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Resumen. Countries entering nuclear power programs for the first
time find that inadequate planning for the development of trained
manpower is a critical factor in the success of their programs.
This requires the early training of a team for the planning and
acquisition effort to be followed by training for the supervision
of construction. In addition, there is the more readily recognized
training for operation. Typical manpower needs for such projects
have been documented by the International Atomic Energy Agency. The
avenues for training of the professionals in this program are (l)
basic academic training of engineers and scientists, which should
be available within the country; (2) advanced academic training,
which is often secured in institutions abroad; (3) specialized
training abroad by international'agencies; (h) specialized training
by the vendors of nuclear equipment; and (5) the development of . .
indigenous training. The paper will outline all of these avenues
but will concentrate on the training available through international
agencies and on the development of indigenous training capability.
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INTRODUCTION

Profeasional development for a nuclear power program in a develop-

ing country must be seen as corresponding to the phases of the

power program itself. The first is a pre-planning phase, a period

in which the primary activity is the application of nuclear science

for industry, medicine, and agriculture with some research and

development that might have application to nuclear power. Such a

period is often punctuated by periodical pre-planning studies to

establish a time horizon for the introduction of nuclear power for

electrical generation. It is bounded by the attainment of a suffic-

iently large centralized grid to accommodate the minimal size

nuclear power plant available. The relatively small number of

professionals needed in this phase would likely receive their

training abroad.

The second phase of a nuclear power development is a planning

period, minimally four years, during which a full feasibility study

is conducted and the preparations for contracting a first nuclear

power plant are accomplished. Recent history has shown that the

starting date for contracting has been more often delayed indefin-

itely than carried out in the minimum time required. At this stage,

indigenous courses in basic nuclear technology should be started.

The third phase is construction and operation of one or more

nuclear power plants where both nuclear engineering and specialized,

nuclear power training is required. For planning purposes, it seems

reasonable to consider a period of eight years from contract to

operation of the first pi ant, with a second plant to follow three

to five years beyond, depending on the national electricity growth.

For the purposes of this paper, we are considering a pre-planning

phase of 15 years, a planning phase of 5-6 years, and a construction

and operation phase that involves four plants coming into operation

over a twelve year period, with an initial start from first

contracting of eight years. Whereas this may seem overly conser-

vative, we think there are sufficient uncertainties in financing



and in technical changes for nuclear power to warrant such a

prototype schedule.

MAIN BODY

1. General Considerations

A country considering nuclear power should be aware that such

an undertaking involves a large project of technical complexity and

quality of construction which is probably beyond that which is

common within the country at the time it first considers nuclear

power. Although much attention has been paid to the necessity for

high-level technical expertise in nuclear power plant operation

because of public risk in case of a major failure of the plant,

studies have shown that the public risk is comparable to that of

other natural and man made accidents. However, what is over-

looked is that relatively minor errors in operation and design may

lead to major plant accidents, which although they result in

comparatively little public risk, can lead to a complete economic

loss of the largest investment a country has ever made. For this

reason, the decision to enter nuclear power should not be taken

lightly.

It is clear that electric system expansion studies should

establish the economic viability of a nuclear power plant and that

necessary infrastructure is in place. Because of the minimum size

of nuclear plants now considered feasible (900 MW), it is clear

that a country taking a nuclear decision should have a central

electrical grid of 8-9,000 MW at the time the first nuclear plant

goes into operation. This implies a system of roughly half that

size (200 MW) at the time contracts are let and a grid of

one-fourth that size at the time a serious planning effort is

undertaken. The numbers' of professionals requiring special training

for nuclear power will depend strongly on the decision as to the

degree and speed with which domestic participation in the country's

nuclear plant is undertaken. . The factors in taking such a



decision are well outlined in the IAEA Guidebooks "Manpower
(2)

Development for Nuclear Power," and "Introduction of Nuclear

Power " As will be seen later in the paper, this decision will

also affect the choice of the means of training whether through

normal university chan-?ls by a dedicated nuclear training center,

or through presentation of specialized nuclear training.

