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FOREWORD

Recent forecasts indicate that by the year 2000 there may be more than 
1000 nuclear power plants operating in 50 countries, with several o f these 
expecting to  derive one half or more o f their electricity from nuclear plants. At 
present, o f these countries, only six are exporters o f nuclear power systems, three 
more currently supply their own domestic markets, while the rem ainder are 
importers. It is expected that m ost o f the im porters will continue to  depend in 
varying degrees on foreign supply, at least in the near future. If nuclear power is 
to  offer an im portant benefit to  the world, the realization of this benefit will 
require co-operation between the supplying and receiving nations in overcoming 
problems which might inhibit the full development of this energy source. In 
addition to ensuring safety and reliability, special problems include financing, the 
need for skilled manpower and for adequate local industrial and engineering infra
structures, access to  advanced technology, and an assured supply of nuclear fuel.

The Agency has, for many years, paid particular attention to  the needs of 
the less developed countries and was instrum ental in conducting a Market Survey 
for Nuclear Power in Developing Countries to  assist these nations to determine 
the need for and the timing of their nuclear power programmes. Many of these 
countries are now in the initial stages of these programmes and are actively 
concerned with the problems of successfully achieving safe, economic and reliable 
nuclear power. To assist its Member States in exchanging inform ation on these 
and related topics, the Agency convened an International Symposium on Problems 
Associated with the Export o f Nuclear Power Plants in Vienna from 6 to 
10 March 1978. The Symposium, which gave special emphasis to the difficulties 
facing developing countries in the initial stages of nuclear power programmes, was 
divided into three major subject headings: nuclear safety, domestic contributions, 
and international aspects. Thirty-seven papers were presented in seven sessions, 
about equally divided among the three major subjects. The tw o informal panel 
discussions are not published in the Proceedings.

The Symposium was attended by 132 participants from 31 countries, one 
national and four international organizations.
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Abstract

IMPORTANCE OF SAFETY REVIEW TO THE SAFE OPERATION OF A NUCLEAR PLANT.
Widely differing standards o f construction o f nuclear reactors are employed in different 

countries. A lthough the reactor vendors, including designers and construction  contractors, have 
a vested interest in safety, the  ultim ate responsibility for safety rests w ith the reactor facility 
operator. Even though governm ental agencies, either directly o r indirectly, m ust take a strong 
lead in developing policies and practices o f safe operation ,.the reactor facility operator must 
recognize and accept the full responsibility for safe operation  o f the  facility. The policies and 
practices o f safe operation  imposed by governm ental agencies m ust help assure the prudent 
operation  and the adequate m aintenance of those structures, systems, and com ponents o f 
im portance to  safety. Since each country  has a slightly different philosophy for achieving 
safety and each vendor utilizes different structures, systems, and com ponents to  fulfil th is 
philosophy, it is imperative that the facility operator adequately m aintain those engineered 
safety features and those p lant protective system s which have been engineered in to  achieving 
the desired levels o f safety. An additional m ethod o f helping to  assure that those structures, 
systems, and com ponents o f im portance to safety are prudently  operated and adequately 
maintained is to assign the full safety responsibility for the  overall operations o f the reactor 
facility to  the  operating organization, i.e. assigning a ‘line o f responsibility’ w ithin the  reactor 
facility operator. This assurance can be fu rther strengthened by requiring th a t the  facility 
operator establish a safety review body  th a t overviews the  operation and assures that the 
operating organization complies with those policies and practices o f safe operation  which 
have been imposed on the reactor facility.

1. INTRODUCTION

A major safety concern of nuclear reactors is that those structures, 
systems, and components of importance to safety be built, operated, and 

maintained in a manner so that they can perform their intended functions. 

Widely differing standards of construction, operation, and maintenance 
are employed in different countries. These different standards apply to 

all parts of the nuclear reactor from those structures, systems, and 

components of importance to safety to the nonsafety related hardware. 
These safety concerns are of particular importance when a nuclear 
reactor is purchased from another country which employs different 
standards of construction and operation which are perhaps unfamiliar to 
the facility operator.

3



4 BRINKERHOFF

Although the reactor vendors, including designers and construction 
contractors, have a vested interest in safety, the ultimate responsibility 
for safety rests with the facility operator. During the construction 

phase, the facility operator should, if at all possible, exercise this 
responsibility by overseeing the construction to obtain assurance that 
the quality of construction of those structures, systems, and components 

of importance to safety are commensurate with the design concept* As a 
backup measure during the systems acceptance testing and during the 

prestartup testing, the facility operator can, to a limited extent, 
exercise this responsibility by obtaining some assurance that those 
structures, systems, and components of importance to safety can perform 
their intended functions. This safety responsibility, however, must 

always be manifested by the facility operator during operation, mainte
nance, repair and modification.

In countries with nationally-owned utilities, a strong lead in 
developing the policies and practices which promote safe operation, 

maintenance, repair, and modification may be taken by the utility; 
however, in countries with investor-owned or private utilities the lead 

must come from a Governmental agency. In either case, a Governmental 
agency needs to be involved either via the nationally-owned utility or 
directly as a regulatory authority.

In many cases, the regulatory authority may only have the charter 

to assure safety of the public and to protect the environment. In those 

cases, the facility operator will need to supplement the regulatory 
authority's rules and regulations with more stringent policies and 
practices to protect the employees as well as to protect the capital 

investment of the plant. Since each country has a slightly different 
philosophy for achieving safety, and each nuclear vendor utilizes 
different structures, systems, and components to fulfil this philosophy, 

it is imperative that these rules and regulations, as well as the 
policies and practices of safe operation, promote the proper operation, 
maintenance, repair, and modification of these structures, systems, and 

components of importance to safety.

Regardless of how well a reactor facility is constructed, what 

standards are employed, or how stringent the construction quality 
assurance measures, if those structures, systems, and components of 
importance to safety are not maintained during operation, the overall 
level of safety of the facility may be reduced. These safety features 
are subject to deterioration or malfunction as a result of a lack of 
maintenance, improper maintenance, lack of configuration management, 

improper modification, human error, or the utilization of different 
philosophies or standards from those which were engineered into the 
facility. The facility operator and/or the regulatory authority, 
therefore, needs to develop a program to provide confidence that the 
reactor facility can be operated without undue risk to people, property, 
or the environment.

2. SAFETY ASSURANCE

This confidence that the nuclear reactor facility can be operated 

without undue risk to people, property, or the environment is obtained 
by the United States Department of Energy by:



1) Impressing on the facility operator that he is responsible for
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the overall safe operation of the nuclear facility and especially 
the maintenance, modification, and repair of those structures, 
systems, and components of importance to safety. This assignment 

of responsibility can only come from the regulatory authority.

2) Requiring that the facility operator establish an operating 

organization or "line of responsibility" from upper management 
down to the man who actually performs the task. This establish

ment can be by organization charts, management directives, or 

company policy guides.

3) Requiring that this "line of responsibility" adhere to strict 
rules and regulations which promote the safe operation, 
maintenance, modification, and repair of those structures, 

systems, and components of importance to safety. These rules 

and regulations may be spelled out in administrative controls, 
quality assurance plans, configuration management controls, 

and directives regarding training and quality of reactor staff.

4) Requiring that the facility operator establish an independent 

safety review body (independent from the operating organization 

or the direct "line of responsibility"). This independent 

safety review body must be chartered by the facility operator 
to overview the complete operation of the nuclear facility.

5) Establishing both Headquarters and field office organizations 

to act as a regulatory authority to overview the facility 
operator, i.e., both the operating organization or "line of 

responsibility" and the independent safety review body, to 
assure that they adequately fulfil their respective safety 
function.

3. SAFETY REVIEW BODY

The establishment of this independent safety review body within the 
facility operator's organization enhances the level of confidence that 
the nuclear facility can be operated without undue risk to health and 
safety. This review body must be formally organized so that its authori

ties and responsibilities are clearly understood. Its charter should 
clearly define and delineate such elements as: purpose, objective,
function, authority, responsibility, composition, quorum, meeting 
frequency, and reporting requirements. The performance of the safety 
review body must be recorded in sufficient detail to permit the facility 
operator's management and the regulatory authority to evaluate its 
effectiveness.

To assure that this safety review body is functioning as intended 
and that its overall effort enhances safety and strengthens the line 

safety responsibility, the facility operator's management is required to 
review the safety review body for adequacy of performance every 3 years 
or more often as required. In doing so he may solicit the assistance of 

experts from either within or outside the facility operator's complete 
organization.
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The safety review body should function primarily in an advisory 
capacity to the direct line organization; but must report to a designated 
position of authority at a level of the facility operator's management 

sufficiently high so that he can take all necessary corrective action.

Since safety is established as a line responsibility, neither 

review nor subsequent approval for a specific activity releases line 

management from its responsibility for the safety of that activity.

The safety review body must provide technical competence in 
the areas being reviewed. Each review must be carried out by persons 

whose technical disciplines cover the range of technical fields encount
ered in performing a safety review. Safety considerations are to be 
treated in such breadth and depth as are necessary to identify the 
hazards involved.

4. REVIEW PROCESS

The safety review body must be chartered to establish a good safety 
review system which can be defined as a critical process by which the 
safety review body utilizes all available information gathering techniques. 
These techniques should include:

1) Surveillance - a close critical watch, observation, or overview 
of activities. This can be accomplished by visits, telephone 
conversations, reading of daily, weekly, and monthly reports, 

and sampling of logs and records.

2) Inspections - a deliberate and systematic examination, obser

vation, and measure to determine the conformance of structures, 
systems, and components to predetermined requirements.

3) Audit - a formal scrutiny with intent to verify conformance 
with established controls and procedures, and includes a 
periodic comprehensive scrutiny of all matters which could 

affect the safety of the facility.

4) Appraisal - a process by which the information gathered 
in the surveillance, inspection, and audit processes is 
utilized to form a judgement of the overall quality of systems, 
items, or actions. The information gathered should be evaluated 

against appropriate criteria to arrive at an informed judgement 
on the effectiveness with which assigned programs are executed.

A proper appraisal provides management with a measure of 
quality and effectiveness of those items being appraised 

and allows him, within the overall project objective and 
resources, to effect the recommendations necessary to enhance 

safety. A review which only lists deficiencies, with recom
mended corrective action, deprives the facility management of 
the overall evaluation of the safety of his facility.

5. SAFETY REVIEW BODY CHARTER

The charter must require that the review body have group interaction 
between reviewers on all but the more routine matters. Group interaction
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should help to provide the stimulus for exploring all safety aspects of 

the issue being reviewed.

The review body should provide an independent determination of 

whether a proposed activity involves an unreviewed safety question, 
violation of a Technical Specification, or any other matter which would 
require the attention, or approval of the facility operator management 

or the regulatory authority.

The charter must require the safety review body to review the 

overall activity of the facility at least annually. The review should 

provide for objective and independent review of:

1) proposed modifications and repairs to plant and equipment 
having safety significance and the line organization's safety 

evaluation thereof.

2) proposed experiments and irradiation having safety significance.

3) management control procedures including administrative, oper

ating, maintenance, repair, testing, quality assurance, and 

emergency procedures. Significant changes to the above procedures 

should also be reviewed.

4) organization and assignments of responsibility.

5) safety evaluations and Technical Specifications, and changes 

thereto.

6) appropriate training programs, initial and subsequent qualifica
tion and certification requirements and procedures.

7) occurrences, including violations of Technical Specifications.

8) the condition of the physical plant.

9) the accuracy and completeness of recordkeeping and documentation.

10) quality assurance programs.

11) configuration management programs.

5.1 Proposed Modifications and Repairs

All changes to the reactor or its operating conditions must be 

evaluated for their safety implication, even when it intuitively 
appears that no new hazard will be introduced nor the risk increased. 

These evaluations must be performed by those having line responsibility 
and independently verified by the safety review body. If the evaluation 
indicates that an unreviewed safety question is involved or that the 
modification or repair affects a structure, system, or component of 
importance to safety, approval is required from the facility operator's 
management and/or the regulatory authority. A proposed modification,
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repair, change, or test shall be deemed to involve an unreviewed safety 
question if:

1) the probability of occurrence or the consequences of an accident 

or malfunction of equipment important to safety, previously 

evaluated in the Safety Analysis Report may be increased.

2) a possibility that an accident or malfunction of a different 
type then any evaluated previously in the Safety Analysis 
Report may be created.

3) the margin of safety as defined in the basis for any Technical 
Specification may be reduced.

The facility operator's safety program must provide the required 
assurance that safety concerns during modification and repair are 

appropriately satisfied. Safety during these activities is provided 
by assuring that the modification or repair is performed in strict 
accordance with approved design. It is essential that the approved 

design be compatible with the original facility design and the standards 
of construction specified for the affected structures, systems, or 
components. This is most important since a single modification or 
repair could negate a complete safety system which is important to the 
safe operation or shutdown of the facility.

Prior to granting the authorization to start the modification or 
repair, the safety review body should review the design and the basis 

for the design to assure that safety will not be compromised in anyway.

During the modification and repair, the facility operator's Quality 
Assurance Program should assure that the quality of construction is 
commensurate with the affected items important to safety and that 
the standards of construction are compatible with the original construction.

Following the modification or repair, the safety review body must 
review the startup and operating procedures prepared for the affected 
structures, systems, and components.

5.2 Proposed Experiments and Irradiations Having Safety Significance

This applies primarily to research and test reactors; however, 
there is an application to power reactors for such items as modified 

fuel elements, irradiations, or in-core experimental modifications.

All experimental programs associated with the reactor must be 
evaluated by the line organization for their safety implications, 
including adequacy of design of the experiment and its compatibility 
with the reactor. The experiment should also be evaluated with regard 

to its ability to cause a reactor malfunction or in any way adversely to 
affect the reactor safety systems. These safety evaluations must be 
independently verified by the safety review body.

The safety review body should review the experiment plan, and 
recommend the period of time the plan is valid. This should be performed 
prior to the facility operator management's approval for the experiment. 

When the experiment presents an unreviewed safety question, an additional 
approval of the regulatory authority is required.
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5.3 Management Control System

The safety review body must be assigned the responsibility of 
assuring that the operating organization or "line of responsibility" 
has established and implemented a central integrated management control 

system for safety. This management control system must prescribe 

all procedures and authorities necessary for the safe operation, 
maintenance, repair, and modification of the reactor. This management 
control system must address such policies and procedures as administra
tive controls, operating procedures, maintenance and repair procedures, 
test plans, and emergency procedures.

The management control system should contain policy statements which 

provide guidance in identifying the manner in which procedures are to 

be implemented. The necessary management controls should be exercised to 
assure that policies and procedures are followed and the requirments 
for the use of procedures should be prescribed in writing.

5.4 Organization and Assignment of Responsibility

The safety review body must review the organization and assignments 
of responsibility within the operating organization or "line of respons
ibility." This review should be performed annually. It should assure 
that proper management controls are in effect at all times to insure 

that decisions relating to safe operation, maintenance, repair or 

modification are made at the proper level of responsibility and with 
the necessary technical competence. This requires that the relationships 
within the operating organization be clearly defined in writing and 
that organizational responsibilities be established from the highest 
management level to those actually performing the task. The reporting 
chain must be clearly defined at all levels. There must be no situation 
(except for ad hoc safety review groups) in which an employee reports to 

one supervisor for safety matters and to another for routine work assignments.

Any activity which involves a potential safety hazard of substantial 
magnitude, whether the activity be of an operation, maintenance, 
modification or repair nature, must have a knowledgeable individual 

clearly assigned the safety responsibility. Each individual must 
also know the limits of his authority; i.e., what he may or may not do.

5.5 Safety Evaluations

A safety evaluation must be prepared by those having line responsi

bility for each potentially hazardous activities involving operation, 
maintenance, repair, and modification. All safety evaluations must have 
independent review by the safety review body. The hazards associated 
with the specific activity being evaluated must be analyzed in sufficient 

depth to permit an understanding of the risk involved. The safety 

evaluations should be documented in the necessary detail, commensurate 
with the risk associated with the activity. If the evaluations indicate 
a substantial risk or if there is an unreviewed safety question involved, 
the regulatory authority's approval is required.
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Written safety evaluations are required in the following situations:

1) Initial Operation

Prior to commencement of initial operation, a safety evaluation 
must be prepared. This document is to describe the reactor 

as constructed; give the design bases and the limits of its 
operations; present a final analysis and evaluation of the 

adequacy of design and performance of structures, systems, and 

components; and specify the planned margins of safety during 
the proposed operation.

2) Modification to Design or Operating Conditions

All changes to the reactor or its operating conditions must 

be evaluated for their safety implications, even when it 
appears that no new hazard will be introduced, or when it 
appears that the risk has not been increased.

3) Technical Specification Changes

Whenever a proposed activity involves a change to the Technical 
Specifications or a reduction in the margin of safety as 

defined in the basis for any Technical Specification, a written 
safety evaluation supporting the proposed change must be 

performed. This will require approval of the regulatory authority.

4) Experimental Programs

All experimental programs associated with the reactor shall 

be evaluated for their safety implications, including adequacy 
of design and of operating controls to prevent malfunctions 
from adversely affecting the reactor system.

5.6 Qualification of Reactor Staff

The safety review body must annually review reactor operations, 
maintenance, and fuel handling activities to assure that these activities 
are performed and supervised only by, or under the direct supervision of, 
those personnel who have been certified to perform those functions.

This assurance can be obtained by reviewing compliance with the prescribed 
certification program.

The selection of a candidate for reactor operator or supervisor 
should be based on his possessing that combination of education, experi
ence, and training, which is commensurate with the respective responsi
bility and authority. Proper temperament, attitude, and disposition 
should also be required of the candidate.

The certification program must prescribe the minimum essential 

knowledge required of reactor operators and supervisors. Each operator 
and supervisor must then demonstrate this required knowledge through 

written, oral, and operating examinations prior to being certified.

The certification program must specify the demands on health, 

physical condition, coordination, and manual dexterity required to
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perform both routine and emergency functions. A health examination 
should be given to establish the candidate fitness to perform his 

proposed job task.

The reactor operator's and superisor's training program must be 

sufficiently comprehensive to cover all areas which are fundamental to 

the candidate's job description. This training should place emphasis on 
such items as: principles of reactor operations, features of facility 

design, with particular emphasis on those structures, systems, and 
components of importance to safety; standards of construction; instrumen
tation and control; emergency operating procedures and other areas 
required for proficiency in the assigned job task. (In some cases it 

may be of benefit for the reactor operators and supervisors to receive 
training in the country from which the reactor was purchased.)

Written, operational, and oral examinations must be prepared and 
administered by the training staff to satisfactorily demonstrate the 

required knowledge of reactor operators and supervisors. These examina

tions must include questions on all categories of knowledge that the 
candidate must possess to be proficient in his job task.

A retraining program must be established to provide training 
on changes to plant or procedures, areas in which the candidate shows 
deficiencies, areas in which the candidate is not routinely exposed, 

emergency procedures, and other areas necessary to keep the operator 
or supervisor proficient.

The safety review body should ascertain that the administered 
training program meets the documented and approved program. The safety 

review body should also review the training and examinations to assure 
that the operators and supervisors are qualified to perform their 
as s igned tasks.

The training requirements for maintenance personnel should be 
determined by the class of maintenance which the personnel are to 
perform, the degree of supervision required, and the required knowledge 
of the reactor.

All fuel handling operations must be performed by or under the 
direct supervision of an individual certified by management as qualified 
to perform the required functions. The safety review body should 
assure that this is the case.

5.7 Occurrences and Technical Specification Violation

The safety review body must assure that management controls are 
in effect and are being followed for reporting and analyzing occurrences 

including Technical Specification violations. These controls should 
include policies and procedures for reporting occurrences and for 

recording, evaluating, and acting upon such reports. These controls 
should specify the responsibility for carrying out the reporting function, 
the time limits for action on occurrences, and retention of files, as 
well as the responsibility for taking action on recommendations and 

measures to prevent recurrence.
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5.8 Condition of the Physical Plant

As a part of the annual appraisal, the safety review body must 

inspect the physical plant. This should include an actual walk through 
to determine the level of housekeeping. Other items of interest should 
be: obvious industrial safety hazards, potential fire hazards, proper 

tagging of equipment, cleanliness of critical areas, appropriate display 
of fire protection equipment, and availability of emergency equipment.

5.9 Recordkeeping and Documentation

The annual appraisal by the safety review body must ascertain 

that accurate and complete records are being kept where required. 
This should include such items as control room logs and records, 
safety evaluations, experimental plans, maintenance records, quality 

assurance records, administrative controls, training records, and 
investigation reports.

5.10 Quality Assurance Programs

The safety review body must assure that an adequate Quality 
Assurance Program exists to cover operations, maintenance, repair, and 

modification of the reactor. Quality assurance is so intimately 

entwined with safety that it is difficult to separate the two. Since 
it is possible for one to have a good Quality Assurance Program without 
an assurance of safety, and since one cannot have an assurance of 

safety without a good Quality Assurance Program, quality assurance, 
therefore, is considered a subset of a good safety program.

Quality assurance should comprise all those planned and systematic 
actions necessary to provide adequate confidence that a structure, 
system, or component will perform satisfactorily in service. Quality 

assurance embraces all activities that insure, improve, or maintain 

quality.

Basically, quality assurance consists of good management practices 
during all phases of the life of a plant to assure a quality product, 

i.e., plan the job properly - assign the job specifically and clearly - 
then follow through and see that the job is done correctly. Quality 
assurance encompasses two separate and distinct functions. One function 

is to perform the "line of responsibility" activities in an approved 
manner, i.e., carry out assigned duties in accordance with established 
procedures. The second function is to check, inspect, audit, or other
wise verify that activities have been or are being performed correctly.

Quality assurance requires that high levels of management either 
directly,or through the safety review body, regularly review the 

status and adequacy of the "line of responsibility" activities as well 
as the audit inspection activities. The implication here is that 
there needs to be a pervasive concern shown by management at all levels 
to do the job right. If this is not exhibited by top level management, 

it will not generally be found at the lower echelons.
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The basic elements which are common to any Quality Assurance 

Program are:

1) a definite assignment of organizational responsibility for

quality.

2) a means of specifying the level of quality required for the

job.

3) a means of preventing and correcting quality deficiencies.

4) sufficient examinations, inspections, or tests by responsible

line organizations.

5) objective, documented evidence of achieved quality.

6) an independent system of overchecks and audits to determine

adequate compliance with quality requirements.

Requirements for the assurrance of quality must be established for 
all activities, from initial design through construction and final 
operation, with emphasis placed on those structures, systems, or compo

nents which could have an effect on the safety, reliability, or perfor
mance of essential portion of a facility.

General requirements for the assurance of quality are to be applied 
to the overall project based upon the scope, complexity, or duration 
of the project. The most stringent quality assurance requirements are 

to be selectively applied to structures, systems, or components consistent 
with their function, relative importance, or contribution to achievement 
of safety objectives. It is essential that methods of implementation 

of general and specific quality assurance requirements be defined 
and documented in Quality Assurance Program descriptions, procedures, 

instructions, or drawings, as appropriate.

Quality assurance during the operation phase should encompass 
such items as: document control; operational testing; control of test
equipment; handling, storage, and shipping of materials and equipment; 
preventive maintenance; repairs; and modifications.

The safety review body must, therefore, review the Quality Assurance 

Program to assure that the documented program meets the needs of the 
plant and that the as-performed activities meet the requirements of the 
documented program.

5.11 Configuration Management

Proper configuration management is of particular importance when 
a reactor is purchased from a country which employs different standards 

of construction and different structures, systems, and components 

to achieve the desired level of safety.

Configuration management is a management control process exercised 
throughout the life of a program or facility. It encompasses both 

good configuration control and proper configuration accountability. 
Configuration accountability can be defined as the documentation
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process utilizing procedures and records which assure that program 

hardware (the as-built condition) agrees with the initial design and 

any deviations from the design have been approved, i.e., that the 
as-built condition is properly documented.

Configuration control can be defined as the system which ensures 

that changes to the as-built condition are clearly established in 
drawings, specifications, assembly and test procedures; and the docu

ments are reviewed for accuracy, approved for issuance, and distributed 
for use.

This management control of the configuration of a reactor is 
necessary to provide adequate confidence that the continued existence of 
a reactor can be maintained in a controlled and verified state.

To achieve this degree of confidence, the facility operator must 
establish and implement a system of configuration management which 

prescribes the administrative actions and restraining conditions neces
sary to assure that modifications, deletions, additions, or other 

changes (including those of a temporary nature):

1) receive the proper sequence, level, and detail of reviews 
and approvals prior to performing the change. The level

and detail of reviews and approvals should be directly related 
to the magnitude and extent of the change action considered 
and the importance to safety of the structure, system, or 

component to be changed.

2) are performed according to defined standards for materials, 
operations, workmanship, etc. The proposed change must meet 
or exceed the original design basis or performance objective 

and be compatible with the existing structures, systems, or 
components.

3) are documented on up-to-date drawings which are prepared
for use in performing the change action and the final condition 
is recorded on as-built drawings. The traceability of structures, 
systems, or components shall be maintained from the as-designed 
condition to the final as-built condition.

6. CONCLUSION

In conclusion, this type of a safety program with emphasis on 
line responsibility and the establishment of a safety review body 
should establish a general feeling within the facility operator's 
organization of responsibility for the safety of the overall operation 
of the nuclear facility.

Late in 1970, the United States Department of Energy (USDOE) (we 
were then the U. S. Atomic Energy Commission) required that our reactor 
contractors implement this internal safety review program. At first 

these contractors who operate the USDOE-owned reactors expressed apprehen
sion and questioned the cost effectiveness of such a program; but after 
a period of development, they now feel that the establishment of the 

program has been of great benefit in ensuring safety. The single point 
of greatest controversy is the requirement that management review the
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safety review body for adequacy of performance every 3 years or more 
often as required. We, in the USDOE, feel that since this is a management 
tool, that management should review the tool at least every 3 years to 
see that it is performing its intended function.

In general, we feel that these principles have greatly enhanced the 
overall level of safety which exists in the USDOE-owned reactors.

DISCUSSION

Y. NISHIWAKI: Do you also apply the excellent safety review measures 
described in your paper to  the nuclear reactors exported from the United States 
o f America to  developing countries? I am asking this question because I think 
that even relatively minor accidents with nuclear reactors in developing countries 
sometimes affect the public acceptance o f nuclear facilities in o ther countries, 
including the more developed ones. So it is extremely im portant that some legal 
provisions should be introduced on an international basis to  induce the exporter 
and im porter to  conclude legal agreements ensuring effective safety review systems 
for the reactors exported.

Lorin C. BRINKERHOFF: The requirem ent relating to  the establishment 
and im plem entation o f  an independent safety review system is one which the 
United States Departm ent o f Energy (USDOE) has imposed on the operators 
o f USDOE-owned reactors. It is not currently being imposed on the operators 
of USA-licensed reactors, nor for nuclear reactors exported from the United 
States. It is a type of programme, however, which any facility operator can 
impose upon himself, much in the same way as a quality assurance programme 
or a configuration management programme.

In the United States Departm ent of Energy we feel that safety is a line 
responsibility and that it is good operating practice for each nuclear facility 
operator to  establish an independent safety review system o f this kind to  improve 
safety assurance.

M. COPIC: Does ERDA also have a Standard Review Plan, similar to the 
one used by the Nuclear Regulatory Commission (N R Q ?

Lorin C. BRINKERHOFF: No, the United States Departm ent o f Energy 
does not have a Standard Review Plan. To the extent necessary and possible, 
we use the Standard Review Plan prepared by the Nuclear Regulatory Commission. 
The D epartm ent of Energy has few new reactors and the ones we do have are in 
most cases experimental or new-concept reactors, so a Standard Review Plan 
would not always be applicable to them.

F. ALBISU: Which o f the reactors owned by the Departm ent of Energy 
are actually power plants?

Lorin C. BRINKERHOFF: In the United States the generation of electricity 
is carried out by public utilities. The Departm ent o f Energy is only involved in
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electricity generation in an experimental or prom otional capacity. At the present 
time two o f the USDOE reactors are used for the generation o f electricity — the 
EBR-2 (experim ental breeder reactor) and the N Reactor. The EBR-2 generates 
12 MW(e) and is connected to the grid within the USDOE Nuclear Engineering 
Laboratory in Idaho; the power is therefore not being sold to the public as such. 
In the case of the N-Reactor surplus steam is sold to  a public utility, which uses 
it for electricity production.
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Abstract

PLANNING FOR SAFETY REVIEW OF NUCLEAR POWER PLANTS IN ISRAEL.
In the sum m er of 1973 Israel began to  prepare for the safety review of nuclear plants. 

First, licensing regulations governing the construction and operation of a nuclear power plant 
were drawn up. Next, a system of safety criteria, guides and standards was adopted. The 
first m ajor activities o f  the licensing organization were the safety review of several proposed 
sites, and the training of staff fo r system safety review. Some o f the  early experience and 
problem s are also outlined.

I N T R O D U C T I O N

During the summer of 1973 a major effort was launched in Israel to 

prepare for the safety review of nuclear power plants (NPP). The first 
important task was the formulation of regulations to control the cons
truction and operation of NPP. This activity was started even before 
the Licensing Division was established within the Atomic Energy 
Commission. Thus, the formulation of the regulations and the organizat
i o n  of the Licensing Division began as parallel activities.

THE FORMULATION OF NUCLEAR PLANT REGULATIONS

In the process of formulating the nuclear legislation̂  several decisions 
had to be made regarding the structure and procedures of licensing in 
order to ensure adequate safety review. As background for the required 
decisions a comparison of the nuclear legislation of the member countries 

of the Organization for Economic Co-operation and Development (OECD) was 
carried out. It was based on the analytical studies which were made by 

the Secretariat of the Nuclear Energy Agency (1,2).

The information developed in these studies was updated using the avail
able issues of the Nuclear Law Bulletin (3). This analysis and compar
ison provided the background for decisions on:

(1) The organization of the licensing bodies and the licensing 
process.

(2) The basic features that should be included in the regulations in 

order to assure adequate functioning of the licensing bodies and 
the licensing process.

17
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However, before decisions were made on the type of organization and the 
content of the regulations it was decided to issue nuclear regulations 

rather than to enact basic nuclear energy legislation. It was seen from 

the comparison we made that in the past different countries have taken 
one or more of the following approaches.

(1) Enactment of an atomic energy act.
(2) Enactment of a radiation protection act.
(3) Enactment of regulations based on "conventional" laws.

The decision to formulate regulations was based on:

(1) The shorter time needed to prepare and issue regulations, and for 
making subsequent changes, compared to the time required for the 
preparation of legislations.

(2) The judgment that much experience in the licensing process should 

be gained prior to formulating a basic nuclear energy law.

THE LICENSING ORGANIZATION

The regulations were issued on November 15, 1974, after about a 
year of work. They outlined the general structure of the licensing 
organization and process. The Director General of the Atomic Energy 

Commission (AEC) is responsible for safety review and is empowered to 
issue or terminate permits or partial permits for activities related to 

the construction and operation of NPP's. An Advisory Committee on 
Niiclear Safety was established to advise the Director General of the 

AEC on Safety matters. This Committee is appointed by the government 
minister in charge of the department to which the AEC is attached.
The Advisory Committe can appeal to the Minister licensing decisions 
made by the Director General.

The Advisory Committee is composed of twelve eminent individuals 
chosen from Universities, Governmental Institutions and Industry.

This quite independent committee is responsible also for reviewing 
the performance of the licensing staff. Now, in the planning stage, 

they review the organization of the Licensing Division, its working 
plans and training programs. They request the Licensing Division to 
issue rules, criteria and guides to better describe the licensing 
philosophy and process, and they carefully review them with the 
licensing staff.

The regulatory body, i.e., the Licensing Division, is not referred to 
in the regulations. It was established to assist the Director General 
and to provide him with recommendations on safety matters on which to 
base his decisions.

The regulations provide that the applicant or the operator of the NPP 
may appeal to the minister responsible, when a decision is made to 
refuse a permit or to change the terms of an existing permit. Thus, 

many licensing decisions will be made by the Director General based on 
recommendations of both the Licensing Division and the Advisory 

Committee on Nuclear Safety. Only in special cases will the decision be 
made at the ministerial level of government.
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The system of permits which was adopted was based, in part, on the 
comparison discussed above. While the U S A  and other countries follow 
a two - step licensing procedure, i.e., the issuance of a construction 
permit and an operation permit, many other countries such as the Federal 
Republic of Germany (FRG) and Italy issue a large number of partial 
permits. The regulations adopted here provided the option of many part

ial permits. It was concluded that the procedure of partial permits is 
more suitable for countries embarking on a nuclear power program. After 
more experience is gained by both the regulatory body and the utility, 

the two - step approach could.be considered to speed up the licensing 
process, in particular if several plants are being built at the same time.

Based on experience already gained in site safety review (see thé follow

ing sections), it is now recommended by the Licensing Division and the 

Advisory Committee to extend the partial permit system to the site review 
stage. Thus, a procedure of one or more steps would be followed to 
obtain a site permit prior to application for a construction permit. At 

each step the Licensing Division would issue a site safety evaluation 
report for the stage, based on the review of the report and data submitted 
by the applicant at the time. Thus, a partial site permit will mean that, 

based on current data, the site may be suitable for NPP pending more 
investigation in some particular key areas identified in the report. On 

the other hand such a procedure would identify at an early stage some 
possible unfavorable features of the sites being investigated.

BASIC FEATURES OF THE REGULATIONS

The comparison based on the Nuclear Energy Agency studies provided

background on features common to nuclear legislation, which are intended
to assure the proper functioning of the licensing process.
The more important of these features which were adopted are:

(1) The prohibition of the construction and operation of N P P 's and 
prohibition of the introduction of changes in the design or 
operation without appropriate authorization.

(2) The requirement imposed on the applicant to submit any information 
needed by the regulatory staff for conducting the safety review, 
including information regarding the experience and ability of the 

persons responsible for the management* construction and operation 
of the NPP.

(3) The requirement imposed on the Director General of the AEC to issue 
a permit or partial permit after he has consulted with the Advisory 
Committee, and has ascertained that:

(a) The applicant and those named as being responsible for 
construction, operation and management of the NPP have 
the experience and ability for the activity for which the 

permit has been requested.

(b) All the safety measures necessary for the safety of the 
public, the workers and the environment have been and will 
be taken, to prevent damage .as a consequence of the activity 
permitted.
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(4) The right of the Director General to revoke a license or make it 
conditional if he finds:

(a) That a safety problem exists having the potential to result 
in nuclear damage.

(b) That the conditions of the permit or other provisions of 
the regulations have been violated.

(5) The right of the Director General to appoint inspectors, and their 
right to enter the NPP at any time to execute their responsibility 
including their right to acquire any information they judge to be 
important for the conduct of their inspections.

SAFETY REQUIREMENTS, CRITERIA, GUIDES AND STANDARDS

A  system of safety requirement, criteria, guides and standards is 
showen schematically in Fig. 1. We refer to it as the "Pyramid" , 
because each level is elaborating on the levels above it with additional 
detail. We find that only a few principles are defined and required by 
basic nuclear legislation. There are more rules such as certain parts 
of the U.S. Code of Federal Regulation and in Israel - "Sets of Rules", 
which provide guidance on the implementation of those few basic principles. 
Next, there are many criteria in different areas; for example:

- General design criteria
- Seismic and geologic criteria
- Quality assurance criteria.
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At the next level there are a large number of guides and Standard 
Review Plans. The last layer of the pyramid is the many hundreds of 
standards and specifications in very specific areas.

It is quite obvious that a country embarking on a nuclear program 
cannot develop the lower layers of the pyramid independently, but 
needs to adopt large parts of them.

Another significant step taken toward establishing a safety review 

capability, was to study the various existing systems of safety crite

ria, guides and standards. The study was conducted in order to decide on 
the approach to use in preparing a system of safety criteria guides and 
standards for NPP's in Israel. The study was based on the published 

compilations of Nuclear Standards issued by ORNL-NSIC (4). At the time of 

the comparison (1974) four main systems were identified, those of the U.S., 

FRG, Japan and IAEA. These systems were and currently are at different 

levels of detail and completeness. At that time only one of them,that of 
the USAEC (now the USNRC),was considered suitable for adaptation.
Since 1974 the USNRC has issued many additional Regulatory Guides (5) 
and, of more importance, the Standard Review Plans (6). The FRG system 
has also been expanded by issuing a large number of Safety Codes and 
Guides (7), providing similar guidance to that of the US in specific 
areas.

The conclusion of the study was that a system of safety criteria, guides 

and standards should be adapted and should not be independently 
developed. It was recognized that the adaptation process would be 

labourious, in particular if several different approaches such as those 
of the USNRC and the FRG were first to be compared.

To avoid uncertainty regarding the licensing policy until completion of
the adaptation of the safety system, an applicant (the government 
controlled Electric Company) was advised to adhere to the USNRC system.

The adaptation process is gradual, and made up of parts called Sets of 
Rules (SOR). The first three SOR on which work is in progress and drafts 
are now being discussed are:
SOR 1: Standards for protection against radiation 
SOR 2: Licensing of nuclear reactors 
SOR 3: Reactor site criteria

SOR 2 is based on the USNRC 10 CFR Part 50 (Ref.8). However our SOR 

refers only to production facilities. Technical sections of 10 CFR 50 
and the Appendices to 10 CFR 50 were adopted only after some consideration 
of other approaches, mainly FRG.

A few specifically "local" sections are also included such as a require
ment for submitting information on the design features of the NPP, which
are intended to protect against sabotage or acts of war.

SOR 1 covers the scope of Appendix I to 10 CFR 50, 10 CFR part 20 and 
the dose guidelines of 10 CFR part 100 (Ref.8). Under consideration at 

present is the extension of this set of rules to include a second 
approach for site selection based on the WASH - 1400 (9) methodology as 
an alternative to the USNRC approach of 10 CFR part 100 and Regulatory 
Guides 1.3 and 1.4 (Ref.5).
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SOR 3 covers mainly the 10 CFR part 100 requirements other than the dose 

guidelines. Also some modifications are being considered to make this 

set of rules better suited to the particular conditions of Israel.
The U.S. criteria on earthquakes are founded on a comparatively long and 
extensive instrumental record. In Israel there is a short and inadequate 

instrumental record, and the historical record is long but patchy.

There is a further difference: the seismic activity in Israel is less 
than in the seismically active areas of the U.S.A.,though greater than In 
Germany. Thus, the differences in national conditions require a critical 

appraisal of the tentatively adopted USNRC criteria. The Israeli 

Licensing Division therefore studied several policies and consulted with 

several national licensing authorities, as well as the IAEA. This appraisal 
is still in progress.

SITE SAFETY REVIEW

The Site Licensing Department was the first to be established because it 

was necessary to determine whether any feasible site was available 
along the Israeli Coast before further progress could be made in planning 

for a NPP. The Site Licensing Department is presently the largest 
department of the Licensing Division. It started its work using several 
consultants, mainly from academic institutions and at the same time 

build up a professional staff speciallizing in the various fields of site 
licensing. It has also contracted with a foreign consultant to assist in 
site reviews and inspection of the site investigation work being per

formed by the utility and its contractors.

The Site Licensing Department advised the applicant (the government - 
controlled Electric Company) that it would be advantageous to assume 
that the site reviewing philosophy would generally be similar to that of 
the USNRC as expressed in the Regulations and SRP. This notification 

was necessary to prevent uncertainty, and to enable the applicant's staff 
to plan the necessary site investigations. The Site Licensing Department 

also suggested that a compilation of the already existing geologic data 
for the proposed site and its region be made as a basis for defining key 

problems, and evaluating the scope and detail of the necessary Investiga
tions.

When the then available geologic data had been compiled and made 
available tö the site licensing staff it was found that faulting in the 
site region, and thus also seismic effects, as well as liquefaction, 
would be key problems, if the site were to be critically and conservati

vely evaluated. The applicant was notified of the need to investigate 
these key problems in depth.

At that stage it became evident that the attitudes of the applicant and 
the licensing staff toward the preliminary geologic data differed 

significantly. The applicant tended to disregard indications unfavorable 
to the site, e.g. those which gave cause to suspect faulting, or to limit 
their investigations in scope and detail for the sake of economy, while 
the licensing staff pressed for a larger scope, more reliable methods 

and greater detail.

In order to avoid delays in the progress towards finding an acceptable 

site, due to overly optimistic evaluations on the part of the applicant 

and excessive expenditures due to overly conservative requests by the



IAEA-SM-223/12 23

licensing staff, it was agreed to make a preliminary evaluation of the 

site feasibility. The investigation of key problems would be conducted 

in such a way as to find out whether there are strong indications that 
the site might not be proved licensable, at a later stage, as a result 

of more detailed investigations.

This compromise led later to a further effort by the applicant to 
whittle down the scope, method and detail of the feasibility investiga

tions, and also to a trend to present the results of the feasibility 

study as almost the complete data on which a site permit or construction 
permit could be based.

PREPARATION FOR SAFETY REVIEW OF PLANT SYSTEMS

While the Site Licensing Department carried out its reviewing activity 

the other departments of the Licensing Division (the system safety review 
groups) started their preparation for the safety review of a NPP.
Several engineers were sent to IAEA courses, to U.S. vendors and to the 
USNRC for on-the-job training. Not yet having a NPP or a contract, an 

important problem in the preparation was to obtain plant drawings and 

information for prereview and for accumulation of experience in safety 

review. In the core design area it is possible to prepare for audit 
calculation using available nuclear data and cross section files, 

computer codes for cell calculations taking burnup into account and one 
or two dimensional multigroup diffusion codes for core physics calcula

tions. Such models and data are available to the licensing staff at AEC 
research centers as well ae at academic institutions. Thus, it was 

possible to initiate studies of LWR core designs in order to gain experi
ence and better understanding of safety related technical specifications. 

However, in the area of plant transients and accident analysis no fast 
running codes are in the public domain. Vendors in the U.S. have develop
ed second generation codes (Ю) to analyze the plant behavior following 

component malfunctions or more severe initiating events. The first 
generation ^ )  codes, some of which are no longer use<J,are also not
released for general use. These codes with detailed information, even 
on some old plants, could enable a system safety group to gain experience 

in the review of a NPP. In addition, the detailed information and 
drawings of a typical plant would facilitate Fault-Tree calculations of 
reactor systems (for which computer codes are readily available) and 
would give experience and understanding of the reactor systems and 

operation. This information should be made available prior to 
finalizing a formal contract with a vendor. This is important because 

when the information is made available only upon signing the contract, 
there is insufficient time for the system safety group to be in a 
position to conduct an independent safety review.

SUMMARY

The first important task in the planning for safety review in Israel was 

to enact nuclear regulations. The task was facilitated by the compara
tive survey of legislation and regulatory organizations of other nations. 

The regulations adopted established the licensing organization 

composed of a regulatory staff and the Advisory Committee on Nuclear
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Safety which provides recommendations on safety matters to the Director 

General of the AEC. However, an applicant has the right to appeal to 
the responsible minister. Thus, fundamental generic licensing 
decisions may be made at the ministerial level.

The importance of a system of safety criteria, guides and standards was 
recognized at an early stage. A  process was started to adapt, following 
suitable appraisal, the USNRC system. Temporarily, the applicant was 
advised to follow the USNRC system as i s .

The Licensing Division has started work, primarily in site review. The 

system safety group is preparing itself for safety review by on-the-job 
training and by reviewing other plants and reference plants using 

available information and computer codes.
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DISCUSSION

L. PEREZ DE PRAT: How long does it take on average for the firm owning 
the power plant to obtain the siting, construction and operation permits?

D. ILBERG: We do not yet have any contracts for the construction o f a 
nuclear power plant in Israel, so I cannot tell you how long it takes to  obtain 
perm its for construction and operation. As far as siting is concerned, although 
we have not had occasion to  issue any site permits, we are at present reviewing a 
site feasibility report, which we consider to  contain less material than required 
for a site or construction permit. We are not really satisfied with it and will 
have to  make further investigations. The fact that the site review takes such a 
long time is due to  the possibility of faulting in the site region as well as to  the 
problem o f possible liquefaction.

M.R. PELLET: What budget do you estimate for your project? And what 
is your manpower requirem ent so far?

D. ILBERG: I am not personally involved with the budgetary aspect of the 
m atter, so I do not know exactly. But taking into account the fact that we 
employ a staff o f about 25, have a significant training programme and utilize 
the services of a foreign consultant, plus com puter time, I th ink the figure might 
be between half a million and a million dollars per year.

Regarding your second question, we have about ten staff members in the site 
licensing departm ent, who review the proposed site, and another ten employed 
in system and structure safety review groups, who are working on the safety 
review o f nuclear power plants. That is approxim ately what we require at the 
present time, though we might need to  take on further staff in some special areas.
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Abstract

UPGRADING THE SAFETY ASSESSMENT OF EXPORTED NUCLEAR POWER PLANTS.
An exam ination of the  safety aspects o f exported  nuclear power plants dem onstrates 

that additional and som ewhat special considerations exist for these plants, and thus that some 
new approaches may be required to  insure their safety. In view of the generally small regulatory 
staffs o f im porting countries, suggestions are given for measures which should be taken by the 
various organizations involved in the export and im port o f nuclear power facilities to  raise 
the level o f the very essential safety assessment. These include the  upgrading of the ‘export 
ed ition’ of the  traditionally  supplied safety docum entation  by use o f a Supplem entary 
Inform ation  Report, w ritten  specifically for the  needs o f a smaller and /or less technically 
qualified staff, which highlights the differences th a t exist betw een the facility to  be constructed 
and the supposedly similar reference p lant o f the  supplier country ; by im provem ent of 
supporting safety docum entation  to  allow for adequate understanding of significant safety 
param eters; and by a tten tio n  to  the  needs o f smaller countries in the critical Operating 
Regulations (Technical Specifications fo r Operation). Consideration is also given to  upgrading 
the  regulatory effort and to  the obligations of principal organizations involved w ith exported 
nuclear plants, including national and international, for insuring the im porting countries’ 
technical readiness and the adequacy o f the regulatory effort. Special a tten tion  is directed 
tow ards the project contract as a means of im plem enting program m es to  achieve these goals.

SPECIAL SAFETY CONSIDERATIONS

In a previous article in the IAEA Bulletin (May 1977) 
a number of issues were discussed to demonstrate that in 
examining the safety of nuclear power plants somewhat different 
considerations exist for exported plants, especially for those 
purchased by the developing countries. The major aspects dealt 
with were the (l) non-standard nuclear power plant export,
(2) non-uniform safety standards and requirements, (3) unique 
safety issues, and (4) weakness of regulatory organizations.

It was pointed out that the obvious differences in the 
currently available reactor types (BWRs, PV JRs and HWRs) that 
occur among the six exporters (Canada, Prance, FRG, Sweden,
USA, aлd USSR) are only one aspect of the non-standard nuclear 
power plant export. More important are the differences between
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•the domestic plant in the supplier country (sometimes termed 
the reference facility) and the supposedly similar facility as 
finally constructed in the importing country. These differences 
result from the usually lower power rating of the exported 
reactor, dissimilar site characteristics that significantly 
affect the design, balance of plant considerations which can 
include system designs from different architect engineering 
firms and/or from several supplier countries, and the continuous 
evolution in design and safety requirements during design and 
construction.

This non-standard nuclear power plant export must be 
examined in relation to the non-uniform safety standards and 
requirements which currently exist. Since many of the smaller 
and certainly the less industrialized countries do not have 
a base of engineering standards, they must essentially adopt 
the standards and requirements of the exporting country. This 
is complicated, however, by four important issues: the 
significant differences in the number and extent of written and 
codified standards of the various exporting countries; the 
differences in content and application of specific standards; 
the non-applicability of some domestic standards to the export 
situation; and finally, the continuous development and evolution 
of safety standards and requirements. Por the importing country 
the above factors lead to difficulties in determining if design 
and construction is indeed similar to that of the reference 
facility, in ascertaining what the safety requirements are 
and whether they are being met, and may contribute to a lack 
of understanding of the reasons for many safety requirements 
which in turn leads to obvious difficulties in making important 
"updating" or"backfitting" decisions.

In considering the nuclear plant export, particularly to 
developing countries, one must note safety issues which are 
somewhat unique. These can begin with limited site evaluations, 
involve poor domestic subcontractor performance during con
struction, and continue to the operational phase where the 
regulatory body may lack the expertise necessaiy to make 
expeditious decisions related to power limitations when 
operational safety conditions are exceeded.

In view of the three major aspects presented, a fourth 
important safety consideration is the ability of the regulatory 
organization of the importing country to carry out its function. 
However, with little exception, the regulatory organizations 
of importing countries with active nuclear programmes are 
small, and in the case of the developing countries the staff 
may be unfamiliar with the disciplines of nuclear safety and 
in need of extensive training.
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An examination of these aspects leads to the conclusion 
that additional and somewhat special safety considerations 
clearly exist for exported nuclear power plants, and thus that 
some new approaches may be required to insure the safety of 
these plants. In view of the generally small regulatory staffs 
of the importing countries, this article will propose measures 
which should Ъе taken by the various organizations involved 
in the export and import of nuclear facilities to raise the 
level of the very esential safety assessment and regulation.
The important area of safety documentation is treated, and then 
consideration is given to the obligations of the principal 
organizations involved with exported nuclear plants, including 
national and international» for furthering the importing 
countries' technical readiness and insuring the adequacy of the 
regulatory effort.

Although the importers of nuclear power plants are not a 
homogeneous group, since in developing countries there may Ъе 
little or no nuclear expertise whereas for the more industrial 
countries there may exist a well established industrial infra
structure and nuclear research centers, many of the special 
safety considerations and problems are common to all importing 
countries and their solutions may be generally applicable.

UPGRADING SAFETY DOCUMENTATION

A great deal of written material is required to document 
the safety of nuclear power plants and there are reasonable 
arguments that too much paperwork is already associated with 
the construction and operation of these facilities. This large 
quantity of documentation has, however, been developed to fit 
the needs of relatively large and/or technically competent 
regulatory organizations. Surprisingly little attention has been 
given to the export situation and the needs of a smaller and/or 
less technically qualified staff faced with additional and 
special safety considerations.

For the exported facility, the documentation may begin 
with the Safety Analysis Report which attempts to describe what 
has been purchased from a safety view point,and which will 
essentially be a copy of the safety report for a domestic reactor 
of the supplier country (usually for the so called reference 
plant) with some appropriate changes particularly for site 
related considerations. The submitting of slightly modified 
"export editions" of reference plant documentation continues 
through construction for supporting material required to ex
plain in more detail what has been purchased and is actually
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being built, and proceeds to the operating phase for the 
specifications which describe the procedures for safe operation. 
For the exported facility, the traditionally supplied Safety 
Analysis Report, the supporting material, and the regulations 
for plant operation are three areas where improvements are 
clearly called for in consideration of the special needs of 
the purchasing country.

Supplementary Information Report

Since even in the exporter's domestic situation the 
Safety Analysis Report cannot contain all of the information 
necessary for an adequate review, numerous meetings are held 
by the regulatory body with the utility, supplier, and their 
designers to obtain additional information and clarification 
of the design as may be required for an in-depth assessment 
of the safety of the facility. This procedure for obtaining 
additional material and information is necessary in the USA 
where the Safety Analysis Report is a voluminous document, and 
so should certainly be required in countries where not as much 
information is supplied. It should be recognized that many of 
the "real" safety issues for plants in the supplier country 
are dealt with b j highly trained experts on the basis of 
material which may not be included in initial or subsequent 
safety reports. Because of the obvious manpower limitations 
of the smaller countries the "question and answer" procedure 
for obtaining this necessary information is possible only 
to a very limited extent.

Thus, although the commonly supplied Safety Analysis 
Report and some of the supporting material are necessary 
documents which contain descriptions of the important systems 
and components, they do not address the special needs in the 
review process of the small importing country and therefore 
can not by themselves be sufficient or adequate. A document 
which contains supplementary information useful for dealing 
with the real concerns of a small regulatory staff would add 
considerably to the safety review. This "Supplementary In
formation Report" would contain information to assist the 
small regulatory body in its essential task of determining 
and understanding the differences that do exist between the 
facility that they will review and the so called similar reference 
domestic plant of the supplier. This then would enable the 
regulatory body as well as the purchasing utility to recognize 
at an early stage areas which require detailed examination.
Six essential items which should be included in the Supplementary 
Information Report are briefly described below.
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Comparisons to Reference Facility -

A sufficiently detailed comparison must be presented to 
clearly indicate the differences between the reference facility 
and the one to be constructed. This comparison could consist 
of a series of tables, referring systematically to the sections 
of the Safety Analysis Report and indicating in general terms 
the significant similarities and differences for the important 
safety related structures, systems,and components discussed 
in these sections. The tables should of course include any 
modifications of the reference facility that are required by 
specific site characteristics or utility preference. For example, 
in the case of designs in high seismic areas the modifications 
that may be required in foundations, building thickness, structural 
supports, pipe supports, etc., would be clearly indicated.

Site Related and Special Issues -

Issues that may need special attention because of the 
specific site location or other special requirements should be 
highlighted. This should include considerations necessitated 
by such items as the seismic design, site location on rivers 
crossing international boundaries, high population density or 
small site boundary, special hydrological problems, proximity 
to industrial or military facilities,and sabotage protection. 
Attention should also be given to additional considerations 
that could arise as a result of some specific requirements 
of the supplier country that would not be followed for the 
exported facility, such as limits on effluent releases.

Safety Standards and Requirements -

A precise presentation of the safety related standards 
and requirements to be used for the plant design and con
struction must be submitted. This could be accomplished 
by referring again to the Safety Analysis Report sections 
and indicating for each section the applicable safety 
standards of the supplier country, standards of other 
countries, and design and regulatory guides.

Two items must be carefully considered in this effort. 
Firstly, although for contract purposes the effective date 
for applicability of safety standards may even preced the 
start of preliminaiy design, it is usual in many areas to use 
requirements effective at the time of actual design and con
struction. In order to avoid uncertainty as to the safety 
standards actually applied to the facility, the date of issue 
of all standards that are to be used must be specified and 
any revision continuously noted (see later yearly update 
discussion). Secondly, and equally important, any ex
ceptions to the safety standards which could arise due to
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contract limitations or non-applicability of specific 
requirements to the particular export situation, should be 
specified.

Quality Assurance —

Most supplier countries are now formalizing the quality 
assurance procedures for nuclear plants. The functions of a 
quality assurance programme are distributed among the nuclear 
power plant supplier and its contractor, the plant owner, and 
the regulatory authority. The procedures appropriate to 
areas such as procurement, design control and verification, 
and material and process control are essentially handled by 
the supplier. However, special considerations, for importing 
countries may make implementation of all required procedures 
by the supplier impractical. The "exceptions" to methods 
usually applied should be specifically spelled out in the 
Supplementary Information Report, especially in relation to 
items to be purchased in the domestic market of the buyer or 
from an additional supplier country.

In the importing country the plant owner and regulatory 
body can be most effective in procedures that are applicable 
at the site. To facilitate this, a clear presentation of the 
supplier's initial and future site quality assurance organization 
should be submitted including the specific qualifications, training, 
and arrival dates at the site of all personnel.

New Developments and Licensing Issues -

Issues which are under active consideration by the 
regulatory body or utilities of the supplier country and 
which could lead to changes in domestic requirements, should 
be discussed. These could include, for example, new require
ments for fire protection, steam generator treatment, and high 
energy line break protection. The possibility of incorporating 
any of these potential changes into the design at a later date 
should also be evaluated. In талу of the supplier countries this 
information is routinely presented to the purchasing utility 
by the supplier.

Yearly Update -

The Supplementary Information Report should be updated at 
least yearly to indicate additional changes from the inference 
plant decided on during the year, new or unresolved site related 
issues, changes in or revisions of safety standards, changes in 
the site quality assurance organization, and also to discuss new 
developments and licensing issues pertinent to nuclear facilities 
in the supplier country.
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Supporting Documentation

Besides the Supplementary Information Report there is an 
additional documentation requirement that is particularly rele
vant for smaller countries. There is a need for supporting 
documentation which contains parametric studies to show the in
fluence of key variables and assumptions on the safety design. Use 
of these studies would more easily indicate to a small regulatory 
organization the safety effect of design or site differences from 
the reference plant, such as power level or site meteorology, 
and thus reduce the need for complex and expensive computer codes. 
This is true for many of the accident calculations, especially for 
evaluation of emergency core cooling systems, containment accident 
pressure, and radiological doses. An earnest effort by the supplier 
to generate and release parametric studies would reduce inordinately 
large expenditures by smaller countries for repetitious computer 
evaluations, and concurrently increase their ability to understand.

Parametric studies would also be helpful in comparisons 
that could be required when reactors are purchased from different 
supplier countries. For example, the assumption for certain 
accident conditions of 10% fuel failure by the FRG compared with 
100$ fuel failure by the USA could result in a factor of 10 
difference in the calculated radiological accident dose for 
two generally similar reactors at the same site. As additional 
countries purchase plants from different suppliers it must be 
required that the supplier more precisely clarify the safety 
philosophy used by specifying and explaining the significance 
of important assumptions in safety evaluations. Parametric studies 
are essential for this purpose.

In discussing safety documentation requirements for nuclear 
plants, it is important to note also that much of the supplementary 
and supporting information required by the safety review is sub
mitted in the form of letters, reports, and design drawings by 
the supplier to the utility and then to the regulatory body. In 
view of the importance of this material it is essential 
that there be an adequate document registry system. As a 
minimum, such a system should contain in addition to a 
complete listing of all material submitted, a cover note 
briefly describing the purpose of each document and,where 
appropriate, a reference to specific related Safety Analysis 
Report sections. Although primary responsibility for maintaining 
the registry should be with the regulatory body, the supplier 
has a major responsibility in determining the correct cate
gorization of all material submitted.
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Operating: Reflations (Technical Specifications)

The third area for upgrading safety documentation concerns 
the plant Operating Regulations which are sometimes referred to 
as the Technical Specifications for Operation. This document 
defines the conditions that govern operation of the facility 
and contains the safety limits and system settings, limiting 
conditions for operation, surveillance requirements, and ad
ministrative controls. Once approved, the specifications 
normally cannot Ъе changed without prior regulatory approval.

As with other safety related documents these operating 
regulations may involve minor modifications of those initially 
supplied for the reference plant. Several factors make use of 
this domestic document unsatisfactory for the export situation.
The first may be the inability of a limited regulatory body 
to adequately respond to violations of the specifications, 
especially when they call for a rapid decision to limit power. 
Secondly, the regulations may not include necessary changes in 
areas where experience has shown that clarification or inter
pretation is required, since these would be well known and 
understood in the supplier country through use and via inter
action with the regulatoiy body. Thirdly, any translation 
of the document from the language of the supplier to that of the 
purchaser introduces additional areas where interpretation may 
be required.

The operating regulations for the exported plant should 
not be considered adequate unless it is ascertained that as a 
minimum, they have been upgraded by utilizing the experience 
gained in the supplier country to at least remove ambiguities, 
and precisely state what are reportable occurrences and con
ditions for operation (e.g. does required valve operability 
refer to one, or the total of redundant equipment ?). Written 
guidelines as to how to use the operating regulations from a 
regulatory point of view should also be developed so that the 
more significant conditions for operation and the administrative 
and technical procedures for deciding regulatory action are 
specified. Most importantly, to support these efforts a review 
committee should be established at the time of initial operation 
composed of utility, regulatory, and supplier personnel whose 
principal function would be to promptly propose changes in the 
operating regulations based on actual operating experience.

The above factors, however, may not be nearly as significant 
as the basic question of whether these operating regulations 
developed for the more industrialized countries are appropriate 
for countries with different economic and electric supply
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requirements. If operating, maintenance, and surveillance re
quirements bring the plant into an inoperative status quite 
frequently, thus reducing the reliability of the power 
supply to a small electric grid, the operator will gradually 
relax the safety precautions. In developing countries which 
operate with small reserve margins it may Ъе unreasonable (or 
at least unrealistic) to impose requirements comparable to 
those in developed countries with large reserves. As more plants 
become operable in the smaller and developing countries it is 
urgently essential that attention Ъе given to this area. Different 
regulations could be formulated, such as an increased maintenance 
and surveillance requirement with less frequent testing inter
vals and certain relaxed operating limitations. This could be 
coupled with an examination of the need for more automation, 
redundancy in equipment, and spare parts. Although of significant 
importance to the smaller countries, this type of effort has 
received little attention.

UPGRADING THE REGULATORY EFFOR-T

Upgrading the safety documentation to meet the needs 
of the smaller countries will Ъе ineffective unless concurrent 
actions are taken also to upgrade technical competence and 
the ability to regulate. Relevant to this objective, the prin
cipal organizations involved with exported nuclear power plants, 
that is, the exporter, the importer, their respective govern
ments, and the International Atomic Energy Agency, all have 
particular obligations. The following discussion points out 
measures which can be taken by each of these organizations with 
special attention given to the project contract as a means of 
obtaining the necessaiy financing for implementation.

Exporter Obligations

The Exporter has an obligatory responsibility to bring 
about an awareness on the part of the purchaser and also the 
government of the unique demands of nuclear plants and the 
special safety and regulatory problems of the smaller and 
developing countries. This awareness can be promoted during 
the intitial project contract stage by more candor regarding 
the safety and regulatory aspects of the proposed plant. The 
implication in the contract that the exported plant could be 
licensed in the country of origin should be avoided. As al
ready discussed, there are factors which lead to significant
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differences between the exported facility as finally constructed 
and the supposedly similar reference plant in the supplier 
country. It should be made clear that although the project may 
strive to incorporate most safety standards and requirements 
used in the supplier country, this is not entirely feasible, 
and since the facility will not undergo the ongoing detailed 
domestic regulatory review which would result in specific 
modifications and additions, the export plant could not be 
considered licensable in the supplier country as finally con
structed.

Removal of this myth of licensability would add emphasis 
to the need for technical competence and an adequate and well 
trained regulatory body in the importer country. To assist in 
the development in this area the contract should contain pro
visions for training of regulatory staff. This should include, 
as a minimum, financing to allow participation of the regulatory 
staff in many of the specialized training programmes for utility 
personnel, particularly in training for reactor operators. 
Knowledge of the plant and its operation is one of the more 
important aspects of effective regulation in smaller countries.

With a clearer understanding of the licensing aspects of 
the exported plant the regulatory "updating" and"backfitting" 
problems that most certainly will arise due to the evolving 
safety standards and requirements of the supplier country,as 
well as through technological development, can be more easily 
dealt with in the early project stage. The contract itself should 
more frankly address the question of the safety codes and re
quirements that will actually be used in the design, construction 
and operation. It should be made clear that the effective date 
for applicability of safety codes and requirements incorporated 
into contracts is for establishing a basis to estimate project 
costs and to assure the buyer that the plant will meet, as a 
minimum, the general safety requirements of the supplier country 
as of the contractual date, a date which can precede commercial 
operation by as much as 10 years. This effective date is actually 
a "base line" point which does not exclude, for some situations, 
the more economical use of codes and requirements effective at 
the time of actual design and construction, or changes that will 
be made throughout the project because of regulatory decisions. 
However, to avoid obvious updating and backfitting problems, 
in no case should the contracted base line date for safety re
quirements precede the scheduled date for start of detailed 
design.

Additionally, contractual procedures must also be 
established to determine in an expeditious manner the need 
for specific safety related modifications and additions. These
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should be formulated in cooperation with the regulatory organi
zation during contract negotiations, with attention given to 
reasonable but rather specific time periods for the decision 
making process and to the practical requirement for ad-hoc 
financing of domestic or foreign consultants when necessary. 
Sufficient funds must be available through the contract pro
visions not only for this decision making process but of course 
also for potential modifications.

Finally, in recognition of the complex technical nature 
of the safety aspects of a nuclear power plant, there should 
also be a contractual requirement to establish clear communication 
channels so that technical rationale and supporting safety 
material are available to the purchasing utility and regulatory 
authority throughout the design and construction of the plant.
This cannot be done unless several technically trained liaison 
supplier personnel are required to be resident and available in 
the supplier's administrative office in the purchasing country 
(to be distinguished from the site office staff).

Importer Obligations

The importing utility has the ultimate responsibility for 
the safety of the nuclear facility and also a large economic in
vestment which is intimately involved with safe construction 
and operation of the plant. The utility in the smaller, and in 
particular the developing country, must recognize that the 
technical demands of a nuclear power project are different from 
those of a conventional plant and there will be few trained 
staff capable of active involvement in the nuclear project.
Thus, their capability in the initial phases must be augmented. 
The essential need for a technically competent utility project 
staff (to be distinguished from plant operating personnel) must 
be recognized as being in the interest of both the supplier and 
purchaser. Adequate provision for training and more importantly 
for the indispensable technical assistance in the early project 
phase should be obligatory in the contract financing arrange
ments. This would minimize the problems caused by the all too 
common situation of the utility and the regulatory body not 
recogniziiguntil the final project stages what has or has not 
been purchased.

As a primary source of technical assistance, use could 
be made of resident experts with substantial nuclear experience. 
These specialists, usually foreign nationals with home-office 
backup, should serve for a specific period of several years, 
and be used as technical consultants and additionally to
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train the utility staff. This arrangement alleviates the short
term manpower problem and assists in long-term objectives by 
developing individuals who could train others. The resident 
experts should be competent in areas such as construction, 
civil and mechanical engineering. As a bare minimum, the 
utility should have one highly qualified resident expert at 
its headquarters and one at the site. This site individual 
could serve as the resident quality assurance expert - an 
essential partof a utility 's nuclear programme. Although con
sultants are sometimes considered an unnecessary financial burden, 
the use of resident technical specialists is not uncommon for 
new industrial ventures in the smaller and less developed countries, 
and it is surprising that this practice is not very common when 
an electric utility goes nuclear.

Importer Government Obligations

As already repeatedly stressed the non-standard aspects 
of nuclear power plant exports will require the regulatory 
organizations of all importing countries to make decisions on 
numerous modifications and problems that will not have been 
reviewed by the regulatory authority of the exporting country. 
In spite of this fact, many of the regulatory organizations in
volved with active nuclear programmes do not possess sufficient 
technical staff or competence to cope with the numerous un
reviewed aspects of the imported nuclear facility.

As a minimum, the regulatory body must initially possess 
the capability to ascertain at least the adequacy of site 
selection, review safety reports for major deficiencies, and 
conduct some formal inspections and audits at the site. In 
many cases attempts are made to meet these minimum requirements 
through the utilization of consultants. These consultants 
commonly include a mixture of part time domestic experts with 
limited nuclear experience, and international experts supplied 
through agreements with the exporter government or through 
the IAEA (see later discussions). Although of use, this type 
of "transient" review cannot suffice for an adequate regulatory 
effort.

The difficulty of properly staffing these regulatory 
bodies may be the result of government officials not re
cognizing the importance of the regulatory effort. Although the 
budgetary limited regulatory organization establishes training 
programmes, national shortages of trained manpower and the 
low pay scale of government employees results in the 
"revolving door" syndrome of attracting young and inexperi
enced staff who after training leave for higher paid jobs
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in industry. Experience has shown that the obviously reason
able solution is not possible because of competing budgetary 
requirements. However, perhaps to at least assess whether they 
are meeting the critical obligations of maintaining a regulatory 
body which can fulfil its essential functions, top government 
officials should at least periodically require that this 
organization be evaluated by independent experts (preferably 
international). Then, hopefully, given this occasional 
opportunity to be made aware of the situation, they would 
seriously consider the candid advice and recommendations that 
may be offered.

Exporter Government Obligations

The important obligation for the exporter government is 
to insure the availability of technically competent advice from 
its own regulatory body and from other organizations familiar 
with safety requirements and regulations. Although many arguments 
can be used against involvement of the supplier country's govern
ment in the regulatory activities of the importing country, there 
are many measures that can be adopted to the common channels of 
exchange between nations. Briefly, these could include,

1. bilateral arrangements to supply safety information and,
more importantly resident expert assistance for short and 
long-term periods,

2. specialists sent by invitation to conduct short training 
courses, particularly for regulatory inspectors,

3. training opportunities at its regulatory organization
as well as encouragement of the supplier and architect 
engineering firms to offer similar opportunities,

4- assistance to the IAEA by supplying short and long-term
experts for its safety mission and technical assistance 
programmes.

Although the above methods of assistance have been made 
available by exporting countries, they cannot be fully effective 
unless there is a positive commitment to assist, and with adequate 
personnel available on a timely and dependable basis.

International Atomic Energy Agency Obligations

The IAEA has an active programme to assist its Member 
States in the safety related aspects of nuclear power pro
grammes. The principal activities include,
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1. a programme to establish internationally agreed on 
safety standards and guides related to governmental 
regulatory organizations, siting, design, operation, 
and quality assurance,

2. the dispatch of short-term siting and safety missions 
to Member States, composed of Agency and recruited ex
perts which review and evaluate the many safety aspects 
from siting through operation,

3. a large Technical Assistance Programme to supply on 
request short and long-term experts in the various 
nuclear safety fields,

4- and training courses, seminars, and publications
dealing with general as well as detailed technical 
aspects of nuclear safety and regulation.

To complement these activités, if it were in the inter
est of the administrative and technical leaders of the re
gulatory bodies of the small and particularly the developing 
countries to more positively share their experiences and 
common problems, and to discuss means of upgrading the quality 
of their regulatory activities, the IAEA would be a natural 
focal point for periodic interchange of views.

