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EXECUTIVE SUMMARY
 

The Kot Addu Gas Turbine Power Station (KAPS) consists of eight combustion turbines and two 
associated combined cycle turbines with a combined installed capacity of 1024 MW. These units 
were commissioned between 1987 and 1991. Currently under construction are two additional 
combustion turbines and two add;',ional combined cycle turbines, which when all are 
commissioned by 1996 will bring the combined installed plant capacity to approximately 1550 
MW. 

The KAI'S has been the subject of evaluation as a prelude to either commercialization and/or 
privatization. This report includes tile Technical Due Diligence analyses of the gas 
turbine/combined cyJCe units at Kot Addu. 

The initial Technical Due Diligence Report was completed in February and covered only Unit 
Nos. I, 2, 3, 4, 9 and 10. The princil)al findings of this report ar as follow: 

The major components and systems are sound and incorporate proven design concepts and 
technology. The engineering and constructiol was carried out by firmis which are world
wide leaders in electric generation design and installation. 

The biggest area of concern is related to the firing of furnace oil inthe gas turbines. This 
fuel contains high levels of sulphur and vanadium, the combustion products of which 
adversely affects the hot gas components of the turbines and will reduce their life times and 
require moce frequent maintenance and replacement. This problem could be alleviated if 
sufficient sui)plies of natural gas were allocated to the plant. 

The second Technical Due Diligence Report, covering Units Nos. 5, 6, 7 and 8 was completed 
and issued in October 1993. The principal findings of this report are similar to those for the 
other units at the plant. In particular, the problens related to the burning of furnace oil have 
increased because of the unavailability of sufficient on-site storage facilities for the quantities of 
oil-water effluent produced by the treatment facility. However, steps are underway to install a 
new treatment facility which is designed to significantly reduce the quantity of waste product 
which would have to stored or otherwise (lisposed of. 

The general observations of the due diligence teams regarding the entire )lait are that the units 
were designed and constructed to generally accepted international standards and codes. Tle 
operation and maintenance of the plant is consistent with normal practice even though in sorne 
circumstances maintenance items have been deferred due to the overall requirements of the 
WAPDA power grid. 
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SECTION II 

PROJECT TASK AND DESCRIPTION 
Units 5, 6, 7 & 8 

The purpose of this document is to report findings and summaries of tile Technical Due 
Diligence evaluation I)erformed at Kot Addu Power Station on the operational units. This study, 
completed under Control Work Plan 2.33.0, was extended to assist WAPDA in the 
coimercialization process of Kot Addu. 

This report will cover units 5, 6, 7 and 8 which are manufactured by M/s Alsthom of France. 
The due diligence for units 1, 2, 3, 4, 9 and 10 was completed in February 1993 under Control 
Work Plan 1.40.1 and will be used to reference the common system to all units. 

A visit of twenty days was made at Kot Addu. During this evaluation all units and practices 
were observed in detail. Key station personnel were interviewed. They were very cooperative 
and contributed freely and professionally to this report. 

The Kot Addm power plant presently operates eight gas turbines and two combined cycle steam 
turbines with aname plate capacity rating of 1000 MW. Two additional steam turbines, two gas 
turbines and a steam turbine are under construction. 

The station will then consist of five combined cycle units with a nominal capacity of 1548 MW 
at ISO conditions. 

The Technical Due Diligence performed consists of an evaluation of units, systems, equipment, 
component design and performances. Operation and maintenance procedures and practices were 
also examined. The contents of this document are a summary of findings. 
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SECTION III 

FINDINGS AND RECOMMENDATIONS 

The purpose of this documlent is to report findings and summaries of the Technical Due 
Diligence performed at the Kot Addu Power Station. This study was completed under Control 
Work Plan (CWP) 2.33.0. 

The Kot Addu power station is in tie process of' privatization. Previously a Technical Due 
Diligence was performed on units 1, 2, 3, 4, 9 and 10, along with associated interconnecting, 
auxiliary and ancillary equipment. This report will cover units 5, 6, 7 and 8 and any new issues 
that have arisen since February 1993. 

At Kot Addu units no. 5, 6, 7 and 8 are manufactured by M/S Alsthom of France. These are 
basically General Electric design, featuring a single shaft, 17 compressor stages, axial flow with 
a turbine inlet temperature of' 1985"F. The units were commissioned between November 1988 
and April 1989 and are rated at 00 M\W each at ISO conditions. It appears that these units 
were designed and constructed to meet international standards and codes applicable at the time. 
However, it was not always possible to locate documents which would verify compliance with 
such standards. 

The single largest area of concern contillLies to be the fuel used and the attendant maintenance 
cost. Units 5, 6, 7 and 8 were designed to burn HSI) (High Speed Diesel), but were converted 
to burn furnace oil in 1989 and it remains the fuel of choice, (ile to the first cost of HSD. 
There are plans to convert units 5, 6, 7 and 8 to gas in the next year, but until they are 
guaranteed a gas supply sufficient enough to run the entire plant, furnace oil will remain the 
predominate fuel. The quality of the furnace oil received is poor an( costly to treat. Continued 
burning of furnace oil in these units will significantly shorten the life times of hot gas path 
components and will necessitate more frequent maintenance and replacement of the parts. Use 
of this fuel is largest contributor to the increased maintenance cost at the station. At present 
over 50% of WAPDA entire maintenance spare parts budget is allocated to the Kot Addu 
Station. 

The furnace oil that the station receives contains an excessive amount of sodium and vanadium 
which must be removed before combustion. When the station is running with units 1, 2, 5, 6, 
7 and 8 burning furnace oil they produce 400 tons per day (800,000 -al.) of an oil/water waste 
product which cannot be used as fuel. 

Two different methods have been tried to separate the water and re-treat the oil. One was to 
heat the waste to evaporate the water, and the other was to let it set arid drain the water from 
beneath. Neither method produced a satisfactory result. 
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A third option used by station management was to add aluminum sulphate to one tank, heat and 
recirculate and dispose of the water. The residue is a waste oil that cannot be treated and used 
as fuel because of the altiinu in sullphate, 

Presently there are 40,000 tons of waste product ou site stored in four fuel tanks and within the 
berms of these tanks. 'his situation has arisen because of tle inability of the petrolite units to 
remove the water fromi. the oil. In additionl the fuel storage capacity of" the tacility has been 
redLIced by 20%. 

TIle station is in the process of installing a new treatment facility to enable them to recover the 
oil and treat the waste water to the point where it can be discharged to the canal. This unit is 
proposed to be completed by April of 1994. As a stop gap method Kot Addu intends to cortract 
tankers to transport the present waste product to Multan and Miuzaf argar at a rate of 250 T per 
(lay. 

Unit 5 recently had a major overhaul due to high vibration and shaft seizure. Discussion with 
plant personnel indicated this problem arose after a major fire was experienced in January 1990. 
In April 1990 Unit was overhau led and major parts were changed out. 

During the most recent outage (March throtugh Jtine 1993) shaft bearings oil Unit 5 were found 
damaged and were replaced again. Plant personnel believe this )roblem is being caused by a 
casing distortion and have requnested M/s Alstlhom to provide some help ilsolving tills problem. 

The reliability of fuel oil supply punps are another concern; since the units' initial startup, five 
pumps have been replaced at a cost of $ 50,000 each. 

Based on meetings and interviews, it appears that every one is aware of the high o)erating cost 
for Kot Addu. Plant management realizes that this situation will continue until a major 
preventive maintenance sclhedule is followed and the facility is provided a proper fuel. 
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SECTION IV 

EQUIPMENT CONDITION 

An assessment of the Kot AdLdu plant components and facilities was made during the visit to the 
plant site. The findings are based on a entire plant walkdown, a thorough review of maintenance 
and operational history records and conversation with plant staff. 

FINDINGS 

Gas turbines 5, 6, 7 and 8 are single-shaft, simple cycle, heavy duty combustion turbine units 
driving a generator manufactured by M/s Alsthom of France under GE License. Fuel and air 
are used by the gas turbine unit to prodtce the shaft horsepower necessary to drive certain 
accessories and ultimately the power generator. 

The gas turbine control and protective systems are Speedtronic (Mark \"). Basically an 
electronic hydraulic control, it is designed to meet the control reCquiremcents. The gas turbine 
control system is designed to crank the tUrbine, b'ring it tip to purging speed (18%), fire it, and 
then bring the unit to ol)crating speed on generator drives. The controt system automatically 
synchronizes the turbincs in al)l)roximately 10 miniiutes. Conversation with operating personnel, 
maintenance and Instrunent and Control indicate very few problems have been encountered with 
the control system. 

Discussions with representatives from M/s Alsthom and data furnished by them indicates that 
the present practice of frequent washing of the combustiori units is niot sufficient to take care of 
the bui!dup )roblem associated with burning mfurnace oil. 
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SECTION ' 

PLANT MAINTENANCE PROGRAMS 

The ongoing scheduled, preventive and long term maintenance programs at Kot Addu were 
reviewed, with the following observations: 

Ongoing (Routine) Maintenance 

The routine maintenance p)rogram is designed to take care of small plant trouble work; general 
plant projects and housekeeping. A trouble report is originated by the operator when a defect 
or fault is observed. This report is reviewed by the shift supervisor and forwarded to the 
apl)ropriate section of the maintenance department for correction. If the work requires an 
equipment outage, the request is made to clear the equipment. This systern appears to be 
functioning quite well, based oil conversations with various shift supervisors. Also, the evidence 
of only a few non-ol)erational equipmeti and fluid leaks would bear this out. 

Preventive Maintenance 

Each maintenance department has a l)reventive maintenance schedule that outlines work to be 
done on a daily, weekly, monthly, quarterly and annual basis. These schedules are based on 
equipment manufacturers recommendations, an( are administered by the respective department 
junior engineers. Although there is no program in place to measure the effectiveness of the 
program, it appears to work quite well. 