2. Pre-planning Phase

A grid of 2000 MW indicates a substantive industrial infra-

structure and level of technical sophistication. It should,

therefore, be assumed that a country during its pre-planning for

nuclear power would have an educational system which produces

engineers in the civil, chemical, electrical, and mechanical disci-

plines; scientists in physics, chemistry, biology, and medicine;

and research institutes in the physical, biological, and

agricultural sciences. Such a society will already have substantial

usage of radiation in industry, agriculture, and medicine, and

should have special educational courses at bachelor and master

degree levels for the development of professionals in such fields

as radiological protection, nuclear chemistry, and radioisotope

handling. The numbers of such professionals would not be large with

annual requirements of about 20 per year. There would also be a

need for some specialists in these areas who would probably

undertake advanced studies outside the country. At some time during

this period, the country would reach a level of sophistication at

which a research reactor is required. With that the first

professional development for nuclear power begins. By that time,

advanced professionals in nuclear physics, thermodynamics,

instrumentation, and control will be needed to undertake the

operation of such a research reactor. Their numbers will be small

and they will most likely receive special training outside the

country.

There will be, however, a larger number of the middle-level

professionals whose work will now require an overview of nuclear



technology. A curriculum for such a course is given as Table 1. In

Table 1. Overview Course in Nuclear Technology

1. Atomic and Nuclear Physics

2. Reactor Physics

3 - Radiochemistry

5- Nuclear Power Systems and Fuel Cycles

6. Nuclear Safety

7. Quality Assurance/Quality Control—Fundamentals

. 8. Waste Management

9. Environmental Impact

_

50 Hours

this same time period, consideration of a nuclear power program

will require a very small number of nuclear engineers (two or

three) who can participate in preliminary studies which would

establish a need for a serious planning effort. Also required are

power engineers and economists to undertake electric system

expansion planning studies and systems analysts to carry out the

needed computer work for a successful nuclear power planning study.

Such persons could be utilized in the country's industrial

infrastructure, even if no decision to begin a serious nuclear

feasibility study is undertaken.

3. Planning Phase

After an electric system expansion planning study has indicated

the economic feasibility of a nuclear plant in the country's

electrical grid, a planning group should be established which might

variously be constituted within a utility, an atomic energy

commission, or other national planning group. Such a group would

need 10-15 persons at its start and would grow to 50 or 60 by the

time contracting is undertaken. It may be that the planning

organization will engage its own engineer who will assist in the

contracting or it may undertake to do this on its own.

5



The initial distribution of disciplines for both the initial and

final planning group is given in Table' 2. "As can be seen from these

Table 2. Owner's Groups by Discipline

Start of Contract
Planning Award

General Manager
Legal
Finance
Manpower
Administration
Technical Manager
Engineering

Civil
Electrical
Mechanical
Nuclear

Safety-
Civil
Electrical
Mechanical
Nuclear

Construction
Civil
Electrical
Mechanical
Nuclear

Fuel
Nuclear
Material

Quality Assurance
Manager
Civil
Electrical
Mechanical
Materials

TOTAL

1
1
1
—
1
1

1
1
_
1

-
—
_
2

_
—
-
—

—
—

—
-
_
_

10

1
1

k
2
2
1

2
7
7
3

1
1
1
2

1
1
2
1

1
1

1
i

1
2
1

55

tables, only a few professionals with advanced nuclear engineering

knowledge would probably receive training outside the country. Only

in the later stages of the planning are somewhat larger numbers of

middle level professionals needed with the master's level nuclear

training referred to in the later section.



On the other hand, a larger number will require a more sophis-

ticated overview of nuclear technology than was proposed for the

pre-planning phase. A suggested syllabus for such an overview

course is presented as Table 3. The requirements of the planning

Table 3. Basic Course in Nuclear Technology

1. Nuclear Engineering

2. Nuclear Power Systems and Fuel Cycles

3. Heat Transfer—Thermodynamics

h. Nuclear Safety—Emergency Safety Systems—
Emergency Procedures

5. Instrumentation and Control—Fundamentals

6. Computer Systems

7. Reactor Materials and Metallurgy

8. Nuclear Fuel Materials

9. NSSS Description and Layout

10. BOP Description and Layout

150 hours plus 50 hours for an overview course

effort added to the requirements of the growing activity in the

utilization of nuclear technology for industry, agriculture, and

medicine would undoubtedly call for sufficient numbers that such an

overview course could be established as part of a regular university

curriculum to be taken option-ally by engineers and scientists in

theAr university careers.

