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ABSTRACT

Canada has participated in the construction of two nuclear power projects
abroad; the Karachi Nuclear Power Project (KANUPP) in Pakistan and the
Rajasthan Atomic Power Project (RAPP) in India.

Contracting for the supply of equipment and implementation of construction
of these two projects is being carried out in widely different ways.
KANUPP is a turnkey job, supply and construct, with Canadian General Electric
Company Limited (CGE) as prime contractor. RAPP is being built by the
Department of Atomic Energy of India using consultants for design, procurement
and quality control services and to oversee construction.

The turnkey project gives the prime contractor the authority to completely
control the project planning, procurement and the sole responsibility for
construction so as to achieve an optimum schedule for the owner.

The non-turnkey project, of which there are many types, in this case means
the owner employs consultants for design of the project, assistance in
planning, procurement of equipment and materials from abroad (after investi-
gating indigenous supplies) and takes full responsibility for construction
of the plant, using the consultants to oversee activities, in order to achieve
a schedule that fits national goals for development of a nuclear power program
and industries associated therewith.

This paper describes the construction of these two projects, together with
procurement, transportation of equipment, types of contracts, review of site
organizations, and some of the problems encountered and how they were overcome.

RAJASTHAN ATOMIC POWER PROJECT

INTRODUCTION

In December 1963 the governments of Canada and India signed an agreement
for the construction of the first unit of RAPP. The project envisaged a
second unit but authorization was not signed until some three years later.

Prior to this the Department of Atomic Energy (DAE), Government of India
and the Atomic Energy of Canada Limited (AECL) had developed close
relations which led to the construction of a research reactor (CIRUS) in
Bombay, and the training in Canada of engineering and technical staff for
its operation.
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The DAE considered that the CANDU type reactor, heavy water moderated and
cooled and natural uranium fuelled, was best suited for their long range
nuclear power program, having in mind the state of industrial development
in the country, planned future growth, the need to conserve foreign
exchange and an earnest desire to embark on a system independent of foreign
constraints.

Accordingly, it was decided to carry out a study of the feasibility and cost
of building a nuclear power plant to supply power to the Rajasthan, Delhi
and Punjab regions, based on a near duplicate of the Douglas Point Station.

The study was carried out jointly by AECL and DAE assisted by Montreal
Engineering Company, Limited (MECo). Two sites were studied which included
preliminary design descriptions related to the sites, assessment of Indian
sources of supply for all equipment and materials, cost estimates, schedules
and a suggested organization for carrying out the design, plant equipment
and material procurement, construction, personnel training and commissioning
of the station.

As a result of the study, the Government of India through DAE approved
construction of a 200 MW station in the state of Rajasthan, with the
proviso that materials and equipment to the maximum amount obtainable in
India would be used. The equipment and materials not available in India
were to be obtained through Canadian sources using a loan granted by the
Canadian Government through the Export Credits Insurance Corporation (ECIC)
(later changed to Export Development Corporation).

The description that follows, for the most part, deals with the construction
of the first unit of RAPP, however, most of it applies equally as well to
the second unit which commenced some three years later.

PROJECT ORGANIZATION

DAE retained the services of AECL for the complete design of the nuclear
steam supply system, commissioning of the plant and training of Indian
engineers and technicians. MECo was retained for the design of the balance
of plant, including all electrical and civil works and overall procurement
services outside of India. DAE, took upon itself the full responsibility
for the construction of the plant. Both consultants assisted in planning
and provided resident engineer staff to oversee field construction.

DAE, for its part, established a central office in Bombay with responsibility
for overall project administration, planning and procurement of Indian
equipment and materials. Site construction staff was partially mobilized
in this office and moved to site when construction work started.

SITE ORGANIZATION

The site staff is headed by a Chief Project Engineer with a supporting
staff for planning, accounting, stores, personnel and administration.

