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SECTION 1
 

AND OBJECTIVES
)BACKGROUND 


1.1 	 BACKGROUND
 

The project was conceived as a result of on-going dialogue of the United
 

Development (USAID) and the International
States Agency for International 

(IBRD) with the Government of
 

Bank of Reconstruction and Development 


Pakistan (GOP) Ministry of Water and Power (MWP), WAPDA and KESC concerning
 

ways to meet power demand and reduce periods of capacity shortfalls. One of
 

to the performance of existing power

the measures considered was improve 


MWP 	and power

generation and delivery systems. IBRD has made known to 


activities. IBRD
 
utilities its willingness to provide funding for such 


evaluation and
 
encouraged the performance by a qualified consultant of the 


request a loan for a
 
planning efforts necessary for HWP and WAPDA to 


the performance of Pakistan's thermal
 
comprehensive program for improving 

power plants.
 

for the assistance of a
 MWP, 	WAPDA, and KESC approached USAID in early 1985 

power


US cunsultant to survey the performance of WAPDA and KESC thermal 

improve thermal plant


plants and recommend those actions which could 


performance.
 

a survey as set forth in terms
 USAID agreed to support the conduct of such 

and 	the IBRD. USAID
 

of reference jointly prepared by MWP, WAPDA, KESC, 

to carry out this
Stone & Webster Engineering Corporation (SWEC)
selected 


survey and provide its findings and recommendations to WAPDA and KESC by the
 

fall of 1985. It is expected that negotiations could then proceed promptly
 
for support of plant


between HWP, WAPDA, and KESC with IBRD and USAID 


performance improvement actions which MWP and WAPDA (or 
MWP and KESC) agreed
 

meritedi implementation.
 

1.2 	 OBJECTIVES
 

The objectives established for the consulting contractor's 
survey activities
 

were 	to,
 

0 	 Review and assess the operational status and maintenance problems 

of thermal power stations specified by KESC. 

needed to improve the thermal efficiency and

* 	 Recommend actions 


maintenance of the unit's availability, capacity.
 

implementing the recommendations, including

* 	 Propose a program for 


a time schedule and estimated costs, and
 

proposed plant rehabilitation.
* 	 Evaluate the cost benefit of the 


In accord with the statement of work for the survey, the program recommended
 
total
 

by the consultant ". ..should be primarily designed to increase the 

generation of the existing WAPDA and KESC thermal units at a 
lower cost per 

U - kWh. This should be achieved by increasing the output of the Units in
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recuperating a maximum of the efficiency lost from the designed heat rates,in improving t>oir availability and reliability, and in reducing the cost ofoperation arid maintenance." 

This Executive Summary addresses the survey and evaluation coniductedthermal generation units owned ot the
and operated by KESC. A s-pa rateSummary Executiveis provided for those therma l generati ,iunitsWAPDA. The main 

owne d aind ope'ated byreport covers in dt.:i I the f lI surLvey activities,findings, and program recoLvueridat ions. 

2226-1400315-B4 
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SECTION 2
 

METHODOLOGY AND SUMMARY CONCLUSIONS 

2.1 METHODOLOGY 

After an orientation meeting and review of available KESC systems and 
operations data, the key element of the survey was an on-site visit to each 
thermal generating station by a team of SWE'.C specia ists. Diring the site 
visit, the team: 

" ConductMd An in-depth interview with .;tation imanageusent And key 
operations, etlgineering, and matirteraume staf to lWarn about unit 
operatio s :arr ira i itelialcel aippl'ih, , blrl , .i (l it "ilur i[ig 

fac to r . 

" Performed a plant inspection. 

* Conducted interviews on ma nagement and institutional factors. 

" Developed preliminary diagnosis of conditions. 

Prior to leaving Pakistal in August, the team Laler conducted reviews with 
station managers, > ,'P, USAID, and IBRD leadquarters staff to provide 
preliminary Winights on the survey tail's observations aid findings. 

Upon return to tho Coisultant 5 lihetadq:arters, the detailed evaluation 
process beagian. Ev. Ilu. i o ns consisted of comparing present observed 
operating conditions witi unit. design data or guaranteed performance current 
conditions 'tdLa. Calculalitns were performed w determine tie e fects of 
ahnormalitQi; oin unit perfornance. Thermal effici encies, fuel ni; ige rates, 
and air heater p'erformance were part of the boiler evaluation. Turb i ie 
plant evaIluAtLios considered such items as the steai cycle anid operating 
conditions. Balance-of-planlt evaluations focussed on systems and eqtuipment 
whi.h affect design output. Heating, ventilation, and air-conditioning 
considerations ld their effect on operating equipment were also addressed. 
Control and electrical systems and equiplent evaluatel inclrde controls for 
the boi ler, turbine, fuewater heaters, water treatment systeis, vibration 
monitoring, circulating walter systems, control rooli annnrciators, electrical 
equipment., switchyard, motor control centers, generators, transformers, and 
grounding oquipment. 

A review meeting with KELSC, .IWP, And USAID was held in early October in 
Karachi aid Islamabad. l'ie purpose of October review was to Assure that 
root causes were properly identified and corrective actions unider 
ccnisideratior are appropriateand have a high probari Lity of success. 

A benefit/coat Analysis was performed to select corrective measures of 
suffici:nt econoic eruit to be inicIuded in the program which SWEC would 
recommend for KESC' a consideration. An overall sceldule was lev'loped for 
the recommended unit rehabhilitation activities. Hiowever, KESC management 
has a I ready taken necessary steps in some cases to correct these 
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deficiencies. This overall schedule was used in preparing a comprehensive
 
program implementation plan.
 

2.2 	 SUM%\ARY CONCLUSIONS 

While qua] ity aid quantity of work by the KESC engineers is impressive, the 
performance of KESC's thermal g crating units has been significantly 
degraded by: 

" 	 Postponement of preventative maintenance with a resultant shift to 
increased corrective ini nt enance brough about by the need for 
prolonged operations to maxiize system generating capacity. 

* 	 Use of fuels for which the units were not originally designed. 

" 	 Operation of comhulstion turbines designed for peak load operation 
as base load units. 

* 	 Insufficient stocking and poor inventory control and' storage of 
spare parts,
 

Other factors adversely affecting the thermal generating units' performance 
include: 

* 	 Less than optimum workshop capability for corrective and 
prevent ative mail tenance of eqtuipmient 

o 	 Insufficient main.ljment emplhas is and incentives for tecanica! 

training of Plant .;eratin: ndll maintenance 

* 	 Lack of stti :: .l';. de,.;i ni drawings, unit performance data, 
and plan t ipraot rucedt rio and 

Lack oif ufficint ,engineering sta". either at plant stations or 

ill KE;:" Head,.larer. ; dedicateil to maintaining a high level of 
thermal plant perfrmance. 

The natioci l impact ,: thtsi- d ra !ed thermal plant perforlance is 

exacerbated by: 

File low reserve margin of P:ikistan's Uectric generating capacity 
over peak demand combined with a high rate of increase in 
ele ctricity demand tu suppo:t Pakistan's expanding economy, which 
frequently results in the rived for large-scale load shedding; 

A comprehensive prog ram conhictel over a tbroe-year Period could increase 
the capacity, efficienc., Ind vi abi Ii ty of WAPPA's thermal generation 
units. The benefits of such arprogram would include: 

o 	 Increasing the KESC tihermi I ienerating capacity from 573 .lW to 

754 >1W; this ttal 131 .MW increase consists; of: 

63.8 M1Wof restored steam plant capacity at an incremental cost of 
$815/kW. 
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106 MW of capacity by converting two steam and five combustion 

turbine units to combined cycle units at an incremental cost of 

$743/kW. 

11.2 	 MW of restored combustion turbine capacity, which could be 

added to KESC's system for an incremented cost of $253/kW.
 

* 	 Improved availabli lity of KESC's die rM.l generation, ining 

provision of about 280 0,Wl/yea r of additional deliveri, of 

electricity to KESC's system. (This is about a 6.5 percent 

increase over 1984 thermAl "uit gerat ion.) 

* 	 An improved averagv ho"t rate tor KESC' s thermal units could 

reduce KESC' ; fuel crluist ticu pe ri of the rmal generation by 

about 12.1 p1er tnt. 

