t ructure  equipmnt. A study team was Eormed with membecs 

Erun W D A ,  USAID, GbIl and GI?, t o  investigate the sources of 
problems and recawnend solutions. 

The team's rrast s i g n i  Eicant conclusions were a5 Eol lo~s:  

1) The B-S Feeder canal should be restored t o  I t s  origltial 

design bed level  which preseritly is over 3 meters above 

the  original  bed level .  

2) The r o a v r a i l  bridge over the B-S Feeder canal, downstream 
of the plant should be expanded so that  its flow 
constr ict ion is rmnoved a n d  f u l l  discharge 1s  passtid 

without hindrance. This would reduce the build up of silt 
i n  the canal a t  the power s ta t ion .  



3 )  A lmnd royulator d l o ~ r l d  Im conatructod downotrcm of t h e  
contl/reall bridge, ~ 1 1 1  [I cogulutor in conjunctiorl with tlla ' 

canal gateo a t  the! I I I ~ L I ~ I  rlvcr may ba utillzocl to f l u a h  t h e  
silt Eran the conol ~er jod l . c a l l y .  



I W U A ' ~  enoryy productlor1 1.1.1 tllc pml: docarlo hno beon lono than tho , 

maxLm\~m demand, The annunl qrowkh 1.1, C ' I ~ C ~ C J Y  B ~ I ~ C O  has nvaragecl 3 percent 

whi.le tho growth in mxirrrurn clc~na~~d liarl Lccn.l2 f ~ r c c n t ,  Aug~ltnorkatlar~ of 
genernting capacity ttlcougti the a11cli.tion of thermal p la l~ t s ,  which take a . 

shorter  time t o  conotrucl: arlcl L ~ c i r ~ c ~  into operation than Iiydroelcctr l c  
uni ts ,  woo seen a s  part of the .colution of th is  prolh?m. ~ v n i l s h l l i t y  of 

thermal plants, which are nol: cfEecl:ecl by water availablllt.,y, Iu :llno' 

greater  than that: for hydro unitr;. ~ l s o  tho lend time required t o  bcitlc~ 
gas turbine unite into operation 1,s relat ively shoc t , 

The gas turbines have a Ilotal . capacity of appcoxim;~t.ely 400 MW. 

With the a d i t i o n  of the 1ieak recovery boilers and two fitem 

turbine-generators, an additional 200 MW has been made avllilable 111 'a 

re la t ively  short period of time, The operation oE the stearn tucbincn 

does not require any additional Euel over and above that  required Eor the 
gas turbines. The ccmbined cycle mde oE opetation lo much ptetecred 

over the ~ i r ~ g l e  cycle mode of operation because i t  is more eEficienC. 

In the canbined cycle rmde the plant can yield thermal efELcisnq 

oE around 45 percent compared with only 30 percent Eor simple cycle gas 

turbines and 36 percent for steam turbines. 

Project  Cost 

The actual cost of the projecl: was $254.7 mil.Lton, which i~ 29.7 

percent below the estimated cost: of $362.2 mlllion. h 'dstnlled 

comparison of the appraisal estimates and actual and estimated costs I s  
given in Appendix 5,  



The nubatarltial cook ut~iloecui~ which woo aci~iovad i o  attributed to 
the lowar tlm ankidpato8 psicco for I:ho gnu turbineo, canb111ed cycle 
add-an, owitchyard extonsiorr u r~d  cjao p i p l i t ~ o  matoriala and equlpnant 

contracts. II: should Lx, noted that 1~0th t h o  powar platlt and o i l  and gae 

equipnenb industries were In il tlcp~cuocd atate during the p r  lode over , 

which the equipnent wan purcl~a~ml. r h i o  renultad i n  extremely 

canpetitive biddlng oituations. 

Project Schedule 

The gas turbine-generatoro were calunissioned four ( 4 )  monthe lato 
compared t o  the project: appraisal sclleclule. The delay in cunpletion 1s 

attributed to  tlie Eact that qcls turbine plant Lot l A  and 10 contracts 
were awarded eight ( 8 )  months la ter  than the appraisal schedulk, although 

tenders were s u h i t t e d  i n  October 1903 as originally planned. The three 
(3)  month schedule for bid evaluation and contract negotiations indicated 

on the original schedule was not real is t ic  however. The Eact 'that the 
engineer was not brought s n  board u n t i l  November 1903 and the Eact that 

there were extensive tiegotiations between WAPDA and General Electrlc 

Company, the selected equipnent supplier, also contributed i n  sane 

measure a to  the delay. Nevertheless, both gas turbine-generator 

installations were completed within shorter time spans than provided for 
i n  the original schedule and the l a s t  u n i t  was taken over only four 

months la ter  than originally planned. 

The steam turbine-generators were cormissioned 19 months later than 

the appraisal schedule: The reasons for t h i s  delay were as follows: 

The contract for the Lot 4 Combined Cycle add-on of tlRSCts, steam 
turbihes, balance oE plant and auxiliaries was awarded i n  mid-March 1986, 

over 19 months behind the appraisal schedule, There were severdl reasons 

for t h i s  delay. The original pre-award schedule was too ambitious 

allowing only four months for preparation oE the tender documents (with 

pre&ration being started in  October 1983, which was before tlie engineer 
started h i s  work), three and one-half months for the bidding process and 

two months for the evaluation oE proposals. I n  actual fact the bidding 



docun~er~E~ werw ieouod an Auqunl: 1, 1904 wl~icl~ waa f iva' rnontlie bhlrd the , 

appraieiil uchedulu, ?ho bidtlin~j utid ovuluatlon procoso turned a!C to b 

comglox and t h o  consurnincf to r  tr ~nrrnlmr of caauono, including tho 
I (4 

fallawl trgr , 

- two envelop ( technical, and prlcj.rig ) biclding 

- the Lot 4 and the Lot 4 A  p1.w~ 1,ok 4U broakdowne Eor propooala 

- the large number of bidclcrr~ atid propomlo 

- di f f icu l t ies  i n  deterrninlng the cubutansive resporisiveneos of 

certain bidders (particularly in the area of oatisEylng 

experience c r i te r ia  1 

- objections to the bidding and evaluation process raised by , 

certain bidders (which had to  . ._. be responded to, despite the 

fact that such objections were without basis) I 

- extensive and time consuming negotiat!ms w i t h  Gl?, the lowest 

evaluated bidder 

39. The Lot 4 contract was finally awarded i n  mid-March 1986 which wae 
19 months la ter  than appraisal schedule. A t  the time of award I t  

appeared that part of the delay already incurred would be recovered, 

since the Lot 4 contractor, the General Electric Company, had proposed a 
21 month schedule from award to Taking Over as canpared with the 29 

months envisaged i n  the appraisal implementation plan. The Lot 4 Unite 1 
and 2 began t o  generate electricity i n  December 1987 and March 1900 

respectively which was approxirna tely 14  months behind the appraisal 

schedule. Taking Over of U n i t  1 was finally accomplished i n ,  November 

1980 and of Unit 2 i n  August l9Q8.   his represented a 22 months slippage 

w i t h  respect t o  the appraisal schedule. The reasons for the delays in 

' , taking over are discussed elsewhere i n  t h i s  report. However, i t  s h ~ l d  

be noted that significant quantities of electricity were produced dur lng 

the period between in i t i a l  power production and Taking Over of the units. 



'IWo othar contcactn worn r~lgr~J.Plcant fran tho pmr gonoraklon 

e t a t d p ~ i n t ~  The Lol: 2 uwltchyt~rd uxl:ariolon ur~d utopup trar~slormore wra 

f i r s t  placad into aervica during Novcrnhr, 1905 and oupprted tht; inlklal 
start-up of tha yao kurbinco. 'd~cr lrok GA/GD Marl gas pipeline worr 
cungletecl a l i t t l e  la ta r  tlian planncd, j n  February, 1906, ha explained 

ear l ier  a tio-it1 to  tho sui c~na plp l lno  enabled the Lirol: two gag 

turbines to  bo placod i t 1  o p r a t i o t ~  or1 Gu1. gaa rather than Marl gae oo 

originally pl,anned, 

Two major contracts undortakeri by Pakistani contractors have fallen , 

aeriously behind schedule. The contracl: for the Central Control Builtllng 

was awarded i n  April, 1905 to MLC w i t h  a canpletion date oE March 1986, 

A s  of the date of t h i s  repart the Ccntral Control Building, although 

almost complete, ~ R B  not yet bcen taken over by WAPDA and the contractor 

is therefore three years behind schedule. Fotbunately the gas turblnGe 

were provided with local controls and the delay i n  inntalllng the gas 

turbine remote control panels i n  the central control room did not prevent 

or curtai l  the generation of electrical pwer. Ad hoc measures have been 

undertaken since early 1906 to cunpcnsate for the unavailability or 

limited availability of the central control building. The second local 

contract to  f a l l  substantially behind schedule was the one for the fuel 

o i l  storage tanks. The contract was awarded in April 1985 to KSEW with a 
completion date i n  March 190G. The three o i l  tanks were only completed 

i n  January of this year. Liquidated damages have been imposed on both 

contractors because of the unexcusable delays i n  contract ccmple tion , ,  

Engagement of Consultants and Procurement of Goods and Services 
t 

Gibbs & H i l l  Inc., of U.S.A. were appointed as consultants. for this 

project under USAID financing. WAPDA appointed National Engineer h g  

Services of Pakistan (NESPAK) as local consultants. 

Procurement of goods 

accordance with the Bank's 
procurement problems were 

project. 

financed by the Bank was undertaken In , 

~uide l ines  for procurement. No ser lous 
encountered during implementation of the . - 



F ,  Pertortnarlce of Comultantq, Contrectoro arid Suppliorn 

43. The overall performanc~ of cotinul tanto, cotitractora and suppl lcro 
was aatiofactot.y except: for tho per for~nnrm of the locdl contrnctore who 

ware cooponniblo for the Central Coritrol. Duildlng find tlic Fuel Oil 

Storaqo Tankn. 

F. Cot~dit;lorm of the Loan Covenan& "- 

Tho loan agreement became eEEectlve on Eloverrlber 2 ,  1904, which was 
1 I ,  

309 days later than the date atipulatecl w i t h  the loan agrcwment, TIE 
delay ma caueed due to  clelayed colrplinnce in one of the condiilons of 

loan eEEectivenese in which WAPDA was t o  have a gas  upp ply contract 

signed between WAPDA and the operators of the Mari gas Eield. 

A l l  the covenants specified in the loan documents have beer1 complir?d 
w i t t i ,  Pleaoe see Appendix 7, 

4 4 .  The original  closir~g date oE the loan was August 31, 19H7, but was 
extended t o  August 31, 1989. An extension was necessary t o  account Eor =. 

the l a t e  award oE contract. WAPDA is requesting another extension .in ' 

loan closing date to  f inal ize  settlement of outstanding retentiori mnlqs.  , 

I 

Ii , Environmental Impact 

45. No signiEicant adverse impacl: has been made on the envirdnment oE 
the ~ u d d u  area by t h i s  project'. Gas turbine plants have inherently fewer 

adverse environmntal impacts thsn'other types of power plants. For the 

combined cycle steam plants the potential ly significant  problems are  
noise and gas emissions part icularly nitrogen oxides. The major 

environmental issues are thermal discharge in cooling water and liquid 

, waste such as boiler blowdown or the discharge of waste Prom the plant. 



The Eollowlng brief! cllacusaion adclrunucn each of the concern: 

i .  Air Qualitx 

KDN Enginearing & Applied Iicic?ncef3 Inc. oE U,S,A, conducted on 
envirorrmental aseeasmont af Lha project, Reeult of their 

measurement of a i r  quality are nhown i n  table 5 ,  The concerltrations 

represent the predickd impi~ck duo to the combined effect of a l l  

existing sources a t  WAPDA faci l i ty  far the 1905 mateorologlcal data 

base. Each of the concentration3 ia well below the oppllcable World 

Bank ' f l  Air Quality Guidelines. 

