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1. INTRODUCTION

Karachi Nuclear Power Plant (KANUPP) - the first

nuclear power generating facility in Pakistan - is a

137-MWe (gross) heavy water moderated and cooled, natural

uranium fuelled power plant which was put into commercial

operation in December, 1972. The plant is owned and opera-

ted by the Pakistan Atomic Energy Commission (PAEC) and

has been designed, constructed and commissioned by the

Canadian General Electric Company Ltd. (CGE) as prime

Contractor employing PAEC1s station operating staff to the

maximum possible extent. The construction of the plant was

started in mid 1966 and completed by end of 1970. The

commissioning of the plant started in early 1970 and comple-

ted by the end of 1972. The entire project was thus comple-

ted in 7 years from the date of its final commitment and

has nor been in commercial operation for over h years.

The highlights of the experience from the construc-

tion and operation of the plant are presented in this paper

alongwith a discussion of the manpower training for opera-

tion, maintenance and repair work.

2. PLANT CONSTRUCTION. EXPERIENCE AND SCHEDULE PERFORMANCE

2.1. Local facilities

The construction of a nuclear power plant in mid

sixties in a developing country like Pakistan by a foreign

contractor far from his home base was a great challenge and

a unique experience for both the parties. Local construet-

tion firms at that time were relatively small with limited

experience and equipment. Construction plant, equipment and

tools were scarce in the market and those items which were

available were relatively expensive by Canadian standards.

Rental equipment, when available was considered an unreliable

alternative due to lack of proper spare parts. Fabrication and

workshop facilities were available but their scope was rather

limited and their quotations relatively high due to dependence

an imported equipment and material. The moderate degree of



industrialization in Pakistan at that time, especially in the

heavy industrial field, gave some concern with respect to the

availability of engineering, technical and skilled manpower

for the construction of the project. On-the-job training at

site for carefully recruited skilled technicians of all req-

uired trades was therefore considered as the only, alternative.

2.2. Construction sub-contracts

The tight schedule for the completion of the detailed

design, construction and installation activities precluded the

subcontracting of major portion of the work. Subcontracting in

smaller packages was considered to be uneconomical because of

duplication of administrative and supervisory personnel. These

considerations led the prime contractor to perform all super-

vision of site construction and installation by its own per-

sonnel.

2.3 Materials and equipment

With the exception of cement, sand, normal and heavy

aggregate, a portion of the reinforcing steel and all formwork

lumber, all plant materials and equipment were imported.

Because of the uncertainty of the local supply most of the

construction equipment, tools and materials were also imported.

Typical local purchases included cement mixers,electrical

distribution switch boards, fork lift trucks, compressors,staff

transportation equipment (buses and mini-buses) bamboo scaffol-

ding, fuel and lubricating oils, blasting materials and clean-

ing materials. Aiso purchased locally in small quantities were

hand tools, electrical wire, steel wire and netting, water pipe

and other piping used mostly for temporary construction facili-

ties. The major items of rented equipment consisted of cranes,

a bulldozer and portable pumps.

To minimize the cost of shipment it was decided to

fabricate all piping at the site with the exception of the

primary heat transport system feeders and headers. All low

and medium pressure tanks and vessels were either site fabri-

cated or shiiped in sections and reassembled at site.



The main structural steel was prefabricated in Canada

and shipped dismantled for site assembly. Gratings, hand-

railings and miscellaneous plateforms were all fabricated at

site from standard sized components and materials. Ventila-

tions duct work and metal cladding were fabricated at site

from sheet steel and plate.

2,^ Site facilities

In addition to the office storage and warehousing,

canteen, time office and security buildings the following

temporary facilities were established at the site:

- Batching plant for normal and heavy concrete.

- Laboratory for testing concrete.

- Shop for making hollow concrete blocks.

- Carpenter shop for formwork and furniture.

Reinforcing steel shop.

- Transport and equipment maintenance garage.

- Pipe and tank fabrication facility.

- Chemical cleaning facility.

Welding shop and training school.

Steel fabrication shop.

- Radiography facilities»

Steel metal shop.

- Electrical shop.