The preventive maintenance program fIor the gas turbines consists of a turbine wash, combustor 
inspection and a hot gas path inspection. These inspections are scheduled on an equivalent hours 
basis, and the work is )erformed when unit outages can be obtained. An equivalent hours 
scheme is used to shorten the actual times between maintenance in accordance with the type of 
fuel and the severity of operation. -S) fuel carries a higher penalty than natural gas, and 
furnace oil carries a higher penalty than HSD. Additionally, hours are added for peak load 
operation and each start and stop of the machine. The multipliers and adders for equivalent 
hours calculations are given by tile turbine manufacturers. 

RECOMMENDATIONS 

Long Term Repair Program 

Major overhauls for the equipment is now being scheduled by the maintenance management 
system (MMS), a relatively new department in WAPDA, Lahore. The plant annually submits 
a request by unit for major overhaul time and duration, and the MMS attempts to schedule each 
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unit based on a forecasted total country power surplus period. Since this is a new effort, the 
effectiveness has not yet been proven. All major overhauls are scheduled based onl 90 work 
days, working 12 hrs/clay on one shift. 

During this eva!lnation an overhaul was observed for Unit No. I and apparently for the First time 
a critical path methodology were being followed to schedule maintenance items. This is a 
positive step that Kot Addu power station and WAPDA have taken to reduce outage times. 

The plant design is such that cq i)illent maintainability is facilitated. Every major piece of 
equipment has an installed overhead gantry crane, and the lay down areas are enclosed and very 
adequate in size. Special tools for major equipment overhauls are available and kept inside 
adjacent to the respective machines. Small hand tools are kept locked in various storage 
containers, but the mintenance persoinel indicated there were adequate numbers and types to 
perform their work. The mainennmce workshops were well equipped with machine tools. 

In summary, the inaintenance programs that are in place at Kot Addu are good in concept. All 
programs are administered manual ly, as the maintenance management system program has not 
been developed and installed at the plant. The largest problem seems to be getting the necessary 
down time to perform outage related work. This is to be expected for a plant operating on a 
power deficit grid. 
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SECTION VI 

ACTUAL VS. DESIGN PE'RFORMANCES 

As part of the Technical l)ue Diligence performed on Kot Addu station, observations were made 
and data gathered to verify that plant system performance is in compliance with design 
specifications. This evaluation was made difficult because these units were designed to burn 
HSD and the acceptance criteria were based on this. There is no evidence that performance 
testino has been accomplished since tie units were converted to burn Furnace Oil in 1989. A 
review of manufacturers acceptance testing of' heat rates indicated that the performance of units 
5, 6, 7 and 8 was equal to tile design basis. Pest were conducted using high speed diesel oil. 

Observations of units during this evaluation saw maximLm load on available units and minimun 
load and units out of service because system did not require the load. It is not uncommon to 
run units 5, 6, 7 and 8 at partial load of 25 N\V per unit for two or more hours in anticipation 
of loads. This is not efiicient, but the penalties incurred for starts and stops also add to 
maintenance cost, and this molde of operation can be justified in some cases. Better coordination 
and understanding between Kot Addu and NCC Islamabad could go a long way towards 
improving the operation of' this f'acility. A directive issued from General Manager Thermal 
directed that Senior Engineers from Kc, Addu should visit NCC Islamabad. This should help 
both sides to understand each others )roblels. 

Also reviewed first inspection reports by manufacturers for units 5, 6, 7 and 8. These reports 
indicated that some units had major damage while others had only normal wear and tear. All 
units were restored by the manulfacturer prior to returning them to service. 

There is a discrepancy in station design and maximum output. WAPDA has directed Kot Addu 
on how to report ca)acity rating. This approach does not agree with MMS (maintenance 
nanagencnt system) report, or the manufacturers design. For example, unit 4 was observed 
in operation on gas, producing 73 MW at 37C; however, per manufacturer data the unit should 
have been producing 85 M\V. The N4MS report only covers HSD and indicated a capacity 
rating of 81 MW at 37C. l)iscussions with plant management indicated that filters needed 
cleaning and bleed valves were leaking which would account for the lower output. 

The I.T.R. Department (Inspection Testing and Reporting) developed an economic model to 
evaluate total cost of operation on different fuels. The analysis was comprehensive and covered 
known major cost aspects. The results were that there was a 0.29 Rs/KWh cost premium when 
HSD was used versus Furnace Oil. The major cost item missing is the cost to dispose of the 
waste product produced when processing Furnace Oil. The new disposal system under 
consideration will require some time to track these costs. 
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The analysis also indicated that the hot gas path life was reduced to 1/3 and major overhauls 
were required every two years instead of every six years. An analysis of parts' replacement is 
still under study to determine what parts would normally be changed if unit was run on gas 
versus furnace oil. 

This model can serve as a basis for future cost analysis of HSD at other units at Kot Addu and 
I.T.R. indicates they will continue with other units a, soon as they can. Their problem is that 
all data are manual input, and there are limited computer facilities. WAPDA needs to focus on 
this area as this type of analysis can be used to reduce long run cost and increase efficiency. 
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SECTION VII 

PLANT OPERATING PAIAMETEIS AND ACTIVITIES 

Evaluation of the utilization rates provided by KAI'S indicate the station is not being utilized for 
whatever reasons to the fullest extent they could be. The station personnel are trying to increase 
these data. Due to the cost of inaintenance and fuel at Kot Addu the dispatch center at 
Islamabad only uses these units when every other station is loaded, and then sometimes only for 
frequency control. 

UTILIZATION RATES %BY GENERATOR 

Date of1 

Generator Coinmis:ion 88/89 89190 90/91 91/92 92/93 Avg. 

5 14-11-88 55.46 35.62 43.54 52.63 34.29 44.30 

6 29-12-88 58.60 48.53 55.03 52.52 50.63 53.01 

7 19-01-89 60.02 47.93 45.17 55.32 29.70 47.60 

8 22-0-1-89 76.85 43.37 44.13 49.57 59.67 54.70 

The availability rates since commissioning have generally decreased since conversion to furnace 
oil since more mainlenmnce has been required. 

AVAILABILITY RATES %BY GENERATOR 

Date of 
Generator Commission 88/89 89/90 90/91 91/92 92/93 Avg. 

5 14-11-88 95.46 65.61 80.33 93.03 68.81 66.90 

6 29-12-88 100.00 84.48 79.18 89.82 85.75 87.80 

7 19-01-89 100.00 86.48 77.75 94.04 44.82 80.60 

8 22-04-89 100.00 86.25 79.40 89.18 91.30 89.20 
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SECTION VIII 

CONDITIONS REQUIRING CORRECTION 

During the process of performing the Technical Due Diligence, all aspects of these units were 
evaluated for conditions needing correction or more attention focused on them in order to 
enhance the units availability, utilization and performance. 

As noted in Section III of this report, the waste product generated by the rie of furnace oil is 
adding cost to the generation. The disposal of this waste presents a potential environmental 
hazard and WAPDA needs to ensure management attention remains very high in this area. 

In ad(lition to the above problem, observations during )lant and site walkdown, revealed 
accu mulations of oil in areas that were clean diring the previous evaluations in January 1993. 
Kot Addu experienced a major fire out side the l)lant area within 100 feet of the storage tanks. 
This oil was either puimped or drained into this area. During this evaluation it was observed that 
tile contaminated area was being backfilled with di'rt and no attempt to remove conlaminateo soil. 

Observation also made of oil being removed from around the tank enclosures by personnel using 
buckets into a small wheeled tanker. This oil was taken offsite and duniped in a firmers field.
 
Conversations with personnel indicated that this was being taken to Multan for fuel for the brick 
facto ies.
 

Uits 3, 6, 7 amd 8 were noted to be quite dirty; there is construction for the additional units in 
the vicinity also. Some extra effort isneeded as combustion turbines are quite sensitive to this 
type of environment. The station h~ls taken sone steps to clean tip the plant site of left-over 
construction refuge. They need to continue with this program as first apl)earances are always 
impressive. 
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SEC'CTION II
 

PROJECT AN) TASK D1jSCRIIy'ION
 

summaries of the technical evaluationsTihe puq)ose of this document is to report 	 findings and 
This study was completed under Control Work Plan 

performed at the Kot Addu Power Station. 
in the corporatization and privatization process

(CWP1) 1.40.1 (Appendix A) to assist WAPDA 
(Section 13) and the organizational

of Kot Addu. The technical due diligence portion of the CW 
arc addressed in this report. The remaining sections 

structure due diligence portion (Section F.) 

of the CWP will be addressed by others. 

Fred A. Stone, I:LSI Energy and Mr. Dennis W. Evans,A short term team comprised of Mr. 
members are included as Appendix 13. The

JTB Co. was formed. The credentials of the team 

team was assisted by M. Maqbool AnjLm, Dir. Enginecring, \WPPO in the collection of data and 

(lay site visit on Sept. 7, 1992 for a general plant
information. Tie team completed a one 

was made on December 17-23,overview and collection of data. A second visit to the plant 

The purpose of this visit was to verify detailed nameplate data on equipment and gather
1992. 

additional information related to the project.
 

After a thorough review of pertinent data, the team made a third plant visit for four days from 

January II to January 14, 1993. During this visit plant equipment and practices were observed 

in greater detail, and additional information was gathered from extensive interviews with key 

conducted during operation, and a crawl-through
plant personnel. Equipment walkdowns were 

The results
inspection was made on a Heat Recovery Steam Generator which was under repair. 


of these efforts, combined with the experiences of the team members, make up the content of
 

this report. 

The Kot Addu power plant consists of eight gas turbines and two combined cycle steam turbines,
 
Further expansion plans call for


with construction underway for two additional steam turbines. 


an additional two gas turbines and one steam turbine connected in acombined cycle mode. The
 

M\V, with an eventual capacity of 1548 MW, all combinedexisting installed capacity is 1024 
Figure 1, separated by

cycle units. The schematic major equipment layout is shown on 


construction phases.
 