TABLE 5 
Maximum Ambient ~0ncent raEion~ue  A l l  existing Sources 

A t  450 MW Combined Cycle Project 

' Pollutant 

,Natural Gas 

Sulphur Dioxide 

Nitrogen Dioxide 

oil" - 
Sulphur Dioxide 

Particulate ~ a t t e r ~  

Nitrogen Dioxide 

- 

Averaging Time 

24-Hours 
Annual 

Annual 

24-Ilours 
Annual 

24-Hours 
~r inual  

Annual - 

Maximum Predicted 
~oncen t ra tion 

( ug/d)  

I 

wotld 
Dank 
ug/ml.) 

500 
100 

100 

500 
100 

500 
100 

100 

* Only used during natural gas curtailments which primarily occur during the 
winter months of December and January. 

t Background concentration for particulate matter .is 200 ug/m3. 
1 I ,  



Nalre mauuramente of oped Elc noleo oourcoo w l  t h  111 kl~a axioE h a  
power plank . complex wero rrudn, Mooourernento o l  nolao aources were 
made a t  spec i f i c  locatiorrn I rlaide buildlngo, to  1mn1 tor. woc kor 

exposure, and outrloorn, to rnonikor both worker expooure arid outcloor 
oorltid power levele, Tho ouLdoor aoutld power level0 wero ueod to 

assew the ef fecte  of noine oo~it.ces on cormnunl ty sound lavslu, 

'I'lie majority of the neasurernents were made a t  a cllstmce of 1.5 
w t e r e  f ran tile source. ~ B c J l t  ional maourernents were obkalned s t  

intermedhke locations between two or more noise oour cee, the 

purpose being to meaoure sound levels  t o  which workere are 
routinely exposed. T he results  oE the survey are preserited in 

Table 6 .  The greatest  sourid levels are in the 125 l lz  Erequency 
band, where the noise level was measured a t  92 t o  97 d ~ .  The Vlor ld 

h n k  in its Occupational Safety and liealth Guidelines recomnend,ed 

tha t  workers not be exposed t o  no iw levels in excess oE 90 dM. 

The resul ts  indicate that: noise level  do not present any 
significant  hazard i n  m s t  plank areas. 



Noiao Source 
>--.a 

450/600 MW Cotnbir~ed Cycle Plane 
I 0, 

Unit  No. 4 POWOF Block 

Unit  No. 4 liR9C; 

Between Uni t  No. 3 and Unit No. 4 
HRSGe, 10 E t .  f r a n  Unit: No. 4 IIR!X 

Unit  No. 4 Gas Turbine Exhaust Duct 

Uni t  No. 4 Gas Turbine Exhaust Duct 

- 'Uni t  No. 3 S ide  

Between U n i t s  No; 3 & 4 Gaa Turbines  

Between U n i t s  No. 3 & 4 Gas Turbines  

- Fil ter  House End 

Steam Turbine Bui lding 

I n s i d e  Turbine Bui lding 

- B o i l e r  Feed Pumps - l lydrau l i c  Uni t  
- Turbine (2nd F l o o r )  - Turbine Rom (3rd  F l o o r )  

Cont ro l  Bui lding 

- I n v e r t o r  Room ( I n v e r t o r )  

Pumphouse 

,- I n s i d e  - Outs ide  

lliotanco 
from Source 
. ( M Q ~ o ~ u )  



r p c i a l  eurvray of nolee levels aseociatod w i t h  t t~o Cornbitmd Cyclo Powr 
n t  W I ~ O  ur~dattakarr. Th is  tlutvey wae porforrncd 111 ratqx~tiucj, to concoct1 by 

!!ef pcsteonnel ovor a cyclic, reoonatir~g nojse, apparct~t a t  t~ ly l i  load levole, 
igitiatfng fran the IIRBOs, Baveral n~eaouro~srrt:n woro obtair~cd a t  varloue 
.stance@ f r m  the IIR~e,  including lrleide thn Uibbo b Itill alto cor~etructlon 
fices, Ftequ~ncy moaeuremonks w r a  also obtalrlad, 

ReEiulto of tlla eurvey are given i n  TabSr! 7:  I 

'I'ABLE '1 
Resulte of! Special m u r v c y  of 45O/GO0 MW 

Canbinecl Cycle PlmL IIIVXs 

. GLH Site  Construction 
O f f  ice 

1 ) ~ne ide  conEerence 
room a t  a table 

2 )  ~t window 

- 3 )  Outside adjacent 
t o  building 

~ i d w a ~  Between O f f  ice 
and U n i t  No, 4 

Adjacent t o  U n i t  No. 4 
Gas ,Turbine 

Adjacent t o  U n i t  No. 4 
H E  

Noise 

1-' 



Units U n l  t Unl t 450 MW 
Water Uc~e # 1 & 4 2  13  1 4 .  . GIX'/t11(9C ?'otal 

ONCE 'IIIRWGII COOLINC OPERATIONAL SCENARIO 

Once Through Circulating 
Cooling Water Discharge 618 450 460 91G 2,444 

1 I ,  

Low Voluine Wastes 30.0 10.0 " '  10.0 11.4 .. 61.4 
Subtotal - Industrial 
Discharges 648 460 470 927 2,505 
Plant and Colonv 
Sanitary waatewker 
Total ~ x i s t i n o  Station Wastewater Discharae with 
Once Through Cool ing Opera tions 

COOLING 'NIWCR OPERATIWG SCENARIO 

cooling Tower Blowdom 1.9 1 . 4  1 . 4  2.7 7.3 

Low Volume Wastes 30.0 10.0 10 .O 11.4 61.4 ' 

Subtotal - Industrial 
Discharges 31.9 11 .4  11.4 1 4  .l 68.7 
Plant and Colonv 
Sanitary waste6ter  
Total Existing Station Wastewater Discharge with 
Once Through Cooling Operations 

Note: 1. Low volume wastes estimated as 50 prcenk of the tota l  plant, service 
water. 
Colony wastewater estimated as 66 percent of the total  colony and 
plant potable water. 
cooling tower blowdown calculated based on 5 cycles of concentration 
and blowdown volume equals 25 percent oE tower evaporative losses; 
therefore, blowdown volume w i l l  be 20 percent of tower makeup volume. 



4 7 ,  W D A  has continued t o  expand i k n  power goneratlon and tranemleelon 
syetem. Addltlon of 450 MW Gonhined Cycle Projact: wao a pact of 4,000 l.(W 

of generating capaclty t o  to ta l  upto 0,034 MW by the yoat ,1990, 

40. A t  the t h e  WE appcaisal, WAPDAIS to ta l  lnstall.ed generating capacity 

was 2,990 MW, I t  m e  projected that  by the end oE FY 1908/09 the to ta l  
ins ta l led  capacity would be 5,419 MW. ' I n s t a l l e d  generating Capacity, 

peak and energy generatlon by the end of FY 1908/1989 are aliown in 
appendix 14. 

- 49. Other direct and local beneEit:n derived Erom the inetal lat lon oE 

Guddu 450 MW Combined Cycle Project: are: 

a )  Job opportunities in various callegories have been created, These 

opportunities have be+ ofEered to  the people domicllod In  "the 
Provice of Sind. About 400 including engineers, technician, ekll led 

and unskilled workers have already been employed a t  t h i s  project, 

b) The operation of the plant has contributed t o  relieF f r& load 

shedding. 

1 C )  This plant ,  the f i r s t  canbined cycle plant in Pakistan, has exposed 

WAPDA t o  a new technology. d i e  experience and lessons learned wi 11 
be of great  use i n  the developmnt oE the addittotla1 combined cycle 

plants that are  planned. 



51. The project was selectad i n  line with the overall rlevolopmer~t 

strategies and priorlt iee of the Governrnant, and was carefully 

Eormulated, based on the Ceasiblllty study prepared by the connulta~lte 

and WAPDA. The objectiveo of the project, ouch ae tleveloplng corrhined 
I cycle plant to achieve more ef2icie11k use of energy, and improve much 

needed power supply i n  Pakistan were i n  accordance wi th  the appraisal 

schemes. 

52. The Bank's decision to l e t  WAPDA use the services oE the conoultanEu 

wae correct and greatly contributed to the successful implementat ion of 
the project. Actions taken by the Bank were timely and adequate. nank 

staEE spent a total  of * irwndays i n  the field for the purposa.of 

' assisting project implementation, 
I 

* ADD t o  provide the total  number of mandays. 



Conclun lorla - 
Coat ufideerun on tllirr peojeot wae tiaurly 30 pweanl: (ew page 2 4 1 ,  

f t  muel: Ilo zocognized, howavnr, (:hat cottta cahol: rroe~nally Iro aetlmatetl 
with c ~ r k a l n t y  , eapeclally over lorig I.eud klmeo. D1flerepmclen batweell 

agpraisnl estimate8 and actual costs could bo reduced if! conkcaste tor 
tha rnnln quipmmnt were Eicmed up betora loan negotlatlonn, or LF: 
contrncte were awarded soan aEtsr loma ,hconw o f ~ e c t i v e .  every effort 
chould be made by khe execuking agency t o  ccmply with the covenants oE 

the loan agreement: wlthln p e r f o d ~  st ipulated in the contract: tor \IIQ lonn 
effect  ivetioss . 

The project hm ranained viable a3 envisaged during appralnal and haq 

subs t an t i a l ly  provided the originally assumed economic and soc 1 a l  

b e n e ~  1 ti. WAPDA has gained extensive cxper fence i n  the development and 

operat ion of cohined cycle power generat ion Eaclll t i e s .  

( to  be prepared by the Bank) 
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a983 - 
March 6 ,  1903 

Apcit 19-27, 19U3 neian nevelopmt: uanlz Apptnioal Mission vieiked PakIetan 
in connectiorr wikh nppraiosl of proposed 450 MW Cornbilled 
Cycle Power Plant Guddu, 

April' 27, 1903 Memorandum of Utlderstandl~~g signed between Ielornlc Republic 
a£ Pakistan and Asian Developnent: Dank Mirnila ehilliplnee. 

May 24, 19B3 Stone ti Webster USA prepai;ed the Tender Documents arid 
suhitted to W D A .  

July 16, 1903 Tenders invl ted for four Gae Turbine Generator eetu and 220 
KV Switchyard Extentiorr equipments. ' 

October 31, 1963 Tendere received and opened for four Gee Turbines Generator 
~ets. 

i(l6vember 1, 1983 Tendero received and opened for 220 KV Switchyard Entensiotl 
equipment. , 

December 29, 1983 ADB Loan 661-PAK and GGO-PAK (SF) signed between 1sladc 
Republic of Pakistan and Asiun ~evdopnent  Dank. 

1984 
7 

June 29, 1984 Contract aw~rded fc~r Lots lA and 1B - Gas Turblne , 

Generators and Accessories. 

July 25, 1964 ' Contrack signed between WAPDh and XC for tot. 2 - Main 
Step-up Transformer and 220 KV Switchyard Extension Work. 

September 26, 1904 Contract signed between WAPDA and GE for Lots lA and 18. 



Cantrack nwhrded fo't: I:ho nupply of! Ono Pipollno Maharial t o  
eeveral euppliorn. 

April 1 4 ,  1909 Contract elgtlad Lml;wno~~ PIAPUA and Petrocan Lld. Eor the 
1 ,, Conatruetion oE Mai-Cuclclu G ~ M  Pigel ino , 

April 30, 1909 Contract awarded t o  KSEW for: the con~lCructlon of 111gh Speed 
Diaeel Pual O i l  Talika. 

November 28, 1985 Gas Turbine Generator Unit: 1 s tar ted  I n i t i a l  Operatlorr, 

December 20, 1905 Erection and Cornrnin~ionlng of Swltchyard ~xCen8~ofi 
cmple  ted . 

December 27, 19115 Gas Turbine Generator Unit 2 s tar ted  I n i t i a l  Operation, 

1986 - 
February 23, 1986 Gae Pipeline conettuction completed, 

March 04, 1986 Gas Turbine Generator Unit 3 s tar ted  In1 t i a l  Operation, 

March 12, 1986 Gas Turbine Generator Unit 4 s tar ted  I n i t i a l  Operation, 

; March 16, 1986 Contract awarded t o  GE for Lot 4 - SIlhG Units add-on. 