- Reproduction facilities for drawings and documents.

- Instrument shop (in permanent plant location)-

- Machine shop (in permanent plant location).

The electrical supply to the site was provided by an

11 KV temporary transmission line and substation. A 50 Kff diesel

generator, sufficient to operate the batching plant only was

installed as a standby.

2.5. Site.organization

B)th PAEC and CGE established their respective site

organizations to supervise the implementation of the Project.

PAEC1s Project Office was headed by a Project Manager with



supporting engineering and administrative staff to provide the

necessary support and facilities to the Prime Contractor accord-

ing to the contract. PAEC's Project Manager was also responsi-

ble to oversee the implementation of the entire project to

ensure that the contract specifications were being adhered to.

CGE's supervisory site organization as employed at

KANUPP was headed by th&ir Resident Manager with necessary

operating administrative staff. The technical supervisory staff

consisted of Resident Engineers, Superintendents and Supervi-

sors. The prime responsibility for the quality of work was

delegated to the appropriate Superintendent with the Resident

Engineer having overriding authority for acceptance or rejec-

tion of work.

CGE's site organization was further supplemented by

specialist vendors' erectors, such as Hitachi personnel for

erection of the turbine generator> the condenser erector,

supervisory personnel for the stack and reactor building pre-

stressing cable contracts and by CGE specialists for reactor

assembly, fuelling machines and computers.

The quality testing facilities, such as the concrete

laboratory, radiography, welding inspection, dye pénétrant,

ultrasonic and helium leak testing, although assigned adminis-

tratively under a particular Superintendent, were functionally

independent from his control. Further quality surveillance

was provided through the periodic site visits by design

personnel.

From the beginning of the project the overall CPM

computerized schedules covering construction work were co-

ordinated and kept uptodate in Canada with the latest design

information. From these schedules combined schedule - man-

power charts covering each construction activity were prepared

by the respective Superintendent and revised periodically

taking into account the progress of work and modifications in

design and delivery schedules. These charts were most useful

in predetermining manpower requirement and training in each

skilled trade.



2.6 Training and selection of local manpower for construction

The selection of skilled trades for the construction of the plant

required special measures since there are no trade unions for certification

in Pakistan, Trade tests were established at site and the initial «élection

required a satisfactory passing of the test,followed by a 3 months probation

period to determine performance and ability.

To bring the selected skilled' workmen to the required level of

skill, training facilities were established at site for all trades under Canadian

instructors.

The result of the above selection procedure and the specialized

training of the skilled labour were most gratifying. The quality of welding

achieved by Pakistani welders was as good as experienced in Canada. The

rejection rate for pipe welds after total inspection was less than 8 percent.

Similar good results were obtained in pipe fitting, tubing work and electrical

connections.

2. 7 Construction schedule performance

The entire construction of the plant was completed by the end of

1970 i. e. in about 4^-years, which included a less of about 6 months on account

oi the unusually heavy rains in 1967 and occasional labour problems resulting

in work stoppages. It is worth noting that this performs, nee was substantially

better than the other nuclear power projects implemented in Canada or else-

where at the same time.

3. COMMISSIONING EXPERIENCE

The commissioning of KANUPP was started system by system in

early 1970 and completed by end of 1972 with the final demonstration of the

required contractual performance warranties. PAEC and CGE engineers and

technicians worked as one team throughout this period. The commissioning

period extended from an anticipated 12 months to approximately 3 years due to a

number of technical problems which were encountered and had to be resolved.lt

is worth highlighting some of these problem areas, primarily because of the valuable



lessons that
' /were learned,, For ready identification these are summarized

and discussed in the following:

3.1. Equipment failures

Considerable trouble was experienced with heat

exchanger failures, the difficulty being primarily due to high

inlet and exit, velocities in the shell side of the heat exchan-

gers which caused premature tube failures. These filures were

not limited to any particular make of the heat exchanger and the

problem in general was resolved by opening up the diameter of

nozzles to reduce the flow velocities which were causing the

ti nuble. Most of these heat exchangers were carrying heavy

water on the tube side, where tube diameters were unusually

small to conserve heavy water and probably this contributed to

the problem.