The basic question, however, to be examined and answered 
with regard to the Agency's effort is the frequency and nature 
of the advice and assistance. Should there be scheduled, 
periodic, and mandatory reviews to evaluate the adequacy of 
regulatory organizations and the safety of nuclear power 
facilities of Member States ?

CONCLUSION & SUMMARY

In view of the additional and special safety considerations 
that exist for exported nuclear power plants, there are measures 
that should be taken to assist the safety assessment activities 
of importing countries. The suggestions made in this article 
should only be considered a starting point, and hopefully will 
stimulate and encourage attention to the problem. The upgrading 
of safety documentation and the suggested means of assisting 
the importing utility and government will only require, in 
view of the billion dollar contracts that are common for
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construction of nuclear power facilities, a relatively small 
financial commitment by the principal organizations in
volved.

The main measures discussed in this article are 
summarized below.

1. Upgrading safety documentation by use of a Supplementary 
Information Report prepared with attention to the needs 
of a small regulatory staff. In particular, the need to 
more easily determine areas requiring detailed examination 
due to differences from the reference facility» to determine 
site related, special or new issues, and for a precise pre
sentation of the safety standards and requirements, exceptions 
to quality assurance procedures, and the site QA organization.

2. Upgrading supporting safety documentation by parametric 
studies to allow for a better understanding of the significant 
safety related variables and assumptions, to reduce the 
reliance on expensive computer codes and to allow for com
parisons of different supplier systems.

3. Upgrading the plant Operating Regulations through use of 
experience in the supplier country, written guidelines for 
regulators, a review committee to propose changes, and 
studies to make them more appropriate to small countries.

4. Exporter obligation to use the project contract to clarify 
the safety sind regulatory aspects, and to provide funds by- 
means of the project contract to train regulators, for 
the updating and backfitting situations that will arise, 
as well as for technical liaison personnel.

5» Importer obligation to obtain sufficient project staff 
support by the use of resident specialists in the early 
project stage.

6. Importer government obligation to periodically assess the 
adequacy of the regulatory staff, and hopefully to con
sider any candid advice for improvement.

7. Exporter government obligation to insure the availability 
of technically competent advice and assistance on a timely 
and dependable basis.

8. IAEA obligations to continue to provide programmes to 
assist and advise, perhaps on a scheduled, periodic, 
and mandatory basis.
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DISCUSSION

K.H. DENT: In some small countries there is no independent public utility, 
and power generation is the responsibility o f a government departm ent. I have 
noticed that in some such countries embarking on nuclear power programmes 
the IAEA has recommended that the ministry or departm ent executively 
responsible for power generation should also act as the regulatory body. Do 
you consider that this approach could ensure an adequately objective safety 
review and adequately objective licensing action? And what importance do you 
attach to  the use of independent consultants to ensure this objectivity, so vital 
for the safety review?

M. ROSEN: An objective related to governmental involvement in the 
nuclear power programme should be separation of the prom otional and 
regulatory activities. However, in many o f the developing countries embarking 
on nuclear programmes there will be restraints in the form of budgetary limitations 
and available manpower, making it difficult to  attain this objective. In the early 
stages, and for more modest nuclear programmes, it does not seem to me that 
separation is absolutely necessary, especially in view of the limited manpower.
But the ultim ate aim should certainly be a separate and independent regulatory 
organization.

L. PEREZ DE PRAT: In developing countries it is customary to make use 
o f a reference facility in the country exporting the power plant. Which do you 
think happens more frequently in developing countries — disregard of the 
changes occurring in the regulations, or the opposite — modification of the 
systems and equipm ent that will be affected by the changes in the regulations?

M. ROSEN: The problem o f incorporating safety modifications, 
which we usually call ‘updating’ or ‘backfitting’, is im portant in any nuclear 
power project. The solution varies from country to country, but in general 
economic restraints in terms of money and time induce many utilities to  resist 
modifications, unless clearly of major importance from the safety standpoint.

Many o f the regulatory organizations are technically weak and cannot 
determine the actual im portance for safety of many modifications in the 
exporter’s country. The project contract should deal more explicitly with 
procedures for deciding on the need for change, for example deadlines for 
taking decisions and the use of consultants.



IAEA-SM-223/7

REFERENCE PLANTS, SAFETY STANDARDS AND 
UNIQUE SAFETY ISSUES RELATED TO THE 
BUSHEHR NUCLEAR POWER PLANT IN IRAN

H. BAHMANYAR
Atomic Energy Organization of Iran,
Teheran,
Iran

W. BÜRKLE 
Kraftwerk Union AG,
Erlangen,
Federal Republic of Germany 

Abstract

REFERENCE PLANTS, SAFETY STANDARDS AND UNIQUE SAFETY ISSUES RELATED 
TO THE BUSHEHR NUCLEAR POWER PLANT IN IRAN.

The export o f nuclear pow er plants, originally designed and licensed for im plem entation 
in the  exporting  country , creates specific safety problem s fo r the im porting country  as well 
as for the supplier o f the  nuclear pow er plant. This paper presents the  specific issues and the 
provisions which have been established for the construction o f the  Bushehr Nuclear Power 
Plant in Iran. The in troduction  o f a reference p lant facilitates the  assessment o f the  adequacy 
of the  nuclear pow er p lan t to  be exported . In addition, a procedure has been established for 
the Bushehr Nuclear Power Plant to  decide to  w hat ex ten t changes resulting from  the most 
advanced technology shall be im plem ented. Lack o f experienced m anpow er is overcome by 
bilateral agreements w ith supplier countries and by engaging consulting companies. To ensure 
high availability and safe operation , an extensive training program m e was established. For 
licensing, a regulatory body — in accordance with the  laws and regulations valid in Iran — was 
established. Furtherm ore, the purchase o f the  nuclear facilities was combined with a govern
m ental agreement betw een Iran and the  Federal Republic of Germany. An overall quality 
assurance program m e com pleted the  sequence o f actions taken to  ensure the same degree of 
nuclear safety for the  Bushehr Nuclear Power Plant under construction  in Iran as fo r nuclear 
power plants erected in the  Federal R epublic o f Germ any.

INTRODUCTION

Ambitious nuclear power programmes are being envisaged by an increasing 
num ber o f  developing countries. The im plementations of such programmes will 
inevitably lead to increased export of nuclear facilities by countries sufficiently 
advanced in nuclear technology.

43
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The export o f nuclear power plants, designed and licensed originally for 
im plem entation in the exporting country, creates specific safety problems for 
both the importing country and for the supplier o f the nuclear power plant. Such 
unique safety issues require particular consideration and provisions in order to 
meet the  demands of nuclear power.

A mutual agreement has been established between the Atomic Energy 
Organization of Iran and Kraftwerk Union AG whereby those measures specifically 
oriented towards the particular situations in Iran and in the Federal Republic of 
Germany will meet the demands of nuclear safety. Some of these measures may be 
considered as provisions of general validity, to  be applied to other agreements of a 
similar nature. This paper presents the specific issues and the provisions which 
have been established for the construction of the Bushehr Nuclear Power Plant 
in Iran.

1. REFERENCE PLANT AND EVOLUTION OF NUCLEAR
TECHNOLOGY

It is obvious that the introduction of a reference plant facilitates an assess
ment o f the adequacy of the nuclear power plant to  be exported. For both  the 
client and the supplier the reference plant establishes the basis for the scope of 
supply as well as for the safety standards to  be applied. This is essential, 
especially in the starting phase of a nuclear power programme. By establishing 
a reference plant the client is spared the labour o f reviewing and assessing 
voluminous docum ents at the beginning of the project, which could also create 
insurm ountable difficulties for the client, particularly for a new organization with 
all its inevitable m anpower problems.

A reference plant with the same reactor size — 3762 MW(th) maximum 
reactor power — currently under construction in the Federal Republic of 
Germany, was established as a basis for the nuclear power plant in Iran. The 
reference plant, Grafenrheinfeld, was the most recent plant which Kraftwerk 
Union had under construction in the Federal Republic of Germany when the 
construction o f the Bushehr Nuclear Power Plant, Units 1 and 2, began. Taking the 
reference plant as a basis for the Bushehr plant ensured that all applicable rules 
and regulations, including the requirements recently issued by the Federal 
German licensing authorities, were applied in the design.

In addition, all the experience gained following the delivery of the turnkey 
projects, Obrigheim, Stade, Atucha, Borssele, Biblis (two units), Neckarwestheim, 
Unterweser and Gösgen (PWR projects only), has been effectively incorporated in 
the KWU design. On one hand, the Bushehr Nuclear Power Plant is based on the 
experience from turnkey projects with respect to  erection, commissioning and 
operation o f the nuclear power plants mentioned -  this is of primary importance
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to  the operator; on the other hand, the safety standards developed when 
planning advanced light-water technology are of primary im portance to  safety 
issues related to  nuclear reactors. It has to be appreciated that the safety standards, 
once established for the execution o f projects, must no t be altered when adapting 
a plant to specific conditions.

However, adapting a reference plant does not necessarily mean that modifi
cations in the safety standards, which occur during the course of the project, 
will be automatically transferred to the dependent plant. It is clear that constant 
evolution of nuclear technology and safety philosophy is an inherent characteristic 
of nuclear projects.

It is essential, therefore, to  ensure tha t the client is aware of the most recent 
technological developments, which affect the reference plant. A contractual 
procedure has been established for the Bushehr Nuclear Power Plant in order to 
decide to what extent developments in the most recent technology and safety 
philosophy shall be considered and implemented. Such developments inevitably 
occur during the licensing procedures of nuclear power plants in the exporting 
countries, and they have occurred for the Grafenrheinfeld reference plant.
However, any crucial safety issue which could endanger a licensing step were not 
expected, but rather secondary modifications were required, which could be 
fulfilled w ithout significant design changes. Some modifications have already 
been proposed to  AEOI, who have decided on their appropriateness for the 
Bushehr plant, considering carefully the cost and time consequences of such 
modifications. The construction time lag between the Grafenrheinfeld reference 
plant and the first unit o f the Bushehr plant is less than a year, which is an almost 
ideal situation for such a state o f interdependence.

2. TECHNICAL EXPERIENCE AND CONSULTATION OF EXPERTS

A country entering the nuclear field for the first time will inevitably face 
a lack o f experienced manpower. Efforts have been made in various countries 
to  overcome this problem. However, it seems tha t the attem pts have not always 
been successful, since the expansion o f manpower depends very much on a 
well-established education system in such countries. Should such a situation 
exist, additional provisions must be considered in order to  overcome the problem.

Usually a combination of several provisions will ensure optimized per
formance o f the importing country involved in constructing a nuclear power 
plant. As a first step the project should be executed on a turnkey basis. In that 
case the overall responsibility for delivery, erection and commissioning remains 
with the supplier throughout the entire project. Depending upon specific cases 
the responsibility could also be extended so that the supplier would undertake 
the investigation on site, which, for the purchaser o f the nuclear power plant,
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has the advantage that his manpower will not be over-extended at the very 
beginning of a project. However, in any case, the purchaser must be prepared 
to bear risks such as those connected with subsoil conditions and the collection 
o f long-term site data.

During the course of the project, it is at the discretion of the purchaser to 
decide whether he wishes to continue to  rely entirely on the resources of the 
supplier or, once greater manpower is available, to take over responsibilities which 
are usually borne by the purchaser, thus reducing the scope of the turnkey 
project. He may also take advantage of the services of experienced consulting 
companies, whenever review or assessment of specific issues of the project is 
considered necessary.

For the Bushehr Nuclear Power Plant, although the overall responsibility 
remains with KWU, certain agreements have been reached between AEOI and 
KWU with respect to engaging independent experts. Site investigations have 
been carried out by Dames and Moore, an established organization in Iran.
Under conditions of relatively high seismic accelerations, great efforts have been 
made to  ensure the establishment of appropriate soil parameters. Therefore, 
additional soil investigations have been performed by the Engineering Office 
Prof. Breth-Romberg, University of Karlsruhe, Federal Republic of Germany.

Moreover, the seismic acceleration at the site is considered to  be of extreme 
importance for the stability calculation of the buildings and components of the 
Bushehr Plant. As a result every effort has been made to  ensure that the latest 
calculation methods and the most advanced com puter models are applied. All 
safety-related buildings, including the safety-related mechanical and electrical 
equipm ent, will be designed against a maximum horizontal ground acceleration 
of 0.5g. To utilize maximum capacity of expert experience, for design review 
KWU have engaged Ingenieurbüro Prof. Zerna, Bochum, who are the authorized 
structural experts and are appointed to the Federal German licensing authorities. 
To review the seismic design of all safety-related mechanical equipm ent, the 
Engineering Design Analysis Company Inc., Palo Alto, Calif.(EDAC), has been 
engaged.

In addition, AEOI is currently carrying out an independent review of 
specific safety items. Gibbs & Hill, Inc., New York, is acting on behalf of AEOI 
for the review and assessment of the seismic design. To summarize, therefore, 
one may conclude that the maximum level of nuclear safety for a nuclear power 
plant can be ensured, even when a purchaser does not have sufficient manpower 
to carry out all safety investigations internally.

3. TRAINING OF PERSONNEL

Advanced technology, sound engineering design and the effective carrying 
out o f erection and commissioning are the bases for a reliable nuclear plant to
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provide inherent safety. However, high availability and safe operation can only 
be achieved by well-trained and experienced plant personnel. Besides education 
and training, a highly developed sense of responsibility is an essential feature 
of the operating personnel. The specified performance o f a safety system can 
only be ensured by strict observance of the operating manuals.

AEOI has provided qualified personnel, who are currently undergoing 
training under the responsibility of KWU. Each potential operator is evaluated 
with respect to his educational background and his personal qualifications before 
he is assigned to  a course.

As a second step, an extensive training programme was established and 
agreed upon between AEOI and KWU. For this training programme the personnel 
are divided in two categories — staff and skilled workers. The training started in 
1976 in the Federal Republic o f Germany and consists o f courses for all the 
various disciplines required for the operation and m aintenance of the plant.
In each category several classes and groups have been formed in order to  educate 
the personnel for their specific duties. After attending a language-training course — 
each trainee must be able to understand German w ithout difficulty — trainees 
attend courses for theoretical training. Parallel to  these courses, experience in 
practical work is acquired by training periods in Federal German nuclear power 
plants and/or by training in laboratories. The skilled workers will term inate their 
training with the award of a skilled-worker certificate, while the operators will 
take an examination leading to the award o f an operator’s licence. The training 
will be completed by the trainees participating in the commissioning of the 
Bushehr Nuclear Power Plant. This part o f the training is considered to be very 
im portant, since familiarization o f the operating personnel with the plant they 
are to  operate is a critical safety issue.

4. LICENSING PROCEDURE

In most countries with extensive nuclear power programmes the licensing 
procedure is the governing factor in the development of a nuclear power plant 
project. This situation is especially true for the Federal Republic of Germany 
where licensing is not only án administrative procedure, as originally foreseen 
in the legislation, but is very much influenced by public opinion, political issues 
and court cases. No licensing procedure exists for any industrial facility like that 
which exists for the nuclear power plants.

A country importing nuclear facilities does not necessarily have to import 
the licensing procedure from the exporting country. On the contrary, it is at 
the discretion of the government o f an importing country to establish a regulatory 
body in accordance with its laws and regulations. Once the body is defined and 
established, decisions have to be made about the applicable technical rules and
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standards. In the beginning, the regulatory bodies of the importing countries 
cannot be expected to possess sufficient expertise or experience to  evaluate 
independently all the problems related to  licensing, since inevitably such experience 
comes from practice. The following paragraphs indicate the measures that were 
undertaken for licensing the first nuclear power plant in Iran in order to  over
come the above difficulties.

As a preliminary step the purchase of the nuclear facilities was combined 
with a governmental agreement between Iran and the Federal Republic of 
Germany. This agreement provides for assistance in licensing whenever requested 
by the Iranian regulatory body. Additional support can be provided by the 
Federal German governmental research centres in cases where expert opinion 
may be necessary on specific nuclear safety problems. The governmental agree
ment has been implemented by assigning Federal German experts as advisors 
to  the Iranian licensing body during im portant licensing sessions.

The licensing body in Iran concluded another agreement with the United 
Kingdom Government. One part o f the agreement comprises the organization of 
a complete licensing authority with the assistance of the well-established 
licensing organization o f the United Kingdom Atomic Energy A uthority. This 
has been implemented and now the Iranian licensing authority has access to the 
advice of the United Kingdom experts.

A nother part o f the agreement comprises providing assistance for expert 
evaluation. Whenever the licensing authority in Iran requires an expert opinion 
on a safety issue related to  the nuclear power plant, the United Kingdom Atomic 
Energy A uthority will provide experienced personnel to  assess the results o f the 
design evaluation provided by the supplier and to  advise the licensing body in 
making a decision. This procedure has been implemented and is progressing to 
the satisfaction o f the Iranian licensing authority. One of the im portant assign
m ents of the United Kingdom experts is the assessment of the Safety Analysis 
Report and the issuance of a Safety Evaluation Report (SER), upon which basis 
it will then be up to the discretion of the licensing authority to  issue the relevant 
licence for the nuclear power plant.

Fortunately AEOI was in a position to  purchase a nuclear power plant based 
on a reference plant which was recently subjected to a licensing procedure in the 
Federal Republic of Germany. The basic foundation of up-to-date safety philosophy 
was thus autom atically established. Besides spot-checking to  see the rules and 
regulations valid in the Federal Republic of Germany have been complied with, 
the Iranian authority concentrates on the im plem entation of nuclear safety 
with respect to  the adaptation of the standard plant to  the relevent site conditions. 
Besides the activities o f UKAEA experts with respect to the activities o f the AEOI 
Licensing A uthority, an additional expert opinion is being obtained by engaging 
Gibbs & Hill, Inc., New York, as consultants in a jo in t venture, together with the 
AEOI utility. Gibbs & Hill’s assignment is to  provide evidence concerning
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whether nuclear safety requirements with respect to a seismic design and design 
basis accident have been met by the supplier.

Furtherm ore, the advantage of a turnkey contract is the overall responsi
bility of the contractor, especially in the area of quality assurance. Regardless 
o f where the plant equipm ent will be bought or m anufactured, all parts will be 
covered by one quality assurance programme, or its related documents. After 
the Iranian regulatory body has issued its quality assurance requirements it is the 
obligation of both the utility and the supplier to  implement the respective 
procedures. The quality assurance programme, therefore, completes the sequence 
of actions taken to  ensure the same degree of nuclear safety for the Bushehr 
Nuclear Power Plant under construction in Iran as that for nuclear power plants 
erected in the Federal Republic of Germany.

DISCUSSION

Y. NISHIWAKI: I have recently heard that there is a possibility of co
operation between Iran and Japan with regard to a safety review o f the aseismic 
design o f nuclear facilities in Iran. I believe that some of my colleagues in Japan 
now specializing in aseismic design would be interested in co-operating with the 
Iranian authorities and the Kraftwerk Union AG in the Federal Republic of 
Germany in this field. You have mentioned, however, that an American company 
had been asked to  review the aseismic design o f the German reactors to  be built 
in Iran. I would therefore like to  ask whether you are considering the 
co-ordinated use of experts from different countries for this safety review or 
whether you are aiming at an independent evaluation of the design by experts 
from different sources.

H. BAHMANYAR: Regarding your first point, there has been an agreement 
between the Nuclear Safety Division o f the Atomic Energy Organization of Iran 
(AEOI) and the relevant Japanese authorities, which has resulted in the participa
tion o f Japanese experts in the review o f the aseismic design features of nuclear 
power plants in Iran.

The utilization of the American consulting company for the same purpose 
has been undertaken by the AEOI Utility Division and is quite separate from 
the Nuclear Safety Division’s investigation referred to  above.

D. ILBERG: With regard to  aseismic design, the Federal Republic of 
Germany has low seismicity and the plants there are designed for an acceleration 
of 0.2g. Hence there is no com bination of LOCA and SSE loads in the design. 
The plant under construction in Iran, however, is designed to  withstand 0.5g, 
which is more like certain plants in the western United States of America.

My question is therefore, do you intend to apply the United States criteria 
such as 10 CFR Part 100 and stipulate LOCA and SSE load combination in the 
design of the uranium power plant?
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H. BAHMANYAR: When formulating the regulations and standards for 
the aseismic design of the Bushehr Nuclear Power Plant in Iran, we first had to 
find ou t to what extent the Iranian regulations presently in force could be 
followed. We then evaluated the current German regulations and ascertained 
how far they, too could be applied. Also, during this process the relevant 
United States regulations were considered from the point o f view of 
appropriateness to  conditions in Iran. We finally decided to  adopt the German 
regulations, coupled with certain procedures commonly applied in the United 
States.

With regard to  the com bination of LOCA and SSE loads, it has to be 
understood tha t a possible superposition is not in itself a decisive solution for a 
certain safety level. An evaluation of the nuclear safety of a given reactor 
should reflect the complete load combination, i.e. dead loads, operating loads 
etc. including their related safety margins in the design. After proper considera
tion o f all these parameters one can conclude that there is no significant 
difference in ‘built-in’ safety between the approaches applied in the United States 
and the Federal Republic of Germany.

L. LEDERMAN: What procedure do your consultants use for reviewing 
the safety analysis report? Do they compare their own analysis with the one made 
by the German technical supervision authorities (TÜV) for the reference plant?
And if so, do they have complete docum entation on the reference plant, i.e. the 
safety analysis report and the experts’ assessments?

H. BAHMANYAR: The preliminary safety analysis report for the Bushehr 
nuclear power plant has been reviewed by the AEOI Licensing A uthority with 
the assistance of experts from the United Kingdom Atomic Energy A uthority 
(UKAEA). No direct comparison is made with the TÜV analysis of the pre
liminary safety analysis report for the reference plant. In specific cases, 
however, the AEOI may have access to  the TÜV analysis if necessary. The 
preliminary safety analysis report for the reference plant is available to  the AEOI.

M. COPIC: Has the Iranian regulatory body any agreement with the Reactor 
Safety Company (GRS) in Germany?

H. BAHMANYAR: No, there is no formal agreement between them. 
However, experts from GRS have in the past attended licensing meetings under 
the bilateral government agreement I referred to  in the paper.

M.A. QUAIYUM: You mentioned that the time lag between the Bushehr 
nuclear power plant in Iran and the reference plant in Germany was about one 
year. In view o f this relatively short period has there been any difficulty in 
getting on with the work at the Bushehr plant, for example a delay in receiving 
docum entation for comparison?

H. BAHMANYAR: No, there has been no such difficulty. The time lag 
has been so far quite sufficient for consideration of any technological or licensing 
changes affecting the reference plant.
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Abstract
REGULATORY DIFFICULTIES IN A DEVELOPING COUNTRY.

The regulatory agency assigned the task of regulating the initial entry  in to  the field of 
nuclear power generation by a developing country  has a very difficult job . Based on the 
authors’ experience during the start-up and initial operation of Ко-Ri Unit I, the first power 
reactor in the Republic o f Korea, observations on regulatory difficulties and recom m endations 
for improved regulatory effectiveness are offered. The problem  areas can be loosely grouped 
in to  three general categories: ( 1 ) Lack of adequate technical knowledge which is the  basis 
for all effective regulation; (2) Difficulties with understanding and utilization  of the required 
regulatory docum entation; (3) Failure to  establish the proper regulatory environm ent.
Examples are cited from  actual experience during the К о-Ri Unit I start-up to  dem onstrate 
the im pact th a t regulatory activities can have on a p lant construction  and testing programme.
The problem s encountered are no t unique to developing countries but also exist in the  United 
States o f America. Recom m endations are offered which should be beneficial to  either newly 
form ed regulatory agencies or agencies wishing to  improve their abilities and effectiveness.
These include: (1) A dditional training of regulatory inspectors in plant operations; (2) Addi
tional experience gained by participation  in regulatory activities in o ther countries; (3) Increased „ 
a tten tion  given to  regulatory docum ents, especially p lant technical specifications; (4) Establish
m ent o f form al lines o f com m unication betw een the u tility  and the regulatory agency;
(5) Clear definition of regulatory responsibilities to  avoid areas o f overlapping jurisdiction;
(6) Active participation by the  regulatory staff very early in the project. It is hoped that 
these and o ther recom m endations offered will greatly improve regulatory effectiveness and
at the same tim e dem onstrate th a t when the decision is made to  ‘go nuclear’, a strong com m it
m ent m ust be made to  develop and support a technically sound and experienced regulatory agency.

Introduction

In the la te  19 6 0 's , b a se d  on p red iction s o f rapid econ om ic developm ent 
and a n a ly s e s  o f the various a v a ila b le  en ergy o p tio n s , the d e c is io n  w as made
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to  "go  n uclear" in the Republic o f Korea. The Atom ic Energy Bureau w as created  
a s  a part of the M in istry  of S c ie n c e  and T echn ology to function  a s  the re g u la 
tory body for what has proven to  be a rap id ly  d ev elo p in g  n uclear power industry 
in the R epublic o f Korea. For the p a st y e a r, the authors have been d eep ly  in
vo lved  in the start up and in it ia l com m ercial operation  o f Ко-Ri Unit I , a 595 
M W (e)pressurized w ater rea cto r and the firs t  pow er reacto r in the Republic of 
K orea. As su c h , there have been many new ta s k s  to a cco m p lish  for w h ich  
routine ch an n els had not been e s ta b lis h e d . Frequent, som etim es d a ily  d is 
c u s s io n s  w ere held w ith regulatory  personn el and an understanding for their 
unique situ a tio n  and problem s w as d ev e lo p e d . It should be stated  at th is  tim e 
that th is  paper should in no w ay be interpreted a s  c r it ic a l o f any s p e c if ic  
o rga n iza tio n . The intent is  to ad dress regulatory  d iff ic u lt ie s  w hich have been 
encountered a s  an exam ple o f problem s that are common to  many develop in g 
co u n tries and in the hope that other d evelo p in g  coun tries may avoid  th e se  d i f f i 
c u lt ie s  and a t the sam e time o ffer  some recom m endations b y  w h ich  eith er n ew ly  
e s ta b lish e d  regu latory  a g e n c ie s  can improve their a b ility  to e f fe c t iv e ly  regu late  
the n u clea r power industry w ith in  th eir own co u n trie s .

A G en eral Statem ent o f th e Problems

The problem s w h ich  w ere  m ost commonly encountered can  be c la s s if ie d  
into three ge n e ra l a r e a s . W h ile  th e se  three a re a s  are not tru ly indepen den t, 
i t  w i l l  be h elp fu l to exam ine them in d iv id u a lly . The firs t  and m ost important 
is  la c k  o f an adequate te c h n ic a l b a se  upon w h ich  n early  a ll  regu latory  a c t iv 
it ie s  m ust u ltim ate ly  r e s t .  The la c k  o f an adequate te c h n ic a l b ase  is  the 
c a u se  o f many seem in g ly  un related  problem s, some exam p les of w h ich  w i l l  be 
p rese n ted . S econ d, adoption o f re le v a n t, w o rk a b le , and w e ll  understood 
regu latory  docum ents m ust be a cco m p lish e d . It is  a d iffic u lt  ta sk  for a r e la 
t iv e ly  in exp erien ced  regu latory  b o d y. S ince th is  e s ta b lis h e s  the ru le s  by 
w h ich  regu lation  o f the u tility  in  the future can  o c c u r, much em phasis should 
be d evoted  to th is  ta s k  v e ry  e a r ly  in the estab lish m en t o f a regulatory  b od y. 
Third, in e xp erien ce  in  th is  type o f regu latory  fun ction  p reven ts the e s ta b lis h 
ment o f w h a t can  be c a lle d  the "proper regu latory  environm ent. " That i s ,  the 
proper re latio n sh ip  b etw een  the regu latory  body, the regu lated  u tility  and 
the contractors.

N eed for Strong T ech n ica l B ase

The b a s is  for a lm ost a ll  regulatory  a c t iv it ie s  in the fie ld  of n u clear power 
gen eration  is  a d e ta ile d  and thorough know ledge o f the te c h n ic a l a s p e c ts  o f 
the many a re a s  in w h ich  the regu latory  body w i l l  be in volved  . In other w ords , 
the regu latory  body m ust have a t le a s t  the sam e le v e l  o f te c h n ic a l e x p ertise  a s  
the u t ility  b ein g regu la ted  and p referab ly  m ore. W ithout th is ,  very  litt le  m ean
in g fu l regu latory  a c t iv ity  can  take p la ce  and the re latio n sh ip  b etw een  the regu 
latory  body and the u tility  w i l l  tend to d e te r io r a te .

1 .  O perator L icen sin g

At Ко-R i U n it I , the holders o f Senior Reactor O perators (SRO) and R eactor O per
ators (RO) l ic e n s e s  are hand p icked  and h igh ly  trained in d iv id u a ls . This tra in 
ing in c lu d es e x te n s iv e  c la ssro o m  training on a ll  p h a se s  o f p lant operation
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presented  both in Korea and in the U nited S ta te s . M any have com pleted the 
sim ulator train ing a t the Zion N u clear Training C en ter and some have re c e iv e d  
a d d itio n a l e x p erie n ce  through o b serva tio n  and p articip atio n  in  p lan t op erations 
a t operating n u clea r  power p lan ts in the United S ta te s .

The operating l ic e n s e  exam ination  em ployed in  Korea is  patterned a fter the e x 
am in ations g iv en  in  the United S ta te s . That is  a w ritten  exam ination  fo llo w ed  by 
an oral exam ination  or "w alk  th ro u g h ."  It is  g e n e ra lly  thought th at the "w alk  
th rou gh " is  the more important o f the tw o . Here the can d idate dem onstrates 
h is a b ility  to think under p ressu re and the exam iner is  a b le  to probe an y 
w e a k n e ss  w hich might not be d isc o v e re d  by a w ritten  exam . It is  e a s i ly  seen  
that the exam iner must be a t le a s t  a s  w e ll train ed  and ex p erie n ced  a s  the c a n 
d id ate  if  th is 'p ro ced u re  is  to be m eaningful.

2 . In sp ectio n s

One of the most important regu la to ry  a c t iv it ie s  throughout the li fe  o f a n uclear 
pow er p lant is  the conduct o f in sp e c tio n s  or au d its  during the c o n stru ctio n , 
start up and operating s ta g e s  o f p lant l i f e .  Recent e x p e rie n c e s  a t Ко-R i Unit I 
during the fin a l s ta g e s  o f start up te stin g  (from fu e l loadin g to com m ercial 
operation) have dem onstrated the need for regu latory  in sp ecto rs w ho are e x 
p erien ced  and kn o w led g eab le  in the a re a s  o f start up te s tin g  and plant oper
a tio n s .

It might be thought that a u tility  could  b en efit from in sp ecto rs who are not 
train ed  or ex p erie n ced  in n u clear pow er plant te s tin g  and op eratio n . Problem 
a re a s  w ould go  u n detected  by the in sp ectors until the u tility  ch o se  to in
form the regu latory  b od y. Plant operation w ould not need to be s tr ic t ly  "b y  the 
book" b e c a u se  there would be l it t le  reason  to think that the in sp ecto rs would 
d isc o v e r  the d is c re p a n c ie s .

H ow ever, th is  situ a tio n  is  d e fin ite ly  not to the u t ility  a d v a n ta g e . It w a s  
found that in sp ecto rs w ere unable to d istin g u ish  s a fe ty  re lated  item s from 
problem s w hich  had no s a fe ty  s ig n if ic a n c e . C o n se q u e n tly , much tim e w as 
sp en t re so lv in g  n o n sa fety-re la ted  item s to the s a tis fa c t io n  of the in s p e c to rs .
This problem e x is te d  not on ly  a t the in sp ecto r le v e l  but a ls o  extended  to  ad 
v iso ry  b o d ie s . Due to  the la c k  o f d eta iled  know ledge o f p lant o p eratio n s, it 
w a s often  d iffic u lt  to  e x p la in  w hy one problem w as not s a fe ty  re lated  w h ile  
another sim ilar problem  w a s .

3. R egulatory D e c is io n s

M any d e c is io n s  by the regu la to ry  s ta f f  are b ased  on the te c h n ic a l d e ta ils  in 
v o lv e d . The regu latory  requirem ents in Korea are e s s e n t ia lly  those o f the 
U nited S ta te s  a s  e x p re s se d  in 10CFR, Regulatory G u id e s , and other regulatory 
d ocu m en ts. H ow ever, th e se  docum ents do not and cannot a d d ress e v e ry  p o s
s ib le  con d itio n  that can  a r ise  during the con stru ction  and operation  o f a n uclear 
pow er p la n t. M any d a y -to -d a y  d e c is io n s  must be made b y the regu latory  s ta ff  
b a se d  on a sound te c h n ic a l understanding of th e s itu a tio n .
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W h ile  sa fe  operation  is  the g o a l o f  e v e ry o n e , a regu latory  a g en cy  w ith ou t a 
v e ry  so lid  te c h n ic a l background may tend to make e x c e s s iv e ly  c o n se rv a tiv e  
d e c is io n s  w h ich  can  u n n e c e s sa r ily  im pede the developm ent o f a n u clear power 
program .

Recommendations

Im plem entation of the  following recom m endations w ill re su lt in a greatly  
increased  tech n ica l base  w hich m ust form the b as is  for a ll  e ffective regulatory  
a c t io n .

1 .  A llow  regu latory  person n el to p a rtic ip a te  in  train ing programs for u tility  
rea cto r o p erato rs. This train ing is  v e ry  con cen trated  and p r a c tic a lly  orien ted .
It often  in c lu d es sim ulator training or train ing in n u clea r p lan ts in the vendor 
c o u n try . This w i l l  en ab le  regu latory  personn el to acq u ire  a d e ta ile d  know ledge 
o f p lant op eration s w h ich  is  extrem ely  v a lu a b le  in regu latory  a c t iv i t ie s .  In 
some d ev elo p in g  c o u n trie s , regu latory  person n el r e c e iv e  training eq u iv a len t to 
that required for a R eactor O perator or Senior R eactor O perator l i c e n s e . This is  
an extrem ely  good p r a c t ic e .

2 . R egulatory p erso n n el should be sen t to p a rticip ate  in regu latory  a c t iv 
it ie s  in the m odel regu la to ry  cou n try . This p a rticip atio n  should in clu d e many 
p h a se s  o f  regu la to ry  a c t iv it ie s  su ch  a s  FSAR r e v ie w , p la n t in sp e c tio n s  during 
con stru ctio n  and startu p , operator lic e n s in g  and régu lation  o f operating p la n ts . 
This w i l l  re su lt in in crea sed  te c h n ic a l understanding alon g w ith  a c le a rer  
p icture o f how a regu latory  body should function  and in tera ct w ith  the regulated  
u t i l i t i e s . This should be done before signing a contract.

3 . R egulatory person n el could  p a rticip ate  in ad d itio n a l sp e c ia liz e d  tra in 
in g programs to ga in  te c h n ic a l e x p e rtise  in a reas of s p e c ia l in te re st such  as 
reacto r p h y s ic s , s a fe ty  a n a ly s is , fu el m anagem ent, and o th ers. D evelopm ent 
of te c h n ic a l ex p e rtise  in re lated  s p e c ia lt ie s  w i l l  en hance the regu latory  s ta ffs ' 
c re d ib ility  and a llo w  them to make d e c is io n s  b ased  on sound te c h n ic a l ju d g e 
m ent.

D ocum entation Problem s

1 .  R egulatory Standards

A n ew ly  formed regu la to ry  a g en cy  fa ce d  w ith  th e ta sk  o f regu la tin g  a d evelo p in g  
n u clea r pow er industry m ust firs t  so lv e  the trem endous problem of d evelo p in g  
the docum entation and stan dards upon w h ich  the regu latory  a c t iv it ie s  w i l l  be 
b a s e d . S ince the regu la to ry  a g e n cy  w il l  not have the tim e, m anpower, 
e x p e r ie n c e , or te c h n ic a l e x p e rtise  to  d ev elo p  the n eeded docum en tation, the 
u su a l so lu tio n  is  to adopt the requirem ents o f the vendor country such  a s  
10CFR, regu la to ry  g u id e s , ASME and IEEE standards o f the U nited S ta te s . 
H ow ever, i t  i s  n ot enough to adopt the regu latory  requirem ents w ith ou t fu lly  
u nderstanding them and th e ir  a p p lica tio n  in  the country adopting them . The 
current U nited S ta tes regu latory  requirem ents are so numerous and com plex 
that a con cen trated  e ffo rt m ust be made to insure th at a l l  the requirem ents are 
well understood before the  contract is signed and the tim e comes when they m ust be applied.
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2 . T e c h n ica l S p e c ific a tio n s

One area o f p a rticu la r concern  is  the Plant T ech n ica l S p e c if ic a t io n s , the rule 
book by w h ic h  the p lant is  o p erated . U n til the e a r ly  1 9 7 0 's , in the U nited 
S tates the T ech n ica l S p e cific a tio n s  for ea ch  p lan t w ere  d ifferen t and w ere  in 
cluded a s  a part o f the FSAR. H ow ever, w ith  many p lan ts and four d ifferen t 
rea cto r v e n d o rs , i t  w a s  found that many va riatio n s e x is te d  from p lan t to  p la n t. 
Starting w ith  Donald C .  C ook N u clear Power P lan t, the U . S . N . R . C .  issu e d  
the Standard T ech n ica l S p e c if ic a t io n s . This w a s  an attem pt to stan dardize  the 
requirem ents and elim in ate  some o f the v a g u e n e ss  and a m b ig u itie s .

The problem  at Ко-R i U nit I h as been the interpretation  of T ech n ica l S p e c if ic a 
tio n s th a t a re , in many c a s e s ,  vag u e or am biguous. S in ce n eith er the u tility  
nor the regu latory  body in a d ev e lo p in g  country has v e ry  much e x p e rie n c e , 
lo o s e ly  w orded T e c h n ica l S p e c ific a tio n s  can lead  to many d isagreem en ts on 
in te rp re ta tio n s . A d eta iled  review  should be performed to en sure th a t the 
T ech n ica l S p e c ific a tio n s  are a s  s p e c if ic  a s  p o s s ib le . H ow ever, some problem s 
w i l l  n ot becom e ob viou s u n til the a c tu a l d e c is io n s  m ust be made concern in g 
p lant o p e ra tio n s . Both the u t ility  m anagem ent and the regu latory  s ta ff  must 
r e a liz e  th at th e T ech n ica l S p e c ific a tio n s  are c h a n g e a b le . They can  and must 
be chan ged  to m eet chan gin g p lan t con d itio n s or co rrect d e f ic ie n c ie s  a s  th ey  
are foun d. If the m eaning o f a certain  s p e c ific a tio n  is  not c le a r  to the u t il ity , 
an in terpretation  and p o s s ib ly  a chan ge in the w ording should be agreed upon 
b efore a h a sty  d e c is io n  affectin g p lant operation is  required la te  some n ig h t.

3 . A pplying N ew Requirem ents to Old Plants

The a p p lica tio n  o f new requirem ents to  e x is tin g  p la n ts or p lan ts w e ll  a lon g in 
con stru ctio n  is  a d iff ic u lt  problem even  in the U nited S ta te s . The a p p lic a b le  
con stru ctio n  and d e s ig n  standards should be determ ined e a r ly  in th e p ro je c t. 
N ew requirem ents can  then be e v alu a ted  as th e y  a r is e  and a d e c is io n  made to 
e s ta b lis h  w hether th e p lan t w i l l  com ply c o m p lete ly , p a r tia lly , or be u n affected  
b y  the new requ irem en ts. This m ust be done on a c a s e - b y - c a s e  b a s is .

R egulatory Environment

One final problem  area th a t is a little  harder to  define but equally im portant is what could 
be called the establishm ent o f the proper regulatory environm ent. A proper regulatory 
environm ent is one in which the u tility  and the supplier respect the ability o f the regulatory 
body to  execute its responsibilities. The u tility  realizes that the regulatory body has the 
technical capability, expertise, and experience to  identify problem  areas and force appropriate 
u tility  action. To be blunt, the u tility  and the  supplier should be a little bit afraid o f the 
regulatory agency. A t the same tim e, the  regulatory staff should be responsive to  the u tility ’s 
needs and be prepared to  discuss any technical or administrative problem s in detail. A strong 
regulatory body will make the u tility ’s job  o f dealing w ith the public, the supplier and 
governm ental agencies easier, because they  will ensure that the job  is being done right. The 
following recom m endations can aid in the establishm ent o f the proper environm ent:

1 .  Formal lin e s  o f  com m unication should be e s ta b lish e d  b etw een  the 
u tility  and regu la to ry  b o d y. M uch con fu sion  can  be cau se d  by th e d istribution  
o f  inform al or in tern al docum ents b etw een  the tw o gro u p s.
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2 . R egulatory com m ents should be te c h n ic a lly  co rrect and d e a l w ith  
sa fe ty  related  item s.

3 . R egulatory com m ents should c ite  a p p lic a b le  requirem ents or s p e c if ic a 
tio n s and not be ju s t  the p erso n al opinion of the s ta ff member.

4 . R egulatory a g e n c y  r e s p o n s ib ilit ie s  should be c le a r ly  defin ed  so that 
the u t ility  d o e s  not have to d e a l w ith  overlapp ing requirem ents from more than 
one a g e n c y .

5 . The regu latory  s ta ff  should take an a c t iv e  part in  the con stru ction  and 
te s tin g  o f the p lant to  further their understanding and e s ta b lis h  c re d ib ility  w ith  
u t ility  p e rso n n e l..

6 . The regu latory  a g e n c y  should em ploy a d v iso rs  h igh ly  train ed  and e x 
perien ced  in regu latory  m atters to h elp  e s ta b lis h  the proper environm ent and 
provide gu id a n ce  in  the conduct o f regu la to ry  a f fa ir s .

C o n clu sio n

The k e y s  to more e ffe c t iv e  regu lation  lie  in  im proved te c h n ic a l c a p a b ility , 
in crea sed  understanding and u se  o f regu latory  docum entation and developm ent 
o f an im proved regu latory  environm ent. These g o a ls  are not attain ed  q u ic k ly  
or e a s i ly .  They c a n , h o w e ver, be attain ed  b y an in crea sed  commitment b y  the 
governm ent to  d ev e lo p  a te c h n ic a lly  strong and a d m in istrativ ely  e ffe c t iv e  
regu latory  a g e n c y . This commitment is  in the form o f in crea sed  m anpower, 
in crea sed  train ing and starting soon enough to en sure that the regu latory  s k il ls  
are ready w hen n eed ed . U ltim a te ly , o f c o u rs e , th is  m eans in crea sed  fin a n cia l 
support. The fin a n c ia l commitment w i l l  be v e ry  sm all compared to  the exp en se 
o f startin g a n u clear power program and w il l  be repaid  many tim es over by a 
w e ll  co n stru cte d , te s te d  and e f f ic ie n tly  operated n u clear power s ta tio n .

DISCUSSION

D. ILBERG ( Chairman): You m entioned the need to  establish a strong 
regulatory agency prior to  the signing of a supply contract for the nuclear power 
plant. How many years preparation do you think are needed?

M.R. PELLET: We believe that four to  five years are required to  establish 
the basis for a strong regulatory programme.

F.J. TURVEY: To what extent have consultants been employed by the 
Korean regulatory body?

M.R. PELLET: The prime consultants were supplied by the IAEA, though 
there were a few private consultants as well. It does not serve the overall good 
of the programme, however, to  enlist consultants only when there is urgent need 
to  do so. We strongly urge that all consultants be engaged before contracting 
so as to  help develop a true domestic capability.
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M. ROSEN (Scien tific Secretary): I think I can give you some further inform ation 
on the use of consultants by the Korean regulatory body, which has relied to  some 
extent on Agency assistance. Mr. Fitz, who is here today and will be presenting a paper 
later this morning (IAEA-SM-223/22), was an Agency expert in Korea and I 
myself spent a year as adviser to the regulatory body on safety matters. The 
Korean authorities also had the benefit o f a two to  three week Agency mission 
consisting o f three or four experts for site and safety report evaluation. Although 
procedures such as this are useful, they should no t be considered a substitute 
for a good regulatory organization.

L. FITZ: As Mr. Rosen has said, the Korean authorities are making use of 
consultants, especially for their nuclear regulatory programme. Two separate 
studies have been completed, one for the overall national nuclear energy programme 
and the second for the organization o f  the regulatory body. Both studies are 
highly detailed and give well defined recommendations. U nfortunately, budgetary 
appropriations have not been provided by the Government for the im plem entation 
o f the recommendations.

A.P. FIORETTI: Mr. Pellet, I should like to  comment that the experience 
of General Electric with Chin-shan No. 1 in Taiwan has been most favourable in 
terms of schedule and cost. I believe that the early decision to  concentrate 
limited local technical resources on operational and regulatory training rather 
than to  make an effort to  develop local m anufacture for NSSS and fuel supply 
was a major factor in accomplishing this goal.
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Abstract

REGULATORY PROBLEMS IN DEVELOPING COUNTRIES.
Typical regulatory problem s o f  developing countries are discussed relative to  th e  lack of 

governm ental understanding of a new technology, budget restrictions, m anpow er shortage, and 
organizational deficiencies. Consequences o f these problem s include th e  shortcom ings of 
national nuclear laws, th e  lim ited role o f national regulatory bodies in contract negotiations, 
their c o o p era tio n  w ith utilities, and th e  contro l of plant activities. R ecom m endations outline 
the  early establishm ent o f  a national regulatory body , conditions fo r reacto r sale approval, 
and periodic review o f the  proper functioning o f th e  national regulatory body.

1. INTRODUCTION

Nuclear energy was first used for electricity generation in late 1951. After 
a couple of experimental installations, large-scale applications began in the early 
1960s. Technology had rapidly developed and nuclear power plant orders begun 
to soar in the industrialized countries. Because of the good operating records 
and economical advantages, m ore and more developing nations were considering 
to  ‘go nuclear’. Additional impetus was given by the oil crisis and the drastic, 
steady increase of oil prices. This got us where we are today.

I t is expected tha t the number of export plants will increase in the future 
for the following reasons:
(a) Countries w ith limited natural resources often see nuclear power as the only 

viable solution to  their long-range energy programmes,
(b) Nuclear steam supply system vendors are stepping up their export programmes 

since domestic sales are down considerably.
Export plants are faced w ith difficulties which could be sharply reduced by 

a well organized and functioning national regulatory agency.
This paper describes typical regulatory problems, their consequences in 

developing countries, and recommendations for improvements.
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2. PROBLEMS

2.1. Understanding of the new technology

Developing countries are usually not in possession o f a large, diversified 
industrial technology. Skilled manpower, in b o th  the theoretical and practical 
fields of technology, is very limited. Existing factories use well proven processes 
suited for local conditions. Operating personnel are trained on the job . Govern
m ent controls are applied in a traditional way.

The introduction o f nuclear power presents little concern for safety to  the 
importing nation. Despite the fact that each country has a core of highly educated 
nuclear engineers and scientists, the government, the  utility, and the industry do 
not fully understand the safety and radiological aspects o f nuclear power.

For most of the governmental and utility officers, the difference between 
conventional and nuclear power is the  boiler versus reactor, as a source o f heat 
to boil water and produce steam to  drive the turbine. Plant inspection and licensing 
is the duty of the regional boiler inspector, safety analysis reports are reviewed by 
scientists working in nuclear research institutes.

For the domestic industry, the nuclear plant is similar to  any other industrial 
installation, in o ther words, concrete, reinforcing bars, pipes, pumps, tanks, 
valves, etc. bu t for a much larger plant size. In some developing countries rigorous 
quality assurance programmes, from design through manufacturing, installation, 
testing and operation are unknown; formal manufacturing, quality control, test, 
and training procedures are non-existent.

Developing countries tend not to  see the need for a strong independent 
national regulatory body for the following reasons:
(a) The first plants are usually bought on the turnkey basis w ith the assumption 

that the contractor will handle all the special nuclear related tasks. This is 
true only for the plant construction and startup, but the responsibility of 
regulation, licensing and operational surveillance remains w ith the regulatory 
body.

(b) Nuclear power plants have very good safety records world-wide. It is often 
overlooked th a t these records are the result o f comprehensive licensing 
processes and careful m onitoring of plant construction, startup, and operating 
activities.

2.2. Budget

Since safety and radiological aspects of nuclear power are not fully understood, 
regulatory agency budgets are extremely limited bo th  in<foreign and local cur
rencies. The costs o f im ported large machinery, piping, special equipm ent, and 
their installation is covered by foreign loans. A large sum o f local currency is
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allocated for the domestic industry performing standard construction services like 
civil/structural work, heating/ventilating/plumbing installation etc. To minimize 
associated expenditures, governments hold regulatory agency budgets at very low 
levels despite the ambitious and expanding nuclear power programmes.

2.3. Manpower

Due to  budget lim itations, regulatory agencies are short of com petent 
personnel both  in num ber and technical skill.

Staffing is often based on standard industrial requirem ents w ithout considering 
special nuclear power requirements. The need for staff enlargement is frequently 
in contradiction to  existing government guidelines for the size of departments.

Technical skill in the nuclear power field is largely based on education and 
experience. Theoretical education, w ith main emphasis on nuclear physics, might 
be available at local universities. For practical training, however, the engineers 
must be sent abroad to  get acquainted with the operation and surveillance of 
engineered safeguards systems, radwaste management, environmental controls etc. 
Because of tight budgets, very few engineers are able to  obtain this foreign 
experience.

To alleviate manpower shortages, regulatory agencies are assisted by well 
equipped, staffed and budgeted nuclear research institutes working mainly on 
theoretical problems. Because of their orientation, these organizations might act 
only as scientific advisors and cannot be employed for routine regulatory tasks.

2.4. Organization

Lacking proper governmental recognition, regulatory bodies often are placed 
in the governmental hierarchy as any other departm ent w ithout having independent 
authority  for ensuring the health and safety of the public.

W ithout adequate budget and manpower, the lack of proper organization 
manifests itself in a wide spectrum of problems such as: inefficient work distri
bution, lack of internal procedures, no docum ent control, insufficient reference 
material in libraries, foreign language deficiencies etc.

3. CONSEQUENCES

This chapter outlines the major consequencies of not tackling the above 
problems w ith a detailed analysis.
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For some developing countries, comprehensive national policy, laws, standards 
and criteria regulating the nuclear power industry are either non-existent or 
incomplete. Usually, turnkey plants are built w ith compliance to  the exporting 
country’s regulations in effect on a mutually agreed cut-off date. The full adoption 
of these regulations, however, may not be economical and practical for developing 
countries. The manpower, experience, and budget for establishing national policy 
is rarely available.

The role and m anpower of regulatory agencies in contract negotiations is 
very limited. Nuclear power plant investments are major financial ventures for 
developing nations; therefore, contract items are judged primarily from financial 
aspects. Safety considerations are often of secondary importance. Due to  the 
regulatory bodies’ position in the governmental structure, their safety oriented 
requirements could be overruled for the sake of financial benefits.

The co-operation between utilities and regulatory agencies is not always 
satisfactory and the interface is not well understood. In many instances, utility 
engineers are better trained in nuclear plant operation than regulatory personnel, 
established regulations for reporting incidents to  the regulatory bodies are missing, 
therefore, utilities often fail to  involve regulatory agencies in safety matters; 
regulatory agencies frequently investigate questions having no bearing on safety. 

Regulatory agencies lose contact with the plant for the following reasons:
(a) During the design and licensing phase, the review of the very limited number 

of design documents subm itted is belated or non-existent. Commenting dead
lines are missed. Comprehensive design review plans are not prepared.
Review o f safety analysis reports is not thorough enough. Scientific advisors 
concentrate their efforts on theoretical questions like core physics and LOCA 
(Loss of Coolant Accident) transients, while little attention is paid to 
engineered safeguards aspects such as therm ohydraulic analysis, redundancies, 
emergency ventilation etc.

(b) During construction, preoperational tests and startup, the various inspections, 
quality assurance and safety audits, witnessing of tests, and recording and 
evaluation of test results is no t satisfactory. Because of budget restrictions, 
the technical skill, the time allocation, and the number of inspectors is far 
from adequate.

(c) Prior to  plant operation, the agencies are not well prepared to  conduct prac
tical examinations for reactor operators. Budget lim itation prohibited agency 
engineers from attending training courses given by nuclear steam supply 
system vendors.

(d) During plant operation, the agencies are not properly organized to  handle 
violations of limiting conditions of operation, radiation emergencies, and to  
conduct quality assurance, health physics and operational safety audits. 
Agencies might not possess the  full authority  necessary to  shut down plant 
operations because safety limits have been exceeded. In case of extremely 
high power demand this is especially true.
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4. RECOMMENDATIONS

A great m ajority o f the problems occurring at exported nuclear power plants 
could be eliminated by a strong, independent national regulatory agency. Govern
ments o f developing nations m ust also realize the potential negative possibilities 
of nuclear power besides its advantages and m ust establish a well trained, well 
staffed, and well organized regulatory agency at the earliest stage of the  national 
nuclear power programme. Guidelines are readily available from the IAEA and 
other sources. On a tem porary basis, experts from the IAEA and private consul
tants can also be employed to  provide guidance and assistance.

This independent national regulatory agency should be the corner stone of 
the nuclear programme. Its duties should include the establishment of the national 
nuclear energy policy, a survey of utility preparedness for nuclear power, an 
evaluation of proposed sites, a survey o f domestic industry for participation in 
the nuclear programme, assistance to  the utility  in bid evaluation, the establishment 
of quality assurance requirements for the utility and domestic industry etc. The 
costs o f the agency would be minimal compared to  the benefits of an organized 
nuclear industry.

To assure that nuclear power programmes of developing countries are con
trolled by strong, independent national regulatory agencies, it is recommended 
that loans, export licenses, and ratifications of nuclear power sales be approved by 
exporting governments only if :
(a) A capable National Regulatory Agency is functioning, and
(b) The performance of the National Regulatory Agency is periodically reviewed.

It is felt that at first glance, neither the importing governments nor the
reactor vendors would welcome this recom m endation. The governments would 
see only the additional costs and organizational problems of the agencies, while 
the reactor vendors would expect more licensing costs and potential delays.

On the o ther hand, the consequences of a nuclear accident should also be 
considered. For the importing nation, an accident could mark the end of their 
nuclear energy programme and could initiate a major economic recession caused 
by lack of electricity. For the reactor vendor and the entire nuclear export 
industry, this could start a setback w ith the possibility o f a to tal ban on nuclear 
power plant exports. Lagging domestic sales could also be severely hit, not to  
m ention the increasing attacks of anti-nuclear groups.

The construction and the operation of safe and reliable nuclear power plants 
are in everyon e’s interest. To achieve this goal, the early establishment of strong, 
efficient national agencies is essential.

DISCUSSION

C.R. STOIBER: With regard to  your third recom m endation, i.e. tha t the 
performance of the national regulatory agency should be periodically reviewed,
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I should like to  ask how the reviewing body, whether from the supplier country 
or an independent organization such as the IAEA, can enforce its recommendations 
once the technology has been transferred. More specifically, what could the 
reviewing body do if the recipient government rejected the reviewers’ report and 
declined to  comply with it?

L. FITZ: A t the present time there is no provision for international enforce
ment of the recommendations. Some indirect channels seem feasible, for example 
the withholding of fuel shipments or some sort of embargo on further nuclear 
power plant sales.

M.A. QUAIYUM: You stated that due to  its limitations the regulatory body 
is not in a position to  carry out inspections, to  record pre-operational test results 
satisfactorily or to  check violations o f procedures. In such cases how is it possible 
to  operate nuclear power stations safely? And if it is claimed that the operation 
of them is safe and reliable under those conditions, is not the regulatory body 
then redundant?

Secondly, I th ink you said that the regulatory body sometimes investigates 
m atters that do not directly bear on safety. Could you give an example?

L. FITZ: W ithout a capable regulatory body one cannot verify safe plant 
operation, although the plant may or may not be safe. I agree that if plant 
operation is ‘perfectly safe’, then the regulatory body seems redundant. But since 
all safety systems include redundancy, one could argue that a ‘redundant’ 
regulatory body accords w ith this philosophy.

In answer to  your second question, an example would be the running o f the 
turbine generator of a PWR plant during hot functional tests.

B. CA FFREY : At the beginning of your paper you state that the present 
cutback in domestic orders has led vendors to  step up their efforts in the 
small/medium reactor export field. I personally see little evidence of this.

In any case, the present cutback affords an ideal opportunity  for vendors to  
allocate more resources to  this m arket sector. Although the reallocation may not 
yield high profits in the short term , I would remind vendors of the saying that 
‘if they don’t speculate, they w on’t accumulate’.
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Abstract

THE LAGUNA VERDE NUCLEAR PROJECT. PROBLEMS CONFRONTED BY A SMALL 
REGULATORY BODY.

The problem s th a t arise when a regulatory body with no previous experience is called 
upon to evaluate and license an im ported nuclear power plant are discussed. The particular 
situation engendered by the imbalance of political influence betw een the u tility  and the 
regulatory body is described. The effects upon the project o f setting a very optim istic date 
for comm ercial operation are also described. An agreement signed betw een the IAEA and 
Mexico was instrum ental in the developm ent o f the regulatory body and the effects of 
further interactions betw een the involved parties are given some consideration in the paper. 
The present lim itations which exist at the regulatory body are also considered. The problem  
posed by com m unications betw een the regulatory body and the architect-engineering firm 
is also m entioned. A detailed account o f the licensing actions and of the ensuing in ter
actions betw een the regulatory body and the u tility  is given. Finally, it is reported  th a t a 
more optim istic outlook can be forecast, based on the experience gained by the regulatory 
body.

1. INTRODUCTION

This paper highlights some of the problems confronted by a small regula
tory body with no previous nuclear reactor licensing experience when called 
upon to evaluate and license an im ported nuclear power station. The problems 
are not limited to those which are purely technical in nature and safety related, 
but also include those which have financial and geo-political roots.

The Instituto Nacional de Energía Nuclear (INEN) was created in accordance 
with Mexican laws for the exploitation of all phases of nuclear power, including 
its regulation. With respect to  regulation, those laws empower INEN to autho
rize the construction and operation of nuclear power plants within the Republic 
of Mexico. To this end, INEN has delegated the regulatory function to  its 
‘Gerencia de Seguridad Nuclear y Salvaguardias’ (i.e. the Division of Nuclear 
Safety and Safeguards). This division is a small regulatory body with virtually 
no previous nuclear reactor licensing experience.
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In 1973 the Comisión Federal de Electricidad (CFE), Mexico’s national 
power company, tendered an application for a construction perm it (CP) for a 
two-unit boiling-water reactor (BWR) plant to be known as Planta Núcleo- 
eléctrica de Laguna Verde (PNLV). In brief, the proposed plant will consist of 
two identical BWR units m anufactured by the United States firm, General 
Electric Company. The reactors are of the type designated as BWR-5 with a 
Mark II primary containm ent with each unit having a power rating of 1931 MW(th). 
The plant will be located on the coast of the G ulf of Mexico within the State 
o f Veracruz in the municipality of Alto Lucero. Inform ation on the reactor and 
applicable safety-related systems appears in the Preliminary Safety Analysis 
Report (PSAR) of the PNLV which was subm itted with the application for a 
construction permit.

Financial problems include the constraints associated with obtaining funds 
for the procurem ent of reference-type docum ents (e.g. ASME Codes) for hiring 
qualified engineers and for obtaining consulting services.

Geo-political problems include those of both  national and international 
origin. These problems are those which have had a direct bearing on the licen
sing process, including (i) the imbalance of influence between that of a powerful 
government-owned utility  (CFE) and that of a relatively new regulatory body 
(INEN); (ii) the influence of the International Atomic Energy Agency (IAEA) 
on the licensing process; and (iii) the effect of establishing a safety review and 
licensing schedule based on the construction schedule rather than vice-versa.

This paper describes the degree to which the licensing activity for power 
plants within Mexico was tempered by the decision of the Mexican Government 
to purchase the fuel for the PNLV through the IAEA. In deciding to act thus, 
Mexico implicitly agreed to  conform with the Agency’s regulations.

The regulatory body is still considered to  be working under less than ideal 
conditions. For example, licensing actions have been taken with insufficient 
bases (e.g. part o f the safety review and the issuance of Limited Work Autho
rizations (LWA) have been based on insufficient information, or on unofficial 
commitments, and/or on outdated inform ation), and the construction schedule 
is such that in some cases INEN has had to make certain judgements w ithout 
evaluating all the relevant safety considerations.

The preceding comments notwithstanding, a more optimistic outlook is 
forecast for the future. This optimism is based on (i) agreements and under
standings reached between CFE and INEN; (ii) experience gained in the 
preceding years by the regulatory personnel; (iii) the assistance provided by the 
IAEA; (iv) participation by regulatory personnel in various courses presented 
by the United States Nuclear Regulatory Commission (USNRC) and other 
agencies; and (v) the services and indoctrination provided by consultants in 
their review and evaluation o f several sections of the PSAR for the PNLV.
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Finally, this paper attem pts to  describe the problems from a regulator’s 
point o f view w ithout regard to  the problems confronted by the utility / 
applicant. Such problems can, of course, be more properly addressed by 
utility/applicant personnel.

2. CFE’s ROLE

As stated in the Introduction, CFE is the utility/applicant in charge of 
the PNLV. CFE is a large governmental agency having the exclusive charter 
for the generation, transmission and distribution of power in Mexico. CFE’s 
total installed capacity amounts to  approximately 10 500 MW(e), all o f which 
is obtained from conventional-type power plants in the percentages shown below:

TYPE MW(e) (%)

Hydro 4 367 41.5

Thermal (fuel-oil, diesel, gas) 6 051 57.5

Geothermal 75 0.7

Thermal (coal) 30 0.3

TOTAL 10 523 100.0

The PNLV will consist of two BWR-type units, each unit having a power 
rating of 1931 MW(th) and 650 MW(e). The nuclear steam supply system (NSSS) 
for the PNLV is being supplied by General Electric, and the design for the 
balance of plant (BOP) is being provided by EBASCO, also a United States 
firm.

The political influence that CFE has within official circles in Mexico can 
be inferred by the fact that it is one of the two largest industries owned by the 
government, the o ther being Petróleos Mexicanos (РЕМЕХ).

With regard to  CFE’s technical capabilities, the operation and maintenance 
of the aforem entioned power plants are totally within CFE’s command. On the 
other hand, the design and construction of the plants has relied heavily on CFE’s 
contractors, all of which are closely m onitored or in some instances managed by 
CFE.

With this background, in the late 1960s CFE undertook plans to add 
nuclear power generation to  its system. In early 1971 CFE signed the contract 
for the PNLV. Despite CFE’s lack of nuclear experience, CFE chose no t to 
enter into a turn-key type of contract for the PNLV. The initial contract for
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architect-engineering (А/E) services was with the United States firm, Burns 
and Roe; however, because of problems and misunderstandings between CFE 
and Burns and Roe, this contract was terminated in late 1976, when the A/E 
contract was awarded to EBASCO. CFE’s contract with EBASCO not only 
includes design services but also that of a construction management firm, a 
licensing agent, and for all intents and purposes that of the applicant.

3. INEN’s ROLE

As mentioned in the Introduction, INEN is responsible for discharging the 
regulatory functions pertaining to  nuclear power plants within the Republic of 
Mexico. Although INEN is by no means a new agency per se (its predecessor, 
Comisión Nacional de Energía Nuclear, was founded in 1955 and its title was 
changed to INEN in 1970), it had little or no experience with nuclear power 
plant safety before 1970. INEN’s main activities before 1970 were devoted 
almost exclusively to research in nuclear physics, radioisotope production and 
basic reactor physics.

The office directly responsible for the safety of nuclear power plants is 
the Subgerencia de Seguridad Nuclear (SSN), one of two offices within the 
Gerencia de Seguridad Nuclear y Salvaguardias. This office was created in 
August 1977 and replaced the short-lived Division o f Nuclear and Radiological 
Safety which was formed at the beginning of 1976 in responsè to  certain recom
mendations made by the IAEA. At present the SSN consists of three depart
ments: (i) Licensing and Assessment, (ii) Verification and Enforcement, and
(iii) Research and Standards, and has approximately tw enty young professionals 
engaged almost exclusively in the safety m atters of the PNLV.

The Licensing and Assessment Department is responsible for the safety 
review of the inform ation contained in the PSAR and prepares the safety 
evaluation report on which the Gerencia de Seguridad Nuclear y Salvaguardias 
bases its licensing actions. In brief, its functions approxim ate those of the 
Division of System Safety of the USNRC.

The Verification and Enforcement Departm ent carries out audits and 
inspections on the site, and at the various subcontractors’ offices and factories, 
to ensure conformance with the PSAR and relevant documents. This depart
m ent is also responsible for the adequacy of the quality assurance (QA) 
programme for all phases of the PNLV (design, procurem ent, construction and 
operation). In brief, the functions of this departm ent are somewhat similar 
to those o f the Office of Inspection and Enforcement of the USNRC.

The Research and Standards Departm ent is responsible for selecting and 
proposing which standards, regulatory guides, staff positions, and codes developed 
outside Mexico, should be adopted by INEN for regulating nuclear power plants
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within the Republic of Mexico. In addition, it also provides the technical 
capability to perform independent checks on certain aspects of the design of 
nuclear power plants, especially those pertaining to the nuclear aspects o f the 
plant and various com puter programs. The functions of this departm ent are 
somewhat similar to those of the Office of Standards Development within the 
USNRC.

At present the INEN regulatory body has neither sufficient independence 
nor funds to hire all the required help and to purchase reference documents in 
an expeditious manner. Nevertheless, it is the opinion of the authors that enough 
experience exists within the group to  accomplish the required functions and 
that the main limitation's arise from non-technical reasons which are mentioned 
later.

4. HISTORY OF THE REGULATORY BODY

The development of the regulatory body has been tightly coupled to 
national and international political issues. At the time of signing the contracts 
between CFE and the NSSS supplier and the А/E in early 1971, INEN’s role 
was quite passive and consisted mainly in several consultations regarding the 
adequacy of the already selected site. At that time INEN’s departm ent of 
nuclear reactor safety was in the conceptual stage. Thus, at the onset o f the 
PNLV, INEN had no comprehensive plan to undertake the licensing o f nuclear 
power plants. Nevertheless, in 1972, in anticipation of tendering an application 
for the CP for the PNLV, CFE requested inform ation from INEN regarding the 
required content and form at for a PSAR. At that time INEN had no specific 
standards and regulations regarding nuclear power plants to  be built in Mexico; 
however, since the principal contractors for the plant were very familiar with 
the regulations used in the United States o f America (i.e. the 10 CFR parts), 
it was agreed to  use those docum ents as the bases for the PSAR content and for 
licensing purposes to the maximum extent possible.

The period between 1971 and 1976 witnessed the emergence of an 
extremely active union within INEN that demanded participation in the planning 
of INEN’s activities. The demands ranged from periodic salary increases to  the 
participation in adopting a national nuclear plan which would make INEN 
responsible for the design and construction of nuclear power plants to  be built 
in Mexico. Setting aside the legitimacy of the demands, it can be stated that 
the development of a group of specialists in nuclear safety was hindered by the 
fact that INEN’s upper management was preoccupied by the union’s demands 
for an inordinate length of time, during which time little attention was paid to 
the regulatory needs and problems. The unrest caused by the union prevailed 
until August 1976. Although the regulatory body was spared most of the 
unrest, this unrest resulted in a strike in July 1976, which inevitably blocked
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most regulatory activities until the conflict was resolved in August of the same 
year. From that time on, only reorganizational changes have had an impact on 
the nuclear safety activities at INEN. These changes have, for the most part, 
been beneficial and with time their overall effect on the project will be made 
apparent.

Little progress was made within the regulatory body until the end of 1975, 
at which time a favourable change occurred regarding nuclear safety. This 
change was based on established Mexican policy aimed at avoiding bilateral 
international agreements whenever possible. Because of this policy, CFE had 
to coordinate its plans for the purchase of the nuclear power plant with the 
Secretariat o f Foreign Affairs. To avoid a bilateral international agreement with 
the United States of America, the Secretariat of Foreign Affairs invited the IAEA 
to serve as a third party through which the fuel for the PNLV would be supplied. 
An agreement between the IAEA and Mexico was requested for this purpose in 
November 1973, and was signed by both parties in early 1974.

The agreement between the IAEA and Mexico commits Mexico to  comply 
with the applicable IAEA regulations. To this end, technical assistance projects 
were implemented whereby several IAEA experts were sent on missions to 
Mexico to help both CFE and INEN on safety-related matters. As a result of 
these missions, the experts issued reports which identified several deficiencies 
within the overall PNLV project. Based on the inform ation contained in these 
reports, the Agency’s Director General wrote an official letter to  Mexico’s 
Ambassador to  the United Nations identifying deficiencies within the PNLV 
project and making certain recommendations for their rectification. As a result, 
INEN placed added emphasis on the problems identified by the Agency. For 
example, the regulatory responsibilities were transferred to the newly formed 
Division of Nuclear and Radiological Safety to better isolate the regulatory 
functions of INEN from its development functions, and additional funds were 
allocated to  the regulatory body. Part of these funds were used to  hire consul
tants from abroad to undertake part o f the safety review and evaluation of the 
PNLV.

