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recuperating a maximum of the cfficiency lost from the designed heat rates,
in improving their availability and reliability, and in reducing the cost of
operation and maintenance."

This Executive Summary addresses the survey and evaluation conducted ot the
thermal generation units owned and operated by KESC. A separate Executive
Summavy is provided for those thermal generation units owned ard operated by
WAPDA. The main report covers in detail  the  full survey activities,
findings, and program recommendations.
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SECTION 2

METHODOLOGY AND SUMMARY CONCLUSIONS

2.1 METHODOLOGY

After an orientation meeting and review ol 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 SWEC specialists. During the site
visit, the team:

° Conducted an in-depth interview with ustation management and key
operations, ecugineering, and matntenance staff to learn about unit
operatinng and maintenance approach, problems, and contributiag
factors.

. Performed a plant inspection.
. Conducted interviews on management and institutional factors.
* Developed preliminary diagnostis of conditions.

Prior to leaving Pukistan in August, the team leader conducted reviews with
station managers, MwP, USAID, and 1BRD Headquarters staff to provide
preliminary insights on the survey team’s observations and findings.

Upon return to the Consultant's headquarters, the detailed evaluation

Jgrocess  began. Evatuations  consisted of  comparing present  observed
operating conditions with unit design data or guaranteed performance current
conditions data. Calculations were performed to determine the etffects of
tbnormatities on unit performance.  Thermal etficiencies, fuel asage rates,
and air heater performance were part of the boiler evaluation. Turbine
plant evaluations considered such items as the steam cycle and operating
conditions. Balance-of-plant evaluations focussed on systems and equipment

which atfect design output. Heating, wventilation, and air-conditioning
considerations and their effect on operating equipment were also addressed.
Control and electrical systems and equipment evaluated included controls for
the boiler, turbine, feedwater heaters, water treatment systems, vibration
monitoring, circulating water systems, control room annunciators, electrical
equipment, switchyard, metor control centers, generators, transformers, and
grounding equipment.

A review meeting with KESC, MWP, and USAID was held in early October in
Karachi and Islamabad. The purpose of October review was to assure that
root causes were properly identified and  correclive actions under
censideration are appropriate and have a high probability of success.

A benefit/cost analysis was performed to select corrective measures of
sufficient economic merit to be included in the program which SWEC would
recommend for KESC's consideration. An overall schedule was developed for
the recommended unit rehahilitation activities, However, KESC management
has  already taken necessary steps in some  cases Lo  correct these

28]
]
—

2232-1400315-B4



deficiencies. This overall schedule was used in preparing a comprehensive
program implementation plan.

2.2 SUMMARY CONCLUSIONS
While quality and quantity of work by the KESC engineers is impressive, the
performance of KESC's thermal g erating units has been significantly
degraded by:
. Postponement of preventative maintenance with a resultant shift to
increased corrective maintenance brough: about by the need for
prolonged operations to maximize system generating capacity.

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

. Operation of combustion turbines designed for peak load opuration
as base load units.

. Insufticient stocking and poor inventory control and” storage of
spare parts.

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

. Less than  optimum workshop capability for corrective and
preventative maintenance of equipment

° Insufficient manazement emphasis and  incentives for teacunical
training of plant operaticns and maintenance

. Lack ot station manuals, desipgn drawings, unit performance data,

and plant operating procedures; and

° Lack ot sufficrent engineering sta”, either at plant stations or
in KEsC Headaguarters dedicated to maintaining a high level of
thermal plant perrormance.

The natioral impact of this degraded thermal plant  performance is
exacerbatued by:

. The low reserve margin of Pakistan's clectric geuerating capacity
over  peak  demand  combined with a high vate of increase in
cluectricity demand tu support Pakistan's expanding ecoromy, which
frequently results in the need for large-scale load shedding;

A comprehensive program conducted over a three-year period could increase
the capacity, etficiency, and avarlavility of WAPDA's thermal generation

units. The benofits of such a program would include:

. Increasing the KESC thermal pgenerating capacity from 573 MW to
754 MW this total 181 MW increase consists of:

63.8 MW of restored steam plant capacity at an 1ncremental cost of
5815/ kW.
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106 MW of rcapacity 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 systew for an incremented cost of $253/kW.

. Improved availability of KESC's <hermal  generation, enabling
provision of aboul 280 GWH/year of additional deliveries of
electricity to KESC's system. (This 1is about a 6.5 percent

increase over 1984 thermal unit generation.)

© An  improved average heat rate for KESC's thermal units could
redice KESC's tuel consumption per kWh of thermal generation by
about 12.1 percent.

The principal elwments of the recommended program consist of:

[ Overhauls, repairs, modifications, and additions to increase the
efficiency, availability, amd capacity of units at the six KESC
steam statrons.

. Converting the five SITE combustion turbime unit: to combined
cycle facilitires.

L4 Converting two West Wharf steam turbine units to a single combined
cycle facility.

. Overhaul, repairs, addition of evaporative coolers, and cleaning
of compressors to increase the capacity, improve the availability,
and reduce the average heat rate of four other combustion-turbine

units.

0 Increased  spare parts and  better management storage and
application of spare parts.

. Increased equipment maintenance capabilities of KESC's nine
workshops.

. A major dedication by KESC of its plant operations and maintenance
staff to periodic technical training and an expanded instructional

program as explained in Section 6.

Further information about this recommended program is presented in Section 4
of this Executive Summary and Scction 4 of the report.

The estimated cost for this comprehznsive program is approximately
$163 million, applied as follows to the above-noted principal program
elements over a three-year period:

* §50 million for rehabilitation of ther four stram units.

hd 575 million for the conversion of the West Wharf steam plants and
SITE combustion turbine plant to combined cycle facilities.
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. 52 million applied to other combustion turbine plants.

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

L] $200,000 for training improvements.

L4 $1 mitlion for shops and warchouse improvements

. $13 million ftor project planning, management, and engineering.
. $16 milliun for contingency.