Trouble was experienced with the packing of high pressure

valves where in some cases moisture was left in the valves

after the shop hydrostatic test or alternatively atmospheric

moisture was trapped in the packing area. The result was the

same in each case, namely corrosion of the valve spindles in

the area of the seal. The reflating of the spindles and

repacking of the valves solved the problem, but the experience

raises the question as to whether it would be wiser to protect

these areas wi^h some anti-corrosive agent and then undertake

packing at site just prior to the equipment going into service.

During the run up to power, considerable trouble was

experienced with the deaerator where the internals completely

collapsed during trip testing. The internals were designed to

give high efficiency but were constructed of relatively light

gauge material and this all had to be replaced with heavier

construction which subsequently performed effectively.

3.2. Environmental problems

The site of the plant being located on the shore of the

Arabian Sea, all exposed metal was subjected to a humid salt

laden atmosphere, with the ocr-a: lonal addition of fine sand in

this atmosphere, which rapidly destroyed protective coatings?,

requiring frequent repainting and maintenance during the exten-



ded commissioning period. This condition was particularly

disturbing on the air cooled transformer cooling fins where

cooling efficiency required the metal thickness to lie rela-

tively light. One measure which was adopted generally, and

which worked quite well was to give all such surfaces a coat

of silicon grease at reasonably frequent intervals (every

three or foui* months), this seemed to protect the paint coat-

ing and proved quite effective in combatting the salt-sand

attack.

One might be inclined to think that equipment inside

the plant would be free from environmental attack. The main

fan motors which were of drip-proof construction, proved to be

very vulnerable to the atmosphere and failed catastrophieally

after about one year's operation. This requiring replacement

with motors having totally enclosed frames. Associated dampers

and ducting on this system, particularly in the area where

outside air was being initially drawn into the building,required

frequent cleaning and painting.

It would be natural to expect that salt water would

attack metal structures where they came in contact with the

water, such as water boxes on the main condenser, heat exchan-

gers, etc. This certainly proved to be the case where it was

necessary after a period of experimentation, to widely apply

zinc sacrificial anodes to all immersed structures which showed

a tendency to deteriorate rapidly in the presence of the salt

water at the elevated temperatures of 80°F - 85 F encountered

at the site.

3.3. System problems

Process cooling at KANTJPP is provided by a closed

circuit fresh water process water system which uses fresh water

to salt water heat exchangers as a means of dumping the heat.

After a short period of operation it was found necessary to add

a filter system as well as a degassing system to this process

water loop, in order to avoid extensive corrosion damage at a

later date, Although the system was designed to satisfactorily

operate over the range from full load to shutdown, provision



for pressure control was not originally incorporated for inter-

mediate loadings, and it was necessary to add a substantial

bypass arrangement around the circulating pumps to control

excessive pressxires and velocities experienced in parts of

the system, resulting in damage to some more vulnerable compo-

nents. Although these problems caused delays at the time they

were encountered, subsequent operation of this system has been

entirely satisfactory once the modifications were completed.

Early operation of the moderator system disclosed gas-

locking condition existed in the circulating pump header, and

this condition was corrected by making extensive changes to the

collection tank to permit venting of the helium from the heavy

water flow to the pump header. This problem delayed start up

of the primary system testing as clean heavy water had to be

used in this system for testing before being transferred to the

primary system, as the modifications which were carried out

would have been extremely difficult if the high tritium water

for the moderator system had been initially introduced into the

system. Probably this difficulty would not have been encountered

if some model tests had been carried out early in the design phase.

Certain systems in the plant performed acceptably, but

did display some unsatisfactory features during extended opera-

tion and modifications were made largely to protect the relia-

bility of che plant and make these facilities easier for the

inexperienced operating staff to handle. In this category x.ra

included the moderator and primary system collection facilities

where under abnormal system conditions overheated water got into

the collection system and gas locked the pumps, causing the whole

piping arrangement to back up and flood such voids as pump seal

housings and valve enclosures. Extra storage and cooling

capacity was added to eliminate this problem. The original

design of both the moderator and primary circuit purification

systems required extreme care in operation if bulk downgrading

was to be avoided. The system was simplified using removable

pipe connections and valving to get around this risk and subsequent

operation has proved quite satisfactory. It should be noted that



where these system modifications were encountered, it was

generally necessary to repeat the commissioning of the system,

with the resultant extention of the schedule.