Subsequent IAEA missions reported that little attention had been paid to 
previous recommendations made by the experts. As a result, the Agency’s 
Director General issued a second letter to  Mexico’s Ambassador to the United 
Nations. This letter was much more critical than the first one; however, the 
authors are no t aware of the response to  the letter nor of actions taken by the 
Mexican Government as a consequence.

It should also be mentioned that in early 1976, a draft Code of Regulations 
for Licensing of Nuclear Power Plants was prepared by INEN; however, since 
this docum ent is still in draft form and unapproved, it has no legal force. Further
more, there is no indication as to  when this docum ent will be given legal sanction.

Some improvement in the regulatory body has already been achieved, 
especially in the area of Inspection and Enforcement. For example, some of
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the Inspection and Enforcement findings have resulted in significant corrective 
actions being taken by the construction firm and the applicant for the PNLV.
In addition, substantial additional funds have recently been allocated to the 
regulatory body. Part o f these funds have already been used to  hire consultants 
to assist in reviewing and evaluating the PNLV and part o f the funds are 
earmarked to strengthen the regulatory body by increasing its inhouse capability.

5. CFE/INEN INTERACTIONS

In early 1971, INEN’s regulatory body, or departm ent of nuclear reactor 
safety, existed only in embrionic form. At this time INEN had no comprehensive 
plan for the regulation of nuclear power plants, and virtually no interactions 
existed between INEN and CFE. In 1972, CFE requested inform ation from 
INEN regarding the content and form at for the PSAR for the PNLV. In July 
1973, CFE tendered its application for the PNLV, and in August 1973 INEN 
officially accepted the PSAR for the PNLV for review and evaluation.

Shortly after the PSAR was docketed, INEN issued a limited work autho
rization allowing CFE to perform earth removal work on other site preparation 
activities. In October 1973, INEN issued a set of preliminary questions to  CFE, 
several of which have not been answered up to now. Nevertheless, by the end 
of 1973, CFE requested that INEN issue a full construction perm it for the 
PNLV. However, this perm it was not granted for several reasons, including 
CFE’s failure to  respond to the aforem entioned questions and the fact that CFE 
manifested a short time later its intention of adding a second unit to  the same 
site.

A significant slow-down of all activities associated with the PNLV was 
experienced during the period of July 1974 to June 1975. Nevertheless, CFE 
repeatedly requested that INEN issue a full construction perm it for the PNLV 
despite the fact that several requests for inform ation remained outstanding.

In November 1975, CFE subm itted several amendments to  its QA plan, 
and again requested that a full construction permit be issued for the PNLV; 
however, because of the outstanding questions and the nebulous financial situa
tion, the request for a CP was not complied with. Rather, another LWA autho
rizing the placement of reinforced concrete to a level of — 2.50 m was 
issued. However, since CFE’s QA plan was still not complete, CFE was not 
able to apply this LWA until May 1976.

In June 1975, INEN initiated the writing of a regulation for the licensing 
of nuclear power plants in Mexico. This regulation would require the approval 
of the relevant authorities in Mexico before it would have legal sanction. In 
January 1976, INEN completed a draft Code of Regulations for Licensing of 
Nuclear Power Plants. Although this draft code has not been approved by the
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relevant authorities in Mexico, CFE has reviewed the code and concurs with 
its content. Thus, agreement for the licensing and evaluation of the PNLV has 
been reached between INEN and CFE, and the draft code is being used as a 
‘Mark of reference’.

The design and construction activities of the PNLV were further retarded 
in 1976, and in September of that year CFE advised INEN that it was changing 
the А/E  form for the PNLV. The contract signed by CFE and its new А/E firm 
sets the target date for commercial operation of Unit 1 at 1 May 1982, a date 
preceding the end of the present presidential term which expires on 1 December 
1982.

In February 1977, design and construction activities were reactivated so 
that the work authorized by the existing LWA would soon be completed. Since 
CFE had not complied with the requirements for a total construction permit, a 
CP was not issued; however, because Mexico’s goal of having a nuclear power 
plant in commercial operation by 1982 was being jeopardized, an additional 
LWA was issued. This sequence of issuing LWAs as the work authorized by the 
existing LWA was nearing completion has been repeated twice so that CFE is at 
present authorized to  perform civil/structural work to  an elevation of 16.60 m 
with certain limitations. Needless to  say, the issuance of piecemeal LWAs is 
counter-productive from a regulator’s viewpoint and less than optimum from 
the u tility ’s. Thus, in August 1977, CFE/EBASCO and INEN agreed to a com
prehensive programme schedule which would obviate the need for additional 
LWAs. In brief, the agreed programme schedule is a highly optimistic one which 
is based on the best efforts of CFE and INEN. The agreed dates and stages for 
the programme are:

(1) 1 O ctober 19 7 7  (PSAR amendment)-. CFE/EBASCO is to  revise the 
safety-related portions of the PSAR, which were prepared by Burns and 
Roe and which are no longer applicable; make necessary corrections to the 
PSAR, and respond to  INEN’s outstanding questions.

(2) 1 January 1978  (PSAR questions): INEN is to  complete its review of the 
PSAR and issue safety-related questions.

(3) 1 February 1978  (R esponse to questions)'. CFE is to  provide complete 
replies to the questions in a manner to obviate the need for additional 
questions.

(4) 1 March 1978  (Issue construction p e rm it)’. INEN will issue the construc
tion perm it provided that all outstanding safety issues are satisfactorily 
resolved.

It should be noted that as of the date of this paper, stages (1) and (2) were 
completed on or ahead of schedule.
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6. PROBLEMS

As in all projects o f this type, communications are the root cause of the 
problems. In the case of the PNLV, however, the communication problem has 
been amplified because of the bilingual aspects o f the project, i.e. legal require
ments insist that all licensing action docum ents be in Spanish; however, since 
the principal contractors are United States firms, many documents originate 
in English and m ust subsequently be translated into Spanish. Conversely, 
docum ents originating in Spanish, but which require responses from the 
United States firms, must be translated into English. These translations have, 
on occasions, resulted in ambiguous docum ents or in outright misunderstandings. 
For example, the А/E firm and the NSSS supplier professed to  be under the 
impression that the LWAs were actually construction permits; thus they were 
not planning on revising or updating the PSAR. The А/E  firm, therefore, 
allocated all its engineering personnel to  the preparation of design and procure
ment docum ents rather than to updating and revising the relevant sections of the 
PSAR. This complete lack of attention  to the PSAR and to outstanding 
questions, of course, brought the safety review process to a standstill for an 
extended period.

Other serious problems faced by both  CFE and INEN are associated with 
the ambitious schedule for the PNLV, i.e. scheduling commercial operation for 
Unit 1 in May 1982. On the one hand, this schedule does not allow for the 
safety review of the plant to be conducted to  the degree normally accomplished 
during the PSAR stage; therefore, resolution of several safety-related items 
will be deferred to the FSAR stage. On the o ther hand, the schedule has made 
it difficult for the А/E  to keep ahead of construction, i.e. on occasion, construc
tion had to  wait for the completion of design documents.

The normal procedure for the prosecution of a nuclear power plant would 
be: (1) prepare a PSAR with all necessary amendments to  resolve all safety- 
related issues in order to obtain a timely construction permit; (2) prepare 
design and procurem ent docum ents in conformance with the bases contained 
in the PSAR; and (3) construct the plant in accordance with the provisions in 
the CP. However, the schedule of the PNLV is such that construction, on 
occasion, was ahead of design, which in turn, and in all cases, has been ahead 
of the PSAR. As a direct result of the pressures brought to bear by the schedule, 
INEN inspectors have detected or have been informed by CFE of several 
deficiencies in the construction activities, deficiencies that would have been 
averted with a less demanding schedule. The deficiencies have included poor 
concrete, poor concrete pouring, inadequate welding inspections, and non
conformance with certain QA requirements. Some of the above deficiencies 
have resulted in ‘stop-work’ orders which, in conjunction with the required 
corrective actions, have resulted in delays in the schedule which, in turn, have 
brought additional pressures on both  CFE and INEN.
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7. CONCLUSIONS

The peculiarities o f some of the problems engendered by importing a 
nuclear plant have been described. In this paper we have related our experience 
in the hope that plans for implementing nuclear power in Mexico and countries 
with similar characteristics will take them into consideration, and benefit from 
them.

Considering the changes that have taken place in the attitudes of CFE 
pertaining to reactor safety and the experience already gained by INEN, the 
authors have confidence that the problems described are being acceptably 
resolved.

DISCUSSION

F.J. TURVEY: What system o f qualification was applied in the case of 
domestic equipm ent suppliers? Did you use the American N-stamp, for 
example?

J. SANCHEZ-GUTIERREZ: We have adopted the American standards 
system and every item that goes into the plant has to comply with them 
irrespective o f its origin.

H.-K. REINHOLD: How long does it normally take for the domestic 
industry to  obtain the N-stamp necessary for delivery of Mexican components 
for the power plant?

J. SANCHEZ-GUTIERREZ: It takes a very short time for the simple 
reason tha t the domestic contribution in terms of com ponents is minimum. As 
long as the item has the American N-stamp, we impose no further requirements.
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Abstract

MERITS AND DIFFICULTIES IN ADOPTING CODES, STANDARDS AND NUCLEAR 
REGULATIONS.

Developing countries planning for introducing nuclear power plants as a source of energy 
have to  develop or adopt sound regulatory practices. These are necessary to  help governm ental 
authorities to  assess the safety o f nuclear pow er plants and to  perform  inspections needed to 
confirm  th e  established safe and sound limits. The first requirem ent is to  form  an independent 
regulatory body capable of setting up and enforcing proper safety regulations. The form ation 
of this body  is governed by several considerations related to  local conditions in th e  developing 
countries, which may not always be favourable. It is qu ite  im practical for countries w ith 
lim ited experience in the  nuclear power field to  develop their own codes, standards and 
regulations required for the  nuclear regulatory body  to  perform  its tasks. A practical way is to  
adopt codes, standards and regulations of a well-developed country . This has m erits as well as 
drawbacks. The latter are related to  problem s of personnel, software, equipm ent and facilities. 
The difficulties involved in  form ing a nuclear regulatory body, and th e  m erits and difficulties 
in adopting foreign codes, standards and regulations required for such body to  perform  its 
tasks, are discussed in  this paper. Discussions are applicable to  m any developing countries and 
particular emphasis is given to  the  conditions and practices in Egypt.

1. INTRODUCTION

Egypt, like many other developing countries, is trying to  apply the latest 
technologies in its development programmes and major projects. It is well known 
that no development can proceed w ithout energy, particularly electric energy.
The international energy m arket has changed drastically since the 1973 Middle 
East war.

Oil prices increased by about four to  five times. The cost of uranium raw 
materials and enrichment services also increased, bu t not so much. However, 
medium- and large-size nuclear power plants are still competitive with conven
tional ones. As a result, Egypt, as well as several other developing countries, sought 
nuclear power to  cover the requirements. Practical steps for starting a nuclear
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power programme in Egypt were initiated in 1974. When the bid for the first 
plant was being prepared for issuance, the question arose regarding what codes and 
standards the bidders should follow and up to  what date. In Egypt we have a 
limited number of standards which are not even m andatory. The decision was 
to  take the United States codes and standards since the invitation for bids was 
made to  US companies. The magnitude and implications of that decision were not 
carefully considered at that time.

During the IAEA International Training Course on Methods and Technical 
Bases on Nuclear Energy Regulations, held at Bethesda, Maryland, USA, the 
following question was raised. Should a developing country, when embarking on 
a nuclear energy programme, start with forming a nuclear regulatory body (NRB), 
or could this step come later when the nuclear programme is already under way? 
The views of the representatives of the participating countries differed. Some 
insisted that the NRB should come first — that such a body should prepare or 
adopt the codes and standards required in performing its work when needed.
Others argued against forming that body until the nuclear programme is a reality 
because of the difficulties and cost associated w ith forming such a body. A 
clear-cut conclusive preference for either of the approaches did not emerge.

In Egypt the authorities at first favoured the idea of the late form ation of 
an NRB, i.e. once the nuclear energy programme has materialized, w ith possible 
help from the IAEA or foreign consultants. Later it was realized that the approach 
is not practical and an NRB must be formed before implementing the first nuclear 
power plant. Such an NRB must rely on codes and standards to  perform its 
functions. To develop its own codes and standards in a reasonably short time, the 
NRB would find it quite difficult, if not impossible.

Therefore, the only other alternative is to  adopt already available or proven 
codes and standards developed by advanced nuclear countries or by the IAEA.

In this paper we shall discuss the difficulties involved in forming the NRB 
in developing countries, particularly in Egypt. Also, the merits and drawbacks of 
adopting foreign codes, standards and regulations are discussed.

2. FORMATION OF A NUCLEAR REGULATORY BODY

Unlike many other industries, nuclear industry in any country must be either 
managed directly by the government or tightly controlled by it. This is because 
of the prime responsibility of governments to  ensure the safety of the public and 
of workers in that industry, and public sensitivity towards anything nuclear. Any 
accident, however small, and wherever it happens, has great impact on public 
opinion and certainly affects acceptance of the  nuclear products, particularly 
nuclear power plants.
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The IAEA, in its Code of Practice for Safe Operation o f Nuclear Power 
Plants, states that: “ In discharging its responsibility for public health and safety, 
the government should ensure that the operational safety o f a nuclear reactor is 
subject to  surveillance by a regulatory body independent of the operating organi
zation.” Such a regulatory body, in addition to  other legislative and regulative 
m atters, may undertake the following main responsibilities.

(i) Establishment or adoption o f  safety criteria and safety requirements for the 
nuclear installation ;

(ii) Establishment of criteria for selecting operators and setting verification 
m ethods for their qualification for the job after training;

(iii) Safety assessment of the design of any nuclear installation in all its stages, 
including design developments after operation;

(iv) Issuance of permits for construction and operation of the installation;
(v) Inspection during all phases of construction and operation of the installation 

to  check conform ity w ith the approved design and operation limits;
(vi) Issuance of licences for operators and periodic testing of their appropriate

ness for their responsibilities.

In the IAEA Safety Code on Governmental Organization for the Regulation 
of Nuclear Power Plants, all the issues pertinent to  form ation of the NRB are 
discussed. The Code states that: “In performing its functions the regulatory body 
should act independently of applicants, vendors and operating organizations, and 
should also not be directly responsible for prom otion o f nuclear power. However, 
full use of available expertise is essential and should be made under the  control 
o f the regulatory body” .

Having an independent regulatory body in a developing country entering 
into a nuclear power programme is rather difficult. Personnel who could qualify 
for the above-mentioned tasks are usually available in energy research institutions, 
universities and power authorities. Their number and experience are usually 
limited. However, since most developing countries would have only very few 
nuclear projects, the work of the  regulatory body would only be on part-time 
basis. Therefore, complete independence, especially at the beginning of a nuclear 
energy programme, cannot be totally ensured.

3. CHOICE OF CODES, STANDARDS AND REGULATIONS

One of the prime responsibilities of the NRB, after it has been formed, is to  
decide what codes, standards and regulations it will follow. The choice is to  
develop, to  adopt, or to  do both. To take a realistic view, a developing country 
with little experience in nuclear power and with limited resources and capabilities
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would not begin by developing its own codes, standards and regulations. The 
wisest way is to  adopt readily available ones, until it is capable of establishing its 
own, or modifying the adopted codes according to  local conditions and needs.

Several sources of codes, standards and regulations are possible. Each of the 
nuclear developed countries has its own, which have been developed through many 
years of experience and are based on a highly technological and industrial back
ground. In addition we have the IAEA safety recommendations, codes of practice 
and guides.

The situation may arise concerning what origin for the codes, standards and 
regulations is suitable. For example, in the case of Egypt, which may not differ 
from many other developing countries of the same industrial level, the  US codes, 
standards and regulations were chosen for the first nuclear power plant.

Several reasons were behind that decision. First of all, at the time of 
requesting offers, no formal regulatory body or even a regulatory group existed, 
and therefore the question of what codes, standards and regulations to  be used was 
not tackled. Second, the invitation for that first plant was restricted to  US 
companies. Third, there are no local industrial standards that can be taken as a 
starting point, and whatever is available is not up to  the level o f nuclear standards. 
Fourth, it was less expensive for the United States supplying company to  follow 
the US codes and standards than to  undertake design and construction according 
to  o ther codes and standards w ith which the USA is not totally familiar.

4. MERITS OF ADOPTING CODES, STANDARDS AND REGULATIONS

The decision to  adopt foreign codes, standards, and regulations does not 
solve all the  problems of the  NRB o f the developing country. A doption has several 
merits as well as drawbacks. When adopting the codes, standards and regulations 
of a country advanced in nuclear energy such as the USA, the Federal Republic 
of Germany, France or others, the developing country would gain many advantages 
such as:

(a) The adopted docum ents would be comprehensive and cover all the  per
tinent fields associated w ith design, procurem ent, the manufacture, construction 
and operation of nuclear power plants. These are in fact a result of a long and 
intensive industrial experience.

(b) Knowing tha t the country of origin of the codes, standards and regu
lations, has passed through a long experience with nuclear power plants and other 
related fields gives assurance that the codes, standards and regulations are up to 
the level o f the requirem ents for nuclear industry. The operational experience
of a nuclear power plant is continuously fed into updating codes, standards and
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regulations. A good example for this are the changes in the 10—C FR —50 for the 
ECCS (Emergency Core Cooling System) and the regulation introduced concerning 
cable separation of all emergency systems after the 1975 Browns Ferry fire.

(c) The practicability of the codes, standards and regulations is already tested 
by the utilities, vendors, and contractors.

(d) M ethods and means of checking compliance w ith the codes and regu
lations would be readily available. An example for this are the com puter codes 
used in safety assessment of the design. These com puter codes are not only 
developed and tested theoretically but also verified by specially designed experi
m ental facilities in which huge investments have been spent. Of course, the 
ultim ate results would be reasonable and practical safety factors, which would 
reflect on the plant cost.

Help certainly could be obtained from the NRB of the country o f origin of 
the adopted documents in the m ethods of using and applying them ; in addition, 
the NRB in the developed country of origin may give assistance in forming the 
NRB in the developing country by training the la tte r’s personnel on the means 
and m ethods of doing the different tasks required.

(e) Last but not least is the idea of a reference plant. In the country of 
origin of the adopted documents, it is possible to  choose a plant which has a 
design similar to the plant bought by the developing country. If the reference 
plant has been granted a construction or operation perm it in the  country of origin, 
use can be made o f its safety analysis review. Many restrictions and conditions 
exist for using this m ethod. Some were discussed in the Technical Reports Series 
No. 153 o f the IAEA, and concern mainly dissimilarities in the site conditions 
and evolution of the design criteria, codes and standards. However, it should
be noted that this reference plant m ethod is not always applicable. A good 
example is the case of two-loop PWRs supplied by the US Westinghouse Electric 
Company to  Korea, Brazil, Yugoslavia, and due to  be supplied to  the Philippines, 
Egypt, and perhaps other countries. These two-loop PWRs have no reference 
plant licensed in the USA.

5. DIFFICULTIES ENCOUNTERED IN ADOPTING FOREIGN CODES, 
STANDARDS AND REGULATIONS

The above discussions may give the impression that the developing country, 
when forming its NRB and by adopting foreign codes, standards and regulations, 
will have no difficulties to  face. On the contrary, several difficulties are certain 
to  arise as a result of such action. These difficulties could be categorized as
(a) Personnel; (b) Software such as regulatory guides, analytical methods, 
com puter programs and data banks; and (c) Equipm ent and facilities.
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5.1. The problem o f personnel

No country would start a nuclear power programme before being exposed 
for a considerable tim e to  the different areas o f nuclear energy. In fact, most 
deyeloping countries have a formal organization dealing with several activities 
related to  nuclear energy. Such nuclear energy organization may itself form an 
NRB and therefore may work w ith proper plans to  prepare the required personnel 
to perform the NRB tasks.

Personnel required to  form the NRB are usually selected from qualified 
specialists, who have acquired sufficient academic and practical knowledge of the 
nuclear power plant design, operation and other related topics. They may come 
from industry, utilities or nuclear installations and research centres.

In contemplating the required personnel it is essential that their experience 
and knowledge cover the diverse disciplines involved in nuclear safety. Specialists 
in as many as twenty-five or more fields in engineering and sciences are required 
to  handle all aspects of nuclear safety, i.e. the assessment and inspection functions. 
Added to  those, legislation specialists with a good knowledge of the issues related 
to  nuclear power, are needed. Each phase of im plem entation of the nuclear 
programme requires more from some fields than from others.

For a developing country, to  find all the required personnel, specialized in 
all these fields, and w ith sufficient knowledge of nuclear power plants and their 
safety-related issues, is quite a problem. This difficulty is particularly apparent in 
the first nuclear power plant, but may ease up as the nuclear programme 
progresses.

In Egypt the local industry is not at present in a position to  supply the 
quality of people required for such sophisticated and specialized NRB tasks.
Local utilities, however, may provide sufficient personnel to  take care of conven
tional issues. On the other hand, the research programmes in the Egyptian Atomic 
Energy Establishment were directed towards developing personnel who could 
participate in the national nuclear power programme. Some might very well work 
for the NRB after training.

When studying the number and variety o f codes, standards and regulations 
incorporated in the  design, construction and operation of nuclear power plants, 
it is then obvious how tough it would be to  get acquainted with these disciplines. 
As an example, when working on the contract for Egypt’s first power plant, it was 
decided to  take US codes, standards and regulations up to  the bidding date 
(Feb. 1972). This meant that codes and standards of nearly 40 institutes and 
professional organizations, incorporating more than 450 documents, would be 
involved in the  design, procurem ent, construction, testing and operation of the 
plant. Added to  those, 93 nuclear regulatory guides may be used in the different 
operations related to  the plant. This vast am ount of documents needs numerous 
specialized personnel to  be able to  comprehend and, moreover, to  modify or 
amend.
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Training of the  NRB personnel could be done in different channels. The 
IAEA provides several courses useful in this respect, in addition to  the supply of 
experts in different areas o f assessment and inspection.

The country of origin for codes, standards and regulations, could certainly 
be of great help in training the NRB personnel. The USNRC has offered to  host 
a limited num ber o f specialists from the developing countries to  work in the NRC 
offices and do typical NRB tasks. Certainly, o ther nuclear developed countries 
would offer the same help in this respect. Fu ture personnel for working in 
inspection functions can take their training at the m anufacturers’ and vendors’ 
works, also during the im plem entation o f the  first plant where inspection proce
dures could be witnessed. In general, the  training of the NRB personnel is an 
elaborate and costly operation.

To add to  its complexity, it is quite known tha t preventing qualified personnel 
from leaving developing countries to  go to  the  developed countries is alone a 
problem. This should be taken into consideration when recruiting personnel for 
the NRB.

5.2. Problems of software

The second kind o f problem associated w ith the adoption o f foreign codes, 
standards and regulations, is that concerned with obtaining and preparing the 
software for applying and checking compliance w ith these codes, standards and 
regulations. Examples o f the software are the regulatory guides, design or safety 
assessment m ethods such as analytical m ethods and com puter codes, and methods 
for testing personnel qualifications. Certainly, as a start, these could also be 
adopted, bearing in mind that not everything could work out under the local 
conditions and th a t continuous m odification has to  be done. This is not easy.

For example, if the NRB chooses to  adopt the US Regulatory Guide 18
— which endorses ANSI Standard N 18.1 — for personnel selection and training, 
the local conditions and education system have to  be taken into consideration.
The same also applies when adopting Regulatory Guides 1.33 and 1.64, which deal 
with quality assurance programme requirements, and quality assurance require
m ents for the design o f nuclear power plants.

A nother example of the difficulties related to  software is the design review 
of the nuclear power plant. The review requires knowledge of many analytical 
methods and experimental data in a diversity o f disciplines related to  nuclear 
and conventional engineering. The extent o f such knowledge would be beyond the 
capability of the NRB personnel at the  beginning stages. For instance, the simple 
problem of nuclear fuel burnup, which is directly related to  the nuclear and 
therm ohydraulic design, has received considerable treatm ent bo th  theoretically 
and experimentally. Many com puter codes handling this problem have been 
developed using different physical and mathematical assumptions and techniques.
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Comparative evaluation, and the study of such codes is still required; therefore, 
the choice between them is hard to  make. The need for such comparative evaluation 
stems from the fact th a t a compromise between the level of analysis and the cost 
investment is o f utm ost practical importance. This ensures that the subm itted 
design meets the general design criteria w ithout introducing substantial errors 
affecting the final conclusions.

5.3. Problems of facilities and equipm ent

Facilities required for the NRB to  perform its tasks are mainly concerned 
w ith computing, inform ation and training. In the  developing countries, com puta
tional facilities are generally limited, relative to  the size and speed required for the 
NRB tasks such as design reviews and safety assessments. Use could be made of 
the computers supplied w ith the reactors by adding extra capacity and input- 
output facilities.

Inform ation facilities and m odern data storage systems are required for the 
use of NRB personnel. Access to  foreign inform ation centres would be quite 
useful, but it will certainly be quite costly to make the link and to  make use of it.

Training centres for personnel required during the im plem entation and 
operation of the nuclear plants should be established in the developing countries 
because of the very high cost of training abroad. At the beginning this may not 
be possible because of the limited num ber required to  be trained and the non
availability of a nuclear reactor for hot training. However, basic training could 
be done locally. To appreciate this problem, it is worth mentioning tha t training 
of a reactor operator in the USA could run to  US$ 40000 to  50000.

Equipm ent for all the  above facilities is certainly needed, in addition to  other 
equipment that may be required for inspection purposes.

Here the problem is to  what extent such equipm ent and facilities are going 
to  be utilized. With one or tw o plants, the economic use of such equipment and 
facilities may not be achieved. Regional co-operation could be a good solution 
for this problem.

In summary, although adoption of foreign codes, standards and regulations 
may have several merits, proper consideration of local conditions has to  be fully 
accounted for, otherwise, misuse or misunderstanding of such adopted codes, 
standards and regulations could lead to  harmful results to  the adopting country in 
particular, and to  the nuclear industry in general.

DISCUSSION

D. ILBERG fChairman): You have described some of the objectives aimed 
at in the establishment of your nuclear regulatory body. What is the present status
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of the NRB, how many engineers will it employ and what staff training programmes 
do you have for the near future?

A.F. EL-SAIEDI : The Nuclear Power Plants A uthority is engaged in training 
the regulatory body personnel and their affiliation will be decided on later.
Between 20 and 25 specialists are being trained for the purpose.

F .J. TURVEY: Do you expect a team of 25 to  be sufficient to  perform your 
regulatory functions w ithout assistance from consultants?

A.F. EL-SAIEDI: In the beginning we shall have the assistance o f consultants, 
together with the help of experts from the IAEA and NRC.

M.A. QUAIYUM: With regard to  the possibility of regional co-operation 
that you have mentioned for the purpose of pooling nuclear resources, have you 
actually concluded any such agreement with another country?

A.F. EL-SAIEDI: No, we have not concluded any agreement yet, but are 
seriously thinking of doing so. I believe Iran, Spain or Italy would be appropriate 
countries for regional centres.

B. CA FFREY : Could you give us some ‘ballpack’ cost figures for imple
menting a nuclear power plant programme? For example, the cost in US$/kW 
for to tal programme im plem entation (real cost) versus the turnkey hardware 
contract price.

A.F. EL-SAIEDI: The hardware costs about US$500/kW. Local country 
contribution, including manpower, land and civil construction, would am ount to  
US$500—600/kW. At the present stage, however, the total figure may be as high 
as U S$1400—1500/kW.
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Abstract-Résumé

ASSISTANCE IN MATTERS O F SAFETY TO COUNTRIES IMPORTING NUCLEAR POWER 
STATIONS.

The new countries th a t are turning to  nuclear energy either to  initiate  or speed up their 
econom ic developm ent cannot disregard the safety  o f  the facilities they  order from  abroad. 
Likewise, the  exporting countries cannot ignore this facto r since it is the transfer o f plants 
subject to  authorization  and contro l w ithin their territories th a t is involved. F rom  this double 
consideration two consequences emerge: the im porting countries m ust set up, at least to  a 
minim um  ex ten t, an organization responsible for the safety o f nuclear facilities; the exporting 
countries, through the interm ediary o f their safety authorities and technical bodies, must 
render this organization assistance, which may take various forms. C ollaboration in safety 
m atters betw een the relevant organizations o f the two countries can be direct. It can also be 
indirect if the  role o f  independent expert-verifier is played by the safety organization of the 
supplier country  w ith respect to  its contractor-com patriot. In all instances co-operation 
betw een organizations a t different stages o f developm ent cannot bu t benefit the parties 
concerned and strengthen the bonds o f the international com m unity in the interests o f  the 
rational developm ent o f nuclear energy.

AIDE DANS LE DOMAINE DE LA SURETE AUX PAYS IMPORTATEURS DE CENTRALES 
NUCLEAIRES.

Les pays neufs qui fon t appel à l’énergie nucléaire pour am orcer ou accélérer leur 
développem ent économ ique ne peuvent négliger l ’aspect sûreté  des installations q u ’ils 
com m andent à l’étranger. De même, les pays exportateurs ne peuvent l ’ignorer, s’agissant 
de transpositions de réalisations soumises chez eux à autorisations et contrôles. De cette 
double constatation  résultent deux conséquences: Les pays im portateurs doivent m ettre 
en place un m inim um  d ’organisation chargée de veiller à la sûreté des installations nucléaires; 
les pays exportateurs, par l’interm édiaire de leurs autorités de sûreté et organismes techniques, 
doivent apporter à cette  organisation une aide qui peut revêtir des form es m ultiples. La 
collaboration en m atière de sûreté peu t être directe entre organismes correspondants des 
deux pays. Elle peut aussi être indirecte grâce à un rôle d ’expert-contrôleur indépendant 
joué par l’organisme technique de sûreté du pays fournisseur auprès de son com patriote 
m aître  d ’œuvre. Dans tous les cas, la coopération entre organismes à des stades différents 
de développem ent ne peu t que bénéficier aux uns et aux autres et renforcer les liens de la 
com m unauté internationale en faveur du développem ent rationnel de l’énergie nucléaire.
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Les pays en voie d ’industrialisation qui font appel à l’énergie nucléaire pour 
amorcer ou conforter leur développement économique doivent faire face non 
seulement aux nombreux problèmes nouveaux que leur pose ce recours, mais 
aussi à une exigence supplémentaire particulière, celle concernant la sûreté des 
installations à réaliser. Aussi, dans ces pays, certains ne m anquent pas de 
s’interroger sur la nécessité d ’accepter dès le début des contraintes dans ce 
domaine, et ce d’autant plus qu’ils les estiment particulièrem ent lourdes, principale
ment du fait de la quantité et de la qualité des moyens humains qu’elles imposent, 
alors que les spécialistes nationaux du nucléaire sont forcément en nombre réduit 
face à toutes les tâches à accomplir. Ils font remarquer que dans les pays exporta
teurs où la nouvelle source d’énergie a vu le jour et s’est développée, elle l’a fait 
au départ sans l’arsenal — jugé par eux excessif — des réglementations de toutes 
sortes définissant les précautions à prendre pour assurer la sûreté des centrales 
nucléo-électriques.

A ceux-là on peut apporter une double réponse.
Quoi qu’il puisse m aintenant paraître, c’est dès la première centrale nucléaire 

construite dans ces pays que l’on s’y est inquiété de la sûreté et que des précautions 
drastiques ont été prises et immédiatement formalisées, puis imposées pour celle 
qui a suivi. On a mis sur pied une réglementation et une procédure, complètes 
l’une et l’autre pour l’époque, mais bien évidemment celles-ci ne pouvaient 
prendre en considération que les problèmes supputés, puis rencontrés en cours 
de réalisation. Les moyens consacrés à la sûreté étaient considérables compte 
tenu des moyens disponibles à l’époque, mais bien souvent le départ entre action 
et contrôle n ’était pas encore nettem ent établi, faute précisément de spécialistes 
com pétents en assez grand nombre. Cette réglementation, comme toute œuvre 
humaine, s’est compliquée sous l’effet conjugué de la complexité des problèmes 
rencontrés et du nombre croissant de centrales nucléaires, sans parler de la 
puissance sans cesse accrue de ces dernières. Les interférences avec le milieu 
environnant n’ont cessé d ’augmenter et, par suite, quantité de personnes et 
d ’organismes se sont trouvés intéressés ou concernés par les conditions d ’implan
tation, de construction et de fonctionnem ent des installations. Il a donc fallu 
codifier à la fois la réglementation et la procédure pour en tenir compte. Ce 
même phénom ène ne manquera pas de se produire, encore plus rapidement sans 
doute, dans les pays neufs. Ils ne peuvent donc se perm ettre de faire un retour 
en arrière qui, allant à contre-courant de l’évolution future, ne pourrait que la 
rendre plus difficile.

La seconde réponse consiste à leur faire rem arquer que, du point de vue 
technique, il n’est ni raisonnable ni logique de revenir sur les précautions à 
prendre et les règles pour ce faire. Imagine-t-on que les objets ou matériels 
courants importés dans les pays neufs puissent avoir été réalisés suivant des 
normes anciennes, abandonnées par les constructeurs pour la fourniture du 
marché intérieur? Certainement pas. Par contre, compte tenu de conditions
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d ’emploi et d ’entretien plus difficiles, on demandera à ces matériels d ’être, dans 
toute la mesure du possible, plus robustes et plus simples. De même, pour la 
sûreté des centrales nucléaires, il conviendra d’adapter au mieux des conditions 
locales à la fois la réalisation et la réglementation.

D’un autre côté, les autorités de sûreté du pays exportateur et leurs organismes 
d’appui technique ne peuvent se désintéresser de l’observation et des modalités 
d ’application, pour les réalisations faites à l’étranger, des règlements et règles 
édictés par eux à l’usage intérieur. La plupart du temps, la centrale à l’exportation 
se référera à une centrale déjà construite ou en construction dans le pays exporta
teur. Pour de multiples raisons, allant de l’éthique à l’intérêt bien compris en 
passant par le bon sens, les autorités du pays fournisseur ne peuvent perm ettre 
que des adaptations — il y en aura nécessairement — ou des trahisons de 
l’esprit des réglementations puissent rem ettre en cause le bien-fondé des règles 
édictées. On verra comment ce dernier point pourra, dans la plupart des cas 
réels, conduire à proposer une assistance indirecte aux autorités et organismes 
de sûreté locaux.

Les raisons exposées ci-dessus, qui font que les autorités et les responsables 
locaux ont à s’assurer que la ou les centrales commandées présentent, du point 
de vue de la sûreté, les mêmes garanties que la centrale modèle du pays 
fournisseur, impliquent une double action.

Du côté du pays client, il convient de m ettre sur pied dès le départ:
— auprès des autorités gouvernementales à qui appartient le pouvoir de décision, 

un organisme chargé de légiférer en matière de sûreté nucléaire;
— en appui à cet organisme, un organisme technique de sûreté, chargé d ’examiner 

les problèmes et de préparer au plan technique les décisions des autorités 
gouvernementales;

— une équipe spécialisée, sous l’autorité du m aître de l’ouvrage — responsable 
de la réalisation de la centrale — chargée de préparer et de présenter aux 
autorités de sûreté les dossiers administratifs et techniques qui doivent leur 
être soumis.

A ces différents niveaux de responsabilité, le pays fournisseur, par l’inter
médiaire de ses autorités réglementaires et organismes techniques, doit pouvoir 
apporter l’aide nécessaire aux organismes du pays client pour leur perm ettre de 
démarrer convenablement leur tâche d’organisation, de cerner les problèmes de 
sûreté, et de présenter aux autorités com pétentes des avis clairs et précis leur 
perm ettant de prendre des décisions en connaissance de cause.

D’autre part, et de façon indépendante, les organismes de sûreté du pays 
fournisseur doivent s’assurer auprès du m aître d’œuvre que celui-ci, dans 
l’adaptation de l’ouvrage et les modifications qui en découlent, ne transgresse, 
du moins dans leur esprit, les critères et règles de sûreté du pays fournisseur.
Si la réglementation imposée par le m aître de l’ouvrage au fournisseur est 
sensiblement différente de celle observée pour la réalisation de la centrale de
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référence, ceci pouvant d ’ailleurs poser un problème délicat, il leur faudra 
vérifier que la cohérence d’ensemble de la réalisation ne s’en trouve détruite.
En définitive, ils doivent être en mesure de se porter éventuellement garants 
auprès des autorités du pays client que la centrale commandée présente un 
degré de sûreté au moins égal à celui des installations correspondantes de leur 
propre pays. Cette action, qui constitue une assistance indirecte, doit bien 
entendu recevoir l’acquiescement des autorités du pays client.

1. COOPERATION AVEC LES DIFFERENTS RESPONSABLES DU PAYS
IMPORTATEUR

Pour examiner m aintenant les action à mener dans la pratique auprès des 
responsables à des titres différents de la sûreté des installations, il nous faut 
définir un minimum d’organisation de ces responsables et la procédure qui en 
résulte en la comparant, à titre d ’exemple, à celle suivie en France.

Ce sont les autorités gouvernementales qui décident; en leur sein devra se 
trouver un organisme réglementaire chargé de légiférer en matière de sûreté et, 
plus largement, en matière de sécurité nucléaire, et de faire appliquer cette 
législation. Elles devront disposer d’experts pour, d ’une part, préparer leurs 
décisions et, d ’autre part, en contrôler l’exécution pratique. Ces experts seront 
soit permanents — et constitueront ce qui sera appelé plus loin «organisme 
technique de sûreté» — soit consultés pour leur compétence de façon systéma
tique sur les points im portants et form eront, en ce cas, un «comité consultatif». 
Le m aître de l’ouvrage, pour sa part, responsable de la sûreté de l’installation 
qu’il fait construire, devra être capable de s’assurer que le m aître d ’œuvre 
étranger respecte bien les règles de sûreté, et en conséquence devra créer une 
organisation propre de sûreté pouvant éventuellement faire appel à l’assistance de 
l’organisme technique de sûreté.

Ce découpage schématique pourra être aménagé, suivant les possibilités et 
les circonstances, sous la réserve de bien respecter le principe de séparation de la 
décision, du contrôle et de l’action.

De cette organisation, il résulte une procédure en matière d’autorisations 
et d’observation de la réglementation dans le domaine de la sûreté nucléaire qui 
a été schématisée à la figure 1. La figure 2 schématise, à titre d ’inform ation et 
de comparaison, la procédure en vigueur actuellement en France.

Ces figures vont perm ettre de mieux suivre les différentes aides à 
promouvoir.

1.1. Action au profit de l ’organisme réglementaire du pays importateur

L’action en faveur de cet organisme sera, en fonction de l’organisation 
gouvernementale ayant en charge le «nucléaire», très variable tant en importance
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que dans son étendue. A sa demande, une aide pourra lui être apportée dans le 
domaine de l’organisation générale de la sûreté.

Les autorités réglementaires du pays fournisseur devront lui transm ettre la 
réglementation administrative en vigueur chez elles. Il faudra veiller à ce que 
soient expliqués les particularismes et les singularités de celle-ci pour éviter 
certains malentendus. De plus, puisque bien souvent le choix du site aura été 
arrêté avant la désignation du constructeur étranger de la centrale, il sera 
souhaitable qu’une consultation entre autorités réglementaires ait lieu dès la 
désignation de ce dernier; il serait en effet navrant que des difficultés apparaissent 
par suite de problèmes de compatibilité des caractéristiques du site et de son 
environnement avec la réglementation du pays exportateur dans ce domaine.

Eventuellement, il pourra être fait, à la demande du pays client, une adapta
tion aux conditions locales de la réglementation propre du pays fournisseur ou 
de la réglementation internationale. Ces conditions locales pourront, en effet, 
être très particulières par un certain nombre de facteurs, parmi lesquels on peut 
citer la très grande spécificité du climat ou de la météorologie, la démographie, 
la législation administrative ou juridique.

Compte tenu de ses implications, cette coopération demandera à être 
négociée cas par cas entre organismes réglementaires des deux pays.

1.2. Action au profit de l’organisme technique de sûreté du pays im portateur

Il s’agit d ’une aide d ’ordre technique qui sera apportée par l’organisme de 
soutien des activités de sûreté du pays fournisseur.

1.2.1. Organisation

Si besoin est, une assistance peut être fournie en matière d’organisation.
Cette aide, tenant com pte de l’expérience acquise, sera fructueuse dans la mesure 
où les quelques ingénieurs confirmés qui devront être détachés dans le pays client 
sauront faire preuve à la fois de patience, de compréhension et de souplesse 
d ’esprit.

1.2.2. Participation à la préparation de la décision

Le nouvel organisme local aura à préparer les décisions des autorités 
gouvernementales de sûreté.

Il lui faudra être en possession,indépendamment de la réglementation 
administrative déjà évoquée, de la réglementation technique du pays fournisseur. 
Celle-ci com portera les critères généraux, les règlements, codes et guides en usage 
dans le pays du constructeur. En premier lieu, l’ensemble devra être expliqué, 
dans la mesure où il com porte des particularismes pouvant prêter à confusion
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et être la source de malentendus pouvant conduire à des blocages. Ensuite, en 
tenant com pte de ces explications, certains points devront sans nul doute être 
adaptés par suite de contingences ou exigences locales.

Au plan opérationnel, si le choix du site n ’est pas définitivement arrêté, 
le concours débutera par une aide à la préparation de la décision sur ce point 
im portant. Cette aide pourra dans certains cas être très im portante et com porter 
non seulement des études sur documents, mais une participation active à la 
coordination d’essais très divers sur le terrain. Dans la pratique, le pays fournisseur 
devra envisager d’envoyer soit des équipes spécialisées complètes, soit des équipes 
de renforcem ent des équipes locales, qui apporteront leur assistance là où 
apparaîtraient des lacunes.

1.2.3. Contribution à la form ation  de spécialistes

Dès son début également, la collaboration devra porter sur la formation 
d’ingénieurs spécialistes de sûreté, si le nombre de ceux-ci apparaît insuffisant 
pour faire face aux problèmes posés.

Quelques ingénieurs ayant déjà de bonnes connaissances techniques seront 
envoyés dans le pays fournisseur pour se familiariser, d ’une part, avec les 
problèmes techniques de la centrale, en prenant pour modèle technique la 
centrale de référence, d ’autre part, avec la méthodologie employée pour 
systématiser l’analyse de sûreté.

Ultérieurement, les mêmes principes pourront être utilisés pour la formation 
ou le perfectionnem ent des futurs inspecteurs des installations nucléaires.

1.2.4. Concours à l ’évaluation de la centrale

Une assistance pourra, éventuellement, être apportée en vue de la démons
tration que la centrale à réaliser présente au moins le même degré de sûreté que 
celles en cours de réalisation ou déjà réalisées dans le pays fournisseur.

Il conviendra d ’évaluer le projet en fonction des règles de sûreté retenues 
par le pays client et de lever dans ce domaine les ambiguïtés pouvant résulter 
soit d ’une différence d ’interprétation des règles dans les deux pays, soit des 
modifications imposées par l’adaptation au site. En particulier, l’évolution des 
modifications devra être très attentivem ent suivie jusqu’à l’élaboration du projet 
définitif.

Après avoir participé à la vérification des spécifications des matériels les plus 
im portants pour la sûreté de la centrale, il faudra, pour la construction, contrôler 
la cohérence des procédés mis en œuvre et la conform ité des opérations de 
réalisation avec les codes et règles édictés.

Un soin tou t particulier devra être apporté à l’examen tant des spécifications 
que des conditions de fabrication de l’élément combustible pour, si besoin, 
dem ander des études et des essais de confirmation.
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1.2.5. A ide pou r l ’analyse de sûreté

D’une façon générale, et ainsi qu’il a été indiqué à la figure 1, la procédure 
administrative com porte trois grandes étapes: autorisation de création, 
autorisation de premier chargement, autorisation de mise en service industriel. 
Eventuellement, un certain nom bre d ’étapes intermédiaires peuvent être prévues 
entre les deux premières. Une aide efficace devra pouvoir être apportée dans 
l’examen des rapports de sûreté, dont la conclusion conditionne chacune de 
ces autorisations. On distingue ainsi généralement: rapport préliminaire de 
sûreté définissant les principes de sûreté du projet définitif; rapport provisoire 
de sûreté présentant les dispositions arrêtées durant la construction; enfin 
rapport définitif. Des rapports particuliers peuvent être demandés pendant la 
construction, soit a priori pour sanctionner les étapes intermédiaires importantes, 
soit en fonction du déroulem ent de la réalisation. Bien qu ’en principe le contenu 
des rapports de sûreté soit indiqué dans la réglementation, il se peut q u ’il 
apparaisse, à des stades différents de l’avancement de l’affaire, que des points 
m éritent d ’être plus particulièrem ent étudiés et précisés, par suite soit de 
singularités spécifiques, soit de circonstances fortuites rendant plus délicates 
qu’elles ne le sont habituellem ent certaines parties de l’installation.

La coopération pour ces points particuliers sera particulièrem ent utile, 
dans la mesure où elle perm ettra aux spécialistes locaux de se rendre compte 
com m ent il faut procéder pour surm onter les difficultés de l’analyse de sûreté.
Il est évident qu’en règle générale les experts étrangers devront informer 
scrupuleusement leurs interlocuteurs des motifs de leurs jugements.

Il leur faudra faire très attention à ce que les rapports d ’expertise de 
l’organisme technique ou ses avis soient présentés aux autorités réglementaires 
sous une forme très claire et très concise. Les points im portants devront être 
mis bien en évidence afin que la tâche des responsables non techniciens soit 
facilitée dans toute la mesure possible.

Un de ces points im portants consistera en la vérification des procédures 
concernant le fonctionnem ent normal et les possibles fonctionnem ents 
incidentels et accidentels de la centrale. Cet examen peut conduire tout 
naturellem ent à une étude probabiliste de l’occurrence des situations anormales 
et à un essai de quantification de leurs conséquences. Ceci amène à souhaiter 
que quelques-uns parmi les spécialistes nationaux soient, s’ils ne le sont déjà, 
mis au courant des méthodes d’analyse probabiliste des risques dans le cas 
précis d ’une centrale nucléaire.

1.2.6. A ide en matière d ’études e t  d ’essais

Il pourra apparaître au cours des examens précédents que des dispositions 
ou des dispositifs ont besoin d ’une confirmation par des études ou essais



94 MONTEIL

complémentaires. Les experts étrangers devront conseiller sur les méthodes et 
les moyens à utiliser pour lever les doutes, et être à même de piloter, si besoin 
dans leur propre pays, ces études de sûreté et les essais correspondants.

1 .2 .7. Contribution à l ’inform ation du public

Bien que ce besoin d’inform ation puisse rie pas apparaître dès le début, il 
peut être souhaitable que les autorités de sûreté aidées de leur organisme 
technique prennent les devants en la matière. Une aide doit pouvoir leur être 
apportée pour leur faciliter la tâche et compléter leurs moyens d ’inform ation de 
certaines catégories de la population -  étudiants, industriels, par exemple -  ou 
même du public dans son ensemble.

Dans certains cas, cette aide pourra prendre la forme de visites de centrales 
nucléaires en fonctionnem ent dans le pays vendeur, ou d ’installations d ’essais 
mises en service pour approfondir certains problèmes difficiles.

1.3. Aide pour le fonctionnem ent du comité consultatif

Bien que ce comité doive, en principe, être constitué d ’experts nationaux 
choisis en raison de leurs compétences particulières, même dans les domaines 
n’ayant qu’un rapport lointain avec l’énergie nucléaire, il doit, si besoin, pouvoir 
faire appel à des experts du pays fournisseur. Cette collaboration ponctuelle 
sera, bien entendu, à traiter cas par cas, mais elle ne doit pas être omise, car elle 
peut être un moyen particulièrem ent efficace de perm ettre à des experts 
indépendants de se faire une idée précise de certains problèmes difficiles, en 
les replaçant dans leur contexte de base.

1.4. Action au profit du m aître de l’ouvrage

Celui-ci est responsable devant les autorités gouvernementales de la sûreté 
de l’installation qu’il fait construire et qu’il exploitera. Il a la charge de la 
preuve que sa centrale présente toutes qualités requises en matière de sûreté 
et qu’elle est conforme à la réglementation locale.

A son échelon, il peut donc avoir besoin d’une assistance technique qui 
ne sera pas différente de celle requise par l’organisme technique de sûreté. 
Eventuellement, avec l’accord des autorités de sûreté, c’est à son niveau que 
pourra s’exercer l’aide décrite précédemment, tou t au moins dans sa partie 
technique proprem ent dite.
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2. AIDE INDIRECTE EXERCEE AU PROFIT DU MAITRE D’Œ U V R E

Ainsi q u ’il en a été fait la remarque, compte tenu de l’im portance des 
problèmes de sûreté et de ceux connexes de contrôle de la qualité, les autorités 
de sûreté du pays fournisseur ne peuvent se désintéresser de ce qui se fait à 
l’étranger lorsque l’ouvrage se réfère à une centrale autorisée par elles. D’un 
autre côté, il est compréhensible que le m aître d ’œuvre cherche à obtenir d ’une 
autorité indiscutable une garantie vis-à-vis de son client et des autorités de 
tutelle de celui-ci. Ce double aspect des choses amène à envisager la mise en 
place d’une tierce partie capable d ’apporter à tous l’assurance que la centrale 
construite intègre dans leur totalité les dispositions adéquates pour éviter les 
incidents et accidents et, le cas échéant, pour en minimiser les conséquences.
Avec l’accord des autorités de sûreté du pays client, il peut être ainsi placé 
auprès du m aître d ’œuvre, par les autorités de sûreté du pays fournisseur, un 
organisme technique chargé de vérifier qu’il en est bien ainsi. Cet organisme 
technique de sûreté-qualité devra évidemment présenter des garanties, à la fois 
d ’indépendance et de compétence. Laissant ici de côté le volet assurance de  
qualité pour ne traiter que le volet sûreté, on remarquera que pour ce qui est 
de la centrale proprem ent dite, l’action de cet organisme couvrira les mêmes 
domaines que ceux évoqués au profit de l’organisme technique de sûreté 
national. Ce dernier se trouvera donc éventuellement soulagé et acquerra ainsi 
des facilités pour son organisation et pour l’adaptation de son personnel. 
Cependant, dans ce système d ’aide indirecte, certaines parties tenant à la 
form ation et à l’entraînem ent du personnel en matière de sûreté nucléaire 
disparaissent; aussi pourra-t-il être intéressant de le coupler avec une aide 
directe.

Pour ce qui concerne la sûreté, l’organisme pourra être mis en place dès 
le projet, de façon à pouvoir éventuellement procéder à l’examen d’un certain 
nombre de systèmes d’adaptation de la centrale du pays fournisseur au site 
choisi par le client. Ces systèmes originaux, que l’on pourra qualifier d ’améliora
tions, devront éventuellement faire l’objet d’approbation par les autorités de 
sûreté. Ensuite, dès la signature du contrat entre fournisseur et client, l’organisme 
devra vérifier si toutes les données concernant le site ont été convenablement 
rassemblées et si les adaptations prévues au projet sont propres à résoudre les 
problèmes pour lesquels elles ont été conçues. Il conviendra également qu’il 
examine si certaines contingences imposées, en ce qui concerne le choix de 
sous-traitants par exemple, ne risquent d ’entraîner une dim inution de la sûreté 
d ’ensemble de la centrale. Si oui, il pourra éventuellement lui appartenir d ’en 
avertir toutes les parties intéressées.

Ultérieurement, durant les phases de construction, d ’essais et de mise en 
service, il lui faudra déceler toute anomalie éventuelle par rapport à ce qui a 
été fait ou relevé dans la centrale de référence. Agissant au bénéfice de tous,
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sa tâche sera délicate et il lui faudra pour l’accomplir bénéficier de la confiance 
absolue de tous ses interlocuteurs. S’il en est bien ainsi, ses moyens im portants, 
pouvant alors être utilisés d’une façon particulièrem ent efficace, doivent 
perm ettre aux autorités de sûreté du pays client d ’être confiantes dans la 
sûreté de la réalisation et assurées de pouvoir être éclairées, si besoin, sur les 
points leur paraissant m ériter études ou examens complémentaires.

3. CONCLUSION

Quel que soit le mode de coopération retenu par les autorités du pays client 
avec celles du pays fournisseur, le pouvoir de décision appartiendra toujours aux 
premières; cela, il convient de bien le souligner. Les organismes d’experts 
étrangers ne sont là que pour les informer et leur perm ettre d’arrêter leurs 
décisions en toute connaissance de cause, après explications ou essais si nécessaire. 
Ils ne se substitueront jamais à elles et, s’ils peuvent les conforter grâce à la 
confiance qu’ils peuvent acquérir auprès d’elles, ils ne les dispenseront jamais 
d’un im portant effort pour leur apprendre à m aîtriser à leur tour l’ensemble des 
problèmes de sûreté et y apporter alors des solutions, peut-être originales.

Cette coopération dans le domaine de la sûreté ne pourra que favoriser, 
outre le resserrement des liens entre organismes à des stades différents de 
développement, ce qui ne manquera pas d ’apporter un enrichissement certain 
à l’une et l’autre parties, la contribution de la communauté internationale à la 
maîtrise de plus en plus complète de l’énergie nucléaire sous tous ses aspects.

DISCUSSION

M. ROSEN ( Scientific Secretary): What kind of regulatory assistance does 
the CEA intend to provide in connection with the reactors that may be supplied 
to Iran and South Africa?

M. MONTEIL: With regard to  the paperwork, the docum ents provided by 
the Central Service for the regulatory authorities of countries importing 
Framatome nuclear power plants include general administrative regulations, 
general specifications and, more especially, the decree of February 1974 governing 
equipment for the primary circuit o f light-water reactors, general safety criteria, 
and the recommendations made by the Permanent Group after examination of 
the preliminary safety report for the reference power plant.

As far as actual assistance is concerned, the safety authorities of importing 
countries are informed that the Central Service will provide them, through its 
technical support service — the Institute of Nuclear Protection and Safety, more 
especially the D epartm ent of Safety — with all the assistance they desire in 
the form that seems most appropriate. This assistance may range from consultant 
services to  complete coverage of safety and quality assurance matters, whether 
provided at the level o f the regulatory engineer himself, or that o f the contractor.



IAEA-SM-223/36

NRC ADVICE AND ASSISTANCE TO 
NUCLEAR POWER REGULATORY 
PROGRAMMES OF DEVELOPING COUNTRIES

R.T. KENNEDY, J.R. SHEA,
J.D. LAFLEUR, R.D. HAUBER 
United States Nuclear 

Regulatory Commission,
Washington, DC,
United States of America

Abstract

NRC ADVICE AND ASSISTANCE TO NUCLEAR POWER REGULATORY PROGRAMMES 
OF DEVELOPING COUNTRIES.

The United States Nuclear Regulatory Commission has the  responsibility for the regulation 
of US comm ercial nuclear energy activities to  protect the health and safety o f the US public.
NRC also licenses exports o f  nuclear materials and facilities. While national security consider
ations (such as peaceful uses guarantees, safeguards etc.) are of major significance in the export 
licensing process, the NRC is also interested in the safe use o f exported material and recognizes 
the need of various countries initiating nuclear power program m es to obtain  advice and assistance 
in organizing for and im plem enting nuclear safety regulation activities. The need in these 
countries for such assistance must be satisfied in a m anner fully consistent w ith the sovereign 
au thority  and responsibility o f the countries involved. This means that the im porting country 
must assume the responsibility for carrying ou t a national safety program m e, and must prepare 
itself to  do so early in the  course o f its nuclear energy activities. While avoidance of accidents 
and unplanned radiological releases to the environm ent is the  pre-em inent m otivation for a 
strong regulatory program m e, good regulation, including sound quality assurance, will help assure 
that nuclear plants operate econom ically and reliably with minimal outages. In co-ordination 
with o ther US governm ent agencies and IAEA programmes, NRC has strived to provide, to  
countries initiating nuclear power programmes, technical advice and assistance in their nuclear 
safety activities, while encouraging the  developm ent o f an indigenous regulatory capability.
This support is to be provided to  countries requesting it, and especially those countries building 
or operating US-supplied light-water reactors, where NRC expertise is particularly applicable.
This advice and assistance has several basic elem ents which include: (a) Meetings for NRC to 
learn the safety assistance requirem ents o f im porting countries, to advise on the types of 
assistance NRC might be able to provide, and to  assist countries in requesting assistance from  
the IAEA; (b) NRC support o f recruitm ent of IAEA reactor safety advisors and o ther short
term  and long-term  experts from  w ithin and outside the NRC staff to  serve in the developing 
countries; (c) Training assignments for specialists from  o ther countries w ithin the NRC staff, 
and o th er NRC support of safety m anpow er training; (d) Assistance to developing countries in 
obtaining notice and explanations o f NRC safety decisions, including advice on previous NRC 
studies o f problem s which the developing countries encounter; and (e) NRC staff support o f 
and participation  in IAEA safety advisory missions.

97



98 KENNEDY et al.

1. INTRODUCTION

It is most appropriate for the IAEA to bring exporting and importing 
countries together at this time to  consider how we can co-operate to achieve our 
common goal o f  assuring the safety and reliability o f nuclear power plants.

The United States Nuclear Regulatory Commission (NRC) is highly interested 
in learning how best to  work with the authorities of other countries to  tackle 
health, safety, safeguards and environmental matters related to reactor exports. 
The present symposium is welcomed as a useful forum for the frank exchange of 
ideas.

Only a few years ago, most power reactor exports were destined for the 
industrially more advanced countries. This situation is changing, however. We 
have seen estimates indicating that as many as 16 developing countries may have 
power reactors in operation, under construction, ordered or planned for operation 
by 1985.

Any country which has initiated a nuclear power programme knows the 
difficult task facing countries just entering the nuclear arena. Until they have 
had the benefit o f many years of direct experience, the time to  develop mature 
safety, quality assurance, and environmental protection programmes, and the 
skilled manpower to  carry them  out, they will experience a need for substantial 
advice and assistance from the IAEA and the exporting countries.

To define an appropriate and effective relationship between exporters and 
im porters on such m atters requires careful thought. This question has im portant 
technical and institutional elements. It also involves key legal and political 
elements, often including im portant considerations of national sovereignty.

As an exporting country the United States feels a responsibility to  assist in 
assuring the safety and reliability o f exported nuclear power plants, and advising 
on m atters related to  environmental protection.

Third countries are concerned with any possibility o f injury to  their people 
or territory from  an accident in a nearby country, or o f some serious insult to  the 
regional or world-wide environment.

But, o f course, it is the importing country and the utility organization and 
government of that country which have the most at stake. It is their decision and 
com m itm ent to a nuclear power project which is being implemented. It is their 
population and environment which would be most vulnerable in the event o f an 
accident. It is their economy which requires the  power to  be produced by the 
reactor and which would suffer from any delays or undue interruptions in its 
operation.

It is well understood that in the purchase, construction, operation and 
regulation o f the nuclear power activities of a given country, that country itself, 
through institutions set up for tha t purpose, must make the difficult decisions 
and choices. Whether or not to build additional central power generating stations,
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whether to  choose the nuclear option, from whom to  buy the power plants and to 
secure the necessary engineering services, and many other equally difficult 
questions involve m atters o f careful judgem ent and the balancing of alternatives 
and costs and benefits. These decisions ultim ately must be made within and by 
the importing country, cognizant o f both  its needs and available resources.

I

2. THE PRINCIPAL FUNCTIONS OF THE NRC

The NRC regulates commercial nuclear activities in the United States of 
America for the purposes of preserving the health and safety o f the public, 
protecting the environment, safeguarding the nuclear materials and facilities 
involved, and assuring that nuclear facilities are used in a manner which is consistent 
with US antitrust laws. This responsibility involves several major activities:

(a) The licensing of US nuclear power reactors and fuel cycle facilities to  assure 
safety and to  limit environmental impact.

(b) Physical protection of nuclear facilities and accountancy o f nuclear 
materials.

(c) Development o f standards and written regulations to  govern the safety and 
safeguards activities o f licensees.

(d) Research to  understand safety phenomena and to  quantify the degree o f 
conservatism in assumptions used in safety design calculations.

(e) Inspection and enforcement to  assure licensee compliance with regulations 
and licensing conditions.

In the international sphere, NRC is responsible for the licensing of US exports 
and imports o f nuclear materials and facilities. Before acting on proposed exports, 
the Commission solicits and carefully considers the views and recommendations 
of the Executive Branch.

Beyond specific statutory licensing requirements, discussed by H.K. Shapar 
and C.R. Stoiber (IAEA-SM-223/26), however, the NRC is interested in the safe 
use o f exported material, recognizing, as we do, the need o f various countries 
initiating nuclear power programmes to  obtain advice and assistance in organizing 
for and implementing nuclear safety regulation activities. We also acknowledge 
that the need o f these countries for such assistance must be satisfied in a manner 
fully consistent with their sovereign authority  and responsibility.

This concept o f national authority  and responsibility is an im portant one.
It means tha t the  importing country must assume the responsibility for carrying 
out a national safety programme, and must prepare itself to  do so early in the 
course o f its nuclear energy activities. NRC does not wish to  take on this 
authority  and responsibility, and will not do so. However, we will assist an 
importing country, as best we can, in response to  questions or problems which
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may arise and in helping the country to  become self-sufficient in safety, regulatory 
and environmental m atters in which NRC has had direct experience.

3. INTERNATIONAL CO-OPERATION

For over tw enty years, the United States has joined other countries in 
developing and using nuclear energy for peaceful purposes, covering the areas of 
health, safety and environmental protection. NRC and its predecessor organization, 
the Office of Regulation of the Atomic Energy Commission, have contributed 
substantial time and resources in support o f international nuclear safety 
exchanges. We believe that our own public health and safety and that of other 
countries can be better protected if we are able to benefit from each other’s 
regulatory experiences and research efforts in the reactor safety area. Sharing 
available operating experiences provides a sound basis upon which to  build our 
safety assumptions and an early warning of possible safety problems that could 
affect us all. As a country with large numbers of nuclear facilities and many 
years o f practical experience, and as a country which exports reactor technology 
to  o ther countries, the USA feels a special obligation to  co-operate with other 
countries and exchange safety information.

Today there are about 195 commercial power reactors operating in the 
world. Sixty-seven o f  these are in the United States. In terms of rated capacity, 
the to tal o f  all 195 operating power reactors is about 102000 MW(e). Nearly 
half o f this rated capacity is in the United States.

We have had twenty-five years of experience in the construction and 
operation o f light water reactors. In recent years, we have discussed a great 
number and variety o f questions, both  real and hypothetical, on the design, 
construction and operation of LWRs and other nuclear facilities and on the use 
of nuclear materials. Despite the work which has been done in the past, and the 
design and operating improvements which have taken place, we expect that the 
future will continue to  bring new questions and issues related to  the safety and 
environmental effects o f nuclear activities.

Several o f the more serious operating problems of reactors in recent years 
have occurred more or less simultaneously in reactors in the USA and in similar 
reactors overseas. In this light, it is extremely im portant that we share inform ation 
on reactor operating experience on a timely basis. Such co-operation can help 
us to  take the earliest possible action in response to new problems, to  avoid them, 
or to  lessen their adverse effects.

In the USA, NRC alone spends about US$125 million per year in confirm
atory safety research to  better understand safety phenom ena and to verify and 
establish the degree of conservatism of the assumptions being used in design 
safety calculations. Similar am ounts are being spent for safety research in o ther
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countries. Sharing the results o f such programmes can make them  collectively 
more effective and allow more rapid progress in critical areas than would be 
possible with each programme working in isolation from the others.

4. NRC BILATERAL CO-OPERATION

NRC, to  date, has w ritten bilateral ‘arrangements’ or ‘agreements’ with 
safety-related agencies or ministries of 18 other countries, covering the exchange 
of regulatory and safety research generally and co-operation on specific safety 
research projects.

Exchanges under these agreements typically include the timely notification 
of NRC licensing actions on reactor types similar to those exported; advice on 
staff analyses o f problems similar to those encountered abroad; provision o f NRC 
standards, criteria and other docum entation pertinent to  health, safety, and 
environmental concerns; and notification of construction and operating events, 
including abnormal occurrences, with complete details on how the problems are 
being investigated and corrected. The agency-to-agency agreements thus offer a 
framework for providing assistance and advice to  a regulatory agency of another 
country and may be particularly valuable to  a country about to  embark on the 
construction and operation of light water reactors.

However, we have not limited our bilateral assistance only to  activities defined 
under formal agreements. We have also, in some instances, extended to  other 
countries, advice and assistance on safety matters o f mutual interest, within the 
limits o f our resources.

For example, upon request, NRC has arranged for representatives of foreign 
regulatory organizations to  be assigned to  the NRC technical staff for periods of 
4 m onths to  2 years, to  gain on-the-job experience, and for these assignees and 
others to  attend NRC training courses on such a wide range of subjects as regulatory 
procedures, analysis techniques, and nuclear power plant design and operation. 
Foreign observers have also accompanied NRC inspectors on US nuclear facilities 
inspections. In addition about 500 foreign nuclear officials visit NRC each year, 
mostly to  participate in detailed technical discussions of safety analysis work that 
has been done by the NRC staff. Perhaps 70% o f all the above activities take place 
within the framework o f bilateral exchange agreements; the remainder are with 
countries at present having no such agreement with our agency.

The NRC also: (i) maintains a Public Document Room which contains 
complete records o f safety changes considered or approved for US plants;
(ii) telegraphically notifies interested foreign governments regarding safety-related 
incidents at US plants, and NRC-mandated design or operational changes for 
domestic power reactors; and (iii) mails new NRC standards, design review 
procedures, quality assurance instructions, and many other informational releases 
to interested regulatory agencies and utilities abroad.
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In the category o f multilateral assistance, the USA has been active in helping 
international organizations such as the IAEA and the OECD’s Nuclear Energy 
Agency organize, promulgate and implement their programmes in the areas of 
health, safety and environmental protection. US contributions have included the 
dissemination of technical reports of NRC and other agencies, participation in 
international conferences, panels, seminars and working groups over a broad 
spectrum o f safety and regulatory topics, and the recruitm ent of NRC and other 
safety experts to  serve as IAEA advisors in developing countries, where they 
advise the national regulatory authorities on the startup of their power reactor 
programmes. And, o f course, the USA in 1974 jointed o ther countries in calling 
for the IAEA to undertake a major programme to develop Codes o f Practice 
and Safety Guides for nuclear power plants. NRC has had the lead role within the 
USA in support o f the work under that programme and we are pleased with the 
steady progress which has been made. The Codes of Practice for each o f the five 
areas (Governmental Organization, Siting, Design, Safe Operation, and Quality 
Assurance) are essentially completed and work is far along on over one-half of 
the fifty or so proposed Safety Guides.

NRC, with other countries, has participated in IAEA reactor safety missions 
involving visits to developing countries to  advise them  on siting and safety matters 
related to  the construction and operation o f power reactors. We have also furnished 
experts to  serve as IAEA advisors in developing countries for periods o f up to  one 
or two years and we have provided lecturers for IAEA sponsored training activities. 
We have conducted regulatory training courses at our offices in Bethesda, and 
most recently hosted a meeting there on spent fuel storage, with emphasis on how 
NRC conducts safety reviews of high-density design modifications of existing 
pools.

Each year, in the fall, NRC’s Office o f Nuclear Regulatory Research hosts a 
Water Reactor Safety Research Inform ation Meeting which is typically attended 
by more than one hundred representatives from foreign governments, industrial 
organizations and universities.

Our participation and involvement in all of these activities have been motivated 
by our interest in stimulating careful attention to  health, safety and environmental 
matters, and in encouraging wide acceptance of effective safety standards and 
regulatory practices.

5. SPECIAL NRC INTERESTS

NRC has three primary objectives in the area o f safety co-operation and 
assistance in light of US reactor exports. First is the objective of sharing our 
extensive, general regulatory expertise by making available to  the IAEA and to  all 
countries with nuclear programmes that inform ation routinely generated by NRC
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which has broad applicability or utility. Here we have in mind inform ation such 
as our regulatory guides, generic or topical reports, and direct notifications of 
Commission decisions or actions on current safety concerns.

Our second objective is to support international co-operative activities which 
may be especially useful in building the confidence and competence of the 
regulatory bodies o f countries initiating nuclear power programmes. In this 
category we would place many IAEA training and advisory activities, including the 
professional level nuclear power training courses which have been conducted at 
Karlsruhe, Saclay and Argonne. In line with this we have worked closely w ith the 
educational affairs center at Argonne National Laboratory developing and offering 
courses on safety analysis reviews, quality assurance, and operator training. Also, 
as I noted earlier, we have hosted IAEA training courses, taken foreign nationals 
into certain o f our own staff training programmes, and arranged assignments 
involving work experience within our technical staff. Safety missions and advisory 
activities of the  IAEA are also areas to  which we attem pt to  give our strong 
support because o f their long-term constructive effects.

Our third objective relates more directly to ,our interaction with countries 
im porting US reactors. This objective is to  help assure that there is a sm ooth and 
clear interface between NRC and the regulatory body o f the importing country on 
technical questions related to  the design, m anufacture, construction and operation 
o f the exported reactor. We wish to  make sure that NRC safety docum entation 
is available to  the importing country and is interpreted or explained, if that is 
necessary. We wish to provide, on a continuing basis, inform ation on any significant 
design or operating changes which may be required in the USA which might apply 
to  reactors which had previously been exported to  other countries. In a similar 
vein, we welcome jo in t meetings to  review safety and regulatory questions having 
to  do with exported US reactors, and we attem pt to  be responsive to any special 
inquiries or requests for advice.