The research and development effort during this stage could be

directed toward study of materials and radiation effects to develop

expertise which will be needed by the planning group as it moves

closer to contracting for the nuclear plant. As a decision to

contract becomes firm, there would be a requirement for special

training in quality assurance and safety analysis, neither of which

would be wasted if the decision to undertake a contract is postponed.

It is at this point, closely following on the decision to

proceed, that a decision on the extent and speed of domestic

participation must be made and upon which decisions as to the
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numbers of professionals needed in the power program are to be

based. At the very minimum, the owner organization will require a

project management group for control of the main contractor and for

the quality assurance of the project. In addition, there will be

requirements for expertise on the part of a licensed and regulatory

group. The latter is likely to be in position for the regulation of

the radioisotopes usage for industry, agriculture, and medicine,

but a nuclear power program will cause a substantial increase in

its scope.

For a first plant it is very likely that the operating

organization would engage a main contractor who will be fully

responsible for engineering, construction, inspection, testing,

siting and environmental studies. Component and fuel manufacturing

will most likely bs done abroad. When the third or fourth plant is

started, there will be an interest in having indigenous firms take

responsibility for some fraction of the engineering, construction,

testing, and component manufacture. In all cases, the operation and

maintenance of the plants will be undertaken by the operating

organization.

For the prototype case (Figure 1), we have taken a foui-plant

program, implemented over a 25 year period from the initial first

feasibility study to the operation of the fourth plant. We have

chosen as a prototype program the construction of two units of the

same design by the same supplier on the same site, under the

assumption that most of the engineering and construction would be

done through foreign sources. A third and fourth plant would be

supplied by a second supplier of a second design on a second site.

In this case, provision is made for some 25% of engineering,

construction, and manufacturing to be done by indigenous firms.

As will be shown later in some detail, such a program calls for

a commitment to the project of 20-25 engineers annually beginning

shortly after the decision to proceed. Of these, some 15 to 20

would require training in nuclear engineering at a relatively
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Figure 1. Prototype Schedule for a Four-unit Nuclear Power Program



advanced stage in those subjects outlined in Tables 1 and 3« If, on

the other hand, the decision is to move to a constantly increasing

percentage of the engineering manpower in indigenous organizations,

the annual requirement for professional manpower would be

essentially doubled.

h. Construction and Operation Phase

During the pre-contract period; namely, the two to three years

between the firm decision to proceed and the awarding of contracts,

the operating organization will exercise review on the work of its

engineering consultants and the regulatory organization will be

obtaining staff to develop licensing requirements. During this

period, engineering, construction and manufacturing companies, who

may be interested in sub-contracting in the first project, will

need some trained engineers who can examine requirements in order

to evaluate their potential role in the first projects. As contracts

are awarded, the amount of design review will increase and the

preparation for licensing will engage growing numbers of staff in

the operating organization and within such engineering and

construction companies who may be subcontractors in the first

project. Since manufacturing will start at this time, there will be

a need for quality assurance personnel involved in vendor

inspection. Also during this period the first supervisory operating

personnel would be engaged in familiarising themselves with designs

and setting operating related design requirements.

As the project moves into construction, the number of people in

both construction supervision and quality assurance will continue

to increase and the first of the operating personnel for the first

plant wî .1 need to be- employed. As construction of the first plant-

progresses, there will be a continual increase in the number of

professionals required. Finally, as some of the initial planning

and pre-contracting activity connected with the first two plants

begins to decrease, such activities can begin for the third and

fourth plants on the second site with correspondingly larger

numbers. The manpower requirements, as shown in Table k, call for
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Table k. Professional Manpower Requirements for a Prototype
Program

Management Group

Engineering

Manufacturing

Construction

Operation

Regulation

TOTAL

0

10

2

2

Ik

5

50

12

2

15

79

Years
10

80

50

7
10

10

22

179

85

70

17

30

30

ko
272

20

85

70

17

30

55
ko
297

25

85
70

17

30

60

ko
302

20-25 new engineers annually during the entire period. It should be

noted that the leveling off in numbers during the last ten years is

an artifact of the prototype program.