3.4. Plant loading

Although the Karachi Electric Supply Corporation (KESC)

system, with a peak demand of about 350 MW, had the capacity to

absorb the KANUPP output during the most of the day, problems

were experienced at night and on weekends vith minimum loadings

only being available, requiring cyclic operation of the plant.

This limitation extended the time required to run the plant up

to full power conditions.

The need to operate the plant in a cyclic fashion also

proved to be a complication as the plant approached full load

operation. Operating experience in Canada dictated the need

for very careful handling of the fuel in its first run up to

full power, a step-by-step operation being required for prede-

termined and very specific time intervals in order to carefully

condition the fuel cladding and avoid premature failures. With

both system loading and fuel demands requiring rigid schedules

that were not entirely compatible, developing a compromise

proved to be quite a challenge to the commissioning organization

to accommodate these conditions, and avoid either difficulty

with the system or damage to the fuel.

h. PLANT OPERATION AND MAINTENANCE EXPERIENCE

KANUPP has now been in commercial operation for over

k years as an integral part of the grid system serving the city

of Karachi and its surrounding areas. During this early phase

of its operating life the plant had its numerous teething

troubles which typically afflict all nuclear power plants in the

world. Moreover, KANUPP was a prototype plant and was,therefore,

subject to more problems of this type, With the gradual elimi-

nation of these initial problems and the continuous improvements

in the designs and techniques introduced by PAEC engineers, the

plant is now settling down to smooth and stable operation. Review

of the experience in the operation and maintenance of the plant

during the first h years is presented below:
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4.1. Plant loading and availability

KANUPP has operated with an average availability factor

of about 75 % since December 1972 when it went into commercial

operation. This availability factor during the maturing phase

compares quite favourably with the average performance of the

nuclear power plants in the developed countries of the world.

ICANUPP is, however, somewhat unique in the sense that as a single

unit plant it is depended upon to supply more than one third of

the total energy requirement of the grid system to which it is

connected. No single reactor in the world is known to carry

such a high percentage of the grid load.

Inspite of the large share of system energy supplied

by KANUPP to the local grid system, its average annual plant

factor has been about 50$> only. This is due to the fact that

the system demand (in MW) drops to less than 50%of the day

time peak value during night hours which does not allow KANUPP

to carry a base load of more than about 85 MW normally. This

available base load is however, expected to increase significantly

as the overall system demand increases and the small isolated grid

system of Karachi is ultimately linked with the large National

Grid in the North by a proposed 500 KV transmission line.

4.2 Plant reliability

Our experience in regard to the reliability of plant

operation during the first four years (1973-76) followed the

normal pattern of any nuclear plant passing through the post

commissioning stablisation phase. During this early period,the

plant suffered a relatively high number of outages due mainly

to the following typieal reasons.

1. Deficiencies in design;

2. Defects in manufacture or installation of equipment.

3. Lack of experience with the plant on the part of the

operators.

At KANUPP, there were 11 outages attributable to the

deficiencies in design in the first year (1973). As a result

of the many improvements carried out by PAEC's own engineers

11



subsequently, the number of outages on this account dropped

to 3 in the fourth year (1976). The majority of the problems

in this area related to the control logic of the plant

regulating system computers and the design of the fuel channel

and fittings which developed heavy water leaks following any

changes in the temperature and pressure of the coolant. The

computer control logic has since been considerably improved

and a now device developed and installed to identify the leaking

end fittings. Once identified, the closure plugs of this end

fittings are retnrqued by fuelling machine to stop the leakage.

Defects in manufacture and installation of equipment

accounted for 8 plant outages in the first yearo As a result

of the repairs, replacements and modifications subsequently

carried out there was only one outage on this account in the

fourth year. Most of the outages in this area resulted from the

failure of a few welded joints in the light and heavy water lines

inside the reactor building, faulty operation of control and

protective systems, due tò incorrect calibration and unsatisfac-

tory packing material used for the primary system valve glands.