At this point, we wish to call atten tion  to what should be an obvious point; 
tha t NRC is n o t the exclusive US source o f inform ation, advice, or o ther assistance 
related to  nuclear reactors exported from our country. O ther government agen
cies such as the Departm ent o f Energy are im portant sources. And, perhaps even 
more im portantly, US industry may be considered the primary source. Reactor 
vendors, equipm ent suppliers, and engineering firms o f the USA, and the utility 
organization and supporting engineering groups in the importing country, typically 
develop a relationship which serves and supports their m utual interest in assuring 
the construction and operation o f reliable and safe plants.

Reliability is another point which should be stressed. The avoidance of 
accidents and unplanned radiological releases to  the environment is usually seen as 
the motivation for having a strong regulatory programme. Despite the pre
eminence o f tha t motivation, though, we should always remember that good 
regulation, including a sound quality assurance element, will bring great long-term
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benefits to a nuclear power plant project. It will help assure that the plant achieves 
its design-level of operation and continues to produce power economically, with
out undue interruptions for forced outages.

6. FUTURE REACTOR SAFETY CO-OPERATION

To help accomplish these various objectives, NRC has strived to provide, to 
countries initiating LWR nuclear power programmes, upon their request, certain 
basic elements o f  assistance:

(a) Meetings to  learn of the safety assistance requirements o f the importing 
countries, to  advise the safety and regulatory authorities of the types of 
assistance NRC might be able to  provide, and to  assist them  in requesting 
from the IAEA whatever assistance it can provide.

(b) In certain instances, the appointm ent o f IAEA safety advisors from NRC 
to serve on short- or long-term assignments in importing countries. Also, 
assistance with the recruitm ent of Americans to  fill o ther IAEA assistance 
posts in such countries.

(c) The provision o f opportunities for training of safety personnel for the 
government safety organizations of importing countries. In one instance, 
an NRC training team was sent to an importing country during the startup 
phase o f its national nuclear energy programme, to present a course on 
nuclear power plant design and operation. In other cases, NRC has been able 
to place nationals from importing countries in nuclear technology courses 
conducted in the USA.

(d) The appointm ent, on a case-by-case: basis, o f NRC experts to  participate in 
selected IAEA safety missions to importing countries.

We believe tha t if NRC and its counterpart organizations in o ther exporting 
countries are able to  provide such basic elements o f assistance to  importing 
countries, on a continuing basis, the result would be a more rapid and certain 
growth of safety self-sufficiency in the importing countries. This assistance, set 
in the context o f o ther advice and assistance from these organizations, as well as 
from  the IAEA, and from nuclear engineering and supplier companies, joined with 
the best efforts o f  the importing countries should help assure the continuation of 
the excellent safety record o f nuclear power throughout the world.

For our part, we in the NRC hope to receive any suggestions on how we 
might better tailor our advice and assistance to  meet the special needs o f importing 
countries and to  mesh with the assistance efforts of the IAEA and other exporting 
countries. We welcome your comments and questions.
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DISCUSSION

M. ROSEN (Scientific Secretary)'. Do you consider that the assistance being 
given at present by the NRC to developing countries is adequate?

J.R. SHEA: Although a good deal of assistance in safety m atters is being 
provided by the United States of America and other countries, I would not say that 
it was adequate in the light o f the discussions that we have held so far at this 
meeting. Clearly, there is a lot more to be done in the safety area and there is need 
for contribution from importers, exporters and the IAEA itself. I think it essential 
that importing countries should start to  th ink about safety and regulatory exper
tise early on in their nuclear power programmes and start to  build up the structure 
required by their regulatory body. This would enable suppliers to  provide their 
assistance more efficiently and to help importing countries to  ensure maximum 
safety in their nuclear programmes when the facilities become operational.

A.F. EL-SAIEDI: The assistance given by the NRC in training the personnel 
o f importing countries in regulatory m atters is highly commendable. I wonder, 
however, whether it might not be extended to  cover the examination o f operators 
and trainees at the training centres of the major vendors and, perhaps, to  the issue 
of some sort of certificate attesting their capabilities.

J.R . SHEA: The training given by the NRC to nuclear personnel from 
importing countries is designed to help the trainees and, ultim ately, the entire 
regulatory staffs and organizations of the importing country to  attain the maximum 
expertise in safety matters so that they can effectively apply their knowledge in 
their own countries, w ithout having to  rely on the nuclear exporters. It strikes me 
that if the NRC started issuing certificates testifying to operator capability in 
importing countries a certain dependence on the United States would tend to  build 
up and might also become a source o f conflict between the United States and the 
importing countries in the future. So, in my view, it would not be desirable for the 
NRC to certify foreign operators, and I doubt whether it is ever likely to happen.

M.R. PELLET: I should just like to  comment that there are facilities today 
in the United States for taking examinations equivalent to the senior reactor 
operator (SRO) and reactor operator (RO) examinations conducted by the NRC. 
These are open to  all operators, including candidates from foreign countries.

A.F. EL-SAIEDI: Yes, but I believe that operators in the United States are 
doubly examined, i.e. they have to be tested by the NRC as well. This is com
mendable since it gives double assurance of their competence and would be 
especially useful in the case of an importing country with a weak regulatory body.

M.R. PELLET: The standard o f the examinations is about equal. If you can 
pass one, in most cases you would pass the other.

M.A. QUAIYUM: Mr. Shea, when providing training facilities, do you make 
any distinction between signatories and non-signatories o f NPT?
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J.R. SHEA: No, we have not made any distinction between signatories 
and non-signatories in our training and other safety systems activities. In fact, our 
formal arrangements for the exchange o f safety inform ation with other countries 
include both categories.

B.J. CSIK (Scientific Secretary): How do you view the possibility, or 
advisability, o f the NRC having a say in export licensing from the standpoint o f 
the safety and environmental impa.ct of reactors exported from the United States?

J.R. SHEA: The broad range o f safety advice and assistance provided for a 
variety of countries by the NRC, as discussed in my paper, is primarily intended 
for those countries to  which the United States has exported reactors, since they 
are the ones in which the American safety expertise is most applicable. Problems 
of national sovereignty might arise if exporting countries were to  make safety or 
environmental reviews for export purposes. Such cases have occurred. For 
example, a West German citizens’ group intervened in opposition to  the proposed 
export of an American nuclear reactor to  the Federal Republic o f Germany on 
environmental grounds. The NRC decided it was not required by its NEPA to 
study the environmental impact in foreign countries and the Government o f the 
Federal Republic of Germany had also expressed concern at the idea o f the NRC 
preparing an environmental assessment in the FRG for nuclear exports. Despite 
this, however, there may be additional elements that the NRC could take into 
account in the health and safety area, when licensing nuclear exports, that would 
help to  assure that they were as safe as possible. The NRC staff are currently 
re-examining possible approaches in this area and should have their recom m en
dations and analyses ready for review by the Commission within a few weeks.
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Abstract-Resu men

TRITIUM MONITORING IN PHWR AND PTR POWER PLANTS -  THE INFLUENCE OF 
NON-UNIFORM REGULATIONS.

Argentina has adopted a nuclear policy based on natural uranium , w ith heavy w ater as 
m oderator and coolant. In the light o f this decision, tritium  m onitoring has becom e a very 
im portan t m atter from  the health-physics point o f view. A comparative study of the regulations 
of the exporting countries and of the im porter together with an analysis o f available detection 
m ethods has indicated th a t, if the supplier’s regulations and the recom m endations o f the ICRP 
are to be m et, p roportional counters m ust be used for tritium  m onitoring. CNEA’s experience 
with such detectors over four years of operation for nuclear safety purposes is summarized.

MONITORAJE DE TRITIO EN CENTRALES PHWR Y PTR -  INFLUENCIA DE LA NO 
UNIFORM IDAD DE LAS REGULACIONES.

La República Argentina decidió una po lítica  nuclear basada en uranio natural y agua 
pesada como m oderador y refrigerante. Con esta decisión, el m onitoraje de tritio  pasa a ser 
un terna m uy im portante desde el pun to  de vista radiosanitario. Después de un estudio 
com parativo de las regulaciones de los países exportadores y el país im portador y de los diversos 
m étodos de detección, se concluye que cum plim entar las regulaciones del país exportador y 
las recom endaciones de la CIPR lim ita la selección de los m onitores para tritio  a los contadores 
proporcionales. Tam bién se resume la experiencia de la CNEA en cuatro años de operación 
sobre la utilidad de estos detectores para seguridad nuclear.

1. INTRODUCCION

La Comisión Nacional de Energía Atómica Argentina (CNEA), acordó en 
1969 encargar a una firma de la República Federal de Alemania la provisión y 
puesta en operación de una central nuclear provista de un reactor PHWR de 
340 MW(e) de potencia. Esta instalación, la Central Nuclear en Atucha (CNA), 
está actualm ente produciendo 370 MW(e), operando al 108% de su potencia 
original de diseño. Dispone de un reactor alimentado con uranio natural y 
refrigerado y moderado con D20, y se encuentra en operación desde 1974 con
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una disponibilidad aproximada del 90%. Es del tipo de recipiente a presión, 
de aproximadamente 12 m de largo por 6 m de diámetro (internos) y paredes 
de 25 cm de espesor, con un plaqueado interno de acero inoxidable. La presión 
alcanza las 115 atm , la tem peratura a 340°C y la cantidad total de D20 en el 
circuito es de 320 t con una tasa de pérdida anual de menos de 2 t.

En 1973, la CNEA adquirió a un consorcio formado por una firma canadiense 
y otra italiana la provisión de una central nuclear provista de un reactor tipo PTR 
(CANDU) de 600 MW(e) de potencia, alimentado también con uranio natural y 
refrigerado y m oderado con D20; la provisión nuclear es responsabilidad de la 
firma canadiense. Esta nueva instalación, la Central Nuclear Córdoba (CNC), 
actualmente en construcción, está situada en la provincia de Córdoba y se prevé 
su puesta en marcha para 1981.

Ambas instalaciones se encuadran dentro de la política nuclear del país, 
que ha optado por la línea de reactores a uranio natural y D20 como moderador 
y eventualmente como refrigerante. Esta decisión implicó que la detección de 
tritio pasó a ser uno de los problemas relevantes desde el punto de vista de la 
instrum entación radiosanitaria. Aun comenzando a operar el reactor con agua 
totalm ente virgen de tritio, excepto el natural, luego de un cierto tiempo de 
operación el inventario de tritio crece, y dado el volumen de moderador necesario 
en este tipo de reactor, puede transformarse en el radionucleido más im portante 
desde el punto de vista radiosanitario.

Las diferencias regulatorias y tecnológicas de los países proveedores entre 
sí y las de éstos con las del país receptor provocaron una diversidad en la 
instrum entación utilizada para el monitoraje de tritio. El objetivo de este 
trabajo es presentar y discutir aquellas diferencias y resumir la experiencia 
adquirida en la materia en la CNEA.

2. DISCUSION DE LOS ASPECTOS REGULATORIOS

Ninguno de los países involucrados (República Federal de Alemania, Canadá, 
República Argentina) tiene regulaciones específicas con respecto a la 
instrumentación radiosanitaria que debería utilizarse para el monitoraje de tritio. 
Sin embargo, en todos ellos se siguen las recomendaciones de la Comisión 
Internacional de Protección Radiológica (CIPR), en particular las relacionadas 
con el monitoraje [1 ]. Más aún, todos estos países tienen regulaciones en materia 
de protección radiológica basadas en las antiguas recomendaciones de la CIPR [2]; 
estas regulaciones se están adaptando a las nuevas recomendaciones en esta 
materia [3].

Las regulaciones en materia de protección radiológica en la República 
Argentina son las Normas Básicas de Seguridad Nuclear [4]. Según éstas, la 
incorporación máxima permisible anual para trabajadores en condiciones normales
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de ocupación es, para tritio (soluble НТО о Т20 ) , de 1,2 X 104 //Ci/а. Aplicando 
estas regulaciones con parám etros metabólicos para el ‘Hombre de referencia’ [5], 
es decir con el valor de 9600 1 de aire inspirado por cada 8 horas de trabajo ligero 
(0,96 X 107 cm3 de aire en 8 horas =  107 cm3 de aire), resultaría un Límite 
Derivado de Dosis (LDD) para 8 horas de ocupación:

1,2 X 104 juCi/a
LDD =  —----------'------------------

107 cm3/d X 200 d/a

LDD = 6 pCi/m 3: máxima concentración perm itida en aire para un factor 
ocupacional de 8 horas

Por otra parte, hemos determ inado los LDD a partir de los Límites de 
Dosis (LD).

Como el Límite Operativo Derivado (LOD), de acuerdo con las recom enda
ciones de la CIPR en su publicación 22 [6], debe ser ‘tan bajo como sea razonable
m ente practicable’, las autoridades argentinas no permiten que el LOD sea igual 
al LDD, sino que debe estar muy por debajo de dicho valor. Por ello, los equipos 
de medición y m onitoraje deben tener una sensibilidad que perm ita medir esos 
límites.

Además, la posición de las autoridades argentinas com petentes ha sido que 
el sistema on line debe ser m andatorio a menos que pueda demostrarse que el 
sistema o ff lin e  es equivalente.

En las normas de aplicación en la República Federal de Alemania [7], el 
lím ite por inhalación es: 7,2 X 10-5 Ci/а, valor que debe ser multiplicado por 
500/3, lo que resulta en:

LD = 7,2 X 10~s Ci/a X 500/3 = 1,2 X 104 juCi/a

como lím ite de incorporación anual, valor coincidente con la norma argentina.
Sin embargo, la norma alemana determ ina la ‘concentración máxima permisible’ 
(CMP) para 24 horas de ocupación, con lo cual, y tom ando los mismos valores 
metabólicos, se obtendrá un valor de 2 pCi/cm3 como máxima concentración 
perm itida en aire para cualquier factor ocupacional. Esta curiosa interpretación 
de las recomendaciones de la CIPR no ha sido única [8].

Las reglamentaciones canadienses [9] no estipulan lím ites secundarios, tales 
como las incorporaciones máximas permisibles anuales, sino dosis máximas 
permisibles con lím ites equivalentes a los que recomendaba la CIPR en su 
publicación n°9 [2]. Si bien no hay aclaraciones al respecto, se infiere que los 
LDD serán similares a los obtenidos a partir de las regulaciones argentinas.
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Parecería en conclusión, que entre las regulaciones de la República Federal 
de Alemania y las de la República Argentina y el Canadá existen discrepancias 
que podrían conducir a casi un orden de magnitud de diferencia en el caso de 
los LDD para el tritio.

3. DISCUSION DE LOS METODOS DE DETECCION

Existen diversos m étodos de detección de tritio en aire on line y o f f  line 
y muchos de ellos son ya equipos comerciales. Sus parámetros característicos 
son la sensibilidad y el rechazo del campo gamma, existiendo muy buenas 
referencias sobre discusiones entre los m étodos de detección de tritio [10—12] 
y la comparación de la sensibilidad de los diferentes m étodos de medición.

Dada la baja energía de la emisión beta del tritio, los métodos clásicos de 
detección consisten en cámaras de ionización o contadores proporcionales en 
los cuales el aire contam inado a medir circula internam ente en el detector o en 
centelladores plásticos espiralados también con circulación interior de aire.

Existe abundante literatura sobre los principios de funcionamiente de los 
detectores con cámara de ionización [13—15]; en todos los casos se 
describe como m étodo para reducir la interferencia de los campos gamma 
la sustracción de la corriente de dos cámaras inmediatas o concéntricas, una de 
ellas sellada para la detección gamma y la otra con circulación del aire a medir 
para medición gamma + tritio. En estas condiciones se logra suprimir campos 
de radiación gamma del orden de 2,5 a 5 m R/h. Estas cámaras, en versiones 
comerciales, ofrecen las siguientes características: sensibilidad para tritio 
0—10 juCi/crn3 para dos cámaras del orden de 5 1; perm iten una compensación 
de campo gamma uniforme hasta 5 m R /h y pueden ser ajustadas en posición de 
trabajo. Existen varios modelos de diverso origen, pero todo parece indicar que 
la máxima sensibilidad obtenida comercialmente es del orden de 1 a 10 pCi/m 3.

Los contadores proporcionales con circulación de gas m etano y circuitos 
de coincidencia y anticoincidencia han sido descritos fundam entalm ente en la 
literatura alemana [10, 16]. En este caso, el rechazo del campo gamma se basa 
en que los beta de baja energía del tritio sólo son capaces de ionizar en una de 
las cámaras de que está compuesto el detector; toda otra radiación de mayor 
energía que reacciona en más de una cámara produce una señal de anticoincidencia 
que bloquea el contaje. La alta sensibilidad es inherente al factor de m ulti
plicación propio de los contadores proporcionales. Un equipo comercial en uso 
con una cámara de 6 1 de volumen ofrece una sensibilidad de 0,02 pCi/cm 3 y 
un rechazo de campo gamma mejor que 3 m R/h.

Otro m étodo de detección en desarrollo [12, 17] utiliza centelladores 
plásticos con muy buenos niveles de sensibilidad comparables a las cámaras de
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ionización, pero no existen aún equipos comerciales. También se ha desarrollado 
para el reactor CANDU un sistema de detección on line con centelleo líquido [18] 

Los sistemas o f f  line recurren en casi todos los casos a colección por diversos 
métodos y detección por centelleo líquido [19, 20].

4. IMPLICACIONES DE LAS DIFERENCIAS REGULATORIAS Y
TECNOLOGICAS -  EXPERIENCIA DE LA CNEA

Las firmas proveedores de centrales nucleares suelen elegir el equipamiento 
para su producto siguiendo dos premisas comerciales básicas: que los equipos 
sean del mismo origen que la central y que cumplan con las regulaciones del país 
de origen. Esto que suele ser conflictivo en otras áreas lo es particularm ente en 
el equipamiento de radioprotección, cuando las regulaciones son diferentes. En 
el caso de la CNA, las cámaras de ionización no cumplían ninguna de las premisas 
enunciadas más arriba, y en consecuencia fueron descartadas por el proveedor.
Más aún, la sensibilidad de las cámaras de ionización está por encima del lím ite 
de detección requerido y en cambio los contadores proporcionales del tipo 
descrito cumplen con exceso este requerimiento. De esta forma fue instalado 
en la central un sistema de estas características con tubos de plástico muestreadores 
y con bocas de toma en determinados puntos de interés. Los equipos se hallan 
centralizados, y desde ese lugar se puede muestrear en paralelo varios tubos o 
seleccionar de a uno para localizar más específicamente una pérdida.

Para aquella central, la CNEA había contraído la obligación de proveer los 
elementos para el monitoraje portátil. En este caso, también se eligieron 
preferentem ente los mismos contadores proporcionales, pero se adicionaron 
algunos instrum entos con cámaras de ionización.

La experiencia en el m onitoraje de tritio para aquella primera central PHWR 
sería im portante para la CNEA. Dos problemas posibles se previeron en aquel 
entonces: a) la provisión perm anente del m etano de la pureza necesaria para 
circular por las cámaras; b) la calibración, confiabilidad y estabilidad de los 
equipos.

Se decidió utilizar gas normal de línea, el cual fue analizado por crom ato
grafía de gases, siendo el contenido en CH4 variable entre 87 y 93% (el gas 
original suministrado por el fabricante del equipo contenía 99%), y la variación 
de sensibilidad fue despreciable. La calibración de las cámaras fue verificada en 
los laboratorios de la CNEA en el Centro Atómico Ezeiza, concordando con la 
hoja de datos [21 ]. La confiabilidad y la estabilidad probaron ser satisfactorias 
a lo largo de 4 años de operación.

Por otra parte, la alta sensibilidad de estos instrum entos ha permitido 
detectar pérdidas de D20  en forma bastante inmediata lo cual hubiera llevado
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mucho más tiempo por otros métodos. Este sistema de instrumentación radio- 
sanitaria quedó así convertido en un virtual sistema de seguridad nuclear. En 
efecto, en 1977 se produjeron tres situaciones anormales en la central que dieron 
lugar a pérdidas de D20 , dos de ellas debidas a fallas en la soldadura de un 
tubo accesorio del circuito primario y la tercera por fallas en un sello de bomba 
del primario. Estas situaciones se localizaron en una zona con un nivel normal 
de contaminación en aire de 30 X 10~6 Ci-m -3 ; en otros varios casos se pudieron 
detectar pérdidas por pequeños poros aprovechando la alta sensibilidad y rapidez 
de respuesta de estos contadores proporcionales.

En el caso de la segunda central nuclear a ser instalada en el país (Central 
Nuclear Córdoba), el fabricante ha ofrecido para monitoraje de tritio en áreas 
controladas un sistema off-line basado en burbujeadores con medición por 
centelleo líquido, que cumplimenta las normas canadienses.

Aquí aparece un conflicto regulatorio im portante y que merece un análisis.
Si bien ambas regulaciones, la argentina y la canadiense, no difieren en lo sustancial 
en los lím ites, difieren en la implementación de los sistemas. Las autoridades 
argentinas han tom ado tres decisiones fundamentales, alguna derivada de la 
experiencia con la CNA, que harían inaceptable el sistema ofrecido por el proveedor 
canadiense:
a) Los niveles de detección del instrum ental de monitoraje se deben relacionar 

con los valores ALARA1 y no con los lím ites de dosis;
b) El sistema debe tener sensibilidad suficiente, no solo para actuar como 

m onitor radiosanitario, sino como sistema de seguridad nuclear;
c) El sistema, por lo antedicho, debe ser on-line y no off-line.

El conflicto tecnológico que podría derivarse parece evidente. La tecnología 
desarrollada por el proveedor no perm itiría cumplimentar estos puntos sin 
desarrollo adicional o inclusión de tecnología foránea.

5. CONCLUSIONES

Cuando entre países exportadores e importadores existen diferencias 
regulatorias y tecnológicas, se presentan problemas técnicos cuya solución debe 
preverse y encararse con la debida anticipación.

Es evidente, en el caso presentado en este trabajo, que por diferencias de 
interpretación de las normas, el vendedor se ve obligado a suministrar instrum entos 
de técnica más sofisticada, lo cual puede acarrear problemas de adaptación a esas 
técnicas para el país com prador y, en algunos casos, esto es de difícil implementación.

1 As Low As Readily Achievable =  Tan bajo como sea practicable.
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Además, con la experiencia adquirida en los años de operación de la CNA, 
tenemos nuevos parámetros para la selección de la instrum entación de radio- 
protección: por ejemplo, no sólo razones estrictamente regulatorias, sino también 
su uso como detectores de pérdida.
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DISCUSSION

M. ROSEN (Scientific Secretary): Are there any examples of differences in 
standards between the FRG and Canada other than those you have referred to?

C.E. PAGANINI: Not as far as I know in the area o f radiological protection
B. CAFFREY: Can you give us any idea what the total man-rem doses per 

year have been at the Atucha plant over the past few years?
C.E. PAGANINI: No, I am sorry bu t I don’t have that data available.



IAEA-SM-223/24

NUCLEAR SAFETY ASPECTS OF EXPORTED 
REPLICATE NUCLEAR POWER PLANTS 
AND ASSOCIATED PROBLEMS

H.G. KERN 
Burns & Roe, Inc.,
Paramus, New Jersey,
United States o f America

Abstract

NUCLEAR SAFETY ASPECTS O F EXPORTED REPLICATE NUCLEAR POWER PLANTS 
AND ASSOCIATED PROBLEMS.

The standardization of the  export nuclear power p lant is being pursued w ith the  concept 
of replication. This concept entails using another exported Nuclear Power Plant (NPP) as 
the  base design and adapting it to  a new site. The general ground rule applied to this concept 
is upgrading the  design where necessary and duplicating the  design where it is superior. Such 
continuous im provem ent will result in a standard export NPP that incorporates design features 
which will make it essentially acceptable for any suitable site. The advantages o f replication 
are, therefore, boundless. However, the replication m ode requires superior design contro l by 
the engineer to  assure that only im provem ents alter the base design. With this concept, the 
replicating engineer is essentially assigned the responsibility o f safeguarding the standard export 
p lant design. He is delegated the task of filtering the design such th a t only the  conservative 
aspects prevail. Tight con tro l o f design changes via properly adm inistered procedures is 
necessary to  assure that no unforeseen comprom ises are made in designs which have already 
achieved optim ization. Techniques to  accomplish successful replication include, among 
others, the use o f PCNs, system  cognizant engineers, design verification review, and the 
participation  o f all engineering disciplines in the developm ent o f the  project schedule.

Introduction
What are the fundamentals of the Export Replicate Nuclear 
Power Plant (NPP)?
An International Marketing Organization retains the 
services of an Engineering Firm for the engineering and 
design of a nuclear power plant. The contractual require
ments stipulate that the Engineering Firm develop and transmit 
to the International Marketing Organization all design 
documents such as procurement specifications and construction 
drawings which are necessary to construct a nuclear power 
plant at a specified site, which I will call the first 
plant. In this discussion the owner of the first plant is 
the client of the International Marketing Organization who is 
in turn the client of the Engineer.

115
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A proposal is made to a second prospective client for a NPP 
which is generically similar to the first plant. As an 
option, the International Marketing Organization offers the 
second client a replication of the first plant to considerably 
reduce the duration of the project.
In the discussion of this paper, replication consists of pre
dicating the second plant on the documents generated for the 
first plant and thereby duplicating to the maximum reasonable 
degree the first plant's design and engineering. The replicating 
Engineer may or may not be the same Firm responsible for the 
design of the first plant, but in any case, his approach should 
be to upgrade the design of the first plant where necessary and 
to retain or duplicate the design aspects which meet or exceed 
the design requirements of the second plant. The design 
requirements can be anticipated to differ from the first plant 
to accomodate site related features and to meet applicable 
foreign governmental codes, standards and regulations. It can 
be seen that replication lends itself to be a perfect vehicle 
for the standardization of the Export NPP since such continuous 
upgrading will result in a NPP that includes design features 
which will make it essentially acceptable for any suitable site.

The Feasibility of Replication
The present norm in time span from inception to operation of an 
American NPP is about ten years.

This leads to the argument that it should be acceptable to use 
the design and engineering of a NPP whose inception predates the 
inception of the replicate NPP by three years, if the ten 
year project duration can be reduced to seven years. This is 
applicable to the replication of export NPP's since the repli
cate export NPP presently has a seven year schedule from in
ception to operation.
The replicate design should either be predicted on another NPP 
which is in the latter part of its engineering and design stage 
or in the early part of its construction stage. It is not 
considered practicable to replicate a NPP which is already 
operational unless that NPP achieved an acceptable degree of 
compliance with current requirements of the design codes, safety 
standards and construction techniques used for its design and 
construction.
The argument does not and should not imply that it also applies 
to the generic problems associated with a NPP. Generic problems 
are usually resolved through experience and test programs 
which are reflected in the latest regulatory requirements. The 
Safety Analysis Report (SAR) must assure an acceptable degree of 
compliance with the most current requirements.
The prerequisite for the replicate export NPP is that its 
generic problems have been resolved to the point of being 
negligible relative to state-of-the-art engineering techniques 
and that the design capabilities of the nuclear safety related 
systems have achieved optimization in meeting the latest American
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regulatory requirements. Such is the case with the nominal 600 
MWe two loop Pressurized Water Reactor (PWR).
The typical country which seeks an American NPP usually has 
limited coal, gas and oil reserves available for use in fossil 
fired power plants. This makes importing these fuels for central 
power generation during the extended future an unnecessary and 
obvious economic drawback. Therefore, nuclear power, although it 
requires a high initial capital investment, secures low generating 
costs for the extended future.
Since the candidate generic NPP design for replication has 
been constructed many times, the major problems which can cause 
project delays have been eliminated because of experience gained 
from the operating NPP's. In accelerating the overall schedule 
to initial operation, the capital investment is protected from 
escalation costs.
This establishes the basic premise behind replication of a NPP.

Nuclear Safety Related Aspects of the Export Replicate NPP
The nuclear safety related aspects of any nuclear power plant 
can be divided into two categories: internal and external.
The internal category encompasses the safety related aspects 
which are non-site related. In hardware, it is comprised of 
the systems which are generic to and fall within the supply 
scope of the Nuclear Steam Supply System (NSSS). The NSSS 
design will always comply with codes , standards and regulatory 
requirements that are effective at the time of the purchase 
order for the NSSS or later. To appreciate this phenomenon, 
let me make an analogy with the mass-produced automobile.
Each year the model is modified somewhat to meet new safety 
standards or fuel consumption limits, incorporate 
the latest computer-design techniques, or allow for state- 
of-the-art manufacturing processes. Much like the automobile, 
the NSSS is a mass assembled item comprised of components which 
all have a "model" year. It is not practicable for an auto
mobile manufacturer to assemble automobiles which are engineered 
in accordance with design requirements and standards that pre
date the model year i.e. a 1974 model, then a 1977 model, then 
a 1975 model. This same restriction applies to the NSSS of a 
replicate export NPP. No matter what the contractual cutoff 
date is for the majority of the duplicated design, which may 
predate the order date up to 3 years, the NSSS will be designed 
in accordance with codes, standards and regulatory requirements 
in effect at the time of the purchase order.
Here we have the first deviation from the replicated 
design. The NSSS vendor will and must define these de
viations in sufficient detail to allow the Engineer to modify 
the applicable design documents. This represents the first 
phase of the traceability problem for the replicating Engineer. 
The time frame in which these deviations must be defined, occurs 
relatively early in the replicate NPP project schedule since
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the affected systems are typically the first to enter the con
struction stage.
The nuclear safety related systems which fall into the internal 
category will therefore not be fully replicable. No matter 
how attractive the man-hour savings that can be realized 
during the engineering stage may seem, the initial budget and 
schedule must reflect such obvious inevitable deviations. The 
most prominent nuclear safety related systems which fall into 
the internal category are:

Reactor Coolant System 
Residual Heat Removal System 
Safety Injection System 
Containment Spray System

The external nuclear safety related category encompasses the 
site-related aspects. Deviations from the replicated design 
will occur due to parameters which are unique to the site 
of the replicate plant and cannot be accomodated by the 
replicated design within reasonable engineering tolerances.
Here, the definition is not necessarily as easy as it is with 
the deviations in the internal category. The site parameters 
as stated in the SAR of the replicated NPP must be compared 
with those of the replicate plant. Wherever there is a difference, 
the replicated design must be scrutinized to ascertain if 
deviation from duplication is indeed warranted. The modifi
cations required to incorporate site-related design requirements 
represent the second phase of the traceability problem for the 
replicating Engineer.
The most prominent nuclear safety related aspects which fall 
into the external category and must necessarily be considered 
for site location are:

The Ultimate Heat Sink or Cooling Water Source
Plant Wind Design
Seismic Design
Flood Protection
Ambient Temperatures
Precipitation Modes

No NPP at one site is, of course, totally duplicable for 
another site, regardless of the similarity in meteorology, 
seismology and topography. Again, there are obvious inevitable 
deviations in the external category which must be reflected in 
the initial budget and schedule.
Potential Problems
The Engineer has to avoid duplication per se by following the 
classical development of NPP projects.
The modifications introduced into the second plant design 
which reflect the accomodations of deviations from duplication 
due to internal and external nuclear safety related aspects 
must be carefully monitored throughout the engineering and 
design phase of the replicate NPP.
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On the surface this may seem a very simple task. After all, 
how difficult can it be to keep track of some changes to the 
basic design of a NPP?
The most simplistic view of replication would consist of 
changing the title block of the design documents from the re
plicated plant to reflect the name of the replicate plant.
This is as true as the viewpoint is unrealistic. How the 
Engineer views his role in replication is of ultimate im
portance to its successful accomplishment.
The replicating Engineer must identify all changes, must be 
fully aware how these changes impact all other aspects of 
the overall plant design, and must then monitor thèse changes 
to assure that they prevail throughout the engineering and 
design stage of the plant.
It is in carrying out these three basic requirements that 
the majority of the problems associated with replicate 
ex“port NPPs arise.
Certain precautionary measures can be applied which will greatly 
reduce the probability of overlooking most potential problems.
The most important and basic of these precautionary measures 
is assuring the full awareness by the professional project staff 
of the areas which have been defined as nonduplicate. The 
consequences of duplicating a portion of the plant which 
should have been uniquely engineered are the same as those 
resulting froifi an incorrectly defined design parameter.
For example, the horsepower requirements of a pump may increase 
due to a lower elevation of the cooling water supply. This 
change must be communicated to the electrical engineering 
group because the switchgear and other related electrical 
equipment must be modified to reflect the horsepower change.
It would seem that such communication is as necessary on 
a replication project as on a non-replicate project. This 
is not true. On a non-replicate NPP project the electrical 
engineering group is dependent on the horsepower input from 
the mechanical engineering group in determining the design 
parameters of their equipment. But on a replicate NPP 
project the electrical equipment has already been engineered and 
designed by the first Engineer.
Changes similar in nature do occur on a non-replicate plant 
between the preliminary and the final phase of the engineering 
& design stage. However, these changes are more often than 
not of such minor nature that they usually fall within the 
engineering tolerances of the electrical equipment involved.
To reiterate, the project staff must be fully aware of the 
areas which will not be duplicated. But how does one make an 
entire staff of say 100 engineers and designers permanently aware 
of such deviations from duplication? And once they are aware, 
how does one track the changes which accomodate the deviations 
for the duration of a project? After all, you simply can't 
call the 100 engineers and designers together in 1977 and explain
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the change when by 1980 a whole new staff might be engaged. The 
change must somehow be recorded for the duration of the project 
and it must be reflected in an obvious manner on the plant design 
documents such as flow diagrams, general arrangement drawings, 
orthographic piping drawings and isometric drawings.
Precautionary Measures
The method to accomplish this change traceability, which my 
company, Burns & Roe, is implementing is two-fold.
First, any deviation from the replicated NPP, is implemented 
with a Project Change Notice (PCN). This PCN describes the 
change, states the reason for the change and lists the 
project documents which are affected by the change. It also 
requires acknowledgement by those engineering disciplines which 
are affected by the change. The PCN becomes a permanent re
cord for the change and must be verified as having been completed 
sometime in the duration of the project.
Secondly, the non-duplicated aspects of the project are re
flected in an obvious manner on the project drawings by shading 
the areas which deviate from the replicated plant i.e. the uni
quely engineered areas are made to stand out from the remainder 
of the drawing.
The approach to replication taken by Burns & Roe which has 
proven sucessful to date is embodied in the system cognizant 
engineer. That is, the assignment of a cognizant engineer to 
a manageable number of plant systems, which vary in complexity, 
who is responsible for all design documents related to those 
systems. One of the cognizant engineer's responsibilities is 
to assure that the design documents such as specification 
and drawings contain consistent design data. Conflicting 
data in various system design documents is one problem which 
is more prevalent on a replication project because of the 
constant influx of revised design information from the first 
Engineer. The intent here is that the cognizant engineer is 
sufficiently familiar with his systems to recognize incoming 
design information which represents an unnecessary deviation 
from the replicate plant design. Here, the role of the replicating 
Engineer as harborer of what may eventually become the standard 
export NPP design has its beginning.
He must not only assure that all changes unique to the 
replicate NPP are not obliterated by the existance of dual 
design documents; he must equally assure that those design 
changes which are unique to the replicated NPP are constantly 
filtered out of his design.
This latter category of changes occurs during the construction 
stage of the replicated NPP. The changes consist of those 
which reflect as-built components and structures of the replicated 
plant. Such changes are triggered by requests from the engineers 
located at the plant construction site because the final as-built 
structure or system deviates from the original construction 
drawings. It must be assumed that the construction contractor
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of the replicate plant will not deviate from the construction 
drawings, and thus all changes resultant from site-originated 
requests due to deviations from the construction drawings must 
necessarily not be carried over into the replicate design.
However, the revised drawing will usually not indicate that 
the revision is due to a change requested from the site.
Engineering Firms normally utilize a documentation system for 
identifying changes which have their origin at the site.
Such system is an absolute requisite for the Engineer of the 
NPP which is being replicated. Only with a site-requested- 
change documentation system can the replicating Engineer 
determine which changes to the construction drawings should be 
incorporated in the second plant and which should be ignored 
because of their unapplicability.
This unapplicability is not always due to changes which reflect 
as-built conditions. Modifications may be the result of such 
factors as better suitability of local building materials, 
better availability of different building materials or better 
suitability of local construction methods. Such phenomena, by 
the way, must be determining factors in choosing the replicate 
plant for a particular site in the first place.
The last barrier utilized by Burns and Roe, for assuring that the 
replication mode of designing a NPP does not compromise nuclear 
safety, is design verification review.
Design verification review is necessary for all American NPP 
as a vehicle for assuring compliance with applicable U.S.
Nuclear Regulatory Agency (NRC) requirements. Design veri
fication review consists of an independant scrutinization 
of the design criteria for nuclear safety related components, 
systems and structures with respect to the degree of their 
compliance with applicable NRC regulatory guides. On a re
plication project, it includes the review of the design 
documents which were developed to specify the functional 
and structural requirements of the nonduplicated nuclear 
safety related components, systems, and structures to assure 
compliance with applicable design criteria.

The replicate plant is especially vulnerable to problems in 
the area of calculations which support the design criteria of 
nuclear safety related aspects. The design verification re
view is utilized to reveal the plant features which require 
calculations that support design criteria unique to the 
replicate NPP. This will reveal areas where the replicating 
Engineer assumed that the calculation which was performed by 
the first Engineer is applicable to his NPP.
Last, but not of least importance are the Planning & Scheduling 
aspects of an export replicate NPP. Slippage in the schedule of a 
replicate NPP erodes the validity of the replication premise i.e. the 
scheduling advantage of having an earlier start-up date is 
lost and the cost advantage will deteriorate due to 
escalation.



122 KERN

The Planning & Scheduling aspects can be very conducive to 
creating problems which will not become evident until the 
construction stage if deviations from the replicated plant 
and all consequential changes are not properly reflected in 
the project schedule.
The Planning & Scheduling documents must be developed with 
allowance for the deviations from the replicated design and 
must also prevent the accelerated pace of the replication mode 
from obliterating such deviations. In other words, those areas 
which are not duplicated must be permitted to develop with 
durations which are more similar to those of a non-replicate 
project.
Assurance of a comprehensive schedule which reflects the 
uniquely engineered portions while maintaining the overall 
accelerated pace of the replicated NPP is accomplished by active 
participation of the engineering disciplines in the development 
of the schedule. The need for a realistic schedule which 
can and must be met is another requisite for replication.
As stated earlier, replication is predicated on the principle 
that the design should only predate inception by the project 
duration difference between a replicated and a non-replicated 
plant. The task of maintaining a realistic schedule is the 
same as on a nonreplicate project; but how many plants have 
met the originally scheduled start-up date? The list of so 
called excusable delays usually becomes too long with non- 
replicated NPP's.
At Burns and Roe, implementation of the above concepts is 
accomplished through the establishment of a Project Design Criteria 
Document that identifies the bounds of duplication; Project 
Procedures which identify deviations from Standard Corporate 
Procedures to accomodate the replication mode; and strict Quality 
Assurance surveillance to assure compliance with these criteria 
and procedures.
All other aspects of a replicate NPP project are subject to 
the same potential problems associated with nonreplicated NPP 
projects and necessarily require the same engineering and design 
discretion for providing the client with a satisfactory service.

DISCUSSION

J. ROJAS: In the course o f this week it has been made quite clear that the 
importing countries wish to  participate to  the maximum extent in terms of local 
equipm ent and services in the nuclear power plant that they purchase. Do you 
think that this desire for local participation is likely to  affect the replication concept?

H.G. KERN: In the case of the Krsko project there is considerable local 
participation in the supply o f equipment. The Philippine project was partially
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financed by the Exim Bank and the relevant contract contained a ‘buy American’ 
clause. The change in equipm ent suppliers has not caused any significant 
problems to date.

C.R. STOIBER: What engineering difficulties have you experienced with 
the Philippine reactor through having government agencies in three countries 
involved in the regulatory aspect, namely in the Philippines, where the replicated 
facility is to  be constructed, in Yugoslavia where the reference plant is being 
built, and in the United States o f  America as the country o f origin o f the vendor?

H.G. KERN: The safety analysis report for the Philippines nuclear power 
plant project is based on the Krsko report, which in turn  follows the United 
States form at for safety analysis reports. To the best o f my recollection 
the IAEA has reviewed the SAR for the Philippines project and has found it 
satisfactory. It has been revised with respect to  the Krsko report so as to indicate 
the degree o f compliance with the latest United States regulatory guides.

M. ROSEN (Scientific Secretary): The Agency carried out the same type 
o f review for the Philippines as it would have done for any o ther country. Upon 
request we sent a safety expert mission, which stayed there for several weeks.
Clearly, the mission was only able to carry out a“superficial’ review, pinpointing 
the significant problems.

M. MONTEIL: Mr. Kern, what is the time lag between the Krsko and 
Philippine plants?

H.G. KERN: At the present time there is a difference o f about two years 
between the schedules for the plants.

B. CAFFREY: From  what I understand, the main advantage of replicate 
plants is the shortening of the project schedule. Obviously, there would be 
savings in detail engineering man-hours. In the case o f the Philippine nuclear 
power project how many engineering man-hours were saved?

H.G. KERN: The man-hour savings for the Philippine projects is about 
half compared with a figure o f roughly one million man-hours for a non- 
replicate project.

U. MÖLLER: Do you have any idea o f  the time span for replication over 
which the savings you have just m entioned would be consumed through technical 
modifications, disregarding the effects o f inflation?

H.G. KERN: No, we have had no experience o f that kind.
A.F. EL-SAIEDI ( Chairman): Does the client receive the benefit o f the 

savings on the front end o f the engineering services?
H.G. KERN: I don’t know who gets them.
M.A. QUAI YUM: From  the discussions we have had this week on the 

subject o f reference plants it has emerged that there are in fact no two plants 
that are similar, and this is all the truer if they are built in different countries.
From  your experience as architect-engineer for the Philippines plant could
you say to  what extent that plant is an exact replica o f the Yugoslav reference plant?
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H.G. KERN: There are not very many differences, bu t the changes which 
affect nuclear safety include upgraded seismic design, upgraded missile protection 
systems, and elimination of backup water supplies containing salt water. In 
addition to  that, there has been some modification o f the essential service water 
system, which is a closed fresh water system, as opposed to  the once-through 
system at the Krsko plant.
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Abstract

BACKFITTING OF NUCLEAR POWER PLANT TO MITIGATE DAMAGING EFFECTS OF 
POSTULATED HIGH-ENERGY LINE BREAKS.

Plants operating a t present comply w ith safety rules th a t were in force at the time of 
their design phase. The consideration of high-energy pipe breaks was, for early plants, 
restricted to the containm ent overpressure resulting from  a postulated reactor coolant pipe 
break. In particular, this was the case for the CNA Franco-Belgian plant, which started in 1967. 
As power stretching of this p lant was fu rther proposed, the  French licensing authorities reviewed 
the safety status of the  plant in the light o f recent regulations and requested, among o ther things, 
com plete restraining of the four reactor coolant loops against pipe-whipping effects associated 
with a break to be postulated at any arbitrary location. The design, procurem ent, erection and 
adjustm ent o f a com plete set o f pipe-whipping restraints were thus perform ed by Tractionel 
in 1974. Besides the 28 restraints featuring energy absorbers w ith a nom inal strength of some 
10 MN, 350 t of special steel frames were installed to reinforce the existing concrete structures. 
The design of such unusual structures required consideration of the  com plex plastic and dynamic 
m aterial behaviour and the developm ent o f specific restraint devices to suit the  geom etric 
lim itations o f the given layout. Additional design and erection problem s had to  be solved 
because of the operating status o f the  p lan t; for instance, interference problem s of the newly 
required structures with the existing ones and accessibility problem s because o f the radioactive 
contam ination  level.

1. INTRODUCTION

Nuclear power plants operating at present comply with safety rules in force 
at the time o f their design phase. As these safety rules become progressively 
more stringent, m ost o f these plants no longer comply with present requirements.

125
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В "Guillotine" break
Figures in ( ) refer to "split11

в "Split" break location in plane of paper.

R Restraint

FIG.l. Restraints and locations o f  postulated breaks.
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As a typical example we will consider the present US NRC requirem ent of 
protecting essential systems from all dynamic effects associated w ith high-energy 
pipe breaks. For early (first-generation) plants, such a consideration was restricted 
to  the containm ent overpressure resulting from a postulated reactor coolant pipe 
break; this was, in particular, the case for the CNA Franco-Belgian plant (built 
at Chooz, near Givet, in France, near the Belgian border), which started to  generate 
power in 1967. In the early ’seventies, it was dem onstrated that this p lan t’s 
installed capacity allowed power to  be stretched from the current 266 MW(e) 
rating up to  a 305-MW(e) level. However, a review o f the plant safety status by 
the French licensing authorities in the light o f new regulations, resulted in the 
specification o f prior upgrading of a few safety features. One o f the major require
m ents was the complete restraining o f the reactor coolant system against dynamic 
pipe-whipping effects associated with any postulated break.

The plant owner, SENA (Société d’Energie Nucléaire Franco-Belge des 
Ardennes) entrusted TRACTIONEL with the overall responsibility of

Defining the solution;
Designing required structures and modifications;
Procuring the hardware; and
General supervision o f erection.

The main features o f this unusual backfitting job are described and discussed 
in this paper. More general inform ation about the plant operation history can 
be found in Refs [1, 2].

2. DEFINITION OF THE SOLUTION

The CNA plant is a PWR type and has a four-loop reactor coolant system; 
the loops appear unusually long and flexible when compared with present PWR 
design. The nuclear steam system is housed in a leak-tight underground contain
m ent excavated in rock. Leak-tightness is provided by a 3-mm-thick carbon steel 
lining o f the rock; the liner is structurally unprotected except for the ground 
floor which is covered by a reinforced concrete slab.

A reactor coolant pipe break, with an area equal to  the pipe inside cross- 
section, had to  be postulated anywhere — to be either circumferential 
(“guillotine”) or longitudinal ( “split”) in type.

From a practical design aspect eight guillotine breaks (identified B l -  B8) 
and eight split breaks (identified В 11 — В 18) were considered at locations indicated 
on Fig. 1.

The dynamic pipe-whipping effects associated w ith any o f those breaks had 
to  be controlled:
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To prevent break propagation from one loop to another;
To maintain containm ent leak-tightness;
To ensure operability o f safety systems required under post-LOCA
conditions.

As only the steam generators were provided with specific supports designed 
to  resist the accident loads, both  the reactor-coolant (RC) pumps and the loops 
(hot, cold and “cross-over” legs) had to be complementarily restrained.

As a result, seven restraints were required per loop, at locations also 
indicated on F ig .l. Each o f these restraints acts in one or more directions as 
indicated in Table I.

These restraints act jointly  with the existing reactor vessel (RV), steam 
generator (SG) supports and the reactor biological concrete shield penetrations 
(Ro), to  resist the effects of postulated breaks as summarized in Table II.

3. DESIGN BASIS

Restraint spacing is selected to prevent development o f a “hinge” m om ent 
in the RC pipe during application of the escaping fluid je t load at each o f the 
postulated break locations.

In Table III, the pipe characteristics are given and the hinge m om ent Mn , 
calculated as 2.5 times the pipe elastic m om ent at fluid operating tem perature 
(280°C), compared with the pipe ultim ate m om ent Mu and w ith the je t load F.

In most cases, restraints must be provided with substantial gaps in order to 
accommodate free therm al expansion o f the reactor loops.

Hence, a broken pipe is allowed first to travel a free gap and accumulate 
significant kinetic energy before being stopped by restraint(s).

The resulting impact load on structures is minimized by inserting suitable 
“energy absorbers”, which dissipate the incoming kinetic energy into controlled 
plastic deform ation work. During this process, the energy absorber (EA) will 
develop a braking load which is usually an increasing function of stroke; this 
braking load is effectively transm itted to  the structural steel frames and the 
ultim ate load-carrying structures.

The peak braking load always exceeds the fluid je t load, w ith a factor ranging 
from 1.5 to  5, depending on break location, restraint versus pipe geometry, and 
type o f energy absorber.

Hence, reaction loads imposed on the structural assembly do effectively reach 
figures as high as 10 MN at some definite locations.
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R estraint Directions

R1 Vertical upwards

R2 Horizontal, norm al to pipe, tow ards containm ent wall

R3g Normal to  first elbow central section, tow ards bottom

R3p Norm al to  second elbow central section, tow ards bo ttom

R4 Horizontal, w ithin a 180° sector opposite to  pum p outle t

R5 Horizontal, norm al to  pipe, bo th  directions

R6 Vertical, bo th  directions, and horizontal, tow ards containm ent wall

TABLE II. COMBINATION OF RESTRAINTS REQUIRED, AS A FUNCTION 
OF POSTULATED BREAK

Break Acting restraints

Type Location Upstream Downstream

BI RV SG

B2 RV SG

B3 SG R l +  R3p +  R3g

Guillotine B4 SG R l +  R3p +  R3g

B5 SG +  R3g R l +  R3p

B6 SG +  R3g +  R3p R l
■ B7 R4 R2

B8 R4 +  R6 RV

B l l Ro +  SG

BI 2 Ro +  SG

B13 (SG +  R l)  or (SG +  R3g)

B14 SG +  R5

Split BI 5 (SG +  R l)  or (SG +  R3p)

B16 R4 +  R5

B17 (R l +  R6) or (R3p +  R6)

BI 8 RV +  R4
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TABLE III. BASIC DATA FOR REACTOR COOLANT PIPES AND 
HYDRAULIC LOADS

Pipe, ou ter dia. mm 616

Pipe thickness mm 46

Pipe material - A 376 TP 316

Hinge m om ent Mjj kN -m 3570

U ltim ate m om ent Mu kN -m 6850

Mh /Mu - 0.52

Je t loada : F kN 2050 2000

Mh /F m 1.74 2.97

H ot leg and
cross-over leg Cold leg

a Quoted values correspond to  the  “quasi steady-state”, i.e. w ithou t the initial higher 
transient peak, which is taken in to  account by o th er means.

Stresses induced by these loads were limited to  the following allowable values:

Structural steel: 
Reinforced concrete:

Bearing pressure on rock:

240 MPa (yield strength) 
compression 
shear 

. tension (in rebars)
2.5 MPa.

10 MPa 
1.5 MPa 

240 MPa

4. DESCRIPTION OF THE STRUCTURAL ARRANGEMENT

The arrangement, as now described, was greatly influenced by two factors:

Location o f equipm ent (to  avoid interference w ith major com ponents and to 
minimize any requirem ent for re-routing pipes, cable-trays and other 
miscellaneous items);
Load-carrying capacity of concrete structures.

Unfortunately, almost no concrete structure appeared able to  accommodate 
the high accident loads (a few MN) at the desirable locations, i.e. in the immediate 
vicinity o f the required restraints.
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FIG.2. Restraining structures/general arrangement o f  lower-floor level.

The only existing structures tha t appeared of practical use were the following:

The reactor vessel shield and pool for vertical loads and horizontal shear 
(not normal) loads;
The main columns for vertical loads;
The containm ent base m at for vertical (downwards) loads and horizontal 
shear loads;
The containm ent vertical walls for horizontal normal loads.

As a result, the extensive steel work (about 350 t) was required to  transfer 
loads from the restraining points up to the load-carrying points o f existing 
structures. The general arrangement is illustrated by Figs 2, 3 and 4.

Only a few typical restraints will be described.
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FIG.3. Restraining structures/general arrangement o f  upper-floor level.

Restraint R l

Restraint R l prevents upward movement o f the RC pump. The pump was 
initially suspended from three hang-rods fixed to  the pump casing lugs at their 
lower end and to  spring-boxes at their upper end. The three casing lugs were 
now recovered to  fix the upper end of three EA stainless-steel rods; these rods 
penetrate the concrete floor and are fixed, at their lower end to  a steel beam,
К (resting on lower floor level), bridging a main concrete column (supporting the 
SG) to another steel beam, L, between the RV shield and an adjacent concrete 
column (see Fig.2). The normal pump supports had also to  be rearranged with 
the previous hangers now fixed to  special stirrups encircling the casing lugs (see 
Fig.5).
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FIG.4. Restraining structures I elevation cross-section AA.

Restraint R4

Restraint R4 prevents the horizontal movement of the RC pump. Basically 
the restraint is a simple structure made up o f a square frame around the pump 
casing outlet w ith three encircling sets o f U-shaped EA stainless-steel rods. The 
problems arise from fixing the steel frame to  the concrete structures and preventing 
the U rods from slipping away from the casing outlet because o f its slope.

The first problem was solved by a rather elaborate steel structure tied to  two 
opposite containm ent walls, the RV biological shield and the containm ent base 
mat. Typical o f this assembly is the steel beam, B, bridging the whole containm ent 
w idth w ith interm ediate supports, H, to  prevent axial collapse and a central 
removable section, C, to make future handling operations easier on the upper 
floor level (see Fig.3); both  ends are provided w ith load-spreading plates facing 
parallel plates epoxy-glued to  the containm ent liner; the gap between plates is 
shimmed to zero in plant hot condition to minimize normal impact load, while 
any shear load into the liner is avoided by an interposed neoprene plate and the 
lubrication o f steel sliding faces.

The second problem is solved by the use o f a cylindrical stiffened sleeve 
made up of two parts bolted together, whose inner profile closely matches that 
o f the pump casing by means o f a set o f individually adjusted stainless-steel shims.

Restraints R3 and R5

Restraining the RC cross-over leg is achieved by a com bination o f the two 
bumpers R3g and R3p, bo th  sides o f restraint R5, as illustrated by Figs 6 and 7.
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FIG.5. Modification o f  RC pump supports.

5. ENERGY ABSORBERS

Three energy-absorbing processes are used by the restraints:

Plastic extension o f  stainless-steel rods 
Plastic compression o f copper bumpers 
Plastic bending of steel beams

The dynamic characteristics o f stainless-steel bars were established by 
Tractionel, by using a test rig fully representative o f the real restraints’ time- 
history behaviour under various tem perature conditions from ambient up to



IAEA-SM-223/34 135

FIG. 6. Copper dumper for КС cross-over leg restraint R3p and R3g.

FIG. 7. EA stainless-steel bars fo r RC  cross-over leg restraint R5.
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TABLE IV. ENERGY ABSORBER PEAK LOADS

EA type Size
(mm)

Peak load (kN)

Per elem ent Per restrain t2

Stainless-steel bar 35 425 1 700

40 675 2 700

45 725 2 900

50 900 2.700

Copper b - 10 000

a U nit load times num ber o f elem ents working in parallel.
^ T runcated cone diam eters: 140 and 285 m m ; height 140 mm.

120°C; several technological features were also tested such as the innovative 
design o f bar attachm ent using a forged head and a slip-on threaded sleeve (see 
Fig.8).

The dynamic behaviour o f copper bumpers was similarly investigated but, 
because o f  the experienced insensitivity to  strain-rate effects, was basically limited 
to  static tests o f various geometries at tem peratures ranging from ambient up to 
300°C.
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These tests were part o f a more general R & D programme conducted by 
Tractionel, whose results are presented in Ref.[3].

As applied to  the CNA case, the EA elements were used in the following 
shapes:

Stainless-steel bars o f 35, 40, 45 and 50 mm dia., either straight or U-shaped;
Annealed copper bumpers, in shape of a truncated cone.

The peak loads developed by these EA are listed in Table IV. All materials 
effectively used for the CNA plant underwent:

ambient tem perature static tests, on full-size specimens; and
dynamic and tem perature tests, on reduced-size specimens.

6. TIME SCHEDULE AND ERECTION EXPERIENCE

Design was started on 1 January 1974 and the plant resumed operation, 
after completion of all the modifications, on 24 December 1974. Some 
significant facts within this one-year period are now given.

Design was developed in several successive steps, the first rather simple 
solutions becoming progressively more sophisticated as interference and load- 
carrying capability problems became progressively apparent.

This, together w ith the problems o f introducing the heavy steel structures 
and the incentives to  minimize site work (from bo th  plant downtim e and radio
active exposure aspects), led to  a somewhat unusual design — for instance, a 
num ber o f pieces had to  be cut down to conveniently smaller bolted subassemblies. 
The procurem ent did no t create any particular problem; however, because o f the 
tight time schedule, it had to  overlap both  the design and the erection phases.

The erection was started by an extensive concrete chipping and drilling 
campaign; about 110 t non-reinforced concrete were evacuated and about 50 
major holes were drilled into reinforced concrete, w ith diameters ranging from 
200 mm and depths o f up to  1 m.

As the containm ent’s perm anent handling devices essentially serviced the 
main operating deck, while the working floors affected by the modification were 
located below, a tem porary 20-t lifting device was installed to  service the
1.70 m X 3.20 m access hatch.

All operations were perform ed in accordance with a detailed erection 
sequence, carefully programmed to account for late procurem ent schedule, 
accessibility, interference w ith existing and/or incoming com ponents, parallel 
working o f independent teams, etc.

Because of systematic caution exercized in the design phase, based on 
“on-site” measurements, whenever “as-built” drawings were missing or insufficiently
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accurate, the m odification (either tem porary or perm anent) o f existing equipment 
was really minimized; the m ost significant one was the cutting o ff and local 
re-routing o f a 2-in-dia. carbon steel line.

Work time was about 24 h /d  on a two-shift basis. Up to 20 workmen were 
on the job simultaneously: any higher figure would have led to  severe interference 
problems. The radiation level from the contam inated RC loops and associated 
components, while not being a significant problem by itself, required a trouble
some personnel turnover because o f the relatively long duration (four months) 
o f site activities.

Maximum dose-rate, in contact with RC pipes and pumps was 200 m rem /h 
while the mean dose-rate averaged 10 mrem/h. With the integrated dose limited 
to 3 rem/workman per trimester, practically nobody was able to cover the entire 
erection period; this was a particular problem for responsible leaders and super
visors. The total dose registered by the plant for the year 1974 am ounted to 
956 m an-rem , compared with normal operation figures in the range o f 400 (1973) 
to 545 m an-rem  (1974).

When comparing the first intended time schedule (as established at the end 
o f 1973) to the actual one, the following facts should be noted.

The first evaluation was based on adequate load-carrying capability o f the 
existing concrete structures, and took interference into account to the extent 
apparent from available drawings.

At the beginning o f 1974, after a few on site visits (which were severely 
limited because they required shutdown o f the operating plant) and detailed 
recalculation of the strength o f the concrete structures, a considerable complication 
became apparent, which increased the design effort, the importance o f additional 
steel structures and the erection time.

By allowing some overlap of the design and procurem ent phases, Tractionel 
was nevertheless successful in meeting the plant scheduled outage date. There 
was, however, no possibility o f keeping the erection time down to the initial 
tw o-m onth schedule. While a three-m onth period would normally have been 
sufficient, reduced manpower availability, created by the radiation turnover and 
some additional local circumstances, increased the plant downtime to about 
four months.

The following figures are illustrative o f the overall effort:

Design (by Tractionel) : 8 000 man • hours
Erection (by contractors) : 38 000 m an-hours
Supervision (by Tractionel) : 2 000 man ■ hours

It should be noted tha t this effort does not include all theoretical 
(analytical m ethods) and experimental (EA test programme) developments 
previously made by Tractionel; this, in fact, together with earlier working
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experience with restraints im plem entation, was a key factor in meeting the 
imposed time schedule.

7. CONCLUSIONS

The later that safety requirements are form ulated, the more difficult it 
becomes to  implement them. This is even much more the case when advanced 
engineering, extensive hardware and high load levels are involved as in the case 
o f the problem o f pipe whipping restraints described here.

Tractionel acquired a thorough knowledge o f the technical field involved, 
by conducting a specific R & D programme and by designing restraints for the 
Doel 2, 3 and 4, and Ringhals 3 and 4 plants.

Backfitting o f restraints on plants already completed (and close to  com
missioning) was experienced for the Doel 1 and Ringhals 2 plants; this already 
involved a num ber o f additional constraints.

However, managing the CNA case brought all problems into an increased 
level o f severity because of still further constraints resulting from  its operating 
status such as

Limited accessibility for prior checking o f the as-built status; and 
Radiation consideration giving incentive to  reduce further any modification 
(re-routing) o f installed com ponents; and the time duration of site operation.
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DISCUSSION

M. ROSEN ( Scientific Secretary): What was the total cost o f the modification 
required?

P. HERNALSTEEN: I did no t m ention the to tal cost, but it can be 
extrapolated from the figures I gave for man • hours in Section 6 of the Paper, plus
some more specific costs relating to  the restraints themselves.

A.F. EL-SAIEDI ( Chairman): Do the changes involving the addition of 
restraints affect operation and m aintenance from  the standpoint o f ease o f access 
to the inside of the containm ent?
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P. HERNALSTEEN : Since ease o f operation and m aintenance was considered 
one o f the design criteria, access to  the different parts o f the containm ent is not 
significantly affected as a result o f backfitting the restraints.

Some special arrangements had to be considered in that connection, such as 
a removable beam section to  facilitate future handling operations at floor level.
This is shown as “C” in Fig.3.
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Abstract-Résumé

REALITIES OF TECHNICAL CO-OPERATION IN THE PEACEFUL USES OF NUCLEAR 
ENERGY.

The decision to  develop the peaceful uses o f nuclear energy, especially the  generation of 
electricity, is usually based — particularly in the  developing countries — on num erous consider
ations, mainly o f  an econom ic and political nature. Since the  resources o f nuclear technology 
are concentrated , relatively speaking, in th e  advanced countries, the use o f nuclear energy by 
countries th a t have decided to  go nuclear is based on effective co-operation betw een the 
exporting and im porting countries. The present paper is intended as an additional contribution  
to consideration o f the  realities o f such co-operation. The authors first m ention the specific 
features o f nuclear developm ent, after which they  consider, on the basis thereof, the different 
forms o f co-operation required for the  transfer o f technological knowhow , and the conditions 
determ ining the  effectiveness o f such transfer. This effectiveness is n o t linked solely to  the 
com petence o f the personnel concerned or to  sm ooth organizational procedures, bu t also to  
decisive socio-psychological factors. Having analysed these factors, the  authors examine the 
salient problem s of co-operation arising during the  process o f nuclear developm ent. Co-operation 
ever bette r adapted  to  the purpose and taking hum an considerations in to  account will enable 
im porting countries to  acquire the nuclear knowhow that will prom ote their econom ic and 
social developm ent.

REALITES DE LA COOPERATION TECHNIQUE EN M ATIERE D ’APPLICATIONS 
PACIFIQUES DE L ’ENERGIE NUCLEAIRE.

La décision de développer les applications pacifiques de l ’énergie nucléaire, en particulier 
la p roduction  d’électricité, est généralem ent m otivée — notam m ent pour les pays en 
développem ent — par de nom breuses considérations, dont les principales sont d ’ordre économ ique 
et politique. Les ressources en technologie nucléaire é tan t relativem ent concentrées dans les 
pays avancés, l’utilisation de l’énergie nucléaire par les pays qui on t choisi la voie nucléaire est 
fondée sur une coopération efficace entre  pays exporta teurs et im portateurs. L’objet de ce 
m ém oire est d’essayer d’apporter une contribution  supplém entaire à l’exam en des réalités de 
cette coopération. On évoque d’abord les caractères spécifiques au développem ent nucléaire.
En fonction  de ces caractères, on examine ensuite les différentes form es de coopération en vue 
du transfert de la maîtrise technologique et les conditions qui influent de façon déterm inante 
sur l’efficacité de ce transfert. C ette efficacité n ’est pas liée seulem ent à la com pétence des 
acteurs, ni à la bonne organisation des structures, mais aussi à des facteurs psycho-sociologiques 
déterm inants. Après avoir fait une analyse de ces facteurs, on exam ine les principaux problèm es
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de coopération qui se posent au cours du processus de développem ent nucléaire. Une 
coopération toujours m ieux adaptée et tenan t com pte des aspects hum ains perm ettra  aux 
pays im portateurs d ’acquérir la m aîtrise technologique nucléaire qui contribuera à leur 
développem ent économ ique et social.

INTRODUCTION

La décision de développer les applications pacifiques de l’énergie nucléaire, 
en particulier la production d’électricité nucléaire, est généralement motivée, 
notam m ent pour les pays en développement, par des considérations d’ordre 
économique et politique.

Le développement économique nécessaire à l’élévation du niveau de vie 
entraîne une croissance continue des besoins en énergie et en particulier en énergie 
électrique.

Pour satisfaire ces besoins, il faut faire appel à toutes les ressources énergé
tiques et notam m ent à l’énergie nucléaire.

Plusieurs pays, parmi lesquels la France, ont m ontré que l’utilisation de 
l’énergie nucléo-électrique était techniquem ent sûre et économiquement 
avantageuse.

Politiquement, le transfert de technologie nucléaire est une condition d ’accès 
à un niveau avancé de développement scientifique, technique et industriel. Il 
peut perm ettre aussi d’acquérir une plus grande indépendance énergétique, surtout 
lorsque le pays dispose de ressources nationales en uranium.

En tous cas, il permet une diversification des approvisionnements énergétiques.
La coopération en vue du transfert de la technologie nucléaire est une 

préoccupation majeure aussi bien des pays avancés exportateurs que des pays 
im portateurs, comme l’ont m ontré les très intéressants débats de la dernière 
conférence organisée en Iran sur le transfert de technologie nucléaire 
(1 0 -1 4  avril 1977).

L’objet de cet exposé est d ’apporter une contribution supplémentaire à 
l’examen des réalités de cette coopération.

Après avoir évoqué les caractères spécifiques au développement nucléaire qui 
influent sur la nature de la coopération, on examinera les différentes formes de 
coopération et les conditions de leur efficacité, puis les problèmes de coopération 
qui se posent au cours du processus de développement nucléaire, c’est-à-dire:

— la planification
— l’organisation des structures de décision, de réalisation et de contrôle
— la form ation du personnel
— la conception et l’optim isation des projets
— la sûreté
— la participation de l’industrie nationale
— la construction des centrales
— l’exploitation et l’entretien des centrales, la gestion du combustible nucléaire.
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1. LES CARACTERES SPECIFIQUES DU DEVELOPPEMENT NUCLEAIRE

La décision pour un pays de s’engager dans la voie nucléaire, en particulier 
pour produire de l’énergie électrique, est un engagement à très long term e et qui 
a de multiples implications non seulement dans les domaines scientifiques, 
technologiques, industriels, mais aussi humains, politiques et financiers.

Il faut généralement un délai de 10 à 12 ans depuis la décision initiale de 
lancement d ’un programme jusqu’à la mise en service industriel de la première 
centrale nucléaire. Si l’on admet une durée d ’amortissement industriel de 20 ans, 
la durée totale de l’engagement est de plus de 30 ans. Au cours de cette durée, 
la centrale devra être approvisionnée en combustible nucléaire, les déchets stockés 
puis retraités, la sûreté des installations contrôlée par un organisme officiel doté 
des moyens nécessaires.

Un grand nombre de problèmes technologiques et scientifiques devront donc 
être étudiés et résolus, et il est souhaitable de créer une infrastructure pour les 
résoudre: centres d’études nucléaires, réacteurs de recherche et d ’essais de 
matériaux. Il est aussi essentiel de former le personnel spécialisé nécessaire à leur 
fonctionnem ent et aux autres missions, notam m ent le contrôle de la sûreté, dès 
la première phase du développement nucléaire.

Enfin, le développement nucléaire fait appel à un capital im portant pour 
financer les investissements initiaux et une forte proportion de ce capital, peut-être 
60 à 70%, correspond à la part im portée des fournitures et des services.

2. LES DIFFERENTES FORMES DE COOPERATION EN VUE DU
TRANSFERT DE TECHNOLOGIE ET LES CONDITIONS DE LEUR
EFFICACITE

Selon les caractères évoqués précédemment, la coopération et le transfert de 
technologie nucléaire peuvent donc s’étendre sur de longues périodes et concerner 
des domaines très diversifiés — sciences, technologie, industrie, organisation, 
form ation scientifique ou technologique, financement — entre lesquels existent 
de nombreuses relations d ’interdépendance.

Les formes de coopération devront d ’abord s’adapter aux options fonda
mentales du développement nucléaire du pays im portateur, c’est-à-dire à l’urgence 
et au rythm e décidés pour les réalisations, à la forme des contrats de construction 
(clefs en mains ou par lots), à la part que souhaitent prendre les organismes chargés 
du nucléaire dans l’ensemble des tâches de planification, d ’étude et de réalisation 
des projets.

La technologie nucléaire a été diffusée par de nom breux canaux depuis près 
de 25 ans,
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FIG.l. Durées et niveaux de difficulté des étapes d'adaptation d ’un groupe humain à un 
ensemble complexe de tâches.

FIG.2. Schéma des conditions optimales de transfert de maîtrise technologique entre groupes 
associés pour atteindre un objectif.

— par les organismes gouvernementaux des pays avancés, depuis le programme 
«Atomes pour la paix» des Etats-Unis d’Amérique;

— par les organismes internationaux, et en particulier l’Agence internationale de 
l’énergie atomique;

— par des sociétés de constructeurs, par des sociétés d ’ingénieurs-conseils;
— par des échanges entre experts scientifiques et techniciens;
— enfin, par le simple transfert de docum entation scientifique et technique.