The technical staff consists of Superintending Engineers, Erection
Superintendents, Executive Engineers and Supervisors in each of the Civil,
Electrical and Mechanical engineering categories of work. These categories
are further broken down into fields of activities such as: piping,
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instrumentation and control, erection of equipment and other significant
functions. This staff is responsible for supervising the planning and
control of work carried out by Contractors and in the case of non-contracted
work they have the additional responsibility of obtaining manpower and
carrying out the work.

The Resident Engineer staff supplied by the consultants assists in
planning, co-ordination, preparation of work procedures, liaison between
the designer and the superintendents and ensures that all work is carried
out in accordance with the designs and specifications.

Overall quality control is carried out by DAE staff under direction of an
engineer with assistance of a small group of specialist surveyors provided
by the consultants. This staff performed inspection on works as constructed,
as well as on incoming materials and equipment at site stores which greatly
assisted in detecting defects and shortages before installation work
commenced.

In addition to the staff mentioned above, supplier personnel for turbine-
generator and condenser erection, supervision of start-up of primary heat
transport, boiler feed and cooling water pumps and a transport supervisor,
were stationed at site as required by the schedule.

CONSTRUCTION CONTRACTS

From the outset, it was decided to contract out major portions of the work
that could be adequately identified and for which it was considered that
competent contractors were available in India. This was considered to be
the most economic way of doing the work and would give experience to
contractors in building nuclear power stations with their high degree of
complexity and quality requirements.

Accordingly, drawings and specifications were prepared and tenders called,
bids weie received and evaluated and contracts were awarded for the Civil
works, piping and mechanical equipment erection (excluding the large
components of the nuclear steam supply system which were erected by DAE),
CW piping, structural steel, electrical work and switchyard.

The Civil works contract was generally to standard methods for heavy
construction work for modern conventional power stations. Reinforced
concrete was used in place of steel wherever possible due to limitations
on structural steel sizes rolled and long delivery times. Bills of
materials were included in the tender call and the contractor was
responsible for obtaining the basic construction materials and providing
construction equipment to suit his construction methods. Due to supply
conditions existing in India, DAE had to obtain priority from the
Government for reinforcing steel and assisted in obtaining some construction
equipment from abroad that was not available in India. A source of
suitable aggregate for heavy concrete required in the Calandria vault was
located by DAE and made available to the contractor. In addition, embedded
parts for supporting equipment, penetrations and piping in concrete works
were supplied to the contractor for placing as required by the drawings
and specifications.

The piping and mechanical erection contract was very complex and exacting
due to the maze of piping of both carbon and stainless steel which had to
be fabricated and welded to ASME Codes with special requirements of

213



testing to meet the reliability requirements for nuclear installation. All
of the equipment and the bulk of the piping were supplied to the contractor
by DAE for installation. The contractor set up a piping shop for pre-
fabricating pipe runs, pickling and stress relieving as required and testing.
Welder training and testing for work to the requirements of the Codes was
carried on continuously during the performance of the contract. The
electrical contract followed the same pattern as established with the
others in that DAE supplied equipment and wiring which were not available
in India as well as the cabletrays.

Performance on these contracts varied from very successful in the case of
the Civil works, which were good by international standards, to failure to
complete the works in the case of the large cooling water piping, due to the
contractor abandoning the work and DAE having to take over and finish it
with their own forces.

The piping and mechanical erection contract also had its difficulties with
its complex system of carbon and stainless steel pipe requiring exacting
quality control and had to be assisted by DAE in an attempt to salvage the
schedule. However, it should be noted that the work is of very good
quality with a low rejection rate for welded joints.

Experience with these contracts is expected to improve the performance
on RAPP 2.

ERECTION OF NUCLEAR SYSTEM AND BALANCE OF PLANT EQUIPMENT

The piping and mechanical equipment contract and the electrical contract
included for erection of certain items of equipment such as pumps,
heat exchangers and other items for both the nuclear and balance of plant
equipment.