Further details abont these estimated program costs and their application to
each thermal plant unit are presented in Section 5 of this Executive Summary
and Section & of the mrin report.,

The proposed plant improvement programs have been evaluated on a net present
worth busis and a cost beneti1t amd simple payback analysis pertormed.  The
principal evaluation factor wis the vatve of clectricity of 1.10 Rs/kWwh. We
understand this approximates the Tong-range maryginal cost o, cnergyv.

Unit improvement proprams are recomactbion that range in attracoiveness ot a
combinad henetit ety or 29065, with a simple payback period of about
3 months (KTPS-3) to o cost benetit ratio of 1.0 with a simple payback
period ot b.13 vr (KiPs-11.

Econumic justification is Jdrscussed further in Section 7.

Dedicated commitment by the top management of KESC is esseatial to the
timely and successtul performancs of a4 program ot the scope aud bLreasdth ot
that being recommended. In the course of the survey, it became clear that
prior ¢ mmitment ot priority resources to such a program was a result of the
simple ne~d to maintain maximwnm system capacity rather than any lack of
appreciation of the need for and benefits of such a program.

Fxercise of this near-term window of opportunity requires prompt action on
three parallel paths:

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

(2) Arrangement of tull program funding to be available by the summer
of 1986;

(3) Prier creation of the necessary organizational structures and
support capabilities, so that full program activities can quickly
get underwsay as soon as tunding is available.

Effective planning and management and implementation ot the recommended
comprehensive program is a difficult challenge due to the many units
involved, the numerous activities required at each unit, and the delicate
scheduling required to avoird thermal units being down at times of low
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hydro-generation capability in the country of Pakistan. Many of the common
and cross~-cutting clements of the program should be centrally planned and
managed. At the same time, responsibility and authority for those
activities specific to individual units needs to be delegated to station
managers with assurance of needed support by the central program office.

In this Tight, it is strongly recommended that KESC utilize the capabilities
of a consultant tirm highly expervienced in the planning, cengineering,
management, and implementation ot wmajor plant rehabilitation projects to
assist it iu management  and implementation of  the recommended program.
Further details on g sugpested concept for program  implementation are

presented in Section 6 of the Exccutive Sunmary.
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SECTION 3
DESCRIPTION OF SYSTEM AND CURRENT SITUATION
3.1 ELECTRIC SYSTEM DESCRIPTION
Pakistan has two generation and transmission utilities: WAPDA and KESC.

The KESC system represents approximately 18 percent of the total Pakistan
generation capacity and consists of:

. 9 steam turbine units with a total installed capacity of €88 W

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

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

L4 A tetal nameplate capacity of 928 hiv

The locations of the thermal stations are shown on Figure 3-1. Generation
capacity and statistics are shown on Table 3-1.

In addition to KESC thermel power staticas, there is the KANUPP Nuclear
Power Station which 1s capable of generating 33-38 MW, KESC is also ablo to
purchase up to 60 MW ot power from PASMIC (steel mill power station). Both
of these peower sources, however, are not committed to KESC, and, hence, arve
not included in KESC's total gencerating capacity.

The WAPDA and KESC svstems are tied together by 132 kV interconnections.
3.2 CURRENT SITUATION
System Capacity

KESC thad a peak demand of 948 MW for the 1984-1985 season. With the
installed nameplate capacity of 928 MW, this allows no margin. The amount
of installed capacity available to KESC at any given time, however, is
dependent on KESC units out-of-service ftor maintenance or repalr, operating
at derated capacity, or purchased power available from other sources.

Base demand is satisfied primarily by steam turbines. During intermediate
demand periods, diesel and gas turbine units are used. The gas turbines,
aven though intended for peak lool operaticen, are now operating as basz load
machines due to shortaye of gene:rating capacity.

As shown in Table 3-1, the gas turbines represent approximately 24 percent
of KESC's generation mix, while the steam turbines constitute 74.4 percent,
with a small percentage (1.6 percent) derived trom diesei engines.

The currently operable generation capacity has been unable to meet demand.

Periods of major lead shedding occur, particularly during the low water flow
season. Load shedding is defined as the process of deliberstely removing
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preselected loads from a power system in respouse to an abnormi] condition
in order to maintain the integrity (frcqm‘n(‘y and voltage) of the system.
For example, during July 1985, severe blackouts persisted for extended hours
due to faults in the system.  Although blackeuts are possible, KESC ig
still, at times, transporting 60-130 MW of power Lo WAPDA to equalize the
load shedding situation within Pakistan,

There is 4 large weugonal varistion in hydro bPowver peavration capability in
Pakistan,  The low tlow sesson cxtends trom November to June, During this
period, capacity requalrements result in esxtreme dependence on thermal units,
Thermal units are kept on Tine if 4t all possible.  This Capacity shortage
results in maintenance,  schedule tnspection, and machine overhauls being
deferred until forced outapes occur.

The gas turbipes, though intended for peak load operation, are operated as
base  load machines due to curreat load shedding requirements as necded.

Fuel Considera: jons

Gas  fuel restrictions and  gas quotas for major KESC stations have aiso
created major problems by forcing KESC to cope with the incorporation of
additional  alternate fuel o1l storage  facilities, converting existing
bollers to burn turnace o1l, and subsequent derating of the boiler outputs.,
The corrosive iture of these fuels has cansed further deterioration in
boiler heat transter surtaces, resulting in pour boiler performance and
tncreased maintenance.

This zas restriction alse applies to simple cvele combustion turbine plants
where HS5D oil firing instead of natural gas has not only shortened the
period of inspection and overhaul dntervals but has alse caused extensive
miintenance problems in addition to decreasing the avallability of these
machines for power generation duving this crucial KESC capavity shortage.

Fuel quality of barh furnace oil and HSD f(uel is Largely uncontrolled. Only
annual or sporadic samples are taken for proximate and ultimate analyses.
Delivery from refineries is unassured because of the shortage of transport
facilities or lack o) o1l sturage capacity at the statisns.