April 26, 198G Prime Minister of Pakistan inaugurated Phase I of the 
Project. I 

February 10, 1987 Contract signed between WWDA and GE for Lot SC - Central 
Chilling and ileaking Plant, 

December 27, 1987 !XAG Unit: 1 s tar ted  I n i t i a l  Operation. 

1988 - .  
March 22, 1988 STAG Unit 2 s tar ted  I n i t i a l  Operation. 

May 21, 1988 . Central Chilling and Heating Plant: taken over by WAPDA. 

August 21, 1988 STAG Unit 2 taken over by WAPDA. 

November 19 ,  1988 SI!AG Unit 1 taken over by WAPDA. 



APPENDIX 2 

DEX'AILED DESCRIPTION OF PRQ3ECl' SCOPE 



a 

The project  ~ n v l m g o d  tli@ mnsl:ructjon of e 450 MW Cmblnocl Cyclo IWor plntlE 
'at the Gudclu 'l'hartnal Powor Stat ion.  I t  wan inl:encIecl that  Lour y t i ~  tu rb ln~r )  
would germrate 301) MW and khat two sbem l i ~ r l ~ i ~ i c o  would gonerate 15U MW or 
power, SpaciElcnlly tho scope of the project will cornprlae or the Collowlng: 

a1 Four ( 4 1  Unlta of 100 MW nornine1 r a t i t ~ g  ao turbines and qeneraloru 9 (decatecl to 75 M4 a t  s i t e  cot~dit jonn) col~pletc w t h  auxi l ia r ies  and 1loctIl ' 

panels. 

13) Pour: ( 4 )  Unlts of Ileat Recovery Uollers cornplcte with ouxll iar leo,  

c Tm ( 2 )  Units of 75 MW steam turbines and generators conplete with 
uuxi l ior ies ,  

dl  One ( 1 )  Central Control and Data Loyging faciality. 

el S t e p u p  and Service Transformers, Switchgears and assoclatecl e lec t r ica l  
equipment Eor the transport  of pwer Erm the power plant to  the 
elecLr i ca l  g r id .  

E l Gas dehydration f a c i l i t i e s  and approximately 60 km oE 22" diameter gas 
pipel ine Eor the treatment and transport:ation oE gas Erom tlie Marl gas 
f i e l d  t o  tlie power p lant ,  

I ., 

g )  Associate c i v i l  works. 

h) Provision of StaEE Training. 

i Provision of Consulting Services. 

The plant  wolfld be arranged i n  two discre te  streams, each stream mnpriging of 
two ( 2 )  gas turbines whose exhaust gases would Elow in to  two 12) heat: recovery 
bo i l e r s  which, in turn, w u l d  produce steam for operation oE a steam 
turbine-generator. 



A P P r n D I X  3 

BREAKDOWN OF TURNKEY PACKAGES (LOTS) 



I P i  riar~clng Agoncy 
rht No. 
_1_1_ 

lloacript ion Foreign c u r r e t ~ c ~  Locul Currct~cy 

1 A  Two qae tu rbi tic?-generators 
nnd aux i l i n ry  aqulpment 

1I3 Two yae tu rblne-generators 
and auxi l iary equipment 

18-A Fuol o i l  t r e a t m n t  plant 

I I , ,  
2 220 kV ewitchyard extension 

and step-up tra~isEormers 

' 3 C i v i l  works and s tructures  

. Cent rol control buil.ding 

. Administration building, 
wa rehouee and workshop 

. Chiller plant building 

, Fuel o i l  storage tanks 

. Fuel o i l  receiving tanks 

. Miscellaneous 

3A Fire protection system 

4 Four IIRSG's, two steam 
turbine-genera tors ,  balance 
of plant and auxi l iar ieg 

5C Heating and ch i l l ing  plant 

6A Package I and I1 Eor supply 
oE pipe and f i t t i n g  

, 

USAI I) 

non 

ADO 

non 

, n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

ri/a 

NIB 

USAI D 

ADB 

GOP (WAPDA) 

GOP (WAPDA) 

COP (WAPDA) 

GOP (WAPDA) 

GOP (WAPDA) 

COP (WAPDA) 

GOP (WAPDA) 

GOP (WAPDA) 

COP (WAPDA) 

n/a 

Conk raclor 

Ceneral E lw l r  
Canpony (U.8,A 

General Electr 
Cunpany fU .S,A 

McDollo Id Layton 'b Co. 
(Pakistan) 

Koraclti Shlpyarcl b 
Engi fleer lng Wor ko I k r l  
(Pakistan) 

Erection Englneern b 
Contractors f Pak lstnn) ' 

Var lolls loca 1 
cont tactocs 

Al-Tar,iq Traders 
(Pakistan) 

Gencrsl Electr ic  
Conpariy (U.S.A.) 

Genersl Electr ic  
Conpafly IU .$.A.  1 

Daito Corporatlm 
(Japan I 



.ot No. - 
Puckayo 111, ~ ' a ~ d  VI Cot 
supply of valven ntd su ply 
and oractlon of gae mix  ng 
s ta t ion  nncl dahyclrator 

P 
Packaye IV for eupply of 
plpe coating material6 

Package VII €or supply oE 
Cathodic protect ion material8 

Standby Sui gae reducing 

Gas pipellne ins ta l la t ion  

Fuel gas lieatern 

Steam & condensate piping 
for  ch i l l e r  plant 

Steam & cotidensate piping 
€or Euel gas heaters 

IISD o i l  decanting system 
and tank interconnection 
piping 

Miscellaneous mechanical 
pipirig sys tem 

Temporary Eire protection 
system 

' supply and ins ta l la t ion  of 
cooling water piping t o  the 
gas turbine heat exchangers 

Cooling water supply and 
return piping for c h i l l e r  
plant  

Ins ta l la t ion  and t ie- in  oE 
: PECO f i l t e r s  

n/a 

n/a 

GOP (WAPDA) 

cob ( WAPDA 

"XOP (WAPDA) 

GOP (WAPDA) 

GOP (WAPDA) 

GOP (WAPDA) 

COP (WAPDA) 

GOP 

GOP 

( WAPDA ) 

( WAPDA 1 

Cneoplant Fr l t z  Mullet 
(Weet Cernkinyl 

- 
Phoceannc rJe 
Metallurgle IFrancc?1 

I 

Pel: rocon I,td 
( P a k i ~ t a n l  

Petrocon LLd 
(Pakistan) 

Mono Irrpex IPvt I Ltd 
(Pakista~i l  

Mono Inpex ( Pvt I,td 
(Pakistan1 C. 

Fair FielrJ (Pakistan) 

Erection Friglneerff 6 
Contractors f Paklstenl 

Fair Field IPaklstan) 

Erection Engineers & 
Contractors (Pakistan) 

Petrocon LtrJ 
(Pakistan) 

Al-llamra Trading Co. 
(Pakistan1 



APPENDIX 4 

MAJOR CONI'MCI'S AND ACTUAL COSTS 



Two Gas T u r b i n e s  G e n e r a t o r s  
and Acesso ry  Equipment 

Two Can T u r b i n e s  G e n e r a t o r s  
and Acesso ry  E q u i p r e n t  

Fue i  O i l  T rea tmen t  System 

Kain Step-up T r a n s f o m e r s  and 
S u i t c h y a r d  E x t e n s i o n  

C i v i l  & S t r u c t u r e s '  

S t e m  T u r b i n e s ,  HRSG'S and 
Balance of P l a n t  

C h i l l e r  P l a n t  

Gas P i p e  L i n e  Y a t e r i a l  

Standby S u i  Gas P r e s s u r e  
Reducing S t e t i o n  b P i p i n g  

Gas P ipe  L ine  C o n s t r u c t i o n  

.Y i sce l l aneous  g a s  p i p e l i n e  
equipment ( g a s  hea te r s . .  f i l t e r -  
s e p a r a t o r s .  s c r u b b e r s ,  v a l v e s  
e t c .  

c ~ t a t t  A a Q u t  + 
C x i a t i c a  O r d e r s  

T 0 T.A L S : 185.76 - I 2 . S  46.71  65.ii 29-25 

Finnncins Ratio ( X I  22. 74 25. iS 16.36 15 .75  



APPENDIX 5 

COMPARISON UETWEEN AC'I'UN, EXPENDI'NRC 
AND 

APPRAf SAL COST ES'I'IMA'I'E - 

(Need WAPDA input 1 



L 
vk. APPRAISAL ESTIMATE -- 

tr Million) 

FOREIGN CURRENCV LOCAL CURRENCY TOTAL 
LOT DESCRIPTION ------------------ -------- -- sawms 

*ouralsal Actual Aaoraisal ~cxal A00ralSal ac=uaE 

in Two Gas Turbines Generators : 
and Acessory Equipment 41.61 1.62 43.23 i 77.60 3-10 @a-so 

1B Two Gas Trlrbines Generators j 
and Acessory Equipment -I 39.68 1-37 +I -05 

18-AFuel O i  1 Treatment System 0.89 0.07 0.N No+ c j n a l r h r m c  8z a ~ ~ r a r s a l  

2 Main Step-uo Transformers and 
220 KV Suifxhyard Ex+ension 10.30 0.82 1.10 1-94 11 .# 6-56 

3 C i v i l  and Structures 

4 S t e m  Turbines, HRSG's and 
Balance o f  Plants 65 -40 63.20 12.40 6-79 Z7.80 7%-39 JGOrarrai es=r.aaZa e-l& carit : 

work 

5 Central Controls 2.30 0.30 2.50 5 . a O  Inclrrced *r? azcrsrsaT sst-na-a kur 
suQSBOwhtIy d.-o0%2 

5c C h i l l e r  Plant 

6 Gas Pipa Line * 6.00 4.35 5-20 +er 1a-tO 6-29 

6A-~Standby Sui Gas Pressure 
Reducing Stat ion and Pioing 

Wiscellaneous gas p ipe l ine 
equipment (gas heaters, f i l t e r  
seoarators. scrubbrs.  valves 
etc. 

Sub Total Pro ject  Base C o s t  165.30 17t -07  41. to 20.62 206.40 20 t .63  

Imoort Outieo and k e s  76.40- 32-04 7 4 - 0 4  3 2 - b 4  

Escalat ion i n  Coot 19.80 9.20 2s. 80 0.- 

I n t a r a r t  Owing Conseructton 1a.00 17.53 26-30 1 .U r t .50  t(1.97 

Total P r o j u t  Baar Cost 209.00 188.60 155.30 6e.12 3 e t . X  2%-72 



APPENDIX G 

SCOPE OF ~ ~ ( 3 1  NEERING/CONSUU~AP~~'S SERVICES 



:owe of Work 

ie Coneultatite were t ' have ovorull responsibl li ty €or euprvl nlari and 
.p!emntat ton of! tho &Mu Combined Cycls Power Plank Project atd wore to Ln 
d e t d  by locul nte appointed by WAPDA, Tho Connultanto wre to 
ovide techtiice1 ance 'oh var ioue matters as atid when requited by 
rPDA, UYAID and r ~op8dltants/~ontractora involvec3 in the project. 
4lie scope of include evaluation of the bid for Lot 101, 

I Ill , / I '  

ocitic areao of octil/ibies in wtlidh the consultanEe were requirsd to esslst 
:PDA included but were nqt limited to the followlng: 

. _Preliminary ' ~ e a i g ~  1 

4 
I 

I (  

a. To study and beco e familiar w 4  th the already completed bid clocuments , 

Eor Lot lAt ' Lot lq and Lot 2, , 
I 

b. To sLudy and rqview the specifications a d  design drawings tor Lot 3 
(i.e. Civil and Structural Works) prepared by the local  ons suit ants 
and coordinate with them on' modiEications, i t l  neceosary. , 

c. To acquire all necessary inEormation including that frtm activit 
and b. above, and to prepare detailed specifications and 1. - 
schemes Eor Lot 4A, 4B an3 6A. 

d. Tu receive and monitor services from and assist the local Consultants 
in carrying out their assignment: according to the speciEied scope oE 
work and ensure hhat: they perEorm services in accordance with the 
appropriate technology and standards. 

e. To prepare a detailed project implementation schedule, reElectlny 
rmnpower and budgetary needs and establishing target dates Eoc all 
activities such as issuance of bid documents, evaluation of bids, 
award of contracts, and other activities relating to constructlont 
commissioning and taking ovet oE the plant. 