The portion of Kot Addu power station that iscurrently under consideration for privatization by
 

WAPDA consists of only Phase I and Phase Ill, with decisions on the remainder of the plant
 

under study. This document will address only GT 1, 2, 3 and 4 and ST 9 and 10, along with
 

associated interconnecting, auxiliary and ancillary equipment.
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,
A combined cycle power plant is one that utilizCs the waste cncigy in a gas Iinlhe ((iI) exhatc 

turbinerecovery steam generator (IIRS(i) to d(ivc a stena 
gases to generate steam in a heat 
(Sil'). Electric generators are connected to the output shafts of tlie l and SI "his 

by the additional SToverall pla[it heat rate, aHo iddarrangement provides for increased 
no additional fuel burned. The conilination of [lic gas cycle. and 

generator electric ont piiut wilh 

the steam cycle lend the name combined cycle to the units.
 

At Kot Addu, G'I I and 2 are nanulactured by KWU, West Germany, anid are rdtlCd at 125 MW 

rated at 96 15"(I'.M\V at Since (I,
at 15'C. GT 3 and 4 arc supplied by Fiat, Italy, and arc 

tie turbine than GT I
I and 2 have higher load capacity due to greater mass floW rate through 

and the IIRSG's are sized accordingly. All IIRSG's arc
and 4, there is more waste heat 

total heating surface
su)plied by Balcke-I)urr, W. Germany. Units I and 2 have over 4000m2 

the same piesSiirCare able to produce a greater steam flow ratc at area more than 3 and 4, and 
than HRSG 3 and 4.and temperatures 

I and 2 and IIRS.
Because of the differences between steam energy available between IIRSG 

from units I and 3 to a single steam turbine
3 and 4, a decision was made to combine steam 

I1RSG 2 and 4 to another steam turbine (ST-10).
(ST-9) and to combine steam from hlis 

in the two steam turbines being of identical design and size, rated at 112 
arrangement results 

each. If tile steam turbines were sized separately to accommodate IJRSG I and 2 ;isa 
MW 


140 M\W and ST-10 would be 
group and I-IRSG 3 and 4 as another group, ST-9 would be about 

80 MW. The resulting coniguration would have caused problems in operation, maintenance and 

non standard designs, as well as an increase in total capital costs. 
spare parts associated with 

an evaluation of the units,The technical due diligence performed by the team consists of 

systems, equipment and components design and performance. Areas of operation and 

Observations, interviews and a thoroughmaintenance procedures and practices were explored. 

review of plant records were performed. Copies of all documents obtained for this evaluation 
Tile contents of this 

are located in a "Kot Addu Backup" file in the IRG office in Lahore. 

of findings, organized by the categories listed in the appropriate
document are a summary 

sections of tile CWP 1.40. 1. 
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SECTION III
 

CONCLUSIONS AND RECOMIMENI)ATIONS
 

The Kot Addu Power Station, Phases I and Ill consists of two combined cyclei units; GTI, GT3, 

These units, along with the associated interconnecting and auxiliary
ST9 and GT2, (TI4, STIO. 

Private
under consideration for corporatization and privatization by WAPDA 

equipment, are 

Power Organization (WPPO), and arc the object of this study.
 

plant is a good selection for privatization. The gas turbines I-4 were commissioned inFhe 

1987, and the heat recovery steam generators and steam turbines were commissioned in 1991. 

are two years old, with some colponents six years old. All
The entire combined cycle units 
major components and systems are very sound, and they incorporate poven design concepts and 

GT3 and 4 are made by Fiat, 11 IZSG 1-4 are provided
technology. GT I and 2 are from KWU, 

and the coordinating control system is made by
by Balcke-l)u rr, ST9 and 10 are from A/B 

Siemens. The erection, commissioning and coordination work of the combined cycle units was 
German companies. All

performed by the J(C Corporation, a combination of Japanese and 
in ti design, construction and

these manufacturers and suppliers are world-'Ide leaders 

operation of electric pover generation systems and equipment. 

The single largest area of concern at the plant is the lack of a steady fuel supply of the proper 

type and required amounts. Presently GTI and 2 are fired on treated furnace oil and GT 3 and 

Units 3 and 4 have been converted to natural gas firing capability, and work
4 burn diesel fuel. 

on units 1 and 2 is underway. Diesel fuel is very expensive to buy, furnace oil iscostly to treat,
 

and natural gas is not available at the site. Accordingly, the units are operated based on the
 

availability of cheap fuel, and are frequently idle due to lack of fuel. As a result, the full
 

potential of the combined cycle units is seldom realized.
 

The team recommends an economic evaluation be performed to determine tile right type of fuel 

to be used, and actions be taken to secure an adequate supply of that fuel. This study should 

fuel, operational costs of fuel treatment, and additional maintenance costs
include cost of raw 

Also to be considered is the costs of lost revenue due to unitassociated with tile type of fuel. 
derating and frequent outages to perform fuel-related maintenance. A model of the evaluation 

format is included as Appendix D. 

A few equipment problems remain to be resolved prior to corporatization. Among these are the 

section tube leaks, GT 3 and 4 starting motor failures and the hydraulicHRSG 1 and 2 LP 
All these problems have been identified, and solutionsoperators on the boiler inlet dampers. 

are being implemented with the assistance of the manufacturers. Since the units have operated 
All remaininga few years, most of the significant problems have been identified and corrected. 


issues are now considered on-going maintenance activities.
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lnOIl UlC tWam woLIuld be to renum. thme1)t('(uII l ( ( I ndThe only olhCreCllflldI WAbeIr 1111
Ithn a plant

CC-2. This would put the cmiiphal, on tclfeatur.cs ()f a comni)ned cycle ut1, rathei 

on overall coinhind cycle operationset would ithen be foc(Ii se-;dwith six separatc iitnW. Ih- minm 
avainl;+iillmy wOLII(l beCoHC 

and in n)roveinent The Ienflefi in or low heat rate% and hiph unit 

plant would be Significantly inic i ed
obvious, and the iolal woinh of Ohe 
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SEICTION IV
 

EQUIIPMENT CONDITION ASSISSMIEN'
 

An assessmcnt of tic Kot Addu plant equipment components and facilities was made by tie team 

(hiring Iheii plant visitS. The following observations and comments are based on an entire plant 
numerousreview of maintenance and operational history records andwalkdown, a thorough 

conversat lolls ,with plant staff. 

a single shaft design with two external com1lbustors and a four stage
Gas li rlins I and 2 are 

The starting design uses the generator as a synchronous
turbine. They are K\VtJ model V-94.2. 

in 4 minutes. Tile turbine inlet temperature is 1050'C 
motor, and reaches ilgnition speed 

low rate through the turbine is 426 Kg/sec. The units are designed to
(1922"F) and the mass 

blended furnace oil. CoiiveisiOnl to natural gas
bun lISl), but they are operated mainly on 

Control system is digital with iydraulic acILuators, and has proven
firing capability is uhndlway. 
very reliable. 

s 3 and 4 arc also a single shaft design with eighteen internal combustors arranged
Gas tbin eb 

l'hese units are Fiat
in an annular formation with crossover tubes between each combustor can. 

Illodel TG-50, licelsed from Westinghouse Corp. The starting design uses a 2570 hp motor and 

The turbine inlet temperature is 10500C (192201:) and the
reaches ignition spcl in 25 inutes. 

The hot section components are cooled gas flow rate throLh tile turbine is 322 kg/sec.mass 
dischare bleed air that has been cooled by an external heat exchanger. Units

by compressor 
have not been converted to burn furnace oil, and they are dispatched on ISD. 2onversions to 

burn natural gas have been completed, but gas is not yet available. The control sy',t,,iutilizes 
This system isan older design

mechanical contact relays and pneumatic actuators for the valves. 
The equipment presents a high maintenance problem, and

and has caused reliability problems. 
thoughts should be made to upgrade to DE-I (digital-electro-hydraulic) system in the future. 

1-4 are of the same basic design. In its IThe IIRSG units are furnished by Balcke-I)urr and 

and 2 have a larger total heating surface area and is designed for a steam output of 208 T/hr at 
conditions. The

48 bar and 505'C, while units 3 and 4 are rated at 181 T/hr at the same steam 
gas flow rates for the KWU turbines when compared to

different sizes reflect the larger mass 

All four IIRSG's have the same external envelope.
the Fiats. 

All the tIRSG's have four main heat recovery sections, consisting of LP feedwater economizer, 

11P preheater, H1p evaporator and HP superheater. The LP circuit includes the deareator and 
The LP circuit is fed by the condensate

the IP circuit features a steam drum with separators. 

pumps that take suction from the hotwell. A pair of LP recirculation pumps insure positIve 

Three 50% feed pumps provide pressure for the liP circuit,circulation through the LP section. 

which includes apair of HP recirculation pumps for positive circulation through the HP sections.
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and iake i at low-
All level and I-low controls are electronic type, madc by Sicilems. 

mairielnance, hilih-reliability system 

MW @ 3() (' TIe, ea a Once
The Ical i iiillnes are two identical ABB1 untls rated at 112 

InletA su rface seexhaust into condCe Rated 
through dc,,igu with no reheit sect ion, anid 

I08 live steali, the design backprcssur is 0 091 IBar abs rIcih 
codIitions ai Kg/sec anid 

lis system
and is controlled by an ABB altomalic control system.

turbine hals 10 total stages, 
on theuip, autolmlatiC synchronizing, and load control while 

features Sl)cd countro! during roll 
limits are calculated and controlled.acceleration and load rateline. Factors of thermal stress, 

SIi condensers design in ( erinary.The two surface arc identical in and were buill West 
The tubes are 27 ft. 

a total of 13,000 CU Zn 28 Sn (Admiralty Brass) tubes in each
There are 
long, 0.945 inches inside diameter and have a wall thickness of .040 to .060 Inches. The design 

water velocity In tile tibes is 6.26 ft./sec. Inspection report, from frrst annual outagc show 

the tube leat transfer surfaces. Con1tinueCd c'ii) 1 hasison 

steam cycle and (he coolrig toweis should bc made
there is no scalin[g, erosion or corrosion 

on water chciistry and control in the 

The condenser cooling is provided by two circulating water puillps, diawnllng StiCHOn fru1 tihe 

The cooling towers consist of two 3-cell units for each coiinlensen. Four 
cooling tower basiu. 


of the six cells are required at full load at 50'C ambient conditions to produce design condenser
 

reserve for fitmire rcqtuirements when 
backpressure. The extra capacity of the cooling towers is 


dleratings be lifted,

the units may run on natural gas. At this tinie the gas turbine would 


to produce more steam and increasing the load oil tile steaii ruibines.

allowing tile iS]G's 

supply for the plant comes from two sources; a spur agricultural irrigation canal 
The raw water 

and 75 feet dCCp tLibewells. The canal water supply is available only seven months out of a year 

are used to clarify tle water. Tubewell
and is very muddy. Two labor intensive coagulators 

high as the canal water. Both water Sources arethan twice astotal dissolved solids are more 
introduction to the demineralizer or cooling tower 

run through a series of sand filters prior to 


basins. Chemicals are added to control pH and algae growth in the tower basins.
 

and generate at I I kV with a power factor 
The six electrical generators are all 3000 rpm, 50 lHz. 


of 0.85. The generators are water cooled, and each unit has its owl closed circuit water system
 

These systems have proven adequate in design to
with separate water-to-air heat exchangers. 


be a relatively trouble-free systems, and they all incorporate reserve capacity for possible future
 

All generators have static excitation equipment, and have caused no problems for 
upgrades. 

operations or maintenance.
 