The number of outages attributable to the lack of

experience with the plant on the part of the operators have been

relatively low. There were 3 outages on this account in the first

year and only one in the fourth year which is indicative of the

growing maturity of the operating staff with time.

k.5. Fuelling experience

As stated earlier, KANUPP employs a natural uranium

fuelled horizontal pressure tube reactor with once through,

on-power fuelling scheme. The core is madê /up 2288 separate

fuel bundles arranged in 208 channels. For purpose of refuelling

the core is divided into a number of rings. The computerised

ftiel management programme selects rings for refueling on the

basis of minimum channel coolant temperature rise with an

appropriate bias being applied to the inner core rings to effect

radial flattening.

The on-power fuelling machines of Kanupp, designs and

manufactured by the Canadian General Electric Company have turned

12



out to lie axcellent machines with surprisingly good and trouble

free operation so far. Part of the credit, of course, goes to

our highly specialized engineers and technicians also who are

responsible for their up keep and maintenance. It is a matter

of great satisfaction indeed that during these first four years

of operation there has not been a single outage or a period of

plant unavailability due to the fuelling machines.

Performance of fuel at Kanupp has also been quite

satisfactory during this period. Only during the first year of

plant operation 13 bundles were detected to have failed in the

core. Subsequent investigations led to the conclusion that these

failures may have occured due to the preceding high power opera-

tion at low moderator levels. High incremental change in rating

above the defect threshhold is also suspected to have been a

contributing factor. Operating policies and procedures duly

modified in the light of this early experience has effectively

prevented any fuel failure since then.

For day to day fuel scheduling we were initially dependent

on a computer programme developed in Canada. To use this program-

me we had to send the required input data to Canada periodically

to obtain the fuelling schedule for the next few months.

To attain self reliance in the field we have now developed

our own computer programme for fuel scheduling. This programme

written in FORTRAN - IV can be run in the IBM 360 and IBM 370/135

system available within the country. This indigenous computer

programme has been found to provide most accurate calculation of

actual conditions of fuel bundles in the reactor and has enabled

KANUPP to acquire a capability of complete fuel management inde-

pendent of any foreign assistance.

4.4. Radioactivity emissions

KANUPP1s operating license limits the radioactivity

emissions to air and water on the basis of the recommendations

of the International Committee on Radiological Protection (ICRP).

The operating policies and principles have however been established

to keep such emissions as low as possible within the license limits.
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1974
0.85

0.0316

Traces

Traces

0.001

0.26

1975
0.68

0.0026

Traces

Traces

0.003

0.27

1976

1.25

0.0015

Traces

Traces

0.003

0.04

Tre actual performance in this regard for the last 3 years

is tabulated below:

(1) Emissions to Air (<?o of ICRP Limit )

Tritium

Iodine - 131

Particulars

Noble Gases

(2) Emissions to Water

Tritium

Gross Beta - Gamma

4.5. Radiation fields and personnel exposure control

The station radiation doses have been well within the

prescribed ICRP limits and no serious case of overexposure has

been encountered so far. The use of high tritium heavy water in

the moderator system and low tritium heavy water in the heat

transport system has nelped in maintaining low tritium concentrations

(20 MPÇ̂  average) in the reactor building. This has made it

possible to maintain the equipment in that building without using

plastic suits most of the time. The background gamma fields

during shut down are of the order of 20-50 mrem/hr in normal

working areas of the Reactor Building which is indicative of the

highly effective chemical control of the heat transport and

moderator systems.

As a result of the relatively low tritium concentration

(in air) and gamma fields prevailing in the reactor building

during shut down, the average annual dose per worker has been only

about 500 mRem. The highest individual dose during any year

accumulated as a result of the individual's involvement in a few

high radiation jobs under ..ntrolled conditions has so far been

limited between 2 to 5 Rems/year.