The turbine-generator including the condenser were purchased on a supply
and erect basis.

Because of its complexity and requirement of special skills it was considered
that local contractors did not have the necessary qualifications to undertake
erection of the major nuclear components and so this had to be done by DAE.

DAE had acquired the necessary skills on the installation of three research
reactors at Trombay as well as other works. However, RAPP equipment, as
can be understood, is considerably larger and more complex than research
reactors and presented a challenge to DAE which was met and the work was
carried out with no insurmountable problems.

Some idea of the work involved can be seen from the following list of
components that were erected:

- 8 steam generators with a total weight of over 400 tons.

- 2 Calandria end shields each weighing 120 tons.

- Stainless steel Calandria weighing 65 tons.

- Stainless steel dump tank weighing 85 tons.

- Installation of tubing in the Calandria.
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- Installation of high pressure tubes in the reactor for transport of
coolant.

- Onload fuelling machines and handling equipment.

Carrying out the work required advance planning, training of skilled workers,
purchase of special tools and equipment, fabrication of special jigs, pre-
installation training on mock-ups including welding techniques, stress
relieving, etc. all to very close inspection which was necessary to meet
the requirements of helium leak tightness and alignment tolerance in the
order of one thousandth of an inch.

QUALITY CONTROL AND INSPECTION

The Resident Engineer and staff provided by the consultants had, as its main
task, the job of ensuring that the plant was constructed in accordance with
drawings and specifications and therefore exercised overall quality control
to the degree possible with the staff provided.

In depth inspection was performed by DAE assisted by a small group of
quality control specialists provided by the consultants.

The quality control group carried out: material testing, non-destructive
testing as well as load and performance testing. Facilities and equipment
were set up on site to do concrete testing, radiography both gamma and
X-ray, liquid penetrant, magnetic particle and ultrasonic testing as well as
leak detecting.

Leak detecting was done by three different methods, hydrostatic, compressed
air and helium; the latter being used for testing the reactor, moderator
and primary coolant systems as required by the specifications.

SITE FABRICATION

From the outset, it was decided that a site workshop was essential for
fabricating the myriad of both small and large embedded parts and structural
items that would be required for the construction of the plant.

This decision, which later proved to be correct, was taken for a number of
reasons, some of which were remoteness of the site location, close
co-ordination required between the construction group and fabricator in
planning and fabricating to meet the schedule as well as interpreting the
requirements to ensure that the correct parts were provided.

The shop was quite spacious but only modestly equipped with machine tools
and equipment for welding and burning. Components requiring use of large
machine tools and heat treatment were contracted out on a job basis.

In addition, large, well defined components such as pipes, roof trusses
and tanks were contracted out but with mixed success. A number of these
contracts got into trouble in meeting material and/or schedule requirements.
The troublesome items were reverted to the site workshop, and, while at
times the load taxed the facilities, it produced and minimized what could
otherwise have been a serious setback in the schedule.
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For the first unit of RAPP some 1,000 tons of embedded parts, pipe, ducts
and structural components were fabricated on site. It is worth mentioning
here that because of the difficult supply situation in India, a good stock
of structural shapes, plates and bars were carried on site and were planned
for at the start of the work.

SCHEDULING TECHNIQUES

Simple bar charts for scheduling the work were prepared for the feasibility
study. These were revised and expanded so as to identify the major work
items and issued with the calling of tenders for the major contracts for
construction and manufacture of equipment. After detail design started,
sources of equipment supply and major contracts became sufficiently known
so that various work activities could be identified. These activities
were plotted on arrow diagrams, timed and the information was fed into a
computer using a program to give a modified CPM, PERT printout for
co-ordinating and scheduling the work. When the center of gravity of the
work load moved from the design office to the site, the computerized
information was sent to India for updating and running on a machine
available in Bombay.