3 (2,113,600 gal) capacity each.mnThe fuel oil tank farm consists of 10 storage tanks of 8000 

are to HSD, six tanks for furnace oil and one tank is 
Currently there three tanks allocated 

are 8 truck unloading stations and a ten-inch
dedicated to oily waste water storage. There 

valving arrangements areKot terminal. Piping andpipeline coming from nearby Manoot 
into or out of any tank at any time. Thebe transferredprovided such that any fuel can 
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llexbillty isdesirable should the fuiture fuel nix change significantly Iwo sicam boilers have 

been installed o facilitate pmnping of furnace oil. 

The Inrnlacc oil blri(d ii (I I and 2 istreeated prior to combustion in a fuel oil treatment plant 

provided )y Petrolite. The reason for this process is to remove wa(, sol Ith)I so(La n and 

potassium present in the fuel, which can drastically shorten the life of GT hot sect ion 

components. The fuel oil teatinent process consists of adding an emulsicFir and mixing the oil 

with condensate. le [ixture is then heated and passed through lhucc s ries stages of 

electrostatic precipitators wvhere the sodium and potassium ions coalesce and settle to the bcttom 

of lie tank as sludge. The treated oil then proceds to ain oily-water separator and back to the 

storage tank for burning. A vanadium inhibitor is added to the fuel sti eaani at the forwarding 

staiton prior to burning. There is a problem with complete separation ol the oil and water after 

the trcatment process. [hiis oily water waste is put into a storage tank awaiting a technique for 

adequate separation. Several processes are tinder stutady, but a proven anied is not Currently 

availlable. 

The general plant facilities consists of a central administration btialdaig, Control roon building, 
three turbine machine halls, two workshops, four storeroorns, a chemical storeroom, a chemical 

water treatment building, a car building and a fire Fighting equipment building. All these 

buildings have been erected for six years, and are inneed of external maintenance. Also, the 

intinals of the buildings are inneed of a general orianization, cleaning and painting. Some of 
the restroorns have broken lixtures and have been abandoned. The open spaccs between the 
buildings and oper.".ting equipment is cluttered with material, parts, tirash clheriical drums and 
locked shipping containers. There areas are generally in a deplorable state, considering the units 
have been in service for at least two years. A general housekeeping campaign consisting of 
naterial organization, trash removal and building maintenance would result inan improvement 
of plant salability. 
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SECTION V 

PLANT MAITENANCIL IROGRAMS 

were 
The ongoing scheduled, preventive and long term maintenance programs at Kot Addu 

reviewed, with the following observations: 

0 Ojn-(tRntine) Main tena nce 

The routine maintenance program is designed to take care of small plant trouble work and 

general plant projects and housekeeping. A trouble report is originated by the operators when 
toThis report is reviewed by the shift supervisor and forwarded 

a defect or fault is ohserved. 
If the work requires an 

the appropriate section of the maintenance department for correction. 
clear the equipment. This system appears to be 

equipment outage, the request Is made to 

functioning quite well, based on con\'ersations with various shift supervisors. Also, the evidence 

of only a fewv non-operational equ )ipnentand fluid leaks would bear tils Out. 

Preventive Nainfteniance 

Each maintenance department has a preventive maintenance schedule that outlines work to be 
are based on

done on a daily, weekly, monthly, quarterly and annual basis. These schedules 

equipment manufaicturcrs recommendations, and are administered by the respective department 
tile effectiveness of the

junior engineers. Although there is no program in place to measure 

program, it appears to work quite well. 

The preventive maintenance program for the gas turbines consists of a turbine wash, combustor 

inspection alkd a hot gas path inspection. These inspections are scheduled on an equivalent hours 

and the work is per formed when unit outages can be obtained. An equivalent hours
basis, 
scheme is used to shorten the actual times between maintenance in accordance with tile type of 

fuel and the severity of operation. IISD fuel carries a higher penalty than natural gas, and 
added for peak load operation

furnace oil carries a higher penalty than ItSD. Also, hours are 

and each start and stop of tile machine. The multipliers and adders for equivalent hours 

calculations are given by tile turbine manufacturers. 

Lone Tenn Repair Pro.ram 

being scheduled by tile maintenance management
Major overhauls for tIle equipment is now 

The plant annually submits 
system (MMS), a relatively new department in WAPDA, Lahore. 

a request by unit for major overhaul time and duration, and tile MMS attempts to schedule eaci 
Since this is a new effort, the

unit based on a forecasted total country power surplus period. 


effectiveness has not yet been proven.
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90 work days, working 12 hrs/day on one shift.
All major overhauls are scheduled )aed o 

in place to atteipt to reduc tile onutage duration, nor is thcre any attempt to
No progran is 

poor practice is a
schedule major pars of the combined cycle Unit during the same time. I'lhis 

the units are not recognized as combined cycle unit. Also, there is no foCus
result of the 	 fact 

to calculate and111iIrovc iit availability parameters.or incentivc 

plant design is such that equipment malntainability is facilitated. : ,cry major piece of
The 

and the laydown areas are enclosed and veryinstalled overlhead gantry crane,euliipment -Is an 
The IIRSG 's all have power hoists with jib booms instalhed at the upper levels.adequate in size. 

Special tools for major cqnipment overhauls arc availahlc and kept inside adjaccnt to the 

locked in various storage containers, bit tile
respective machines. Small hand tools are kept 


maintenance personnel indicated there were adequate numbers and types to perform their work.
 

The maintenance woi kshops were well equil)pel with machine tools, but were very cluttered and
 

mostly not used.
 

in place at Kot Addu are good in concept. All
In sti mma ry, tile maintenance programs that are 

programs are administered manually, as tile maintenance management system program has not 

The largest problem seems to be getting the necessarybeen developed and installed at the plant. 
be expected for a plant operating on a

down time to perform outage related work. This is to 


power deficit grid, but no incentives are there to coordinate or shorten dLration of work efforts.
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SECTION VI 

ACTUAl, VS DESIGN IERFORIMANCE 

As part of the technical due diligence performed on the Kot Addu units, observations were made 

and data was gathered to verify plant system performance is in complianqc with design 

specifications. \Vhile the team was at the plant, 11,SG 2 was out of service to repair tubc leaks, 

but all four GT's, the remaining three 1t{RSG's and both ST were operating. GT I and 2 were 

burning furnace oil and GT 3 and 4 were running on ISI). Conversations with the control room 

personnel .d a review of previous data verified the total mcgawatts produced by each generator 

was in line with the operating eon figu rations and ambient temperature (60(7') of the day. There 

were no charts or tables that let the operator know the eXpected output. The units were being 

operated because the system needed power, as periodic Ioadshcddi ng was underway all over tile 

country. 

The attempt to verify that performance was in coinliapnice with design specifications presented 

a double dilemna. First, it was diffincult to ascertain actual performance due to the lack of 

accurate instrumentation and data logging, arid secondly design seci fications were not available 

for the systens. The )lant was bought, elected and commissioned based on a i aranteed G'T 

base load rating on HSD with a design heat rate for the gas turbines. The steam turbines were 

put in service with a guaranteed net output, corrected for ISO conditions. All other equipment 

was not available at the plant or in WAPDA, Lahore. Also unavailableand system design data 
was any data relating to the design pararneters of the combined cycle units, or G-l" I and 2 

operating on furnace oil. 

A Cot) )' of the unit acceptance tests were located in the plant technical library for each of the gas 

turbines and the steam bottoming cycle addition. These tests were performed according to 

contract prior to comrissioning by the respective equipment supplier. The results of these tests 

show all four gas turbines met or exceeded their guarantees of power output and heat rate, on 
on conpleted aftera corrected basis. All these tests were run HSf) fuel. No testing was 

conversion to furnace oil on G' I and 2, and no testing has been performed on any of the 

equipment since commissioning. 

an acceptance test prior to their commissioning dates.Similarly, tile steam turbines underwent 
The record of these tests also indicate the actual corrected parameters of generator net output 

and HSG exhaust gas pressure loss met or exceeded the contractual guarantee. No testing has 

been conducted on any of the equipment since commissioning. Also, no testing has ever been 

performed to determine total combined cycle unit performance. 
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A review of the data provided by the plant on form 1- was made for the years 88/89, 89/90, 

90/91 and 91/92 as well as monthly data for each month in calendar year 1992. On these forms, 

in section 48, til heat rate of each unit is reported, as wel I as tie desigl heat rate for each unit. 