The 	 principal e, t.se,; I the recosmsiideid program io,nsist of: 

* 	 Overhauls, repairs, modifications, and additions to increase the 

effic'..c , availihility, and capacity of units at the six KESC 
steam stat I t; 

S 	 Coi.erting te five SITE combustion turbine unit: to combined 

cycle facii ilO . 

" 	 Converting two West Wharf steam turbine units to a single combined 

cycl e facility. 

* 	 Overhaul, retitrs, addition of evaporative coolers, and cleaning 

of compresors to increase the capacity, improve the availability, 

and reduce the average heat rate of four other combustion-turbine 

units. 

" 	 Increased spare parts and better management storage and 

application of spare parts.
 

* 	 Increased equipment maintenance capabilities of KESC' s nine 

workshops. 

" 	 A major dedica ii by KESC of its plant operations and maintenance 

staff to periodic technical training and an expanded instructional 

program as e:xplained in Section 6. 

Further information about this reconmnended program is presented in Section 4 

of this Executive Summary and Section 4 of the report. 

The 	 estimated cost for tli s comprehMnsive program is approximately 

5163 	million, applied as follows to the above-noted principal program 

elements over a three-year period:
 

* 	 $50 million for rehabilitation of t,.bfour st:am units.
 

* 	 $75 million for the conversion of the West Wharf steam plants and
 

SITE combustion turbine plant to combined cycle facilities.
 

2-3
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* $2 million applied to other combustion turbine plants. 

$6 million for spare parts and related improvement in KESE's 
planning, management , arid storage of its spare parts inventory. 

* 	 $200,000 for trainin;g improvements. 

0 	 $1 million for shops and warehouse improvements 

0 	 $13 mi l l ion for project plaini n, management, and engineering. 

* 	 $16 millitrr for cro t illg'll; . 

Further details about those ,itiuted prgrair co:ts and their application to 
each thermal lan ni L Ar i r ted in Sot ion 5 of this Executive SuiIrmaryl,.r 
and Section of the miin rpc, rt. 

.The proposed pla. it i;!pr Lp.'rogrt ramsl; hate beenuo v.vI-ii.rI , a net present 
worth basis a nai c, t hin.ii ard asimple payhrck anial isis: pt rtormed. The 

principal evalui ,,n rict L r s th,, v.it, of electric ity of 1.10 Rs/kWh. We 
undersatand ts A p cr;hitMM1; the 1nlg-arge miniial cost o energy. 

ULit imiprov itm- pr '.rsr :i:, 7a i:,Xc...!.fe that ira g ill attrac ilvr ess ot 1 

combined ,fr it r I ' i 2'A . 5, with a sa imt Io laytiakk period of About 

3 months (KOI.-3) r ,IA , t nef t ratio of 1.) with i a simple payback 

period ot b. 11 y r ,*I' -li . 

Economic ji1stifica-ition is dIscua:s;sed further in So ot ir 7. 

Dedicated ir, i tli'rit hy" ih L p ;ii.r ltrie t imf KESC is es:;sprIt-i0 to tile 

timely And aliccesstfUl pertor11ircn of it programi or the scope and brearth of 
that being I te couii-e of the aurvey, i t Icrare clearI'oornrrrorr.,. 	 that 

prior C.rm ment of priority resorurces to such a prog,,rarn was a result of the 
si ip le ntli to maintaiin maximim systeri capAc it. rater than airy lack of 

appreciaiorn of the need for and beefits of sich a progiram. 

Exercise of this .ar-te l window ,a r ppo rutim ity require:; prompt action o r 
three para] lel path:; 

(i) 	 Immediate atart of engineering, procuremrent and outage planning 
for those first units offering the greatest potential for capacity 
addition (i.e., Korangi and West Wharf); 

(2) 	 Arrangement of full program funding to be availatble by the sumer 
of 1986; 

(3) 	 Prifor creation of the necessary organizational structures and 
support capabiiittes, so that furll program ictivities can quickly 
got unhir.;ay as soon as funding is available. 

Effective plainI'rg and ianagemert; ald implenentatiotl of the recomrmenided 

comprehensive progra.i is a lifficult challenge due to the many units 
involved, the ,umerous activities required it each unit, arnd the delicate 
scheduling requiredf to avoid thermal in its beinrg down at times of low 
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hydro-generation capability in the country of Pakistan. Many of the common 
and cross-cutting elements of the program should be central]y planned and 
managed. At the same time, responsibility and authority for those 
activities specific to imlividual units needs to be delegated to station 
managers with assurance of needed support by the central program office. 

In this light, it is strongly recomimenileA that K[SC utilizi the c-aphdilities 
of a consult:tait firm highly e:x<jri nc in the planning, engineering, 
managimvint, aind implvsenitm t ion of mjr pl nit rehabilitationI projects to 
assist it in inAri nII implumeit'atL iun of the recoimiended program.w nli,,,l d 

Further detailis on a t cocpt for program implementation;ngg.st"J are 

presented in Section 6 of the Excutiw, Sunmnary. 
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SECTION 3
 

DESCRIPTION OF SYSTEM AND CURRENT SITUATION
 

3.1 ELECTRIC SYSTEM DESCRIPTION
 

Pakistan has two generation and transmis sion utilities: WAPDA and KESC. 
The KESC system represents approximately 18 percent of the total Pakistan 
generation capacity and consists of: 

* 9 Steaml turihilie Itit; ,',iLi a Lota! installed capacity r,f 688 MW 

0 9 combustion turbine units with a total installed capacity of 
225 MW; all tnits are capable of burning gas and high speed diesel 
oil 

* 10 diesel units with a total installed capacity of 15 MW 

* A tetal nai pl.tte capacity of 928 0Ii.' 

The locations of tht therms, 1 statilns art- shOw'n on Figure 3-1. Generation 
capacity and statistic; aire showr, on Table 3-1. 

In addition to KEI therma1 power stations, there is the KANUPP Nuclear 
Power Station which ISiC.ap.ble of generaLiting 3-28 O1W. K'SC is also abIt to 
purchase up to 60, MW of p,'er from PASIC (Wte& mill power station). Both 
of these power sour ce:, however, are not cammitted to KESC, and, hence, are 

not included in KESC's total genlerating capacity. 

The WAPDA ind KESC s evs, asire Lied together by 132 kV interconnections. 

3.2 CURRENT S ITUATION 

KESC had a peak leisand of 948 MW for the 1984-1985 season. With the 
installed iaimeplate capacity of 928 N1W, this allows no margin. The amount 
of installed capacity available to KLSC at any given time, however, is 
dependent on ELSC units out-of-service tor maintenance or repair, operating 
at derated capacity, or purchased power available from other sources. 

Base demand is satisfied primarily by steats turbines. During iLterruediav 
demand periods, disel and gas turbine units are usel. The gas turbines, 
even though interded far peak Kid' operationl, are now iperating is has2 load 
machines due to shortage of ,n,: t ing capacity. 

As shown in Table 3-1 , thi gas Ltirbine; repr t:it Approx tstae Ily 24 percent 
of KESC's generation mix, while tHe steam turbine.is con;titute 74.4 percent, 
with a small percentage i.0 percent) derive, from diesel engines. 

The currently operable generation capacity has been unible to sieet demand. 

Periods of major [oad shedding occur, particularly duriig the Low water flow 

season. Load shedding is defined as the process of deliierately removing 
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proselected load, 
ftm a power system ini response to ;i ;bnorl
in order to mlaintain ri I coid it iolthe integrity (frequency and voltage)For exampla, during July 
of the system.

1985, 
severe blackoits persisted for extended hours
due to fault, in the syst .. Allhough hlackouts 
are pos;sible, K-:SCsti I, it Lin,. , Lransporltioi i.
60-130 MW of Power to ,'APDA to equal ize tilt
load srhedling 01 tO l itil ithinr Pakistan. 

'There-, i11 , 
 .tivll in hydlro p,', er itr
Piki IoI 
y lio turaiabiitt iiiht 1', t :t- i )re u f io1m:-Aond. t LuNove 
 liue. Dlrinlg Lhis
pi'rilt , Ca.pacity rlv 1i 11' t, tret Ill Xtr'lri dependlThrml uni ; erce oIl Lhteru- inali- kpt i ts.
if at. all 
 spsible.rt-stl t ill 'This capacity shor-etager illniton,n n. hi oli r iin;let tin,i airen iriehi ov -rhails beingdeterUid 
llt r I f r c ll ouli ,Is Il'I ir.
 