KESC has  n place o Lrogram for increasing fuel Storage  capacitv  and
transportation facilities. This program is required and should continue to
completion as soon as possible.

Current ly tor the plants under investigation, only one unit (Kor:mgi No. 3)
has 4 fue! treatment tacility; however, Korangi did not have propar
broportional feed control due to the unknown quality of delivered fuel.
Introduction of . fuel treatment  svstem to other upits {steam and gag
turbines) ts also recommendeod.,

Elant Operation aud Maintenance

Plant  average availability factors have been approximately 60 percent.
Considoring the aze of thege machines, this factor ig well within reason.

2227-1400315-B4 3-2
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Genecally repairs and maintenance work are carried out proficiently by local
station labor.

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

The quality and quantity of work of the KESC operations and maintenance
engineers is very laopressive. lu spite of 4 shortage of trained personned,
spare parts, workshop tacilities, and foreign exchange, the units are kept
online as long an pousible during the country s power short e,

As  the anits have aged, the emphasis on maintenasnce has shitted from a
planned preventative maintenance proyram Lo one of corrective maintenance as
forced by the grid rvequircments.  Forced outages are mounting and creating
problems.

All records, including equipment history, are manually written by the

engloeers in registers when time allows. The operating procedures were,
however, avatrlable to each engincer who wrote and memorized them during his
on-the-job  training program. The procedures were then retained in

engineers' homes.

Spar:

The procurement procedure is too cumbersome to allow efficient management,
Approval authority for purchase requests is too low. This results in
stockouts and outages while 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 generally
well managed, and posed no particular problem for the maintenance 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 tor 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, and return work to
the stations during a forced outage is excessive.

Training of Personnel

The KESC system of training for both sngineers and technicians assumes the
students have some technical background and procecds to cover the bhasic
elements of power plant operations and maintenance.

The entire system of training revolves around the stations on-tie-job

training programs, which are not formalized programs. Personnel are trained
formally at the training centers, and informally at the students' plant.

2227-1400315-B4 3-3
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Notebooks are lkept by the students in preparation for an examination given
in operations or maintenance (plant-specific). To provide incentive for
compieting the training program for eatry level engineers aud technicians,
an allowance is paid in increments at the successful completion of each
examination. It is difficult to obtain yuotas for follow-on training of
station persornel, e.g., advanced operaters' school, as well as for vendor
maintenance schools and  forveisn traiaing programs. This difticulty in
meeting quotas s due to o a lack of space, lack of funds ftor training, and
reluctance on the part ot plant upper management to release people during
the high pover demand periods.

Management
The station management for all KESC plants is aware of mammtacturers'
recommendacions tor inspection and overhaul scbedules, and they plan well in
advance; however, all these efforts are negated when the dispatceh cent ¢
calls for power dee to a system capacity shortage.  Therefere, any program
for inspection/overhaul is either revised, postpened, or abandoned entirely
antil the forced outage is fmminent or acours.

During the survey it was evident that rone of the stations have an engineer-
ing section devoted to power plunt desipn and operation.  KESC lleadquarters
also did not have o dedicated engineering groap for plantl improvement and
new design concepts.

Most technical and clerical work at these stations 1s being performed
manually by engineers using outdated calculators and other devices. No
duplicating, typing, or word processing tacilities exist to tacilitate
effective use of talent and time.

Lack of station manuals, design drawings, unit pertormance data, heat
balance diagrams, and plant operating procedures is evident at some of the
stations. The unavailability of these items causes extensive hardship to
station operators and management during emergency trips or for routine plant
equipment monitoring.
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Power Statioan
Bin Qasim
Korangi 1 and 2

Korzangi 3 and 4

West Wharf B 6 and 7
West Wharf BX 8 and 9
Korangi Town Gas 1-4

SITE Gas Turbines 1-53

SITE (Diesel Plunt
(10 x 1.53)

Totals

L! - New unit, no derating

L% - ISO rating

L3 - ISO rating

2227-1400315-B4

TABLE 3-1

KESC GENERATING PLANTS

Installed
Capacity
()

210

66
2
100"

3
125L

928

1 of 1

Derated
Capability
_(w)

1
210L

210
24
45
76

100

798






SECTION 4
DETAILED FINDINGS AND RECOMMENDATIONS
4.1 TECHNICAL
4.1.1 General

An analysis has been completed tor each of the KESC thermal units in order
to evaluate currvent performance. As previously discussed in Section 2,
existing conditiong have been compared with unit desiyn, gpuaranteed perfor-
mance datya, and industry practice. In addition, spare parts inventory
programs, maintenance workshops, and preventalive maintenance programs were
also analyzed. The tnteat  of  these itnvestipgations was to formulate a
comprehensive propram to uvpgrade the efticiency, capacity, and availability
of KESC thermal units i a cost-effective manner.

A summary of the unit performance evaluations listing repairs, upgrades,

changes, vl additional  equipment  recommended by SWEC is  previded in
Table 4-1. “The cvaluations are divided 1nto four major categories, Boiler,
Turbine, Balance of  Plant  (BOP), and  dostromentation,  Controls,  and
Electrial (lcab). Table 4-2 provides a sevarate listing of water treatment
system recommended moditications. Table 4-3 provides recommendations tor

training and wocrkshops.

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

Boilec

L4 Install steam coil heaters
. Install sootblowers

. Upgrade fuel oil unloading
. Repair faas and air heaters

Turbine

Add evaporative cooling system
Repair lube oil and air conlers
Selective turbine overhaul
Selective blade replacement

Balance of Plant

Replace water filtering system
Repair condensate pumps

Repair feedwater heaters

Provide fuel treatment facilities

Instrumentation, Controls and 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 Troatment

* Provide additional equipment to increase capacity
. Provide additional test equipment

A review of Tables 4-1 and 4-2 indicates while there are a number of items
common to many plants, there 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; rather, it is unit-specific.