In India the programing was further expanded to identify in detail certain
important systems. One of these had a total of over 6,000 activities from
drawing issue for fabrication, placing an order, installation and final
acceptance.

In the beginning there was considerable reluctance to accept these modern
techniques but experience showed that they were a valuable tool in
scheduling all phases of the work.

PROCUREMENT OF EQUIPMENT AND MATERIALS

As mentioned in the beginning, the project was sanctioned on condition that
the maximum amount of equipment and materials was to be obtained in India.
This policy has been followed throughout the course of the work and has had
its effect on the schedule.

The feasibility study had indicated that certain equipment could be obtained
in India but much of it would have to be imported. Most of the reactor
components and special materials were listed as Canada supply. However,
some items that had been shown as India supply had to be changed to
Canadian supply and vise-versa. This was determined after enquiries had
been issued.

The procedures followed in enquiring for equipment and materials were as
follows:

The consultants prepared technical specifications and depending upon the
source of supply, as indicated by the feasibility study, tenders were issued
by MECo purchasing in Canada or DAE purchasing in India (BARC). However,
even though Canada may have been indicated as the source of supply India
had to be given the opportunity to recheck the supply position. This, as
can be appreciated, took considerable time and effort.

In Canada Conditions of Supply for tenders were prepared taking into
consideration the requirements of the Government of India.
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Bids received in response to enquiries were evaluated technically as well as
for conditions of supply. A recommendation to purchase was prepared and
submitted to DAE for approval. DAE for its part, stationed a liaison officer
in the MECo offices with powers to approve single purchases of substantial
amounts. Purchases exceeding his authority in value were sent to DAE, Bombay
for Board approval. Copies of tender documents, bids received and purchase
orders issued, amounting to a considerable volume of paper over the course
of the work, were sent to DAE, Bombay and to site construction.

In Canada, MECo was responsible for quality control surveillance on all
purchases with the exception of some special nuclear items which were
assigned to AECL for quality control. Suppliers could not ship any equipment
or materials unless a shipping release had been obtained from the quality
surveyor.

In India, DAE, through its purchasing agent BARC, called tenders for equipment
to be obtained in India in accordance with technical specifications prepared
by the consultant. Where technical evaluation was necessary by the
consultant, bids were returned to Canada and recommendation to purchase
was then sent back to DAE.

While the system was cumbersome and time-consuming, it worked quite well
with only occasional snags.

A computerized purchase order schedule to record all information on Canadian
purchases, including cost and delivery status, was set up by MECo. It was
issued on a monthly basis and certain critical items such as piping materials
were issued semi-monthly. This schedule now records some 4,800 entries
for the first unit and has proved to be a most valuable tool in planning
the work.

It is worth noting that while the Calandria, end shields, dump tank, and steam
generators were obtained in Canada for the first unit, they are being
manufactured in India for the second unit, along with other nuclear and
conventional plant components. However, special materials such as stainless
steel have to be imported and technical assistance agreements were entered
into to provide fabricating know-how to manufacturers.

TRANSPORTATION OF EQUIPMENT AND MATERIALS

The remoteness of the site, located in a virtually uninhabited, semi-arid
region, some 600 miles northeast of Bombay and 250 miles southwest of Delhi,
posed many problems for transport of large and heavy equipment. Fortunately
there is a good railway service to Kota, a city some 30 miles from the site,
where a siding was built and all rail shipments were off-loaded and transported
to the site. DAE took responsibility for the transport of all equipment from
abroad up to the site. In order to conserve foreign exchange, shipments had
to be made on Indian flag vessels unless they were not equipped to carry the
equipment. This was the case with the generator stator weighing 165 tons.