The l -1 tti'ou, r i f tr 
 pe k oald operaLion,base 1I itIm are opuerated asI ll, in t I l, lr LoatL shedding r-equirereitlLs as needed.
 

,'IeI Con dd I ii
dii 


(is flup II estlri It toi 
 ind g sr quotas frr major k'FSC stations havecreated [IrJ-pr problem.s; by forcing also 
KESC to cope wiLh the incorporationit It hill ofi t teri ite firl oil storage facilities,


tie lers to irir 
convert ing existingtlr-niCe oil, ilnd ss equenlit-ie derati ng O the boilerThe corros;iv.,e outputs.

ritur,
of these ffuels has cillusedI frter - deterio-,Lioa
b i Ier heai fiitrirt;ter s;rfaces , res;l t ing iii tour boile r perfeorlance aidilcr-easec d Ima inriteianice. 

I'his .gas -est-i(-Li.l ailso applies Lo simrple c'..'c., iwhe combui tion turbine plantsre tIrD oi l fIriring irist,.id of rldtrrdl gi. his nolt oiitv Idorttried the
Petriod of ii pctioi allo over'hau iiterrvalsmaint.enaince probleins in 
but ha l s:, '.aiseid exti l.ivtaddition to decrasing t10 viilabilymachines f these
for piwer geieraLtion duriraig thi:; crucial 
KESt cspatcity shortag .
 

Fuel quality of both 
furnhace
arnitiia I , and tSD fuel is 

proximate ino 


or seporad ic sramples ar-e itken for 
lar ely uncontlrolled, Only

i, L inate anal yses.
 

Delivery fnrSi inf iries 
 is rIrrassinred biecaruse 
facilitieso 

of the shortage of Lrrnisportr tor W i': c l st-orage capacity 
it Lhe stations.;.
 

KESUt has in p!.lce 
 ai pir,grair for "ncreasing fiettransportation .corage capacity andtr iiti s. This program is requi red ald should coltinue to
conpleti p o
n 
as S ;o ir AS s itrio. 

CLrre tLty for tire plirt.s; inrlder investgatioii only one unit (Koraiigi No.
has a fuolp tretmntrr:t 3)faci Ii Ly; howrever, Korangi did not
proportiolit have properfeed cointrol hue to the unknown quality of deliveredIntroihctIon fuel.of fIle I t i-eatrI nt sys tem to other ill-i ts (s tearn and gas
turbfines) 
 I-; aIs;o re(r,merrridu .

Plaint rpe-ationl iiil! ta.irir-raie 

Plant average ivailabillity factors have been approximitely 60 percent.
Considering the age of these machines, this factor is well within reason. 
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Generally repairs and maintenance work are carried out proficiently by local 
station labor. 

lowever, shortage of spare parts due to lack of foreign currency for 
procurement and1 long leadtimes and current purchasing practices for these 
tasks contributte drastically to reducing the availability of thse units. 

The quality and quaiLity of w,rk ot the KESC optrait 100 and mainutenance 
engilleers is vtcrv impres.;ive . In spitt of a slortage of tra ined personnel, 
spare parts, wtorki;hop taci[it ics, and foreign excha.tg., the unit,; are kept 
online an long a; ,tsible' htiitg the tut rv ; p tt! is l l ,t 

As the an its have aged, the ritph, a on s.1iltat tu c 11e :-;Is hifted fitOil a 

p!lannied prevelltat iVt i5, teditc piog lramto onr & correct. Vt ii iten3nce as 
forced by i rt toi-ed at: tinng creatingtht, :rid uiromitts. outages nm it and 
p rob lemos. 

Al records, includinig equipment hstorV, are manually written by the 
engineers in rcgistirs when time allows. The opcrating procedures were, 

however, a'..tlable to eacth egileer who wrote and memorized theiT during his 
on-th-Jo, t raininlg p rog rali. The procedures were then retained in 

enlg i ie: r- ' holle. 

Spa e 'a rts itWarehouLsing 

The procurement procedure is too cumbersome to allow efficient management. 
Approval authority for purchase requests is too low. This results in 
stockouts and outages white awaiting approval from a higher authority. 

Two and three-year leadtimes for foreign manufactured parts are normal 
turnaround for spare parts procurement, Local procurements were general.y 
well managed, and posed no particular problem for the maiitenance engineers. 

Workshops
 

Both corrective and preventative maintenance is hampered by the capability 
of the station workshops. Lack of test equipment, machines, NDT capability, 
and trained personnel result in the stations contracting work out to local 
workshops or to the major repair shops. Advanced planning for work 
accomplishment is not being conducted due to the capacity shortage resulting 
in the lack of planned outages. 

The leadtime to schedule, plan, transport, accomplish, anti return work to 
the stations during a forced outage is excessive. 

Training of Personnel 

The KESC system of training for both engineers ant technicians assumes the 
students have some technical background and proceeds to cover the hasic 
elements of power plat. operations and maintenance. 

The entire sy;teni of training revolves arurld the stat ions on-the-job 
training programs, which are not formalized programs . Personnel are trained 
formally at the training centers, and informally at the students plant. 
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Notebooks are kept by the student a in preparation to r an examination given 
in operations or maintenance (plaitt-speCifiic). To provide incentive for 
completing the training program for entry level englineers al technicians, 

an allowance is paid in in1esmnt.; at the successful couipletiou of each 

examination. It i"a difficult to obtain tpotas for follow-on training of 
station persr'nel, e.g., Advanced operators' school, as w.l[1 as fo," vendor 
maintenance , ,,Wol; Ald forvign traiaing programs. Tis difficulty in 
meeting quota; i due to a ltck of spae-, lack of tu s for training, and 
reluctatiCOt i tLL pit l "I pIAIn Hit r iilaiageiilt to r, easet people (hiring 
the high powe r ,.l p r ::. 

Mants~eat 

The station snegv e"Lit for ill KESC plants is aware of manufacturers' 
recomn iadItiuJus for in:spLction and overhaul scheduls, aid they plan well in 

advance; Ih.;ever, all these I lrts are liegatcd when the disp.icth (Celt r 
cals fOr pw r i' L. a s.stm cpaca tLy shorltge. 'hitreflrt, Any prograln 
for inspectiun/overhaul i4 either revisel, postLpcned, or abandoned entirely 
antil the forced outttge is immirent or nictirs. 

During the survey it w s evilUt tht Eone "I the stations have an engineer
ing section devotOd to power plant hesi ;Ii Anld oprti-tion. KlSC ]lleh d ioa rLers 

also !:d riot havP a ,deicat,, : ginor ing gtoip fWr plant istpirovenuqItn al 

leW design concepts. 

Most technical and clericaL work at these stations is eiing performed 

manualLy by engineers using outdated calculator.; and other devices. No 
duplicating, typing, or word processing facilities exist to facilitate 

effective use of talent and time. 

Lack of station manuals, design drawings, unit performance data, heat 
balance diagrams, and plant operating procedure; is evident at some of the 

stations. The unavailability of these items causes extensive hardship to 
station opecators and management during emergency trips or for routine plant 
equipment monitoring. 
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TABLE 3-1 

KESC GENERATING PLANTS 

Installed Derated 

Capacity Capability 

Power Station (MfW) (MW) 

Bin Qasim 210 210 
L l 

Korangi 1 and 2 132 

Korangi 3 and 4 250 210 

West Wharf B 6 and 7 30 24 

West Wharf BX 8 and 9 66 45 

Korangi Town Gas 1-4 10 0 L
2 76 

SITE Gas Turbines 1-5 125 L 3 100 

SITE (Diesel Plant 15 15 

(10 x 1.5) 

Totals 928 798 

L' - New unit, no derating 

L2 - ISO rating 

P - ISO rating 

1 of 1
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SECTION 4
 

DETAILED FINDINGS AND RECOMENDATIONS 

4.1 TECHNICAL
 

4.1.1 General
 

An analysis hia been completed for each of the KMSC thermal units in order 
to evaluate curr,.nt performahce. As previous;ly discuss e in Section 2, 
existring caiid ti'rk; hi i bve...n compared with unit design, guaranteed perfor
mance data, and industry practice. In adit ion, spare part:; inventory 
progiris i, inai itena v , ari.ih.ps ma i fiti programsai preveiito tiVt htice were 

also analyzed. The i:tnt of th-se invv'sA i Li mt-o 'as to formulate a 

.11p1 the iitv'comprhensi ye ploris t, rao:l efficicn y, uap adil avalilabil ity 
of KESC tnerm ! Units in a ost-elfective manniil r. 