Chacune de ces formules comporte des avantages et des inconvénients; elles 
peuvent d’ailleurs être utilisées conjointement.
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La préférence peut être donnée à l’une ou à l’autre:
— selon les étapes énumérées plus haut du processus d’étude et de réalisation 

des projets,
— selon le degré de m aîtrise technologique acquis par les équipes du pays 

im portateur.
On peut cependant faire quelques remarques générales:
— La coopération par experts individuels, souvent utilisée au début du 

développement, a l’avantage de la souplesse et de l’économie.
— La coopération par des sociétés de consultants spécialisés, surtout si celles-ci 

ont des liens directs avec les exploitants de centrales et les organismes de recherche 
et de développement, a l’avantage essentiel de faire bénéficier le pays im portateur 
des expériences et des progrès dans les méthodes et les procédés acquis dans 
d’autres pays. Le pays im portateur a ainsi accès à un ensemble coordonné 
d’expertises et peut l’adapter à ses besoins.

— La coopération par association des sociétés précédentes avec des sociétés 
de consultants des pays im portateurs suppose un transfert de technologie à la fois 
vers ces sociétés et les organismes de ces pays responsables du nucléaire. Ce 
transfert ne peut généralement être envisagé que dans un stade plus avancé du 
développement nucléaire et si la politique de ces organismes le permet.

— La coopération par des associations entre les organismes responsables des 
pays im portateurs et des sociétés de consultants extérieures peut être un facteur 
d’accélération du transfert mais il in troduit une certaine rigidité dans la coopération.

On examinera ici les cas de coopérations bilatérales en vue du transfert de 
technologie par des organismes consultants ou des experts des pays exportateurs 
vers les organismes chargés des réalisations nucléaires dans le pays im portateur.

L’efficacité du transfert de maîtrise technologique n ’est pas liée seulement 
au niveau d’expertise et de compétence des acteurs du pays exportateur et du pays 
im portateur et à la bonne organisation des structures, mais aussi à des facteurs 
psycho-sociologiques déterm inants de cette efficacité.

Comme le m ontre la figure 1, un groupe humain réussit à s’adapter à un 
ensemble complexe de tâches par étapes successives de durées et de niveaux de 
difficulté croissants: acquisition de connaissances par chaque individu (1), 
développant chez chacun un ensemble d’aptitudes à agir et réagir (2), qui ont pour 
conséquence un com portem ent individuel efficace (3), et enfin un com portem ent 
efficace du groupe to u t entier (4).

Le problème de fond du transfert de maîtrise technologique consiste à 
rechercher les conditions optimales grâce auxquelles un groupe ou une organisation 
peut transférer la maîtrise qu’elle a acquise à un groupe humain généralement 
différent par ses caractères sociologiques, psychologiques et culturels.

Les observations faites sur le com portem ent des groupes dans leur aptitude à 
comm uniquer avec d’autres groupes conduisent aux conditions optimales 
schématisées à la figure 2. Elles perm ettent de conclure que:
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— le groupe ém etteur doit avoir une cohérence suffisante sur le plan logique, 
c’est-à-dire avoir une bonne maîtrise de son propre savoir et une capacité à le 
communiquer selon des processus cohérents avec ceux du groupe acquéreur;

— il doit avoir une cohésion suffisante sur le plan psychologique, c’est-à-dire 
avoir un système de motivations et une volonté d’atteindre les objectifs du transfert;

— le groupe acquéreur doit aussi avoir une cohérence suffisante sur le plan 
logique pour pouvoir communiquer efficacement sur ce plan avec le groupe 
ém etteur; cette condition est très généralement remplie et ne pose pas de problème 
particulier;

— Le groupe acquéreur doit avoir lui aussi une cohésion sur le plan psycho
logique, c’est-à-dire un système de motivations et une volonté d’atteindre les 
objectifs du transfert; c’est là q u ’apparaissent souvent les difficultés, car les 
différences culturelles peuvent rendre difficile la communication entre les systèmes 
de motivations psycho-sociologiques; on observe d’ailleurs des difficultés de 
communication et de transfert très analogues dans les pays industriels les plus 
avancés: deux sociétés industrielles qui sont l’objet d ’une fusion et qui ont suivi 
des processus différents d ’évolution peuvent avoir des com portem ents de groupe 
très différents et même incompatibles;

— enfin, les courants d’échanges entre les deux groupes ne sont vraiment 
efficaces que s’ils sont soumis à la tension d’une volonté commune de progresser 
vers l’objectif et si l’avancement vers cet objectif est bien ressenti par les deux 
groupes.

Après cette analyse préliminaire des aspects psycho-sociologiques de la 
coopération, il reste à examiner les aspects techniques des problèmes de transfert 
de technologie nucléaire.

3. LA PREPARATION DU DEVELOPPEMENT

La préparation du développement comprend trois groupes principaux 
d’activités:

— la planification
— l’organisation des structures de décisions, de réalisation et de contrôle
— la form ation scientifique et technique du personnel.

3.1. La planification

La planification est fondée sur un ensemble de données de base relatives aux 
prévisions des besoins en énergie électrique, aux options industrielles et aux 
ressources nationales en matériaux de base, sources d’énergie, ressources humaines 
et financières, pour lesquelles une société de consultants peut apporter certaines 
méthodes d’analyses et d’évaluation, la connaissance des solutions apportées à
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des problèmes analogues posés dans les pays avancés et aussi dans d’autres pays. 
Comme dans la plupart des autres domaines de coopération, il n ’est pas possible 
de reproduire la «copie conforme» des solutions étrangères; il faut plu tô t utiliser 
les m éthodes qui se sont avérées efficaces et bien apprécier leurs limites d’appli
cation dans les conditions particulières au pays concerné.

Le rôle des experts étrangers ou des sociétés étrangères de consultants est 
donc plu tô t de fournir au pays im portateur des outils de travail: modèles et 
méthodes de prévisions, de simulation, d ’optimisation bien adaptés. Une coopé
ration entre l’équipe du pays im portateur et celle du pays exportateur travaillant 
alternativement en commun, à intervalles assez espacés, puis séparément s’est 
souvent avérée efficace, à la fois pour m ettre au point les outils, les utiliser et les 
perfectionner.

3.2. L’organisation des structures de décision, de réalisation et de contrôle

Pour résoudre les problèmes que soulève l’organisation des structures, les 
pays qui entrent dans la voie nucléaire peuvent tirer grand profit de l’expérience 
acquise dans les pays avancés, malgré les différences qui les distinguent de ces pays.

Cette expérience enseigne qu ’il ne faut pas donner aux structures et à leur 
organisation formelle une importance qu ’elles n’ont pas dans le processus général 
de la gestion. Les structures doivent d’abord se conformer aux objectifs et aux 
stratégies.

Les problèmes de structures sont étroitem ent liés aux résultats des études sur 
le programme optimal de développement nucléaire, aux disponibilités en personnel 
spécialisé formé aux différentes étapes d ’application de ce programme. Il est donc 
utile, à ce point de vue, que la coopération amorcée pour les études de planifi
cation continue pour les études d’organisation des structures et pour les études 
relatives à la formation.

3.3. La form ation scientifique et technique du personnel

Cette form ation est une opération essentielle de la préparation du développe
ment nucléaire et une condition de son succès.

Dans ce domaine, il n ’y a que des avantages à organiser la coopération aussi 
tô t que possible, dès le début de l’élaboration du programme de développement 
nucléaire. Cette coopération peut commencer de façon très progressive par la 
formation de personnel de haut niveau dans les laboratoires et les organismes 
spécialisés des pays technologiquem ent avancés.

Le programme général de développement nucléaire doit comprendre, 
naturellement, un programme de form ation à court, moyen et long terme, adapté 
aux objectifs choisis.
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FIG.3. Mécanisme de la conception et de l'optimisation des projets.

FIG.4. Interdépendance entre conception, recherche et exploitation.
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L’application du programme de form ation fait intervenir aussi bien dans le 
pays exportateur que dans le pays im portateur un grand nombre d ’organismes 
en relations d’interdépendance. La coordination entre ces organismes peut être 
assurée par des groupes de travail communs, constitués par l’organisme responsable 
du nucléaire du pays acquéreur et la société de consultants du pays exportateur.

4. LA CONCEPTION ET L’OPTIMISATION DES PROJETS

L’acquisition de la maîtrise, de la conception et de l’organisation détaillée 
des projets par les pays im portateurs nécessite, naturellem ent, un degré élevé de 
form ation et d ’adaptation des équipes à la technologie nucléaire, fruit des étapes 
précédentes de la coopération.

Le rôle de la coopération à ce nouveau stade peut être mis en évidence si 
l’on considère le mécanisme de base de la conception et de l’optim isation des 
projets, le mécanisme à rétroaction représenté à la figure 3.

L’organisme conseil extérieur peut apporter son concours aux différentes 
étapes du mécanisme en fournissant des éléments nécessaires au choix de la 
conception finale décidé naturellem ent par le m aître d’ouvrage du pays im portateur.

Il faut aussi m entionner l’interdépendance entre la conception des centrales, 
l’expérience de leur exploitation et de leur entretien, et les résultats des études 
de recherche et développement sur leur fonctionnem ent (fig.4).

Il n ’est pas possible d’entrer dans le détail des services extrêm em ent diversifiés 
que peut rendre au pays im portateur un organisme de conseil expérimenté dans 
le domaine de la conception et de l’optim isation des projets. Des problèmes 
difficiles se posent, par exemple: le choix du type et de la taille du réacteur, la 
centrale de référence, le choix des règles de sûreté, etc. Un travail très im portant 
de conception peut être nécessaire pour adapter les projets de centrales construites 
dans les pays avancés aux conditions particulières des pays en développement, par 
exemple les conditions de réseau, les conditions sismiques ou les conditions 
d ’évacuation de chaleur.

5. LA SURETE

Dans ce domaine, la responsabilité du gouvernement national est engagée, et 
il est nécessaire que les organismes chargés de préparer les orientations et les 
décisions qui entraînent des conséquences peut-être irréversibles soient parfaite
m ent informés et possèdent tous les éléments techniques et scientifiques 
nécessaires.

La coopération scientifique et technique peut donc apporter un concours 
efficace dans ce domaine.
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La contribution des équipes nationales des pays im portateurs aux études de 
sûreté est d ’autant plus nécessaire qu’il n ’existe pas encore de réglementation inter
nationale précise.

La coopération pour l’élaboration de cette réglementation relève plutôt des 
organismes internationaux comme l’Agence internationale de l’énergie atomique 
(AIEA) qui a entrepris, depuis plusieurs années, un programme d’élaboration de 
codes et guides de sûreté pour les réacteurs nucléaires à neutrons thermiques. Ces 
codes et guides sont destinés à servir de documents de référence pour l’élaboration 
de règles nationales dans les pays qui jugeraient bon de s’y référer, comme le fait 
la France notam m ent.

La coopération peut s’appliquer aux analyses de sûreté de centrales, à la 
comparaison des analyses de plusieurs types de centrales, et inclure l’assistance 
aux équipes nationales des pays im portateurs pour l’élaboration et l’adaptation de 
la réglementation nationale.

La mise en oeuvre de ces règles et normes entraîne la nécessité d ’organiser 
l’assurance de qualité et le contrôle de la qualité.

Dans ces domaines aussi, la coopération peut s’exercer car l’expérience des 
réalisations est essentielle.

6. LA PARTICIPATION DE L’INDUSTRIE NATIONALE

Comme on l’a vu précédemment, la part d ’investissement à prévoir en devises 
étrangères est im portante dans le coût des centrales nucléaires et les pays impor
tateurs ont essayé très tô t de limiter cette part en recherchant toutes les possibilités 
de participation de leur industrie nationale aux réalisations nucléaires.

Le problème difficile consiste à savoir ce qu’il faut prévoir dans l’avenir 
comme participation, pour quelles prestations — fournitures, travaux, services ou 
composants — en fonction du programme de développement nucléaire du pays, 
du marché international de ces prestations et du programme national de déve
loppem ent industriel.

Le transfert de maîtrise technologique ajustem ent pour objet, s’il est efficace 
et réussi, d ’augmenter la part de prestations dans le pays im portateur.

Les études sur les problèmes de participation de l’industrie nationale au 
développement nucléaire offrent un champ très vaste à la coopération avec des 
sociétés de consultants ayant une vue complète des caractéristiques techniques, 
économiques et industrielles du développement nucléaire.

7. LA CONSTRUCTION DES CENTRALES

Les retards dans la réalisation des projets de centrales nucléaires sont toujours 
très coûteux, aussi bien pour le m aître de l’ouvrage que pour les constructeurs et
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les entrepreneurs: intérêts intercalaires, manque à gagner de l’exploitation, 
dépenses annexes fonction du temps, etc.

Les études d’organisation et l’emploi des m éthodes de contrôle de l’exécution 
sont encore plus nécessaires que pour les réalisations non nucléaires. Les problèmes 
de calendrier et d ’interfaces doivent être l’objet d’une atten tion  particulière.

Une société de consultants indépendante, ayant l’expérience des travaux de 
construction de centrales en séries, peut apporter, à ce stade, un concours très 
utile à l’organisme chargé de la réalisation et lui perm ettre d ’acquérir plus rapide
ment et plus complètement la maîtrise des tâches de contrôle et de supervision.

Même lorsqu’une large responsabilité est donnée au constructeur, dans le 
cadre d’un contrat «clefs en mains» ou même «kWh aux bornes», l’importance 
de ces tâches de contrôle et de supervision ne doit pas être minimisée.

Les futurs exploitants doivent y être associés pour que leur connaissance des 
installations soit vraiment approfondie.

8. L’EXPLOITATION ET L’ENTRETIEN DES CENTRALES, LA GESTION
DU COMBUSTIBLE

Dans le domaine de l’exploitation et de l’entretien, l’expérience acquise au 
cours des vingt dernières années, notam m ent en France, dans les installations 
nucléaires et qui continue à s’enrichir, peut être la source de transferts de techno
logie fort utiles.

C’est dans ce domaine, et en particulier dans celui de la form ation à l’exploi
tation, que la réussite du transfert de maîtrise technologique a le plus d ’importance 
à court terme, car il conditionne directem ent la rentabilité finale de la production 
d’énergie nucléaire.

Comme on l’a vu précédemment, les conditions optimales d’exploitation et 
d ’entretien ont leur origine bien avant la mise en service de la centrale, dès l’époque 
où sont choisis les partis principaux de la conception du projet.

Un transfert de technologie coordonné est donc nécessaire, si possible 
effectué par le même organisme, pendant toute la période d ’étude et de réalisation 
du projet.

La gestion du combustible a une importance qu’elle n’a pas dans les centrales 
conventionnelles.

Le respect des limites d ’irradiation tolérées pour le personnel pose des 
problèmes d’organisation de l’entretien.

De nombreuses études et analyses sont donc nécessaires avant d ’entrer dans 
les phases finales de mise en service et d ’exploitation industrielle des centrales.
Les études doivent être entreprises aussi tô t que possible car l’imprévision se 
traduirait par une baisse de production, ou même par des arrêts très coûteux et 
très préjudiciables sur tous les plans.
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CONCLUSION

Le transfert de technologie est une entreprise peut-être plus complexe et 
plus difficile dans le cas du développement nucléo-électrique, mais l’enjeu est tel 
qu’il justifie de m ettre en oeuvre tous les moyens appropriés pour surm onter 
les difficultés.

C’est par la recherche patiente et approfondie des conditions de coopération 
les mieux adaptées à chaque pays et à chaque étape du développement nucléaire 
que l’on s’acheminera dans chaque cas vers la réussite.

La publicité des résultats obtenus servirait aussi le progrès, surtout en cas de 
difficultés particulières ou même d’échec. Le fait d’apprendre à partir des erreurs 
des autres est un m ode de com portem ent hautem ent efficace et profitable.

Des équipes de chercheurs et de praticiens travaillent depuis de nombreuses 
années en France à donner aux aspects humains de la coopération la place déter
minante qui leur revient.

Ainsi un meilleur transfert des connaissances et des expériences accumulées 
depuis plus de trente ans dans les pays avancés pourrait perm ettre aux pays 
im portateurs d ’acquérir plus facilement cette maîtrise technologique nucléaire 
qui contribuera à leur développement économique et social.
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Abstract

TRANSFER OF TECHNOLOGY: FOREIGN CONTRIBUTIONS AND SYSTEMS.
The transfer o f technology involved when exporting nuclear plants to  countries w ith less- 

developed industry requires the provision o f specific object-related processing m ethods, and the 
transfer of basic technical know-how. Such transfer should be organized so that it is b o th  
effective and econom ical. This paper discusses such transfer requirem ents in the light o f the 
Federal Republic o f G erm any’s agreem ent to  supply nuclear p lant to  Brazil. The three  main 
phases o f such technology transfer comprise, first, a determ ination of the  fram ew ork for jo in t 
scientific work betw een the  two contracting countries; second, co-operation based on  detailed 
agreements betw een universities, scientific institutes, licensing authorities etc ., and, th ird , the 
transfer o f  know-how, chiefly characterizéd by high-level co-operation at the  industrial level, as 
well as special training program m es fo r key personnel etc. At this stage special a tten tion  must 
be paid to  the co-ordination of the different activities.

GENERAL

The transfer o f technology to  developing countries with less-developed 
industry calls not only for the provision o f specific object-related processing 
methods, but also for the transfer o f basic technical know-how and skilled-worker 
proficiency. One o f the major questions associated with such an approach is how 
to organize the transfer o f technology most effectively and economically.

In view o f its scope, its complex structure and, not least, its far-reaching 
international safeguards against the abuse o f nuclear engineering know-how, the 
Federal German agreement w ith Brazil has set standards which could be said to  be 
a model for the  transfer o f nuclear technology. Of course, each such international 
commercial relationship would have to  be adapted to  the individual circumstances 
and specific needs o f a partner country. However, certain conceptional basic 
principles are o f  im portance for any nuclear co-operation with developing countries 
and have to  be taken into consideration.
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FIG.l. Stages in know-how transfer.

TRANSFER OF TECHNOLOGY IN THREE STAGES

The basis for a comprehensive transfer o f  technology are industrial 
programmes with long-term objectives which give the prerequisites for the 
required long-term co-operation to  be agreed upon between the technology- 
exporting country and the partner country. In line with this objective, the 
transfer may be perform ed in three stages (F ig .l). First, as fundamentals to  serve 
governmental agreements, which determine the framework for jo in t scientific 
research activities and technological development projects which prove to  be 
im portant for the country concerned.

In a second phase, the co-operation is concentrated in the energy field 
through detailed agreements between research centres, universities, licensing 
authorities and experts. The main objects o f the investigations are the specific
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power supply structure of the partner country, its raw material resources, and 
possibility o f their exploitation, the most appropriate co-ordination of alternative 
energy sources and, last no t least, the  industrial infrastructure.

In the third phase comes the transfer o f nuclear know-how. This stage is 
mainly characterized by industrial co-operation. It includes a licensing agreement; 
jo in t ventures aimed, for example, at the exploitation o f uranium deposits and 
fuel processing; the manufacture o f com ponents and engineering activities; and 
the transfer o f experience in operating and maintaining nuclear power plants, 
and training programmes for personnel holding key functions in the nuclear 
programme, and for the power plant staff. All these activities serve to  ensure that 
the partner country is gradually put in a position to  become as independent as 
possible in the use of nuclear energy.

In each nuclear export deal, the governments of the countries involved 
acquire a key position. This is not only because o f the international com m itm ents 
within the Non-Proliferation Treaty but, above all, because o f the extensive 
character o f each transfer in the nuclear field. Given the numerous companies 
involved, the  State authorities, research centres, institutes and, in many cases, 
the financial dimensions o f  such a co-operation, the conclusion o f a governmental 
agreement defining the scope o f co-operation (Fig.2) is the prerequisite for the 
successful realization o f  such a transfer programme.

Even though the transfer o f technology need not cover all areas o f the project, 
because o f the reasons given, the inclusion of each area itself in the governmental 
agreements is a prerequisite for an efficient and successful transfer.

PLANNING, SUPPLY AND CONSTRUCTION OF NUCLEAR POWER PLANTS

Countries importing nuclear power plants attach great im portance to  the 
participation o f  their domestic industry. In developing countries in particular, this 
participation is limited owing to  the high-level requirem ents this technology 
demands in engineering and m anufacturing, taking into account only the existing 
capacity o f  the industry and its infrastructure.

By means of a gradual and well-organized transfer o f know-how the desired 
participation can be substantially increased.

Figure 3 shows the percentages o f the different services for a nuclear power 
plant, which are:

Plant engineering: 8%
Mechanical and electrical equipment: 60%
Civil construction: 15%
Erection and commissioning services: 17%

A long-term and extensive technology co-operation provides the basis for a 
step-wise and increasing inclusion of the partner country’s industry.
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During the realization of this long-term programme for technology transfer, 
the percentage o f domestic participation will increase to  between 50 and 80%
(see Figs 4 and 5).

The basis for an efficient and economical transfer of technology in nuclear 
power plant construction can be established by co-operating with an internationally 
experienced main contractor, who should be able to  meet the following essen
tial prerequisites:

The practical experience required for the construction o f  nuclear power 
plants must be dem onstrated by a sufficient num ber of plants already in 
operation or under construction (experience curve);

The technology offered for the whole nuclear power plant must have 
attained a sufficient level o f  m aturity;

The company should possess a comprehensive nuclear power plant know 
how in all fields o f equipm ent and systems;

The nuclear power plant design should be standardized;

A reliable link with a nuclear industry willing to  co-operate, and access to  
com ponent technology should exist.

These prerequisites must be available, for one o f the principles o f the  trans
fer is that technological know-how can be furnished only by someone who has 
this particular know-how available in his company and has adequately up-dated 
it to  the extent that a well-organized, sm ooth and efficient transfer o f  technically 
qualified and comprehensive know-how to  the partner is ensured. Within this 
framework the conditions prevailing in the  country must be taken into 
consideration.

TRANSFER OF DESIGN AND MANUFACTURING KNOW-HOW FOR 
COMPONENTS

Mechanical and electrical equipm ent (see Table I) constitute the largest part 
in term s o f  investment costs for nuclear power plants.

As a m atter o f course, initial efforts to  accomplish a know-how transfer are 
concentrated on this part. The com ponents are designed and m anufactured in 
accordance w ith m ost detailed specifications. These specifications define no t only 
the requirem ents for the functioning, but also the requirements covering the 
material itself and the individual in-process tests and examinations for materials.
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FIG.5. Nuclear power plant breakdown. Achievable domestic participation in an order 
awarding 78%.
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TABLE I. MECHANICAL AND ELECTRICAL COMPONENTS FOR 
NUCLEAR POWER PLANTS WITH 1300-MW PWR

Com ponent Estim ated quan tity  per unit

Heat exchanger 350

Tanks 200

Pumps and compressors 550

Valves 10 000

Cranes 25

Transform ers 30

HV-motors 70

LV-motors 550

Special equipm ent 180

Depending on the extent o f  the envisaged independence and self-supporting 
ability of the industry o f the receiving country, the know-how transfer must 
comprise the following fields:

(a) Design engineering
(b) Material
(c) Fabrication process
(d) Application o f codes and standards
(e) Qualification o f welders
(f) Performance of tests and examination during fabrication
(g) Manufacturing docum ents required for licensing procedures

Along w ith the willingness to  transfer technology on a long-term basis, the 
possibility o f accepting the technology to  be transferred must be given. For this 
purpose the following alternative prerequisites are called for:

(a) The receiving company must have adequate and sufficient manufacturing 
facilities;

(b) The existing manufacturing facilities can be expanded, if necessary, by a 
merger with o ther domestic industries;

(c) Foundation of new companies.

A further necessary step is to  establish major areas o f activity and the 
priorities for com ponent know-how transfer. Depending upon the conditions o f a 
given country, first the tanks and heat exchangers could be transferred from  the 
whole range of components.

The second step could include valves and pumps, w ith a third step including 
instrum entation and control, to  be followed later by major nuclear com ponents etc.
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The proposed concept will be determined on the completion of a market 
study, the findings o f which will provide a survey o f the actual status of the 
industry.

As soon as the prerequisites on the part o f  the receiving country have been 
defined, appropriate measures for a component-related transfer o f know-how can be 
initiated. The most advantageous approach to  accomplish this is w ith the 
assistance and co-ordinating guidance o f the main contractor, because all 
efforts to  transfer technology should not neglect the actual purpose o f the 
programme, namely to  build nuclear power plants and to  pu t them  into operation 
on schedule.

Once the supplier companies — who as with the case of the main contractor, 
are able to  m eet the prerequisites for the transfer o f technology — have been 
determ ined, the relevant co-operation agreements can be concluded. In general, 
various co-operation models are feasible, depending in each case on the given 
structure o f the partner:

M odel A : The domestic supplier has the required manufacturing facilities, and
possesses the necessary basic know-how covering the engineering, 
the  manufacturing and the personnel sectors. In such cases it would 
suffice to  enter into a co-operation agreement covering the transfer 
o f specific com ponent know-how by way o f drawings, 
instructions, etc.

M odel В •: In the event that the domestic supplier has deficiencies in some
areas, such as engineering, manufacturing facilities etc., the 
so-called transfer o f “blueprint know-how” would obviously no t be 
sufficient. In this case, additional technical assistance would have 
to  be rendered by the know-how partner in the form of consulting 
services, the taking over of engineering activities, etc.

M odel C: If additional deficiencies exist in the manufacturing area, such as
inferior welder qualifications, processing methods, material appli
cation, heat treatm ent, quality supervision, then, in addition to  the 
assistance outlined under Model B, it would be necessary to  arrange 
for a delegation of experts to  introduce new processes and procedures 
and to  give technical advice over a limited period.

M odel D: This model comprises very extensive co-operation. In this case, the
know-how partner agrees, by participation with the partner company, 
not only to  transfer know-how, but also to  assume a considerable part 
of the business risk. Should the local private industry not be pre
pared to  assume the risk involved with the establishment o f the 
necessary industrial structures, the foundation o f State companies 
may be called for.
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The co-operation proves to  be most successful if, over and above the transfer ' 
of know-how, supply agreements are entered into w ith the partner to  include the 
supply o f those products which cannot be initially — or at all — produced 
at the required quality level in the country itself.

A co-operation with a know-how partner generally comprises the following 
stages:

Transfer o f know-how in the form o f drawings, procedural and manufacturing 
instructions, calculation procedures, specifications, etc.;

Delegation o f experts who interpret the available documents and train and 
instruct the co-workers o f the partner company — the so-called on-the-job 
training;

Supply o f com ponents or semi-finished products which cannot be m anu
factured in the partner country;

Permanent comm unication system to the know-how partner for inquiries, 
interpretation and modifications. Separation too soon from the partner 
entails substantial risks;

Agreements concerning royalties and know-how fees.

In nuclear technology in particular, great significance is attached to this form 
of co-operation. The long construction periods, the rapidly changing and, above 
all, increasingly more stringent requirem ents insisted upon by the licensing 
authorities, and the existing conditions in the partner country, necessitate perpe
tual alterations and adaptations o f  the component-related technology.

In the light o f  the above factors, governmental measures and laws should be 
reviewed to determine whether these tend to  prom ote or hamper the co-operation 
in its intended spirit. Agreements covering royalties and the im port o f semi-finished 
products continue to  be regarded as difficult areas. Such difficulties are fre
quently caused by the fact that governmental institutes do not appreciate the 
extremely high requirements which must be m et by commodities o f the nuclear 
industry, and consequently make comparisons with products of other industrial 
branches, which do not require the high-quality level demanded for the nuclear 
industry.

TRANSFER OF PLANT ENGINEERING

Plant engineering is subdivided into:

Civil construction engineering 
Nuclear system engineering 
Conventional system engineering
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Arrangement and layout design 
Physics and thermodynamics 
D ocum entation 
Quality assurance 
Co-ordination

Here, too , it is necessary to  carry out a market study, the findings of which 
provide a survey o f the actual conditions prevailing in the receiving country.

According to  experience, the initial stage o f the technology transfer com
prises civil construction engineering, and arrangement and layout design. By 
means of co-operation agreements it is already rendered possible at this early 
stage to  establish major fields o f activity. In general, these co-operation agree
ments are drawn up like those that cover com ponent know-how, namely:

Transfer o f  the “blueprint” know-how 
Delegation o f experts 
Permanent com m unication system 
Agreements on royalties and know-how fees

The transfer o f  the complete plant engineering represents one of the most 
costly forms o f technology transfer — first, because this transfer involves 
considerable royalties and know-how fees, and second, because setting up a 
domestic engineering company involves substantial teething difficulties and costs.

However, should an independence as far-reaching as possible be desired, plant 
engineering transfer is equally necessary. In most cases, this may be accomplished 
only by close co-operation in the form of a jo in t venture which must be based on 
a long-term nuclear programme.

Here, too, an essential prerequisite for an economical and efficient transfer 
is the establishment o f certain objectives according to  priorities within the 
engineering to  be transferred. The transfer is carried out, based on the following 
steps:

Training o f the personnel with the know-how partner (approx. two years);

Transfer o f  the trained personnel, together w ith the experts o f the know-how 
partner who should give instruction;

Gradual transfer o f the executive functions into the hands o f the domestic 
personnel with the experts instructors becoming “advisers” (two to 
three years).

Here, too , it should be pointed out that the transfer is performed on a step
wise basis and in clearly defined packages since this is the only way for the 
organizational accomplishment o f this extensive task. Before initiating a further 
transfer step a consolidation phase must be included to  allow for the strengthening 
o f the internal structure and for measures covering improvements to  be taken.
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CONCLUSION

The transfer o f technology presupposes an extended nuclear programme, 
which will be included in respective governmental agreements. The know-how 
transfer is perform ed in three stages. The first stage is not directly related to  the 
transfer o f technology but, during the second stage, a market study is made in 
order to  determine the existing prerequisites o f the domestic industry and to 
take measures to  gradually build up the nuclear industry.

In the third stage corresponding agreements are entered into between the 
industrial partners o f both  countries, according to  the objectives defined during 
the second stage. Here, special attention  must be paid to  the co-ordination o f the 
different activities.

Should plant engineering also be transferred, it then seems advisable to 
assign also to  the engineering company concerned the task of prom oting domestic 
industry. Alongside the current im plem entation o f an order, this approach 
would perm it those prerequisites required for the improvement o f the different 
branches o f  the domestic industry to  be established. The fulfilment o f such 
prerequisites would allow a gradual widening of the domestic range for the supplies 
and services for future projects.

DISCUSSION

M.R. PELLET: Do you not consider that the first step in initiating technology 
transfer is to  determ ine w hether the development o f a particular capability will be 
economically viable? In o ther words, one has to decide whether there is a market 
for the com ponent or service in the country or on the world m arket, and whether 
the new firm can survive in the ‘market place’.

H.-K. REINHOLD: Yes, I am quite sure a country should not launch a nuclear 
power programme before all aspects o f it have been thoroughly gone into.

O.J. QUIHILLALT: According to  what you say, given a suitable nuclear 
power programme it is possible to  achieve up to  80% national participation. I 
would therefore like to ask three questions. First, what is the minimum num ber 
o f nuclear plants involved in a programme in order to  ensure 80% participation? 
Second, is it essential for the programme to be implemented through a single 
main supplier or foreign partner in order to achieve this figure? And third, what 
are the implications for national participation if more than one main supplier is 
involved?

H.-K. REINHOLD: Generally speaking, the am ount o f domestic participation 
attained depends on the conditions existing in the country concerned. In the 
example I gave, a minimum o f eight nuclear power plants have to  be constructed 
within a given period o f  time.
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The analysis in my paper is based on a programme carried out with one 
principal partner. If there were more than one, the result would be considerable 
delay and additional expenditure during the further im plem entation o f the 
programme.

P. VILLAROS: I think that the development of the nuclear industry in a 
developing country should be studied in terms o f the size of the nuclear programme 
envisaged and the time within which it is hoped to  implement it. In most countries 
it is difficult to  envisage a nuclear power plant construction programme ambitious 
enough to justify the setting up and economic adm inistration o f industries highly 
specialized in the nuclear field. The example o f Brazil that you quoted is a 
special one. I feel it would be a mistake to suggest to a lot o f o ther countries that 
they would be in a position, from  an economic standpoint, to  involve their local 
industry in a nuclear programme to the extent of 50 or 80%.

The problem, as I see it, is therefore not so much one of technology transfer, 
but rather of economics and politics. It is in fact a question o f asking oneself what 
price should a country pay in order to attain a certain level of industrial 
independence. Yet in some countries it is believed that participation by their 
industries would afford them , first and forem ost, an opportunity  o f making 
savings on their programme. I think it is up to  the firms of consultants to point 
out all the pros and cons to  a country making a choice in this field.

H.-K. REINHOLD: It would clearly not be economically advantageous for a 
country with a very small home market to set up a highly specialized nuclear 
industry. In my paper I wanted to  show that in each case o f technology transfer 
the special conditions pertaining in the country concerned have to  be given 
consideration and the programme adjusted accordingly.
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Abstract

ANALYSIS O F NEW TRENDS IN THE INTERNATIONAL TRA N SFER OF NUCLEAR 
TECHNOLOGIES.

In the  present situation, any policy in tended to  contro l th e  transfer o f nuclear 
technologies m ust first consider th e  fact th a t th e  technologies exported  have becom e m ore and 
m ore sophisticated and com plex and do not concern -  as in the  past — only nuclear power plants 
and fuel supply, bu t also enrichm ent and reprocessing facilities. The export trend tends to  
include the whole nuclear cycle, and nuclear advanced nations have becom e com petitive w ith 
the U nited States of America. H istorical experience has shown that a policy designed for 
in ternational co-operation to  contro l th e  transfer o f nuclear technologies m ust take  in to  account 
that it is not possible to  achieve effective results by  m erely intensifying constraints on  nuclear 
activities that take place in individual countries. N either is it possible to  apply severe sanctions 
against nations, which exceed th e  lim its im posed by th e  Non-Proliferation T reaty  and the  IAEA 
system of safeguards. It is no t even possible to  establish a new “in ternational o rder” o f 
nuclear activities through agreem ents of the  cartel type. A possible way of solving these 
difficulties could be to  adopt a unanim ous export policy (particularly  o f  sensitive technologies). 
In effect, nuclear suppliers (i.e. the USA and others) m ust realize th a t an effective co-operation 
betw een nations exporting and im porting nuclear technologies can be prom oted to  reach an 
acceptable comprom ise on th e  type  o f nuclear developm ent envisaged for th e  future. Such a 
nuclear policy should give recipient nations th e  assurance th a t their nuclear developm ent, even 
if it does not span th e  whole nuclear fuel cycle (enrichm ent, reprocessing, etc.), will proceed in 
a context where th e  supply of services, m aterials and technical assistance is assured so as to  
exclude th e  fear th a t nuclear developm ent will ever be endangered.

1. HISTORICAL OUTLINE OF THE PROBLEM OF TRANSFER OF 
NUCLEAR TECHNOLOGIES

Nuclear energy development for peaceful purposes has been deeply affected 
by the concern regarding the use of this type of energy for military purposes.
The result has been a geographic spread o f nuclear energy for peaceful uses that
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has constantly taken place under conditions which could hardly be considered
-  particularly in the past — those of a competitive or a free market. This paper, 
in dealing w ith the development of nuclear relations, excludes countries with 
centrally planned economies, e.g. the USSR, etc.

Owing to  the somewhat monopolistic behaviour of the United States of 
America, which in fact has a leading, and, in certain aspects, a unique position 
concerning the nuclear field, transfers of know-how, plants, components and 
nuclear materials have never been entirely free from restraints and controls. Even 
when the United States has adopted a “ liberal” policy for the transfer of tech
nologies related to  the nuclear reactor, it has kept a more binding and restrictive 
position in the front-end and back-end stages regarding nuclear fuel (enriched 
uranium , reprocessing, etc.).

A study of United States behaviour in the nuclear field towards industrialized 
nations represents a very interesting case. In contrast to  o ther technologically 
advanced fields, in nuclear technology, the USA, after a first phase which lasted 
almost until the mid-1950s, has liberalized the transfer o f technologies (limited to  
the nuclear reactor system) by undertaking licensing relations w ith contractors 
and companies of interm ediate countries. I t must be noted that the conducting 
of licensing relations has generally been characterized by the situation whereby 
m ultinational companies (nuclear vendors) make available a substantial supply of 
inform ation and technical assistance. This has contributed, to  a considerable 
extent, to  stimulating a know-how acquiring process by the licensees. To this must 
be added a policy regarding charges or royalties, that may justly be regarded as 
reasonably generous, i.e. w ithout excessive profit margin. Further, the policy of 
the supply of fuel services (enriched uranium), while implemented by the US 
Federal Government under stiff monopolistic conditions, has since 1968 followed 
a “political price” attitude, i.e. it has adopted low cost criteria for the recipient 
country, associated with the assurance of constant supplies.

We therefore consider it worthwhile trying to  explain why the USA adopted 
this policy, because it should help to  understand the present phase in relations 
between the United States and other nuclear-developed nations.

2. THE “ LIBERAL” MANAGEMENT OF NUCLEAR KNOW-HOW BY THE 
UNITED STATES OF AMERICA

First of all, the “ liberal” a ttitude adopted by the United States o f  America 
in the transfer of nuclear technologies for peaceful purposes (the “Atoms for 
Peace” programme launched by President Eisenhower in 1953) is intimately 
connected w ith the United States’ need to  justify the preservation of its substantial 
m onopolistic position over nuclear armaments. By allowing access to  the peaceful
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uses of nuclear energy it was also possible to  ask in return tha t beneficiary nations 
make com m itm ents not to  develop military applications and to  sign the Non- 
Proliferation Treaty accepting the consequent IAEA controls.

Secondly, the liberal attitude, though confined to  the nuclear reactor phase 
alone, opened the prospects of an international outlet to meet the requirements 
of the nuclear industry which, in view of the  considerable extent o f the domestic 
m arket, possessed a production capacity that could be better exploited by 
expanding its operations.

Thirdly, the liberalization in one step of the nuclear cycle has favoured the 
affirmation or superiority of US technologies. Indeed the “transparence” of 
management of licensing relations, the containm ent of the cost of services, the 
assurance o f fuel supplies (enriched uranium) at convenient prices have all definitely 
contributed — together w ith the commercial and technical reliability of nuclear 
power stations — in prompting certain countries to  relinquish nuclear reactors 
based on national technologies. Anyway, this progressive superiority of United 
States reactor technologies is connected w ith the m aintenance of a substantial 
control over fuel supplies (enriched uranium). Therefore, it may be concluded 
that liberalization enabled, in every respect, a considerable supremacy -  at least 
pro tem pore — o f the United States over nuclear energy development.

On the o ther hand, the m aintenance of a m onopolistic position on the 
enriched uranium market enabled the United States to  exercise considerable 
restraints on any possible national th rust towards non-peaceful uses of nuclear 
energy. Guaranteed fuel supplies tended to  discourage recipient countries from 
attem pting the costly venture o f developing enrichment technologies, since the 
resources available had to  be primarily and seriously com m itted to  gaining know 
how and manufacturing capability in the nuclear reactor system.

3. THE CRISIS OF “NATIONAL ROUTES” IN NUCLEAR DEVELOPMENT

It has been m entioned that the US liberalization policy favoured the review 
of nuclear policies based on national technologies in the Federal Republic of 
Germany, France, Sweden, etc. In this context the  French case might be considered 
symbolic. A fter France in 1969 adopted a nuclear policy based on a national 
technology (the gas-cooled and graphite-m oderated nuclear reactor), it decided to  
relinquish the “national rou te” development in favour of the US technology of 
light-water reactors. This choice is significant if we consider that France had for 
years been pursuing a general political-economic trend towards autonom y with 
respect to  the USA. The reasons given by the French Government were not only 
the recognized higher competitiveness (lower cost o f light-water power plants), 
but mainly the fact that US technology allowed French industry to  obtain a 
product offering a b e tter prospect of commercialization on the international
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market (therefore enabling France to  overcome the  drawbacks of a relatively 
restricted domestic m arket). At the same tim e this choice enabled a b e tter exploi
tation of the  nuclear experience already acquired by France, by actuating a 
realistic collaboration w ith countries with a more advanced nuclear programme 
and w ith a recognized accum ulated nuclear knowledge. The relinquishment of a 
“national rou te” has further perm itted France to  save substantial economic, 
human and technical resources, which could thus be allocated to  a commitment 
on enrichment technologies, as well as new and more advanced processing techno
logies (plutonium-fuelled breeder reactors). Finally, while this choice enabled 
France to  launch a more ambitious nuclear development policy capable o f even
tually increasing its energy self-sufficiency, it also confirmed that nuclear devel
opm ent, owing to  the resources com m itted and the risks involved, can hardly be 
actuated according to  a competitive model based on the commercialization of 
diversified technologies. Rather, nuclear development demands co-operation and 
exchange of inform ation between the industries of the various nations.

4. UNITED STATES POLICY VIS-A-VIS THE NUCLEAR GROWTH OF
OTHER NATIONS

The “ liberal” US nuclear policy has enabled, more rapidly than expected, the 
form ation o f an autonom ous nuclear reactor development capacity by advanced 
industrialized nations. The development of an autonom ous technological capacity 
has involved, at a first stage, the nuclear reactor system. Later, to  reassess the 
United States influence as well as to  exploit nuclear energy advantages fully, the 
concern has been for the uranium enrichment activity and spent fuel reprocessing. 
As the technological self-sufficiency gradually progressed over the  nuclear cycle, 
the interm ediate nations (Federal Republic of Germany, France, Japan, etc.) 
entered the international market competing w ith industries from the United States, 
w ith a commercial penetration capacity mainly based — as opposed to  US nuclear 
industries who had to  comply w ith severe political restraints — on the supply of 
enrichment and reprocessing plants. Faced w ith this development, which has 
greatly reduced the United States’ dominant position, the USA has reacted in 
various ways. With the London Suppliers’ Club in particular, the United States 
has decided to  curb the free transfer of strategic or of sensitive nuclear technologies 
and materials through an agreement between the nuclear countries in a position to  
operate on the international market.

This is not the  place to  discuss in detail the  proposals made by means of the 
agreed-upon restraint on the transfer of enrichm ent and reprocessing plants, to  
control the proliferation of nuclear weapons, as well as to  curb the capacity of 
the commercial penetration o f industries of interm ediate nations. Indeed, since



IAEA-SM-223/13 171

a definite stimulus for developing reprocessing technology derives from the 
prospect o f producing plutonium , which is the m ost appropriate fuel for operating 
fast-breeder reactors, the United States has recently assumed, through the new 
policy actuated by President Carter, a negative attitude towards this type of 
reactor. On the o ther hand, the gradual development of these reactors could 
eventually ensure a substantial energy self-sufficiency (at least as far as electric 
power is concerned), owing to  the exceptional increase in uranium utilization.

As regards the United States negative attitude, it is im portant to  stress that 
the development of fast-breeder reactors is an integral part and an inevitable 
economic result of nuclear logic. As a consequence, a nation like the USA, which 
does not intend to  relinquish the use of nuclear power (and which may even be 
compelled, within a few years, to  re-launch this energy form), m ust either accept 
breeder-reactor development according to  the European (and Japanese) experience, 
or resort to  developing “alternative breeder technologies” , not using plutonium , 
or where the use of plutonium  is deferred and/or strictly confined. The latter 
seem to  be the lines that the United States wants to  adopt in view o f the new 
proposals recently made at the  INFCE and of the recent rules regarding nuclear 
exports.

5. LIMITS TO TECHNOLOGICAL COMPETITIVENESS IN THE NUCLEAR
MARKET

Nuclear energy development, as opposed to  o ther advanced productive 
developments, does not seem to  be the result o f a spontaneous and mechanical 
logic such as that characterizing m arket economy. The pluralism of internal forces 
acting on the m arket cannot ensure suitable solutions to  the nuclear development 
by means o f a free and profit-oriented com petition. The essential problems at 
the base of the  operative framework of industry com m itted to  nuclear development 
entail economic and political risks of particular im portance. Essentially, these 
risks derive from:
(i) Achievement of higher reliability and capacity factors in nuclear power plants, 
since it cannot be stated tha t full technological m aturity  has been reached in this 
field, bu t rather that it is going through a gradual industrialization phase. On the 
other hand, the achievement of satisfactory operation levels does not solely 
depend on the intensification of research and development efforts, but on the 
number of power stations in operation (under different conditions) and on the 
operating tim e accumulated.
(ii) Dynamism o f safety rules and their escalation in defining a technological 
standard acceptable to  nuclear activities.
(iii) Restraints and limitations imposed on the development and transfer o f 
technologies and the concern to  prevent the proliferation of non-peaceful uses of 
nuclear power.
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Faced w ith these economic and political-social risks, which subject nuclear 
industries to  an extensive concentration effort of financial, technical and human 
resources under progressively uncertain conditions, the expansion of the nuclear 
market is by now rather moderate with respect to  international forecasts.
Individual national markets in particular (especially the  peripheral developing 
countries) appear to  be potentially too confined to  ensure a business capable of 
offering sufficient assurance against risks and an advantageous recovery o f the 
aforesaid investments.

From  the  above it follows that undertakings in the nuclear productive system 
are com m itted to , or conditioned by factors which, to  a rather large extent, 
determine their behaviour. In this regard, the model of nuclear development 
followed by advanced nations seems to be characterized mainly by relations 
prom pted by a realistic co-operation on nuclear technologies and inform ation 
exchange between the industries and research centres from different countries.
In the meanwhile, the range of competitiveness is chiefly aimed at improving the 
capacity of commercial penetration, at providing better technical assistance and 
financial services, as well as ensuring a reliable fuel supply, instead o f aiming at 
forms of technological diversification (variety of nuclear technology and nuclear 
reactor concepts). This statem ent does not refer so m uch to  overall nuclear 
activities, but rather to  the phase which rightly deserves to  be considered as iden
tifying a nuclear strategy, and ultimately characterizes the type of nuclear devel
opm ent — the nuclear reactor system.

Secondly, the model of nuclear development is distinguished by the increasing 
and im portant intervention o f Government A uthorities, who no t only have to 
assume the responsibility to  support, with an ad hoc policy of allocation of 
resources, the efforts to  be made by the productive structures, but must also 
define the safety rules and control modalities for the transfer of technologies in 
order to  curb nuclear proliferation. This last aspect enables us to  understand how 
choices made by individual nations can affect the development o f nuclear techno
logies (particularly those concerning the nuclear fuel cycle and spent fuel 
reprocessing).

In the  event of an agreement between nuclear nations aiming to  exclude the 
development of certain technologies considered to  imply proliferation more than 
others, there would result a real restraint to  the development o f these technologies, 
and there would be a stimulus towards research and development of new nuclear 
reactor concepts and types of nuclear fuel cycles.

6. NEGATIVE EFFECTS DUE TO THE LACK OF INTERNATIONAL
CO-OPERATION FOR DEVELOPING NEW NUCLEAR TECHNOLOGIES

It is im portant to  stress that convergence and collaboration needs among 
nuclear industries, which result in the reduction of technological variety and in the
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gradual homogeneity between the various nuclear productive systems, are parti
cularly felt in the interm ediate nations (Federal Republic of Germany, France, 
Japan). These nations must face high and even prohibitive risks, should relations 
with the strong and more advanced United States nuclear economy develop in a 
radically opposed direction, resulting in the drain of resources and experience that 
aim at a higher reliability and wider commercialization of their nuclear power 
plants. This conclusion also applies to  fast breeder reactor technologies. Should 
there be a clash of interests between the United States and the interm ediate 
nuclear nations, the latter run the risk o f considerably weakening the success of 
their technological directions, i.e. LMFBRs, regarding both  reliability and com
mercialization.

In  fact it m ust be observed th a t, w ith  the recent decision o f the United 
States to  postpone the goal of eventual commercialization of fast reactors, there 
appear a t least tw o negative effects towards the experience and commitments 
on fast reactors by interm ediate or nuclear developed nations. A “ synergistic 
effect” would not take place and an “imitative effect” would not be fostered 
within other nuclear developed nations. In our terminology, the synergistic effect 
corresponds to  the possibility o f the transfer o f know-how and co-operation during 
research. Therefore, this effect indicates the advantage deriving from the process 
of accumulating knowledge. The imitative effect is represented by the prom otional 
thrust and the “ leadership” exercised by certain nations. The leading nation (the 
United States), by pursuing a line of nuclear development and by presenting new 
models, tends to  reinforce the wishes and tendencies o f other countries to  follow 
a national programme.

This is an aspect o f considerable political and economic im portance, since it 
indicates the possibility that a unanimous effort on LMFBRs could give better 
results, because it avoids a dispersed use o f resources and of industrial activities.

Secondly, it must be borne in mind that the lack o f a US commercial 
com m itm ent on LMFBRs has a negative influence on the chances of commer
cialization and consequently on the chances of a spread towards countries that 
are developing and/or underdeveloped in nuclear technology.

In fact, the lack o f specific US safety regulations for fast reactors is no 
doubt bound to  affect substantially the national regulatory bodies, who are histori
cally inclined to  conform to  US standards for proven reactors. In this respect, it 
must not be overlooked that the United States, in pursuing activities of research 
and development on LMFBRs, even though not aiming at immediate commercial 
goals, is in a position to  work out, perhaps on an experimental basis, particularly 
sophisticated and strict rules and standards, which would be a paralysing procedure 
for nations importing fast reactors. Indeed, the provision of rules by the United 
States could result in a real constraint because o f the fact tha t it is separated from 
the industrial step involving specific interests and production m ethods with which 
one has to  deal, and to  which one has to  conform to a certain extent, if the
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commercial launching of a reactor is not going to  be prevented. Further, it 
must not be overlooked that the  United States may resort to  a set of commer
cialization policies for tested reactors in certain countries (Italy, Spain, etc.). This 
policy may be so stimulating and appealing that it would even delay the adoption 
of, and the thrust towards, m ore advanced technologies — for instance, a policy 
involving financial grants, technical assistance, assured supply of nuclear fuel, etc.

7. THE AMBIGUITY OF THE CONCEPT OF NON-PROLIFERATING
NUCLEAR TECHNOLOGY

It must be borne in mind tha t, as already m entioned, United States nuclear 
policy is not confined to  the relative non-com m itm ent on LMFBRs and nuclear 
fuel reprocessing, but also tends to  propose alternative reactor systems and nuclear 
fuel cycles where plutonium  is absent or not separated. (This is the line adopted 
by the USA at INFCE.) These alternatives are integrated with the proposal to  
improve the use of uranium in light-water reactors through appropriate one-through 
fuel cycles. Such a nuclear policy could prove to  be even more negative for 
nuclear developed countries, com m itted to  plutonium-fuelled LMFBRs, should the 
United States decide to  pursue it. In fact, in this case, for interm ediate nations, 
it would not only be a question of dealing with the lack o f “ synergistic” and 
“ imitative” effects, but also of facing the existence on the market of a dreadful 
com petition of alternative technologies. Furtherm ore, the United States would 
obtain the remarkable twofold result of giving credit, by proposing these techno
logies, to  its own non-proliferation policy and of pushing into a difficult position 
these interm ediate nations, who would be exposed to  the risk of being accused 
of not assuming any responsibility for the danger of nuclear proliferation.

The proposal for nuclear technologies calls the attention  on the relative 
fragility and ambiguity involved in the concept of non-proliferation. At this time 
the feature o f proliferation or non-proliferation of a nuclear technology may be 
essentially considered as conventional, since it is the result of an evaluation 
referring to  a certain historical situation in the development of a technology and 
its precise use. This use enables to  establish a certain economic and technical 
optimum which results in the standards that are considered suitable pro tempore.

In o ther words, it is not in the “nature” of a nuclear technology (nor 
of a nuclear material) to  be functional for peaceful use only. The dynamics and 
the flexibility of the technology for peaceful purposes (or otherwise) are such that 
it also lends itself, even with alterations and/or developments which vary 
according to  the circumstances, to  use for non-peaceful purposes.

Therefore, it follows that, to  consider nuclear proliferation solely or mainly 
in technical-physical and technological terms means not taking into account the 
fact that the propensity to  obtain nuclear weapons is above all the result of 
political factors, where the technological factors are instrumental.
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If  the relative weakness of the nuclear non-proliferation and the long-term 
technical lag required for commercialization of alternative nuclear systems are 
borne in mind, one can readily understand the immediate concern of the United 
States to  insist on the line already suggested to  other nuclear exporting countries 
at the London Suppliers’ Club, for a self-restraint and self-co-ordination in the 
export of nuclear technologies and materials. On the other hand, this conduct has 
been confirmed and enforced by the Nuclear Non-Proliferation Act of 1978.
This new law, while confirming the procedure o f bilateral agreements, 
establishes that IAEA’s controls, in the event o f export o f US technologies 
to a certain country, will not be confined only to supplies exported by the 
United States, but must be extended to the whole nuclear programme of 
the importing country.

It must be emphasized tha t the new rigid self-regulating line adopted for 
exports of nuclear technologies and materials results in straining relations between 
the United States and the interm ediate nuclear nations. Consequently, co
operation agreements become hard to  achieve and potential opposition would be 
fostered by the development of “alternative” technologies and nuclear fuel cycles. 
All this will weaken the com m itm ent of nuclear developed countries to  LMFBRs.

9. INTERCONNECTION BETWEEN LACK OF NUCLEAR CO-OPERATION
AND ENERGY POLICY OF INDUSTRIALIZED NATIONS

It seems to  be of utm ost im portance to  evaluate the resulting prospect of 
opposition (and competitive rivalry) in the  nuclear field between the United States 
and the interm ediate nations. First o f all, the lack of co-operation between 
industrialized nations, as well as the intensification o f commercial competition, 
results in a m ultiplication of technologies required for nuclear energy development 
and a duplication of research activities and experim entation. Now, multiple 
technology — in view of the substantial investments that nuclear development 
requires — means dissipation of technical, human and financial resources. This 
dissipation contrasts with the undisputed need for each country to  pursue a policy 
of energy diversification; therefore, it is incompatible w ith an optim um , selective 
and balanced use of the rare available resources.

In this respect, non-collaboration, intended as a lack of technological con
vergence, assumes a broader meaning and goes beyond the nuclear field, resulting 
in an overall undesirable weakening of the energy policies of industrialized nations.

Lack of co-operation and opposition in the nuclear field endanger the 
com m itm ents by interm ediate nations who -  owing to  the shortage of national 
or domestic energy sources — are compelled to  consider their nuclear development



176 GARRIBBA and VACCÀ

to  be of vital im portance. Furtherm ore, lack of co-operation in the nuclear sector 
makes it even harder to  achieve a co-ordination in the critical question of oil 
supplies. This is a field where every single country seems to  be proceeding on its 
own w ith bilateral agreements w ith oil producers.

In actual fact, interm ediate nations would be faced with a situation charac
terized, on the one hand, by the risk of seriously weakening their nuclear commit
ments and, on the o ther hand, regarding oil supplies, by the worse risk of severe 
consequences deriving from the lack of real co-ordination with the US oil policy. 
The United States, in fact, owing to  the persistent and growing rate of its oil 
im ports and the  preferential and bilateral ties it tends to  consolidate with oil- 
producing countries, subjects interm ediate countries to  a double restraint consisting 
of faster depletion of oil resources on the international market and of an inevitable 
and unacceptable price increase. Therefore, in view of the serious difficulties 
preventing the ready im plem entation of a real co-operation for oil supplies, the 
very existence o f a disturbed situation and com petitions in the nuclear sector 
assumes a strategic significance that seriously jeopardizes any possibility o f regu
lating and harmonizing the energy policies of industrialized nations.

The emphasis placed on the need for co-operation in the nuclear and oil 
sectors derives from the consideration that o ther energy alternatives (from energy 
conservation or saving, exploitation of coal, of endogenous resources and solar 
energy), while urging a certain co-operation and exchange of inform ation, do not 
require, in order to  be effectively pursued, an actual co-ordination and a unitary 
strategy of development between industrialized nations. Finally, it must be 
remembered that the lack of energy co-operation and co-ordination between 
industrialized nations may no doubt adversely affect the whole economic and 
political relations established between these nations. Moreover, the lack of energy 
co-ordination may be considered dangerous, and even foolish, in view of the con
sequences it has on the relationships with oil-producing countries.

10. POSSIBLE SCENARIOS FOR INTERNATIONAL NUCLEAR
CO-OPERATION

In view of the above, there is no doubt tha t the only rational alternatives to 
which industrialized nations may resort are the co-operation and regulation of 
their respective energy policies. As far as nuclear development is concerned, it is 
possible to  form ulate two hypotheses or scenarios consistent with the key objective 
of technological co-operation and convergence among industrialized nations.

(i) The US proposal to  develop “alternative” nuclear technologies with respect 
to  the “European” one, based on plutonium  economy, may be considered a 
reliable and feasible choice. In  this case, the United States is in the position to
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favour real co-operation with interm ediate nations, providing a liberal policy is 
adopted regarding the share and transfer of know-how, plants and services needed 
to enable a rapid adjustm ent o f interm ediate nations to  the US development line. 
Therefore, by trying to  achieve co-operation and conversion towards other breeder 
technologies or technologies supposed to  be less dangerous for proliferation, an 
understanding may be reached between all nuclear developed nations to  regulate 
exports of nuclear technologies and materials.

(ii) Instead, the US proposal to  develop “alternative” technologies may be in ter
preted as an initiative intended to  intensify the contracting power of the United 
States against its European partners and Japan. In this scenario, particularly if
-  as will probably happen -  the United States should propose, within a few years, 
the relaunching of nuclear development (in view of the difficulties met in devel
oping the use of coal and alternative power sources), a co-operative convergence 
could be achieved along the lines of nuclear fuel reprocessing and plutonium- 
fuelled fast breeders. Needless to  say, an agreement ought to  be reached to  regulate 
rigidly the exports of “ sensitive” technologies and nuclear materials, i.e. exports 
concerned w ith the proliferation o f  nuclear weapons.

In b o th  scenarios a nuclear co-operation policy between industrialized nations 
should be associated w ith the assured access of nuclear developing countries to  
nuclear fuel (enrichment services) so as to  avoid such a policy being interpreted 
by these nations in term s o f an agreement of the cartel type which puts restraints 
and conditions in the way o f their nuclear development.

Such an assurance regarding nuclear fuel entails the possibility of the choice 
of supply services in a substantially free and competitive m arket. In other terms, 
it seeks not to  arouse fears of discrimination, economic blackmail, and serious 
or unacceptable insecurities for the individual national nuclear programmes. From 
this point of view, it may be stated that effective means of convincing the nuclear 
developing countries no t to  obtain plants for enrichm ent and/or reprocessing 
would not consist o f physical controls on exports of technologies, o r on signing 
new treaties — anyway, the effectiveness o f such means o f control has yet to  be 
proved. Rather, the effective means are the creation of a free and open market 
or services originating from differing and competitive sources. This may be 
obtained not only by pursuing the utopian objective o f organizing, under a single 
supranational authority , the  management of power plants and the storage of 
strategic nuclear materials. The aim should also be to  seek to  create more flexible 
structures, which can meet specific economic and geographic requirements. In 
this context, one may envisage regional and, if necessary, m ultinational centres 
and/or companies where nations, while accepting controls on their domestic 
nuclear activities, are jo intly  com m itted to  the management of nuclear fuel supply 
and related services.
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DISCUSSION

C.R. STOIBER: You have asserted that . . . “ It is not in the nature of a 
nuclear technology to  be functional for peaceful use only” . Admitting that this 
may be strictly true, isn’t it also the case that there may be significant non
proliferation advantages to  be gained from technologies not involving the ready 
availability of separated plutonium , such as the standard Purex reprocessing 
process? At least these technologies could give more tim e -  in the United States 
of America we have used for this the term ‘timely warning’ — for the  political 
factors you have emphasized to  work in a case where a diversion of nuclear 
material for weapons purposes is suspected. In this regard, your rejection o f pos
sible technological approaches to  this problem seems somewhat negative, at least 
until the  results of INFCE have been received and fully analysed.

S. GARRIBBA: We do not deny that there might be nuclear technologies 
less proliferating than others, i.e. such tha t they make the use of nuclear power 
for military purposes less likely.

We have only stressed the concept that a policy of non-proliferation of 
nuclear weapons is not effective if it is based solely, or mainly, on the restraints 
placed on the export of nuclear technologies. Secondly, we do not deny the 
validity of an international system of safeguards, and in this respect certain nuclear 
processes or ways of using nuclear fuel may lend themselves to  more effective or 
easier control procedures. However, the development of alternative nuclear 
systems, e.g. the development of other types o f breeder reactors, may be an 
effective proposal only on condition that the United States makes a serious effort 
on the one hand to  offer a definite programme and to  determine goals and time- 
scales, and on the other hand to  guarantee other nations access to  the  ‘know-how’ 
and to  certain essential services. Failing this, the non-proliferation policy applied 
by the United States would be interpreted by other countries as an attem pt to 
weaken their nuclear development, particularly the development of LMFBRs and 
plutonium  economy. Hence this requires that the American proposal be form u
lated as a means of effecting co-operation among countries and not as an instrument 
to jeopardizing their energy self-sufficiency.
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Abstract

MACROSYSTEMS MANAGEMENT APPROACH TO NUCLEAR TECHNOLOGY TRANSFER.
The world of the 1980s will be a world o f diminishing resources, shifting econom ic bases, 

rapidly changing cultural and societal structures, and an ever increasing dem and for energy.
A m ajor driving function  in this massive redistribution  o f global pow er is m an’s ability to 
transfer technology, including nuclear technology, to  the developing nations. The m ajor task 
facing policy makers in planning and managing technology transfer is to avoid the  difficulties 
inherent in such technology exploitation , while m aximizing the  technical, econom ic, social, 
and cultural benefits brought about by the  technology itself. But today’s policy makers, 
using industrial-style planning, cannot adequately deal w ith all the com plex, closely-coupled 
issues involved in technology transfer. Yet, policy makers w ithin the  developing nations m ust 
be capable o f tackling the full spectrum  of issues associated w ith technology transfer before 
com m itting to  a particular course o f action. The transfer and acceptance of com plex technology 
would be significantly enhanced if policy m akers follow ed a m acrosystem s m anagem ent approach. 
Macrosystems m anagem ent is a decision m aking m ethodology based on the  techniques of 
m acrosystem s analysis. M acrosystems analysis com bines the best quantitative m ethods in 
systems analysis with the  best qualitative evaluations provided by m ultidisciplined task teams. 
These are focused in a project m anagem ent structure to  produce solution-oriented advice to the 
policy makers. The general relationships and m anagem ent approach offered by m acrosystems 
analysis are exam ined. Nowhere are the nuclear power op tion  problem s and issues more 
complex than  in the transfer o f this technology to  developing nations. A lthough many 
critical variables o f interest in the analysis are generic to  a particular im porter/exporter 
relationship, tw o specific issues th a t have universally im pacted the nuclear power option, 
namely the fuel cycle, and m anpow er and training, are exam ined in the  light of m acro
system s analysis.

INTRODUCTION

The d ram a t ic  views o f  th e  E a r th  p ro v id ed  by th e  space  age have emphasized 
th e  need f o r  man t o  r e c o g n iz e  and a p p r e c i a t e  t h a t  our p l a n e t  i s  a d e l i 
c a t e l y  b a lan c ed  " c lo s e d "  system o f  f i n i t e  r e s o u r c e s . 1 In  th e  p a s t  the
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s c i e n t i f i c  s tu d y  o f  p l a n e t a r y  phenomena has been f r e q u e n t l y  se g re g a te d  in t o  
s p e c i f i c  d i s c i p l i n e s .  However, r e a l i t y  s t i l l  r e t a i n s  th e  i n t r i c a t e  i n t e r 
r e l a t i o n s h i p s  t h a t  p re v e n t  an e f f e c t i v e  o p e ra t io n  in  any one d i s c i p l i n e  
co m p le te ly  i s o l a t e d  from a l l  o th e r s .  Long b e fo r e  man eve r  began to  
s e r i o u s l y  c o n s id e r  and s tu d y  h i s  i n t e r a c t i o n  w ith  th e  n a t u r a l  env ironm ent ,  
he depended on such n a t u r a l  systems as th e  s o l a r - p h o t o s y n th e s i s  c y c le ,  th e  
w inds ,  th e  oce an s ,  and th e  atmosphere f o r  s u r v i v a l .  While h i s  knowledge 
o f  t h e s e  n a t u r a l  systems in c r e a s e d  s t e a d i l y  o ve r  th e  l a s t  few c e n t u r i e s ,  
so d id  h i s  c a p a c i ty  to  i n f lu e n c e  th e s e  v e ry  n a t u r a l  systems upon which h i s  
s u r v iv a l  i s  dependent .

Manmade sys tem s such as  worldwide communications n e tw orks ,  m u l t i n a t i o n a l  
c o r p o r a t i o n s ,  i n t e r n a t i o n a l  t r a n s p o r t a t i o n  sy s tem s ,  and th e  i n t e r n a t i o n a l  
t r a n s f e r  o f  energy  r e s o u r c e s ,  have been c r e a t e d  by c o n t i n u a l l y  expanding , 
e n e r g y - in t e n s iv e  i n d u s t r i a l  s o c i e t i e s . ^  The p ro c e s s e s  by which n a t u r a l  
r e s o u rc e s  a r e  reduced  to  a v a r i e t y  o f  s p e c i a l i z e d  p ro d u c t s  and a s s o c i a t e d  
w aste  m a t e r i a l s  have grown so e x te n s iv e  in  r e c e n t  d ecad e s ,  t h a t  th e y  now 
produce  l i n g e r i n g  worldwide im p ac ts .  The i n t e r n a t i o n a l  economic system i s  
c u r r e n t l y  b ased  upon co n cep ts  o f  c o n t in u a l  growth, which i n  tu r n  e s t a b 
l i s h e s  an in c r e a s e d  demand f o r  energy . In t h i s  c o n t i n u a l l y  expansive  
economic mode man app ea rs  de te rm ined  to  d e p le t e  th e  p l a n e t ' s  r e s o u rc e s  and 
to  c a r e l e s s l y  d is c h a rg e  th e  b y -p ro d u c ts  o f  h i s  a c t i v i t i e s  i n t o  th e  e n v i r o n 
ment. Such f a c t o r s  as economic and t e c h n i c a l  s t r a t i f i c a t i o n ,  c u l t u r a l  
h e t e r o g e n e i t y ,  s o c i a l  h e r i t a g e ,  and p o l i t i c a l  d i v e r s i t y ,  a l s o  in f lu e n c e  
th e  p l a n e t a r y  sys tem . Add to  t h i s  complex, in te rw oven  a r r a y  th e  element 
o f  change and m ajor  t r a n s i t i o n ,  and th e  t r u e  p i c t u r e  o f  a " c lo s e d "  system 
w i th in  which we must o p e ra t e  and s u r v iv e  emerges. I t  i s  a w orld  o f  f i n i t e  
and d im in i s h in g  r e s o u r c e s ,  s h i f t i n g  economic b a s e s ,  r a p i d l y  changing 
c u l t u r a l  and s o c i a l  s t r u c t u r e s ,  and an e v e r  in c r e a s i n g  demand f o r  energy .

However, th e  e r a  o f  cheap ,  abundant energy  and raw m a t e r i a l s  has now g iven 
way to  an e r a  o f  m ass ive  r e d i s t r i b u t i o n  o f  economic power. The c o n c e n t ra te d  
w e a l th  o f  th e  g r e a t  i n d u s t r i a l  n a t i o n s  i s  b e in g  s t e a d i l y  d i f f u s e d  t o  n a t i o n s  
fo rm er ly  re g a rd e d  as " p o w e r l e s s , "  p o o r ,  o r  even backw ard .^  An i n t e g r a l  p a r t  
o f  t h i s  d i f f u s i o n  p ro c e s s  i s  th e  t r a n s f e r  o f  t e c h n o lo g y . One o f  th e  most 
s i g n i f i c a n t  a r e a s  o f  tech n o lo g y  t r a n s f e r  in v o lv e s  energy  te ch n o lo g y .  And 
to d a y ,  th e  most c o n t r o v e r s i a l  energy i s s u e  i s  t h a t  in v o lv in g  th e  n u c le a r  
power o p t i o n .  S ince  n u c l e a r  energy o f f e r s  such tremendous energy  r e s o u rc e  
p o t e n t i a l  w h i le  p o s in g  such d i f f i c u l t  s o c i a l ,  p o l i t i c a l  and environm enta l  
q u e s t i o n s ,  th e  t r a n s f e r  o f  t h i s  p a r t i c u l a r  energy  tech no log y  to  deve lop ing  
n a t i o n s  has r e c e iv e d  p re -e m in e n t  p u b l i c  and governmental a t t e n t i o n .