The actual heat rate nimbers listed were meaningless, as t hey werce ave ra,e calculations for the 

month based on the amount of fuel birned and the total gIross ire0at iobr the Unit. No clue 

as to how the units were run, and the ambient tein)erauirCs (tillln, operatio was unavailble. 

It appears this in formation is prepared and transinitted each month merely to meet a reporting 

requi rernent rather than to initiate actions based on analysis 

The plant auxiliary systems were all walked down with observation: made during equipment 

operation. Many conversations were held with the operators in an effort to ascertain individual 

equipment operating satisfaction. No significant problems were discovered relating to various 

The practice of marking gauges for normal opccating ranges, orsystem performance.
.rullining" for maximum values, was not observed. 

iattery (of tests be performed prior toIn recommendation, the team suggests a thorough 
ascorp)oratiz ation on all major pieces of equiinHent. The iestlIts o- these tests woul d be ised 

a baseline to operate the equipment by, as well as a determilnation of the degree of performance 

degradation over time. Subsen uent l)eriodic testing shom ld hCe performed. Variations due to fuel 

I)urmed and ambient temperature fltctIations should he considered, and a fain ily of ciirves would 

would be ise to corare actual operating parameters withbe generated. 'I'hese cuiirves 

expectedl as a valuable tool to detect performance degradation early.
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SEC'I'ION VII 

PLANT OPEIRATING IARAMITEIRS ANI) ACTIVI'IES 

The tearn made on extensive review of plant operating pararneters, inlltding availability, heat 

rates, fuel con su mpt ion, water cheisfll[try and control ;and inst ruinCt aClt V;cs., The results of 

the evaluation of these parameters are the topic of this section. Also included are some 

recoinmendations from the team to hel ) inprove the success of the corporatization and 

privatization of Kot Addu power plant. 

ThC iitili z7ation of the units at the plant [or electrical generation is rather low, with the gas 

turbines averaging 32.4% over a four year period from July 1988 to June 1992. The steam 

rurbines have , somewhat higher titiiIItion rate of 48.8% in the yeari and few months since 

conmmissioning. The table below suimarizes the iplants utilization rates by generator. 

UTILIZATION RA'l'1_'ES (c/%) BY GENIRATOPR 

GEN ERATOR DATE 01: 8W9 ,9/9(%1/91 91/92 101ALS AVrERAGE 

COMMIS;IO4 

1 1-1887 25 F I1 2 32 0 SS 1 34.1 GT 1-4 

? 1-14-87 28.4 31 7 30 3 59.5 37.5 

3 3-12-87 39.5 1.6 24.6 35 8 27.8 32.4 

4 5-2-87 33,2 28.2 27.3 31,6 30.0 

9 1-2-911 0 0 47 2' 44.1 45.1 ST 9 & 10 

10 3-8-91 0 0 61.7 470 53.2 48.9 

i'arial Year DLa 

The above table shows the combined average steam turbine generators have a higher rate of 

utilization than the COTe-sponding gas turbine generators. This would suggest that running the 
practice.combined cycle units with only one gas turbine and IJRSG in service is a common 

Conversations with plant personnel verified the policy of running the units was based on fuel 

availability and fuel costs, rather than oil combined cycle heat rates and total plant output. Other 

reasons for low utilization rates include gas turbine requirements to perform tiaintenanc related 

to burning furnace oil as fuel. Also this station is designated at a peaking unit when water is 

available for the hydro units. 
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It (an also be seen that in 91/92 GT's I & 2 arc iII the high 50's, Whiic GIe 3 & 4 are in the 

low to mid 30's. This signigicant difference can be attributed to the practice of not burning 

IN1ID because of its' higher cost. A proper economic study (see App. U) will probably reveal 

this operating philosophy is very shallow, as it cost more money not to burnfHSI) than to burn 

it. 

Calculations were made to deterrnine average heat rates for tie units (s.. \ppendix C). All four 

gas turbines are operating vell below their design potentials, which were t)roven during 
acceptance testing. The main reasons for the excessively high average heat rates are the large 

number of start 1I) and shut downs per year, the practice of operating at inefficient part loads, 
arid the derating of gas turbines I and 2 in order to burn furnace oil. Also, tile data for average 

heat rates shown is somewhat better than actual, as gross output numbers are used with no 

attempt to account for station auxiliaries in te calculations. 

were not made by anyone at tlie plantCalculations for the entire combined cycle unit heat rate 
site or in the WAPI)A house, Lahore. This suggests the most important feature of a combined 

cycle unit (low overall heat rates) is not considered a valuable aspect of the plant. As a result, 

the units are grossly misoperated on a continuing basis. Sorne values for stearn turbine heat 

rates are calculated arid reported on form "H", but they are virtually meningless as no one was 

able to explain to team members the formulas or basis for calculation. 

The plant specific fucl consumption is abnormally high due to the high heat rates resulting from 

the niode of operation of the units. Some of the year fuel is unavailable in the plant tanks, ard 
what is available (HSD) is considered too expensive to burn on an extended basis. Also, fuel 
consumed in the operation of the boilers used for heating and processing furnace oil is not 
accounted for. Most of the fuel used in these package boilers is the expensive HSD due to 
problems encountered when attempting to burn furnace oil in them. 

The plant availability rates are listed below. 

The data indicates these rates have increased since units were commissioned, which indicates the 
station preventive maintenance programs is working. 

AVAILABILITY RATES (%) BY GENERATOR 

OPNERATOR DATE OF 8189 89/90 90/91 91/92 TOTALS AVERAGE 

COMMISSION 

I 1-1-87 56.01 52.63 99.33 S8.94 296.84 74.21 

2 1-14-87 59.76 87.58 8..52 79.58 315.44 79.86 

3 3-12-87 70.11 37.44 61.27 78.2 247.02 61.76 

4 5-2-87 66.67 94.43 "i9. 16 91.58 330.84 g2.7I 

9 1-28-91 0 0 0 91.8 91.58 91.58 

10 3-9-91 0 0 1, 7 L. 3.87 73.87 
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ileal tIlurbi nes s wellThe plant waler cheinistry and control programi for [ic I-Il.G( s and 

organized and is in accordance with the equipment manufacturcr's spcCficaiions. Water samples 

from the hotwell, dcacrater, ILP dru in, HP drum and supcrhecaled scain arc collected from all 

These samples are then analyzed hy well-trained waterfour It,,6G'S every four hours. 
with modern electronic C(lln The dosagepiIrm t rates of

technicians in a aboratory equipl)ped 
are

various water chemistry control additives such as phosphates, ainionia and hydfazinc 

water chemistry para meters wihi iinimits If there is
adjusted as required in order to maintain

of will 	 to every until an area out of limits, thc frcquency sampling be 	increased once hour 

everything has returned to normal. 

of water chemistry control that is difficult to manage is tie short-term excursions
The one area 

H-RSG's. This condition is most
of phosphate and dissolved oxygen during quick starts of the 

circuit, and can lead to large amount of caustic accumulationsprevalent in the low pressure 
The tube failures inresulting in stress corrosion cracking of tie tube welds and base material 

tIRSG I and 2 are attributed to this mechanism, combined 	with a total of 290 starts in tile first 

have been lowered and the water year of operation. The maxi muin limits of phosphate 
section has been increased. These measures have been takencirculation rate through the L1 

upon the advice of Balcke-Dlurr, the HRSG manufacturer. To (late there is no program to 

reduce the number of starts on the part of tie plant, or to increase tile duration of each start by 

The team would recommend activities in tillsarea to bemodulating tile boiler inlet dampers. 
initiated by plant operations personnel. 

The plant chemistry department also monitors and controls the raw water supply and tie cooling 

water supply comes either from a nearby irrigationtower basin and makeup water. The raw 
the time of year. The variability of supply sourcecanal or from tubewells, depending on 

requires flexibility in the operation of the clarifiers, sand filters, demineralizer trains and cooling 

tower basin blowdowns. This function is performed adequately by tile plant chemists, who use 

the same monitoring and control techniques employed in the boiler water chemistry area. 

The plant instrumentation located at each piece of equipment appears to be adequate for local 

operation-and monitoring by tire operators. The instrumentation in tie control room is lacking 

in tire area of overall combined cycle parameters. The teai would recommend additional 

instrunmentation be provided that would show each combined cycle unit's output, auxiliary usagC 

and net generation to the grid. Also, instrumentation that would display calculated parameters 

of unit net heat rates arid major equipment efficiencies should be provided in the control room. 
about tie overall plant tiley are running.This would help the operators in understanding more 

a number of changes relatingIn tile experienced opinion of the team, they would recommend 

to plant operations. The plant factors of heat rate and availability are very important at any 

plant. In a combined cycle plant, with its inherent design efficiencies, availability becomes even 

more important when considered on an economic basis. Accordingly, tihe recommendations are: 
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Change ilc existing plant equipinent nomenclature from GT I-4 and ST 9 and 10 

The gas turbines and steam turbines should not be consideredto CC- I and CC-2. 
as generating units (hemselves, but as major pieces of equipment in a combied 

cycle generating unil. 

for overall a periodic performance testing and improvement programEstablish 
This would include a family of curves for different fuelscombined cycle units. 

and variable ambient temperatures. This program would provide a target for 

the maintenance department for
operators, as well as serve as an input to 

prioritization of work. 

and improvementbased availability measurementInitiate a combined cycle 
accurate data collection system, categorized into program. This must include an 

When the currentforced, maintenance and planned outages; both full and partial. 
more obvious.situation is better understood, methods for improvement would be 

charting key plant output parameters, and makeIncorporate a system of trend 

them visible for all plant employees as well as WAPDA house. This system 
aare we doing" and would serve aswould let everyone at the plant know "how 

with the participation of manybasis for continued incremental improvement 

people. 

would enhance tile success of
Adoption of these recommendations, 	 whole or in part, 

In tile interim it would significantly improve the ability
corporatization and privatization efforts. 


of WAPDA to provide power to the people of Paldstan.
 