A su miiry of the unit. performaiic- cvallulairtilis Li ,tjlg etpairs, upgrades,
changes, ,nd additional equipment recom n,40 by SWiC is provided in 

Table 4-1. !T eviluatins are divided into four major categories, Boiler, 
Turbine, Ba li::e of i t ("IP) , and inst ru:iientat i on, Controls , a ti 
EectriaI (lCE). Tab 4-2 provides a separate listing of water treatment 
systemn recommiedimed ,, teat ions. Table 4-3 provides recommendations for 

tra ining ar-I wno;kships. 

These tables provide a summary of the recommended modifications discussed in 
depth in Section 4 of the report. Some of the most common moditications 
listed by area are as follows:
 

Boiler 

* Install steam coil heaters
 

* Install sootblowers
 
• Upgrade fuel oil unloading 
* Repair fani and air heaters
 

Turbine 

* Add evaporative cooling system
 

* Repair lube oil and air coolers 
* Selective turbine overhaul
 
* Selective blade replacement 

Balance of Plant 

* Replace water filtering system 

* Repair corndenaate pumps 
* Repair feedwatur heaters
 
• Provide fuel treatment facilities 

Instrumenta tion, Cantrolas yd Electrical 

* Replace combustion control system
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* Add fuel metering stations
 
* Replace turbine supervisory elements and recorders 
* Improve substation and circuit breaker operations 

Water Traatment
 

Provide adlitional equipment to increase capacity
 
Provide additio nal test equipment
 

A review of Tables 4-1 and 4-2 indicates while there are a number of items 
common to maly plats, tLhere are also many items that apply to only one or 
two units. As a result, the implementation program is not presented on a 
generic basis; rithvr, it i : ni t-specific. 

4.1.2 Fuel Oil EI ffects 

Both the steam boilers and combustion turbines at KESC stations were 
originally de signed to burn ga:;. "l't gas fuel supply was Iavored at the 
time because of its ivailability and inexpensive cost as rmp red to other 
fuel suppl ies. Ihe av.i labi i ty of gas in recent y ars l been insufli 

cient and infrtlenlt while costs have been escaltig. hit.' si tution has 
forced the use ar sUb;:;it ute fuel sUppi Ws. Furnace oil (No. 5 oil) is now 

supplied to the st eit in tiLand high speed diesel oil (lSI) to the unibuis
tion turbines. The subst itute fuel has caused significant problem:; in the 
operation aidI maintven ince Q the stat ions for a rnmiber of reaon.01S 

Essentialo i ,..aluation o plant performance and plant life is a deter
miiatiou of the e lects of fuel types on susceptible equ imlent, such as the 
bheoir and the combustion turbine blades. 

KESC gas-fired furnace desinns use smaII- ft mace volumes, have high 
combustion gas velocities, and have higher heat transfer rates than boilers 
designed exclusively for oil or coal. lhien oil is fired in a gas-designed 
furnace, f!'iremo impin ent is a major problem. Other problems found by the 
in;pection were relative heat absorption problems in the furnace and signif
icapt oil ash huliup problems. 

The Uia1Lty of oil vs rifs And ofteni contains impurities such as vanadium, 
sodium, and sulphur which cause signifi cant corrosive damage to boiler tubes 
and prt.heaters, is well as combustion turbine blades. Inhibitors can be 
added to the fuel o.i to help reduce corrosive conditions caused by the oil 
impuri ties.
 

lecaus:e of the untreated impurities that exist in the fuel oil used, corro
sive conditions wero found ii the boiler intd the combustion turbine blades 

at some inits. It is reconmiended that the fuel oil source be documented by 
P lace of origin, ru'finery source, iieLhol of trausportat iol, st srage site, 
and tre~atiient emplo e.d. Along with the fuel dbia, a fuel and ash laboratory 

analysis should be pvrf::rned to determine chtsiical ci:;titierts, such as 
carbon, oxygen, hydro gen, sultur, vunadLrtm, sodtiu , and ftuel blurning charac
teristic:; such as heat cointnt, flashpoiut, viscosity, and asphaltene 

content. Ihis inbormation is required to assess the suitaility of the 
materials in existing equipment (boiler tubes, combu;tion turbine blades). 
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Installation of 
fuel treatment plants to improve and 
regulate the quality of
HSD fuel oil is critically needed for the fuel supply systems of KESCcombustion turbines. The plants require metering stations and monitors, aswell as new atomiiing equipment, removal of potassium anid sodiun fromoil, and replacement of pump suction 
the 

ant discharge strainers and piping. 

As indicated in aTable 4-i, variety of hot iclr iMoiroficatits, nolicitions,
and changes are reqilired due to the ctlects of the fuel types used in 
 tiegas-dls igned units. 
 For exmpL,. adlitionl retrictiabl soot h]io,.,,rs shouldbe provided to the air heaitrs, :up'i,-hiate roehu,, 'is, aurl vcolnomini/rtubes due to 
-s, 

the knil lup of -'orr sive ,il1 ;hi 'po;its. ,TCll ;';recoifilenda
tions for imriprovemeiniit; to th, ulsii' and cotLrol or0 fuel ty es fi'' essential to 
improving the p orminv Ai the EA-;Cun its.i 

Critical to th impr .. e,iPt ur.the Ki'SC Ac m i tL are iillrov ienirtsto fuel supply ai itoragecacly. 'lire arc n,, tuel oil metering
stations i' r . f'rlI i o i , ,iit i plient for tile Stolag' anti 
tranf tr i" )i I i ; 1-i l' i'''i1 it 'also Stat lonls.,i A 

it i Ll r m t h :.,.,- e-I ill .i t each K'iSC stat ion that
dedicated tuh, i trins; i t', Li-ucks rae oc.e.od to provide in u interript oil I pi i l'i supply I orAit! u Li on iis operi ati. on. )ediatted fuelsupplies, ateinhate 11,ivini tr-ai'.port fAciiities, iii"i storage capacities,aind monitorilng Ain measuring *ui.nlit 
 are needed to control the quality And
 
quantity of 1
fuml ui'iy to bothth, teaLm and combusotion unit:;. This isvital to np wi'd in tiriiou srlit ul, coiVt'osiol frets ftol gans to fuel oil. 

There is corr itly An imprvmenr programi for oil It-r.ge And transport.This program Addresse the ,hoveproblem and should continije to completion.
We have not included or-irk estimates for this prograt ill our plari. 

4.1.3 Anti cipait.d Results
 

Based on the recotinded Action discussed above, calculations were preparedto deterin- the -,ffec ,;',f ;ch '-t'i n 'II un i t perk woraanca, plant capacityar-' availability. Unit thermal efficiency 
and output as well as individual
component effiCieicLy and capac1ty Iirmit ations were evaluated. Table 4-4provides a summalrly of the ant i ci paLted imp rovements that cali be re,! I i;d 11
unit performance alri capacity 
 based on implementation of the technically

feasible modificatin,. rIhis 
table is presented on an individual unit basis
and provides .i -stummary 
 of results based on implemenitation of those items
 
listed in 
 T blis 4-1, 4-2, and 4-3. 

The following discussions cover the anticipated results for the economically
justified projects only. 
 The results are summarized in Table 4-5. 

Effice c!y 

A significant improvement in the thermal efficieny of many of the units isobtainable. Such an improvement, as indicated by a reduction in the heatinput And tiuriine heat rate of the unit, will iresult substantial fuelsavings. Fuel consumption for all units could be reduced by approximately
10 ton/hr of fuel oil equivalent. The fuel savings per year based on an 
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average 12.1 percent i nc rease in efficiency won I d Ie approximately 

$16 million U.S. dollars per year at a caMacity factor of 80 percent. 

Caya ci tv 

Addi.ional capacity cart be provided by the existing KESC thermal tinit., as a 

resu tL of the ric. miil-'l upgraldes. Steami iniits' capacity could be improved 

by 63.8 MW anld iii.. Liti in unit: by 11.2 NW. Arl jilliti o Il 106 MW ,'ould 

result from the Ailit! 'ii '',f ,i bintcd cyclt unit rtrol i to SllE and t 

Wharf Station;. ( Mi .. , LYclV conver:;ieii; ,vrt- ct't 1;lin.ttt they l'' It 
cost-effective' YwAv " incorease Ho,' syst,.ni , t~acity. 'Ih-V ,.,u It At large 

iucrteas1'S A l [, l 'V , [tdul il,;', .l; t+ . .; 'l A,]. V.,t-'t W,'trvt. tfill u i .ll,! Wh~tl 

t L~,y uc I-A;!- "'o)Il i ej' e ca aCiL.oI th 

KESC I hersatI u i L '.sh I W ur 32 te rceliL nI the existing der tLed calt.city. 