4.6. Equipment performance and maintenance problems

The performance and the maintenance problems of some of

the major equipment is now briefly described.
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4.6.1. Plant regulating system computers

KANUPP employs 2 digital computers (GEPAC 4020) for

reactor power regulation and turbine load control. The perfor-

mance of the plant digital control computers were far from satis-

factory, and in the first year (1973) of commercial operation as

many as 7 plant outages of a total of 25 were attributed to the

malfunction of these computers.

The main reasons for this poor performance can be summed

up as follows:

(a) The 2 digital computers are arranged for continuous

simultaneous operation, with the computer demanding

a lower power being in control. Thus the design

philosophy was strictly fail-safe, and all back-ups were

provided for safety rather than system availability.

This fail-safe design lead to the compounding of failure

probabilities.

(b) There ware several interconnections between the digital

computers such as the Data Link, power supplies, shared

analog inputs; the failures of which can, and do result

in cross-connected faults affecting both control computers.

(c) During the design of the regulating system, not enough

emphasis was placed on Design QA, nor was this done

during the manufacturing stage. The bulk and core memory

were not only, not adequate to allow any modifications to

be made but also necessitated the use of restrictive

non-standard software. Based on our experience, we have

implemented many changes to make the system more fault-

tolerant, and as a result there was only one plant outage

due to the digital computers in the past 2 years.

A basic change in design philosophy with shift in emphasis

from fail-safe design to one catering to system availability,

leaving the protection of the plant entirely to the Protective

System which is completely independent, can result in

further improvements to the system availability. However

such changes cannot be implemented without development-

work, and a facility for developing, testing and reassembling

15
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computer control programs. PAEC has therefore established

a Computer Centre at KANUPP incorporating a third GEPAC

4020 Computer, which is interfaced with a mcck-up of the

Plant Control Room Consoles and to an Analog Computer

System to provide a complete simulation of the simplified

model of KANUPP and its computer control system, thus

providing a means for dynamic testing of computer program

under simulated plant conditions. This facility is being

expanded to provide initial know-how for PAEC's proposed

Nuclear Power Plant Simulator Program.

To counter the problems resulting from the obsolesence of

electronic equipment in the plant, such as availability of

spares, a small-scale Printed Circuit Board Design facility

is also being established at the KANUPP Computer Centre.

4.6.2. Primary coolant pumps

The main problem with these pumps has been tho wearing of

their floating throttle bushings. These bushings provide throttled

passage for high pressure seal cooling water to flow into the

pump suction. These bushings were kept in place by four l/8 inch

diameter pins which used to ge sheared resulting in the failure

of these bushings. New bushings with stronger pins resolved this

problem.

Another problem occasionally encountered with these

pumps has been the failure of their mechanical seals. So far

there have been 5 occasions when seal leakage became excessively

high. On 2 of these occasions, the leakage was caused by a slight

tearing of the '0' ring during the installation of the mechanical

seal. On the remaining 3 occasions the sealing faces when found

scarred. Other components of these pumps e.g. impeller and case

wear rings, carbon bearings, throttle bushings etc. are still in

excellent condition.

4.6.3. Primary pump motors

Our experience with the flywheel equipped primary pump

motors (4160V, 3 phase, 800 HP, vertical type) has not been

particularly happy. So far, 5 out of the 8 motors have suffered

16



stator winding failures most of them due to overheating followed

by the breakdown of insulation. Those failures are attributed to

the inadequate design margin for the relatively high number of

start - stop operations per year which these motors actuallv see

during normal service. Some oil has also been found in iost all

windings but this is not considered to be a significant contribu-

ting factor in the failure mechanism.

To cope with the frequent need to rewind these motors, we

have developed adequate capability within the plant to carry out

this work within the shortest possible time. Since 2 of the 8

primary pumps are spare units, the problems created by these

winding failures have been within tolerable limits.

4.6.4. Heat exchangers

The tube leaks in the turbine condenser and salt water

heat exchangers which have aluminum brass tubing are quite frequent

at KANUPP and require considerable maintenance. The problem is

mainly attributed to the accelerated erosion/corrosion process

generated by the presence of silt in sea water.