It can be seen from th'e description of these tasks that 10-15 of

these will require advanced training curriculum at a master's

level in the subjects given in basic and overview curricula of

Table 1 and 3» This advanced nuclear engineering course should

involve laboratory as well as classroom instruction and could very

well utilize facilities in the nuclear research center mentioned

above. This should be supplemnnted, where possible, by on-the-job

training, either in the project or secured abroad through

organizations such as the International Atomic Energy Agency (IAEA)

or through the foreign suppliers to the area project. Such programs

are described in Chapter 3 of the IAEA Guidebook on Manpower

Development.

In addition, there will be a need for specialized training

courses in the following areas.

Project Management

Nuclear Technology

Nuclear Safety
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Quality Assurance

Special Nuclear Quality Requirements

Many of these specialized courses have been given internationally

under the IAEA's Nuclear Power Training Program in the United

States, France, Germany, Spain, and Argentina. Some of these

specialized training courses are also given by the foreign supplier

within his scope of supply, but usually no provision for the

transfer of the ability to continue this training through indigenous

resources is made.

In all of the above, we have not considered the specialized

training which is to be given to operating and maintenance personnel

for the plant itself. Detailed specific training programs; course

syllabi, the relative merits of training abroad, and at home are
(2 5)

discussed in many publications . However, whatever training

philosophy is chosen, some sort of training center for plant

personnel is usually established. However, its training program is

usually not designed to provide training in the nonoperating aspects

of nuclear techrology nor of organizations other than the operating

organization.

We suggest that a nuclear training center, possibly as part of

the national nuclear research center, could be used as the home for

such training. It could then be made available to professionals of

all interested organizations within the country. It could teach

some of the courses with its own staff and serve as a coordinating

center for training by those centers within . the countries that

already have expertise. For example, courses in the special nuclear

aspects of civil construction could be taught by an institute that

already specializes in civil construction. The instructional staff

for such courses could receive training in nuclear aspects of their

discipline by on-the-job training abroad, by participation in IAEA

specialized courses or through the employment of foreign experts to

each such courses for the first time. This expertise might also be

obtained by including an appropriate provision within the scope of

supply of the first projects.
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A careful manpower planning study would be required to determine

whether the numbers of people needing such' courses would justify

setting up an indigenous capability for such training. It is clear

that some indigenous training in quality assurance and nuclear

safety would be justified for carrying out the courses internally,

indigenously, by foreign instructors or through the educational

system itself. It is clear that some training in quality assurance

and nuclear safety would be required indigenously.

5. Assistance in Developing Professional Manpower

The International Atomic Energy Agency through its publications

and nuclear power training courses provides information through

which national personnel can become informed about the development

of training programs in a large variety of specialized subjects.

Through the IAEA's fellowship program, they can obtain financial

support to receive practical experience abroad in fields related to

nuclear power which they can then practice themselves or teach to

others. A country may request expert missions from the IAEA to

assist in developing the educational infrastructure needed for this

undertaking and it can request training projects in which foreign

experts would present pilot courses.

All of these types of assistance are available through the

regular technical assistance programs of the IAEA. In the case of

signatories to the nuclear nonproliferation treaty, t'ae Government

of the United States has provided special supplementary funds to

the IAEA for these purposes.

CONCLUSIONS

1. There is a need for overview training of nuclear technology,

which begins during the pre-planning. phase of a nuclear power

program. This cculd be useful to the nonpower nuclear activities

in the country whether or not a decision to generate electricity

with nuclear reactors is taken.
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2. There is a need for a more intensive overview of nuclear

technology to be given as part of. a regular university

curriculum, beginning five years before a serious planning for

nuclear power is undertaken.

3. Once a decision to proceed with nuclear power has been made,

there will be a need for a master's degree level curriculum in

nuclear engineering for a minimum of 15-20 persons annually,

which could be given either through the university system or

through a specialized nuclear training institute.

h. The decision to establish a special nuclear training institute

would depend on a careful manpower planning study and a decision

on the degree of domestic participation in the national nuclear

power program.

5- There is a need for specialized nuclear power training beginning

at the time of contract award, which could be provided through a

national nuclear training program or through foreign suppliers.
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