Detailed int:m''.i M increta.ses in efficiency and Capacit y isa, .ticipated 

present d i n S.,.t ii . o f tie report. 

Av:i b! 11 

TIe av.tai lbi I t,.' , f a unit is a result of many interacting fictors. QiMt 

:ize and age ar, two important factors in predicting acceptable av;ailabil ity 

levels . Furtlteror., the small size and age of iany of the units contrIuLtte 

to the large drop ini t.'allabi Iity. The age of six ot the eiht steam lliOl, 

is greater than 2) vears, .nd two urnits ire 20 or more years old. 

The quaIity anid quant it': of fuel a i I miust it' improved t) significantly 

utn i ReciVilnendedimprove the avai labi l it'y of the KESC .tL ea s termn unit Itm

proverments include improtving the fuel qua lity as 11 as providing spare 

parts, replacement hl taes, and air preheatrs. Recommended gas tiirbiie unit 

improvements inclule inistliat ion of fuel Lrealtilent plarnts at each :station 

to improve and regul Ite fuel quality. 

Anticipated imp rivementa in 'nit availability have been estimated as part ci 

this investigation. These changes have been factored into to economic 

justification described in Section 7. 

4.1.4 Spare Parts
 

The immediate spare parts requirements determined by the station management 

and the inspection team are estimated to cost over S5 million. Certain of 

these spares, considered critical for the operati on and maintenance of the 

plants, shoul be purchased from the original equipment tanulacturers. All 

spare parts that are not critical to the operattion of pl w ltM tothe lit 

reduinda~snc'y, alternlate operatiial mole, or av.til.hi litv ,ti ;uitable :;ubst,-

Lutes ;o ld he tendered for comipetitiv' bilding. 

To assist tih erniil ers And storesi'i I 1to is e ;tilil iahing Ald lhilltltlinig 

inventory control, t leak Lop C-oiNi ttr is; rectmits i,l,'l fr eaIhII stat ii 

'arehous;e. These comapuiters could trantser ii tirtitt ouL Irust thte stuc k record 

ca rh; .utd hook into pvrmiatitlt data storlge. IIliglttiian low o d leveIs iltist 

be caIculated Accoring to usage rates uld jeadt ime, fOr ;troctirelenL. on 
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irivetory point , pr,,cur.Ment activities Should he 
reaching the lown level 

budget i Ss ueri itted and alIp' iOt-'e ( for each
C0olImII Ced . In KESC , all a rinniaI 

station. To redueS he com i catioor time loat in proclriut rig" :pr,;, it it 

i a I ,ed to trrligapo the I s t t ions 
r-coiwirendiodt tLhat L'roe idLt engineers 

within tiu established tol' ts. Proper tendetring oi quAli it id vendors i a 

rine to he subject to aiudit hy hii hcr authority. A
reqnir ed and :;hoild c,,nI 

t s1rot toorlilrt eit lV ay e it tfo; vend'o intovn irs i W, sent 

h.gher .thiror ies r r t .il- i jI inirmation and use. iI this wry, t iriAnciaI 

I'Ie g L,i l t oti. r.:;I dairt eng i er ; 

ko)y of a I I nrsor"0'1nrs ilri 1 

rtth riit ' aii * p' a i, bi I i L" wou Id Iet o 

And 1r1o:n . rod h t he' I ; err i, in noa S 

T intp I ririr tei. pr i t'nL of :pares, pr oritoioer; lie foeti 	 set 'ot etch 
the Report).

ilant to rripp,:,rt ti" specific requi r-ments (Soe Sect ion 4 of 

e i ni Lt IorOte jirocrceriLeit
Proprietary fi rsat pr- itily spares w uldti hi 


readily ava i iale.

f, I lo%.ed ry collrtrt. i rive b ii itA rms that a3r more 


of atpp Jy w'il ha1ve t o be investiga ted and 1 for
q"Ara fied
AItro1n ;t e S;ocrcs 


p ogram.

Lhe , p.pt i i.' . d:ri r.n the i m Lemrno ta rtn phia se of t ho 

0. .5 Mii inL teraIlc,! 

sul to i's 

of MESC workshops are not suIfrficient to handlIde KESC majr
The capati lit is 

pi i r work; ;,e'er, the ,'APDA workshopsr at Faisalabad, Gddi, and the 
r 

at .ar:;iroro are consiiered sufficient for the Pakistan
.rouoosel workshop 

Li are
it Ilrty ,yster. Facilti' e; at the shipyard in Karachi amd at Taxi 

oh l the event of 3t rMr.jir industrial work rerqpiremiient.tivai Iiiit. ,it; MO 
pressure cumponent s i avA labe at Toxla anid 

Rlinr:phic Lusting'I for higli 
tho;e facilities and the 

it the Nuclea.r R,earCn r i,.:,.ter. lhe servicesr of 

eich station's
 

Ircit . r".Ai,.s h;o id he .;cheduledtir .niccordance w tith 

m tiitntenn. c (- ') schedule to 
plart overh ii..........|:u a:iiiI rnd.rnt iw. 


proterly plai r t:- .. ,ttiMtor A eqtuipment and trained personnel. Rep,,i I.
 

lA& the adlition of ntichirtes as 
tnld replace etnrrt o: '',-o:-,orv. niachiries 

;uw;aarios will increase the self-sufficiency of the
eCrCIIWIrenIdeJ in tilt p. t 

addition of equiptent at the 
plants :it nominal cipi:til expense. A major 


recoilmended.
,veinral I sr kshop in rI i ,.iliiad i5; 

:tr iir.jl,'ritrt_ } r , ' It ir:l!.: i'rtrtSCir, 

those stations with a designated Inspection,
Sire it was ipp.ari'nt ht 

lest, and Me.ori i.d<; officor had .a better preventative maintenance 

it is higrhly recommended that. arll stations 
pr gram and operblity .r:cord, 

record the Plant PM Program and 
havem art IT&l : .H'i a'1'1.cv to track and 

IT&R oficer, tie Plant PIt Progrrm should Ie 
effici,ncy. 1' ai t . the 

r . s" top) corrLr ter. Daily, weekly. mionthily, and reni
programmired int 

naliilte nce secttiort. 
innu l checks . 'u1A ili i, ie printed out diIy. for etach 

| , 
e :jocks wit actual r.iAtings would be entered into the 

Completel ijai', 


cr irptt r tand tit-lr itecks 'woiuld b restfi;etuled. This trarlre coIputter Call
 

to is;a t the ITR offrctvr in c.alculation; for daily heat 
ie programmed 

ltrarCe officers 
rItes and tirentlIIr4 ''t (.-y le rroIrporIertltS to provide" the ritt1 


lnnt c it t iii of their eqtuipment.
with the apera 
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4.2 INSTITUTIONAL 

/.2.1 Recoa;;ndvd organizational Changes 

organiza-
Ir order to ba lanct, responsibi I ities and provide better camitrl , 

main office :"nd power station 
tional changes ate recommended at both the 

to create a staff 
M ati ofi I I ,e orgaii:at tonal (hiItge! ; aV It ces;ary 

eIiijpi it v Ifi ciency, I 
l wevls. 

rie tI t 1 on ct'rzling in-plaint(Ul' 'lll i CAl I andl (rUMV I 1-011111t'ilt a
eX IIrt-Cs to '' l I 1 l. v ,of il caI andl'p wqIL i chanf m tii AnCdVt an 


vILc 
OffIi ce in
be' i lu;titI u L by On, H..ad 

coent re[I, Soes ,ent r"lI (,nt rjg I ; ,ld 
' ! unmi: itsq a, , ou[-o fi-'st rvice . 