The dockside cranes at Bombay could not lift this load and a ship with heavy
lift gear had to be chartered to transport the stator. After unloading at
Bombay it was transported by a special low bed railway wagon to Kota siding
and transported to site by a tractor-trailer which had been especially
obtained from Canada for this purpose as well as for transportation of other
heavy and bulky equipment.
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Equipment that could not be transported to site by rail, due to its being
oversized, had to be transported by the tractor-trailer over a road from
the Port of Kandla to the site a distance of some 600 miles. This road
required extensive work to allow the equipment to pass. Bridges and culverts
were strengthened and where they could not be strengthened, by-passes had to
be built. These by-passes and large parts of the road were impassable due
to flooding by the monsoons during the months of June to September.

The problem of transportation of the oversized components was further
compounded by the fact that the equipment manufactured in Canada had to be
transported by ships through the St. Lawrence River which is closed to
traffic from early December to mid-April due to winter conditions.

These two factors together with an ocean shipping time of 45 days, seriously
limited the time available for transporting equipment from Canada to site
and made planning vely difficult and at times resulted in delays.

KARACHI NUCLEAR POWER PROJECT

INTRODUCTION

On December 31, 1965 a firm price contract became effective between the
Pakistan Atomic Energy Commission (PAEC) and the Canadian General Electric
Company Limited (CGE) giving CGE the sole responsibility for the design,
supply, construction and commissioning of the 125 MW CANDU type reactor,
heavy water moderator and cooled, natural uranium fuelled, nuclear power
plant.

The dollar portion of the project was financed by a Canadian Government
loan through E.C.I.C. for material purchases and the External Aid Office
for engineering and other services. The turbine-generator was purchased
in Japan and financed through Yen credit from the Japanese Government. On
site materials and labour were financed by the Pakistan Government. CGE
agreed to accept 10 PAEC engineers and scientists in their office partly
for training and partly to work with CGE engineering staff on the project.

The plant is located on the Arabian sea coast, eleven miles west of Karachi.

The PAEC undertook to build the transmission line, access road and fresh
water supply to the site and station staff.

PROJECT ORGANIZATION

CGE as the prime contractor undertook complete responsibility for the project
and the work was carried out in their offices in Peterborough, Ontario.

Initially, the project was organized on a functional group basis for
engineering and construction, including procurement, and cost control and
scheduling. Later on a Project Manager was appointed and he exercised
control over the total project.

MECo was retained by CGE for design of the Civil works (except the containment
and administration buildings), design of the conventional mechanical plant,
co-ordination of the turbo-generator design and for procurement assistance
on items of their design.

The construction group was mobilized in the Peterborough office and moved
to site to start construction work.
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SITE ORGANIZATION

The site staff was headed by a Resident Manager with a supporting staff for
cost control and monitoring, stores and procurement, personnel and labour
administration and payroll. Technical staff for supervision of the work
consisted of Resident Engineers, Superintendents and Supervisors.

Superintendents headed up the different categories of work: civil, piping,
equipment, electrical, instrumentation and other functions and had full
authority in their areas for planning, control, manpower and responsibility
for the quality and accuracy of the work.

Supervisors worked under the Superintendents and had experience as general
or senior foremen. For economic reasons it had been planned to use local
personnel instead of Canadian, but this could only be done to some degree
in civil works and the majority of supervisors were Canadian.

The Resident Engineers acted as consultants to the Superintendents and
performed engineering liaison between design and quality surveillance. The
Resident Engineer for Planning and Co-ordination assisted the Resident Manager
in co-ordinating the activities between the different technical areas.

In addition to the above staff, supplier personnel were stationed at site
for the erection of the turbine-generator, condenser, ventilation stack
and for pre-stressing of the containment building. CGE specialists were
used for reactor assembly, fuelling machines and computers.

CONTRACTING AND STAFFING

Owing to the shortness of the schedule for design and construction and the
limited availability of experienced local contractors and services,
CGE decided to construct the plant using their own forces. As a result,
only minor local sub-contracts were let and these were mostly in the areas
of supporting services. The most significant of the local contracts was for
rough excavation which was done manually using hand labour and donkeys, and
for the supply and placing of roofing tar and gravel.