BEST AVAILABLE DOCUMENT
 



SECTION VIII 

CONDITIONS REQUIRING CORiRECTION 

During tile process of performing tile technical due diligence, the team has identified several 
areasconditions that would require correction prior to corporatization. Most of these problem 

are presently under correction by the plant forces, but verification should be made on all cases. 

The areas are listed below. 

1) 	 IHRSG I and 2 have experienced tube leaks in tile LP evaporator section, with 

secondary damage to the tubes in the 1411 evaporator section just below. Analysis 

of tile failed tubes show.vs tie initial leaks were caused by stress corrosion cracking 

due to caustic accumulation. The root cause has been identified to be multiple in 

nature. High phosphate limits in water chemistry, low vater circulation rate and 

were listed as most probable causes. Correctivemany fast startups on the HRSG 

action taken include revised lowe'r phosphate limits, increased water circulation 

The plant should perform tuberate and replacement of ruptured tube sections. 

thickness tests on other possible tubes, and replace all sections shown to be under 

minimum wall thickness. Plant operation procedures should be revised to change 
number of starts betweenthe rate of startups, and an effort to reduce the total 

major inspections should be made. Also, an inspection of tHRSG 3 and 4 needs 

to be made to insure the same failure mechanism is not in place over there. 

a number of times in service,2) 	 The starting motors on GT 3 and 4 have failed 

causing an availability problem. Repairs have been made, and a spare motor was 

purchased. The main reason for failure is an inappropriate application of the 

motors. Tile motors are continuous duty rated, but are in service under heavy 

service conditions. Due to the application, the motorsduty intermittent 
experience starting current conditions (3-5 times nining current) for continuous 

periods of up to 20 minutes. Properly designed motors need to be furnished for 

GT 3 and 4 prior to corporatization. 

The boiler inlet dampers in the duct between GT exhaust and HRSG superheater3) 
section are plagued with hydraulic failures on all four units. Sticking solenoid 

valves are being replaced with a newer design as failures are experienced. Also, 

the hydraulic actuator rams undergo bleedoff, allowing damper position to drift 

in service. Both these conditions result in gas turbine trips under load, 

contributing to unavailability. Awholesale changeout of all defective components 

should be completed prior to corporatization. 

BEST 	AVAILABLE DOCUMENT 
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4) The first stage turbine )lades on GT- I and the third stagc tnurine blades on GT-4 

crackinig and separation failures during operation. The incidentexperienced 

reports and failtirc analysis are very sketchy on both these occurrences, but the 

main caunse 1% leported to be hot sIlfIdization caused by sodium sulfate 

aciLI ulation Onl hC a(le base ictals. Inadequate fuel washling and voids in the 

attributed to the failures. Also, the possibility ofblade protective coatings were 
systei, and no rncans providedairborne salts pcnetrating the inlet air filtration 

for compressor washing was cited as a possible failure cause. A better 

understanding of the failure mechanism and the effectiveness of corrective actions 

taken necd to be veriFred prior to corporation. A metallurgical analysis of blade 
life.materials should be 	 made to determine remaining useful 

turbine control systems on GT 3 and 4 are comprised cf mechanical5) The gas 
all related system valves.finger type contact relays and pneumatic actuators on 

The outdated (30' years old) nechnology of this critical system causes high 

unavailability rates and excessive nianhours for troubleshooting problems. This 

system should be upgraded to a-DIF system, or result in a corresponding 
reduction in p)urchase price upon privatization. 

US dollars for each 	of the above problem areas is included in the tableEstimated costs in 1992 
below. These items, if not completed, should result in a reduction of the purchase price of the 

facility, or indemnification by WAPDA. 

AMOUNTITEM 	 DESCRIPTION OF ACTION 

I 	 Perform tube thickness tests and replace $160,000
 

below minimum tubes on all 4 IJRSG's
 

2 	 Procure and install starting motors for $140,000
 

GT3 and GT4
 

3 	 Replace defective components on boiler $ 32,000
 
inlet damper actuators
 

4 	 Install compressor washing systems and $360,000
 

continuous performance monitors on all
 
four GT's
 

Update GT3 and GT4 control systems to $240,0005 
DEH system 

$932,000
ALL 	 TOTAL ALL ITEMS 
BEST AVAILABLE 	DOCUMENT 
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SECTION IX 

EXISTING ORGANIZATIONAL S'I'TRJCTUI' 

The existing organization chart for Kot Addu Gas turbine power station Is a prO)OSed chart for 

the entire plant, and includes sanctioned posting levels for CT I--,, Sr ) and. 10 as well as 

Also included are positions allocated forProject Director staffing for units I I through 15. 
and its facilities. There is no chart inlmaintenance and proper functioning of the colony 

existence to show the structure in place to administer to the needs of only (jT 14 ard SI 9 and 

10 including all activities ancillary to electricity generation proper. 

with the Chief EngineerUsing the total plant organization chart as a guide, the team consulted 
anand ranking members 	 of the operations and maintenance staff, Iroin these sessions, 

as to the total numbers of people sanctioned to support only GT 1-4 andagreement was reached 
ST 9 and 10. Ratios were used to allocate the staffing in the common areas. The resulting 

Figure 2 in a simplified form with allocated complements in eaichorganization chart is shown as 
to the combined cycle units GT I -4 andfunctional area. Total existing complement allocated 

ST 9 and 10 is 717 people. 

The operations department is under the direction of the Resident lnginer, Operations (RE-O). 

This structure attends to the functional areas of plant operations, plant chemistry, fuel handling 
and plant fireand treatment, unitwise plant statistics recording and reporting, plant security 

protection. The plant operations sub-group operates and monitors all plant systems and 

equipment, and secures certain components for maintenance work. Their function also includes 

preparation of extensive data logs for compilation by the Inspection, Testing and Reporting (ITR) 

section. The plant chemistry section function is to perform testing and monitoring of the fuel 
This departmentoil constituents as it is processed through the Petrolite fuel oil treatment plant. 

including cooling tower basin, I-IRSG condensate andis also responsible for all plant water, 

feedwater, plant deiineralizer operation, plant service water and plant potable water systems. 
Furnace OilThe chemistry section is also equipped to perform various analysis on I1ISI) fuel oil, 

and plant eUni pmient lubricating oils. 

The fuels section of the operations department has responsibility to receive and account for all 

fuel oil in the tanks, including HSD and treated and untreated furnace oil. Their functions 

include operation of the auxiliary boilers to heat furnace oil tor pup)ing purposes when 
portion of theirforwarding oil to and 	from the treatment plant and to the gas turbines. A 

records are forwarded to the ITR for compilation purposes. The IFR section serves as the plant 

operations statistical data depository, and prepares periodic reports for unitwise and plant wise 

information on amounts of fuel burned, electricity generated, chemicals used, etc. These 

reports are forwarded to the Chief Engineer and GM. Thermal at WAPDA house in Lahore for 

review, analysis and filing. 

L"h3 AVAILABLE DOCUMENT 
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XOT ADDU UNIT GT i-1 ST 9 & I
 
EXISTING ORGANIZATLON CHART
 

CIKF ENGINEEFR 
711 

{ -IIOP TA-

O EE OF P[EOP0 

SUBTOTAL 

FIGURE 2
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part of the opcialtions Q(i()NaitirilNt. an1d they provideThe se(;tii ly and fiFighitng scctions are 
all plantIncluded in ihir scope are

Pate control and Fire protection services for the site. 
storage and handling faclities, storc warehouses andgenrr-ati Irg equtiij)ilIet, buildings, ful oil 

out Iyiig 11(35. 

Inlgincer, MaintenanceThe plant raintenarnce department is under the direction of the Resdent 

is to plan, scliedulo and execute maintcnance on all plaunt
(1IT.-M). This dlepartment's funrction 

mrnet, systems, componen [S and facilities. lie m iiltehrancr eIforts are (livided by
equ 

and control fu tiors. Irouh leshootinft', ar d
discipl ine nto mecian cal, electrical and instrnmernt 

methods are an integral pairt of ibis group's fnnctiorrs. Included in tIe maintenanceicpair 
gr,,up is to catalog, inventory,departmenit is the plant stores section. lThe function of this 

isu: spare parts, matriaIs arid chemicals for es hy the) illrnt maintenaiice forces. 
p ciure and 

Its lpurpose is to provide updated
Ire drawing section is also ini t.he maintenance departmeni. 

drawvings and print Sfor tuse illthe plant, as well as the ,'eepirig of plant technical docu ments 

The departlents of civil, accounting, adrlinistrative, training and colony are all direct reports 

are common to entire plant, and 
to the Chief Enginear. The functions of these various groulps 

follow the description in the respective section title. 
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to be very high The aiilhoii ied cOmillernilII all deal)dIlne1is, the sanctioned levels appear 
times higher than similar plants wilh the same

M the eXitin, ()g',Aifl.tiollo is three to five 
of the world. Some of Ohe extraordinarily high staffog levels can beequnipelnt in olhe[ piall 

by gross ilieff-cicny in Iasic ol)eralingattributed to the local cultre, bt much of it is caused 
Ho,,aiiqttl y dlescri)esaid rlrlaitenance practices. Tih prol)Osed structure Ili Sl('TION XII 

tx req tlitd levels of stafl-inl,. 

ycnr;cal, the levels of training and ex)cricnce in the sup)erv sory ranks is quite good, and tilIn 
in the worker ranks is quite poor. Although tihe plant has an IS memberlevels (ifiainirg 

chart, this group does not exist. The sanctionedtrainin, department on the organiation 
in thenuminbis have been allocated elsewhere throughout the plant. All nining, even 

no evidence of any management (lirectionSu)eirvisof y tanks is highly task oil ented, with little ot 

or supervi!,ory empiasis. The principles and concepts of management skills are ta Ught through 

a WA'I)A course, but the plant supervisors are either not encouraged or not alhvwed to apply 
)e rfo r m equillm e nt ancethese skills SlcIce management locus on availability impiovement, 

pths and employu.bettelineil, emiployee i.nvolvement, inlerpersonal skills traiing, careci 

safety training would forge the individual skills imtui a very capable team I don't think this is 

the WAPlI)A way. 