,tkt )y. "hli' :;,at i,,t.;
l I *,I : i,''Init) 1i t, tu. ,- t It 

p! ,rrnt ,ilel to rcO1'.0 lt- prohle'ls, the Ilad 
Ius:t,'.ii! , It - il ' ion th', 

t iv 
- locisio m-;nakil to etn iire that all 

tf ric t ,homld praetitt pi rt i ipa 
: '; :, a,i pot; ;1i1 . M ore 
. n servicer-,'tu' , u t ; to

rsouri :; are t11,I ied 
n L 

t o 
, , itd t ,I )r.1-'.a'I g-o 'a I .~,l P[c, lit : ,i! i .- wt" ui; 

''tl,ellt w'ithotl. los:;i::iv to xPjt 'tiL' prot-
Purchasin'gv p r .t'' ,'s . D-. , 

otote owt. -since downtime is 
t.I abhl units to deliverof coot r,, hit:; will 

a' procedures
iut ials nid s,,ar p.rt availahility. A number 

affect-i by 
,o pit to Nerve this purpose.

has been i iste in to ii 

itii;ot ioln, ducisioln-taking,n s. i n w-:9,ttrs,)fitlel
:Iao gemtpii t prd-ic.ti 

should be creaLe,l . txpanidi . Strol trdo 
al coimpt ettr ,'pI lc. t in)S , ; ' 

P g'i lelt tL o pr'.ii,'d-' cons istelit decisio i
it soillk. are as of The I'tlla 

prepapration of 
im kir,g atl nit forn treattltitt or p !r onie [ . Ihis aPp i eCSto 

trv p r iact ict's lor elucatioi,
a t.ui n o! i arast tst at i o r- ll'.zlrepocts, 

anti! hOuls m:;:g. rtining I: niini.IgC:;liit is included tn this 
milictl ser"ictes, 

basis isindividunal stationtL :iti:n' at the
oimendiL i.tion. Improved:e 

n b of this Executive-3 andi 6,,(CittI1* '.e.outlined inrecommtt ndeihd is 
SllTmmA.F ,y .
 

,mesl I l to ext ract and
11! 1,i,;persed antd ti,.'

OperaLt I n +Ita Are aun anut 
fo r productionSeparate rep,'"sin dcisi.ot-making.coliate for app1 icat Lon 

e 'icy anld cI I labIl ity for- the
e:iphasis on fic

and costs are siu ggste l, with 
purposes aregenerited for theseAppropriate forumats 

p roduction repui r t . 

cess v ry i 1 perceni to 93 percent of bus bar costs,Syttem fuel . 
will have a large effect on

ni: :; :iel consumptionthat a reductiindicating 
Lr, ; reason, we recomlenld that ai performance 

tota L bus bar costs. . 
5 of theprovided in SectiOnunst itutea. Details are

mlonitoring program he 


main report.
 

4.2.2 Preventative Maintenance Priority 

marintenance program is not in effect
ti:-ventlativeCurrently, an orginized 

considered a high priority 
for the thermal unitS , 'Lthoiugh such a program is 

it has been 
'WLth no reserve generating capacity,

by KESC management. 
to take a plimned approach to preventative maintetance. However, 

impossible recommendations 
an increased capacity r'Otl zing from implvmentt ing the 

capacity to allow 
prov i led in thi s report , KEC shou Id have some gene rat i ng 

trta this opportlutty be takeri 
of iuclb .1 program. W'e recommendinitiation 


to carry out 
 Lhi.; high-priori ty task. 
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TABLE 4-2
 

WATER TREATMENT SYSTEM RECOMMENDATIONS 

K,ran 
West 
Wharf SITE 

1. Effluent Systems 

o Replace 
caustic 

controls from piping valves, 

acid day tanks, and pumps 

x 

o Replace semi-automatic operation X 

2. Deineralizer Systa.a 

o Increase storage capacity 

o Increase size of trains 

o Replace valves, pressure indicators, piping 

X 

X 

X 

3. Blowdown System 

o Modify piping for better control X 

4. Water Quality 

o Add chlorine to minimize algae 

o Operation check of pH and residual 

for clean operation 

chemicals 

X 

X 

5. Cooling Towers 

a Opellwo to4wrs toimanufacture's recommendations 
x 

6. Makeup Water 

o Replace hot line soda ash softners 
X 

0 /2 I of I 
BXI-1400315-7
 



TABLE 4-3
 

TRAINING WORKSHO&L RECOMMENDATION
 

West
 
Korangi Wharf SITE
 

I. 	 Training Personnel
 

o 	 Provide additional training for officers X
 

o 	 Provide for-.al program for operationo and X X x
 
maintenance personnel
 

o 	 Provide integrate:d merit and advancement X
 
Sys t CH
 

o 	 Provide practical training for instructors X X
 

2. 	 Training Program:n
 

o 	 Provide additional training to technician X
 
to allow engineers time to work on improved
 
performance and availability
 

o 	 Upgrade workshops using ASE Standards x
 

o 	 Provide outside professional training for
 
engineers and technicians
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'1ABI1, 4-5 

SUMMARY OF ANTICIPATlD E,FICIIENCY IMPROVENETS AND CAPAC1TY INCREASES 

... ... ... 'ot ent i~ta I'ota ! 'rotal1 

No. of- Imp coved Capacity De rated Potenttial Instal led 

KESC DiIi Ls E-ficivecy ImptrovemntLs Capacity Capacity Capacity 

460.8 M1W 478 MWSteam Units 	 8 10.8% 63.8 mW 397 M1W 

9 3.1% 11.2 MW 176 MW 187.2 MW 180 M1WGas IIiL.; 

Il KEtS: 17 8.4Z 75 11W 573 MW 648 MW 658 MW 
Uuii t . 

8et'COflTlt'I* ~Combifned 3 N/A 106 MW N/A 106 MW 106 MW 

and it WeSt Wharf 

Total EEC nliiLsPIus 20 12. 1% 181 MW 573 MW 754 MW 764 HW 
C::!!iIjUdl
 

CyL'I V .it, l t itis .
 

Pc21' :;!ML.:'d(d 


"-'Add ot- 50 MW combined cycle steam Unit to existing SITE (;as "lTitrhinu Power Sta ton. 

"'-':Add two 28 MW combined cycle combustion turbine units to West Wharf rhermal Power Station Units 6 and 7. 

2152-1400315-1I4 



SECTION 5
 

COST ESTIMATES
 

5.1 ESTIMATED COSTS 

Items recommended for impletentation in the KESC thermal units which will 

result in an increase in unit efficiency, capacity, and/or availability were 

described in .. ttio: 4. A Capital 0,St ectimate was prepared for each 

units m, elrpnrideI i1ent iotif it ticn:;. Also included on a unit basis 

the costs i spare p t, t osLAn :onitoring ejtruipment, personal 

oder-of-m.agnitatde 
are 


Computers, .t".t wrkshott additions . These atv n 
e_:Lsi lla : Wi L hi a " i c c a a c y a t i 2 )pe i c t; n L".L)i ma t en 

believ th.t t atge'e al managemtit imp rovemnents can he
 

ttbtai eti at-; letter 

We insiLutwtit il 

''iLh :)iw! , ;i .iip,,, by utiliization of largely 

exi:ting resnrce,. KEYF ;Ls iould he stupporL t by existing buidgets. 

The out.sidec u is L.ct i;i incltuded it the program. In addition, we have 

of 52000000 for t ta ining programn improvements.inc! tlded an e;t i.tu 

The estim.-Le mi Vs 1t 10 :iit al lowance for program trinag cent aid 

engit erin (wg hich r,, c t the retrofit of the " atnature work 

the Limi ted intf,.rl n o: ilibl, fritit hich Lu determine engineering 

;riu rk ieqtii red per capital eoxiendi.tnre L,)requirtmineL:;. i i gri c :, i s 

assess the ctir t pltnt cotlition Lha: with a gr.tss-roots project. 

,wrkin r,,iui ,t t acc,mot,.i te the, opt raLi;g plant environmert-Addi iona r 

such items a:; il tion ,f eipipmcnt, tagging out electric poer, accouintrig 

for clearance.;, aid c:USS-than-opLimum installation and reirval seluences. 

Prograi mana.e,;;emit esti ,tats musL take itI accotnt the wide range at 

correcti'.' actit;:; repuir'd. in& tLhe in-depth coordination that will K. 

involved arilor.r til :;evor:! oeratioiial orgarizations of KESC (e.g. , plant 

opertt ron.;, dispitch, enginiering, procurement, training, etc). 

The es tmate Ior c:ntingency is higher tha tom a grass-roots proje:ct. Thi ; 

is due to the nature of the improvement program. A contingency of 

12 percent has been aidel o the estimate, We recommend this larger 

L! al-low f, uiknuwns t.at farth,r insp:ction engineering orcontingency 
actial rpai r may uincover. 

nor isInterest ui:;,,,Aring construction is not included in the estimater, 

import duty charge, by the Sovernment of Pakistan. 