4.1.2 Fuel 05l Etffects

Both the steam boilers and  combustion turbines at KESC stations were

originally designed to burn gas.  The gas fuel supply was tavored at the
time because of its availability and iunexpeusive cost as compared to other
fuel supplies. [he availability of gas in recent years has been insufti-
cient and infrequent while costs have been escalating.  This situation has

forced the use ot substitute fuel supplies. Furnace oil (No. H oil) is now
supplied to the steam units and high speed diesel oil (HSDO) to the combns-
tion turbines. The substitute fuel has caused signiricant problems in the
operation and maintenance of the stations for a number of reasons.

Essential to the evaluation of plant performance and plant life is a deter-
mination of the effects of fuel types on susceptible equipment, such as the
boiler and the combustion turbine blades.

KESC gas-tired furnace designs use smalle- firnace volumes, have high
combustion gas velocities, and have higher heat transfer rates than boilers
designed exclusively for oil or coal. When o1l is fired in a gas-designed
furnoce, flame impineerent 1s 3 maior problem. Other problems tound by the
inspection were relative heat absorption problems in the furnace and signif-
icars oil ash buildup problenms.

The quality of oil wvaries and often contains impurities such as vanadium,
sodium, and sulphur which cause significant corrosive damage to boiler tubes
and preheasters, as well as combustion turbine blades. Inhibitors can be
added to the tuel oil to help reduce corrosive conditions caused by the oil
impurities.

Because of the untreated impurities that exist in the tuel oil used, corro-
sive conditions were found in the boiler and the combustion turbine blades
4t some units. [+ is recommended that the fuel oil source be documented by
place of origin, refinery source, method of transportation, stovage site,
and treatment employved.  Alonw with the tuel duta, a fuel and ash laboratory
analysis should be perfcrmed to determine chemical constituents, such as
carbon, oxygen, hvdrogen, sultur, vanadium, sodium, and tuc) burning charac-
teritstics  such  as  heat content, flashpoint, wviscosity, and asphaltene
content. This information is required to assess the sujtability of the
matcerials in existing equipment (boiler tubes, combustion turbine blades).

58]

2228-1400315-B4 4~



Installation of fuel treatment plants to improve and regulate the quality of
HSD fuel oil is critically needed for the fuel supply systems of KESC
combustion turbines. The plants require metering stations and monitors, as
well as new atomizing cquipment, removal of potassium and sodium from the
oil, and replacement of pump suction and discharge strainers and piping.

As indicated in Table 4-1, a variety of boiler improvements, modifications,
and changes are required due to the effects of the fuel types used in the
gas-designed units. For example, additional retractable soot blowers should
be provided to the air heaters, superheaters, reheaters, and cconomizer
tubes due to the Luoildup of corrasive oil ash deposits.  SWEC'S recommenda-
tions for improvements to the use and control of tuel types are esscential to
improving the performince ot the KESC units.

Critival to the dwmproved citicien or the KESC steam units are improvements

to fuel supply ond storage Capacity, There are no tuel ol metering
stations for "ys-redeived” fuel otl, and equipment for the storage and

transfer of o1l is poarly miivtained 4t some stations.

It is evident from the Qnspect:ons pertormed 4t each KESC station that
dedicated tuel supnly trains or tank Lrucks are needed to provide an unin-
terrupted am! awdeguate oil supply 1or contianons operation. Dedicated [uel
supplies, adequate receiving transport faciiities, and storage capacities,
and monitoring aud measuring =quipment are needed Lo control the quality and
quaatity of fuel supply to both the steam apd combustion units. This is
vital to providing an unconstrained conversion frem tuel gas to fuel oil.

There is curvently an itmprovement program for oil storage and transport.
This program addresses the above problems and should continue to completion.
We have not tncluded wark or estimates for this program 1n our plan.

4103 Anticipated Results

Based on the recommended action discussed above, calculations were prepared
to determine the wffocrs of such +-tian rn unit pertaraance, plant cepacity
apZ? availability. Unit thermal efficiency and output as well as individual
component efficiency and capacity limitations were evaluated.,  Table 4-4
provides a summary of the anticipated dnprovements that can be reslized in
unit performance and capacity based on implementation of the technically
feasible modifications. This tuble is presented on an individual unit basis
and provides & summary of results based on tmplementation of those items
listed in Tables 4-1, 6-2 and 4-3.

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

A significant improvement in the thermal etficicacy of many of the units is

obtainable. Such an improvement, as indicated by a reduction in the heat
input and turbine heat rate of the unit, will result in substantial fuel
savings. 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 increase  in efficiency would be approximately
$16 million U.S. dollars per year at a capacity factor of 80 percent.

Capacity

Additional capacity con be provided by the existing KESC thermal units as a
result of the recommended upgrodes.  Steam units' capacity conld be improved
by 63.8 MW and combustion units by 11.2 MW, An addational 106 MW wonld
result from the addition of vombined cycle unit retrotits to SITE and West
Wharf Stations. Combined cyele conversions were selected becadue they are a

cost-effective way to increase the system capacity. They result in large

increases in efficiensy, redocing wasted encrgy.  STTE and W What ! were
selected brecanse their site layvouts will accommodate the regquirved eguipment

additicus.

The total of these capavity increases would ancrease the capacity of the
RESC thermal units @

Detailed information oo anticipated increases in efficiency and capacity is
presented in Section o« ot the report,

tal MW or 32 percent of the existing derated capecity.

Availabilicy

The availability of a unit is a result of many interacting factors. Lnit
size and age are two important factors in predicting acceptable availabiltity
levels. Furthermors, the small size and age of many of the units contribute
to the large drop 1o availability., The age of six ot the eight steam units
is greater than 20 years, and two units are 20 or more years old.

The quality and quantity of fuel oil must be improved to significantly
improve the availavility of the KESC units. Recommended steam unit um-
rrovements include improving the fuel quality as well as providing spare
parts, replacement dblades, and air preheaters. Recommended gas turbine unit
improvements include installation of fuel treatment plants at cach station
to improve and regulate fuel quality.