It is worth mentioning that a contract was let early in the work for supply
and transportation of labour. In 1968, however, this was terminated during
labour unrest and CGE took responsibility for labour and arranged transportation
with a local bus operator.

Because of the lack of experienced local contractors, the CGE staff had to
plan, recruit, train and direct the construction of the entire plant,
including installation of the nuclear equipment as well as the conventional
plant, but excluding erection of the turbine-generator. This task was made
even more difficult by the lack of local skilled personnel and of local
facilities and services that are necessary for construction of a project
of this size and complexity.

Canadian personnel were selected on the basis of proven performance on
other projects. The length of the assignment normally was not fixed to a
definite time period but related to the completion of certain work or
activity.

Since climatic and living conditions in Karachi are quite different from
those in Canada, and the many small amenities for living which Canadians
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are accustomed to are not available, CGE gave prime consideration to
providing as many facilities as possible both for living and recreation in
and around the housing colony. This foresight benefitted the work in that
the replacement of personnel, due to not completing assignments, was kept
to a very small number for a project of its size and duration.

Selection of experienced supervisors and skilled tradesmen in Pakistan
was difficult and required a considerable amount of work.

As mentioned earlier, the plan was to hire locally as many supervisors as
possible. This was only possible to achieve in administration, civil and
construction plant maintenance areas due to the locally available personnel
lacking experience and knowledge required for process, electrical and
instrumentation work.

Since there are no trade unions in Pakistan, skilled tradesmen were selected
on the basis of trade tests which had to be established on the site and
resulted in extra work. For example, some 400 men were tested in the welding
shop before obtaining 90 qualified welders. Somewhat similar ratios
were found in the other trades. In addition to selecting tradesmen by
testing, a training program with facilities was set up under the supervision
of Canadians to train personnel in the installation work.

The work put into the selection and training of skilled workmen was well
rewarded in the performance of the work. The quality of welding was as good
as can be expected in Canada and similar good results were obtained in
other trades.

In order to attract and hold workmen, higher wage rates were set at the site
than were paid in Karachi for similar work. However, this fact did not save
the project from serious labour troubles that forced suspension of the work
for a period of 5 weeks early in 1969 with consequent delay to the schedule.
This, together with other problems, made the job of constructing the plant
very difficult by any standard. The local staff and labour force reached
a total of about 2,350. The Canadian site staff totalled less than 70 including
commissioning staff.

Under an agreement between the government of Canada and Pakistan personnel
of PAEC were trained in Canada. In addition to the 10 engineers assigned
to CGE some 39 additional personnel, consisting of engineers, operators,
maintenance, radiation officer, chemist and two accountants, received training
on nuclear power plant operations as well as studying the designs and
writing commission manuals in CGE offices. This staff together with
additional staff recruited locally will operate the station.

SITE CONSTRUCTION

Most of the construction equipment, tools and materials had to be imported
because they were not available locally. However, concrete mixers,
compressor, transportation equipment, some small tools, temporary electrical
switchboard and other items were purchased locally. Additional cranes, a
bulldozer and portable pumps were rented locally.

Cement and aggregates both normal and heavy together with about 30 percent
of the reinforced steel, and all lumber other than plywood were obtained locally.
A batching plant was set up for mixing concrete. All buildings were constructed
of reinforced concrete or concrete and masonry.
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Structural steel was fabricated in Canada, shipped to site and erected.
Gratings, handrailings, miscellaneous structures, embedded parts and ductwork
were fabricated at site.

All local facilities such as offices, warehouses, labour camp, canteens for
staff and labour including shops for all the trades, piping, welding,
carpentry, sheet metal, etc. were built at the site.

QUALITY CONTROL

The Superintendent had the prime responsibility for quality control, but the
Resident Engineer had authority to accept or reject the work. This arrange-
ment worked quite well and the amount of rework after installation was
negligible.