5.1.I Steam Furbiiine Stations 

KLSC :team stations is $52,008,000. ThoseThe cost estimate to upgride 
total are based on Tables 4-1, 4-2, and 4-3.modificat torts included in this 

5.1.2 Ctombustion 'l'irtiie Stations 

Tlhe essimatel cst. to itpgrade KSC :ombustion turbino stations is 2,832,000. 

The modificat ions included in this total are ba.ied on Tables 4-1, 4-2, and 

4-3.
 

5-1
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5.1.3 Combined Cycle Unit(s) Retrofit 

The cost required to retrofit a 40 MW combined cycle unit to SITE Station
 
Unit Nos. I throuyh 5 is es'.ima ted to be $39,375,000. A 56 MW combined
 
cycle unit retrofit to Wevt Wharf Station Unit Nos. 6 and 7 is estimated to 

cost 539,375,000. 

5.j .4 "M AI.,E"mtinm l'Ont 

The to il ,f ,t .t5t; fir K1. ' hrm. I - t io' nl recommunrdol improvements is 
S162,980,000. ili:; irc!lIhs $13,359,(00 for engineering and program 

naltl .;etm!t and 1,,,15 ,000 1uor cnt i ngency. A breakdown of estimated cost 

hy -,tat i s p r',dvi, in Fa olt 5-I 

The cash flow 'rei CuuI for project implementation is illustrated in 
Table 5-1. The cash flow is based on a three-year implementation schedule 

presented in Sect ion 6. 
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47.401) 
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1.550 
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133-.590 
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SECTION 6
 

IMPLEMENTAT ION 

6.1 	 PROGRAM IMPLEMENTAlI' ON 

Design of a it ini,,ollctLtatLon F! ':n1 . the L fi i, c, Ii;ipov:emLett. Program for 
KESC Thermal Power Plntti was directed a_: 

* 	 expjdlLing ant max :iizing the attainmnent of the benefits available 
from the p , r A; 

* 	 minimizing the i ncts af uit downt ime for the purpose of planned 
unit reha bilillation, no ification or upgrading facilities; 

* 	 making full use of ex:.:istin,, KESC capabilities and effectively 
applying thtem to the varied capability requi remetts of the 
program; and 

* 	 recogniziag the processes arid related t. ies reauired Lo mobilize 
the funding ml1 establish the organizational arrangements for the 
conduct of suach a large and varied program as that being 
re commaendtd. 

Key features of the imp Ilementat ion plan wich is being rectrtinaded inclode: 

Establishing a single organization in KESC which is given overal . 
responsibility for program implementation. Assignment of authorities to 
that organiaLion contsstent with tlhat respon;ibility and with those of other 
staff and oper.ationalI elements nf KESC. 

A policy anrioacenent by top mtanagement of KESC making clear the high 
priority to be given to improving the performance of its thermal power 
plants and cmmi tment of well ualified staff to the KESC organization 
,establishod ifr program implementation. 

Expedi L, p. cvst a ts Lhe required the, assitg .rttof e:e for funding for 
program ';h that all necessary program activities canl be tldetrway by the 
summer of 1916.
 

Early acquisition of the services of arn architect-engineer consu.dtanL (A/E)
in-depth prior -xpe i.nce in the plannintg, engin,,ering, etnt anlifr 

field at ivit i,:; of thermal plant rha'i ilitat ion, ail molification andl 
upilgradlng , t avi t to assiS t KESC itt its plamiuing and ittaplemrtet-atLiaaiie's 
activities. 1i1i:; consultant should est.,blish a functional organization in 
Pakistan that would work close I' with KESC both inl ir.mhi and at Lit-
Stt atons hen fi :il a Livities are active. 

Early prparat, o'fa pl.n for major equaiptert procuWt'ataeL whi:h takes inta 
accouant ;)larU aaatn gtalh.atai .inI et at : ,)o K[-'S(. ,tid/or its ftndingt , a; -tap igt'r 

soiur ce . 

In-,lepLh initia ,l itmplemaent.at i nl pl.,tanng Lo coniirm the priorities of 
improvement tasks, fix the schedules of hiLial lWrovLtt tasks, establish 
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p)rograin coordi naLti on and commll i c2 tions p|rocedurta:; siid (eI fi I Ieand ans i gri 
responsibilities and AMithor ii of tin! ge" rat ioll sLation illiaglr wi ti 

respect to field task; on units. at his station. 

6.2 	ORGANIZATION REI;yl:D (IXEtCUfE i RK SCHE'I)ULE10 TiHE ,*: 


It is our rt,;nmcn .,tion th it th- Pt ojcct To i Coni Opt he 1utiIiZed. ThIi:S 
type of organizrit ion ! aui I titt e; int egrit ion of onginveering, design, anld 
pirociirtultiut iiI n:i r- of fact ivi because mlaiagseiLt Aid techtLica I personneolO 

ire in cointilliOUs kcut .,c . Thle siugge.;tei project- is orgalizetd a. showni on 
Figure 6-1. liveri I I progrim r, poslh:- i 1it y ret, ts ti iiitely wi th KE'SC. Toa 
demonstrate- coumii tLmat to tLhe progrim KE*;C must muke avai labl,' the ncessary 
resources, material nud tlWMlnin, Ior this uWutertaki lug. 

KESC siould appoint a P'rogram, lii vc or "i titth,- ut lhori ty to di scharge th ;s 
responsibilities that i nt v,: 

S 	 lvera IlI Piograii :)ttilitL ioI 

, rEtiua i tv cPrograin!i shi nug i't St.,ff 

* 	 Program Fundliln, Sch.,dule ind ControL 

* 	 Procurement of rouired materials anid equipient 

* 	 Selecton of an A/ A .t generlii sunperv ision of Lhe support 
act-ivit ie. provif,.,i b7 that censultnt,. 

For effective .is,i stiirn :e by the selected A/E, there should be simi larity in 
the organizat wn~iIonluncLiro aiid functional assignmenLs of 1ott 

organizations. Et tectnv.e coordination of AiE acLivities and commensurate 
channels of commniIl cLia n must he established to ensure KESC retention of 
responsibilit is and iuthor ties. 

The 	 se]lected A/1- sh;hound provide the appropriate organization to implement 
the program is follows: 

The Program Manager is tLhe Senior AlE representative and is responsible for 
cost control, schedule performance, and quality of work. The Chief of Party 
will report to the Program Manager awd is accointable for all in-country 
acivities. le will have priniary responnibi lity for day to day lIiaison with 
KESC and for the joint definition of their assistance requirements. 

Ihe Project Engineer report.-; 1.o the Project Nainager and is ,e-punsi file for 
the engineering of the project.. lie is accountable for the qua ity of the 
technical analysis recomumendations And the timely complet-ion of all phases 
of the engineering. 'he anagement Coinsultant. will he responsibLi to the 
Program Manager And is accountable for activities related to insti tutoial 
program activities. 

The Program Maniger ind Chief of P:irty are the primairy Client coontacts. Kity 
personnel, ident-ified is Home Office And Fiold Engineers, fronm retuired 
,ngineering ,ii pIlM, ire assigned to provid te hiJical .ii dhsign input 
to the proect. CristrucLion Supervisors ire assigned to perform the 
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supervision of construct ion/ inst. IaLtion activit ie:;. Equipment and System 
Specialists should he asigled to the Project 'l'eu 0r Pn as-reu ird basis 
to accomplish specific tasks reuniring their exportis;e. 

The Project organization can he finalized Ard Lt,,u,per nel ideut ified once 
the scope of work, sciedul, and an a,'eed-oj.O- r tcoject approach are 
app roved. 

To minirmize costs rind provide the moIt 'llictiv, utiliz.ation of personiniel we 
sugleits the mix imumli amont of work he pexor i'd in te s;elected A/E's hone 
office. In country iersonrul will ho assi,:,d as required. iasi on the 
scope of work l'eoitrorteu in Lh is study, six h,n, ofiice pe rsoln l will he 
required on a 'orLtKIIIrIru basis to oyr r tuperfr trn novng UQd support 

procureen t, actLiviti e:;. rhl.I; Li wiIi I be iii'r'asO, durin ti di sign 
period poak for till 'uij0iu :,,I(vole ionivr ioe, to appi i.i[I1tely 10. 14e 
st.imiLe that iniiti:ily, IiZ ivLt ollice p r io,nl w'ill h e nlr to 

coordiual., aid 111 1,,,' , to'I 'tivitie . \L I o ik h v' r, the et' c iill lie ;Is 

m.any a; 13 cotlloy il . I' is intendel that station's tasksin r Iit ore 
will he completed tMfore proceeling to nother site. 

u. 	 SCHEi);LE 

In developing the schehles for the program, the following assumptions,/ 
criteria were used:
 

* 	 36-month Project. urat ion. 