Anticipated improvements in unit avatlabilitly have been estimated as part cf
this tinvestigation. These changes have bheen 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 $5 million. Certain of
these spares, considered critical for the operation and maintenance of the
plants, should be purchased from the original equipment manufacturers.  All
spare parts that are not critical to the operation of the plint due to
redundancy, alternate operational mode, or availability of suitable substi-
tutes should be tendered for competitive bodding.

To assist the eagineers aml stores ofrficers in establishing and maintarning
inventory control, o desk top computer is recomnended for eacvh statien
warehouse. These computers could transfer intormation from the stock record
cards and beoks into permanent data storage.  High and low load ievels must
be calculated according to usage rates and feadtimes tor procurement. On
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reaching the low level inventory point, procurcment activities should be
commenced. In KESC, an annual budget is submitted and approved for each
station. To reduce the communications time lost in procuring spares, it is
recommended  that resident engineers be allowed o manage the' stations
within the established budgets.  Proper tendering of qualitied vendors is
required and shonld continne to be subject to audit by higher authority. A
copy ot all correspondence involving payment of vendors should be sent to
higher authorities for their information and wse.  In this way, financial
autharity and resporstbility would be delegated to the resident cugineers

and mon: tored by the chier enginecrs.

To implewent the procuzement of spares, priovities have been set for cach
plant to support the specific requirements (Sve Section 4 of the Repart).
Proprietary first prierity spares would be initiated for procurcment
fullowed by competitive bid items that are more 1eadily available.
Mternate sources of supply will have to be investigated and gnalified for
the competitive items daring the jmplemeatat ion phase of the program.

c,

401,95 Maintenance
workshops

The capabilities of KESC warkshops are not sufticient to handle KESC major
repair work; howewver, the WAPDA workshops at Faisalabad, Guddn, and the
provosed workshop at Jamshoro are considered sufficient for the Pakistan
mtility system. Facilities at the shipyard in Karachi and at Taxila are
availtabie as necded in the event of a major industrial work requirvement.
Radieographic testing for high pressure components is available at Taxila and
it the Nuclear Research Uenter. The services of these tacilities and the
locil  workshops should  be seheduled o oaccordance  with  each station's
planned averha!l  soheedule and preventive maintenance  (PM schedule to
nroperly plan tor transportation of cquipment and trained personnel.  Repair
and replacement o out-oi-service machines and the addition of machines as
rocompended 1n the plent summaries will increase the selt-sufficiency of the
plants st nominal capital expense. A major addition of equipwent at the
contral workshop 1n Faisalabad is recommended.

dperations and Maintenane Pragram

sinee it was apparent  that those stations with a designated {[nspection,
lest, and Record (I7&R) officer had o better preventative maintenance
v record, it is hivhly recommended that all stations
;e oan [T&R ot . cer o cned to track and record the Plant PM Program and
efficiency. Iy unsist the [T&R ofticer, the Plant PHM Program should be
programmed 1nte top computer. Darly, weekly, monthly, and semi-
annual checks would then be printed out Jarly tfor each maintenance section.

Completed maintenance CheCks with actual readings would be entered into the
computer and i1ncomplele checks would be rescheduled. This same computer can
be programmed to assist the ITER offtcer 1n calculations for daily heat
rates and trending of cvcle components o provide the maintenance officers
with the operational condition of thelr equipment.
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4.2 TINSTITUTIONAL

£.2.1 Recemzmended Organizational Changes

Ir order to balance responsibilities and provide better contr.l, organiza-
tional changes are recommended at Loth the main oftice and power station
levels. Main oftice organizational changes ave necessary to create a staff
of experts to provide direction voncerning in-plant equipment efficiency,
electrical  and  mechanical  matntenance, and  chemical  and cnvirvonmental
control,  Some central control should be instituted by the Head Office in
monitoring tne sotion taken by “he stations when units are ont-or-service.
Lot ead of relging on the piant persennel Lo resalve the problems, the Head
Orice  should practice participative docision-making to ensure that all
resaurces are applied to return ounits to service as soon as possible.  More

contiaticed moanayemsat shouwbd feoa long-term goal.

Purchasing prictioes should wodrfied Lo expedite procurement without loss
of control. Fhis will enable units te deliver more power since downtime is
affectad by materials and spars parts availability., A number of procedures

has been listed (o tae main rrport Lo sorve this purpose.

Manapement practices i supnrTision, personnel utilization, decision-making,
and computer applications should Lo expanded.  Standards should be created
N osomie Jareas of Thermal Power manigenent Lo ',)r'nvhl»' consistent decision-
mikirg and uniform treatment of personnel.  This applies to preparation of
repocts, station organization it intfrastructure practices for education,
medicil services, and housing. Training in managencnt is included 1n this
recommendation. Tmproved training at the individual station basis is

recommended  as  outlined n {ible 4-3 and 1n Section 6 of this Executive

Summary .

Operating data are abundant but Jdiapersed and time consuming Lo extract and
coliate for application 1n decision-making. Separate reporis for production
and costs are suggested, with emphasis on efiictency amd reliability for the
prmluctlon report. Appropriate formats gunzrmrwl for thuese purposes are
Sacledod de Seergon S

System rfuel costs wary from 31 percent to 93 percent of bus bar cosls,
indicating that a reduction i el consumption will have a large effect on
rotal bus bar costs. iy this reasen, we recommend that a performance
monitoring program be tustituted. Details are provided in Section 5 ot the
main report.