The Role o f  Technology T ra n s f e r

The m ajor  t a s k  in  th e  t r a n s f e r  o f  techn o log y  i s  to  avo id  th e  d i f f i c u l t i e s  
en co un te red  by th e  developed  n a t i o n s  i n  th e  e x p l o i t a t i o n  o f  th e  techn o lo gy  
o p t i o n s ,  w h ile  maximizing th e  f u l l  spectrum  o f  b e n e f i t s  ( i . e . ,  t e c h n i c a l ,  
economic, s o c i a l ,  e t c . )  w i th in  th e  r e c i p i e n t  n a t i o n s .  To ac h ie v e  t h i s  
o b j e c t i v e ,  po l icym ak ers  from b o th  th e  e x p o r t in g  and im p o r t in g  c o u n t r i e s  
must be in v o lv ed  i n  th e  e x e r c i s e  o f  t h i s  r e s p o n s i b i l i t y .  To i n s u r e  t h a t  
a l l  i s s u e s  a s s o c i a t e d  w ith  te ch no lo gy  t r a n s f e r  a r e  c o n s id e re d  p r o p e r ly ,  
th e  e x p o r t e r  n a t i o n s  must e s t a b l i s h  an open d ia lo g u e  w ith  th e  im p o r te r  
n a t i o n s ,  and must n o t  cause  th e  d eve lo p in g  n a t i o n s  to  f e e l  th ey  a r e  b e ing  
c o n t r o l l e d  o r  h e ld  b a ck .  Both p a r t i e s  must endeavor to  u n d e rs ta n d  each 
o t h e r ' s  conce rns  and to  c o n c e n t r a te  on p ro v id in g  th e  maximum b e n e f i t s  f o r  
th e  im p o r t in g  n a t i o n s  w i th o u t  p r o l i f e r a t i n g  th e  p re v io u s  m is ta k e s  o f  the  
developed  n a t i o n s .  Technology t r a n s f e r  shou ld  n o t  be s im ply  a source  o f
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revenue  f o r  t h e  developed  n a t i o n s .  Nor shou ld  i t  become s o l e l y  a " s t a t u s  
symbol" f o r  th e  d ev e lo p in g  n a t i o n .  P o l icy m ak ers ,  e s p e c i a l l y  w i th in  th e  
d eve lo p in g  n a t i o n s ,  must a d d re s s  th e  f u l l  spectrum  o f  i s s u e s  a s s o c i a t e d  
w ith  tech no log y  t r a n s f e r  b e f o r e  comm itting  to  a p a r t i c u l a r  co u rse  o f  
a c t i o n .

Contemporary i n d u s t r i a l  s t y l e  p lan n in g  - t h e  ty p e  with which c u r r e n t  p la n n e r s  
and po l icy m akers  a r e  most f a m i l i a r  -  i s  in a d e q u a te  f o r  such m u l t i - 
d i s c i p l i n e d  d ec is io n m a k in g .^  To e f f e c t i v e l y  p la n  a n a t i o n a l ,  r e g io n a l  
o r  even h em isp h e r ic  energy  program, th e  po licym akers  must be a b le  to  reach  
beyond th e  narrow c o n f in e s  o f  p u r e l y  economic, p u r e l y  t e c h n i c a l ,  o r  even 
te c h n ic a l - e c o n o m ic a l  a n a ly s i s  and must f o l d  in  such n o n - q u a n t i f i a b l e  f a c t o r s  
as c u l t u r a l  im p ac t ,  s o c i a l  i s s u e s ,  env iron m en ta l  e f f e c t s  and a h o s t  o f  o th e r  
e q u a l ly  s i g n i f i c a n t  human co n c e rn s .  No lo n g e r  a r e  th e  s im ple  " b e s t  economic 
o r  " b e s t  t e c h n i c a l "  s o l u t i o n s  ad equa te  t o  a s s i s t  th e  p o l icym akers  in  p l a n 
n in g  th e  lo n g - te rm ,  t r a n s n a t i o n a l  f lows o f  s o p h i s t i c a t e d  te c h n o lo g y .  
Fu r the rm o re ,  t r a d i t i o n a l  i n d u s t r i a l  p lan n in g  has been ro u t e d  in  a th in k in g  
p a t t e r n  t h a t  i d e n t i f i e s  f i v e  to  te n  y e a r s  as " l o n g - r a n g e . "  T h is  time span 
i s  d e f i n i t e l y  too  s h o r t  to  encompass some o f  th e  i s s u e s  and e f f e c t s  o f  
complex te c h n o lo g y  t r a n s f e r s .  F i n a l l y ,  po l icy m ak ers  o f t e n  ten d  to  surround  
them se lves  w ith  a s e l e c t  group o f  e x p e r t s  and s p e c i a l i s t s .  I t  i s  i l l o g i c a l ,  
however, t o  assume t h a t  such a c o l l e c t i o n  o f  e x p e r t s  - even though w e l l -  
q u a l i f i e d  in  t h e i r  own p a r t i c u l a r  f i e l d s  - can p ro v id e  th e  p o licym akers  
w i th  th e  ty pe  o f  i n - d e p th ,  m u l t i d i s c i p l i n e d  a n a l y s i s  to  i d e n t i f y ,  ad d re s s  
and s o lv e  th e  wide spec trum  o f  problems i n h e r e n t  i n  th e  te chn o log y  t r a n s f e r  
p r o c e s s .  O ften ,  th e  adv ice  g iven  t o  p o l icym akers  by such s p e c i a l i s t s ,  
though t e c h n i c a l l y  c o r r e c t ,  i s  f r e q u e n t l y  b ased  on s i m p l i f i e d  assum ptions 
and c o n d i t io n s  t h a t  p e rm i t  e x te n s iv e  u se  o f  q u a n t i t a t i v e  methods. T h is  i s  
done a t  t h e  expense o f  more s u b t l e  and l e s s - q u a n t i f i a b l e  i s s u e s  which a r e  
o f  e q u a l ,  i f  n o t  g r e a t e r ,  s i g n i f i c a n c e  i n  th e  o v e r a l l  t e c h n o lo g y  t r a n s f e r  
p r o c e s s .

While th e  methods o f  i n d u s t r i a l  p la n n in g  have m e r i t ,  th e y  f a i l ,  even w i th in  
th e  deve lope d  n a t i o n s ,  t o  a d d re s s  a l l  th e  n e c e s s a r y  i s s u e s . ^  For example, 
th e  a d v e rse  p u b l i c  r e a c t i o n  to  th e  n u c l e a r  power o p t io n  in  many i n d u s t r i a l 
i z e d  n a t i o n s  i s  a c l e a r  i n d i c a t i o n  o f  th e  f a i l u r e  o f  p re v io u s  p la n n in g  
t e c h n iq u e s .  These f a i l u r e s  have n o t  been f a i l u r e s  o f  te c h n o lo g y ,  b u t  
r a t h e r  f a i l u r e s  to  e s t a b l i s h  a sound systems p e r s p e c t i v e  and to  g e n e ra te  
an u n b ia s e d ,  comprehensive e v a lu a t io n  o f  a l l  i s s u e s  b e fo r e  s e l e c t i n g  a 
t e c h n i c a l  a l t e r n a t i v e .  The need f o r  much lo n g e r  tem poral  h o r i z o n s ,  more 
i n s i g h t  i n t o  th e  t o t a l  problem and p o s s i b l e  a l t e r n a t i v e s ,  and wherever 
p o s s i b l e  th e  a d d i t i o n  o f  p o p u la r  feedback on th e  c u l t u r a l  and s o c i a l  
a c c e p t a b i l i t y  o f  v a r io u s  o p t io n s  i s  s low ly  becoming ob v iou s .

Macrosystems A n a ly s is

The t r a n s f e r  and a c c ep tan ce  o f  complex tech n o lo g y  would be s i g n i f i c a n t l y  
enhanced i f  po l icym akers  fo l lo w  a macrosystems management approach .  Macro
systems management i s  a d e c i s io n  o r  po licym aking  methodology b ased  on th e  
te c h n iq u e s  o f  macrosystem a n a l y s i s . ^  Macrosystem a n a ly s i s  has  been 
conceived  to  combine th e  b e s t  q u a n t i t a t i v e  methods developed  by t r a d i t i o n a l  
systems a n a l y s i s  te c h n iq u e s  w i th  th e  b e s t  q u a l i t a t i v e  e v a lu a t io n s  p ro v id ed  
by t a s k  teams o f  m u l t i d i s c i p l i n e d  e x p e r t s .  The o v e r a l l  o b j e c t i v e  and 
advan tage  o f  t h i s  te c h n iq u e  i s  t o  p ro v id e  th e  most comprehensive and 
a c c u r a t e  a n a l y s i s  o f  th e  complex problems o f  c h o ice  f a c in g  t o d a y ' s  
p o l ic y m a k e rs .  C onsequ en tly ,  emphasis i s  p la c e d  on th e  f u l l  i d e n t i f i c a t i o n  о 
th e  problem and i s s u e s  a s s o c i a t e d  w i th  a p a r t i c u l a r  d e c i s io n  b e f o r e  a c t i o n  i
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required; the careful selection of acceptable criteria against which to 
assess a variety of potential solutions; and an objective recommendation of 
alternatives.

The special element of this technique, that separates it from the basic forms 

of systems analysis,-’ is the use of the project management structure to drive 

a multidisciplined task force. A central core of systems-oriented general
ists are assigned to conduct and manage the overall macrosystem analysis.
It is their task to coordinate the many specialized inputs and expert 

opinions required to produce the solution-oriented analysis of use by policy
makers. Too often, specialists can identify only discipline-oriented 

problems and leave the "coupled-problem" solution up to the policymakers, 

who may be totally unaware of the subtle interactions and issues that have 
been omitted or overlooked. Macrosystems analysis is intended to relieve 

policymakers of this situation. In the treatment of major policy alterna
tives policymakers should expect and must receive an integrated and properly 

evaluated set of recommendations. Unlike traditional systems analysis which 
leaves information synthesis up to the decisionmaker,^ information synthesis 

occurs as part of the macrosystems analysis process. The policymaker 
receives a truly finished product of great use in determining major policy 
alternatives. Of course, this information synthesis within the macrosystem 

process must be adequately supported by objectivity - both in data acquisi
tion and solution selection techniques. In the limit, the policymaker may 
seek further objectivity by comparing the common core of results from 
several, independently developed macrosystem analyses, performed for the 
same complex problem. Through macrosystem analysis the policymaker can 
address a complex question of choice, involving major national policy 

alternatives, and make the best, most appropriate decision in light of 
technical, economic, social,, cultural, political and temporal constraints.

Macrosystems analysis, however, is not a blueprint, capable of instantly 
solving very complex problems of choice. Rather, when properly performed, 
it identifies for the policymaker the real issues at hand; it establishes 

limits on the problem (as may be imposed by current or future technical, 
cultural, social or political conditions); it creates criteria with which 

to weigh various alternative solutions; and it assesses within the limits 
of both quantitative and qualitative reasoning the total impact of each 
credible option. This ability is most critical in light of the complex, 
transnational implications of technology flow. Some issues, such as the 
spectre of nuclear proliferation, may never be totally solved. The 
objective of policymakers would then be to minimize the threat or potential 
effects of such an issue. Macrosystems analysis, applied to the management 
of nuclear technology transfer, can help in this regard.

At present, the practice of macrosystems analysis is more an art than a 

science. It blends those factors which are quantifiable (such as cost, 
resource commitments, and schedule) with those that are qualitative in 

nature and, therefore, not easily quantifiable. These latter factors 
include cultural impact, environmental effects, hidden "social costs," and 
the opening or denial of future options. (Table 1) Intuition and judge

ment, based in part on an effective combination of expert opinions in the 
multidisciplined working group or task force, are important factors in 

developing the final recommendations of a macrosystem analysis. So also is 

the effective use of sophisticated eco-energetic models of the local, regional 
or global system. In the end, the macrosystem analysis focuses the most 

appropriate data, quantitative tools, and skilled judgment, experience and 

intuition available on a particular problem. This gives the policymaker an
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TABLE i. I1ACR0SYSTEMS ANALYSIS

APPLICATION: DETERMINATION OF MAJOR POLICY ALTERNATIVES 

ELEMENTS: MULTI-DISCIPLINED TASK FORCE TEAMS 

SYSTEMS ANALYSIS TECHNIQUES

PROJECT MANAGEMENT STRUCTURE S INFORMATION SYNTHESIS

SOLUTION-ORIENTED ADVICE TO POLICYMAKERS

FACTORS: TECHNOLOGY (CURRENT S PROJECTED)

ECONOMIC COST/BENEFIT 

SOCIAL COST/BENEFIT 

ENVIRONMENTAL IMPACT 

POLITICAL IMPACT 

CULTURAL IMPACT 

PHYSICAL RESOURCE COMMITMENTS 

HUMAN RESOURCE COMMITMENT 

TIME SCALE

ability to study the results of his decision before any hidden factors 
inflict irreversible damage on a national, regional or global scale. 
Anticipating the technical, social, economic and environmental "costs" and 

benefits of a particular option, the policymaker can then make long-term 

plans with some degree of confidence that latent consequences have been 
identified and anticipated benefits are real. This is the decisionmaking 
environment which should accompany all complex technology transfer projects.

Nuclear Technology Transfer

Although the transfer of nuclear technology provides a convenient framework 
within which to examine the general features and application of macrosystem 
analysis, specific analyses involve the use of variables, criteria and data 
unique to a particular importer/exporter relationship and dependent upon a 
particular period of time. This paper can, therefore, only examine the 
general relationships and management approach offered by macrosystems 
analysis. Yet, even such an initial awareness level can favorably impact 
the way policymakers in developing nations approach the overall nuclear 
technology transfer issue.

The initial objective for the large-scale development of civilian nuclear 
power was the production of commercially competitive electricity.^ This 
continues to be a reasonable application of nuclear energy for the next 

decade or so: However, when the actual 21st Century energy options open to

man are carefully examined in light of macrosystem analysis, the real 
potential of nuclear fission energy - as a primary source in a highly 
sophisticated global energy system - becomes evident. In fact, many 

planners believe that only a comprehensive nuclear energy option, built 

upon the concept of regional or international energy parks,”»7 »*5 can 
provide an energy hungry world with a truly "unlimited" supply of energy.
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INTERNATIONAL ISSUES

/ N
NATIONAL SECURITY ISSUES LEGISLATIVE ISSUES

NEW TECHNOLOGY ISSUES

ENVIRONMENTAL ISSUE: ECONOMIC ISSUES

HUMAN RESOURCE ISSUES

NATURAL RESOURCE 
ISSUES

SOCIAL & CULTURAL 
ISSUES

FIG. I. Energy -  a multivariable problem.

But obtaining these energy objectives by the end of this century will not 
be achieved b y  simply solving the technical problems facing the nuclear 

power option. Instead many challenging institutional, legal, political, 
cultural, economic and social problems will also have to be addressed and 
solved. Energy is not an isolated technical issue (Fig. 1). And the 

nuclear power option, itself a subset of the overall energy issue, also 
contains a closely-coupled series of issues which cannot be treated 

independently, but must be addressed simultaneously. As shown in Figure 2, 
transnational energy issues interact with national energy programs, which 
in turn establish a national or regional nuclear energy policy. This 
policy can then be used to create the framework for nuclear plant siting 

decisions, fuel cycle decisions, waste management decisions, etc. These 
are the simply-coupled interfaces that should establish an orderly progres
sion from the general to the specific, enabling national policymakers to 

revise their plans as more specific information and design data become 
available. Unfortunately in the case of developing nations, it is very 
frequently the first nuclear energy project that drives the overall 
national energy program.9 This is caused by the fact that a developing 

nation often has the tendency to commit very few human or financial 
resources until the formal nuclear project has been initiated, a prime 

contractor selected, and long-term financing obtained. Although the reasons 

for this course of action may be obvious, the results are nonetheless 

severely damaging. A reasonable commitment of both human and physical 
resources in pre-project planning could often save a hundred-fold equival
ent in human and physical resources by avoiding technical problems, 

construction delays, and unacceptable political, social or environmental 
impact conditions. Another, less visible, but equally critical problem 

involves the complex coupling of many nuclear power option issues. For 
example, a spent fuel processing decision or a waste management decision 
made as part of the nuclear fuel cycle policy in a developing nation can 
directly impact national or international policy. Thus, it is not just the 
nuclear option policymaker or the fuel cycle manager who become involved,
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FIG.3. Key issues surrounding the transfer o f  nuclear technology.

but rather decisionmakers several steps removed from the technical details 
of a particular issue. Unfortunately this delicately interwoven situation 
is most often overlooked or ignored by policymakers. The reasons for such 
oversight are many: inexperience, narrow discipline-oriented perspectives, 
preconceived conclusions and policy directions, an inability to incorporate 
not easily quantifiable factors, bureaucratic "entropy" or the difficulty 
in communicating across various lines of administration and control, a 
desire by vested interest groups to maintain a certain status quo, and the 
sheer complexity and extent of the overall problem.

Nowhere, unfortunately, are the nuclear power option problems and issues 
more complex than in the transfer of this technology to developing nations. 
Frequently, the most critical issues to be resolved are the least obvious 
to both the technology exporter and importer nations.9 Furthermore, it is 
unreasonable to expect that a developing nation alone can fully evaluate 

the advantages, risks and impacts inherent in so intricate a technology 
flow and resource management problem. Macrosystems analysis emerges, 

therefore, as a mechanism by which the nuclear technology transfer process 
can be addressed in its totality, with particular emphasis being applied 

to support high level policymakers and planners.

One key step in the macrosystem management approach to technology transfer 
is to view the developing nation as a finite, limited resource subsystem.
The full development of a nation's human resources is ultimately paced by 
time, while the full development of its physical resources is paced, in 
the limit, by available capital. The successful management of both human 
and physical resources and their often subtle interactions in time is the 
key to successful nuclear technology transfer. The macrosystems management 
approach to technology transfer lends itself well to this situation. The 
complete problem is established and defined for the policymaker, all 
credible options are identified, and acceptable policy positions determined 

in light of their overall potential impacts.

One critical part of the technology transfer problem that is frequently 
ignored is the fact that developing, non-technological societies, in viewing 
the power and great wealth of the industrialized nations, are making a 

great effort to emulate these developed nations. Unfortunately, in this 
rapid rush to "develop," many ancient traditions, ways of life, and
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cultural perspectives are being abandoned. As would be identified in a 

macrosystems analysis, some of the alternatives being abandoned could 

contain the very solutions necessary to achieve an acceptable nuclear power 
program. For example, all other things being equal, siting decisions might 

favor the use of nomadic lands versus those committed to tribal agriculture 

for many centuries. The cultural and social sensitivities associated with 

the macrosystem analysis management approach offer the policymaker a way 
to assess and preserve certain adaptive societal elements - carefully 

developed over millenia of social evolution - while simultaneously factor
ing in the complex issues associated with modern nuclear technology. The 

decisionmaker in a developing nation should always be concerned with 
spreading the benefits of technology while preserving the best elements of 
cultural heritage. In essence, the real problem is not the nuclear techno

logy itself, but rather how to use it wisely.

Some of the key issues surrounding the transfer of nuclear technology are 
identified in Figure 3.9,10,11 q £ course; many of the critical variables 

are unique to a particular importer/exporter nation interaction. Further

more, the treatment of issues such as political, cultural and social impact, 

must depend on the conditions prevalent in a particular nation at the time 
of the macrosystem analysis. Attention will be focused here on two specific 
issues that have universally impacted the nuclear power option, namely: fuel 
cycle issues and manpower and training issues. Fuel cycle issues, especially 

waste management and nuclear proliferation have produced tremendous social 

and political response to the nuclear power option throughout the world. 
Manpower and training requirement issues have frequently been ignored or 
overlooked in both the developing and developed nations.® The complex 
interaction of technical and non-technical factors make these issues 
excellent examples of the need for the macrosystems analysis approach to 

technology transfer.

Major nuclear fuel cycle issues impacting the technology transfer process 
are summarized in Table 2. The policymaker in a developing nation must 

address these and other issues in preparing a comprehensive and acceptable 
nuclear power option. For example, does the developing nation have a 
supply of uranium or thorium ore? What is the regional impact of mining 
and milling operations? Is the local industrial and transportation system 

adequate to support this portion of the nuclear fuel cycle? If domestic 
ores are not available, what will be the source of nuclear fuel? How 
reliable are the foreign ore suppliers? What will be the impact of future 
price fluctuations?

Once the source of nuclear materials has been addressed and resolved, where 
will these fuels be fabricated? Will the developing nation build its own 
enrichment facility, or will a natural uranium reactor design be chosen?

If the latter option is selected, where will the required heavy water come 
from? Or will the developing nation use enriched fuel? Will it participate 
in a regional or international fuel cycle center? What are the legislative, 
political, cultural and economic impacts of the latter option? Will the 
operating nuclear power plants be under international safeguards? Is the 
domestic power grid adequate to accept these new generators? Will there be 
a sufficient number of trained people within the developing country to 

support, not just the reactor operation itself, but all the peripheral 

industries that it will create? Will the population in a local area accept 
the presence of a nuclear plant?

Once the policymakers have addressed the critical questions associated with 
the operating nuclear plants themselves, they must still address questions
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TABLE 2 . NUCLEAR FUEL CYCLE ISSUES

FUEL SOURCES (INCLUDING MINING AND MILLING OPERATIONS)

FUEL FABRICATION AND TRANSPORT

FUEL MANAGEMENT (INCLUDING REACTOR OPERATIONS)

SPENT FUEL STORAGE AND PROCESSING 

TRANSPORT OF NUCLEAR MATERIALS 

PLUTONIUM RECOVERY AND SAFEGUARDS 

WASTE MANAGEMENT

TABLE 3 . MANPOWER AND TRAINING ISSUES

CREATION OF GOVERNMENTAL INFRASTRUCTURE

MANAGEMENT FUNCTIONS

DOMESTIC INDUSTRY INFRASTRUCTURE

REGULATORY AGENCIES

LEGISLATIVE REQUIREMENTS

NUCLEAR INDUSTRY

concerning the back end of the fuel cycle. Will the spent nuclear fuels be 

reprocessed in the developing nation? What will be done with the nuclear 

wastes? Will a reprocessing facility be under international safeguards?
Will the developing nation participate in a regional or international fuel 
reprocessing center? How will the highly radioactive spent fuel elements 

and/or nuclear waste materials be transported within the developing nation? 
If international transport of these radioactive materials is necessary, are 

the required technical and legislative means available to support this 
flow? If spent fuel is reprocessed in a national facility, are the 

facilities sufficiently secure to prevent the theft or diversion of the 
recovered fissile materials? Are there a sufficient number of skilled 
workers within the country to successfully operate, monitor and regulate 
the back end of the nuclear fuel cycle?

These are just a few of the fuel cycle questions raised by the macrosystems 
analysis approach to technology transfer. The policymaker must be prepared 
to address these simultaneously in planning the overall nuclear power option 

for his nation.

Another very critical area associated with nuclear technology transfer is 
that of manpower and training. The key problem areas identified by macro
systems analysis are presented in Table 3. The delicate time phasing of 
manpower and training requirements must be realized by the policymakers in 
the developing nations.^ The governmental and industrial infrastructure
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necessary for nuclear technology transfer and a successful nuclear power 
option cannot b £  created overnight: In fact, many of the key personnel
responsible for the planning, regulation and management of nuclear techno

logy will require years of training. For example, in a developing nation 
it will normally take 10-15 years to develop a governmental infrastructure 

capable of fully addressing the various energy options open to that country. 

Perhaps foreign consultants and the overseas training of nationals can 
reduce this time somewhat. But, the economic, industrial, social and 

legislative planning must be addressed by such a governmental infrastruc

ture before a nuclear power project is undertaken. The policymaker may 
discover a need to reorganize various government agencies to accommodate 
a nuclear power option. A "task force" of policymakers may also be 
required to handle all appropriate legislative changes necessary to imple

ment the nuclear power option. Is there appropriate enabling legislation 
to protect the long-range commitments necessary for a nuclear power 
project? Are there current laws or regulations in force within developing 

nation which would prevent or hinder the full transfer of nuclear techno

logy? Such areas as import/export agreements, the use of local labor on 
construction sites, the use of "imported" foreign labor (skilled and 
unskilled), zoning laws, laws governing local and international purchase 
agreements, laws concerning liabilities, regulatory requirements, etc. 
must all be reviewed before plant construction is allowed to start. Again, 
the typical time-scale to set up the appropriate governmental infrastructure 

and regulatory mechanisms are 10-15 years so, if nuclear power needs are 
anticipated by the year 2000 - now is the time to start creating the 
necessary economic commissions, energy commissions and regulatory structures 
and to start training the domestic manpower pool to staff these organiza
tions. Overseas "apprenticeship training" with international organization 

and governmental structures in developed nations will help an emerging 
management corps in developing nations. However, since there is usually 
very little experience in long-range planning within the developing nation, 
local people must get involved in the planning function, as soon as possible.

Outside consultants may also be used to support the early planning activities. 

Three types of consultants can also be used: (1) those found within the 

developing nation but who are not part of the government infrastructure;
(2) those trained people within the region who are in slightly more 
developed neighboring countries; and (3) outside foreign nationals provided 
by developed nation directly or indirectly through such organization as 
IAEA.

As part of early planning by a governmental infrastructure the local, newly 

trained people should examine the total energy producing potential of the 
country. What are its real long-range energy requirements? What are the 

physical resources available? What is the industrial base available and 
most importantly, what is the human resource available over the next few 
decades? What training programs must be started to accommodate the expan
sion of a power grid? How will the construction of worker housing and 
peripheral industry sites near nuclear plants be handled? Who is going to 

staff the regulatory agencies necessary to oversee the construction and 
safe operation of this emerging nuclear industry? What domestic light and 

heavy industries are necessary to fully support the nuclear power option, 
as selected by the policymakers? Can these manpower needs be satisfied 
by the domestic labor force in a decade or so? If not, by when? Does the 
developing nation have an adequate number of trained people to draw up 
specifications for a nuclear plant and to evaluate proposals from foreign 
suppliers? During the actual construction and operation of a nuclear
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plant, IAEA and vendor-sponsored transfer and training mechanisms can be 
followed. However, parallel expansion of the domestic utilities industry 

will probably be required. The policymaker must address the problem of 
creating and staffing an operating bureaucracy for a national energy 
system, including perhaps a headquarters. These domestic managers must 

oversee the pre- and post-operational procedures of the nuclear power 

development process.

Only a few of the manpower and training problems have been discussed here. 
Except for the obvious personnel requirements during the construction and 
operation of a nuclear plant itself - many of the human resources require

ments associated with the transfer of nuclear technology to a developing 
nation are hidden and frequently overlooked. The training of young, 

skilled managers and planners takes time - frequently a decade or so and 
most developing nations do not have an available resident expertise. So, 
before any national commitment is made to a nuclear energy project - 
sufficient attention should be paid to the long-range manpower requirements 

before and after project initiation. Only an overall macrosystem analysis 
can indicate what the real training and manpower requirements will be as 

function of time. This will allow the policymakers in developing nations 
to manage carefully in time the physical and human resources at their 
disposal.

Summary

The macrosystems management approach discussed in this paper establishes a 
general methodology by which the full impact of nuclear technology transfer 
can be examined by planners and policymakers. Of course, many of the 
critical variables of interest in the analysis are generic to a specific 
importer/exporter interaction. Furthermore, the precise quantification of 
other factors will not be possible. What is of great importance, however, 

is that during a great transitional moment in human history policymakers 
take advantage of a workable semiempirical approach to complex problems of 

national choice. The macrosystems management approach to nuclear techno

logy transfer provides such an option.
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DISCUSSION

F. ALBISU ( Chairman): I should like to know whether the macrosystems 
approach to  decision making has actually been used for problems in the nuclear field.

J. A. ANGELO: Macrosystems analysis is really a second-generation systems 
analysis technique that has been expanded and refined to  handle complex problems 
of choice and major policy decisions. As a synthesis o f better known planning 
techniques, i.e. traditional systems analysis and the multidisciplinary task team 
approach, it has not yet been applied to  the form ulation of a major policy 
alternative. However, the first dem onstration o f  it is anticipated in connection 
with nuclear waste management decision making.

H.-K.REINHOLD: Does your macrosystems analysis provide one single 
solution in the long run? For example, if we look at the Table on manpower 
and training issues, it can be seen that a large num ber o f different parameters 
have to  be taken into account, such as governmental infrastructure, domestic 
industry infrastructure, and legislative requirements. Such parameters differ 
according to  the country and we sometimes do not even know the boundary 
conditions in the given country. What would be the result o f  the macrosystems 
analysis in such a case?

J.A. ANGELO: As currently envisaged, the macrosystems analysis will 
provide a spectrum o f solutions, which will be placed in a hierarchy established 
by criteria tha t have been developed from time-dependent circumstances, 
physical conditions and the specific objectives o f  the policy makers. For multi- 
variable problems o f choice involving complex technologies there is usually no 
one optim um  solution. Rather, there are several alternative solutions each with
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inherent advantages and disadvantages. The macrosystems analysis method 
identifies these alternatives and their potential impact in time, thereby permitting 
the policy maker to  make a decision on the basis o f a more complete under
standing of all the options open to  him.
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Abstract

A PRACTICAL APPROACH TO THE TRANSFER O F NUCLEAR TECHNOLOGY.
The paper deals specifically w ith th e  transfer o f light-water reactor technology to  a 

developing country. The technology transfer scheme presented assumes that Sweden is the  
supplier o f th is technology. The basis o f the  proposed approach is that hardware deliveries for 
nuclear power plants in th e  recipient country  should constitu te an activity in parallel w ith  the  
general technology transfer. I t  is pointed out th a t the developing countries form  a very hetero
geneous group w ith  respect to  industrial capability. On the o th er hand th e  supplier nations are 
not a hom ogeneous group. Sw eden’s m ost relevant characteristics as supplier nation can be 
summarized under the  following headings: (i) fairly small and highly industrialized country;
(ii) concentration  on nuclear power to  cover increasing electricity dem ands; (iii) independent 
reactor technology; (iv) well-established infrastructure w ith  regard to  com ponent m anufacturing; 
(v) political neutrality . It follows th a t each com bination of two countries constitutes a unique 
example. The nuclear technology transfer schemes must consequently be extrem ely flexible.
The paper outlines a ‘m odular’ system. This concept means th a t th e  supplier offers a great 
variety of independent courses, training opportunities, facilities etc. which can th en  be com 
bined in to  a package m eeting th e  wishes o f the  recipient nation. The com ponents in a Swedish 
package of this kind are elaborated. The paper ends w ith  th e  general conclusion that Sweden 
has so far been successful in combining high national am bitions w ith limited m anpow er and  
lim ited financial resources. The underlying efficiency and flexibility will hopefully make 
Sweden an attractive partner for developing countries.

GENERAL

This paper deals specifically w ith the transfer o f light-water reactor technology 
to  a developing country. Furtherm ore, it is assumed that Sweden is the supplier of 
this technology. The basis of any attem pt to  judge what is or what is n o t a 
‘practical’ approach to  nuclear technology transfer must be an analysis of the 
resources and capability of the  supplier nation on the one hand and the capability, 
needs and ambitions of the developing country concerned on the other hand.

193
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SWEDEN AS REACTOR SUPPLIER

Assuming tha t Sweden is the supplier nation, what then are its most relevant 
characteristics?

( 1 ) Sweden is a fairly small and highly industrialized country.
(2) Sweden has concentrated its efforts on nuclear power to  meet the 

increasing demands for electricity production tha t cannot be covered, as previously, 
by hydro power. Apart from uranium, hydro power is more or less Sweden’s only 
indigenous source of energy. In this context it can be m entioned tha t nuclear 
power plants in Sweden generated during 1977 roughly 19 T W h ,  which
was m ore than 20% of the  to tal electricity production.

(3) In its efforts to  introduce nuclear power as a major source of energy, 
Sweden has followed its traditional policy of trying to  remain as far as possible 
independent o f the  large nations in the industrialized world. The most outstanding 
result of this endeavour has been the development of ASEA-ATOM’s BWR system. 
This is the only commercial light-water reactor system outside the United States 
of America and the Soviet Union that has been developed w ithout recourse to  
licences from United States reactor suppliers.

(4) The necessary infrastructure w ith regard to  com ponent manufactures 
has been established in parallel w ith the development of the Swedish reactor 
system. This may be illustrated by the fact that domestic suppliers are responsible 
for up to  90% of the deliveries for a representative ASEA-ATOM nuclear power 
plant in Sweden. A similar evolution has taken place in the field of research and 
training facilities. The most im portant example in this respect is the creation of 
the State-owned organization AB Atomenergi at Studsvik.

(5) Perhaps most im portant, since Sweden is a small, neutral country, the 
transfer of technology to  another country will autom atically take place in the 
form o f co-operation on equal terms. For obvious reasons Sweden is not in the 
position to  exercise any kind of political pressure on other countries.

CHARACTERISTICS OF RECIPIENT NATIONS

If we now tu rn  to  the characteristics of the  developing countries, i.e. the 
recipients of nuclear technology know-how, there is one observation that in 
particular stands out — the developing countries constitute a very heterogeneous 
group with respect to  the problems of nuclear technology transfer.

At one extrem e countries are to  be found tha t decide to  build nuclear power 
plants, starting more or less from scratch. There may be virtually no expertise at 
all w ithin the country concerned and the potential contributions from domestic 
industries to  a nuclear power plant project are often negligible.
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At the other extreme we have developing countries that have already 
embarked on an ambitious nuclear programme w ith well-established national 
nuclear centres and a comprehensive com ponent m anufacture industry.

It is quite clear that the approaches to  nuclear technology transfer which 
should be adopted in these tw o cases differ very widely indeed. Furtherm ore, it 
should be stressed that personnel resources and industrial capability are not the 
only factors which have to  be considered. National ambitions are at least as 
im portant. Some countries are aiming at a considerable national participation 
already with their first nuclear power plants, whereas this factor is of minor 
importance to  other countries. The first category may include countries that wish 
to  incorporate bo th  uranium mining and fuel fabrication in their nuclear 
programmes at a very early stage.

This very general discussion obviously comes to  the  following seemingly 
trivial conclusion :

Co-operation between tw o countries has to  be handled on a case-by-case 
basis. Each com bination of tw o countries constitutes a unique example. The 
nuclear technology transfer schemes must consequently be extremely flexible if 
they are to  satisfy not only the widely varying needs and wishes of the recipient 
countries, but also the specific characteristics of the supplier nation. How, then, 
do we propose to  meet these requirements?

REACTOR SUPPLY AS A MEANS OF NUCLEAR TECHNOLOGY TRANSFER

The basis o f our approach is that hardware deliveries for the recipient 
country’s nuclear power plants should constitute an activity in parallel with the 
general technology transfer. We firmly believe that reactor deliveries always form 
the most solid basis of a natural and close co-operation.

In fact, it is difficult to  over-emphasize the im portance of technology transfer 
inherent in the supply of a nuclear power plant. I t is true that basic training in 
most areas can and should be covered by means o f efforts that are not directly 
linked to  a specific power plant project. This will be described later on in this 
paper. However, regardless of how sophisticated courses, training facilities etc. 
are developed, there is no substitute for practical experience with a concrete 
power plant project.

From this it follows that the jo in t im plem entation of a nuclear power plant 
project can easily be identified as the ideal instrum ent for the execution of the 
most difficult part of the to tal technology transfer package tha t is o f interest.
In this context the phrase ‘jo in t im plem entation’ should be noticed. By this we 
wish to  indicate that bo th  the supplier and the recipient must enter into the co
operation in a very open-minded manner. This is an absolute prerequisite if there 
is to  be a positive outcom e of the technology transfer.
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The reactor supplier, on his part, must make it possible for the custom er’s 
personnel to  participate in the project already from the design stage. This means 
that the custom er’s engineers should play an active role in areas like fuel-cycle 
calculations, safety analyses, quality control, just to  m ention a few. In general, 
the customer should be able to  reap the full training benefit from the long lead time 
for nuclear power plants. By doing so, he can have rather qualified staff at his 
disposal just when the plant commissioning is to  start. In  many other cases this 
is the first stage where significant custom er involvement is considered.

As briefly m entioned, the custom er or recipient must also fulfil some obli
gations if the maximum benefit is to  be gained from a power-plant project for 
training purposes. The most vital task of the customer is to  make his own training 
programme m atch the tim e schedule of the power-plant project. This schedule 
implicitly defines the pace at which different categories of engineers and techni
cians can be engaged by the supplier or, to  put it in another way, should be made 
available by the customer.

‘MODULAR’ TRAINING SYSTEM

It has already been stressed tha t the transfer of nuclear technology must 
always be accomplished on a case-by-case basis.

Although the technology transfer inherent in reactor supplies will always be 
of fundam ental importance, we believe tha t the total transfer programme is best 
achieved by applying what we call a ‘m odular’ system. By this we mean tha t the 
supplier offers a great variety of independent courses, training opportunities, 
facilities etc., which can then be combined into a package meeting the wishes of 
the recipient nation.

If  we look at Sweden, the different kinds of training that can be provided by 
ASEA-ATOM, the research center at Studsvik (i.e. AB Atomenergi), the Nuclear 
Power Training Center, Swedish utilities operating nuclear power plants and 
Swedish com ponent manufacturers represent the cornerstones of such a modular 
system. The training that can be offered in this way is now briefly described.

ASEA-ATOM

ASEA-ATOM undertakes reactor deliveries up to  the turnkey level. The 
spin-off effects of a reactor delivery related to  the transfer of know-how are 
largely attributable to  ASEA-ATOM’s activities. Because this type of ‘built-in’ 
training has already been discussed, only a couple of additional remarks will be 
made here:
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Also, when it comes to  basic BWR technology, ASEA-ATOM organizes 
regular courses for its customers’ personnel.

ASEA-ATOM may arrange for the custom er’s personnel to  work within its 
organization during the commissioning of one of the Com pany’s Swedish plants. 
The plant then selected would be one tha t is to  be commissioned before the 
recipient country’s plant, thus giving the engineers concerned ample tim e to  digest 
the experience gained by them.

AB ATOMENERGI (STUDSVIK)

AB Atomenergi is a State-owned research organization w ith approxim ately 
1000 employees. It has at its disposal very sophisticated experimental facilities 
for nuclear power research and development.

By tradition AB Atomenergi is strongly oriented towards educational activities. 
As an example, the Company has for many years been organizing comprehensive 
basic courses in reactor technology for university graduates. These courses, like 
all other main courses, may be held in English for foreign students.

AB Atomenergi can also provide high-level education on a more individual 
basis. Each year a num ber o f foreign graduates prepare their doctoral theses in 
fields like reactor physics, heat transfer and nuclear metallurgy at the Company.

NUCLEAR POWER TRAINING CENTER

The Nuclear Power Training Centre was established in 1972 by the three 
Swedish power utilities owning and operating nuclear power plants. The Company 
has built a nuclear training facility, whose main feature is a large, full-scale nuclear 
power-plant simulator for the simultaneous simulation of a BWR and a PWR 
plant. This was the first full-scale light-water reactor simulator to  be built in 
Europe and was delivered by ASEA, the parent Company o f ASEA-ATOM.

The BWR part has now been in operation for the regular training o f operators 
for more than one year, while the PWR simulator will be completed before the 
end of 1978.

The experience gained so far shows that the full-scale simulator is an extremely 
effective too l for the training of operators. This is particularly true when it comes 
to  abnormal or accidental operating conditions. For self-evident reasons operators 
cannot be trained to  handle such situations by working in the control room of 
a commercial power plant.
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The basic theoretical training o f future operators is accomplished using the 
Nuclear Power Training Center’s self-instructional training package. Through 
careful arrangement o f tex t, sound and pictures, it has proved possible to  reduce 
the need for teachers to  a minimum.

TRAINING AT OPERATING PLANTS

As a supplement to  the services offered by the Nuclear Power Training Center, 
trainees can be given the opportunity  to  work at Swedish nuclear power plants 
that are already in operation. This applies not only to  reactor operators but also 
to  engineers, health physicists, m aintenance personnel etc.

PRACTICAL TRAINING AT THE WORKS OF COMPONENT 
MANUFACTURERS

C om ponent m anufacturers are of great interest to  countries ambitious to  
develop and qualify domestic industries for the m anufacture of nuclear compo
nents. In this context it is of fundam ental im portance that the trainees become 
acquainted with the very special quality control procedures characteristic o f the 
manufacture of conventional com ponents used in nuclear power plants.

There are a large num ber of companies in Sweden that could be of interest 
for practical training in this field. They range from heavy industries to  light 
industries, from engineering shops to  electrical manufacturers, and so on.

CONCLUSION

In conclusion, Sweden’s main characteristics w ith respect to  nuclear techno
logy transfer can be briefly summarized as follows. Sweden has so far been 
successful in combining high national ambitions with limited manpower and 
limited financial resources. I t is to  be hoped that the  underlying efficiency and 
flexibility will make Sweden an attractive partner for developing countries.

DISCUSSION

A.F. EL-SAIEDI: If I have understood correctly, the present trend in Sweden 
is against nuclear power plants. This being so, how is Sweden able to  prom ote the 
introduction o f nuclear technology in other countries? Further, would a bilateral 
agreement between Sweden and another country have any political implications 
in this respect?
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F. SEGERBERG: I know that the impression has been gained outside 
Sweden that we have more or less decided to  phase out our nuclear facilities. The 
main reason for this is tha t one of the three parties currently forming the Swedish 
government is strongly anti-nuclear.

Since the o ther tw o parties in the coalition (like the largest opposition party) 
are all pro-nuclear, it was decided when the present government came to  power 
late in 1976 tha t a special Energy Commission should be set up to  advise the 
government on what policy to  pursue in energy m atters. The members of the 
Commission have been selected so as to  cover all aspects o f nuclear power together 
with o ther energy resources. The Commission includes scientists, representatives 
of industry and the trade unions, politicians and so on.

The Energy Commission’s preliminary report is im m inent, and it is quite 
clear that an overwhelming m ajority of its members will recommend the continued 
and extensive use o f nuclear energy.

Sweden is therefore perhaps the first country tha t has gone through all the 
different phases o f the nuclear debate — a debate that would seem inevitable in 
all countries w ith a major nuclear programme. The recom m endations o f the 
Energy Commission are based on an extensive scientific and technical study. Its 
work will permit long-term planning of Sweden’s energy policy. This, incidentally, 
is not yet the case with many other countries making extensive use of nuclear 
energy.

With regard to  the export by Sweden o f nuclear equipm ent under bilateral 
agreements, the Swedish Government has made it clear tha t our nuclear industry 
will receive the same assistance and support in its export effort as do o ther 
industries.

M.A. QUAIYUM: Are the training facilities you described available to  
countries in which ASEA-ATOM has not been selected as a reactor vendor?

And second, do you make any distinction between trainees from countries 
that have signed NPT and those that have not?

F. SEGERBERG: Many o f the training facilities m entioned in my paper 
are not based on the assumption tha t Sweden will provide the reactor. This 
applies particularly to  AB Atomenergi, though also to  the Nuclear Power Training 
Center and to  com ponent manufacturing plants.

As regards your second question, the Swedish Government has decided that 
when considering the export o f nuclear material, equipment or technology it will 
follow the principles worked out in the ‘London C lub’, which are applied by 
other exporters o f nuclear technology.
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Abstract

TECHNOLOGY TRANSFER AS A PRECONDITION FOR NUCLEAR POWER 
PLANT EXPORT.

Until nuclear energy can be in troduced into the  m arket under comm ercial conditions, 
long-term and costly developm ents are necessary. In order to capitalize the  costs, corres
pondingly large m arkets had to be opened. Whereas the  United States dom estic m arket is 
large enough to  carry these developm ents, the  nuclear industry in the Federal Republic of 
Germ any was forced right from  the beginning to open foreign m arkets for its products.
Today it is generally recognized that the export o f nuclear facilities cannot be m aintained in 
the  long run if it is no t accom panied by a parallel transfer o f the  relevant technologies. C on
sidering the  lim ited funds available, this transfer m ust be done under econom ic principles, which 
means th a t the necessary set up of the scientific-technological infrastructure as a precondition  
for the receipt o f these technologies must be fulfilled in tim e. According to  experience 
comprehensive bilateral and /or in ternational agreements covering a close co-operation  betw een 
private industry and public o r publicly financed institu tions in the supplier and receiver 
countries, w ith a rigid co-ordination o f all activities on bo th  sides, are a too l to  achieve this goal. 
Examples o f bilateral co-operation projects carried out with respect to  the transfer o f nuclear 
technology w ith special emphasis on the exchange of personnel and inform ation, training of 
specialists on all levels and jo in tly  perform ed, practically oriented R&D project are given. The 
im portance o f these projects for the technology transfer is analysed. Finally, problem s 
associated with the growing political issues in the international nuclear relationships are discussed. 
Recom m endations for a m ethodical im provem ent o f the  technology transfer through a rigid 
co-ordination  w ith the individual dom estic developm ent program m es are given.

1. INTRODUCTION

Technological enterprises, such as space technology and the uses o f nuclear 
energy, the prospecting for and development o f  raw material reserves, building 
projects o f  the magnitude o f the Aswan and Tarbela dams, the development of 
modern communications or transport systems, to  m ention just a few examples, 
require increasingly larger development and construction efforts, which by far 
exceed the financial capacity o f individual private industries. For this reason, 
modern technologies o f this kind are more and more supported and funded by 
governments, also in the interest o f a long-term capital investment policy to  meet 
the requirem ents o f  an entire national economy.

201
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Nuclear energy is an example o f  public funding o f  development and invest
ment activities to meet the long-term energy requirem ent o f an entire national 
economy. However, such capital investment is economically reasonable only if 
it can be capitalized over foreseeable periods. While, for example, the United 
States o f America has a sufficiently large domestic market at its disposal, the 
Federal German reactor industry, for purely economic considerations, from  the 
beginning had to  expand into supplementary export markets, which was possible 
only in tough com petition with others.

This export market, around 22% ou t o f a to tal o f approximately 1200 GW 
installed electric capacity, is relatively small, because the com petitors’ markets 
(eastern countries, United States o f  America, France, Italy, United Kingdom, 
Japan) can hardly be won; it covers thè countries o f Asia (excluding Japan), 
Latin America, Africa and Australia. Although the trem endous backlog demand 
in some o f these countries would imply a high market potential in the long term , 
these countries, because o f  their budding industrial development, do not neces
sarily offer the preconditions required for the sm ooth acceptance and integration 
of nuclear power plants. Both the excessive com petition and the absence of 
technological infrastructure constitute major obstacles and difficulties in the way 
of nuclear power plant exports.

2. POSSIBILITIES OF TECHNOLOGY TRANSFER

The successful export record of Federal German nuclear power plant 
industries, whose export quota has been as high as 40% compared with the domestic 
m arket, has been made possible only by overcoming these obstacles. Thus, 
designs o f Federal German nuclear power plants embody clear-cut advantages 
with respect to  the engineered safeguards they incorporate, which are also a 
consequence o f the  stringent licensing criteria they must meet. Moreover, it 
meanwhile has been recognized that nuclear power plants cannot be exported in 
the absence o f  a parallel transfer o f  relevant technologies. Only complete tech
nology transfer can ensure that industrialized countries will be able to  stay for 
longer periods in markets they have developed for themselves and that the 
receiving countries will make nuclear power a true basis of their industrialization 
and, hence, use it to  raise the standards o f living o f their populations.

However, technology transfer cannot be limited to  vendors’ and buyers’ 
specialized commercial relations, which are mostly geared to  a transfer o f the 
proper facilities and to  transm itting the simple know-how required for operation 
and maintenance. Instead, it is im portant that the receiver country institute or 
reinforce planning, industrial, licensing, and scientific and technical infrastructural 
systems in order to  make nuclear technology in that country a viable proposition.



IAEA-SM-223/9 203

Among the most im portant objectives o f a complete transfer o f technology 
are the transmission o f  operation and m aintenance expertise regarding the systems 
involved and, above all, extensive consultation and support in, among others, the 
following areas:

(i) Drafting the necessary legislation and/or ordinances as a basis under 
atomic energy law for planning, examining and licensing nuclear power 
plant projects;

(ii) Drafting planning docum ents for the introduction o f nuclear power;

(iii) Establishment and organization o f  licensing authorities, control 
agencies and expert bodies;

(iv) Drafting training plans for authorities, experts, nuclear power plant 
personnel, personnel o f industries, R&D personnel etc., and arrangement 
for training facilities;

(v) Description o f supply possibilities and support in the improvement of 
domestic industrial suppliers (e.g. by co-operation).

Obviously, the magnitude o f the problem far exceeds the financial framework 
of an order for the delivery o f a nuclear power plant. Again, it is necessary and 
certainly justified, to  further and to  preserve the stable nuclear structure in a 
country referred to  above, tha t the government assumes responsibility for 
part o f the funding of such technology transfer. However, in view of the limited 
funds available for this purpose it is a prerequisite that accurate planning and 
close co-ordination between all the agencies involved — either public authorities 
or private industry — be achieved bo th  in the receiving and in the delivering 
countries.

For some time this transfer o f technology has already been supported by the 
industrialized countries, either directly with the respective receiving country, or 
within a m ultinational framework through the IAEA. The IAEA, within its 
technical assistance programmes, not only makes available studies on the commer
cialization o f nuclear power in the Member States, but also furnishes all the 
relevant data and inform ation. In addition, it arranges for training places in the 
industrialized countries for scholarship holders from the developing countries and 
in tu rn  delegates experts from  research and industry into the developing countries. 
The IAEA, fully recognizing the priority that should be assigned to  the problem 
of training and in-service training, especially of personnel in management positions 
and at decision-making levels in the developing countries, in close co-operation 
with the Federal Republic of Germany, France and the United States o f America, 
has launched training courses in Nuclear Power Planning and Im plem entation and 
in Nuclear Power Plant Construction and Operation, and is to  expand its future 
range o f courses into specific subjects such as Safety Analysis Review, Quality
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Assurance, Electrical System Expansion Planning, Nuclear Manpower Development, 
The Role o f Nuclear Energy within the National Energy Plan, etc.

In addition to this technical assistance on a m ultinational level there is a type 
of support which, in our experience so far, has turned ou t to  be a useful instrum ent 
of comprehensive technological transfer, i.e. bilateral co-operation in scientific 
research and technological development.

This co-operation is generally implemented under intergovernmental agree
ments between research institutions, most o f which are government funded. The 
Federal Government has meanwhile signed such intergovernmental agreements with 
a to tal o f 17 so-called nuclear developing countries. The im plem entation o f 
R&D projects geared to  practical application, which is generally preceded by 
training foreign scientists and engineers in the Federal Republic, has enabled a 
num ber of countries to  reach the international level o f development in some 
specific areas.

There are no generally valid rules for this type of co-operation to which 
technology transfer must adhere, because it very strongly depends on the specific 
conditions in the receiving country. The spectrum  of such rules becomes even 
broader because also smaller, but fully developed industrialized countries 
increasingly need im ports o f these complex and costly technologies, because 
developing them  in the country would make no sense economically.

In general it can be stated, however, that technology transfer within the 
framework o f bilateral co-operation today roughly follows the three phases ou t
lined below:

Phase 1 : Intergovernmental agreements are concluded between co-operating 
countries for close co-operation in scientific research and technological develop
ment. Such co-operation enables scientists and engineers of the receiving country 
to acquire the necessary knowledge of the latest scientific and technological 
levels and to become familiar with practical management usage in the industrialized 
countries.

Phase 2: Within the general framework of these intergovernmental agree
ments, special agreements are concluded between the government-owned or 
government-financed nuclear research centres, atomic energy commissions, 
universities, safety assessors, licensing authorities etc., about co-operation in the 
peaceful uses o f  nuclear energy. The im plementation of R&D projects for 
application in creating and strengthening the scientific and technical infrastructure 
in the receiving country is one of the preconditions to  the commercial utilization 
of nuclear power.

Phase 3: Commercial co-operation on the basis o f delivery contracts for 
nuclear power plants between the power-plant producing industry, com ponent 
manufacturers and utilities, on the one hand, and national engineering consultants, 
utilities and potential supplier industries, on the other hand. This co-operation
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need no t be restricted to  the construction and operation o f one or more nuclear 
power plants, but can be extended also to  cover the development of reactors 
and activities in the field of the nuclear fuel cycle.

We would like to describe two examples out o f numerous successful tech
nology transfers under intergovernmental agreements outlined in more detail.1

The construction at Atucha, Argentina, o f the first nuclear power plant 
exported by the Federal Republic o f Germany was accompanied by a specific 
exchange o f personnel and inform ation to transmit the necessary know-how. 
Seventy engineers arid physicists, out of the total staff of 105 necessary for 
operating the power plant, were trained in the Federal Republic in topics such as 
nuclear power plant design, operation, maintenance and safety. This was done by 
in-situ training in conventional steam power plants and at the Karlsruhe MZFR 
(m ulti-purpose research reactor: natural uranium fuel, heavy-water m oderator and 
coolant, pressure vessel design, net power 50 MW(e)),the prototype o f the Atucha 
Nuclear Power Station (300 MW(e), natural uranium, heavy water). On an 
average, this training took 2.5 years/man. It was supplemented by personnel 
training in Argentina in assembly and commissioning of the power plant, which 
took an average o f 1.5 years/man. Also, as a result of this training, the Argentine 
Atomic Energy Commission, CNEA, after completion of the Atucha Nuclear 
Power Plant, was able to  commission the facility under its own full responsibility.

Along with this transfer of know-how particular to  a specific nuclear power 
plant, an exchange o f personnel and inform ation was organized in the fields of

Nuclear energy docum entation 
Reactor, and neutron physics 
Thermohydraulics 
Fuel-cycle optim ization 
Fuel-element design
Fuel-element fabrication and quality control 
Post-irradiation examination of spent fuel elements 
Materials research.

For this purpose, 34 Argentine scientists and engineers were trained in 
various Federal German institutions for a total of 352 man-months from 1969 to 
1977. This training and the transfer of inform ation resulting from it have enabled 
Argentina to  assume responsibility soon for the production o f Atucha fuel elements. 
Figure 1 shows the gradual adoption o f fabrication steps and the resultant increase 
in fabrication know-how.

1 LAUE, H .J., NENTWICH, D., “ Successful transfer o f nuclear technology by the aid of 
scientific and technological cooperation” , Nuclear Power and its Fuel Cycle (Proc. Conf. 
Salzburg, 1977) 6, IAEA, Vienna (1977) 603.
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«

FIG.l. Increase in domestic participation in Argentina’s fuel element fabrication.

The transfer o f technology to  Brazil within the organized framework of 
co-operation between the two countries is handled on an even broader scale. 
Brazil is also an excellent example showing the management of technological 
transfer in the three phases described above. Under the intergovernmental agree
ment concluded on 9 June 1969, about co-operation in scientific research and 
technological development, a specific agreement was signed on 23 April 1971,
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for scientific and technological co-operation in the nuclear field between the 
Jülich Nuclear Research Centre and the Comissäo Nacional de Energia Nuclear 
(CNEN); the latter at that time still combined all nuclear activities in Brazil.
After the establishment o f the Companhia Brasileira de Tecnología Nuclear 
(CBTN) as a subsidiary of CNEN, the agreement was extended on 3 October 1973, 
so as to  include also the new organization, and this agreement continues to apply 
also to  its legal successor, NUCLEBRAS. On 27 June 1975, the so-called nuclear 
agreement was signed between the governments o f the two countries, and serves 
as a basis for subsequent industrial agreements. Figure 2 shows the planned 
increase in the national contribution to  the Brazilian nuclear power plant construc
tion programme, which is to  achieve some 80% by the mid-eighties on the basis 
o f the know-how acquired through the Federal German-Brazilian agreements.
The administrative structure of this technological transfer and the industrial 
organization at all relevant levels is shown in Fig.3. This body o f agreements was 
supplemented by a specific agreement concluded between NUCLEBRAS and the 
Karlsruhe Nuclear Research Centre on 1 October 1976, on co-operation in the 
areas of reprocessing, uranium enrichment by the separation nozzle technique, 
nuclear safety, and radioactive waste management.

As a basis for its ambitious nuclear programme (1 X600 and 8 X1300 MW(e) 
LWRs are to be installed by 1990) the Brazilian Government is at present 
implementing its extensive ‘PRONUCLEAR’ training programme. Besides a purely 
national training programme o f scientific, technical and administrative personnel 
at all levels, lectures and practical training are organized on a bilateral level with 
Federal German instructors in Brazil, and Brazilian scholarship holders are 
delegated to the Federal Republic of Germany, mainly to  industry. These efforts 
are supplemented by a United Nations Development Programme co-ordinated 
and managed by the IAEA.

The lectures and courses so far organized in Brazil have covered the following 
subjects:

Technology and safety analysis o f nuclear power stations 
Reactor materials 
Welding technology
Standardization, quality control, quality assurance and non-destructive 

testing
Radioactive waste management 
Incident analysis 
Reactor core analysis 
Thermohydraulic problems in reactors.

An additional 180 students from two universities were adm itted to these courses. 
In the Federal Republic, 40 places have so far been made available to  young 
Brazilian scientists.
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3. DIFFICULTIES IN THE TRANSFER OF TECHNOLOGY

The assimilation o f im ported technologies cannot be expected to  work 
w ithout difficulties on the receiving side. Generally, these difficulties begin with 
the persons involved — traditional personal biases and social patterns of behaviour 
must be overcome. In many cases, lengthy education to  achieve punctuality, 
reliability, responsibility and productivity is necessary. Modern technologies 
require adapted patterns o f behaviour.

Major difficulties also arise from  the almost to tal absence of technicians and 
engineers in lower and middle positions to  support industrial development. Again, 
this is largely the consequence o f the existing social structures. As long as good 
‘practical’ engineers (with engineering diplomas), i.e. Fachschulingenieure and good 
technicians are not paid the same as their colleagues in the industrialized countries, 
and also do not enjoy the same social status, they will either seek to  obtain 
university degrees and thus be lost for purely technical work, or they will emigrate 
to  foreign countries where the pay is better. Many developing countries must 
realize that good technicians (i.e. people with good practical training and q u a l i f i 
cations) are w orth more than unm otivated, and hence inefficient, university 
graduates.

The technological transfer o f the kind increasingly organized over the past 
few years will have to  be planned and co-ordinated even more efficiently in the 
future. Only if there are binding national nuclear programmes, will the efforts 
both  on the giving and on the receiving sides achieve the desired success. Of 
course, such programmes also include the commercial obligations to  build nuclear 
facilities; the construction o f nuclear power plants is inconceivable today w ithout 
the corresponding technological transfer, and likewise the transfer o f technology 
is meaningless w ithout industrial ventures. The scientists, engineers and technicians 
trained under education schemes abroad must be assigned the jobs planned for 
them  immediately upon their return  to their native countries, unless the knowledge 
they have acquired should lie unused or be even forgotten. This perspective 
planning and immediate integration of fellowship holders upon their return home 
is all the more im portant, since a lead-time o f ten years must be anticipated before 
a nuclear power plant can be constructed with sufficient participation by national 
personnel.

In this context must also be mentioned the aspects o f nuclear safety and 
sufficient radiation protection in the operation o f nuclear power plants in the 
receiving countries. Although, especially in the Federal Republic, engineered 
safeguards in nuclear power plants have reached a level not achieved by any other 
technology so far, it must not be overlooked that a nuclear power plant is still a 
man-machine structure. Safe operation requires not only safe technology, but also 
operating crews well versed in all details o f safety technology. Also from this 
aspect future nuclear power plant personnel in the developing countries m ust be
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carefully trained for their jobs. Not only nuclear incidents, but already the 
incom petent handling of, for instance, radioactive waste and the resultant impact 
on the environment, could have immense consequences for the future use of 
nuclear power, not only in the country of such occurrence, bu t worldwide. The 
supplying countries and the receiving countries ultim ately agree that the complete 
transfer o f  technology is an im portant precondition also for the safe operation of 
nuclear power plants and the avoidance o f any negative impacts on the environment.

Exports o f nuclear power plants are meeting with increasing difficulties also 
in the political field. As a result o f the  Indian atom ic explosion o f 1974, countries 
exporting nuclear facilities try  hard to  prevent proliferation of nuclear weapons. 
That peaceful nuclear fuel cycle technologies can often also convey the know-how 
necessary to  produce atom  bombs is not being disputed. This makes it under
standable why the supplier countries want no t only nuclear or source materials, 
but all technologies and even follow-on technologies, which could be used for 
nuclear weapons production, to  be pu t under proper control measures. The Non- 
Proliferation Treaty (NPT) is a basic instrum ent for this purpose. In those cases 
in which a supplying or receiving country has, for whatever reasons, not signed the 
NPT, trilateral arrangements, such as those arrived at between the Federal 
Republic, Brazil and the IAEA, ensure that the objectives o f non-proliferation are 
observed. Considerable mistrust has accumulated in the receiving countries in view 
of the restrictive attitudes in the supplier countries. This mistrust can be removed 
by the supplier countries only through co-operation and the willingness to  engage 
in the necessary transfer o f technology, on the condition that the necessary 
safeguards inspections and controls are accepted. Since there can be no doubt 
about the objectives o f the NPT, the only purpose o f this close co-operation can be 
to  make the NPT acceptable also to those countries which had not acceded to  it 
before. Mutual confidence can also help to remove the emotional undertones from 
the predom inantly irrational arguments against a safeguards system felt to be 
discriminating.

4. SUMMARY AND RECOMMENDATIONS

To maintain a prosperous domestic nuclear structure, and for capitalization 
of the funds needed for nuclear research and development, the Federal Republic 
o f Germany needs to  export nuclear power plants, because the domestic market 
alone would not be large enough. Conversely, nuclear developing countries need 
imports o f nuclear power plants to  meet their rising energy requirements as a 
result o f their efforts to  raise their standards o f living and to  industrialize their 
respective countries. The lack o f technological development in many of these 
countries allows nuclear power to  be used successfully only if there is a substantial 
transfer o f all relevant technologies above and beyond the purely commercial 
agreements covering the delivery o f a nuclear power plant.
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FIG.4. Joint planning for the introduction o f  nuclear energy.

1. (a) Perspective calculations o f  the electricity requirement for a certain period;
(bj Determination o f  the structure o f  the primary energy requirement for electricity 

generation.

2.(a) Assessment o f  the capacity and quality o f  potential national subcontracting industries and 
planning for their development;

(b) Assessment o f  the training facilities in the country;
(c) Structure and organization o f  licensing authorities, supervisory authorities, experts.

3.fa) Setting up and executing training programmes for public authorities, experts, industry, 
operators, RScD organizations.

4. (a) Determining the optimum point in time for the introduction o f  nuclear power and the
subsequent plans for expansion;

(bj Determining unit sizes, sites, etc.;
(c) Drafting feasibility studies and bidding documents.

5.(a) Choice o f  reactor type, agreement on site;
(bj Bid evaluation;
(c) Construction and operation.

In our experience, bilateral co-operation in scientific research and tech
nological development has been a useful instrum ent in the transfer o f technology 
as a precondition to  overcoming difficulties associated w ith exports o f nuclear 
power plants. However, this would require closely harmonized planning by both 
partners to  make optim um  use o f the limited means available. Such planning must 
include close co-operation between all those participating in the country of 
delivery, i.e. the licensing authorities, utilities, experts, industry, government- 
owned R&D facilities, and the respective partners in the receiving country, unless 
an atomic energy commission bears the overall responsibility.
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The industrialized countries are prepared for this close co-operation, and 
in building up a healthy nuclear energy structure, the receiving countries should 
not use the limited funds available to repeat the mistakes which, were made in the 
industrialized countries. This closely harmonized jo in t planning could create 
optim um  preconditions to  the introduction o f nuclear energy. One example o f a 
possible sequence o f steps is shown in Fig.4. To determine the optim um  point 
in time for the introduction o f nuclear energy and the subsequent expansion phase, 
jo in t planning should be organized in the following steps:

Step 1 : (a) Perspective calculations o f the electricity requirem ent for a
certain period ;

(b) Determ ination o f the structure o f the primary energy requirem ent 
for electricity generation.

Step 2: (a) Assessment o f the capacity and quality of potential national
subcontracting industries and planning for their development;

(b) Assessment of the training facilities in the country;
(c) Structure and organization of licensing authorities, supervisory 

authorities, experts.

Step 3: Setting up and executing training programmes for public authorities,
experts, industry, operators, R&D organizations;

Step 4: (a) Determining the optim um  point in time for the introduction of
nuclear power and the subsequent plans for expansion;

(b) Determining unit sizes, sites, etc.;
(c) Drafting feasibility studies and bidding documents.

Step 5: (a) Choice o f  reactor type, agreement on site;
(b) Bid evaluation;
(c) Construction and operation.

This jo in t planning, which must o f course be tailored to the specific conditions 
prevailing in a partner country, creates the necessary clear concepts o f a national 
nuclear programme extending beyond the narrow boundaries of the mere 
construction o f  a nuclear power plant and including the set-up o f an infrastructure 
for licensing legislation and regulations, industry, and science and technology.
One integral com ponent o f these comprehensive efforts is the establishment of 
training programmes for the qualification of national expert staff. Only in this 
way can inefficiencies be avoided, which are normally generated if the scientists 
and engineers, mostly trained abroad, cannot immediately assume the 
responsibilities for which they have been trained. The receiver countries m ust also 
make provisions for a more evenly balanced pay structure among the different 
job  categories, on the one hand and, on the o ther hand, between public and 
private employers in the country, to prevent a drain o f trained expert manpower.
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Only in this way will it be possible for the receiver countries to  establish in the 
long run a technical basis for the acceptance and integration of nuclear power 
plant technology.

DISCUSSION

J.A. ANGELO: You have told us in detail about the co-operation between 
German and Brazilian personnel. I am wondering whether there was any training 
at ministerial level to  prom ote Brazilian capability in long-range planning and 
decision-making?

D. NENTWICH: No, I don’t think there was. But the point I tried to  make 
in my presentation was tha t a complete technology transfer should indeed include 
training in the non-technical and non-scientific areas.

F.M. MALTINI: The last item in your Fig.4 refers to  the choice of reactor 
type. How would you plan the introduction o f nuclear energy into a developing 
country if there were more than the one German reactor vendor?

D. NENTWICH: The choice o f the reactor type would ultim ately be made 
by the importing country. I do not think that the num ber of potential vendors in 
Germany would m atter. In any event, as a government-sponsored organization we 
would try  to  be impartial and not recommend any one vendor.

A.F. EL-SAIEDI: Further to  the previous question, would you be prepared 
to recommend a reactor size and type tha t was not produced in Germany?

D. NENTWICH: If you are referring to  the jo in t planning tha t we offer in 
connection with the introduction of nuclear energy, we would give the country 
co n cern e ra  set o f  possibilities from which to  choose the reactor size and type best 
suited to  its needs and development potential. For example, we would not of 
course advise a country to  buy a 1300 MW(e) plant if it had 3000 MW(e) of total 
installed capacity. With regard to  the reactor type, our recom m endation could 
certainly be biased, since we have had very good experience with one particular 
technology and would therefore recommend it. However, there is hardly any 
currently marketed reactor technology that the  industry o f the FRG does not 
offer.

J.M. RAYROUX: You have told us that a complete transfer o f technology 
is essential if the presence o f an industrialized exporting country is to  be main
tained on the m arket o f the importing country on a long-term basis.

W ithout wishing to  give this discussion too much o f a political or commercial 
bias, I th ink tha t what you have said deserves particular attention, and in the 
above context the transfer o f technology may have implications that should be 
discussed, I think, in greater detail. It would indeed be a pity to  deal with the 
subject o f technology transfer for the whole o f the week w ithout touching on an 
aspect o f  it as fundam ental as this.
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D. NENTWICH: Thank you for the comment. I can only say that if one 
really faces the problem it is industry which provides the money that the 
government spends on research and development and, ultim ately, on supporting 
measures such as technology transfer. In an export-oriented country such as the 
Federal Republic o f  Germany, it is hardly surprising tha t government-sponsored 
technology transfer is geared to  strengthening the position o f the national industry 
on foreign markets.
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The benefits of nuclear power can be achieved by most nations only through international 

commerce that has been shaped by political considerations and implemented through legal 

instruments. The end product is a structure of legal agreements designed to implement the 

basic political and commercial decisions that are required for any nation to enter the nuclear 

power arena. The I A E A  Statute, the Non-Proliferation Treaty and regional nuclear agreements 

have reflected the international political consensus concerning nuclear power. In recent years, 

however, events have occurred that in all probability will result in additional international 

arrangements. It is expected that the increase in terrorist activities will result in greater 

physical protection commitments, that concern for weapons proliferation will result in further 

definition of sanctions, and that such troublesome issues as double labelling of materials 

will be discussed by the international community. In areas such as bilateral agreements between 

nations, commercial arrangements and export licences, this is a period of rethinking, renegotiating, 

and readjusting. The result is a degree of uncertainty and lack of stability that could so 

jeopardize the potential for nuclear transfers that the nuclear energy option m a y  not vest. While 

there always will be questions and issues, it is essential to settle some of the key problems 

without delay so that nuclear benefits can be realized.

On few natters have the nations of the world shown a 
greater willingness to work together than in the nuclear area. 
Confronted with the immense ramifications of nuclear fission, 
the individual state finds itself at once extremely powerful 
and impotent. In this situation the international community 
found traditional institutions lacking and forged a relatively 
unique superstructure consisting of an intricate array of multi
lateral and bilateral agreements.

Although imperfect, this legal regime undoubtedly 
provides a significant deterrent to the national diversion of 
nuclear materials for non-peaceful purposes. Although a number 
of non-nuclear weapons states now have the capability to do so, 
there are powerful factors deterring them from developing nu
clear explosives in violation of this international consensus, 
including the likelihood of a strong international response.