* 	 18-month home Off ice Engineering and Design period. 

* 	 Iumplemertat ti basedun priority of improvement. 

No planned outages wi 11 be undertaken between November and July 
(low 	hydro season).
 

* 	 125 MW maximum generating capacity to be removed during each 
outage window. 

* 	 All materials, parts, and services for each activity murt be 
available before the start of each outage. 

* 	 Contracts are "furnish and erect" to maximnum extent possible. 

* 	 General contractor support will be available at each site during 

planned outageo.
 

To ensure maximum improvement as early in the program as possible, schedules 

have been set. according to a plant rarrking that recognizes the greatest 
potential for increase capacity. That ranking, in descending order of 

potential ir:creasr, Capacity, is: 

* 	 Koranrgi lhe rra I 

" 	 Ko rang i Gias 
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" 	 SITE 

* 	 West Wharf 

For each site, tasks scheduled first will result in the Largest generation 
increase. Other recommended tasks for the site requiring major engineering 
design, equipmnt procurement or anticipated outages of two weeks or longer 
were al so l ii, in the schedule 71his was done so that iajor eigimriering 
aid les:ign f"or a part ic'ular staLion would he coMp1O.twt in si; wpport of 

s cheduled oit.i' ()[Lc,: the fiei, work i," one st;atin i.; e,,iiijletc, the 

fi'ld . 11 'ill,;IlII ho ,.i i th i e t ; t ti 1 1n lot' A 01 tar isi;igillin lt. 

D' t i l d :;IIedIi II tor the el',ijlne r I ln, pr|'ill'vii,ill . lll op I eiiieiLtat il i 

the 	11.1jot 8 'Fi: recomrlililatij li-, for i lh :;it,. Are io.,rn tilt, riot work- At 

the' 	f'n. of Liihi n htrtt r. Fi giro 6-2 delittL the, ,h ,ir !, rqtpi red t, 

imp es, th m agraetlt, inilitellance, And oIeriti- iois 0et iV, t i e.; recoiii-idedl 

by thi :; t t . Flyiy - I, l l ls i'-O s the elgittle'iring, pjlcl rcietmei , andt 

impleiiotAtrlo schedul by plat. Th, networks in Figurres P-4, throigh 6-6 

provide ,t :iils of the milajor imriprovemensit proe r nm activities. Piocutir ie t, 

training and .airgc nii assitaiice servic'. es are pirovidi oi a sep'il -ai 

sehedule t hiIhli lit thi r priorities. 

It should be not'd miniror study rceomruierIaLt ions hive iot breei included iin the 

schedules at the end ot tis .'ect..or,. Minor improvements and those which 

can be implemented during normil plant operation on short forced outages can 
be scheduled as a level oI t-fart act ivity after tilt improvement program 
workscope Is betn frinil'd. ie P:oject engineering team would handle 

these routine engineering tasks', du:artions "f 3 months or less, by assigning 

project staff engineers LO perorrll the nleessary activiLis. 

Achievement of this recom uendedi :iciihdle will bring i nto being major 

increments of bon fits i.. , increased capacity, efficiency and 
avai lability of t ht,rllal I unlI t ) for the dIy periods beginning in 

November 1987 and November 1933. lowever, to achieve this, the schedule 
requires:
 

" 	 Mobilization of total program funding to be available by the 
sumner of 1986; and 

* 	 Expediting the establishment of the KESC organizational structures 
and support capabilities for the program so they will be fully 
functional at that time.
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SECTION 7
 

ECONOMIC JUSTIFICATIONS
 

The proposed plant imprcvemrent projects for the KESC generating units were 
evaluated on the basis of net pre ent value and benefit to rost ratio. For 
each category of improvm.nt task, at a unit, capital requiremnts, O& cost 

effects, and incremental chng;vs in heat rat', capacity aId availab,ility 

were estimated. These. biliet i] . ,e evaluitd over the assumed remnai ning 
]ife of the' tLit. The vxpecrtid 1itt e l t1: deeLl, the assuimied remaining 
life was 20 years for gas; turbines, and Wt yar:; tor steam units. lhse 

benefits were aggregatevd at the "nit lvcl and ovalIated based on the 
following major a ssrmpt iot: 

Present Worth Discount Rate 10%
 

Inflation/'scalation Rates 0%
 

Long Range Mlarginal Cost of Energy 1.10 Ps/kWh (1985)
 

Fuel Prices
 

Furnace Oil 65.97 Rs/10 Btu
 
High Speed Diesel Oil 87.33 Rs/106 Btu
 

Coal 38.76 Rs/10 6 Btu
 

Natural Gas 65.Q7 Rs/10 6 Btu
 

Currency Exchange Rate 15.82 Rs/$1.00 U.S.
 

The results of the:;e analyses are lhown in Table 7-1 and Figure 7-1. In 

Table 7-1 unit projects have been listed in order of decreasing benefit to 
cost ratio. In Figure 7-1 cummulative nt present values are plotted versus 
cumulative capital costs. [he recommended program includes 17 unit projects 
with benefit to cost ratios greater than 1.0. These projects involve an 

investment of about 2.08 billion Rs a have an aggregate nct p rese t v 1uc 

of over 5.336 billion Rs. 

All projects recommended for modification were found to be economically 
justified. Further details on the economic evaluation are provided in 
Section 7 of the main report. 
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TABLE 7-1
 

RANKING OF MODIFICATION PROJECTS 

KESC PLANT mOOIFICATION PROJECTS 

PROJECT DATA 
CAPITAL TOT DELTA OVERALL BENEFIT SIMPLE CUm CAP CUm NPV 

UNIT PLANT INSTALLED COST BENEFITS NPV BNFI /COST PAYBACK COSTS BENFTS 

DESI6NATI04 TYP CtPCTY,KW 1000 Rs 1000 Rs 1000 Rs RATIO ,YEARS 1000 Rs 1000 Rs 

SITE 2 PAS TU2 2000 3998 141537 137,l1 39.04 0.21 3110 137911 
CTS 3 
SITE 4 

STEAM 
3AS rURp 

!25000 
2)000 

37)955
3197 

834275 
68087 

90135 
65181 

29.55 
23.43 

0.26 
0.3 1 

34413 
381,4) 

94'46 
1009227 

SITE I GASTUR? 20000 3197 65622 S2716 22.58 0.37 4137 1071943 

t 0"'451 1 SASTUR 20000 5759 117416 112151) 22.43 0.37 47)55 1194124 

SITE 3 37S TURD 200)00 2197 44057 41150 15.16 0.55 293 12S214 

SITE 5 1AS TUR9 20000 3197 43226 14,87 ))319.56 5341') 1265593 

C0RANSl 2 57S TUR 20000 4968 5Y546 55029 13.18 0.62 50458 1320623 

lp 61 4 'SS TURB 20001) 4968 39385 34868 9.72 ).74 63426 1355491 

KOPANGI 3 6AS TURB 20000 4968 3629) 1774 8.94 1.02 63394 1387265 

eTPS 2 STEAM 66000 50277 297499 251793 6.51 04 111671 1639058 

SITE 00 C0H8 CYC 0 622913 3261274 16499.) 5.75 1.4p 741584 4334048 

KTPS 4 STEAN 125000 315850 1199995 112858 4.18 2,04 1057434 5216906 

NEST *ARF 1STEAM 33000 43451 63501 2'000 1.61 1.08 11006n5 5270906 

NEST 4ARF? STEAM 33000 9053 10398 3,)77 1.42 1.22 110B938 5273983 

NEST 6ARF 00 COMB CYC 0 629050 632419 61465 1.11 6.87 1736989 5335418 

KTPS I SiEAM 66000 344541 313821 602 1,00 6.13 2081529 5336050 

1 of I 



FCUiR 7-1 

KESC PLANT MODIFICATION PROJECTS 
CUM NPV OF BENEFITS Vs CUMULATIVE COSTS 
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