4.2.2 Preventative Maintenance Priority

Currently, an organized preventative maintenance program is not in effect
for the thermal nnits, although such a program is considered a high priority
by KESC management. wWith no reserve generating capacity, it has been
impossible to take a plainned approach to preventative maintenance. However,
att increased capacity resulzing  from  implementing the recommendations
provided in this report, %ESC should have some generating capactity to allow
initiation of such a progrun. we recommend tnat this opportunity be taken
to carry out this high-priority task.
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TABLE 4-2

WATER TREATMENT SYSTEM RECOMMENTATIONS

Korangi
L. Effluent Systems
o Replace controls from piping valves, X
caustic acid day tanks, aod pumps
o Replace semi-automatic operation X
2. Deminaralizer System
) Increase storage capacity X
o Increase size of trains X
N Replace valves, pressure indicators, piping
3. Blowdown Syvstem
o Modify piping for better control X
5. Water Quality
o 1dd chlorine to minimize algae X
o Operation check of pH and residual chemicals X
for clean operation
5. Cooling Towers
b Oper its todrrs Lo manufacture's recommendations

6.  Makeup Watear

o Replace hot line soda ash softners
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West
Wharf SITE
X
X
X
X



TABLL 4-3

TRAINING WORKSHOr. RECOMMENDATION

West
Korangi Wharf SITE
l. Training Personnel
o Provide additional training for officers X
o Provide formal program for operations and X X X
malntenance pursonnel
o Provide integrated werit and advancement X
systan
o Provide practical training for instructors X X
2. Training Progran
0 Provide additional training to techniclan X
to allow ecngine=rs time to work on improved
performance and availability
o Upgrade workshups using ASME Standards X
o Provide outside professional training for X

engineers and technicians
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TABLE 4-5

SUMMARY OF ANTICIPATED EFFICIENCY IMPROVEMENTS AND CAPACITY INCREASES

Potential Total Total
No. of Improved Capacity Derated Potential Instalied
KESC Units Etfticiency lmprovements Capactity Capacity Capacity
Steam Units 8 10.8% 63.8 MW 397 MW 460.8 MW 478 MW
Gus Units 9 3.1% P12 MW 170 MW 187.2 MW 180 MW
Total KESUC 17 8.47 75 MW 573 MW 648 MW 658 MW
Units
Recommended Combined 3 N/A 106 MW N/A 106 MW 106 MW
Cycle Units at SITE
and st West Whart
Total KESC Units Plus 20 12.1% 181 MW 573 MW 754 MW 764 HW

Recommeaded Combined

Cycle Applicat ions®

“Add one 50 MW combined cycle steam unit to existing SITE Gas Turbine Power Station.
w5Add Lwo 28 MW combined cycle combustion turbine units to West Wharf Thermal Power Station Units 6 and 7.
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SECTION 5
COST ESTIMATES
5.1 ESTIMATED COSTS
Ttems recommended for implementation in the KESC thermal waits which will

result in an increase in unit efficiency, capacity, and/or availability were
described in Section 4. A capital ¢oast estimate was prepared f{or each

unit's recommended cgquipment moditications. Also included on a unit basis
are the costs tor spare parts, test awd menitoring equipment, personal
computers, and  workshop additions. These  are  an o ovder-of-magnitude
estimates with an acearacy of 2025 percent.

We believe thit institntionst snd general management jmprovements can be
obtained with some outside assistance, by better utilization of largely
exinting resources.  RESD couts stould be supported by existing budgets.
The outside assistance ius included ia the program. In addition, we have
included an estimite of $200,000 for trainiag program improvements.

The estimate includes 1 10 percent allowance Yor program management and
engineering act (o, which rerlects the retrofit nature of the work and
the Llimited 1nformation avatlable from which to determine engineering
requirements.  More ecnginecsring work is required per capital expenditure to
assess  the current  plant comndition than with a  grass-rools project.
Additiona! work ia reqnicesd to oaccommodate the operating plant environment--
such items a5 isclstion of equipment, tagging out electric pover, aceounting
for clearances, amd less-than-optimum installation and removal sequences.
Program mandgement  estimates must take  into account the wide range ot
corrective acLions required. and the in-depth coordination that wili be
involved among the several operational orpganizations of wESC (e.g., plant
ovperations, dispatch, engincering, procurement, training, etc).

The estimite for contingency is higher than tor a grass-roots project. This
{s due to the nature of the improvement program. A contingency of
12 percent hus been added to the estimate. We recommend this larger
contingency o alliow for unknowns that [urther inspoction engireering ov
actual vepailr may uncover,

Interast used during construction is not included in the estimatec, nor is
import duty charged by the Soveroment of Pakistan.
< 1

5.1.1 Steam Turbine Stations

The cost estimate to upgrade KLSC steam stations is §52,008,000. Those
modifications included in this total are based on Tables 4-1, 4-2, and 4-3.

5.1.2 Combustion Turbine Stations

The estimated cost Lo upgrade XESC combustion turbine starions is 2,832,000.
The modifications included in this total are based on Tables 4-1, 4-2, and

a4-3.
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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. | through 5 is est.imated to be $39,375,000. A 56 MW combined
cycle unit retrofit to  West Wharf Station Unit Nos. 6 and 7 is estimated to
cost §39,375,000.

5.1.4 Total Estimited Cost

The total ot costs for KESC thermal station recommended improvements 1is
5162,980,000. Thias  includes 513,359,000 for engineering and program
managemaent and 316,031,000 for contingency. A breakdown of estimated cost
by station is proveded in Table 5-1

5.1.9  Cash Flow Regquirements

The cash flow requived for n»roject implementation 1is illustrated in

Table 5-1. The cash flow is based on a three-year implementation schedule
presented in Section 6.
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SUMMARY GF CAPUTAL CoNT o ENTINAILS FOK KENC PIANT SODIFICATLUNS

EALL Conta Fapressed T bquivateal tanny 005 4 x 1u™)