217
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However,an examination of recent legal and political developments 
affecting international nuclear commerce reveals an increasing 
tendency by certain nations to disregard the existing legal 
framework governing such trade. While it might be natural for 
each generation to proceed anew without regard for the past, 
certain key elements of the international superstructure accom
panying nuclear trade are less than twenty years old. It is 
reasonable to assume that many of the same concerns expressed 
in a broadly accepted agreement such as the Nonproliferation 
Treaty remain equally valid today. As Winston Churchill once 
noted, " [i]f we open a quarrel between the past and the present, 
we shall have found that we have lost the future." The present 
and future, while never replicating the past, must inevitably 
resemble it.

* * *

International nuclear commerce for peaceful purposes 
began with President Eisenhower's "Atoms for Peace" speech be
fore the United Nations on December 8, 1953. In this address, 
President Eisenhower took note of the impasse on disarmament 
talks and, recognizing the spread of nuclear know-how beyond 
the United States and the Soviet Union, called upon nations to 
engage in international cooperation under strict safeguards.
To facilitate this effort, he proposed the establishment of an 
International Atomic Energy Agency under the aegis of the 
United Nations for distributing and safeguarding nuclear ma
terial and equipment. In this way, it was felt that the inter
national community could ensure the orderly development of 
nuclear energy for peaceful purposes while concurrently open
ing up a new channel for peaceful discussions on the disarma
ment problem.

Prior to the establishment of the agency several 
events occurred which had a substantial impact upon later de
velopments. Within a year after President Eisenhower's address, 
the United States enacted the Atomic Energy Act of 1954 which 
authorized the USA to engage in nuclear trade with other na
tions where the recipient formally pledged not to use the assis
tance for military purposes. As a condition of trade, the United 
States required that its trading partners submit to on-site in
spection by outside inspectors with "access to all places and 
data necessary" to ensure that the peaceful use guarantee was 
being observed. Furthermore, the United States required that 
the recipient allow the U.S. to designate the facilities in 
which produced fissionable material in excess of the recipient's 
peaceful needs was to be stored with a United States option to 
purchase this excess material. Finally, the agreements provided 
for a varying degree of U.S. involvement in the recipient's 
decision whether to reprocess U .S .-supplied special nuclear 
material. In some cases the United States sought and received 
a veto over such a decision, but in others the U.S. only sought 
to approve the method by and facility in which the reprocessing 
was to occur.

In 19 57 the Treaty of Rome entered into force. Pro
viding for nuclear cooperation among the members of the European
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Community and the establishment of EURATOM, the Treaty facili
tated regional cooperation and permitted free transfer of 
nuclear materials within member states. The Treaty, however, 
also imposed significant obligations upon countries party to it.

Thus, the elements of an international governing 
nuclear trade regime were already in place when the IAEA came 
into being. As the "Atoms for Peace" program envisioned, the 
IAEA was given substantial safeguards functions. Not coincident 
ally, the provisions of Article XII of the Statute which amplify 
the nature of these safeguards closely parallel those in United 
States bilateral agreements. While the safeguards functions of 
the IAEA have drawn the most attention in the past several years 
the IAEA also was originally conceived to assist in the "devel
opment and practical application of atomic energy for peace
ful uses throughout the world." Indeed, the Agency was given 
broad latitude to "perform any operation or service useful in 
research on, or development or practical application of atomic 
energy for peaceful purposes," including acting as an inter
mediary for the transfer of nuclear material, equipment, facil
ities and services between members of the Agency.

Within a few years after the "Atoms for Peace" speech, 
the organizational and procedural outlines which still govern 
international nuclear commerce were in existence. Nations had 
established a pattern that the incentives of sharing the peace
ful benefits of nuclear energy were sufficient to accept a 
multilateral mechanism with legal authority to monitor their 
conduct. However natural it might seem today, the concept that 
compliance with an international obligation should and could be 
verified by such means as sending inspectors into the territory 
of other foreign nations was then both bold and novel. Even 
more remarkable is the rapidity with which the legal regime was 
established.

Notable as these accomplishments were, significant 
gaps in safeguards coverage remained which needed remedying. 
Under the Statute, IAEA safeguards only applied to materials 
and facilities in which the IAEA played a role in the trans- 
ferral or where the supplier and recipient had requested the 
IAEA to participate or where a nation unilaterally made such 
a request. The Statute itself did not require IAEA safeguards 
on member states. Coverage thus was far from universal and 
did not include indigenous facilities or those supplied by 
nations which did not desire to invoke international safeguards. 
The reasons for these gaps were numerous. Some countries re
sented any more intrusions upon their sovereignty than those 
contained in the IAEA Statute. Others were unwilling to allow 
inspection of all their facilities so long as the nuclear 
weapon states claimed their programs were off-bounds. These 
nations thought such a situation would be discriminatory and 
would regulate them to second-class status. Finally, the 
suppliers, and the United States in particular, had miscal
culated in assuming that the worldwide expansion of nuclear 
power would occur under the auspices of the IAEA.
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In the mid-to late-1960s, however, the Chinese 
nuclear explosion of 1964, the continued impasse in the dis
armament talks and the growing diffusion of nuclear technology 
all served to make nations recognize that further actions were 
necessary. In 1964 the countries of Africa joined together 
to ban proliferation on that continent in the Declaration on 
the Denuclearization of Africa. Three years later a treaty 
banning nuclear weapons in Latin America was signed by 21 
states in that region. In this treaty the signatories agreed 
to apply IAEA inspection to ensure that the goals are met.
Also in 1967, the Outer Space Treaty which prohibited orbital 
nuclear weapons came into being. And, on July 1, 1968, the 
Nonproliferation Treaty (NPT) was opened for signature.

The NPT, which entered into force on March 5, 1970, 
is the cornerstone of our current international legal regime.
Under the Treaty, then-existing nuclear weapons states agree 
not to transfer, assist or encourage non-nuclear states to 
acquire or gain control over nuclear explosive devices. Non
nuclear weapon states agree not to seek or develop such de
vices and to submit to IAEA inspection on all peaceful nuclear 
activities within their territories, under their jurisdiction 
or carried out under their control anywhere. In return, non
nuclear weapon states receive assurances that all parties 
(A) have the "inalienable right" to develop and use nuclear 
energy for peaceful purposes, and (B) should make available 
the benefits of peaceful applications of nuclear technology 
to the other parties "on a non-discriminatory basis." With 
the conclusion of the Nonproliferation Treaty, the basic legal 
regime governing the international exchange of nuclear materials 
and equipment was in place.

*  *  *

Events up to and through 197 0 vividly illustrated the 
extent to which nations were willing to forgo certain national 
options so as to achieve order and predictability in their efforts 
to procure an adequate energy supply. Obviously, the legal 
structure thus far imposed was the embodiment of a number of 
political, strategic, technical and economic factors. Whatever 
the mix involved for an individual state, a great number of 
countries of differing political persuasions felt it was in 
their own national interests to join together in the creation 
of a body of rules governing nuclear commerce among nations.
Under this framework the fruits of this technology were made 
available to unprecedented numbers of nations. The result was 
the most President Eisenhower could realistically have hoped 
for: the atom was successfully harnessed internationally to
generate electric power, to advance medical research and treat
ment, to develop new industrial processes and techniques, and 
to assist in the management of the world's food supplies.

*  *  ★

In 1973, however, events began taking an ominous turn 
which exposed the weaknesses in the legal regime thus far con
structed. A juxtaposition of unrelated events —  the oil 
embargo together with the United States closing its order book
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on uranium enrichment services —  stimulated a worldwide search 
for energy alternatives, and nations began seeking the more 
sensitive parts of the nuclear fuel cycle. The FRG agreed 
to sell Brazil a full nuclear fuel cycle capability, and France 
agreed to sell Pakistan and South Korea each a reprocessing plant 
In connection with these arrangements, there were reports that 
some suppliers were undercutting their competitors' safeguards 
requirements to gain commercial advantages. India exploded a 
"peaceful" nuclear device, indistinguishable from a non-peaceful 
one. During the closing days of the Nixon Presidency, the United 
States announced the sale of reactors to Egypt and Israel. Inter 
national terrorism was on the rise, and governments began ex
pressing concern over the possibility of subnational theft and 
diversion of nuclear materials. In their totality, these events 
served to fracture any tendency the international community 
might have had towards complacency after establishment of the 
Nonproliferation Treaty.

By the summer of 1974 all major suppliers, with the 
exception of France, agreed upon the so-called "Zangger List" 
meant to implement Article III of the NPT. The inclusion of 
an item on this list meant that its export would trigger IAEA 
safeguards designed to ensure that these items were not used 
for the development of nuclear explosives and also to provide 
assurances that none of these items was re-exported without 
similar safeguards.

The Zangger List consultations were, in a very special 
sense a forerunner of the discussions which became known as 
the London Suppliers Conference. The initial concerns of the 
nuclear suppliers found their first formal expression in the 
final declaration of the NPT Review Conference held in Geneva 
in May, 1975. This declaration, adopted by consensus, urged 
that common export requirements relating to safeguards be 
strengthened.

By January 1976, participants in the London Suppliers 
Conference had reached agreement on a broad number of fronts 
and exchanged letters which moved the level and comprehensive
ness of some areas of the international legal regime substan
tially beyond that contained in the NPT. In these letters the 
major suppliers agreed to the application of IAEA safeguards on 
exports of material, equipment and technology and replicated 
technology to preclude their use in nuclear explosive devices, 
including those for peaceful purposes. They also agreed to 
apply restraint in the transfer of sensitive technologies and 
accept special conditions governing the use or retransfer of 
sensitive material, equipment, and technologies. Consistent 
with this, they pledged to encourage multinational regional 
facilities for reprocessing and enrichment. Finally, the 
suppliers agreed to require physical security measures on ex
ported nuclear facilities and materials.

Concurrent with these developments, individual states 
began taking actions designed to restructure international 
nuclear cooperation. After the Indian explosion in 1974 which 
used plutonium generated in a Canadian supplied research reactor,
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Canada undertook to renegotiate all of its existing agreements 
for cooperation to make clear its prohibition of peaceful nuclear 
explosives built or constructed with or through use of Canadian 
nuclear exports. The inability of Canada to conclude such 
strengthened agreements with India and Pakistan resulted in the 
suspension of all nuclear trade with those countries.

Canada has not been alone in this approach. The United 
States also has been re-examining the conditions under which it 
will supply nuclear equipment and materials. Prior to 197 5, 
export licenses were issued by the Atomic Energy Commission on 
a routine basis. The issuance of a license was a ministerial 
rather than a policy action, its principal purposes being to 
register shipments and ensure compliance with the United States 
international obligations. During the past several years, how
ever, the U.S. Congress has begun playing a more active role in 
the exercise of its oversight and legislative functions, and 
the Nuclear Regulatory Commission has started scrutinizing at 
the Commission level all controversial and some not-so-contro- 
versial exports. Although the result could have been otherwise, 
these developments have led to uncertain and shifting U.S. 
policies.

This legislation imposes a uniform set of criteria on 
all nuclear exports from the United States without the benefit 
of broad international discussions. The criteria applied initially 
contain the guidelines accepted at the London Suppliers Conference 
and make them applicable to all material derived from U.S.- 
supplied material and equipment. Additionally, the United States 
now requires prior U.S. approval over the reprocessing and 
retransfer of U .S .-supplied and derived material. Along with 
other criteria concerning nonproliferation goals, reprocessing 
is only permitted in other than those facilities now in existence 
where it occurs under conditions which give the United States 
"timely warning" of any diversion of the materials for explosive 
purposes. After 18 months, all U.S. non-nuclear weapon trading 
partners would be required to adopt full fuel cycle safeguards. 
While the President may suspend the application of one or all of 
these criteria to a particular export because of the individual 
circumstances involved, the process is complicated, cumbersome 
and replete with uncertainty.

The developments of this decade impose more stringent con
ditions on nuclear commerce and threaten the existing interna
tional legal regime without assurances that the ad hoc mechanism 
which they employ can provide a satisfactory replacement. Each 
development has occurred either through the actions of indivi
dual nations or a small group of countries acting in concert.
None has received the widespread international consensus which 
accompanied the creation of the IAEA and the negotiation of 
the NPT. Perhaps they will in fact be broadly accepted within 
the international community. Yet the further nations proceed 
down this path of unilateral or narrowly sponsored new nuclear 
controls, the more difficult it will be to achieve a broad con
sensus .
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Several dangers are present in this approach. With 
the arguable exception of the formation of the Zangger List, 
none of these developments involved parties other than actual 
and potential suppliers or occurred within the traditional 
United Nations context. With this alteratipn of the rules 
governing nuclear exports, recipient non-nuclear weapon states 
could argue that the bargain struck in the NPT is no longer 
valid. The reaction of these nations during the 1975 NPT 
Review Conference and the threat of Yugoslavia to withdraw from 
the Treaty because the United States and Soviet Union had not 
fulfilled their pledge to cooperate under Article VI are clear 
evidence that this is no idle concern. It also could become 
a symbolic issue of contention in the continuing North-South 
negotiations over the distribution of the world's resources, 
wealth, technological capabilities and power.

To a large degree this state of affairs reflects the 
limitations upon any international legal regime. A treaty has 
no binding force over states that do not accept it, and 50 
nations have yet to sign the NPT. The limited participation 
in the London Suppliers Conference courts resentment from the 
recipients, a group upon which the future viability of the 
existing safeguards system depends.

Whatever its shortcomings, the existing framework of 
bilateral and multilateral control is a significant factor in 
deterrence today. The technical barriers to the widespread 
development fell long ago, yet no nation has ever breached its 
international safeguards commitments. For these reasons, nations 
should resist the temptation to adopt ad hoc, quasi-legal mech
anisms to resolve matters of international significance. The
IAEA and NPT are uniquely constructive elements in the current 
international system, marking an invaluable base on which to 
build in seeking to deal with nuclear proliferation.

This existing legal framework must be the basis for 
any future developments. These international agreements ob
viously reflect political judgments existing at the time.
In the same way today, it is reasonable to expect that interna
tional political concerns will lead to new consensus. It is
possible that this consensus may be based upon the International 
Nuclear Fuel Cycle Evaluation (INFCE) scheduled for the coming 
two years. From the data base established during INFCE, together 
with relevant evaluations, the requirements in the nuclear field 
for the balance of this century could be framed.

The political forces affecting nuclear power for the 
years ahead are complex and often contradictory. On the one 
hand, there is concern over national and subnational diversion 
of nuclear materials. While studies show that nuclear power is 
the most costly, least efficient, and most time-consuming way 
to develop a nuclear weapons program, a certain perception 
remains that it can or could contribute to nuclear prolifera
tion. Similarly, some believe that a terrorist group could 
successfully handle highly radioactive material and fashion 
a crude home-made nuclear device, although most people experi
enced with nuclear bombs believe that terrorists would have an
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extremely difficult, if not impossible, time, assembling tech
nical capability.

While concern for nonproliferation and terrorism 
leads to restrictive trade measures, on the other hand, strong 
political forces exist to expand nuclear programs where nations 
have scarce supplies of energy and are less developed. The 
developing nations see that they must share technology, especially 
of an energy nature, in order to develop. Only in this way 
can they enjoy the benefits of the world's resources and health.
In addition, there are constant political pressures for the 
perceived needs by countries for defensive strategies either 
on a global basis or because of regional concerns. These 
become aggravated political problems when other security measures 
are insufficient and nations perceive that they must turn to 
nuclear technology for their defensive objectives. Thus, the 
success of non-nuclear policies becomes important in the poli
tical process such as the status of Mid-East peace overtures, 
detente and SALT talks, relations with the Peoples Republic of 
China, maintenance of military alliances such as NATO, and 
international economics and general prosperity.

To assimilate an international consensus from such 
disparate political objectives is indeed a complex undertaking. 
Building upon the existing international consensus represented 
by the IAEA statute, the NPT and regional nuclear compacts, 
nations must seek additional international agreements to deal 
with issues such as physical security, double labeling, and 
sanctions for violations of agreements.

In addition to new international arrangements we can 
expect a continuation of the recent trend towards nations pro
ceeding in a bilateral mariner. For instance, Canada currently 
is renegotiating its bilateral agreements; the United States 
will begin to do likewise in the near future. This task will 
be made difficult as other nations fear that they are being asked 
to accept more restrictive measures without adequate assurances 
that either Canada or the United States will make the necessary 
fuel shipments in a timely fashion or not use the export licensing 
process to impose even more stringent conditions on use of the 
fuel. Until there has been some resolution of these conflicting 
views, a degree of uncertainty will pervade the nuclear market.

Even after the development of the necessary interna
tional treaties and bilateral agreements, nations must enter 
into subsequent commercial agreements which set forth the details, 
particularly those of a financial nature, which govern the 
actual transfer of technology and fuel. These agreements, also, 
are undergoing adjustments and possible revision as exemplified 
by U.S. Department of Energy's efforts to gain legislative 
authorization to change its standard for the pricing of enrich
ment services. The Carter Administration and a substantial 
segment of Congress are supporting the so-called "commercial 
pricing" concept which would raise significantly the price for 
fixed commitment contracts. This, of course, is contrary to 
the original view of the Government that the price for fixed 
commitment contracts would be lower than for the requirements 
type contract.
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In addition, the drastic change in the value of enerqy 
resources and inflation has caused increasing price adjustments 
for commercial arrangements. This, too, creates a high degree 
of economic uncertainty and undermines the stability necessary 
for the growth of international nuclear commerce.

As a final note it should be observed that export 
licenses are required in many instances that can also produce 
a degree of uncertainty at a crucial point in the process of 
nuclear transfer technology.

In conclusion, the late 1970s is a period of political 
change as nations seek the development of a new international 
consensus. Until this occurs, the terms of existing agreements 
and commercial arrangements will remain subject to renegotiation, 
export licenses may not be issued in a timely fashion, and 
international nuclear commerce in general will lack the stability 
necessary for its growth. A complex subject such as nuclear 
power will always involve a degree of uncertainty; today, how
ever, that uncertainty is too great. We must understand that the 
world-wide thirst for energy requires the use and, indeed, the 
expansion of nuclear power. It thus behooves us to reach agree
ment on the terms and conditions governing nuclear transfers. 
Without a doubt —  and whether it is liked or not —  this is a 
time of questioning. That overriding political reality should 
be used as an advantage to put to bed current issues so that 
for the 1980s and the 1990s a solid base is established which 
will enable larger number of peoples to share the benefits of 
nuclear power.

DISCUSSION

S. GARRIBBA: You have discussed the uncertainty existing in the international 
nuclear arena. But we can see a num ber of uncertainties affecting the United 
States nuclear programme itself. Such changes as the revision of the target for 
nuclear power by the year 2000, cancellation of the Clinch River LMFBR and 
concern with regard to nuclear waste management options can all be interpreted 
as difficulties or symptoms o f uncertainty. I should like to ask, therefore, whether 
you see a relationship between the new trends being followed in the United States 
of America in its international nuclear policy and the type o f  energy policy that 
is being discussed and implemented at home.

L. MANNING MUNTZING: In the nuclear field it is basically impossible 
to isolate the nuclear programme o f one country from another. Uncertainties in 
the  United States have affected international nuclear commerce and vice versa.
In the short term  it is im portant to  agree on broad parameters for nuclear power 
and to  abide by such decisions for an extended period o f time.

A.F. EL-SAIEDI: On the one hand the United States is promoting the use 
of light-water reactors, while on the other it tends to  offset this by imposing 
restrictions on the tail end of the fuel cycle. We see this, for example, in the 
m atter o f  reprocessing, giving credit for unused fuel or plutonium , and, more
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recently, the announcem ent regarding the storage of spent fuel in the United 
States. At the fron t end o f the fuel cycle there are rumours o f an increase in the 
cost o f enrichm ent services. Would you no t say that such uncertainties are 
hardly likely to  encourage developing countries to  proceed with nuclear programmes?

L. MANNING MUNTZING: A greater degree o f certainty is needed in all 
parts o f the fuel cycle, including the ensuring of an adequate supply o f nuclear 
fuel at the expected cost. This implies having clear and consistent policies regarding 
spent fuel storage and waste management. Clearly, difficulties will otherwise be 
created for countries embarking on nuclear power.

P. HA-VINH: I very much agree with you that the existing legal frameworks, 
such as agreements with the IAEA and NPT, should serve as a basis for seeking 
ways to  deal with the risks of nuclear proliferation. Within this context there is 
reason for concern that unilateral decisions on new nuclear controls by individual 
States, or small groups o f States, might set the stage for disputes between 
countries. Would you not consider that a unilateral approach, or, if you like, a 
lack of the broadest possible consensus, in tackling the issues at stake could 
hamper, rather than prom ote, effective and beneficial international co-operation?

L. MANNING MUNTZING: I do not deny that the new non-proliferation 
legislation may give rise to  problems between the United States and the inter
national com m unity, bu t the Act is not so much aimed at the abrogation of 
existing agreements and com m itm ents as at establishing much more stringent 
requirem ents for future activities relating to  the development o f new reactors, 
etc. The principle of the sanctity of international arrangements will be respected, 
but I think negotiations on future fuel com m itm ents and related m atters will be 
much tougher and could involve some dissatisfaction among other nuclear countries
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T H E  R O L E  O F  T H E  U S N R C  IN P O W E R  R E A C T O R  E X P O R T S .  L E G A L  A N D  P R O C E D U R A L  

ASPECTS.

I. Background on the role o f  N RC  in nuclear export activities. The United States Nuclear 
Regulatory Commission, created in January 1975 to assume the licensing and regulatory 

responsibilities of the former Atomic Energy Commission, has final licensing authority over 

U S  nuclear reactor exports. Independent of direct Presidential control, the Commission gives 

great weight to Executive Branch views on national secuiity and foreign policy issues.

II. The nuclear export review process. Procedures for N R C  review of nuclear export licence 

applications include referral to the Executive Branch for a co-ordinated expression of agency 

views; analysis of the record by the N R C  staff; and final Commission licensing decision based 

on consideration of safeguards, agreements and understandings to assure that U S  exports will 

be used only for their intended peaceful purposes. III. N R C ’s proposed export/import licensing 
regulations. N R C  has recently proposed to consolidate and simplify all of its export and import 

licensing provisions into a new Part 110 for the convenience of the public —  both U S  and 

foreign. IV. Public participation in nuclear reactor export licensing. In the past two years, 
after formal requests by domestic and foreign interest groups, the N R C  has developed procedures 

for direct public participation in its export licensing proceedings. The Commission has held that 

petitioners do not possess a legal right to adjudicatory hearings, like those in domestic reactor 

licensing, but has tailored discretionary legislative procedures to accommodate the particular 

nature of the export process. V. Statutory licensing requirements. During the past two years, 

the N R C  has refined and particularized the extremely general ‘c o m m o n  defence and security’ 

standard for export licences set forth in the 1954 Atomic Energy Act. Eight questions 

routinely posed to the Executive Branch in reviewing licence applications has given content 

to Commission export decisions. Recently enacted non-proliferation legislation gives con

gressional recognition to even more specific, mandatory nuclear export licensing criteria.

Introduction

During the past two years there have been several interesting developments 
concerning the procedural basis, upon which the United States exports nuclear 
power plants. We will discuss the impact of these developments.

* The views expressed in this paper are solely those of the authors and do not 

necessarily represent the views of the U S N R C .
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I. Background on the Role of NRC in Nuclear Export Activities

Until 1974, under the 1954 Atomic Energy Act, the former Atomic Energy 
Commission (AEC), created in 1946, exercised primary responsibility 
within the U.S. Government for both developing and regulating nuclear 
energy generally and for U.S. nuclear cooperation and export activities 
specifically. The Energy Reorganization Act of 1974 separated develop
ment from licensing and regulation. The 1974 Act abolished the AEC and 
divided its functions between two new agencies. The Energy Research and 
Development Administration (ERDA) was given developmental responsibilities 
related to nuclear and other forms of energy. (On October 1, 1977, ERDA 
was assimilated into the new Department of Energy (DOE).) NRC was created 
as an independent regulatory agency, with a central focus on public health, 
safety and the environment and protection of nuclear facilities and material 
from sabotage or diversion. While this separation of functions was focused 
primarily on U.S. domestic activities, the 1974 Act also made NRC respon
sible for licensing export of nuclear materials and nuclear facilities, 
such as power reactors.

ERDA, now DOE, inherited authority under the Atomic Energy Act to distri
bute nuclear reactors and materials under agreements for cooperation. No 
license is required for such government-to-government transactions. This 
form of distribution is of limited significance as a source of equipment 
and materials for a nuclear power reactor program.

Another area regarding nuclear exports which bears special comment is 
the licensing for export of certain items which may be related to the 
construction and operation of a power reactor system but which are not 
presently exported under the NRC reactor export license. These items 
include such things as steam turbines, certain pumps, helium circulators, 
certain water purification equipment, pipe valves, radiation detection 
instruments, and certain heat exchangers designed for use with reactors. 
These items may be exported under licenses issued by the Department of 
Commerce under its authority under the Export Administration Act of 1969, 
as amended. This sharing of component export functions is a result of 
long-standing agreement between the Commerce Department and the AEC, 
now NRC. The Commerce Department also obtains advice from DOE on the 
export of heavy water or other items potentially useful in foreign 
nuclear power programs, which are also licensed under its authority.

What is NRC's role in the nuclear export process? In the U.S. governmental 
system, the Executive Branch, headed by the President, is responsible for 
the day-to-day administration of government. The Department of State, for 
example, carries out most foreign affairs responsibilities under the 
President's general supervision and control. For various purposes, 
however, the U.S. has created a unique type of governmental body, the 
independent regulatory commission. Such agencies (NRC is one of approx
imately twelve) exercise responsibilities within their statutory mandates 
which may have a legislative, judicial or executive character. These 
commissions, typically headed by a body of from three to ten members, are 
not subject to presidential control, even though they may have important 
executive responsibilities. Although the President, with congressional 
approval, appoints these bodies, he does not have the power, in most
ins tancés, to override their policy decisions.

Regulatory commissions usually have had only domestic responsibilities.
When Congress gave NRC its responsibility for nuclear export licensing,
however, this general pattern was not followed. Nevertheless, Executive
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Branch views -- which are advisory in nature -- have been given great 
weight by the Commission, particularly on questions of national security 
and foreign policy, even though under current U.S. law NRC may deny an 
application for a proposed export supported by the Executive Branch, if 
the Commission determines that the application does not meet requisite 
licensing standards. This formal legal relationship is basic to under
standing the current U.S. framework for approval of nuclear power reactor 
exports.

Let me add that the Commission is aware not only of its independence, but 
also of the value of the U.S. and its nuclear customers of a unified 
national policy on nuclear exports. NRC has adopted policies and proce
dures to assure that the views of the Executive Branch are received and 

evaluated before decisions are taken.

Finally, I would like to mention that legislation recently enacted by 
the Congress would permit the President to "override" an export license 
application denial by NRC, while giving the Congress a review of the 
President's decision. NRC has supported such a Presidential override 
to assure that the President's national perspective in the conduct of 
U.S. foreign policy is appropriately recognized. With this framework 
in mind, let me now turn to the nuclear export review process.

II. The Nuclear Export Review Process

Several U.S. agencies have responsibilities within the general framework 
of the U.S. nuclear export system. These responsibilities are coordinated 
among the agencies. NRC is only one part —  although a key part —  of the 
U.S. nuclear export process.

Under sections 103 and 104 of the Atomic Energy Act and NRC's present 
regulations, NRC may license the export of a nuclear facility, such as 
a power reactor, only when it finds (1) that the export would be within 
the scope of, and consistent with, an agreement for cooperation for the 
civil uses of atomic energy arranged pursuant to section 123 of the 
Atomic Energy Act; and (2) that the export would not be inimical to 
U.S. common defense and security interests. In addition, section 109 
of the Atomic Energy Act permits the Commission to issue export licenses 
for important component parts especially designed for nuclear facilities 
upon a finding that the export will not constitute an unreasonable risk 
to U.S. common defense and security. This authority has never been 
exercised. Finally nuclear exports that would be inimical to U.S. 
public health and safety are also proscribed.

Under section 123 of the Atomic Energy Act, agreements for cooperation 
become effective only after: (1) they are approved and authorized by
the President, who is required to make a determination in writing that 
".the performance of the proposed agreement will promote and will not 
constitute an unreasonable risk to the common defense and security"; 
and (2) they have been submitted to the Congress for review under a 
special statutory arrangement.

Since the President must have found that an agreement for cooperation, 
is itself consistent with national security and defense interests,, 
further NRC and Executive Branch reviews might appear to some as 
duplicative. The issue, however, is more complex than a superficial 
glance might suggest. For example, in a 1976 NRC decision approving



230 SHAPAR and STOIBER

the export of a reactor to Spain, the Commission decided that the mere 
existence of an agreement for cooperation was not a sufficient basis 
for issuing an export license. Such an agreement may have been entered 
into years or even decades earlier. ’Therefore, determinations about 

conformity with an agreement for cooperation and noninimicality to U.S. 
common defense and security must be resolved in light of current policies 
and current knowledge. This provides suitable flexibility for responding 
to changing circumstances, and gives separate meaning to the tests the 
Atomic Energy Act requires.

The statutory findings the Commission makes before issuing an export 
license often require consideration of highly sensitive foreign policy 
and national security matters, some of which may have an impact well 
beyond the specific export being considered. For example, the Commission 
examines, among other matters, not only the safeguards and assurances 
provided by the recipient government to assure that U.S.-supplied 
reactors are not diverted to unauthorized uses, but also the relation
ship of the Commission's grant or denial of an export license application 
to overall U.S. policies on the proliferation of nuclear explosives. In 
contrast, domestic licensing usually involves domestic public health, 
safety and environmental issues associated with discrete applications for 
the construction and operation of nuclear power reactors. Moreover, the 
Commission's export licensing review process constitutes only one part 
of this country's broader activities in the nuclear export control area 
-- activities which are part of U.S. foreign policy and nuclear non
proliferation efforts.

While NRC has the ultimate responsibility for U.S. export licensing, 
the State Department and other Executive Branch agencies have significant 
duties and interests regarding foreign policy aspects of this process.
These agencies also have a broad information base and substantial 
analytical resources. For these reasons, procedures have been developed 
for NRC review of export license applications to take full account of 
all relevant Executive Branch information and views. In fact, a final 
licensing determination is not taken until NRC has received the views of 
the Executive Branch.

The following procedures were developed after the formation of NRC, and 
incorporated, in part, in Executive Order 11902, signed by President Ford 
on February 4, 1976, to assure that NRC can effectively -- and independently 
-- exercise its statutory responsibilities and, in so doing, have available 
all the information it needs in reaching its decisions:

A. When NRC receives an export license application for a nuclear
power reactor,’ it forwards it to the Secretary of State and asks 
for the formal views of the Executive Branch on the license 
application, including responses to a number of questions posed 
by NRC which are designed to obtain information needed by NRC 
for its export licensing determinations.

The reason for sending these requests to the Secretary of State 
is that the Department of State is the lead agency within the 
Executive Branch for developing views in the area of foreign 
affairs.

The questions posed by NRC treat the following subjects:

(1) the purpose of the export;
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(2) whether the export is covered by an agreement for cooperation 

with the U.S. ;

(3) whether the recipient country has accepted and implemented 
International Atomic Energy Agency (IAEA) safeguards;

(4) whether the recipient country has accounting and inspection 
procedures to assure compliance with requirements in a U.S. 
agreement (for non-NPT adherents);

(5) physical security arrangements in the recipient country;

(6) the recipient country's non-proliferation policy;

(7) the recipient country's policies and actions on development 
of nuclear explosive devices for any purpose; and

(8) any other factors which bear on the license.

As you can observe from these eight questions, this information falls 
into two categories. The first is data relating to safeguards -- that 
is, nuclear materials control and accounting systems against national 
diversion and the physical security systems for protection of nuclear 
materials and facilities in the recipient country against subnational 
threats. The second is information of a more general policy nature, 
bearing on the effect of the export on U.S. objectives regarding the 
spread of nuclear explosives.

B. The Department of State consults other agencies throughout 
the government, such as the Arms Control and Disarmament 
Agency and the Department of Defense, Energy and Commerce 
for the purpose of developing all the necessary information 
within the Executive Branch which bears on the export licensing 
decision. The Department of State then forwards these views 
and information to NRC in response to the eight questions.
In addition, there is a well-developed and informal ongoing 
exchange of information and views between NRC and the Executive 
Branch, which may include briefings of the Commission and may 
lead on occasion to diplomatic initiatives or inquiries in 
advance of a Commission decision.

C. Once the Commission record has been assembled, it is analyzed 
by the staff and presented to the Commission for decision, 
with separate Executive Branch and staff recommendations.
Commissioners have often sought additional information and 
views on matters of concern to them.

When the Executive Branch views are received and analysed, the Commission 
must make a final determination on the application for a license to export 
a nuclear power reactor. This responsibility has increasingly commanded 
the Commission's attention. In meeting this responsibility, the Commission 
gives prime consideration to assuring that the overall structure of safe
guards, agreements, and understandings provides adequate assurance that 
the export will be used for its intended peaceful purpose and will not be 
diverted to unauthorized uses.

In the main, the Commission believes that it performs its most valuable 
function in the export process by evaluating the technical aspects of
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foreign safeguards arrangements. In carrying out this function the 
Commission recognizes that it is not always necessary nor even desirable 
that the recipient country have safeguards exactly comparable to those 
required in the U.S. This approach acknowledges that U.S. safeguards 
measures are developed and applied to our domestic nuclear industry to 
meet the specific conditions existing in this country. These conditions 
and the consequent measures adopted are not necessarily appropriate to 
the safeguarding of exported nuclear reactors and materials in other 
countries where different societal conditions and modes of operation may 
exist. Thus, U.S. practices, while useful as a reference base for evalua
tive purposes, are not regarded as an inflexible standard against which 
the adequacy of foreign safeguards must be judged.

Having discussed NRC's role in the nuclear export process, let me turn 
to our recently proposed export/import licensing regulations.

III. NRC's Proposed Export/Import Licensing Regulations

Beginning in January 1976, NRC undertook a comprehensive review of its 
nuclear export and import licensing regulations. On June 30, 1977, NRC 
published Part 110, a proposed new part to its regulations, entitled 
"Export and Import of Nuclear Facilities and Materials."

The basis purposes of the new Part 110 are twofold: first, to reflect
in NRC's procedures the basic differences between the Commission's export 

and import licensing responsibilities and its domestic licensing respon
sibilities; and second, to consolidate all of the Commission's export and 
import licensing provisions, presently scattered throughout the Commission' 
regulations, into one part for the convenience of the public -- both 
foreign and U.S.

Briefly, the proposed Part 110 includes:

(1) Required contents of export and import license applications;

(2) Procedures for review of export and import license applications;

(3) Exemptions from licensing requirements and grants of general 
licenses for export and imports;

(4) Substantive standards for grant or denial of export and import 
license applications;

(5) The Commission's relationship to Executive Branch agencies in 
nuclear export and import matters;

(6) Provisions for public notification of the receipt of export 
and import license applications;

(7) Procedures for public participation in the Commission's export 
and import licensing review process, including provisions for 
granting or denying requests for hearing and petitions for 
leave to intervene, and provisions for the hearings themselves;

(8) Provisions regarding access to, and introductions of, classi
fied information in hearings;
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(9) Procedures for rulemaking on nuclear export and import matters;

(10) Recordkeeping requirements for export and import licenses; 

and

(11) Enforcement actions concerning export and import licenses.

Most of the substantive provisions are incorporated, with minor revisions, 
from other parts of the Commission's regulations on nuclear exports and 
imports. However, the provisions in the new Part 110 regarding public 
participation in the Commission!s nuclear export licensing review process 
are different, for the most part, from the procedures used in the 
Commission's domestic licensing review process.

IV. Public Participation in Nuclear Reactor Export Licensing

Although the U.S. has conducted nuclear export activities for several 
decades, direct public participation is; a recent feature of this process.
In March 1976, NRC received the first petition requesting a hearing on a 
nuclear export license received by the Commission or its predecessor 
(the AEC). As a result of several such petitions and its own studies, 
the NRC has developed procedures for public participation in its export 
proceedings. There are two difficult issues in this area. The first is 
to identify the pub!ic which may participate in export proceedings; the 
second is to determine what kind of participation is appropriate in the 
nuclear export field.

A. Who Is the "Public"?

Probably the best way to define the "public" for purposes of this analysis 
is to exclude persons or groups possessing a specific private or official 
legal role in export licensing. On this basis the license applicant, 
federal agencies involved in the process, and the recipient government 
are not included in the "public". In the U.S. legal system, public parti
cipation usually means the taking of formal steps by individuals or groups 
not otherwise connected to an activity to influence the government's 
conduct on a specific subject. This direct, formal role distinguishes 
such participation from indirect approaches to influencing public policy 
such as the traditional legislative process.

The legal basis for public participation in the NRC's proceedings arises 
from section 189(a) of the Atomic Energy Act of 1954, which states that 
"In any proceeding under this Act ... the Commission shall grant a hearing 
upon the request of any person whose interest may be affected by the 
proceeding." In its domestic licensing proceedings, the Commission has 
adopted a liberal policy, permitting persons or groups raising issues 
about construction of nuclear power reactors to participate in such 
proceedings. Beginning two years ago, several groups interested in 
United States nuclear export policy argued that section 189(a) was not 
explicitly limited to proceedings within U.S. territory. They argued 
further that, if they could demonstrate the required interest in export 
proceedings, they were entitled to a hearing of the same type as in a 
domestic proceeding.

The legal concept of "standing" is used to test such asserted interests 
under U.S. law. The NRC has issued two major decisions on standing.
These decisions reflect the fact that in reactor export licensing there 
are potentially two "publics" which may be affected. In addition to the
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U.S. public, whose government must review export license applications, 

there is a "public" in the recipient nation, whose citizens will utilize 
the energy produced by the reactor and may reside in its vicinity.

The first Commission decision was issued in May of 1976, and involved 
a request by domestic U.S. environmental and public interest groups in 
a proposed export of nuclear reactor fuel to India. The petitioners' 
asserted interests in that matter were: (1) that the export would
frustrate U.S. non-proliferation objectives thereby jeopardizing U.S. 
national security; (2) that the health and safety of their members in 
the U.S. and in India were set at risk by the possibility that a nuclear 
explosive device using U.S.-supplied materials might be fabricated and 
detonated; and (3) that an impact statement was required under the 
National Environmental Policy Act before the export could be licensed.
In its Edlow International decision the Commission relied on "standing" 
tests developed by the U.S. federal judiciary. It denied standing 
because "[t]he nature of petitioners' interest has been shown to be 
highly conjectural, speculative and remote" and because the possible 
harm in the U.S. was "no more than a hypothetical and speculative 
'generalized grievance' shared in every respect by the entire domestic 
population of the country." However, as I will describe later, the 
Commission admitted petitioners to less-formal discretionary hearings 
modeled on procedures used by congressional committees. The Commission's 
Edlow decision was challenged in federal court by the petitioners shortly 
after its issuance. They alleged that the Commission had applied a 
standing test which failed to recognize their legitimate interests. The 
case has been awaiting decision by the United States Court of Appeals 
for the District of Columbia since December 1976. Perhaps, by the time 
this paper is delivered, the court will have acted.

B. What Rules Govern "Participation" in Export Proceedings?

Once the question of "who may participate?" in nuclear export licensing 
proceedings is answered, an equally difficult question remains. "What 
kind of procedures are appropriate in this complex and sensitive area?" 
Should export licensing follow the domestic model, and provide for 
highly structured procedures on the format used by law courts, or can 
the interests of intervenors, license applicants and the Commission be 
adequately served by less formal procedures? The NRC has answered these 
questions in several export decisions and in a new part of its regulations.

In Edlow International the Commission devised an approach which permitted 
the public to contribute views and information on export matters, but 
which also recognized that U.S. national security and foreign policy 
required different procedures than domestic licensing. As the Commission 
stated:

Adjudicatory procedures are well suited to the resolutions of 
concrete, factual disputes; broad public interests can be aired 
more appropriately and more effectively in an open public hear
ing of the type conducted by Congressional committees when they 
deal with similar issues.

In July 1976, the NRC heard two days of testimony from the petitioners, 
the Department of State and the Commission's own staff on issues raised 
by the petitioners. The lengthy administrative record of the hearing 
was utilized by the Commission in its formal decision granting the 
reactor fuel export to India.
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The Nuclear Regulatory Commission published a proposal to consolidate and revise 
its nuclear export licensing regulations in June 1977. The new regulations, contain 
procedures for future public participation in the Commission's export licensing 
proceedings paralleling the main features of those adopted by the Commission in its 
Ed low International decision. The main features of the regulations include:

Written Comments -- Persons interested in NRC export proceedings have 
always been able to file written comments. However, the new rules 
specifically make this procedure the first formal level of public 
participation.

Petitions —  Petitions must particularize issues to be raised, the 
contribution a petitioner expects to make, and the interest asserted.

Standing —  General principles of standing to guide the Commission's 
action are codified. Factors to be considered are: (1) nature of
the asserted interest; (2) its relation to an NRC licensing decision;
(3) the effect of any Commission order; and (4) whether the relief 
requested would redress the alleged injury.

Hearings —  Unlike domestic proceedings, conducted by NRC licensing 
and appeal boards, export proceedings will normally be conducted by 
Commissioners. However, the Commission may designate a person or 
persons to preside. In both the "written" and "oral" hearing format, 
cross-questioning is substituted for cross-examination, typically used 
in adjudicatory proceedings. This procedure allows participants to 
submit questions for response by other participants, which may be posed 
by the Commission or presiding officer after review for relevance and 
materiality. The regulations do not adopt formal devices for obtaining 
information by participants (such as written interrogatories). Also, 
no provision is made for subpoenas to compel attendance and testimony 
of witnesses or the production of evidence. Participants may make oral 
or written statements during the hearing.

NRC rules for public participation have been independently developed on 
the basis of the Commission's experience with interventions and the 
Commission's evaluation of its needs in the complex area of nuclear 
export licensing. The recently enacted Nuclear Non-Proliferation Act 
of 1978 (NNPA) also recognizes a public role in NRC export licensing. 
This reflects a general trend in U.S. law and policy toward expanding 
direct citizen participation in government decisionmaking. However, 
the Congress also explicitly ratified NRC's conclusion that trial-type 
hearings are not required for exports. Section 304 of the NNPA states 
that the Commission's procedures "shall constitute the exclusive basis 
for hearings in nuclear export licensing proceedings ... [and] shall 
not require the Commission to grant any person an on-the-record hearing 
in such a proceeding."

V. Statutory Licensing Requirements

A. Present NRC Standards for Nuclear Reactor Export Licensing

When the NRC was created in January of 1975, Congress provided no guid
ance in either the language of the Energy Reorganization Act or its legis
lative history on how the Commission was to exercise its export licensing 
responsibilities. The Commission's only guidance was contained in the
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Atomic Energy Act of 1954, which sets forth three licensing requirements. 
First, an export must take place pursuant to a valid agreement for 
cooperation in the civil uses of nuclear energy. The United States 
has agreements currently in force with twenty-eight foreign nations 
(seven of those are for research activities only) and with two inter
national bodies (IAEA and EURATOM). Determining whether a particular 
export is covered by an agreement is ordinarily a routine matter.

Second, nuclear exports which would be inimical to the U.S. public 
health and safety are also proscribed. It should be noted here that 
NRC has explicitly held in several export opinions that "the health 
and safety impact in foreign nations of exported nuclear facilities 
is outside the jurisdiction of the Commission." During the past two 
years, the Commission has not identified domestic U.S. health and 
safety effects from any reactor or material export.

Finally, the most significant inheritance from the 1954 Act is a pro
vision requiring the Commission to determine that particular exports 
not be "inimical to the common defense and security" of the U.S. The 
Commission has recognized that the sweeping "common defense and security" 
standard must be refined and particularized in its practical application. 
During its first year, NRC developed a set of primary concerns it felt 
essential to determining whether a proposed export was consistent with 
U.S. national security and foreign policy interests. The culmination of 
this process was the eight questions, first published in January 1976, 
which are submitted to Executive Branch agencies as a basis for analyzing 
specific export license applications. These questions were discussed 
in Part II of this paper. The questions have been used by the 
Commission in framing several formal export licensing decisions, includ
ing the shipment of nuclear reactors to Spain and the Federal Republic 
of Germany and reactor fuel to India and EURATOM.

В. New Congressional Export Licensing Criteria

Although the foregoing questions have provided an adequate analytical 
basis for nuclear export licensing, NRC has recognized the desirability 
of further congressional guidance and has actively supported inclusion 
of specific export criteria in the recently enacted NNPA. Such legis
lation was approved by the U.S. House of Representatives and Senate in 
February of 1978.

Various formulations of nuclear export licensing criteria were offered 
during the extended legislative debate on the NNPA. However, the 
following six criteria have been adopted for immediate application to 
U.S. nuclear exports:

(1) Application of International Atomic Energy Agency safeguards
to exported materials or facilities, and to any special nuclear 
material used in or produced through the use thereof.

(2) No export may be used for any nuclear explosive device or for 
research on or development of such devices.

(3) Maintenance of adequate physical security measures on exported 
materials and facilities.

(4) Prior U.S. approval for any retransfer of U.S.-supplied 
commodities.
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(5) Prior U.S. approval for reprocessing of U.S.-supplied nuclear 
material.

(6) No sensitive nuclear technology (reprocessing, enrichment, 
or heavy water technology) shall be exported unless the 
conditions in paragraphs (1) through (5) are applied to 
U.S.-supplied commodities.

The legislation contains a two years' exemption from the reprocessing 
and retransfer criteria for certain groups of nations which have agreed 
to negotiations detailed in another part of the legislation. A seventh 
criterion requiring application of IAEA safeguards to all peaceful 
nuclear activities within a country would enter into force between 
eighteen months and two years after enactment of the legislation. This 
latter criterion may be suspended by the President upon a finding that 
its application to a specific nation would "be seriously prejudicial to 

the achievement of United States antiproliferation objectives or otherwise 
seriously jeopardize the common defense and security." Such Presidential 
suspensions are subject to congressional review. The NNPA also mandates 
termination of U.S. nuclear exports to any non-nuclear-weapon state 
which: (1) detonates a nuclear explosive device; (2) terminates or
abrogates IAEA safeguards; or (3) is found by the President to have 
violated an IAEA safeguard agreement or any guarantee in an agreement 
with the United States. Termination is also mandated for any nation 
which: (1) materially violates an agreement with the U.S.; (2) assists
a non-nuclear-weapon state to develop nuclear explosives; or (3) agrees 
to transfer reprocessing technology to a non-nuclear-weapon state after 
enactment of the NNPA, except pursuant to an international arrangement.

It is no coincidence that NRC's eight questions bear a strong similarity 
to the new congressional criteria. Rather, it is because the common 
elements (e.g., IAEA safeguards, a no explosives commitment, and adequate 
physical security) represent central features of U.S. nuclear export 
policy, consistently applied for several years. The NNPA provides NRC 
with a detailed and comprehensive set of export licensing conditions. 
Although much contained in the legislation has been a feature of U.S. 
nuclear export policy for some time, enactment in statutory form lends 
concreteness to that policy and provides procedural framework and 
time-table for its implementation.

C. Environmental Considerations in Export Licensing

One additional licensing factor considered by NRC in its export licensing 
raises interesting issues of law and policy. In licensing domestic U.S. 
reactors, the National Environmental Policy Act of 1969 (NEPA) requires 
preparation of detailed environmental impact statements (EIS) before NRC 
may approve construction or operation of such facilities. In a typical 
case, this requirement involves preparation of a multi-volume document 
consisting of hundreds of pages of information and analysis assessing the 
environmental impact of the proposed action, delineating irreversible and 
irretrievable commitments of resources, and balancing the activity's costs 
and benefits. Various groups have recently argued that such statements 
must also be prepared before NRC may license a nuclear export.

The Commission's most comprehensive statement on the international scope 
of NEPA was issued on June 27, 1977, in its Babcock & Wilcox decision, 
involving a challenge to the proposed export of a power reactor to the
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Federal Republic of Germany by an environmental organization chartered 
in the FRG (Bürgeraktion Atomschutz Mittelrhein). After considering the 
Bürgeraktion contentions, the NRC determined that NEPA did not require 
preparation of an individual environmental statement assessing site 
specific impacts of the proposed reactor export on territory within 
the sovereign jurisdiction of a foreign government.

The Commission's decision was based on several factors. Initially, 
recognized principles of U.S. law deny an extraterritorial application 
to domestic statutes lacking a clear congressional intention. Second, 
in NRC's view, U.S. judicial decisions cited to support NEPA's foreign 
reach were unpersuasive. Third, the Commission believed that funda
mental considerations of international law and foreign policy (namely, 
principles of national sovereignty and self-determination) militated 
against preparation by a U.S. agency of statements concerning foreign 
environmental impacts. However, the Commission recognized an obligation 
under NEPA to analyze U.S. activities abroad which could impact on the 
global environment or within the U.S. (An obvious example would be 
export of a reactor to be located near a U.S. border, and which might 
pose health and safety risks to the U.S. population.)

Notwithstanding the Babcock & Wilcox decision, the issue of NEPA's 
international reach was still being debated within the U.S. government 
at the time this paper was prepared. In early January, the Council on 
Environmental Quality (CEQ) —  part of the Executive Office of the 
President -- sought federal agency views on proposed regulations 
extending NEPA to U.S. actions affecting foreign nations. Preliminary 
indications suggest a division between federal agencies on the wisdom 
of the proposed regulations and on CEQ's legal authority to bind other 
agencies on the issue. This latter point is of particular interest to 
NRC, an independent regulatory agency outside the Executive Branch of 
the U.S. Government. By the time this paper is delivered, NEPA's 
applicability to the nuclear export licensing process may have been 
clarified.
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DISCUSSION

J.A. ANGELO: What is your opinion on the role of popularist opinion versus 
experienced task force opinion in establishing major policy alternatives? I am 
thinking, for example, o f the area o f nuclear technology export.

C.R. STOIBER: That is an extremely difficult question to answer, since it 
raises the fundam ental issue of how decisions on complex scientific and techno
logical m atters are made in democratic societies. We have to  recognize that no 
completely successful mechanism has yet been developed for reconciling expert 
private inform ation with public understanding and support. In the United States 
of America several avenues have been explored in this regard. Public interest
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groups have brought such issues before the courts, seeking judicial solutions to 
problems of nuclear power. The Nuclear Regulatory Commission itself has 
developed a complex system o f public proceedings in the licensing area in order 
to lend an ear to  the views, inform ation and analyses o f public groups. However, 
the chief mechanism in m ost modern societies is the legislature, which confers 
authority  to  act on behalf o f the nation in m atters o f national im portance. It is 
therefore incum bent upon technical experts in a certain area to  educate the 
legislator as well as the public, so that the relevant decisions will be taken in the 
most informed manner. One particular approach to  the nuclear issue that has 
been employed in the United States is the so-called ‘nuclear initiative’. California, 
among other States, set store by the general election ballot in June and 
November 1976, which allowed the public to express its views on the future of 
nuclear power in that State. Generally speaking, the votes reflected a serious 
attem pt by the public to  comprehend the given issues. In the final analysis, 
w ithout such public understanding and support no social policy can be successfully 
implemented.

P. HA-VINH: How would the Nuclear Regulatory Commission process an 
export licence application in the case o f a country which had m et its obligations 
as a party to  NPT, had concluded supply arrangements under a valid co-operation 
agreement w ith the United States, but years before the new American non
proliferation legislation, and to  which the issue o f an export licence pursuant to 
such arrangements had been considerably delayed under the United States licensing 
procedure? In o ther words, are the new export criteria to  be applied retroactively 
and, if  so, would that not be regarded as a departure from the principle of bona 
fide fulfilment o f contractual commitments? Furtherm ore, would it not also 
infringe the undertakings entered into by agreement at governmental level?

H.K. SHAPAR: Supply arrangements are not affected by any decisions 
taken by the Nuclear Regulatory Commission regarding nuclear exports. This is 
true now and will be equally true when the new law is put into effect. Further
more, the supply arrangements themselves provide for the possibility o f sub
sequent m odifications in the relevant legal requirements.

C.R. STOIBER: I would like to  add, more specifically, that all agreements 
on co-operation in the civil uses o f nuclear energy between the United States and 
recipient countries contain a clause making the im plem entation o f subsidiary 
arrangements (such as supply contracts) subject to the laws, regulations and 
licensing requirem ents in force in the respective countries. This provision, which 
is accepted by the recipient country during negotiation of the agreement, 
recognizes that changes in the national legislation of the parties concerned may 
occur and would have to  be taken into account in future co-operative activities. 
Since agreements are normally effective for 30 to  40 years, provisions relating 
to changing circumstances (consistent with the familiar international principle 
o f rebus sic stan tibus) are commonly included in international treaties and agree
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ments. The need for such provisions has been accepted by both recipient and 
supplier governments. The Nuclear Non-Proliferation Act o f 1978 is the type of 
domestic law envisaged in United States agreements, and imposition of the licensing 
criteria contained in the Act is fully consistent with such agreements.
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Abstract

EXPERIENCE WITH THE EXPORT OF NUCLEAR POWER PLANTS.
This paper deals with recent experience A tom ic Energy o f Canada Lim ited has had w ith 

the  developm ent and im plem entation of nuclear projects in the Republic o f Korea and 
Argentina. For the convenience of the readers, A tom ic Energy of Canada Lim ited will be 
abbreviated as AECL for the rem ainder o f  the paper. This paper does no t cover the  earlier 
generation of AECL projects in India, Pakistan and Taiwan.

Not much has to be said here about the successful implementation of the 

Pickering Station in collaboration with Ontario Hydro, however, many of 

the lessons learned during the design, construction, and operation of 

this station has helped significantly on the design of a new generation 

of standardized systems in the 600 MW rating. AECL has set up an 

independent design office in Montreal which is solely devoted to the 

600 MW projects.

Two provinces in Canada became interested in this new 600 MW reactor and 

Hydro-Quebec became the first customer to purchase a unit with the antici

pated projection of several additional units on the same site. This 

reactor is now internationally known as Gentilly-2, and its construction 

is well on the way to completion.

The New Brunswick Electric Power Commission became the second domestic 

customer with their Point Lepreau station. The difference between the two 

stations is mainly the condenser cooling method which is sea water for 

Lepreau and fresh water for Gentilly-2. When the two stations were 

purchased by these domestic customers, AECL provided the engineering for 

the nuclear part of the plant, as well as a large part of the necessary
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purchasing activities for parts such as the calandria, steam generators 

and major pumps. The balance of plant design and construction of these 

plants was undertaken by the customers on their own, by separate con

tracts.

At approximately the same time that these domestic contracts became ef

fective, countries like the Republic of Korea and Argentina became 

interested in the 600 MW CANDU system. Both countries had had earlier 

experience with other types of reactors. In the case of the Republic 

of Korea, a light water reactor was under construction at the time of 

negotiations. In Argentina, a heavy water reactor from Germany was 

purchased by the Comisión Nacional de Energía Atómica.

A series of contract negotiations started with both countries. Apart 

from the fact that each country was interested in purchasing the unit, 

both the Republic of Korea and Argentina also had longer range plans 

to build future stations on their own. Coupled with this wish for the 

acquisition of technical knowhow was the optimization of participation 

by domestic industry. After a series of negotiations, the Contracts 

with Argentina and the Republic of Korea became effective in April 1974 

for Argentina, and January 1976 for the Republic of Korea.

The Contract which was signed with the Comisión Nacional de Energía 

Atómica, hereafter referred to as CNEA, was renegotiated on February 19, 

1977, because of the unusually high inflátion rates experienced in 

Argentina and Canada immediately after the contract became effective 

which made it impossible to continue on the original contractual basis. 

The contract with CNEA is for the supply of the entire power station. 

AECL and Italimpianti formed a consortium for the implementation of the 

project.

In the case of the Republic of Korea, the Contract is with the Korean 

Electric Company, and AECL carries the management responsibility for 

the total station, whereby some of the major components such as the 

turbine-generator, feed water system, and switchyard are supplied from 

the United Kingdom.

In order to make the presentation more meaningful, it has been necessary 

to carry you through this somewhat lengthy preamble.
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The problems associated with the export of nuclear power plants are 

many, and to cover them all would take us far beyond the limit of this 

presentation. The intent of this paper is to cover three major factors 

which have affected and still affect the implementation of the projects:

A) Source of supply: (a) Canada

(b) Customer's Domestic Industry

B) Response by Domestic Industry to Special Requirements

C) Awareness of Local Requirements by Engineering.

The locations of each of the foreign 600 MW projects which AECL has sold 

to date are far removed from each other, not only in physical distance 

but also with respect to local customs, history, and what is more 

important, industrial infrastructure.

Argentina is well developed as an industrial nation, and it has the 

capability of producing a wide variety of products. However, one of the 

major aspects of the problems associated with building a foreign project 

is the recognition of what this real capability is, and in particular how 

it can accommodate the stringent requirements of the nuclear industry.

In the case of AECL, no prior knowledge was available regarding the 

Argentinian potential, and much of this had to be built up during the 

negotiation period. This was also the case for the Republic of Korea 

and even then it could only be a superficial recognition of the real 

potential. Processes such as requesting bids could not be initiated 

during the negotiation period.

The road to actual implementation of a foreign nuclear power plant is in many 

cases a difficult and painful one. Suddenly a segment of Canadian 

industry is introduced into a completely foreign environment, which if 

being done for the first time, results in a wide range of problems.

Not only does the domestic supplier have to be taught, but the support 

groups in Canada have to allow for problems resulting from development 

of foreign suppliers. Ideally, with thß exception of the major part of 

the civil works, it would be preferable to bring all components from 

Canada since the source of supply is known. However, as explained 

earlier, the customer requires that a significant part will be supplied 

from his own domestic industry. AECL wants to support this request to 

the maximum within contract limits but sometimes it is found that by 

changing from Canadian to domestic suppliers, quality or schedule may
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be jeopardized. With the best of intentions, the first time always 

presents a number of unforeseen problems. The process of developing a 

nuclear industry capable of producing a highly sophisticated product 

such as we have in Canada is difficult, and takes the identification of 

a continuing program and years of hard work.

To transfer this system or parts of it without major problems is very 

nearly impossible. For the construction of nuclear power plants we 

need highly sophisticated procedures which often are not understood by 

the industry in the customer-country. During contract negotiations, a 

one hundred percent knowledge of the customer-country industry is not 

available, and the schedule, therefore, is based on what is possible in 

Canada with some known adjustments. AECL has undertaken to incorporate 

the domestic industry of the customer's country. For instance in 

Buenos Aires, AECL has a large engineering staff and extensive communi

cations are maintained with the Canadian office in order to assess the 

capability of each new supplier. In the case of the Argentine project, 

both parties sat together and negotiated a list of components which 

should be supplied from Canada or Argentina and with a few exceptions 

from other countries. From the agreed-to list, the appropriate enquiries 

were sent to Argentine industry for supply, however, in a number of cases, 

it has been found that notwithstanding earlier positive indications a 

supplier would pull back once he was confronted with the specific require

ments. Fortunately, in many cases, because of the present heavy purchas

ing which is being undertaken for other stations, it was possible to 

accommodate most of the requests to purchase in Canada. It must 

be appreciated that this causes constant uncertainty about the daily 

workload and the effect on schedule. However, despite these problems, 

we are most pleased with the efforts and cooperation of CNEA in resolving 

them.

The problem described above diminishes as the project matures and, should 

a second unit be built,a much better appreciation will have been obtained. 

As mentioned earlier, AECL has made a substantial effort in dispatching 

experts to Argentina to assist in getting the new supplier educated in the 

requirements for a nuclear station. But it is not only the supplier of 

components,it is also the constructor at site who has to be brought up to 

date with Canadian practices. AECL realized that something special had 

to be done in this area.
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It was recognized that the contractors in both the Republic of Korea and 

Argentina could not be expected to be familiar with Canadian practices.

It was also felt that to have the potential contractors in uncertainty 

until the actual bidding process started, would work against the better 

interest of the project as a whole. AECL, therefore, prepared an ex

tensive seminar that was used to update potential constructors from abroad 

in the special problems associated with the construction of a CANDU plant. 

The basic seminar covers a three-week period during which the specialized 

erection methods are shown as well as many of the basic quantities involved. 

The philosophy is that it will condition the potential contractors to the 

problems that they will face.

AECL has received representatives from both the Republic of Korea as well 

as Argentine contracting firms. The feedback that has been received from 

the seminars has been V2ry good.

Not only did the seminar help the potential contractors, it also helped 

AECL in a better understanding of the country it is operating in.

As mentioned earlier in this presentation,both the governments of 

Argentina and the Republic of Korea insisted on greater participation by local 

industry. This desire is very well understood and AECL has been, and is 

trying to accommodate this request, however, it creates many problems 

which had not been considered in the original contract. However, the 

scope of participation increases far above what was indicated during 

early and even final contract negotiations. The effect that this request 

for change in scope resulting from the government's insistence to include 

more of the local industry has been a major stumbling block during the 

execution of the project. It puts an extra heavy drain on the main office 

engineering support which was not scheduled for and more of an awareness 

of the local conditions has to be introduced over a larger segment of 

the engineering offices.

In Argentina, and specifically Buenos Aires, AECL has set up a sizeable 

engineering office to follow up on all the local engineering effort.

Many of the personnel in that office came from the main office in Canada.

It is possible to circumvent many of the problems but not all of them. 

Whatever mechanism is used the first time around carries with it a series 

of penalties, large and small. Often it is difficult for the customer to
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understand how much such changes in scope affect his project. The whole 

process of the execution of a projec; is a delicate one, whereby the effort 

to be expended is carefully weighed in the beginning and the pricing is 

done according to ground rules set up during the negotiation stages. Those 

on the outside often feel that changes in source can be accepted 

without major penalties in cost and schedule. However, the subsequent 

experience proves differently, and in a few cases during the 

manufacturing stage of major components it has happened that manufacture 

according to the original plan was not possible. Very often it is the 

over-estimation by the local manufacturer of his own capabilities that 

leads to problems regardless of the extensive surveys made before an 

order is given. The process of incorporating domestic industry in the 

manufacture of sophisticated equipment should be done gradually. Too 

much compression at the beginning of the project can only lead to major 

problems during the execution of the project. As already explained, the 

real knowledge about the local market only develops during the execution 

of the first project and during this period outside influences such as 

the development of a local industry should be kept within reasonable limits 

when contractual pressures exist with reference to schedule and warranties.

On the other hand it is important to note that there are a great number of 

cases of over-caution by some in using local industry. Many products can 

be supplied locally of a quality equal to that available in Canada. It 

is this recognition of where the dividing line lies that makes it diffi

cult to accept a blanket change on source of supply. It is the more 

sophisticated contracts where caution is required. As mentioned earlier, 

AECL has gone far in accepting local industry of both the Republic of 

Korea and Argentina as suppliers of components and material for the 

respective local projects.

We have talked a great deal about change in source of supply. At this 

time a little more should be said about the local contractors. In setting 

up a contractual schedule for the total project, little is known about 

local production rates especially in comparison to those experienced in 

Canada. Of course similar projects in the customer countty can be 

relevant, but the information is still only a vague indication, since 

detailed knowledge about the circumstances leading to certain completion 

dates are unknown. In our own case, no 600 MW CANDU station had been 

built anywhere in Canada or abroad at the time of contract negotiation
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and a large effort had to be expended to prepare a schedule from the 

known elements available from stations of other ratings and often multiple 

units. This required a much more extensive review of each of the possible 

detailed operations in order to generate a meaningful construction 

schedule. As mentioned earlier much depends onlthe productivity of the 

customer country in determining whether it is possible to maintain the 

projected schedule. It is, therefore, of great importance to place 

contracts with local contractors as early as possible in order to allow 

for the renegotiation and adjustment of detailed schedules which have been 

submitted from Canada. It is in this connection that AECL felt it so 

important to prepare a seminar for the potential contractors' senior 

personnel. The project in Argentina has been affected by circumstances 

beyond the control of AECL which delayed the total effort up to the 

conclusion of the renegotiation. Once the renegotiations were concluded 

and the project regained-its momentum,the schedule could be firmed up.

At present negotiations for the major erection contracts are underway. 

Results so far have been encouraging and the movement of the calandria, 

steam generators, pressuriser, and stator, as well as the civil works 

have been indicators of what can be accomplished when the works are well 

planned and the contractor has a good understanding of what's expected 

from him. As a matter of fact, for the movement of the major components 

in Argentina the local contractor has employed unique methods of trans

portation never used anywhere else before. In order to avoid having to 

shore up the many bridges along the busy transportation route from the 

port to the site, a special movable bridge structure was made that went 

ahead of the main convoy. The heavy components crossed the movable 

bridge rather than the permanent bridge structure. Methods such as this 

have saved the project many valuable hours and unnecessary costs, not 

only in the area of transportation but also in the area of civil works.

This is one of the indications which have shown that the contractors in 

Argentina are capable of handling major works. The more difficult and 

sophisticated parts of the heavy components along with piping installa

tion work will pay off by a good understanding of what is needed. For 

the Republic of Korea the picture is still somewhat different since 

construction has not yet advanced as far. The present stage of that 

project is that much groundwork has been done and the form work for the 

base is being put into place. The project in Korea was adversely af

fected in the beginning by very difficult geological conditions. It 

has taken more time than expected to determine the final location of
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the plant. Also, in Korea it has been found that with proper prior 

instruction, the contractors are capable of performing well within 

targets laid out earlier in Canada. It is this early involvement with 

the local contractors that will pay off later during the execution of 

the project. Because of early dialogue the shortcomings in the transfer 

of information to the potential contractor came to light in time to be 

corrected before the field work is affected.

AECL has extended the invitation to its customers for training of their 

personnel and already a good number of such personnel are stationed 

throughout the organization so that all aspects of the project can be 

learned. Also at the operational end such as construction management,

AECL encourages participation by customer personnel. By this direct in

volvement the customer obtains a much better understanding of how his 

station has been built and what the real problems were during constrac- 

tion.

For AECL the start in the new market areas became more difficult in 

comparison to some other large corporations which work internationally. 

AECL had no local representatives or offices having a good prior in

sight into local conditions. AECL has no worldwide sales organization 

to fall back on and therefore much information had to be generated 

from the start based on no prior knowledge. This lack of detailed 

knowledge about local construction had to be compensated for over a 

short period of time by an intensive investigation of the market during 

the early phases of the project. Again actions which were undertaken 

such as the seminar for the potential contractors were aimed at obtaining 

a better insight into the local conditions and to generate the foundations 

for future work.

Another area where AECL found itself needing reinforcement was the staff

ing of international operations. In recognition of this fact AECL has 

contracted for the attachment of qualified outside staff in the project 

management teams for both projects. This was necessary to augment exist

ing staff with personnel experienced in foreign operations. AECL has 

been successful in attracting such personnel, and at present a significant 

number of them are working side-by-side with AECL staff. However, there 

is still one major factor that is affecting the operation and makes 

management difficult. We are hampered by the lack of understanding of
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the local language and customs. As much as possible we employ local 

personnel or Canadians knowledgeable in the foreign language. The 

potential unfortunately is very limited especially for Korea. AECL has 

been more successful in Argentina where a great number of AECL staff 

have been attracted from within the country. It is not only the language 

and customs that is a barrier, it is also the local business practices. 

Should an individual ignore this and insist on Canadian comparisons, he 

will isolate himself and make his existence in the foreign country 

extremely difficult. Personnel are encouraged to integrate as much as 

possible without losing their own identity.

Of course,as mentioned earlier, the preceding gives only some of the 

many problems which can and will affect the project. However, it was 

felt that these are some of the more serious problems which can affect 

the total project and have a far-ranging impact if not taken care of 

immediately. We could have talked about details such as timely delivery 

of important engineering documentation and the like. But these are 

well-known aspects of a project. In this paper we wanted to touch on 

some of the other aspects not so often talked about which can adversely 

affect a project.

Finally., for foreign projects it is of utmost importance to have a full 

understanding of all local conditions which affect the work of the 

engineering groups in the main engineering and purchasing areas in Canada, 

so that their effect can be allowed for early in the design and procure

ment cycles. Often, engineering and purchasing will proceed on purely 

Canadian practices and thereby will lose appreciable time and money when 

it becomes necessary to correct for actual local conditions. An important 

role has to be fulfilled in this area by the project office which must 

ensure the proper flow of additional information to the engineering and 

purchasing offices. A constant scanning of the project is required 

with regular reviews to ensure that local conditions are well understood 

by everyone. Perhaps it speaks for itself but it must be said here again. 

The full understanding by everyone in the AECL organization about the 

conditions in the customer country will pay off during execution of the 

project. It is not only an educational process for the customer but it 

is also a process of education for the home office staff in the difficult 

conditions the Company faces overseas and, therefore, within AECL a 

better understanding will be promoted amongst senior staff about each
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of the foreign projects on hand. Frequently, only the more exciting 

aspects of a project become known and as colourful as they may appear, 

they tend to hide many of the aspects which have a serious impact on 

the project. It is therefore so important to approach the information 

chain systematically so it will be listened to and its effect absorbed 

in the engineering effort and all other contributing departments.

T h is  p a p e r  h a s  em p h asized  some o f the problem s associated with off-shore projects.

I should conclude by saying that these are welcomed challenges, for in the 

resolution of them, both Canadian companies, including AECL, and organ

izations abroad grow in capability and experience. It is also gratify

ing when through the combined efforts of AECL and the local company, a 

significant contribution is made toward the success of the total project 

with which both can be identified. It is these moments of achievement 

that make these efforts rewarding.