2 .  Bid ,Documents 

a. To prepare draEt bid documents for Lots 4A, 48, 5 and 6A (including 
gas mixing station and dehydration plant) for approval by WAPDA, USAID 
and ADB. 

b. AEter approval by WAPDA, USAID and ADB, to prepare and print the 
requisite number oE final bid documents. 



iyp~'f l x 6 

Page 2 nl 3 

c. To neeial: WAPDA in pre-cjualif!lcaklon of proepect lvo bldd@cclt l snue bid 
rn ~ ~ ~ u m e n t e  arlO to  atlawor queriae a s  tlmy perknl~ml to ktm n h v a  111 

cotr~ulCtrCioti wlth WhVDA, l E  ceyul reda 
I 

3 ,  Bid Evaluatiotl atld flecommendatlon I!orAmA 
y.-.y 

a. To Scrutinize a l l  bide tecelv~~d for  a l l  lolt~! except Ill, au to  Cllelr: 

1, Appropr iateneea and complateneesi 
i i ,  Cmgarative pticeer and, 

i i  i ,  Deviations from epecificatione. 

b. To nuke recommendatfons ko WAPDA, USND and ADD for diort 1 Intlng of 
bidders on the basis of i n i t i a l  ecrukitry. 

c .  To convene meetings with short-lisLed bidders along with tAPDA's 
repcesent~ltives Eor clariEication/conElrmation oE bids. 

d.  'So evaluate the hor t - l i s ted  bicls, in detqil .  

e .  'So evaluate the prEoemance and procluctivib.y of khe equipmnt on 
present worth basis, 

f .  To prepare draft: bid evaluation reports for diecusslon with PIAPDA, 
USAID and ADR. 

4. To prepare and submit 20 copies oE final evaluation report to HAPOh 
and 10 copies each t o  USAII) and ADB with recommendations for I:he sward. 

I 

h. TO prepare draEt Notice of Awacd, documents and submit to  I.MPDA, USAID 
and ADD. 

. After approval oE draft ,  t o  prepare Final Notice of Awacd/Contract 
documents Eor signature of WAPDA and the Contractors. 

4 .  Supervision oE Civil Works construction 

a .  General supervision of a l l  . ac t iv i t i es  oE' the ' local 
Consul tants/Contractors engaged by WAPDA Eor the c iv i l  mcks and 
stkuctures such a s  sub-soil investigation, design oE piling, estimates 
oE c i v i l  Works, execution of c iv i l  wrks  includir~g machine 
Eoundations, etc. 

I ., b. Coordinate design/construction information wi th  various contractors 
for difEerent parts of the project including scheduling and obtainlr~q 
construction requirement needs to  meet target dates. * 





8 ,  !31pervlsa initial cortunercial operation aC the unite occocdlrtg to t.hs 
pwoviniot~a of the conk facts, 

a .  Check' arrd approve Einal. patformut~ce teet procedures ptelmrad by the 
Cont racbre. 

h. Supervise3 final acceptance teet and certify final acceptance t o s t  
reports submitted by tha Contractors. , 

c. Prepare appropriate acceptance certificates for joint: nignoturae oE 
WAPDA and the Consultants for iesusnce t:,o the Contractors. 

d .  Assist WAPDA in taking ovar from the Contractors tllc units for 
commercial operation. 

e. Check and approve as-built: drawings and maintenance and operation 
mahual to be submitted by the Contrackore. 

a. Monitor defects in the plant during defect liability pmid nnrl 
expedite rectification of the defects. 

b. Supervise first inspection oE the plant and equipment M o t e  expiry of 
the guarantee period; prepare report and suggest modiEications, if 
required; and, provide specialist services if required by WAPDA. 

10. Training -- 
a. For Lots other than In (expenses to be borne by the manutactutecs 0C 

equipment) 

i. Prepare detailed training schedule Eor WAPDAfs arqineers €or 
training in the manufacturers' factories and ' atbmit saw ta 
WAPDA and ADB for approval t and, 

ii. coordinate technical training with the manuEacturers. 



i ,  Preaare detailed tl~ainirlg octiodula for WhPDh'n emigiriosrs tor 
tralnlng i n  the alenuf!acku tare' lactorias and eubnli t earne Co 
WAPDA a d  U9A110 Pot amroval r 

I 

i i .  Coordinatn kaelning program with tho manufacturoru~ (rncl, 

111. Arrange and pay Ear boarding, lodging ,, tranepoetatlon wikhln klie 
United States, rnedlcaZ cace/inourance, incidental nxperme, eLc. 
and obtain reiinbursemnent: f corn tJSAID. 

Cbordinnte 01, -the-job training arranged by khe Contractcsro of WAPDA's 
 engineer^ and technicianu at: the project s i t e .  



APPENDIX 7 

COMPLIANCE WITII LOAN CQVENANTS 



CWLIANCE W1Z'II LOAN CWENANI'S 

I Covenant: Statue 

1. ' 4,01 (a )  The borrower shall cause WAPDA to carry Conplld wlth. 
out: the project w i t h  du@ di,l,lgenco and 
i n conformity w i t h  nound 
adminlsttative, financial, engineering 
and public-uti l i t y  practices, 

(b l  In the carrying out of the p r o j a t  and Complied wlth, 
operat!on of the project fac i l i t i es ,  
the Dorrowec shall (1)  procure, or 
cuase to be procured, the services of 
consultiante i n  accordance with the 
provj,sions oE Schedule 5 to this Loan 
Agreement, and (ill perform, orS.cause 
to  be performed, a l l  obligations set 
Eorth i n  Schedule 6 to  t h i n  Loan 
Agreement . 

I 

2.  4.02 The Borrower shall make available to Complied with. 
WAPDA proniptly as needed, and on terms 
and conditions acceptable to the Bank, 
the Eunds, faci l i t ies ,  services, lands 
and other resources which are 
requited, in  addition to  the proceeds 

1 
oE the Loan and USAID Financing, for 
the carrying out of the Project and 
Eor the Operation and Maintenance of 

L the Project faci l i t i e s .  

3. 4.03 The Borrower shall ensure that. the ccmplied with. 
act ivi t ies  of its department and 
agencies with respect to  the carrying 
out: oE the Project and operation of 
the Project Eaci lit ies  are conducted 
and coordinated i n  accordance with 
sound administrative policies and 
procedures. 



COMPL1 ANCI WlTl l LOAN CWRNANr8 

ADtl LOAN 6 6 0 - P A K - r n  
0 

Executing Agency: Ptrkiatnn Wetor and Bower Deve1,opnrilnt: Author ity Lallore 

- .I,. -.. 
_Covenant statue 

4 .  4.04 I'he borrower ahall. furnish, or caune to Cotrplled with, 
be frlrniat\etl, t o  the Dank a l l  such 
reports and ineormatlon ae t h e  Bank 

1 
i 

shall rsnsanably requeet concerning (1) 
the loan, a d  the expenditure of the 

I pro-asecls and maintenance of the ~ e r v i c a  
thereofr ( i l l  the g d s  and mrviceo 
flrlanced out of the proceed8 oC the 
Loan! (iii) the Vrojackr l iv )  the 
administration, operation and financial 
condition of . WMDAj ( v )  financial and 
economical conditions In the territory 
of the Borrower and the international 
balance-of-paymonta pod t ion oE the 
Borrower; arKf ( v i )  any other matters 
relating t o  the purposes oE the loan. 

5. 4.05 The Borrower shall  enable t h e  Banks Corrpliej wlth. 
representative to  inepect the Project, 
the goods financed out of the proceeds 
of the Loan, and any relevant records 
and documents, 

6 4.06 The Borrower shall take a l l  action compliecl with.  
which ehall be necessary on its part 
t o  enable WAPM and shall not take , or 
permit any action which would 
interface w i t h  the perfomance oE such 
obligakions. 

- 7 4.07 la) The Borrower shall  ewercie its rights 
I ., 

complied with, 
- I under the  Subsidiary Loan I .g reement in 

such a manner as to  protect: the 
interests oE the Borrower and the. Bank I 

and to accompiiah the purposes oE the 
Lcan. 



Eweoutlng Aysncyt Pakietan Water and Power l~evalopmnt Author l k y  tallere 

. (b) No r 1ghCe or obliqatlonsl under the Conpllnl with, 
Bubicliary Loan Agreement allall b 
eselgtred, amended abrogated or walvd 
w l  t tout: the prior concurrence of the 
Bank, 

8 .  4.00 ( a )  I t  i e  the rntlkual inkention oE tho Complied wl th. 
Borrower atld the Bank thal; ho &her 
external debt shall have any priority 
over the Loan by way oE a lien on the 
aseete oE the :>orrower. TO that end, 

1 I, the Borrower undortakee ( i )  t h a t ,  
except as the Bank shall  othecwise 
agree, if any lien eliall be created on 
any asset8 of the Borrower as  ~ecu r i ty  
for any external debt, euch lien w i l l  
i so Pocto equally and rakably secure 
&payment of the Prlnclpal of, and 
service charge and any other charge 
oh,  the Loan; and ( i i )  that the 

I Borrower, in  creating or permitting 
the creation of any such lien, w i l l  
make express provieion t o  that eEEect. 

(b) The provisions of paragraph ( a )  oE 
this Section shall not apply to ( i )  
any lien created on property, a t  the 
time of purchase thereof, soley as  
security for payment oE the purchase 
price oE such propertyt or ( i i)  any 

' lien arising in the ordinary course oE 
banking transactions and securing a 
debt maturing not: more than one year . 
after its date. 

Complied with, 



lng Agatrsyt Pak 

(6) l'l~ca tocm "aeueta a€ the B~rrawec~~ he Canglled wlLlt, 
wed In Paragraph (a )  of thle Sectlon 
lr~aludes ~ e a e t e  of any politAco1 
subcllvielan oc oriy agency of the 
Elorrower and aaeete of any ayerlcy oE 
any aucli poll t iaal  nubdivision, 
including k l e  State Bank of Paklskan. 
and any other institution peclorming" 
the Eunct lane of a central bank Eoc 

1 
the Barcower, 



. 4-01 ( a )  Tlw borrower shall cause WAPDA to carry 
out: tho project: wlth due diligence atrd 
of! Eiciency and i n  mnformlty w i  tlr 
sound administrative, financial, 
ong inee r ing and public-utility 
practice@, 

(b )  In the carrying out oE the project and 
operation of the project faci l i t ies ,  

~o r ro tk r  shall ( i )  procure, or 
to  be procured, the services oE . 

in accordance wl th  the 
provielone of schedule 5 to the 
S15ecial Operet ions Loan Agreement, and 
( i i )  perform, or cause to be 
performed, a l l  obligatione eel: Eorth 
in scheddle 6 ta  the Special 
Operatione Loan Agreement. 

The Borrbwer shall make available to 
WAPDA pronptly as needed, and on terms 
and conditions acceptable t o  the Bank, 
the funds) fac i l i t i es ,  services, lands 
and other resources which are 
required, i n  addition to  the proceeds 
of the Loan and USAID Financing, for 
the carrying out oE the Project and 
Eor the Operation and Maintenance of 
the Project facili t i88, 

The Borrower shall ensure that the 
activities of i t s  department and 
agencies with re'spct to the carrying 

oE the Project and operation oE 
the Project fac i l i t i es  are conducted 
and coordinated i n  accordance with 
sound administrative policies and 
procedures. 

Compl 

Compl 

Complied with, 

I 

Complied with. 