STEAM PLANTY GAS TURBINE PrAaNTs vOnisED CYCLE PLANTS TOTAL PLANTS
Nu. ot tocal Foreygn Total Lacal Yoreen Total s al torerpn Total local Foreign Total
Sltations Stalion Currency  Cargenty  Curtency  Cur rency  Carrency  Corrency  Garency G rency  Curtency  Cursency Currency  Currency
1 haraug1-Kles 11,378 EIENAR B 4?40y -- -- -- -- -- -- 11,32y 6. 431 47.409
2. wWent Whatt 1. 104 RRCY I 45949 -- -- -- trlaue Ty 9475 15,5905 30,4706 43.974
horangt-KTGES  -- .- -- U.2Y4 1.25%0 1.9%0 - -- -- .294 1.2%0 1.55u
“. EE N N 3% ~- -- -- 0,244 1.038 L.2R2 120500 NIPL YN 39371 12.6ud 25019 40.0657
SUBTOLALS 12,5482 39.526  52.008  0.538 2.29% 2832 24 K00 24,950 TRITHG 37.820  95.770
Admrnistrative/Engineering Y.577
Contingen jey R 11.493
GRANL TOTAL AL 140 116 K40

CASH FlLows

Year Equivalent 1985 U.8. § x_Jo¥
1986 13,418
1987 107 .4982
1988 41.580

162 . 980

(Une US 5 equals 15.82 Pakistani rupees)
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SECTION 6
THPLEMENTATION
6.1 PROGRAM IMPLEMENTATION

Design of an impicmentation plon o0 the Lificicney Improvement Program for
KESC Thernal Power Plunts was directed at:

L expediting aed maximizing the attainment of the benefits available
from the program;

. minimizing the impacts of unit downtime for the purpose of planned
unit rehabilitation, modification or upgrading facilities;

® moking full wuse of existing KESC capabilities and cffectively
applying them to  the wvaried capability requirements of the
program; and

. recognizing the processes and related times required to mabilize
the funding and establish the organizatioual arrangements for the
conduct of such a  large and varied program as that being
recommended .

Key features of the implementation plan which is being recommeuded include:

Establishing o single organization in KESC which is given overali
responsibility for program implemeatation. Assignment of authorities to
that organiation consistent with that respensibility and with those of other
staff and operational elements of KESC.

A policy announcement by top management of KESC making clear the high
priority teo Dbe given to improving the performance of its thermal power
plants and commitment of well qualified staftf te the KESC organization
established for program implementation.

Expedited piocessing of  arrangements  for the funding required for the
program such that all npecessary program activities can be underway by the
summer of JUHRO.

Early acquisition of the services of an architect-engineer consultant (A/E)
in-depth prior experience in the planning, engineering, procurement, and
field activities of thermal plant rehabilitation, and modification and
upgrading  activities to assist KESC ia its plaonning and implenentation
activities.  This consultant should establish a functional orpanization in
Pakistan that would work c¢losely with KESC both in Harachi ond at the
stations when field activities are active.

Early preparation of o plan for major eqnipment procurement which takes into
aceount the provarement puidance and requirements of KESC and/or its runding

sources.

[n-depth initial implementation planming to contirm the priorities of
improvement tasks, fix the schedules of initial itmprovement tasks, establish
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program coordination and communications procedures, and define and assign
responsibilities and authorities of the generation station managers with
respect Lo field tasks on units at his station.

6.2 ORGANIZATION KEQUIRED TO EXECUTE THE WORK SCHEDULE

[t is our recommendation thit the Project Team concept be utilized.,  This
type of organization facilitates integration of engineering, desipgn, and
crocurement aid 15 more etfective bhecause maaagement and techonical personnel
ire in continnous contact.  The sugpested project is organized a. shown on
Figure 6-1. Overall program responsibility rests ultimately with KESC.  Ta
demonstrate commitment to the program KESC mmst make available the necessary
resources, material and human, for this undertaking.

KESC should appoint o Progrow Divector with the anthority to discharge these
responsibilities that inctude:

° Overaltl Program Detinition

¢ Fstablishing Ctility Program statf

° Program Funding, oschedule and Control

. Procurcment of rarquired materials and equipment

. Selection of an A/E  aad general supervision of the support

activities provided by that censultant.

For effective assistance by the selected A/E, there should be similarity in
the organizational stricture and tunctional assignments of  both
organizations. Ftrtective coordination of A/E activities and commensurate
channels of communication must he established to ensure KESC retention of
responsibilities and authorities.

The selected A/E should provide the appropriate organization to implement
the program as tollows:

The Program Manager is the Senior A/E representative and is responsible for
cost control, schedule pertformance, and quality of work. The Chief of Party
will report to the Program Manager and is accountable for all in-country
activities. He will have primary responsibility for day to day liaison with
KESC and tor the joint definition of their assistance requirements.

I'he Project Engineer reports to the Project Manager and is responsible for
the engincering of the project. He is accountable for the quality of the
technical analysis recommendations and the timely completion of all phases
of the engineering. he Management Consultant will be responsible to the
Program Manager and is accountable for activities related to institutional
program activities.

The Program Manager and Chief of Party arve the primarvy Client contacts.  Key
personnel, identified as Home Office and Field Engineers, from required
cspgineering disciplines are assigned to provide technical and design input
to the project. Construction Supervisors are assigned to perform the
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supervision of construction/installation activities. FEguipment and System
Specialists should be assigned to the Project Team on @n as-required basis
to cccomplish specific tasks reguiring their expertise,

The Project organization ~an be finalized and team per onel identified once
the scope of work, schedule and an agreed-upon pooject approach are

approved.

To minimize costs and provide the most effective utilization of persoennel we
sugzest the maximum amecunt of work he performad in the selected A/E's home
office. In country personnel will be assipgned as requirved.  Based on the
scope of work recommended in this study, six home office personnel will be
required on a coutinuing basis to perform  enpineering and  to support

procurement. gctivities. Fhis team will Dbe dncreased, during the design
period peak for the combieed cvele conversion, to approsimately 30,0 We
estimate  that  dnitially, sia site oftice personnel will be needed to
coordinate and manige site activities. At peak, however, there could be as

many as 15 in country personnel.  [It is intended that one station's tasks
will be completed betore proceecding to snother site. ]

o.3  SCHEDULE

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

° 36-month Project duration.