All the 4 salt water heat exchangers have had to be

retubed after only 4-5 years of service. The tube failure rate

now appears to be decreasing appreciably after we started adding

ferrous sulphate to the salt water about a year ago. The problem,

however, still exists and is being closely watched.

One of the two monel tubed heavy water heat exchangers

used &r standby cooling of reactor core suffered a serious tube

fe.ilure in May 1975 due to fretting in a baffle plate causing about

4800 kg of heavy water to escape into the Process Water System.

The failure was attributed to the inadequate design of these units

as no vibration analysis had been done by the vendor during the

design stage.

Subsequent to the above failure, all the 3 heavy water

heat exchangers supplied by the same vendor were subjected to

thorough eddy current testing of their tubes. The leaking tube

as well as a number of other tubes which had suffered &n unaccept-

able reduction in wall thickness were plugged.
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To reduce the vibrations to the minimum the baffle plates

where fretting was heaviest were readjusted and anti vibration

fingers were installed in appropriate locations. After completing

these repairs, the units wore helium leak tested and placed back

in service. It is, however, realized that these units must be

replaced with the properly designed new units as soon as possible

and necessary steps are now being taken to this effect.

5. xMANPOWER FOR PLANT OPERATION AND MAINTENANCE

PAEC had fully realized the need for its own adequately

trained manpower to operate and maintain the nuclear power plant

after it was completed. To ensure this, suitable clauses had

been included in the main Contract making it obligatory on the

part of the Prime Contractor to train the supervisory and

operating station staff and also associate some of the PAEC

engineers in the design of the plant at its design office in

Peterborough, Canada. In accordance with this agreement 10 PAEC

engineers were assigned to the CGE design office in Peterborough.

Also 20 engineers selected for the operation and maintenance of

the plant spent 3 years in Canada ; 2 years training at the

Ontario Hydro's 25 MW NPD Generating Station and its attached

Nuclear Training Centre and one year in Peterborough on a study

of KANUPP design and the preparation of commissioning and

operating/maintenance manuals. The maintenance engineers of

this team were also associated in the preparation of spare part

list that was to be procured as part of the plant.

In addition to the engineers, a group of 15 specially

selected technicians with experience in the operation and

maintenance of conventional power plants was sent to Canada for

on-the-job nuclear training in that country for a period of one

year.

This Canadian trained key staff was then fully utilized

at site in the commissioning and testing of the plant until it

was ready to be handed over to PAEC for commercial operation.

This training and on-the-job experience proved of immense value

to PAEC and enabled its engineers to completely take over the
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operation and maintenance of the plant from the Prime Contractor

without any problem on its completion. Advantage was also taken

of the availability of a number of highly skilled tradesmen

employed and trained by CGE for construction purposes who were

absorbed by PAEC in the regulai" maintenance staff. With the help

of these highly trained and experienced engineers and technicians

PAEC has now established a continuing programme of training

additional manpower both at engineer and technician levels at

KANUPP site0 This is necessary to offset the normal losses and

produce the requisite trained manpower for future nuclear power

plants in the country.

6. CONCLUSIONS

It will be seen from this paper that the first nuclear

power plant of Pakistan (KANUPP) was satisfactorily constructed

and commissioned on a tight schedule by a foreign contractor

about 4^ years ago and has since besn successfully operated and

maintained by PAEC's own engineers and technicians who had been

well trained beforehand to perform their duties. During this

period, the plant has maintained a high average availability

factor of about 75%, and contributed about /3 of the total

energy requirements of the largest industrial and commercial

city of Pakistan. From a technological standpoint, therefore,

KANUPP represents a notable success for a developing country

like Pakistan. In a certain way, this also disproves the notion

that the less industrialized nations do not have the skills and

resources to operate nuclear power plants satisfactorily as a

result of which the availability is low and risks are taken with

safety,,

It will also be pertinent to mention here that until

recently KANUPP depended heavily on Canadian supplies of spare

parts etc. which have now been terminated. This stoppage has

provided a powerful incentive for self reliance and a vigorous

drive has, therefore been launched by PAEC to utilize the

available domestic industry to the fullest extent to meet these

requirements.
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