4 .  4.04 TI* lmtrowa!: ehall Eurnieh, or cduaa to Ccnnpli~rl with. 
be Eornirrhd, to tta, Bank a l l  euch 

I ., reports and infarmatian ae the Dank 
ahall rceamnably requeet: cancsrnlrtg ( i 
kt* loan, and the expenditute nt the 

, procede end maintenance of! the service 
# 

tllereoft (11) the goods and services 
financed art oE thg proceer.-.e oE the 
Loant ( l i i )  the Projeott (ivl the! 
admlnietration, operation arK.1 Einancial 
condition of WAPDA,nr ( v l  financial ard 
dcorromical cunditions in  the tercltoey 
oE the Borromr and the lnternationcll 
ba larice-oE-paymnte posit ion of the 
Borrowrr and ( v i I  any other matters 
relating to  the purposes oE the toan, 

5 .  4.05 'The Borrower sllall enable the Danks Cmpl it-! with, 
representative to  inspect the Project, 
the goode financed out of the proceede 
of the Loan, and any relevant records 
and documents. 

6 4.06 The Borrower ohall take a l l  action , Complid w i t h ,  
which shall be neceesary on Its part 

. . to enable WAPIX\ t o  perEorm i t s  
obligations under the  eroject 1 . 
Agreement, and shall not.  take or 
permit any action which would 
interfere with t h e  petEdrmance of such 
obligations. 

7 4.07 ( a )  The Borrower shall  exercise i t s  right8 Cmpl id with. 
under the Subsidiary Loan Agreement i n  
such a manner as t o  protect the 
interests of the Borrower and the Bank 
and to accomplish the purposes oE the 
Luan. 



Nb cighte ac obligetians under: the , Ctmplld wit.11, 
8ubaldlexy Loan Agceemnt ehd l l  IM 
aseigrd, amended ebtogated ot  waived 
withu~t the prior ccncutrence of the I 

Bank, 

I t  i s  the mutual intention of the Complletl with. 
Barrawec and the Bank , that no other: 
exkernal debt shall  have any p ~ i o r i t y  
over the Laan by way oE a lien on the 
aseete oE the Borrower. To khat. endl 
the Borrower undertilkehi ( i l  that, 
except ee the Bank &all otherwise 
q r e e ,  if any lien eliall be created on 
any aasete of the Borrower as security 
€or any external debt, euch lien will 
&so facto equally and ratably secure 
the payment of the Principal oE, and 
interest and other charges on, the 
Loan; a d  ( i i )  that the Borrower, in 
creatiny or permitting the creation oE 
any euch lien, w i l l  make express 
proviaion to  khat effect. 

The provision8 oE paragtaph ( a )  of Complied 4 t h .  
t h i s  Section shall not apply to  ( i )  
any lien created on property, at  tho 
time oE purchase thereof, ' soley l a  
security for payment of the purchaee 
price of such propertyf or ( i i )  any 
lien arising i n  the ordinary couree of 
banking tranaacfAong and securing a' 
debt maturing not more than one year 
aEter. its date. 



(6) The term "errmCe of Clu BostornrM ae Campllerl wlth, 
uoed in Pacagcaph (a)  of thie Reetian 
lncludce aeuete of any political 
eukdivlsicm or any sgency oE tho 
Botrawc and aeblerke oe any agency of 
any euch political subdivlaion, 
Including the State Bank of Pakistan 

I a d  any othur inotitution oerEotmlng 
the functions of s centre1 bank Eor 
the Botcowec, 



(Meed WAPDA input ! 





. I , ,  

APPrnDIX 9 

B .S . FEEDER SCOW TEAM'S WCOMt3ENDATION 



Pagu 1 of 3 

In the laot weak se Decetnber 1900, a otucly t am woo csnetituted Co look inko 
tins p ~ o b l m  ol! e l l t  hEj.d-up in tho 0 4  Pawhr Canal tltd i n  tho I n t ~ h e  
rtructure of, the 450 MW combined cyclo power plant a t  OudBu, 

A briaf! eumrnary of the contents ol! tlde report i s  given blow, 

RIWSONS FOR 91L'P WILD UP IN TllE D.8, FEEDER 

After extensive inveetlgatlone and etudy or data co l l ac td  by the team, it waar 
-found that ext raorcliriary olltlny of the a-S Feeder had k e n  caumd by t lm  
- follawlng condlt iotis, 

Entry of Ixd silt from_ the right pocket of the Guddu Barrage 

Ae ' the bad s i l t  h i l t  up i n  the pocket and approached the level, of the 
canal reguletor'e weir crest ,  it carried over into the canal when the 
regulator gates were opened. .. 

. . 

The constriction caused by the road/rail bridge a t  N> 17 
I 

The bridge at RD 17 over the D-S Feeder waa designed to  pass 14,700 
cusecs, Because tlie canal discharge was increased to  22,000 cusecs (a  50t 
increase) tlie bridge could not pass this quantity easily, Consequently, a 
damming eEEect occurred and s i l t  was deposited upstream oE t h i s  bridge. 
The silt deposit has prqlreseively travelled backwards u n t i l  the entire 
head reach s i l ted up. 

The increased width oE the D-S Feeder 

The annual short term increased flow oE 22,000 cusecs ercded the banke of" 
the caral, 2nd its bed width increased from 240 E t .  t o  320 E t .  A t  lower 
discharges, the Elow velocity therefore decreased to  a point where silt 
could not be transported along the canal,, and sedimentation thereEore took 
place. 

The earthen dike a t  RD 8 

T h i s  dike was constructed every year so that water could be pondedo for 
WAPDA's use, which became an obstructioh and caused sedimentation In the 
canal. Only the crest of this dike was washed away while the remainder 
stayed a s  part on the canal bed load. 



TId@ C B ~ U ~ L I ~ O T  wuu 0180 daelgried lor a canal Plow of orily 14,700 cusece, 
I t  could not easily pans the increaaod cllsctiatge oP 22,000 uueece and, 
tllerefore, aloa had n datnminq eEBect. Sill: Eormaklon began upatream oE 
tlils ccoas-regulator and pragrearrad backward8 to the bridge at: RD 17. 

6 ,  Build-up of! oilk i n  the U-9 Fe- 

The grntlual build-up of s i l t  Ln the canal itsell! caueod more ~ i m e n t n t i o n  
88 tlle b d  was raised an1 the nlape of canal bed becamo Platter, Tlile 
reducad the velocity of flow wliicli i n  t~rrn cleareased the e i l t  , carcylng 

, capacity of the canal water. 

Turbuletice a t  the bridge piere, n t  Rb 17, also brought bed eilt  into 
suspensioti. As the canal water could not carry this extra s i l t ,  it was 
deposited ayniti a t  a b u t  RD 19. This liutnp acted as  a dike cgualng further 
s i l t ing upstream. 

The intake structure location wae such that it invited sill: hild-up inside 
its basin. Firstly il: was located on the inside of! tha curve i n  tho  D-S Feeder 
h e r e  sedimentation occurs, Secondly, the location was i n  the head reach oE 
the B-S Feeder where there was heavy carry over of silt Erom the barrage 
pocket . 
The intake structure also had no provision for excluding suspended silt. Nor 
was there any s t i l l ing  basin Erom which the pumps could draw corrparatively 
clear water. A t  high turbidity (silt concentration) levels in the canal, 
there was bound to be some settlement of silt i n  the intake structure. 

,The study team recommended that the Eollowing actions be taken to overcome tl# 
droblems oE silt-build up i n  the B-S Feeder ntid w i t h i n  the intake structure, 

I 

1. The B-S Feeder should be restored to  its original design parameters 
ifmediately as  per the recommetidations of the study team's interim report 
on "Desilting oE the B-S Feeder". The existing build-up of silt raised the 
canal bed to an elevation even higher than that oE the weir wall oE t h e  

' intake structure wllictl was designed to prevent the entry oE bed load silt 
into the intake structure, This silt i n  the reach RD 0 t o  RD 17  was to be 
retmed and the canal restored to  its original bed profile. 

2. The right pocket oE the Gucldu Barrage was to be flushed more oEten to 
r 

reduce carry over of silt into the B-S Feeder. During thdse operations,, 
a l l  thermal plants a t  Guddu were to run oEE their respective coaling 
towers, for p e r i d s  lasting up to  24 Ilours. 

;q 



3, A l l  so01 
condl t ion , 

l 

i y  lowera .I: CulWu were to LXI bro0()11t 
w t li Eul l y  Cur~ct; ionlny blawcfowns, 

4 ,  The cond/rail br las ,  ovw the U-8 Faeclt~r a t  ND 17 wan to bg expandal no 
dlrat: the rest rick Lon waa remavd and a dlecltarye oe 22,000 cueaclr could 
paee wit.liout h l l l d ~ ~ t l ~ e .  This would keep the upetreum reach frob, of s l l t ,  

5,  A hand regulator doslgrled Cor a diacl~tlrge OE 22,000 cuaocs waa to  b 
conetructal a t  RD 18, l'hle would obviatu the need for annual cotietruction 
sf  an ear then dike a t  RD O and would maintain a high pond elovetlon tor 
supply oE water to WAPDA in Clie winter. I t  would aleo be pact of the 
annual scour llig tneclmiea whicli would keep tho canal Ctom si l t lng up. 

6, I'lie existing crnee-regulator at 110 45 was Co be widened to allow 22,000 
I cusecs aE water to  pass wltlout Iiindrance. T h i s  w i l l  keep tla upettenm 

roach Etee oE s i l t ,  I 

7. Regular scouring operat lone ohould txj conclucted by , lie Sin6 I rrigation 
Depar tmnt: wlien the abve remedial works had been execut med. -. 

- 8 ,  rrhe canal , was to be E I I I U ~  down Eor four weeks every winter so that annual 
canal inspect ion aid clnai~itenance procedures could be irrplemented. Duc itig 
th i s  period the thermal plants wuuld run on their cabling towers. Also, 
during th i s  period localized silt deposits, i E  any, could bo removed Ecom 
the canal. WAPM could also ut i l ioe the winter canal closure Eor repair 
and rnainteriatlco work on the intake structuree. 

9 ,  The combined cycle plant's intake structure was to be equipped with gates , 
to prevent entry oE very turbid water into the intake etructure during tlia 
occasional periods oE high Elood i n  the Indus River. These periods clo not 
las t  Eor more tllari six weeks normally and the combined cycle plant could. 
run i n  the closed-loop mode during th i s  time. 

- CONCLUSION 

I n  conclusion, i t  should be pointed out that the  study team's recommendations 
;constituted a complete package. Partial irplementation would not solve. the 
I problems being Eaced by WAPUh and the Sind Irrigation Department. The study 

team strongly recommended total inplementation oE a l l  proposals outlined i n  
their report, beginning w i t h  imnediate dredging oE the canal. 
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WIN ClVWGTERISTTCS OF COMBINED CYCLE PLANP .-. 



1. rjm Tucblnee 6, Cleneratore lour ( I  

: Simple cycle, heavy duty r wttlmr 
ftistal ta t ion ,  

Power Fact-or 0.05 ( Lagging) 

Corit?ra tor  speed 3000 rpln 

2 .  S F P ~  Tutblnen h Generatore Two ( 2  

Steam Turbine 

C u h l n e l  cycle uni t  ; 94.720 MW 
a t  40% qua ranteed 
out-put 



Powr Pactor I J 0.05 (legging) 
!f, 

Uuaranteed ' t 100*56 MW 
outpul: a t  0t05 
and 43% cold i . 
gee tempeteture I 

' i 
. 