* 18-month home Oftice Engineering and Design period.

. [mplementation based on priority of improvement.

. No planned outages will be undertaken between November and July

(low hydro season).

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

. All matevials, parts, and services for each activity must be
available before the start of each outage.

° Contracts are “furnish and erect" to maximum extent possible.

. General countractor support will be available at each site during

planned outages.

To ensure maximum improvement as early in the program as possible, schedules
have been set according to a plant ranking that recognizes the greatest
potential for increased capacity. That ranking, in descending order of

potential ircreased capacity, is:

. Korangt Thermal
. Korangi Gas
2231-1400315-B4 6-3



. 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, equipeent precurement or anticipated outages of two weeks or longer
were atso iacladed in the schedule  This was done so that major cengineeriag

iign for a particular station would be completed in support of
g 1
.

scheduled outapes. Once: the field work for one statien is cowmplete, the
field staft will be assipgned to the next station tor a similar assignment.

and N

Detailed schedules tor the engincering, procurement, and jmplementation ot

rcommendaticns for each site are shown on the networks at
depicts the schednle requived to

the major SakC 1

the end of this chapter. Flgnre 62
fmplement. the managewent, maintenance, and operations activities recommended
by this study. Figure 6-3 sumparizes the engincering, procurement, and
implemeatation schedules by plant.  The unetworks in Figures o-4 through 6-0
provide details of the major improvement progr.am activities., Procurement,
trainiay and management  assistance services are pravided on a separate
schedule to hizhlight thelr priorvities,

lt should be noted minor study recommendations have not been included in the
schedules at the end of this section. Minor improvements and those which
can be implemented during normil plant operation on short forced outages can
be scheduled as a level ot eftort activity after the improvement program
workscope has been rinaiized.  The project engineering team would handle
these routine engineering tuszs, durations of 3 months or less, by assigning
project staff engincers to pertorm the necessary activities,

Achievement of this recomnended schedule will bring into being major
increments  of benefits (1., increased  capacity, efficiency and
availability of  thermal  uwmits)  for the dry periods  beginning in
November 1987 and November 1938, However, to achieve this, the schedule

requires:

. Mobilization of total program funding to be available by the
summer of 1980 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

FECONOMIC JUSTIFICATIONS

The proposed plant imprevement projects for the KESC generating units were
evaluated on the basis of net present value and benefit to cost ratio. For
each category of improvement tasks at a unit, capital requirements, O&1 cost
effects, and incremental changes in heat rate, capacity and aveilability
ware estimated. These benefits wece evaluated over the assumed remaining
life of the tnit. The capected life used to develop the assumed remaining
life was 20 vears for gas turbines, ol 50 years tor steam units. These
benefits were aggregated at the unit level and evaluated based on the
following major assumplions:

Present Worth Discount Rate 10%
Inflation/Yscalation Rates 0%
Long Range Marginal Cost of Energy 1.10 Rs/kWh (1985)

Fuel Prices

Furnace 0il 65.97 Rs/10% Rtu
High Speed Diesel 0il 87.33 Rs/10% Btu
Coal 38.76 Rs/10% Btu
Natural Gas 65.97 Rs/108 Btu
Currency Exchange Rate 15.82 Rs/S$1.00 U.S.

The results of these analvses are r~hown 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 cumulative net present values are plotied versus
cumulative capital costs. The 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 and Luave an agyregate not present viluc
of over 5.336 billion Rs.

All projects recommended for modification were found to be economically

justified. Further details on the economic cvaluation are provided in
Section 7 of the main report.
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TABLE 7-1

RANKING OF MODIFICATION PROJECTS

XESC PLANT MODIFICATION PROJECTS

PROJECT OATA
CAPITAL 10T DELTA GVERALL  BENEFIT SIKPLE Cun CAP Cun KPY

UN1t FLANT  INSTALLED COST  RENEFITG NPV BNFT /COST  PAYBACK CosTS BENFTS
DESIEMATION  TTPX 1603 Rs 1000 Rs 1000 Rs RATIO (VEARS 1000 Ks 1090 Rs

S1iE 2 TAS TUR 20009 3918 141337 137911 39.04 0.2t 368 137911
KTeg 3 STeAM 128690 BUERH 334275 305133 29,435 0,26 AR 44044
SITE 4 3A5 TURE 29000 M 48087 55181 23.43 0. 34 18id0 1069227
Sre GAS TURE 20009 3197 45622 52715 22,98 03 135 1071143
x0FANSL 1 3A5 TURB 20000 5759 117414 1121850 .43 037 41034 1184124
STie 3 5eS TURB 20000 97 44057 i 19,16 0.5 20293 1225274
SITE 3 TAS TURS 20000 7 43226 40319 14,87 3,58 33490 1265393
“QRANG] 2 345 TUR 20009 1949 35346 S5029 13,18 0,67 38458 1320623
KJRANGT & A5 TURB 20099 1948 39333 14348 3.72 0.7 63424 1335491
XORAKGT T BAS TURB 2009 4958 36299 2774 3,04 1,02 £33 1387263
X7PS5 2 STEAN 66000 0217 297499 231793 5.31 2,74 118671 1639058
SITE 00 oom e 0 522913 3261714 2634399 3.7% 143 741534 4334048
K175 4 STEAK 123000 315850 1199995 712658 418 2004 1007474 5236906
¥EST WARF 3 STEAN 13000 43451 3501 24600 .81 1.98 1100883 3270904
NEST WARF 9 STERN 33000 3053 10358 77 1,4 1.22 1108928 3273983
acST WARF 00 COMB CYC 0 625050 A32419 51463 1.1 5.87 1736989 3334148
KTF5 1 SiEAN 56090 J445418 11382t 402 1,00 6.13 2081529 3136050
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FICURE 7-1

KESC PLANT MODIFICATION PROJECTS

CUM NPV OF BENEFITS Vs CUMULATIVE CCSTS

ENERGY PRICE 1.10 Rs/kW—HR

.
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