Tlhe fact that the supervisory staff is trained 	 on the details of the equi pment operation, 
nrained to perform only certain tasks results il)maintenance and analysis, while the workers are 

a much higher level of staffing than is necessary. It seems the bureaucracy of a government 

at all levels. Thc cverall focus needsorgani7iation has been inherited by the plant employees, 


to shift from the plant's function of producing negaatts to the plant's funmtioi to make money.
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SECTION XI 
IXISTING IVANAG MI'vlENT SYSTlf4S 

reviewed and evaluatedThe existing management systems at the Kot Addu power station were 
Most systemslot effectiveness toward successful corporatization and privatization activities. 

are not widely used as an integral part of plant operationsobserved were manual, as computers 

and maintenance activities. Data processing systems related to the accounting functions,
 
icliding budget preparation and ionitoring were not included in this study. In general, all 

were quite manpower intensive, cumbersome, and ineffective in someother existing systemis 

In the areas of plant operations, the units are operated without the benefit of written procedures 

or check lists. l.xtensive documentation has been provided by the equipment OEM, but has not 

been reduced in the form of usable I)rocedures ald checklists. Although the operators were all 

well versed in how to operate their assigned equipment, most did not appear to have a good 

functions on the total plant. The systcm of requestinggrasp on the overall impact of their 
maintenance work or repairs is through a manually generated Trouble Report. This request is 

forwarded to the respective maintenance discipline for action, and the appropriate equipment is 

taken out of service by the operators. Energized equipment is cleared, with a tag placed for the 

crew chief of the work force involved. Upon completion of the work, the equipment is released 

and into This nethod ofto operations by the maintenance group is put service. entire impactmaintenance is without the benefit of a standardized priority system based onperforming 

to plant output parameters, and is devoid of any planning activity. 

at all positions take periodic readiigs of equipment parameters, and these areThe operators 
on daily log sheets. The data collected is forwarded to the Inspection, Testing andrecorded 

Reporting (ITR) section for report preparation and filing. Very little analysis of the data 

gathered was observed by the team. 

were eagerly awaiting the arrival of a computerizedThe maintenance department engineers 
This system willmaintenance system currently being developed in the Guddu Power Station. 

feature acomputer based work request form, and will provide for a planning function. Spare 

parts inventory and cost accounting data will be a part of the systern, and astandardized method 
These functions are all currently performed on aof scheduling manpower will be available. 

manual basis, or not at all. Stores inventory replenishment is quite cunibersoiie with the 
Extensiverequirement to issue a tender notice without the benefit of a life cycle cost analysis. 

documentation has been provided on all the major equipment. These documents reside in the 

are poorly organized and rarely used. Job specific procedures have nottechnical library, and 
been prepared for most jobs, and task performance is highly dependent on the individual 

worker's skills and knowledge. Maintenance schedules are used to perform routine maintenance 
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) a(i solile wOik is(o I thls woik is schedtiled oil a caildr asi,(O a [l )icii li i Sonic 
allannfactucrSceduld oI Ol)(cialm ,ghours based on recomniendationls of the C(lil)ili(lt 

toI)e the IllOst ogariecl and ,ystelallic III tihe )Crlfo fllance
lhe, plant (Ih'ili,lw y Sc'tion 	alipcRm 

All water chemistry testing Is In acc()idance with ASTM oi JSl 
of leplaitilciii function; 

for all ioutine tasks. The ( riployces have
standards, and specific proceduies have been prepared 

been trained on twe p)ocedures, and cross-training between fuel oil treatell[ dhe iristly functions 

and water[ Ireat111(olet and Control funnctions is an ongoing irrocess 

The plant aVtmlistratve departnent, although not observed diretly, a[peared to have signihFcant 

room foi inil)overnent. "Phe systemn for written correslondcnce was reported to I)e cumbersome 
and special requests need to be

and quite Ineffective at times. lTher is no stationery storcs, 

the Chief Enginee to procure necessary itenis locally. Arrangements for
authorized by 

ni neer even for siall lots
phliotocol)ies reqoUried requnests in writing and approved by the (hief 

of 10 pages or less. 

areas of plant output iparameterThe irost serious deficit in imanagement systeits is in the 

attempt to calculate and monitor basic plant performance indicators
improvement. There is no 

factors. Average heat rates
such as ulit heal rates, plant availability or equpient perforlmance 

are dutifuhlly calculated and reported monthly to compy with tie form "E" pro-forma reqired 

by WAPI)A house, l-ahore, but no analysis or action for Ilmprovement is initiated. The concept 

(f combined cycle heat rate al :t.,ailability is not understood or recognized by plant people, ,ii 

outage rate (10O R) is Unknown. Scheduled outage
the terminology of equivalent forced 
durations are based on mannfacturer's estimates, and no ianagenient efforts are made for 

iprovelent, Mainternance outage work is [)erformed in the shadow of forced outages, resulting 

in grossly distorted data for both categories. Ilncrerin ntal load heat rate tests have not been 

has actual data been recorded for varying ambient temperitures with differentconducted, nor 
fuels. No one at the lant appears to understand the concept of net verses gross capacity aid 

heat rates. The decision to generate electricity is based on the relevant purchase price of a tone 

of one fuel coilipared to another, if it is available. 
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SECTION X1I
 

PROPOSI) ORGNJNZATION STRUCTURE
 

The proposed organization structure is an alternative arrangement that will make tie sale of Kot 
shown onAdd u l'owei ( orporation (KAI'(:) more attractive. The elements of this structure are 

guiUs 3ad3d and include a board of directors, C-O and Vice Presidents of various functional 
MT I and 2 uruinggiops. The total number of atlthorized complement is 373 and is based on 

(;T 3 aid 4 h unilg diesel oil. If the situation were to change and an adequate
fullace oil and 

)e reduned by
supply (ifnatural gas wre l,uaranteed, the total number of employees would 

al)Wit 2) 

stuctue provides for a sel)aration of plant operation an(] maintenance
TIic [)1o1)1,. d (mrgantzatlioll 

finance, procurement and IInan resources.
functions firn the necessary functions of 

Advan iagcS of this airangCment include a focus on plant init performance parameters while 
This rovides for

provming for separate maintenance forces in the Lolony and the plant proper. 
periods of spcial needs. a certain degree of flexibility c j-manpower utilization during short term 

The result is
liach sub gromp in the organization has a number of dedicated training personnel. 

a significant increase in the level of training for all employees in speciFic application areas. The 

both inside and outside the plant, will becomesubsequent improvement in employee net worth, 

a boon to both the corporation and tie community. 

The estimates of total employees is preliminary in nature, and is based on conditions expected 

to exist after initial corporatization efforts have been completed. Additional contract labor may 

be required to perform large equipment overhauls on a three to ftve year per unit basis. Also, 

the standing complelnet should be reviewed and adjusted periodically as plant conditions and 

needs change. 
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XOT ADDU POER COMPANY
 

PROPOSED ORGANIZATION STRUCTURE
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ROT ADDU POUER CORPORATION
 
PROPOSED PLANT OPERATIONS STRUCTURE
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XOT ADDU POWER CORPORATION
 
PROPOSED PLANT MAINTENANCE DEPARTMENT
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ROT ADDU POWER CORPORATION
 
PROPOSED PLANT OPERATION DEPARTMENT
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SICTION XIII
 

PRrVATIZATION RE EVANT ISSUES
 

In tile performance of tile due diligence on th organizational structure management systems and 

staffing capabilities of the new Kot AIdu lPower Corporation (KAIPC), a number of relevant 

Below is a draft of these issues that will make KAPC more attractivethoughts came to mind. 

for privatization at a later date. \Vhen these ideas have materialized and have been implemented,
 

\VAPDA will have significantly increased the value of the plant, and the people in it.
 

rFirst, an overall objective for the Corporation should be formulated. This should be done with 

input from members of all KAPC functional groups. The objective should be written, attainable, 

specific enough to stimulate action, and clear enough to be understood by all KAPC employees. 
(3-5 years) goals need to be devised that support theBoth short term (6-18 mo) and long term 

overall objective. 

Secondly, a system of indicators should be developed to provide a measurement of success. 

These indicators need to be fact based, and should be calculated from data gathered that reflects 

One or two indicators for each goal should be sufficient. Thetie degree of goal achievement. 

indicator parameters should be trend charted and made visible for all employees.
 

Next, aclearly defined accountability of each department and the individuals in that department
 

should be made. The contribution of accountability fulfillment, as measured by the indicators,
 

to achievement of the KAPC goals should be communicated and understood by all department
 

employees. Hazards of accountability non-fulfillmnent should also be outlined and understood.
 