Maximum eteam f lot4 &k SO% .- base! .- 154.9 kg/HR 
I d  I 

Steam preaeure a t  t 63.3 ug/cm2 

Stem temperature at k s e  : 530.C 

CCNOENSATE FE-TER ~ k J 8  G S i x ( 6 )  

. WPe : Vertical brtel 
I 

Capacity , : 259 ,,I m3/lm 

Motor HC/VJNZ/Phaeee ' : 1250 HP/6600V/50HZ/3 

Speed : 2970 RPM 

Design Head : 13.72 m 

Maximum aped : 330tpn 

, b 

6 ' 



C O O t I f f i  10WR -- ----- 
I 

Number of c e l l e  : 8 

~ e s i g n  water flow , : 35,020 rn3/MI 
( ' S t  

~ n l e t  water temperature I< : 47.G°C 
8 !\' 

Outlet waker ternperakure,i : 37,O0C 
i 

Ileat Removed : 344x106 K Ca!/hr 

COLING TOWER PUMPS : Two (2) 

Design f J ow, : -- 17,483 r n 3 / f l ~  

Design head : 21.3111 ', ' I  

Maximum speed : 493 rpn 

, . ._ 
f UDROGEN GENERATION SYSTEM j -- 

~a ted hydrogen production : 12 rn3/tUl 
I !  

Hydrogen purity -, : 99,999% 

I 

WATER TRWTMENT PLANT ---- 
4 

Demineralized water flow rate : 416 lpm 
I 

TY Pe , I . ,  I >  , . : Anion Exchanger 
t .  

;1.$ , , : Cation Exchanger 
. , 
; ii' 3 : ' Mixed Bed ~xchanger 
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'IIIE EXECUTING AGENCY - 



TIlE EXECUI'INS AGENCY 

?'he V1al:er and Power IJeveloplrEnt Allthority (WAPIJA) cane into wlnt~ricc? i t 1  

1950 l:l~rougli an otdlnance proclaimed by the Goverr~ment oE WRI: Pilk I ~ 1 : w .  
1REc)re I creat ion oE WMDA,  IM jor uchanes for water :11ic1 y w l r  
dcvela~~rwrit were handl.ed, by the four provincial Depar tm?l~l n. ' I , I I w ~  
depir 1:laents proved t o  he incnpal~lc oC carrying out, big nat i twi 1 srltnto, 
wi klr  1 I I  scli~tlttle, thus causing delays in overall nat lonal proyra-1. 

To ovnrcane t h i s  ~ i t u a t i o n ,  it was f e l t  tha t  there was a need t o  ixeotr! art 
orgall i z , ~  !:ion: I 

a )  Ilnvi~lq required financial autonomy. 

b) Equipped wikh a modern progressive mach'inery Eor execl~tion QF projecl.!: 
of tlatton;ll i n t e res t ,  

.-_ 
c )  Pot: uniFi.r?d development of the w a t ~ r  and power resource!; of Intll~n 

plnitm wlilcli shou1.d not: have any . po l i t i ca l  barr i e r s  of pro'~i~rr:w, 
11 l vi R ions, e t c  . 

- The d r a f t  of the ordinance Eor WAPDA was drawn up on the l i r iw of Ihr? 
~etitiessee V.illqy Rutliority i n  the United States.  The chartcr oE frAPDA'n 
resporisil~i. l i l:il.?; covers generation and transmission of power, i r r  l q ~ l :  imt, 

- w t e r  supply and drainage, prevention of waterlogging and I I o .pr  

- wakr  loyq~?cI and a 1  ine lands, f l w d  cotltrol and inland navigation. 

Todny, WAIThl  i s  the biggest development organlzatiori i n  ,Pakist :m. 1 t Ir.i? 
rlearly L5fl,Or)0 employees including ovgr 7,000 engitieerS on its payroll.?. 

-1 

l 3 .  Ilanagcnr?tit otid Staf E -- 
WAPDA operates as  a public uti1Ct:y under. the supervision oE 1.110 Mi~iist.ry 

' .a oE I r  and Power, The Ministry appoints a board of nirrrctors wlticll 
canpr i w : 3  a Chairman and three Members. These are  Member Finnlic~, tlntnbnc 
Water, Flemher Power. These Members are assisted by ChieF, Etlqineerr; ilt~d 
Pro jecl: Directors. 

WAPDA'S ~ m s t  recent brganization cllart is s~iown in appendix I I .  WWA 
a does 1 a t  present envisage any major changes in its orcja11ix~~~. ion. I.lAPD.1 

will Iilwever , , consult with khe Rank on the deta i l s  oE' any nia jar c t ~ a t v ~ ~  , 
suEEi.cir?tlt l y  in advance t o  provide ail opportunity for the Dank l o  Cotnmt~t . 
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APPDIDIX 1.1 

INSTALLED GEEIERATINC?CAPACITY, 
PEAK AND ENERGY GEFIERATtCPI OF WAPDA SYS'IEiI 



CLDDU 4 5 0  ?!Ti CC?laI!:E5 CYCLE PFlOJECT 

1988 
- - 

!939 - 

: JUL AUS SE? oc: FE9 DESCZIPTIOS ?:Ct.' . CEC -JA?;  Y.43 A?!? U .Z 'i x!; : ---------------------------+------------------------------------------------*-----------------------------------------------  . 
- .  

T a t 3 1  G e n e r a t i n g  Capacity 

?eak Desand . 

S u r p l u s  : D e f i c i t  

- - .. 
r l r n C r n e r a c i n g C a p a c i t y  : 5,109 J . S ; l  3,:31 3,~z' : , 9 3 3 ,  5,:::: j , g : z =  a d  5 . 2 ;  2 3,'' 5 , 4 3 1  5 - 5 5 ;  ; 

. .  
:;ec S u r p l u s  ,' D e f i c i t  : (3961.  1-134; ( 7 4 7 )  I 1 C ; t j )  3 ; :  7 ;  ~2;s: 7 ;  ; 3 6 ; ;  ~ 3 9 1 ;  ; 3 ; 6 , 1  



I hsim D e v e l p ~ n t  Bank 
= 2330' Roxas Boulevard, Paeay City 

Hqx ,xb, 789, Manilat 
?!hi 1,1,ppines 

iltttteticn: ?'re Alan Do Burrel:.'!lanagor Pmer Division (Weat) 

, S:ubject: Guddu 600 MW Canbinc 1 1  Cycle P m r  Plant Project 
Draft Frcject Campletion Rep : l: 
Responses t o  Am Camwnte 

i:cfrrrencea: 1. GLH le t ter  t?575-LADB012 dated April 27, 1989 
i .  ADB telex Q/LBC 1 3 1  dated !by 15, 1989 

L-3572-LADDO13 
June 8, 1989 

' I(? atkncrhed change - . ges to  the draft Project Completion R q m "  issued by 
a .'p:.~nce 1 ace inter*% t o  be responsive ko the ccarnt.mts provided i n  your 

Y 
. w e  2 telnu. 3 FJ . 

8 ? have not been i i ~ ~ e  , i 3  ~.:spond, ! a l l  carsnents, but we believe that a l l  p : 
. . .$ .; : ltut&nding i k m  can be resolved w h i ~ ;  ,.,I,* PCR mission viaits Pakistan; +:,. G,! . 

I 
IL .;- 
.4. 
1. 
,v. 

,t; 
.,: , . - . - ._. _ _ _  . ,__ . _ _  _ _  ,,,,-- q- 
1 !I 
-1 

f :  i! 

Project Manager 

.YC: Nazirn H. Siddiqui/WAPDA-Lhr 
Mu1 Warl s Khan/WAPDA-Lhr 
Sye3 nbl.6 WWAPr)A-Guddu 
La1 Ghani/WAPDA-Guddu 
M. Wasem Ch./USAID-Isld 
S. M. Marano/GfiH-NY 
C . F . WienikedGbH-NY 
H. A. Sianienowski/G&H-Guddu 
File 
Project Cowletion Report Fi : e 

h,' a2 COW 
w/W9 Copy 
w/txte copy 
w/o.I.! copy 
WID 1 l copy 
w/or 1 2  copy 
w/o a t t  
w/ two  copies 
w/o rtt 
w/o.le copy 



w e r  by WDA. Following is a lieF of taking over packeges accepted 

by WAFm todate: ., . I , 1' 

1. Hydcogen Generation Plant : February 3, 1988 
2. Gas Chromatograph April 15, 1988 

. 3. Stag Unit No. 2 W ' e  and 
Balance of Stag Unit No. 2 August 21, 1988 

4,  Stng Unit 1 H&'B and 
Balance of Stag Unit No. 1 November 19, 1988 

5. Cooling Tower Decenbr 21, 1988 
6. Water Treatment Plant February 15, 1989 

The Lot 4 d i n e d  cycle piant  systems that  a re  still to be 

completed include the plant rnictop~&saor bas& control. system and 

"punch list" item. 

5. Lot 5C: Central Chilling and  eating Plant . . - - 
. - 

The tender document: for . the , aulcply, erection and commissioning 

of Central Chilling and Heating Plant was issued on May 8, 
- -85;---- - - * 

Bids were received on October 27, 1985. The contract: was signed 

between WAPDA and General E lec t r i c  Cqnpany of U.S.A. on February 10, 
1987. 

The plant was taken aver' )by WIN on May 21, 1988. The 

guarantee period of the plant is due to be ample t@ on May 21, 1989. 

' 
Lot 6A & 6B: Gas Pipeline Material supply and Erection 

The Tender documents for the s w l y  oE Natural Gas Pipeline 
Material (Lot 6A) including Gas Mixing Station and Dehydration Plant 

were issued bn October '12, 1984. Bi& were received and opened on 

December 24, 1984 and the contra& was awarded t o  various suppliers 

on Apr i.1 4, 1985. 

Comnissioning of the Mri-Guddu Gas Pipeline (Lot 68) was 
completed on June 15, 1986 although Mari gas was Eirs t  delivered t o  

Guddu in February 1986. 



' I , : ,  L I 
1 ,  I f I . :  ' .  I ivt b;, ;# l1,;j Revietad June 6, 1989 

4 7 ; ' ~  , L I 

"j .; Y '  
i: 1 

I 

I' ,,I 

! \ i l  i. !me c o n b i n d  q c l d  add-on ,iaa originally envisaged as  being 

, ,I, 
supplied hder  two twnkey axfhacte; Lot 4A for the HRSGt8 and - . . -  - -  _ " _ _  

It, . 
I % 

roxiliariea and idt .dB . for the s l teq turbine-generators , . _  . u and . -  

i 
balance of plant* j A t  I .. the tka - .  ( - .  of . preparation of the tat 4A and 

I Lot 4 8  t d e r  docmnts  it was decided ' tiiat prolhsals woUId i i l ~ ~ - ' . - *  - -  

b accepted for the add-on a single contract .(LC$ 4 ) . The A $ 
1 

, , Lot 4 p r ~ p a a l s  which were tendered were evaluated against the . a - - -  ,.-.-. ..__ _ _  _ 
lowest &valuated cun'bined Lot 4A and Lot b~ proposals. The Lot 
4 ?ropsal submitted kb the General Electric Conpany was . - . ,  , - 1  

evaluated lowest' h d  t h e r c d p  Lot 4 replaced the separate Lots 
4A and 4B.' 