A concrete laboratory and non-destructive testing facilities to carry out
radiography, welding inspection, ultrasonic, dye penetrant and helium leak
testing, etc. in accordance with requirements of the codes were set up on
site.

SCHEDULING TECHNIQUES

CPM was used from the start of the project for scheduling and monitoring
design and construction. The Superintendents combined these with manpower
charts covering each construction activity and updated them periodically on
the progress of the work and changes in design and delivery of materials
and equipment. These charts were most helpful in scheduling manpower
requirements and the work.

PROCUREMENT OF EQUIPMENT AND MATERIALS

All plant equipment and materials with the exception of the turbine-generator
were supplied from Canada.

All procurement was by CGE with the exception of the assistance provided by
MECo for their part of the design. In CGE each functional group was
responsible for purchasing within its own design responsibility. Enquiries
were issued to selected bidders and purchase orders placed without reference
to higher authority when the order was within the cost estimate.

Since CGE has large manufacturing facilities for both electrical and mechanical
equipment, a considerable amount of equipment was purchased by direct
negotiations within its own organization.

The above procedures greatly simplified and reduced the time to a minimum
for placing orders and benefitted the project.

SUMMARY AND CONCLUSIONS

KANUPP went critical on August first of this year and power was sent over the
transmission line in mid-October.

At RAPP it is expected that criticality will be achieved on or before mid-1972
and power will be generated a few months later.
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Since KANUPP started some two years later than RAPP, it would be easy to
conclude that the turnkey type of project was a much more efficient method
of constructing a plant than the non-turnkey in view of the difference in
time required for construction of each. And, no doubt a good part of the time
difference is due to the prime contractor having full authority to completely
control planning, engineering, procurement and construction to achieve an
optimum time schedule.

However, it must be remembered that RAPP was planned with the object in mind
of embarking India on a course to achieve as high a degree of self-sufficiency
as possible in all aspects of nuclear plant work for their future power program.
This object is well on its way to being accomplished as can be seen by the fact
that the foreign content for RAPP 1 is about 50 percent, whereas for RAPP 2
it has reduced to about 38 percent and will reduce to about 20 percent in
the next station. While the object of the owner is being achieved, the policy
of maximizing Indian content has had its effect on the schedule.

Considerable time was used in preparing tender calls for major contracts and
following procedures for purchasing equipment and materials for RAPP as compared
to the shorter methods of doing these for KANUPP.

Another factor that must account for part of the time difference is that RAPP
is a larger station than KANUPP. Also, excavation work for the second unit
was done with the first unit and increased the construction time.

Both KANUPP and RAPP had serious labour problems. RAPP had work stoppages
and slowdowns, however, it did not have the long stoppage that occurred at
KANUPP.

While both stations are situated about the same number of ocean miles from
Canada, the main source of supply, RAPP is more remote because of its inland
location. Therefore transportation of equipment, which is larger and heavier
than that for KANUPP, was a major undertaking and caused some delays in
the schedule.

Delays in delivery of equipment from abroad were experienced by both projects.
At RAPP, however, there were additional long delays in delivery of equipment
from Indian sources, due in large part to the manufacture of nuclear
equipment which required new techniques all of which had to be learned.

To conclude, PAEC is getting a station on a fixed price and time schedule
that it contracted for.

DAE opted for a type of project that would give it the maximum participation
to satisfy its national goals and RAPP will achieve this project.
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RAPP - General view during construction 1966
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RAPP - General view showing second unit under construction 1970



RAPP - Erection ot Steam Generators

226



UNLOADING DUMP TANK AT PORT OF KANDLA, INDIA, AND PLACING ON TRAILER FOR
TRANSPORT BY ROAD TO SITE A DISTANCE OF SOME 600 MILES

RAPP



CALANDRIA BEING TRANSPORTED TO SITE
RAPP
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Excavation by "Donkey Contractor"
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