Fourthly, the functions necessary to achieve the defined accountabilities must be identified. This
 

step is to ensure that everything being done has some direct, or indirect impact on the success
 

of the organization. A list of activities and tasks should be generated that support the functions.
 
the level in the organizationThe degree of specificity of these activities will increase as 

on how to perform the activities anddecreases. If it is not on the list, don.t do it. Procedures 

tasks need to be written. These procedures should be specific enough to insure the desired 

outcome isproduced, but abstract enough to allow for creativity. Procedures need to be changed 

whenever new methods or technology are made available and are proven. 

to perform the required activities. ThisNext, there needs to be adequate training on how 
training should be a proper blend of theoretical and practical, so the individual will understand 

why he is doing something as well as how to do it. Tile training should be to the procedure 

developed. Once training is completed, expectations can be made on tile employee to complete 

the task following the procedure. Each employee should have the freedom to apply the training 

given, aid should be encouraged to do so. Refresher training on existing procedures should be 

a routine way of doing business. 
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a ll n
'teamwork and ciloycc partIC ncd to be developodFinally, a spi ri of interdepam ental 

of their individunal Cont1ribuition to theand cultivated. Fveryone in lic KAPC should be aware 

corporation's goals. They also need to understand that they alone cannot achieve these goals, 

they are an important part of a team. KAP( minallgynent also must realize that the workers arc 

cars and brains. Their ideas arc important, and
not just arms and backs, they also have eyes, 

the people closcst to tie actual process,they shotld be cncouraged to express th em hey a " 
bettor than anyone. Their ideas and suggcstions for

and understan(l the details of thli ijolbs 

improvement should be lisitenel to and actedl upon 

The key to success of the above guidellines is the top down approach with management 

This factor should be a consideration when selecting the officers and
commitment at all levels. 
senior staff members of KAPC. The op)ortunity to start a new venture with a "clean slate" 

approach presents a challenge toward improvement. As with all successful corporations today, 

a method for revision of the elements of the process must be available. 
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APP. A 

PLAN C\V1P 1.40.1CONTROL WORI( 
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API. B 

TEAM MEM13ER EXPE'RTISI SUMMARY 

industry for 29 years, with 23 years association withFred Stone has worked in the power 
Horlda Power and Light Company (FPl), and 6 years mechanical design of gas turbine hot 

section components. During his ti mc with F111, he worked at six separate power stations, 
compri-ein of various combinations of power producing eq(Ui pment. Included were single cycle 

ai(:aft -l derivative gas turbines, oil and gas fired conventional fossil units and a two unit 

fuel. Mr. Stone has served in variouscomblined cycle plant burning both heavy oil and 	diesel 
plant chemist, reliability engineering, plantfunctions, Including p)erformance test engineer, 

technical training, maintenance superintendent, operations superintendent and plant manager. 

of up to 120 people on a full time basis, with excursions uplis activities iivolved SLI)eCVIsion1 

to 600 workers during major plant overhaul periods. Mr. Stone holds a BSME degree from the 

University of Florida and an MBA degree from NYIT at Nova Universiry 

Mr. Dennis Evans has over 30 years iii the power generation field both fossil and nuclear. Has 

held positions as Operation Manager, Maintenance Manager, Plant Manager, start up engineer, 
Has an associate Nuclear engineering degree fromconstruction coordinator and Shift Engineer. 


Colo State university and E/nuclear from Colorado. Performed peer evaluation at ten nuclear
 
ownPlants throughout USA and one in Japan and 'aiwan. Also on fossil plants within our 

system. 
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APP. C 

COMBINEI) CYCLE HEAT IRATFES 

CC-2CC-I 

(1-3-9) (2-4-10)
 

1992 NET GEN NET HEAT NET GEN NET HEAT 

MONTIH (MW 4R) RATE (13TU/KWHR) (MW HR) RATE (BITU/K\V1R) 

JAN 121,111 9,821 104,410 11,012 

FEB 43,718 14,329 103,817 10,670 

MAR 7,641* 18,568* 35,853 12,812 

15,435* 13,955*APR 36,648* 43,233* 


MAY 11,805* 16,7831 17,713* 15,001*
 

JUNE 21,962* 15,170 36,976 11,121
 

JULY 42,333 11,259 34,427 11,297
 

AUG 38,025 11,261 12,085- 13,473
 

SEPT 76,022 10,350 14,976* 12,599*
 

17,797*OCT 76,037 9,176 607 * 

NOV 76,112 9,324 61,474 9,045 

DEC INFORMATION FOR DEC '92 NOT AVAILABLE 

TOT/AVG 551,414 10,840 465,571 10,590 

BEST AVAILABLE DOCUMENT 
42
 



months where at least one of the electrical generatorsNOTES: I 	 Items marked * were 
were idle 

2. All data from 	Form "[" as transmitted to WAPI)A 

3. All data is monthly averages only 

4. Design combined cycle net heat rate is 7800 Btu/kwh 
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APIP. I) 

ECONOMAIC EVALUATION MODEL 

The costs associated with using Furnace Oil (1-0) at Kot Addu are different than those related 

to burning High Speed Diesel ([ISD) o Natural gas fuel. In order to make an informal decision 

as to which fuel is the best choice, an in-depth economic analysis should, be performed. 

Currently there is an inadeluate supply of fuel of any type at the Kot Addu site. Once the most 

cost effective fuel is determined, a concentrated focus toward activities required to insuic an 

adequate long term supply of that fuel type needs to be made. 

The analysis would consider all fuel related costs, and should be calculated on a basis of 

rupees/day for accurate comparisons. The assumption that the total combined cycle unit is 

be made Tests will have to beavailable and operating at full load for a 24 hour period must 


conducted to determine actual values of cost parameters related to the type of fuel used.
 

Accounting methods may also have to be reviewed and modified.
 

The basic 	model can be stated as:
 

Cost, = A, + l3?+ C, + D - E+ 

Where: 	 X = fuel type (FO, HSD, or gas)
 
A = delivered cost to plant site, Btu basis
 
B = costs required to deliver fuel to combustors
 
C = fuel related equipment maintenance costs
 
) = lost revenue due to full or partial fuel related outages 
E = costs associated with lower operating heat rate 

The economic analysis would be simplest to assume values for B, C, I) and E are zero for 
natural gas fuel, and assigning differential costs for FO and H-SD compared to gas. Since the 

cost/Btu for all types of fuel is known, values for A,,can be readily calculated. The remainder 

of this section will address items B,, C,, D,, and E,. X = HSD and X = FO. 

For HSD Fuel: 

13 1D 	 This would include storage, testing and pumping costs for ISD. Electrical 

auxiliary usage and wages for operators and technicians over and above that 

required for natural gas firing fall into this category. 

CRs[ 	 Those costs associated with more frequent hot section inspections, gas path 

inspections and major overhauls due to HSD penalty factors in the equivalent 

hours scheme would be written here. Actual annual costs would to be amortized 
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on a daily b:rsis before adding to the basic model equation (Costs related to 
turbine washing, if appliCable, should be inclutided In (Iis vAlur. Rel)lacenIreir 
parts and labor, as compared with natural gas, will be a large portion (f this 
numtber. 

0111,11 Assumring Iatn:al gas fiel as a baseline, determine fn)ul)mber of y\Vlost dle to 
HS ) fuel related deratiru,. Con siderifrg the conilbilled cycle the iotallill, f both 
GT's and the ST load re'dutic(on must be included. N4%\ lost x 24 hirs. x RIs/MW 
hr will result in a daily cost for piartial outage dIue to fuel (lerating Added to this 
valire will be the cost of lost reverILIre due to additional maintenance ouitages 
caused by burning IHSI). Total MW unavailable x No hrs tinavailable x Rs/M\V 
Irrn ust be calculated and added into DIIt. 

EI-iA) 	 Tlhis area Iswhere costs associated with total combi ned cycle hea -ate variatlons
 
(lue to burning USD when compared to gas must be considered. Actual
 
controlled tests must be conducted to determine the degree of variations, ifany.
 
Ifthe heat rates are lower for UJSI than gas, this Will be a negative nui
Minber when
 
entered into the basic model equation.
 

For FO Fuel:
 

B O 	 This value would include actual costs related to moving fuel frorm untreated tanks,
 
through the treatment process, to the treated storage tanks, and finally froi tlhe
 
treated storage tanks to tie gas turbine combustors. All costs associated with
 
purmping [:0 must be considered, and will include auxiliary boiler operation inthe
 
fuel forwarding area, as weil as electric hlt tracin, intire fir! delivery area.
 
The costs of vanadium iMhibitor, dosing pup systems adI
atoizing air systems
 

need to be considered here. Maintenance costs on the extra equipment, and well
 
as wages for additional personnel to operate and maintain this equipient ShOuld
 
be amortized on a daily basis.
 

The category iswhere all costs associated with the Petrolite Fuel Oil Treatment
 
Plant (FOTP) need to be calculated and included. Fuel for oil heaters, cost of
 
chemicals added, costs of water used, cost of electric auxiliaries, costs of 
chemical laboratory, disposal costs of sludge and oily waste water, maintemance 
charges on FOTP equipment, as wvell as wages and benefits for FOT operators 
and laboratory technicians are among the considerations inthis section. The costs 
associated with procuremnent, inventory, storage and handling of FOTP chemicals 
shrould also be considered. These costs should be readily available on an annual 
basis, or perhaps a per gallon treated basis, and could be easily converted to a 
daily charge using actual and forecasted operating hours. 

Cro 	 As with Cir,,, actual costs associated with turbine washing, more frequent hot 
section and gas path inspections and more costly major overhauls need to be 
considered. The influence of more severe multipliers in the equivalent hours 
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calculations should be addressed here. All these addillowi lcosts will have to be 

compared against ::ero costs for natural gas in or(let to ;[r,,e at a meaningful 

comparison. Also, this would be the area to include those operational costs 

associated only with burning FO, such as IItRSG soot hlower operation, 1-1P 

circulation puI) p el)oration and atomizing air systenmi 

D I, 	 AssuminIig natural gas parameters asa; benchinark, detc ietotal number of MW 
lost due to 1-0 fuel related deratings. The rCdLicton III SI outpt, as well as GT 
generation defecits would be combined. The formtla is MW'Iost x 24 hrs x 

RsiMW hr. Added to this value will be a chaige for the cost of iost revenue 

during additional maintenance outages required by hirninrig 1-O. Total MV 

unavailable x No. hours duration x ks/MW hr must he calculated, converted to 
a daily rate, and added into Dro. 

E :	 This section is where costs associated with total coihined cycle unit heat rate o 

variations due to burning 1-0 as compared to gas riust be considered. Actual 

tests will have to be concLicted to gather data required to determine the anount 
of variation in heat rate. If the heat rates airc lower for F() than for the 
value will be a negative [1Liinuber when entered iii toie basic model equation. 

The cost of fuel bfroed is the ,.igle largest on-going expense of any power plant, and the type 
of fuel is a significant contributol to unit availability at Kot Addu. A serious attempt to 
perform an economic evaluation of the appropriate fuel must be ilade. Subsequent activity to 
insure an adequate sLI)pply of this fuel is mandatory. Otherwise, the Kot AddLi power station vill 
never reach its potential as a significant factor in alleviating the energy shortfall of the Country, 
regardless who the owner/operator is. 
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