'1, 

i v .  Lst 5 was ori$nally deki&ted as the "central control facrli ty 
and data loggerhand was intended to include the plant control 
board, a data logger, cable trays and wiring, and oontrol room 
faci l i t ies  such as  lighting and HVAC equipment, The supply of 
the control panelr was rmbsequently !:ransferred to  the main 
:.xnkey packages and Lot 5 y m divided into three sub-lots. The 
data logger was designate:: Lot 5A. it was intended that the 
dnta logger comput !, system uupplement the conventional plant 
jontrol ~lystern by performJ.~g logging and alarming functions, 
storage of historical data, sequence oE events recording and 
plant performance m1culal;ions. A plat& simulator, to be used I 
for operator train.rg purpores, was propxxd as an additional 
! tern (it had not been identified as a project component a t  the 
appraisal stage) and designated Lot: 5B. The central control 

. - --*- - - - 
faci l i ty  heating dnd chilling plant waq designated Lot 5C. Lot: 

5A was subsequently abandoqt?d as a separate contrack since the 
J 

Lot 4 nii152c;t is?; offer$ - a c a n ~ t e r i s e d  plant control sys tem - . .  
w i t h  in tegrstd data logsij'j7 capability. It waa also decided 
qot t o  y:oceed with thvtiot 58 simulator since a combined cycle 
plant simulator was being ;' ,i:zhased by WAPDA, under West GGrMn -*.- -.I. - - I  -I--- .-...- ._ _ _ _ _  _ ____-_____  
financing, for the WAPDA trafiing&nEel! ' - irr -'Faisalabad; The 
original Lot 5 was therefore reduced to Lot 5C, the heating and 6, 



v. a nuher of componente aa:: it9m of equipment were procured from j 
foreign sources outside ttn supply of the main turnkey packages, 
These procure men^!^ were nsceseitated by unforeseen project 1 
developrents and were fivmced by both the ADB and USND. lb 1 - give one exarrple, it b e c m  evident in mid-1985 bhat - the main . . . 
gaa pipeline and gas mixing statiol? would not be available tq 4-  

'I 
support the iniiiial start-up of the f irst  two gas turbines,--q- 



f 
i Revised June 6, 1909 

' I  

? : . r ( l  loan closing da te  1.! ig ina l ly  sek Eor Auqust 3.2, 1907 hos 

already men extended 29 Auqust 31, '.L909. W M  is i n  the process oE 

;eq ' 3 t : i ~  the  Dank for art . ther extension to Aucjust 31, 1991. 

As oE February 20, 1989, an amcunt OF $47.31 lnillion has k e n  
dir .~~urucd f ran loan No. 061. t .PAK l ew ing  a b a l a ~ ~ c e  of $10.19 million. 

A l n o  "rl amount of $71.29 m i l 2  x has been disbursed frcm loan No. 
0660-PAP: (SF) leaving a bal .*we of $2U. 52 million. 

Z t  should be noted t ha t  loan 0660-P&K(SF) was Eor SDR 

70,733,000, which a t  the time of loan s ignature was equivalent t o  $83.4 

million. Due to the  chmge in t he  p a r i t i e s  o: various internat ional  

currencies,  the e q u i v a l t k  of SDR 78,733,OOi' is now $99.81 million, 

which p s r t i a l l y  accounts for t he  il lfference in  the  increased balance 
for  Loan No. 0660-PAK(SF). Another reason w s  the non u t i l i z a t i on  oE 

a ~ r o x i m a t e l y  $10 mil l ion reserved for  the  u n a l l a a t e i  loans. Appendix 

7 ?mwc the di~bursernent schedu1.e c,mpared with ac tua l  disbursement. 

( I n i t i a l  Operation 

.. , 
, I TIE or0 ject has been cpera l . ,  .IJ successfully s ince conunissio;;inq. 

':me ~xoble~rts  were encountered a s  surnnarized below: 

;ots .tA and LB: Gas Turbine-Gemxators - -- 
Sign; f i can t  problems encounterfl during conmissioning and i n i t i a l  

operation included the  f o l l o w i ~ r  

The "SSS" c lu tch  q ~lterrs, ' h i c h  a r e  required for synchronous 

condenser operation, WLJ scaled up versions of a s imi la r ,  e a r l i e r  

design by the  same mnufac tw dr . This  s'.ntroduced unanticipated 

problems which r&llted in t he  f a i l u r e  of pawl and ratchet  

assemblies. P a r t s  of modif id design appear t o  have resolved t h i s  

problem. 



ii. 
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I 
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Gaa turbines hot gas path component problemn, primari1.y aaaocioted 

w i t h  the canbuation liners, their seals and the transition pieces, 
have h e n  resolved by t h e  manufacturer, (33. 

The synchronous condenver ' pony motors and torque convertors were 

undosigned 

The 6.6 KV 

A l l  of the 

Closure of 

a d  were replaced kith larger u n i t s .  

auto bun transfer scheme was also modified by GE. 

above modifications were carried out a t  no cost to WAPM. 

a 220 KV breaker resulted in severe damage to  the gas 

turbine No. 4 step-up transformer. The closure is believed to Ix 

the result of operator error: Steps taken to preclude a recurrence 

include the removal of the middle breaker control switches i n  the 

switchyard local control panel and operating procedure chayes to 

require that the qenerator isolator switch is opened as soon as  the 

qenerator breaker is tripped. It  is also planned to  centralize all. 

220 IN switchyard breaker control6 in the con~binecl cycle plant 

central control room. 

Lot 4: H R S G ' f i ,  Steam,T-G's and BOP 

GE started construction :iht the s i t e  i n  June 1986. By the end 
of 1986, it k a m e  apparant.,that the schedule had already slipped. 

Estimated s i t e  progress a t  the end of the year was 15 percent 

aqainst the approximatel\) 40 percent required to meet the 

zchedule. Much oE th i s  delay was attributed to  the 

non-av;dlability of equipnent and material a t  the s i te .  Althouqh 

the pace oE material deliveries increased during 1987, and by March 

over 40 percent cunpletion had been achieved, progress remained 

below the required lectel. 



IV~visod Juna 6, 1989 

Workaround schunes waru dovel.opcd whereby only enacntloZ 

sys tem would be ccm~pleted, s o  that  the unitls could lx n'ynchroniz~l 
a t  the e a r l i e s t  possible dpta with the rernninbnq wo ko t o  be 

completed a f t e r  the plant s tar ted  genora t iq  power. Ao o rcleult, 

even though the machi.nes started generating power in December 1907 

and Mi~rch 1980, much work remained t o  be done throughout 1900. Af i  

of April 1989 outetanding work i e  mostly confined t o  "plrich list" 
i terns and the DATATWNICS Control System. 

During commissioning of the plant, problems wore encountered 

with condensate/feedwater pumps, HRSG tube sheet distort ion and 

bypass damper leakage. This l a t t e r  a lso  affected the output oE the 

plant. The damper leakage, problem and the HILSG t u b e  sheet 

d i s to r t  ion prob1.m~ were corrected. The condensate/feedwater pump 

problem is significant  in  that  the pumps do not have suEEicient 

NPSH. There is no obvio~k feasible solution, although several 

poss ib i l i t i e s  have been discussed. A team' oE GE engineers and 

the i r  consultants w i l l  be vis i t ing  Guddu i n  June 1989 with the 

objective oE defining a design solution. Their recamendations 

w i l l  be closely reviewed by W M  and G&H. 

I ,  
Problems resulting Ercan s i l t i n g  oE the D-S Feeder Canal are 

discussed in  paragraph i i L e  'below. !- 
i: 

iii. Measures taken t o  ensure continued smooth operation of the project. 1 
D b- 

In order to ensure the continued smooth operation of the Combined !L 
Cycle Plant: the following measures were taken: ,I 

. - - 
1 

a )  Gas turbine hot gas path: During the i n i t i a l  operation oE the 6 
r: 

gas turbines, problems were noticed in  the hot gas path f c 
I 

ccmponents. These problems were overcome by General 
1. 

Elect r ic ' s  implementation of a par t  modification and I ;I 

replacement program. A CE Resident Engineer remained on site a! 
Ir 

durinq the ent i re  pefiod t o  rec t i fy  the problems and keep the 
f 

machines running. I ? 

a 



Althouqh the ~ e f e r a m e  fuel for tho qao turbinco in Mdri c p r r ,  
Sui gue wan used extensively during tho l n i t i a l  o p r a t l o n  

period (sw paragraph D.1.v). 'I!hin cjao wan found to  Ix hiqh 

i n  l iquid hydrocarbono. Thfi Eilteru instal.lcrd a t  Curklv for 

thin gas were nlno foord t o  bo inadequate. Gas problans 

c v u n i l e d  the gae turbine h o t  g a s  path cornponm? problems 

dimusfwd above. A fuel  gas oupply study team conslstinq of 

WAPDA, Wneral Electr ic  and Gibbs & l f i l l  representatives and 

an independent consultant was f o r d  t o  evaluate the qao Cud 

si tuation.  The team's charter was t o  recamnd the remedial 

rneasures to be taken. The team established that  t h e  l iquid 

hydrocarbon problem was a e w i a t e d  primarily with Sui gas. 

They recmended that  Sui gas should not be used in the qau 

turbines u n t i l  new Eil tera and other equipment are instal led 

a t  Guddu. The team members further recmended tho add it ion 

of new f i l t e r s  and a scrubber a t  the Mari f ie ld  and the 

addition oE gas heaters and a scrubber a f t e r  the mixing 

s ta t ion  a t  Guddu. The purpose of the heater is t o  vaporize 

the l iquid hydrocarbon mist in  the gas. The gas heater has 

already been installed. The additional gas f i l t e r s  and 

scrubbers are  on order and canpletion of instal lat ion is 

scheduled for July 1989. 

c) Training of Personnel 

In order t o  f a m i l i a r i ? ~  WAPWAPDA personnel with the plant systens 
, 

and equipment, both hands-on and c la s s  room training were 

provided a t  s i t e .  Senior WAPDA enqineers who attended t h i s  

training are  presently imparting the knowledge gained t o  their  

junior s t a f f .  



d)  Supply of Spares 

S p r e  parte are  eascntial  for unnoth and continuous operation 

oE the plant and the supply of spares was given top prior kty. 

WAPW or ig inal ly  purcha~ed only the essent ia l  spare parto, 

suff ic ient  for f i r s t  year's plant operat ion. [Iowever , I 

' I  

ailrlitional orders were recently placed for 3-5 year and 10 1 1  - 

year supply of spares. 

e) Intake Structure: 

Intake structure problems became apparent during l a s t  sumer 's  
i / . .  
t 

floods which caused considerable damage t o  the intake I I 
1 0  . 

~ t r u c t u r e  equipment. A study team was formed with members t j 
; :. 

from WAPDA, USAID, GLI'! and GE t o  investigate th? sources of 
I 

- - -  problems and r e c m n d  - .  solutions. 

I 

The team's most significant  conclusions were a s  follows: 

1) The B-S Feeder canal should be restored to  its oriqinal  . 
6 \ 

design bed level which presently is over 3 meters above the 

original  bed level. 

2)  The road/rail bridge over the B-S Feeder canal, downstream , 
of the plant should be expanded so that  its flow 

constr ict ion is removed and f u l l  discharge is passed 

without hindrance. This would reluce the build up oE silt 

in the canal a t  the pwer stat ion.  



WAPDA's enerqy product ion in IAic k o t  decade has been less than the 

maximum demand. Iiie annua.~ growth in energy sale: has averaged 9 percent 

wid?..: the growth in m3,ximurn demand h.y barn 12 percent. Augmnentation of 
rjerleratinq cJpaci;;- i1::--::7h the aclhition of thermal plants, which take o 

shorter time t o  construct and br i n  : ' into opera tion than hydroelectric 

units ,  was seen aLQ part: of the sol 1,:ion of t h i s  probl.em. Avai.hhility of 

4herma3 plants, which are  not, effw: .:- by water availabll-ity, is :tlso 

greater than that  Eor hydro units. Also the lead time required to bring 

gas tu tb i~ ie  units  into operation is re la t ive ly  short. 

The original  decision t o  develop a thermal power s ta t ion  a t  Guddu 

was made in 1966. The selection of Guddu a s  a power plant s i t e  was based 

on the avai labi l i ty  oE natural gas f ~ o m  the nearby Sui gas f ie lds ,  an 

abundant ~ u ~ p l y  of coolinq water Erom the Indus River upstream of the 

Guddu Barrage, and, msi: ).nportantIv, the fac t  that  Gucldu is well 
s i tuated geographically for s u ~ l y i n g  e l ec t r i ca l  energy to Upper Sind, 

naluchistan and the Southern Punjab. These reamns still held good when 

the dwis ion was made t o  i n s t a l l  the 4!1.?/600 Combined Cycle fac i l i ty .  

The Guddu Power Station is a t  a key lccat*an on the 132 KV, 220 KV and 

500 KV transmission systems and wz- an obvious s i t e  for acklitional 

qenerating capacit. The qas fuel  supply t o  Gudtiu is sufficient  t o  

support the 300 WI cartbind cycle plant expansion project for which 

e ~ ? l u c ~ i ~ , , ~  ?E t"te~rs has recenLl :l s tarted.  The avai labi l i ty  oE trained 

s t a f f ,  s i t e  f a c i l i t i e s  and an esL,t'. ! , ed housing colony favors further 

expansion. Howwer any extensiot. beyond the planned 300 MW expansion 

project w ~ l d  be dependent upon additional gas supplies and/or a decision 

1. - - - - - to-operate one or more ,.I' the convent~onal steam plant units  on o i l .  

- 32 - 



Canbind c p l o  powor plnnta operate a t  connidcrabl y greater efficiency 

than conventional rchcat tltcam boilcr/turhine units  and cost 

substantial ly lens on an inotallecl kilowatt lm~lsit?. Their moclular 

construction providea greater  qenerating flexibiLity as  do other inherent 

character is t ics  of t h i s  Lype of plant (a.g. the load chanqe ra te  

capabil i ty ir, about four t h e 9  that  of a conventional. plant) . WWtN has 

had many years of experience with gas turbines and th i s  technolmjy 

features significantly in WRPM'B thermal plant expansion nroqram (e.g. 

the e i q l ~ t  qas turbines a t  the Kot Aildu Thermal Power Sta t  ion) . Although 

the Guddu 450/600 Md plant i s  WAPM's f i r s t  canbind cycle pLmt it does 

not present W D A  with techno1ogica.l. innovations that are new to  them, 

except Eor the distritx%.i microprocesser p.lant control system (which, of 

course, is not a control  system which is unique to  combined cyrle plants) .  

33. In the canbined cycle mode the plant provides a thermal eEficiency 

of around 45 percent. T11is compare? with 30 percent for simple cycle gas 

turbines and 36 percent Eor conventional bi ler/steam turbine plant. A 

cornpar ison of guaranteed versus actual  gas turbine performance t e s t  

resul ts  i s  a s  follows (data are  corrected t o  50 'C ambient conditions): 

Generated Adjusted Actual 

Guaranteed for Actual Gas Used (Average of 4 U n i t s )  

Output WJ 84,685 85,640 
I 

I m 

Heat Rate 

kJ/kW. hr 12,003 11,950 

Fuel Consumption 

A comparison of guaranteed versus the combined cycle add-on preliminary 

performance t e s t  r e su l t s  is as  foilows (data are  corrected t o  30 'C 

ambient conditions)': 
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Cilraranteecj -. I n i t  No.  l IJnit No. 2 . . . .  

Output Mi 96,680 98,268 99,588 

B. Projcct Cost 

3 4 .  The actual cost o f  the project was $254.7 mil l ion,  which is 29.7 
percent below the estimated cost of $362.3. milliori . A deta i l ed  comparison 

of the a ~ p r a i s d l  e s t i ~ n a t c s  and a-tual and estimated costs is given i n  

Rppendix 5. 



'L'he s~ lbs tan t i a l  c:c,st ~nderrun c~hich was achieved is a t t r  ibutecl to  
the lowcr than anticil:ated prices for tl,e canbi.nw1 cycle add-on, 

s w i t ~ h f i ~ r d  r2xtension a d  gas p i ~ l i  11s maker i a l s  and quiyrlmnt contract..,. 

I t  ~houlcl be noted t P ? t  both ti..'. p e r  plant and o i l  and rjas cqu ip r~~n t  

inclustries were in a depressed s t a t e  during the per ids  over which the 
eyuipinent was purchased.   his ittsulted in extremely canpetitivc bidding 

si tuations.  

p r o ~ e c t  ~ G I , ~ - : I . :  - 

~ h 6  gas turbine-generators . e r e  commissioned Eour ( 4 )  months Late 

compared t o  the project appr: . s a l  schedule. The delay in completion is 

attr ibuted t o  the fe& that  gas turbine plant L o t  US and 113 contracts 
were awarded f ive  (5) :mnths l a t e r  than the appraisal schedule. Tenders 

were sulxnitted in Octobeb 1983 a s  originally planned. The three month 

schedule for bid evaluation and contract r .+got i a t  ions indicated on the 

appraisal schedule was nr:t r e a l i s t 4 c  however. Almost eight months were 

required Eor evaluation and a ! .r,3. This is not considered excessive for 

a pro):-t of t h i s  nature Both gas turbine-generator instal lat ions were 

completed within shorter  tim r:,:ans than provided for in the appraisal 

schedule. This reduced t h o  delay " -om f ive t o  Eour months. 

The steam t ~ r b i r . ~ - q m e r a t o r s  were cmmiss,oned 19 months la ter  than 

envisioned in the a ~ p r a i s a l  schdule.  The re&ons for  t h i s  delay were a s  

follohs: 

The cc;,tract for the Lot 4 Combined 'Cycle add-on of HRSG's, 

z:=.-rf turbines, balance nf plant and auxi l iar ies  was awarded in 

mid-March 1906, over i4 mont-h~. ?hind the appraisal schedule. There 

were several reasons for  , t h i s  delay. The original  pre-award 

schedil?e was too ambitiout allowing only £our months Eor 

p r e p a ~ a t  ion of C.!!? tender Sauments (with docuwnt p r e p r a t  ion 

being s tar ted  in Oct.?ber 1983, which was before the engineer 

started h i s  work) , three and one-half months for the bidding process 

and two months for the evaluation of pronosals. In actual fact  the bidding 
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documents were i s eud  on August 1, 1984 which was five nonths behind the F : 
appraisal schedule. Thc biddim and evaluation process turned out to  bc I I 
cornplex and tim consuming' for a ,  number of recrsonn, inclrdiry the I 1 
following : 

two envelope (technical and pricing) bidding : (single 

envelope bidding would have permitted short Listing arxl thus 

reduced the evaluation schedule) 

the mt 4 and the Lot 4A plua Lot 4B breskdowns for 

proposals: (the bidding process confinned that a Lot 4 plus 
4 8  breakdown was not necessary t o  ensure competitive biddiry) I ]  

I 
the large number of bidder5 and proposals 1 1  

- 

. 7 -  

diff icul t ies  in determining the substantive responsiveness of 
11- 
i 

certain bidders: (particularl-y i n  the area of satisEyitlq 1 '  ! 

experience -criteria;. one bidder in particular was evasive in . I . . - 
providing experience data) 

objections to  the bidding and evaluation process raised by 

certain bidders: (which had t o  5e responded to, despite the 

fact  that such objections were; without basis) 

extensive and time consuming clarification meetings with each 

responsive bidder: (necessary, because oE the two envelop 

bidding system used) 

The Lot 4 contract was f inal ly  awarded in mid- arch' 1986 which was 

19  months la ter  than appraisal schedule. At: the t i m e  oE award i t  

appeared- that part of the delay already incurred would be recovered, 
- - ---. . , 

since the Lot 4 contractor, the General ~ l e c t r i c  Company, had , t 

proposed a 21 month schedule frail award to  Taking Over as  canpared 

with the 29 months envisaged in +he, appraisal implementat ion plan. 
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The Lot 4 Units 1 and 2 began to generate electricity in December I .  

1987 and March 1988 respectively which was approximately 14 rwntho 

behind the appraisal schedule. Taking Over of Unit 1 was finally 

. '  accomplished in November 1988 aid of Unit 2 in August 1988, ~ h i c  
represented a 22 months slippage with respect to the appraisal 

8chedule. Part of the schedule slippage is attributable to the late 

delivery of equipment and materl.al to the plant site. Therc were 

-a 
also rnany events which contributed to the delays but were beyond the 

contractor's control. 



Financing Agency 
I Lot No, - .  Description Foreign Currency Lmal C~rrr?nr;y Contractor 

fin Package ir:, " ,?rd TIT for  ADE GOP ('i7APM) S i i r t e c  S.p.A. ( I t a ly )  
s~rpply of valves and sul+ir 
and erec t ior~  of gas mixing 
s ta t ion  an i  dehydrator 

CIA Packaye I V  for supply of ADD 
pipe coatinq matecia13 

n/a Caroplast F r i t z  Mullsr 
(Wests Germany) 

GA kdckage VIT for s u ~ p l y  of ADB 
Cathodic protection matecials 

n/a Phoceenne de 
Metallucg ie  (France) 

6A-1 Skandhy Sui gas reducing n/a GOP ;:?APDA) Petrocon Ltd 
(Pa!: istan) 

6B Gas pipeline ins ta l la t ion  ADB GOP (WAXA) Petrocon Lt.d 
(Pakistan) 

- Fuel gas heaters n/a G!3P (WAPM) Mono I w x  (Pvt) Ltd 
(Pakistan) 

.. Steam & condensate piping n/a GOP (WAPDA) Industr ial  Entjineer ing 
for c h i l l e r  plant  Services (Pakistan) 

- Skeam &. condensate piping n/a GOP (iJRPDA) r a i r  Field (Pakistan) 
2 for  fue l  ga; heaters 

IlSD oil. decanting sy:,lem n/a 
and tank interconwction 
; ipinq 

GOP (WAPDA) Erection Engineers & ' 

Ccntractors (Pakistan) 

COP (WAPDA) Fair Field (Pakistan) 
r 

COP (WAPDA) Erect ion Engineers & 
 contractor^ (Pakistan) 

Miscellaneous mechan~cai n/r , 

piping systems 

I'rnporary Fire protection n/a 
system 

- - -  

Supply and ins ta l la t ion  of n/a 
Lxd ing  water piping to t h e  
qas turbine heat exchangers 

COP ( W D A )  Petrocon ~ t d  - . &  I 

(Pakistan) I 

i !  
GOP : W D A )  Al-Hamra Tradirr- Co. ' . , , 

(Pakistan) 1 I. 
C .i- 
f !  
I - 

Cooliw water s u p l y  and 
return piping for  chil1.e~ 
plant  

-., 
GOP IWAPDA) Procon Ltd (Pakistan) . 3 s t a l l a t i o n  and t ie - in  of 

P E O  f i l t c ~ s  



.I.. Gas Turbines c( %nerators four ( 4 )  

.:,i ,I ~ l c  cycle, hxwy duty for outdoor 
:,. 1-al.lation. 

G ~ ~ a r n ~ ~ t e e d  net output: : t?: 7/05.64 MW (d is t i l l .a te  Euel/Mari Gas 
a t  bas.: load a 50°C inlet  t rmprnture.  

~cznera tor 

Gerwrztor Voltage : U . 5  XV 

2 .  Steam Turbines 6 Generator: ?blo ( 2 )  

Steam Turbine -. 
Combined Cycle unit . 94 MW 
st 50% guaranteed 
out-put 

Speed 3001; rpn 



Generator 

S p e d  3000 rpn 

Phases 3 

Frequency M 11% 

Voltage rat ing : 11.5 KV 

Powr Factor : 0.85 (lagging) 

Guaranteed 100.56 MW 
output: at: 0 .R5 
and 43% cold 
gas temperature 

HEAT RECOVERY STEAM GENERAMRE : Four ( 4 )  

Maximum steam flow a t  50% base: 154.9 W/HR 

Steam pressure a t  50% base : 63.3 ~ ~ / c m ~  

Steam temperature a t  50% base : 530°C 

CONDENSATE "EEDWATER PUMPS : S i x ( 6 )  

- w - : Vertical barrel  

Total Head : 954 m 

Motor HP/V/HZ/Phases : 1250 HP/6600V/50HZ/3 

Speed : 2970 RPM 

M A I N  CIRCULA'L'IEK; WATER PUMPS : Three (3)  

Design E l o w  : 27,516 rn3/Ii~ 

Design I.tead : 13.72 m 

Maximum st.xed : 330rpm 



IIYDROGEN GENERATION SYSTEM 

WATER TREATMENT PL?; T - 
flernineralized water flow rate : 

TYW 

0 

35,02!1 rd/fli{ 

4 7 . 6 " C  

3'7 .O°C 

344 x 106 K Cal/ l~r  

TwCl ( ? )  

17,483 rn3/,;1l 

21.3 m 

433 rprn 

416 lprn 

Anion Exchanger 

Cation Exchanger 

Mixed Bed Exchanger 