DISCUSSION

M. ROSEN (Scien tific Secretary): If I might ask a somewhat naive question, 
what is your biggest problem and, given the chance, what would you do 
differently?

A.R. KAHREL: I am afraid that is a difficult question to  answer briefly in 
view o f the com plexity o f the m atter. Within the context o f my paper the 
answer to  your question would be thorough knowledge of the true potential o f 
the Argentine industry. For the next project it will be essential to  have a very 
early review o f this potential.

F. ALBISU: You have told us what the Canadian approach to a new project 
o f a similar kind would be. I would now like to  ask what changes you think 
the Argentines or Koreans would like to  see in a new project.

A.R. KAHREL: Well, I don’t think that we at AECL can answer that 
question, since it is obviously for the customer himself to decide on future plans.
I assume, however, there would certainly be a desire for more Argentine or 
Korean involvement in the project.

O.J. QUIHILLALT: Perhaps I can say a few words on how Argentina would 
approach national participation in the case of a new nuclear power plant. Firstly, 
we would make use o f  experience acquired through the construction o f the 
Atucha and Córdoba nuclear power plants, although not all o f it would necessarily 
be applicable and one would have to  take into account the specific conditions 
(internal and external) prevailing at the time o f the decision to contract for the 
new plant. I have in mind such factors as the progress made in local industrial
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capability, availability or lack of foreign exchange, the approved nuclear power 
plant programme and its stage of im plem entation, financing from abroad for local 
purchasing, industrial production coordinated with that o f  the country o f origin 
of the main supplier, agreements on transfer o f technology, type o f contract, 
opportunities for training in the case o f jo in t projects, and so on.

With regard to  the type o f contract, there would certainly no longer be 
interest in turnkey contracts, as it has been definitely shown by experience that 
greater responsibility on the part o f Argentina in the execution and management 
of the work would be possible.

L.,GILLON: Mr. Kahrel, with regard to  the power plant under 
construction in Argentina, can you say what proportion o f the total cost, 
including that represented by heavy-water and fuel, may be spent there and what 
proportion is transferred to Canada?

A.R. KAHREL: I do not have the figures with me, but in any event the 
whole m atter is under review at the m om ent by AECL.

Y. NISHIWAKI: You stated that the Korean project was adversely affected 
at the beginning by very difficult geological conditions. What exactly are these 
conditions? Was the difficulty due to  the seismicity o f the site or to some other 
geological feature making it difficult or undesirable to set up the reactor there?

A.R. KAHREL: Not being a geological expert, I cannot tell you exactly.
All I know is that the period o f a few m onths originally planned spilt over into 
more than a year o f site investigation work. It proved necessary to  test several 
different locations within the site boundary before the final location was 
determined.
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Abstract-Résumé

EFFECT OF LOCAL CONTRIBUTIONS ON THE CONTRACTUAL RESPONSIBILITIES 
OF A FOREIGN SUPPLIER O F NUCLEAR POWER PLANTS.

When a foreign con tractor is called upon to  supply and construct an industrial un it, he 
is usually required to  make the fullest use o f the various local facilities available; the dual 
purpose of this is to  utilize and develop these local resources and to  lim it expenditure o f 
foreign exchange. This requirem ent is all the  m ore definite when the  industrial u n it to be built 
is a nuclear power p lant — the long construction  period additionally stim ulates the developm ent 
of local capability in a technological field th a t is new and of undoubted  im portance for the 
future. Nuclear exporters appreciate the validity of this requirem ent and are willing to 
incorporate m axim um  local con tributions in to  the execution o f nuclear pow er p lant contracts 
undertaken by them . It would no t be reasonable, however, in such cases for the im porters to  
consider themselves entitled to  dem and th a t the exporter’s liabilities are the same as those 
sanctioned by usage in in ternational contracts for industrial units. It is norm al for the exporter 
to  retain  sole basic responsibilities of a technical nature, i.e. responsibilities th a t cannot be 
shared w ithout in fact leading to  general irresponsibility; this covers the basic studies and 
verification o f the construction  studies, compliance with safety regulations imposed by the 
authorities o f the im porting country , verification to  ensure compliance with the applicable 
codes and standards bo th  a t the tim e o f m anufacture o f the equipm ent and upon installation 
thereof, proper im plem entation o f quality assurance program m es, and the achievem ent o f the 
specified technical perform ance. Conversely, the incorporation  o f local contributions makes it 
legitimate for the co n tracto r’s responsibilities to  be m itigated and shared w ith the im porter in 
two basic contractual areas — deadlines and cost. This is especially true since the highly technical 
nature and quality  o f nuclear projects, together with their p ro tracted  deadlines fo r com pletion, 
often make it impossible in num erous countries to  be fully certain, at the tim e o f signing a 
contract, what the local con tributions in kind, volume and m oney will be.

INCIDENCE DES APPORTS NATIONAUX SUR LES RESPONSABILITES CONTRACTUELLES 
D’UN FOURNISSEUR ETRANGER DE CENTRALE NUCLEAIRE.

Lorsqu’il est fait appel à un en trepreneur étranger pour la fourniture et la réalisation d ’un 
ensemble industriel, il lui est le plus souvent demandé de faire appel au tan t que possible aux 
divers m oyens nationaux, ceci dans le double bu t d ’utiliser et développer ces m oyens nationaux , 
et de lim iter les dépenses en devises étrangères. Cette dem ande est particulièrem ent prononcée 
lorsque l’ensemble industriel à réaliser se trouve être une centrale nucléo-électrique: son long
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délai de réalisation incite en effe t plus encore à développer à cette occasion des capacités 
nationales dans un dom aine technologique encore nouveau e t certainem ent d ’avenir. Les 
exporta teurs nucléaires com prennent le bien-fondé de cette  demande et sont donc disposés à 
incorporer le m axim um  d ’apports nationaux dans l’exécution des contrats de centrales nucléaires 
qui leur sont confiés. Il ne serait cependant pas raisonnable que, dans de tels cas, les im portateurs 
se croient fondés à exiger que les responsabilités de l’exporta teu r dem eurent celles que les usages 
ont consacrées pour les con tra ts in te rnationaux d’ensembles industriels. Il est norm al que 
l’ex p orta teu r conserve à sa seule charge les responsabilités techniques fondam entales, responsa
bilités qui ne peuvent être partagées sans conduire de fait à une irresponsabilité générale: ceci 
couvre les études de base e t le contrôle des études de réalisation, la conform ité aux règles de 
sûreté imposées par les autorités du pays im portateur, le contrôle du bon respect des codes et 
norm es applicables tan t lors de la fabrication des équipem ents que lors de l’exécution  de travaux, 
la bonne application des program m es d ’assurance de qualité, l’ob tention  des perform ances 
techniques garanties. Par contre, l’incorporation  d’apports nationaux justifie que les responsa
bilités de l’entrepreneur général soient atténuées et partagées avec l’im porta teur dans deux 
dom aines contractuels fondam entaux, celui des délais et celui des prix. Ceci d ’au tan t plus que 
le hau t degré de technicité e t de qualité des réalisations nucléaires comm e leurs larges délais 
de réalisation rendent très souvent impossible, dans de nom breux pays, l’appréciation valable, 
à la date de conclusion d ’un con tra t, de ce que seront réellem ent les apports nationaux, en 
nature comm e en volume et en prix.

PRINCIPALES RESPONSABILITES CONTRACTUELLES DES EXPORTATEURS 
D’ENSEMBLES INDUSTRIELS

Au cours des vingt dernières années, de nom breux pays ont fait appel à des 
firmes étrangères pour leur confier la fourniture et la réalisation d’ensembles 
industriels complets. La rédaction des contrats correspondants s’avère toujours 
délicate car, si elle met en jeu certaines notions de droit, elle fait plus encore appel 
à des usages internationaux qui, tou t en étant bien connus des spécialistes, 
c’est-à-dire principalement des vendeurs, ne sont malheureusement pas codifiés 
par des publications faisant autorité auprès de tous, et en particulier auprès des 
acheteurs.

L’essentiel de ces contrats ne réside pas tan t dans la description technique 
de l’ensemble industriel fourni que dans la définition des diverses modalités de la 
fourniture et plus particulièrem ent dans la définition très précise des diverses 
responsabilités contractuelles assumées par le fournisseur. Ces responsabilités 
contractuelles s’énoncent sous forme de garanties, elles-mêmes cautionnées par 
des sanctions et obligations; elles sont fondam entalem ent les suivantes:
— les performances techniques garanties, dans des conditions définies d’essais de 

réception;
le bon respect des règles, codes et normes de conception et de fabrication et, 
dans le cas particulier du nucléaire, la bonne application de règles de sûreté et 
de programmes d’assurance de qualité;
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— la qualité intrinsèque des matériels fournis qui, on le sait, doivent être 
«dépourvus de to u t vice ou défaut de conception, matières, fabrication, etc.» ;

— le respect des droits de propriété industrielle des tiers;
— le respect des délais de fourniture et réalisation, qu’il s’agisse de délais globaux 

ou de délais partiels, élémentaires;
— et enfin les responsabilités en matière de prix, qui peuvent se traduire en des 

schémas contractuels extrêm em ent divers, allant de toutes les formes du cost 
ou du cost + fee  jusqu’aux prix forfaitaires non sujets à révision par indexation 
aux conditions économiques.

INCORPORATION D’APPORTS NATIONAUX DANS LES CONTRATS DE 
FOURNITURE D’ENSEMBLES INDUSTRIELS

Dans ces contrats, on a vu et on voit de plus en plus le pays im portateur 
souhaiter et imposer qu’il soit fait un appel aussi large que possible à ses ressources 
nationales dans tous les domaines, c’est-à-dire tan t en matière d’études et de 
fourniture de matériels e t équipements qu’au titre  de l’exécution des travaux de 
génie civil et des divers travaux de montage, sans oublier le recours aux compagnies 
nationales d’assurances ou de transport maritime. Le bien-fondé de ces demandes 
se comprend aisément puisque, outre l’emploi et le développement des moyens 
nationaux, elles visent très souvent à éviter d’inutiles dépenses en devises étrangères.

Il est de ce fait devenu de plus en plus rare qu’un ensemble industriel nouveau 
soit im porté dans sa totalité; il y a presque toujours une participation nationale 
très sensible, et tous les exportateurs se conform ent bien volontiers à cette 
évolution des choses.

Mais on doit constater que la formule de l’im portation à 100% est celle qui 
perm et de m ettre à la charge du seul fournisseur la totalité des responsabilités 
contractuelles, et les acheteurs ont tellement apprécié cette concentration des 
responsabilités sur un tiers qu’ils en sont venus à souhaiter et espérer qu’elle pour
rait n ’être en rien altérée par l’incorporation dans les contrats, à leur demande, 
de ce que nous appellerons les apports nationaux.

Bien sûr le client est roi et, à ce titre, a toujours raison; mais il ne faut pas se 
limiter au simple problème de la forme des rédactions contractuelles, trop souvent 
résultat du compromis ou de la nécessité, et il faut se demander en quoi l’inter
férence toujours grandissante des apports nationaux peut altérer en profondeur 
les responsabilités contractuelles usuelles du fournisseur étranger d ’un ensemble 
industriel.
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CAS PARTICULIER DES CONTRATS DE REALISATION DE CENTRALES. 
NUCLEO-ELECTRIQUES

Cette question est tout particulièrem ent délicate lorsqu’est en jeu la 
réalisation d’une centrale nucléo-électrique, c’est-à-dire d ’un ensemble industriel 
se singularisant par trois caractéristiques particulières:

— la technologie mise en oeuvre est encore nouvelle; codes, normes et règles 
de sûreté sont encore très changeants, même dans les pays les plus avancés, et 
souvent encore mal définis dans les autres; une autre conséquence en est que, 
dans de nom breux pays, les hommes comme les industries n’ont pas d’expérience, 
même s’ils ont la qualification de base nécessaire;

— la technologie mise en oeuvre est très élaborée et exige un haut degré de 
fiabilité: le problème d’accès à une technologie neuve se double d’un problème 
d’accès à une technologie difficile; en particulier, les obligations d’assurance de 
qualité constituent une très lourde contrainte qui n ’a pratiquem ent d ’équivalent 
que dans l’aéronautique;

— le délai de réalisation d ’une centrale nucléo-électrique est particulièrem ent 
long; il est donc très difficle pour tous d’apprécier valablement, à la date de 
signature d’un contrat, ce que pourront être dans les six à sept années suivantes 
les capacités réelles d ’intervention d’une industrie nationale encore en voie de 
développement.

L’objet de ce mémoire sera donc d’examiner les différents domaines dans 
lesquels des apports nationaux peuvent être envisagés lorsqu’il s’agit de réaliser une 
centrale nucléo-électrique, et de constater en quoi les responsabilités contractuelles 
du fournisseur principal peuvent, en chaque cas, être altérées.

PARTICIPATION AUX ETUDES

La charge des études de base, c’est-à-dire celles qui définissent et conditionnent 
le procédé, ne peut pratiquem ent pas être partagée entre plusieurs sans risque de 
m ettre en cause les responsabilités techniques les plus fondamentales. Ces études 
de base constituent d ’ailleurs la raison principale du recours à un fournisseur étranger.

Il est cependant tou t à fait concevable qu’une part plus ou moins im portante 
des études détaillées de réalisation soit confiée à des sociétés locales désireuses 
d’acquérir des compétences dans le domaine nucléaire, qu’il s’agisse de sociétés 
déjà actives dans d ’autres domaines et soucieuses d ’aborder une nouvelle techno
logie, ou de sociétés nouvelles à vocation purem ent nucléaire.

L’apport local au niveau de l’engineering est parfaitem ent envisageable s’il 
n’apporte pas un éclatement de la responsabilité technique et s’il demeure à cette 
fin bien soumis à la seule responsabilité du fournisseur principal, c’est-à-dire à son 
contrôle et à son approbation permanente.
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A quelles difficultés risque-t-on de se heurter en un tel cas? Simplement au 
fait que la compétence insuffisante et le manque d’expérience de l’engineering 
local fassent que ses études doivent être reprises plusieurs fois jusqu’à complète 
satisfaction de leur unique responsable technique, c’est-à-dire l’exportateur, ou 
même corrigées et complétées par lui. Sont en jeu , dans un tel cas, des risques de 
retards ou de majoration des coûts; mais si l’exportateur assure bien avec toute la 
rigueur nécessaire sa tâche de contrôle, il ne peut prétendre à une quelconque 
réduction de ses responsabilités techniques.

NORMES DE CONCEPTION ET REGLES DE SURETE

La question des normes de conception et des règles de sûreté nucléaire appli
cables constitue l’un des points les plus délicats de la rédaction d’un contrat de 
fourniture de centrale nucléo-électrique, car cette question ne peut être tranchée 
par la seule volonté commune des parties signataires; elle relève uniquem ent des 
exigences des autorités de sûreté nucléaire du pays de réalisation. Or bien des 
pays, encore «neufs» dans le domaine nucléaire, ne disposent pas d’un ensemble 
parfaitem ent défini de normes et règles de sûreté nucléaire, et ce sont justem ent 
ceux-là qui font le plus appel à des fournisseurs étrangers.

Se référer aux règles de sûreté nucléaire applicables dans le pays de l’expor
tateur peut constituer une solution pratique de compromis lorsque les règles 
nationales du pays im portateur sont insuffisantes ou inexistantes. Mais on est 
en droit d ’espérer que, du moins à terme, les efforts d’uniformisation entrepris de 
diverses parts, et notam m ent au sein de l’AIEA, porteront leurs fruits et que les 
autorités de chaque nation auront la sagesse d’adopter et d ’édicter des règles de 
sûreté nucléaire aussi uniformes que possible.

En outre, comme nous l’avons déjà mentionné, les conceptions de sûreté 
nucléaire sont en constante évolution, même dans les pays ayant déjà un passé 
nucléaire, et la durée de réalisation d ’une centrale nucléaire donne l’assurance que 
ces conceptions évolueront sensiblement entre la date de conclusion d ’un contrat 
et la date de mise en exploitation industrielle de la centrale.

Il im porte donc qu’un contrat définisse avec la meilleure clareté possible 
l’ensemble des normes et règles de sûreté applicables, telles qu’elles sont déjà 
fixées et publiées, puis décrive la procédure à appliquer lorsque les autorités 
nationales locales y apporteront des modifications, procédure qui stipulera a priori 
que, chaque fois que cela s’avérera possible, le projet de la centrale devra être 
adapté en fonction de ces modifications. C’est la procédure classique du change 
order, qui autorise le fournisseur à faire valoir les nouveaux délais de réalisation 
nécessaires et à demander que lui soient payés les suppléments de coûts qu’il aura 
à supporter: suppléments d ’études et de prestations et coûts supplémentaires de 
matériels et de travaux, qu’il s’agisse de coûts déjà exposés et devenus sans objet 
ou de majoration des coûts encore à intervenir.
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Dans certains cas très particuliers, la modification de règles de sûreté pourra 
même avoir une répercussion sur certaines des performances techniques garanties; 
c’est une éventualité qui, en tou t état de cause, ne peut être systématiquement 
écartée.

INCORPORATION DE MATERIELS DE FABRICATION NATIONALE

La question des apports nationaux se présente sous son aspect le plus complexe 
lorsqu’il s’agit d ’incorporer dans une réalisation des matériels et équipements de 
fabrication nationale locale.

Il faut d ’abord tenir compte du long délai de réalisation d ’une centrale 
nucléaire, qui rend difficile d ’apprécier ce qu’une industrie locale, souvent en 
pleine évolution, sera à même de fournir quelques années après l’époque de négo
ciation d’un contrat: quels matériels, à quels prix, avec quels délais de livraison? 
L’expérience conduit à constater que les industries locales se m ontrent le plus 
souvent d ’un grand optimisme à ce sujet.

Puis il y a l’exigence de qualité des équipements dits «nucléaires», exigence 
qui, en complément des questions de simple qualification intrinsèque, se traduit 
par la mise en place et la stricte application de programmes d’assurance de qualité. 
Lorsqu’un pays en est à la réalisation de sa première centrale nucléaire ou de l’une 
de ses toutes premières, on peut être assuré que son industrie ne dispose pas encore 
de tous les labels nucléaires requis. Il y a donc en ce cas à compléter l’équipement 
de certaines usines, form er des personnels, m ettre en place des programmes 
d’assurance de qualité et obtenir des labels de qualification nucléaire, mille et 
mille choses et indéniablement, on le voit, une bien lourde tâche.

Enfin, il est évident que le souci d ’incorporer des fournitures locales dans une 
réalisation ne peut en aucun cas s’envisager au prix d’une certaine réduction de 
la qualité de ces fournitures, quelles soient purem ent nucléaires ou plus conven
tionnelles; mais cet aspect de la question est relativement mineur puisque la 
responsabilité de qualité peut en tou t éta t de cause être assurée soit par les services 
de contrôle du fournisseur, soit par le recours à des organismes spécialisés d’ins
pection, par exemple d’un pays tiers.

Le problème des fournitures de fabrication locale se posant dans ce contexte, 
quels pouvoirs surnaturels ne faudrait-il pas prêter à un fournisseur étranger pour 
lui demander d’en être entièrem ent responsable, en particulier pour ce qui concerne 
tous ses aspects non techniques? Comment pourrait-il en effet être à même 
d’apprécier avec certitude ce qu’une industrie locale pourra effectivement réaliser? 
Comment pourrait-il s’engager sur un volume donné de fournitures locales, et plus 
encore sur un volume maximal de ces fournitures, ce qui est pourtan t l’objectif 
poursuivi avec raison par l’investisseur? Comment pourrait-il, de plus, s’engager 
sur les prix de vente de ces fournitures, alors que ces prix sont libellés et payables
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en monnaie locale et qu’il se trouverait sans possibilité de recours à une concurrence 
locale inexistante le jour où un industriel, même de la plus entière bonne foi, se 
révélerait dans l’impossibilité de tenir des engagements commerciaux souscrits sans 
une conscience assez complète de ce qu’est et de ce que coûte une fabrication 
nucléaire? Comment, enfin, le fournisseur étranger pourrait-il assumer la responsa
bilité des délais de livraison des industries locales quand celles-ci affronteront pour 
la première fois les fabrications nucléaires si difficiles, aux procédures si lourdes?

T out ceci justifie amplement à nos yeux et, nous l’espérons, aux yeux de tous, 
que les responsabilités usuelles d ’un exportateur en matière de prix et de délais 
soient sensiblement modifiées lorsqu’il lui est imposé un recours systématique à 
l’industrie locale, surtout lorsque cette dernière en est encore à accomplir ses 
premiers pas dans le domaine nucléaire.

TRAVAUX DE GENIE CIVIL ET TRAVAUX DE MONTAGE

Ce qui vient d ’être dit pour les matériels de fabrication locale est tou t aussi 
valable pour l’exécution de travaux de génie civil et de travaux de montage.

Là encore, l’exportateur peut et doit demeurer le seul responsable de la 
bonne qualité technique de l’exécution de ces travaux, en faisant au besoin appel 
au concours d ’organismes extérieurs de contrôle.

Mais pourquoi, à nouveau, ne pas laisser à l’investisseur le soin de supporter 
directement les risques prix et délais encourus du fait de l’intervention, à sa 
demande, des industries et sociétés de son propre pays? Ceci d’autant plus q u ’il 
est évident que nul n ’est mieux placé que cet investisseur pour, d ’abord, apprécier 
valablement les possibilités de l’industrie locale, puis exiger d’elle le to tal respect 
des engagements souscrits.

FORMATION DES PERSONNELS D’EXPLOITATION

Technologie nouvelle, technologie très avancée, longs délais de réalisation: 
ces trois caractéristiques des centrales nucléaires rendent particulièrem ent difficile 
le problème de la form ation de leurs futurs personnels d’exploitation. Ce problème 
est commun à tous les contrats d ’ensembles industriels, mais la nouveauté 
et le haut niveau de la technologie nucléaire font que la présélection de ces 
personnels porte principalement sur des personnes encore jeunes et ayant reçu une 
première form ation essentiellement théorique, par exemple en université.

Le long délai de réalisation perm et certes de consacrer tou t le temps voulu 
aux actions de formation. Mais il laisse craindre que, pour des motifs très divers 
et inévitables, des personnels abandonnent le cycle de form ation ou, l’ayant 
entièrement suivi, ne se trouvent pas effectivement présents le jour où les 
opérations de mise en service sont entreprises.
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Tout ceci fait que, dans le nucléaire plus encore que dans d’autres industries, 
on a vu certains investisseurs vouloir exiger de leur fournisseur, non seulement 
qu’il leur assure des prestations de form ation des futurs personnels d’exploitation, 
mais encore qu’il assume la responsabilité des résultats de cette form ation, par 
exemple en dem andant que les essais de réception s’effectuent avec la centrale 
exploitée par les seuls personnels de l’acheteur.

Il y a là un transfert des responsabilités qui paraît quelque peu excessif car, 
quoi qu’on fasse, il y aura toujours une donnée fondamentale qui échappera au 
contrôle du fournisseur: la qualification intrinsèque des personnels de son client, 
et leur aptitude à assimiler les prestations de formation.

C’est pourquoi on ne voit pas ce qui, dans le cas du nucléaire, pourrait 
justifier qu’on ne s’en tienne pas au processus classique: participation du fournis
seur à la présélection des futurs personnels d ’exploitation; conception puis 
exécution sous son contrôle des divers cycles de form ation; intégration des futurs 
personnels d’entretien au stade des travaux de montage et des personnels de 
conduite à celui des premiers essais à froid ; mise en service et essais de réception 
effectués sous la direction technique du fournisseur avec le concours des personnels 
de l’acheteur; et enfin direction de l’exploitation de la centrale transférée à 
l’acheteur après exécution des essais de réception, le fournisseur dem eurant alors 
à sa disposition pour lui assurer toute l’assistance technique qui s’avérerait 
nécessaire.

FINANCEMENT DES APPORTS NATIONAUX

Le dernier domaine que nous allons aborder est celui du financement de la 
réalisation des centrales nucléaires, problème que l’importance des sommes en jeu 
comme la durée de réalisation, c’est-à-dire la durée du préfinancement dans 
l’attente des premières recettes, rendent particulièrem ent difficile à régler.

Les pratiques internationales font que les autorités des pays fournisseurs 
accordent chaque fois que nécessaire des crédits pour assurer le financement des 
prestations et matériels exportés, à des conditions fixées cas par cas mais toujours 
privilégiées.

Les apports nationaux en études, fournitures et travaux requièrent également 
leur propre financement comme, d’ailleurs, toutes les autres dépenses annexes que 
l’investisseur est appelé à engager directement.

Il y a donc toujours à assurer le financement de ce que ne couvrent pas les 
crédits exportation, acomptes et intérêts intercalaires par exemple, et de l’ensemble 
des dépenses locales. Ce financement, les seuls organismes financiers locaux ne 
peuvent pas toujours l’assurer, et il doit souvent être fait appel à des ressources 
internationales, par exemple au marché des eurodevises. Et quand l’obtention de 
ces financements complémentaires pose des problèmes à l’investisseur, ce dernier
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n’est pas long à penser que son fournisseur étranger pourrait très bien régler 
également ce problème. On constate d’ailleurs que la majorité des fournisseurs 
s’efforcent de répondre à cette exigence complémentaire, et assurent à leur acheteur 
l’obtention de crédits financiers, dits «d’accompagnement» des crédits exportation. 
Mais n ’y a-t-il pas, là aussi, une extension quelque peu excessive des prestations 
attendues de l’industriel exportateur, surtout lorsque le m ontant des dépenses 
locales à financer est rendu aussi élevé que possible à la seule initiative de 
l’im portateur?

CONCLUSION

Nous avons passé en revue, nous semble-t-il, à peu près tous les domaines 
dans lesquels des apports nationaux peuvent être incorporés dans un contrat inter
national de réalisation d ’une centrale nucléo-électrique, et nous avons constaté 
que, dans pratiquem ent tous les cas, les répercussions qu’on doit raisonnablement 
en attendre sur les responsabilités contractuelles usuelles d ’un exportateur 
d’ensemble industriel sont sensiblement identiques.

Le fait principal est qu’une incorporation très large d ’apports nationaux 
demeure toujours parfaitem ent compatible avec le maintien des responsabilités 
techniques de l’exportateur, à savoir l’obtention des performances techniques 
garanties, le bon respect des règles de sûreté et des codes et normes de conception 
et réalisation, la qualité intrinsèque des matériels mis en oeuvre. C’est là un 
problème de supervision et de contrôle techniques de la part de l’exportateur, qui 
doit être en mesure d’assumer seul la responsabilité d ’accepter ou rejeter, pour 
des motifs purem ent techniques, les études, les fournitures ou les travaux inter
venant dans la réalisation de son contrat au titre des apports nationaux. Cependant, 
pour assumer cette responsabilité technique, l’exportateur sera souvent conduit 
à exiger que des études soient reprises, et des fournitures et travaux modifiés ou 
même rebutés, ce qui se traduira par des prolongations des délais de réalisation et 
entraînera des majorations des coûts.

Egalement, nous l’avons vu, l’exportateur comme l’investisseur seront dans 
la majorité des cas, c’est-à-dire chaque fois que l’industrie d ’un pays en sera 
encore à découvrir les contraintes de la fabrication nucléaire, dans l’impossibilité 
d ’apprécier avec exactitude ce que cette industrie locale pourra effectivement 
fournir, à quels prix et dans quels délais. On peut certes se faire une opinion de ce 
qui sera possible et de ce qui ne le sera pas, mais en aucun cas garantir qu’il en 
sera bien ainsi.

Tout ceci conduit à constater que les responsabilités usuelles d’un exportateur 
d’ensemble industriel en matière de prix et de délais ne peuvent qu’être profondé
ment altérées par l’incorporation d’apports nationaux dans la réalisation d ’une 
centrale nucléaire, et qu’un partage de ces responsabilités avec l’investisseur
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s’impose. Bien évidemment, l’acheteur aura souvent tendance, malgré tout, à 
exiger qu’il n ’en soit rien, et l’exportateur aura lui aussi parfois tendance, sous la 
pression de la volonté ou de la nécessité de vendre, à accepter les paris que constitue 
l’acceptation de responsabilités contractuelles qui ne peuvent être réellement 
assumées. Mais s’écarter ainsi de la réalité des choses ne pourra finalement — on 
doit en être assuré — que porter préjudice à la bonne réalisation de la centrale, ce 
qui doit demeurer l’objectif essentiel et commun d’un contrat.
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Abstract

THE RESPONSIBILITY OF NUCLEAR SUPPLIERS IN THE INTERNATIONAL MARKET.
As a result o f escalating oil prices, the  developing countries are m ore and m ore turning 

to nuclear energy. As these countries becom e a m ore significant part o f the international 
m arket, unique issues m ust be faced by the u tility  and country  concerned and the nuclear 
supplier. A fundam ental prerequisite o f a successful supplier/custom er relationship is a good 
relationship betw een their tw o governments. The supplier can fulfil an effective liaison function 
to  ensure efficiency of com m unications in th is area. In the  preplanning phase the  supplier can 
play a m ajor role in supplying inform ation relative to siting, un it size, system  planning and 
p lant econom ics. Once the nuclear choice is m ade, the pros and cons of purchasing plants on 
a tu rnkey  versus non-turnkey basis m ust be weighed. The custom er m ust balance his available 
resources and experience against his desires for acquisition o f overall p lant and systems 
knowledge. During the planning and procurem ent phase the subject o f  training, m aintenance 
and service facilities can be an effective pa rt o f a comprehensive nuclear program m e. In fact, 
local training and service centres could logically be the first step o f a long-term  localization 
effo rt. W ith respect to  localization the supplier should be capable and experienced in developing 
this capability and willing to  m ake a long-term  com m itm ent in this area. Through a clearer 
understanding o f the  responsibilities o f the  nuclear supplier and a clear delineation of his role, 
developing nations can m ore adequately assess the basis upon which to  move forward on a 
nuclear program m e.

Nuclear power has become a significant energy resource in many parts o f the w orld 
and is provid ing an ever increasing percentage o f the e lectricity being generated.
Figure 1 shows the dramatic increase in nuclear generation which has occurred from 
1967 to the present. The  rapid increase in the price of oil which has occurred in the 
last five years has added additional stim ulation to  the interest in expeditiously devel 
oping nuclear energy as the basis fo r various countries' electrical generation plans. 
Figure 2 shows the growth forecast outside the U S A  in the next 15 years. Although 
the news media in many countries have highlighted the nuclear debates, nuclear 
referenda and portents o f nuclear m oritoria, none o f these obstacles to nuclear growth 
are changing the fundamental facts that nuclear energy is needed in ever increasing 
amounts if the w orld  is going to satisfy its growing need fo r energy. The  fact that
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FIG.l. Nuclear electricity generation (excluding those countries with centrally planned 
economies).

econom ic conditions have resulted in nuclear delays and reductions in installation 
forecasts does not alter the basic conditions which make nuclear power plants so 
attractive; a high reliab ility, an unblemished record of safety, a clear economic advan
tage over alternatives, a minimal impact upon the environm ent, and the promise of 
more independent contro l over vital energy supplies.

The clear com m itm ent made to  nuclear energy by the m ajority o f the developed 
nations has provided a stimulus to  the developing nations to  accelerate their own 
decision making process on the nuclear question. The developing nations have been 
particularly hard h it by the escalating price of oil, and the advantages of central 
nuclear power stations hold the promise o f greatly reducing the adverse effects o f 
higher oil prices on local economies. The  emergence of the developing countries as a 
significant part o f the international nuclear market raises some unique problems which 
must be addressed by both the co u n try  concerned and the nuclear supplier. Embracing 
the nuclear option entails many com plexities which the nuclear supplier will be re
quired to  help overcome. The  degree to  which the supplier can w ork effectively w ith 
his customer and the cou n try  concerned in resolving the problems which arise w ill, 
in great measure, determ ine the overall success of the country 's  nuclear program. Th is 
paper addresses the views o f the Westinghouse Water Reactor Divisions w ith respect 
to  the role that nuclear suppliers should be able to  fill in the international market.
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FIG.2. Actual and projected non-US installed nuclear capacity (excluding those countries 
with centrally planned economies).

Perhaps one of the most im portant attributes o f a supplier should be that he is suc
cessful in his home market. It is felt that no supplier can be successful internationally 
unless he has received those credentials at home. Nuclear suppliers should offer, inter
nationally, basic designs and equipm ent which are proven and accepted. Companies 
which have strong positions and proven performance are more like ly to provide the best 
service to  buyers in the international market than ones w ho are weak or have little  ex
perience w ith the projects being offered.

International nuclear projects involve, in addition to  the supplier and the customer, 
at least tw o national governments comprised o f numerous agencies which can be 
involved in the export/im port o f the nuclear plant. A  fundamental prerequisite of 
good supplier/customer relations is that good relations exist between the supplying 
country 's  governm ent and that o f the customer. The  use o f nuclear energy as a d ip 
lom atic tool should be discouraged, but a general ambient o f long term friendship 
and trust enhances the carrying out o f any long term nuclear program.

It is h ighly recommended that necessary agreements between supplier and buying 
nations and international bodies like the IA E A  covering overall nuclear po licy  be 
established p rio r to  the developm ent o f more specific nuclear purchase plans. The 
buying countries should be quite knowledgeable o f the requirements imposed by the 
suppliers' nations so that mutual understandings can be reached p rio r to  commence
ment o f the nuclear negotiation.

With respect to  governm ent to  governm ent negotiations concerning po licy  issues,the 
role o f the supplier is lim ited, but when dialogue on matters more specific to  a par
ticular project is needed, the supplier can act as a catalyst to  ensure efficient inter
course between the customer and the appropriate agency o f the supplier's government.
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In matters o f finance, licensing, etc. he should provide the customer w ith advice on 
how  to  e ffic ien tly  proceed in these dealings. A d d ition a lly , he should provide assistance 
to  all involved governmental groups to  expedite procedural matters, and support 
governm ent to  governm ent exchanges on technical and regulatory matters so as to 
encourage acceptance o f uniform  codes and standards.

The  purchasing u tility  needs to conduct a pre-planning phase where it w ould  look 
at how  the proposed nuclear un it fits the system growth, siting requirements, etc.
There are a num ber o f consultants th roughout the w orld , including the IA E A , capable 
o f helping in this phase. Specific systems planning is also available from  Westinghouse.
An im portant part o f the systems planning process involves the choice of un it size.
Here, again, the supplier can play a major role by provid ing general data fo r planning 
purposes.

We are aware o f the continued interest on the part o f the IA E A  in developing plants 
o f 200-300 Megawatt size or even less for use by developing nations w ith relatively 
small electrical systems. Westinghouse continually reviews all o f the aspects related to 
product size, requirements and economics. It is our view  that units of less than 600 
Megawatts electric do not make sound econom ic sense. Instead, countries should examine 
the economics o f in itia lly running 600 Megawatt plants at less than full pow er until 
system size and reliability requirements allow operation at full rating. Westinghouse has 
examined the economics o f this concept and has found it compares favorably w ith the 
small reactor alternative as well as the oil alternative. U tiliza tion  o f this concept would 
result in an earlier achievement o f the benefits o f nuclear energy than w ould otherwise 
be anticipated fo llow ing traditional systems planning criteria.

Once unit size is determ ined, the buying cou n try  must weigh the pros and cons of 
purchasing plants through a variety of methods. The  tw o m^jor extremes o f available 
alternatives are the turnkey and the com ponents (NSSS, turbine generator, and balance 
of plant equipm ent) approach. The  supplier should w ork  w ith the purchaser to deter 
mine the best method fo r the individual customer or cou ntry . There are many factors 
which w ill go into such a determ ination. These factors include the customer's desire 
to  contro l the detail design o f the plant; d irectly  determine com ponent selections; make 
financing arrangements; design and administer site housing and support facilities; and 
manage the many required subcontractors and his initial need fo r accuracy in projecting 
total plant cost.

One o f the other critical issues in the decision process to  determine the scope o f the 
project to  be specified revolves around the resource capability o f the customer and his 
cou ntry . The  supplier and the customer should discuss in detail the resource require
ments necessary under the tu rnkey and non-turnkey approach so that the necessary 
allocation o f resources by discipline can be planned to  ascertain the am ount of scope 
which can be undertaken by the customer.

The  turnkey approach places the major coordination, cost, schedule, and performance 
responsibilities fo r the project on the supplier and enables the customer to  undertake 
the project w ith lim ited inhouse resources and expertise w hile still being confident of a 
successful project. The  tu rnkey approach can be structured to  involve the customer's
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personnel in the project, should the customer believe such involvem ent w ould  be 
beneficial, to  assure the acquisition o f plant knowledge.

A lte rnative ly , at the other end of the spectrum , the com ponents approach shifts many 
o f the above responsibilities to  the customer and demands far greater involvem ent of 
the customer in the management o f the project. Th is  w ill require the devotion o f 
trained personnel to  that management task. A lthough the com ponents approach can tax 
the resources o f customer and cou n try  involved, it assures the customer w ill acquire 
reactor plant knowledge and the learning experience obtained during construction.

The  fu ll tu rnkey and com ponents approach represent the extremes o f a broad range of 
scope alternatives, w ith  the most obvious intermediate scope being a separate nuclear 
tu rnkey island, and a separate secondary o r conventional island consisting o f the turbine 
generator and its supporting equipm ent and facilities. The  coordination of the islands 
w ith  each other w ould be the responsibility o f the customer. A lte rnative ly , if a com po
nents approach is selected, there are additional services which a supplier can offer which 
w ill ease the burden of fu ll construction responsibility on the project.

The most im portant point to  be made w ith  respect to  procurem ent choice is that the 
supplier and buyer should spend a considerable am ount o f time and e ffo rt in studying 
the various alternatives so that the purchaser can have available sufficient facts to  enable 
him to  make the decision w hich best reflects his overall nuclear objectives.

T ied  closely to  procurem ent choice is the establishment of a base fo r safety criteria.
The  changes that occur regularly in this area are exem plified by Figure 3 which 
indicates the rapid addition in regulatory requirements that have been added to 
United States criteria during the past years. The  purchaser must choose the basis upon 
which changes w ill be made to  his plant. The  supplier should be w illing to  sell his 
plant based upon the latest criteria and should also be w illing  to  update to  latest 
changes as they occur th roughout the project, if the customer so desires. T o  this end 
the supplier must p rom p tly  inform  the customer of criteria changes, as they occur, 
and he should highlight their significance relative to  the specific project. It must be 
recognized by the customer, however, that changes requested subsequent to  the bid 
may involve additional costs on his part. Westinghouse has constructed projects w ith 
safety criteria frozen at the time o f bid, and projects where safety criteria are up
dated during the project as is required by the N R C  fo r U.S . utilities. A lthough either 
approach results in a safe, reliable nuclear plant, the custom er and his country 's  
regulatory agency must make the ultim ate decision on which course to  fo llow . The 
earlier this basis is established, the easier it is fo r the supplier to  plan implementation 
o f the project.

During the planning and procurem ent phase it is im portant to  assess the quantity and 
quality o f personnel w ho w ill be involved in the nuclear program. The subject o f 
training must be given top p rio rity  and reviewed in its broadest sense. Th is includes 
the subject o f training those in the regulatory, security and safety areas, as well as in 
reactor planning, construction , operation, maintenance and servicing areas. In smaller 
developing nations the allocation o f sometimes lim ited numbers o f personnel to  specific 
areas o f interest must be identified, and a determ ination made if im ported manpower
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F IG .3. R egu la tory criteria changes.
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is required fo r any o f the phases. A  supplier should be able to  respond w ith a com p
rehensive training program which covers all aspects of the above. In addition, govern
ment sponsored programs in the U.S . can be utilized in safety and security areas.

Serious consideration should be given to  establishing in -cou ntry retraining, maintenance 
and service capabilities. The  establishment o f training and service centers w ith  the 
assistance o f the reactor supplier provides assurance that access is maintained to  the 
original source o f the reactor technology. Westinghouse believes that proper emphasis 
in this area w ill lim it the cultural and language problems which often accompany 
training outside o f the purchaser's cou n try  while concurren tly ensuring that the u tility  
operations and service personnel have acquired the necessary capability to effic iently 
operate and maintain their reactor when it comes on line. An early start in training 
returns maximum benefits in the form o f plant re liab ility and availability.

As nuclear energy becomes a more predom inant part o f a nation's overall energy plan, 
the desire fo r localization and technology transfer often becomes a subject of the 
nuclear dialogue between the customer, the customer's cou n try  and the supplier. It is 
felt that a supplier must recognize the legitimate desires o f developing countries to 
bring an ever increasing am ount o f pow er plant capital costs into the business infra
structure of the host cou ntry . There are tradeoffs which must be made when localiza
tion occurs, and these should be clearly recognized by customers and their home 
countries. O ften the interests w ith in  developing nations are in conflict, as the u tility  
wants to  purchase at the lowest cost w hile localization objectives o f the government 
means sacrificing the economies o f scale achieved through im porting from foreign 
suppliers. The  desire fo r training a manufacturing team at home must be balanced 
against favorable financing fo r goods purchased abroad. Local procurem ent can affect 
schedules adversely. A lthough many of these problems cannot be overcome immediately 
they can be ameliorated to  a great extent through the development o f a phased transfer 
o f technology coupled w ith a gradual buildup o f manufacture and design capability.

Here again, the supplier chosen can be critical to  the long term success of the locali
zation effo rt. Westinghouse has participated in the developm ent of local capability in 
nine nations and today has a total o f 22 licensees, and we find that a long term 
com m itm ent on both sides is most im portant in ensuring ultimate success. Technology 
and patents rights should be provided on a basis which is reasonable recognizing the 
ab ility of the individual cou n try  to  localize and the willingness of the cou ntry to 
devote the necessary resources to  the program. A  gradual buildup allows training to 
occur, quality to  be maintained and plant schedule and performance to  be met. The 
experience o f the supplier as well as his willingness to  participate in localization p ro 
grams w ill, in great measure, dictate the results, fo r experience gained in similar 
programs elsewhere often ensures that pitfalls are avoided and that those just beginning 
benefit from  the development o f others that have gone before.

Through a clearer understanding o f the responsibilities that a nuclear supplier should 
undertake, developing nations can more adequately assess the basis upon which to 
move forw ard on a nuclear program and can more realistically come to grips w ith 
the problems that are invariably raised as the benefits o f nuclear power are introduced. 
Westinghouse now  has a total o f 115 plants operating or under construction in 14 
countries and 46 additional plants produced by our licensees are in operation or
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under construction in 5 d ifferent countries. Th is  com pany is w illing to  discuss its 
experience w ith  potential buyers in the light and in the fram ework o f this paper.
We believe that through a strong understanding of the needs o f the buying cou ntry 
and the capabilities o f the supplier that a jo in t program, involving all aspects from  the 
initial planning to the final operation, can be constructed com patible w ith  both. The 
supply o f systems, com ponents and eventually technology w ill enable all w ho choose 
to  enter the nuclear age the ab ility  to  grow  to  be a capable participant. Even after the 
technology has been assimilated entire ly w ith in  the host cou ntry , there w ill be a 
continuing need to  maintain a dialogue to  assure that the latest developments in tech
nology are understood and shared. Th is  final long term role of the supplier w ill ensure 
that the grow th of nuclear energy w ill continue to  proceed in the remarkable fashion 
that has been evidenced over the past several decades.

DISCUSSION

F.M. MALTINI: I was impressed by the statem ent in your oral presentation 
that power plants with a rating o f less than 600 MW(e) do not make sense from 
the economic standpoint and that you therefore advise developing countries to 
consider the economics of operating 600 MW(e) plants at reduced power.

Could you enlarge on this by telling us down to what power level the plants 
should run and for how many years?

T. HAUSMANN: My statem ent was a general one and does not necessarily 
apply in every case. We considered a wide range of systems requirements and 
economic boundary conditions and found that the immediate requirem ent was 
for 300 to  400 MW(e) o f  installed power and that the full 600 MW(e) would not 
be needed on-line until about four or five years later. Taking this as the starting 
point and using reasonable parameters for the energy generation cost calculation, 
we found that the 600 MW(e) plant was superior to , say, a 400 MW(e) plant.
It is difficult, however, to  give exact data on account o f the limited experience 
and the unavailability o f the relevant cost data.

Y.E. GIRARD ( Chairman): Your Fig.3 would seem to indicate an exponential 
increase in regulatory changes liable to  cause problems. Which criteria did you 
apply for a comparison of the work relating to  each individual regulation? Did 
you take, for example, the num ber o f words?

T. HAUSMANN: Essentially, the criteria were cost impact on the 
construction o f a nuclear power plant in the widest sense, including scheduling, 
which can, o f course, be transformed into cost/tim e impact. We did not consider 
the num ber of words.
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Abstract

PROBLEMS OF DUPLICATING OPERATING POWER PLANTS. A TWO-LOOP 
PRESSURIZED-W ATER-REACTOR REFERENCE-PLANT CONCEPT.

To m eet the  po ten tial dem and for m edium -power nuclear power reactors, investigations 
have been m ade o f  the  possibilities o f  duplicating operating power plants. The advantages 
o f such duplication are outlined since the problem s faced are fu rther investigated w ith respect 
to  safety regulations and up-dated design criteria. Duplication involves different types of 
technical consideration which have been identified as, for instance, interfaces betw een buildings 
(physical connections and operational liaisons, failure levels) and the need for flexibility 
in design to m eet particular site requirem ents. It is also indicated how these problem s have 
been overcome and the  comprom ises which had to be made — w ithout jeopardizing the 
expected advantages -  in the perform ance o f a reference two-loop PWR plant concept, 
based on the operating tw in-unit station  o f 2 X 400 MW(e) at the  Doel site in Belgium.
The basic concept is described w ith stress laid on design criteria and the options made to  
m eet criteria specific to developing countries, and to countries whose electricity netw ork 
cannot accom m odate the unit sizes currently  available on a comm ercial basis.

SUMMARY

As a result o f the sharp increase in oil prices during recent years, a potential 
market has been identified by International Atomic Energy Agency surveys for 
nuclear reactors o f lower outputs than those reactors at present commercially 
available on the world market.

Up to  now, the major difficulties which hampered the development o f this 
m arket were the lack o f confidence in the reliability o f these reactors and high 
investment costs. At least the first, and to  some extent the second, o f these 
difficulties could be solved by duplicating power plants now operating in the 
medium power range. However, such duplication creates problems with respect to 
updating safety and design criteria and adaptation to  o ther local conditions.
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The 2 X 400-MW(e) twin-unit station at Doel (Belgium) has been used as 
a reference plant for a two-loop PWR plant in the 400 to  600 MW(e) range. As 
far as possible the design o f the operating units has been maintained and is 
acceptable to  present regulations. Also, it is shown how a flexible layout could 
be developed ; however, meeting some design criteria more specific to  developing 
countries.

1. INTRODUCTION

At the beginning o f the ’seventies, the International Atomic Energy Agency 
did several market surveys, which indicated the existence of a potential market 
for nuclear reactors o f outputs lower than those then commercially available 
on the world market. These surveys were updated after the oil crisis in 1974 
and identified a sharp increase in the interest for medium-power reactors. Up 
to now, the development o f this market has been hampered by two major 
difficulties — lack o f confidence in the reliability o f these reactors and their 
high investment costs. At least the first, and to some extent the second, of 
these difficulties could be solved by duplicating power plants operating in the 
medium power range. Indeed, one can high-light the following main advantages 
o f duplicating operating power plants:

The client can be offered a well-proven design — this has become an 
increasingly stringent requirem ent from international financing organizations;

The investment cost of the plant is reduced by minimizing the engineering 
and construction costs through established material quantities;

The possibilities of defining clear interfaces between the various parts o f the 
plant can be maximized, allowing the work to  be split and local participation 
to  be increased.

2. PROBLEMS FACED IN DUPLICATING NUCLEAR POWER PLANTS

Problems, however, are faced in duplicating operating nuclear power plants, 
mainly with respect to:

A daptation to  o ther safety regulations;
Updating o f the design criteria;
Adaptation to  o ther design criteria;
A daptation to  other site conditions, which have an impact on the design 
as well as on material quantities;
Solving o f layout constraints due to  the duplication;
Updating of equipm ent and construction cost data.
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2.1. Adaptation to o ther safety regulations

The safety regulations at present enforced can be grouped as follows:

The United States regulations including compliance with the NRC regulatory 
guides and the SRP (Standard Review Plan);

The Federal German regulations such as the R SK 1 guide lines and TÜV1 
requirements;

Others, e.g. those applicable in France and Sweden, although they are 
similar to  the United States rules.

Up to  now, most countries which have no genuine regulations have accepted 
that an export reactor should meet the safety regulations in force in the country 
o f origin. This approach leads to  difficulties in the evaluation and comparison 
between competitive bids; hence, to ease these comparisons, it seems worth 
while setting up international regulations, as at present under investigation by 
the International Atomic Energy Agency.

2.2. Updating design criteria

Most of the operating power plants in the medium power range were designed 
before 1968. Therefore, their design has to  be thoroughly reviewed and updated 
in several areas such as systems, layout etc., to meet the latest nuclear safety 
regulations.

2.3. Adaptation to o ther design criteria

Various interpretations and degrees o f compliance can be found for the 
same design criteria. This is especially applicable to  the following:

The single failure criteria -  Definition of active or passive failure, and common 
mode failure; and the failure exemptions can all have various impacts on 
engineering safety features;

Fire-protection criteria can be fulfilled to various degrees;

Clients’ policies can be quite different with respect to:

Spent-fuel storage capacity
Effluents’ release and waste disposal
Plant m aintenance and its mode of operation.

1 RSK = R eaktor Sicherheits Kernkraftwerk 
TÜV = Technischer Überwachungsverein



274 PREVOT and COCHE

2.4. Adaptation to o ther site conditions

Extensive adaptation can be required for the design to meet, in particular, 
different conditions such as:

Earthquake conditions;
Soil conditions;
External accidents such as tornadoes, gas-cloud explosions, site flooding or 
air-crashes, all o f  which can have a major effect on the layout and structure 
o f the plant;
Protection against sabotage;
Requirements for the plant cooling system.

It should be pointed out that the International Atomic Energy Agency could 
play a major role in defining blanket criteria for the above, as well as for collecting 
site data to help designers and architect engineers in defining more flexible concepts.

2.5. Duplication imposes layout constraints to the design

Major problems can be met, especially in:

Matching the interfaces between the buildings and the containm ent openings. 
For instance, among the most critical liaisons, one can highlight the equip
m ent hatch, the personnel air-lock, the main steam and feedwater piping, 
the fuel-transfer system and the main penetration areas;

Adjusting the building floor levels, which can be difficult owing to 
local constraints;

Providing a sufficiently high flexibility in the layout to  allow changing criteria, 
site particulars and specific requirements from the owner to  be met.

2.6. Updating cost data

Cost data available for power plants in operation, although accurate, are 
completely obsolete. Further, they have to be adjusted to take into account the 
changes in material quantities resulting from the changes in design criteria, and 
those due to  local conditions. Hence, the validity of the cost evaluation is closely 
dependent upon the accuracy o f the adjustm ent o f  those material quantities, 
and o f the evaluation o f the escalation factors applicable to  equipm ent and 
construction costs. The uncertainties of this approach can be quite different, 
depending upon the type o f existing cost data. For instance, if the plant which
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is duplicated was not ordered on a turnkey basis, but rather on, for example, 
the com ponent or m ulti-contract basis, only the owner can evaluate the total 
investment cost of the updated plant by a global approach, i.e. by escalating the 
major items o f the to tal cost and evaluating the pluses and minuses.

To meet the potential m arket identified by the International A tom ic Energy 
Agency, Tractionel decided to  develop a concept for a 400 to 600 MW(e) nuclear 
power plant based on the operating twin Doel units. The availability o f these 
plants has been very good and has allowed excellent load factors to  be m et right 
from  the beginning of operation. Figure 1 shows the load factors of Doel 1 and 2 
from the very first kilo-watt-hour produced, and clearly indicates the advantage 
in plant availability which can be expected from duplicating an operating power 
plant. Figure 2 indicates the load factors which have been achieved since the 
beginning of the commercial operation, i.e. 12 m onths after the first kilo-watt- 
hour, and compares these with the average load factor experienced from the 
beginning o f 1976 by the to tal num ber of nuclear plants operating in Europe 
and in the world.

3. TWO-LOOP PWR REFERENCE PLANT CONCEPT

In developing this reference concept, Tractionel emphasized the following 
objectives:

The development o f an improved and flexible layout concept that meets
the new regulations;

Ease o f m aintenance and operation to  limit plant outages;

Minimizing the investment cost by:
(i) Reducing the size o f the buildings,
(ii) Shortening the construction schedule,
(iii) Using improved equipm ent design,
(iv) Saving engineering costs.

Allowing flexibility in defining sub-contracts, separated into packages
and functional blocks.

The 400-MW(e) Doel 1 and 2 units are grouped in a twin-unit power plant 
with the reactor buildings located each side o f a common mechanical and 
electrical auxiliary building. This building houses the various auxiliary systems, 
including the safeguard systems, some of which are common to both units. It 
also houses the spent-fuel storage pits which are connected to  each reactor 
building by a hydraulic fuel-transfer tube.
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FIG. 1. Typical load factors.
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FIG.2. Typical load factors during commercial operation
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SECTION C-C

FIG.5. Reference plant concept: Sections.

During construction, the Belgian Authorities required the concept to be 
modified to  meet the new NRC regulations. The design of unit No. 1 could not 
be adapted to  meet these NRC regulations; hence, modifications were later made. 
For example, restraining structures were back-fitted on the high-energy lines.
Since the construction o f unit No. 2 was due to  start two years after unit No. 1, 
this allowed modifications to the design to  be introduced. Hence, unit No. 2 
reactor building meets most o f the NRC regulations in force in 1974, and even 
those which came into force from 1974 up to  1977. This is why unit No.2 reactor 
building was chosen for the reference plant and could be kept unchanged.
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3.1. General description

Figure 3 gives the general plan o f the reference concept and stresses the 
various constraints which resulted from duplication — for instance, the 
connections between the reactor building and the neighbouring buildings, i.e. 
the angular location of the equipm ent hatch, the main steam and feedwater 
lines, the fuel transfer tube, the personnel air-lock.

The plant is organized into a num ber o f functionally separated buildings 
arranged to  provide the shortest possible routes for safety-related cables and 
piping, and also providing indoor location of most o f the storage tanks. The 
concept o f the Doel containm ent allows great flexibility with respect to  site 
conditions and external accidents. It consists o f a spherical steel containm ent 
enclosed in a secondary containm ent building made of reinforced concrete.
Splitting both functions, tha t o f containing the steam in case o f a LOCA2 and 
that o f  protection against external accidents, allows, under most circumstances, 
the design of the steel containm ent to  remain unchanged, and removes problems 
on the secondary containm ent, which is a much easier structure to design. This 
arrangement further allows the leakage of the primary containm ent to  be controlled.

The mechanical auxiliary building, shown on top of the plan view at ground 
level (Fig.4), can be split into two parts -  the northern part which chiefly 
houses the waste treatm ent and storage equipm ent, and the southern part which 
chiefly houses the chemical and volume control system, heat-exchangers and 
radioactive penetrations. This allows flexibility for separating the waste-handling 
building should several units be built on the same site. Indeed, such separate 
waste-treatment and storage buildings are economically interesting when there 
are two units or more On the same site.

The same plan shows the access to the fuel building — in fact its door is 
the only one giving access to  the radioactive part o f the buildings. This allows 
easy control of the access to  the radioactive part o f the plant. The fuel building 
is partly located on top  o f the safeguard building. This type o f layout could be 
adopted thanks to the hydraulic fuel transfer tube used in the Doel units. This 
type o f system does not lim it the distance between the spent fuel storage pools 
and the reactor cavity. This allows the fuel building to be arranged above the 
safeguard building, both  buildings requiring protection from a potential external 
accident. Section A—A in Fig.5 clearly shows this arrangement o f the fuel building 
above the safeguard com partm ents. It also shows the space between the spherical 
steel containm ent and the concrete secondary containm ent which has been used 
to  locate passive com ponents such as gas decay tanks, recycle hold-up and 
auxiliary feedwater tanks, which all require protection against external accidents, 
either to  prevent release o f radioactive materials or to  secure the water supply

2 LOCA = Loss-of-coolant accident
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1. D ru m m in g  s ta tio n

2 . C o n c e n tra te  ta nk

3. S p en t res in  s to ra g e  ta nk

4. F lo o r  d ra in  ta nk

5. M o n ito r  tank

R ecyc le  ev a p o ra to r c o n d e n s a te  ta nk  

7 . W a s te  h o ld u p  ta nk

L a u n d ry  an d  ho t s h o w e r ta nk  

9. R ecyc le  ev a p o ra to r c o n c e n tra te  ta nk

10. R ecyc le  h o ld u p  ta nk

11. W a s te  ga s  c o m p re s s o r

12. G as de c a y  ta nk

13. S p ra y  p u m p  +  is o la t io n  ta n k

14. R H R  he a t exch .

15. R H R  pu m p

16. S a fe ty  in je c t io n  p u m p

17. A u x ilia ry  fe e d w a te r m o to r  p u m p

18. T u rb in e  d rive n  au x . fe ed  p u m p

19. R aw  w a te r in ta k e  +  c o m p o n e n t 

• c o o lin g  eq pm t.

20; A u x ilia ry  fe e d w a te r ta n k

FIG. 6. Plan view  a t  basem en t level.
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M EC H A N IC A L  8. W A S TE  BUILD ING 

0  WASTE STORAGE A R E A  

( i )  WASTE T R E A T E M E N T +  DRUMMING STATION 

( ? )  C H E M IC A L  AND V O L U M E TR IC  CONTROL SYSTEM  

0  F I L T E R S  AND D E M IN E R A L IS E R S  

( § )  P E N E T R A T IO N  Z O N E S  

©  V E N T I L A T I O N  + L A B O R A TO RIES

FIG. 7. M echanical and w aste  building.
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1. C o n ta in m e n t p u rg e  sy s te m

2. A u x ilia ry  b u ild in g  v e n tila tio n

3. L a b o ra to rie s

4. M is c e lla n e o u s  d e v ice s

5. P e rso nn e l acce ss

6. C ask tra n s fe r  p it

7. F ue l tra n s fe r  cana l

8. S p e n t fu e l rod s

9. L o c k e r room

Ю . S a fe gu ard  re la y  room

11. C o n tro l room

12. C o m p u te r  roo m

13. O ff ic e

14. N o n -s a fe g u a rd  re la y  room

15. M a in  s te am  c e lls

u

3 3 • [

r 3

1

FIG. 8. Plan view  a t  opera tin g  f lo o r  level.
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1. Point Beach 497 MW(e| (1971)

2. OKG  2 (BWR) 580 MWIe) (1974)

3. Doel 1 and 2 2 X 400 MW(e) (1974)

4. Doel 3 and 4 1000 MW(e) (1980)
5. South Texas 1200 MW(e) (?)
6. Ringhals 3 and 4 900 MW(e) (1977)
7. BBC/BBR 1250 MW(e) (?)
8. KWU 1250 MW(e) (?)
9. Reference 400 MW(e)

10. Reference 600 MW(e)

to the safety systems. Section A—A also shows the safeguard com partm ents 
extending outside the fuel building to  provide access to  the com ponent cooling 
heat-exchangers through concrete plugs. These are heavy com ponents which can 
be moved by a special crane. Such an arrangement allows the large handling 
volumes, which would be required within expensive buildings, to be limited.

Section С—С shows how the levels of the various buildings have been adjusted 
so that the. whole nuclear island buildings can be located on a single base mat, 
thus making it possible to  erect the whole nuclear island on a double raft equipped, 
if required, with anti-seismic devices that are now available on the world market. 
These are o f great interest for reference concepts expected to  meet various 
earthquake conditions.

The two-train safeguard com partm ents mainly house the containm ent spray 
systems, shut-down cooling systems which are also used as low-head safety 
injection systems, the com ponent cooling systems and the associated ventilation
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$/kW (e)

FIG.10. Investment cost data (Dec. 1977 projection).

and electric power-supply systems. To avoid forced plant shut-down, resulting 
from  the unavailability o f safeguard equipm ent beyond a certain period, the time 
for m aintenance or repair has been reduced to  the greatest extent possible through 
easy access to  the com ponents and through providing adequate space for operation 
and maintenance, and easy handling o f heavy spare parts by monorails so that 
the failed com ponents can be replaced in a very short time.

The location o f the electrical building between the mechanical safeguard 
com partm ents and the turbine building allows short connections for the power 
cabling, on the one hand to  safeguard active components, and on the other, the 
power cabling for the heavy electrical loads o f the turbine building. The plan
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view at the basement level (Fig.6) o f the building also shows how the lower 
floor of the mechanical auxiliary building is arranged to house the various 
waste-storage and spent-resin storage tanks, the drumming station and also the 
drum  storage area. Figure 7 shows the functional arrangement o f the auxiliary 
mechanical building. Block N o.l is the waste storage part while block No. 2 
houses the waste-treatm ent equipm ent and drumming station; this arrangement 
allows the waste-handling building to  be separated from the mechanical auxiliary 
building. Block No.3 houses the chemical and volume control system, while 
block No. 4 houses the filters and demineralizers, which are the only equipm ent 
containing stored radioactive materials in large am ounts that are not located 
below ground level. Block No. 5 is the block o f the radioactive penetration, 
while block No. 6 contains the ventilation equipm ent, laboratories, cloakrooms, etc.

The plan view at the operating floor level (Fig. 8) clearly shows some of the 
major constraints resulting from duplicating an existing power plant; for instance, 
the angular location o f the personnel air-lock has been kept unchanged but it led 
to  a rather difficult arrangement o f the mechanical building just in front o f this 
air-lock. A locker-room with showers is between the containm ent and the fuel 
buildings. This locker-room is limited to  the operating crew o f the plant and 
has direct access to  the electrical building at the same level as the control room, 
on one side and, on the other, gives direct access to  the containm ent personnel 
air-lock, staircases and lifts to  the o ther radioactive buildings.

3.2. Accesses to  the buildings

The problem  o f accesses to  the various buildings has been studied with 
very great attention  so as to limit the openings to the lowest number 
possible. Indeed, with the present arrangement, only one door has been required 
to the radioactive building, and one door to  the electrical building to  provide 
access for the personnel to  the adm inistration offices and the control room.
Also, inside the electrical building, the various corridors, doors and staircases 
have been arranged in such a way tha t control of the accesses can be easily 
achieved. The general layout o f the plant has also been studied, not only to 
provide maximum flexibility to  m eet various criteria and to  allow a m odular 
concept, but with the help o f Army Engineers, has also been extensively studied 
with respect to  protection against sabotage. For instance, no dead corners have 
been accepted between the buildings so that extensive damage would be prevented 
in case o f an explosion.

3.3. Cost evaluation

Owing to  constant attem pts to  limit the volumes o f the buildings, while 
maintaining ease o f m aintenance and operation and providing flexibility for
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local conditions, the total plant volume can be favourably compared with specific 
volumes and specific building areas available for several nuclear power plants 
throughout the world as plotted versus plant outputs in Fig.9, which indicates 
that, especially for the 600-MW(e) version, this reference plant concept leads to 
a remarkably low specific volume and area. This result has a favourable impact 
on the investment cost as plotted in Fig. 10, in December 1977 constant dollars.
The cost figures for 980 and 1250 MW(e) result from the present Belgian 
programme, while the cost figures for 400 and 600 MW(e) result from 
re-evaluation o f the existing Doel cost data to  take into account changes included 
in the reference plant concept and the associated equipment, and to  deal with 
increases o f the cost o f the unchanged items. These indicative cost evaluations 
are based on the m ulti-contract approach as used for the Belgian plants. Throughout 
the world, this approach is becoming increasingly popular since it allows active 
local participation in well-defined areas of the entire project.

4. CONCLUSION

One can conclude that, although many problems must be faced, the duplication 
o f power plants operating in the medium power range can be sucessfully contemplated 
and can meet up-to-date criteria while providing surprisingly good flexibility for 
local requirements.

However, only parts o f existing plants can be duplicated, i.e. in the present 
case the containm ent building and the various mechanical and electrical equip
ment. Anyway, this limited duplication should meet the most stringent requirements 
o f the financing organizations and o f many utilities.

Such an approach could help solve the present difficulties o f the m arket for 
the small and medium power reactors (SMPR), mainly by providing sufficient 
confidence in the availability factors and in investment cost evaluation. It is 
also hoped tha t it could give the opportunity to countries with installed 
power generation capacity down to some 3000 MW(e) to  benefit from nuclear 
power and to  reduce the haemorrhage o f foreign currencies resulting from 
oil purchases.

DISCUSSION

A.F. EL-SAIEDI: In view of the trend towards the construction o f single 
units, which is the case in France and perhaps also in the United States of America,
I am wondering how far the twin unit concept is really applicable. Furtherm ore,
I notice from your diagrams that the turbine generator building is tangential, 
whereas the common practice nowadays is to  have a radial location. Could you 
comment on that?
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J. PREVOT : A fter developing the reference plant concept, which I have 
described, we realized that a twin unit version would not comply with the recent 
United States regulations, also followed in Belgium, hence the concept has now 
been developed for single units. Similarly, the original tangential location of 
the turbine building for the Doel 1 and 2 units has not been retained. The 
reference concept is based on a radial location of the turbine, as required by the 
present safety regulations.

L. ABOUDARHAM: Has the 600 MW reference project described been 
evaluated by the Belgian safety authorities? Would it in effect be licensable if 
constructed in Belgium?

J. PREVOT: The reference concept I have described is designed to  fill the 
needs o f various importing countries which have approached the IAEA with a view 
to purchasing replicas of power plants operated in the exporting country.

Within this context the Société de traction et d ’électricité S.A. has not 
specifically contacted the Belgian nuclear safety authorities on the subject of 
licensing, but in view o f the routine contact that is maintained on a daily 
basis with those authorities in relation to  plants currently being built in Belgium 
there should not be any problem in the licensing o f the concept in Belgium itself.
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Abstract-Resumen

PROGRESS REPORT ON NUCLEAR POWER STATION PROJECTS IN SPAIN.
This paper deals w ith the in troduction  o f nuclear power plants in Spain, particularly 

from  the po in t o f view of the engineering questions and the problem s of im ports and exports 
th a t arise. A sum m ary is given of the industrialization th a t has taken place in Spain in the 
last 25 years, and considering the electric pow er situation in Spain the authors come to  the 
conclusion th a t nuclear pow er plants are essential. They describe the  Spanish nuclear program m e, 
which justifies the  resolve to  rely on national resources to  a large ex ten t for the design and 
construction o f the plants. The status o f  the nuclear industry  in Spain is outlined , and the 
origins and experience o f the engineering firms involved in the Spanish nuclear program m e are 
explained. A brief description is given o f the procedure followed in Spain in the planning 
of nuclear power plants, and the characteristics o f  different nuclear projects are analysed.
The role o f engineering as a stim ulus to national industry  and research is considered. An 
attem pt is made to  show how the participation o f Spanish engineering firms in power station 
design has evolved.

SITUACION DEL DESARROLLO DE PROYECTOS DE CENTRALES NUCLEARES EN 
ESPAÑA.

En el trabajo se tra ta  de la im plantación de centrales nucleares en España, considerado 
en particular desde el pun to  de vista de una oficina de ingeniería, y de los problem as de 
im portación y exportación  que se originan. Se describe el proceso de industrialización 
ocurrido en España en los últim os veinticinco años, y considerando la situación energética 
española se com prueba la necesidad de construir centrales nucleares. Se describe el program a 
nuclear español, que justifica el deseo de que la m ayor parte  del proyecto  y construcción de 
la central se realicen con m edios nacionales. Se resume la situación de la industria nuclear 
española, y  asimismo se explica la génesis y experiencia de las empresas de ingeniería que 
intervienen en el program a nuclear español. Se describe brevem ente la m odalidad que se sigue 
en España para proyectar centrales nucleares, y se analizan las características diferenciales 
de los proyectos nucleares. Se hacen consideraciones sobre el papel de la ingeniería como 
prom oto r de la industria  y de la investigación nacionales. Se describe la evolución seguida por 
la participación de las empresas de ingeniería española en el diseño de las centrales.
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1. INTRODUCCION
1.1. Objeto del trabajo

En este simposio se va a tratar de la exportación de cen
trales nucleares; el problema puede enfocarse desde el punto de 
vista del exportador, o país donde se origina la tecnología, o 
desde el del país importador.

Entre estos últimos existe un grupo importante de nacio
nes de nivel económico y técnico intermedio que no han desarro
llado un tipo propio de reactor pero que, tanto por su grado de 
desarrollo industrial como por la magnitud de sus programas nu
cleares, no se conforman con un papel de importador "strictu 
sensu". Estos países, entre los que se encuentra España, prefie
ren asimilar, en el mayor grado que sus posibilidades económi
cas y técnicas lo permitan, la tecnología extranjera, proyectan
do y fabricando con medios nacionales una buena parte del equi
po e importando solo aquellas técnicas o equipos que, por su 
complejidad o problemas de mercado, resulte necesario.

En la presente memoria se relata la experiencia española 
en esta materia, contemplada bajo la perspectiva del proyecto 
de ingeniería. Ello está motivado en parte porque este es el 
sector en el que trabajan los autores y también porque en el 
desarrollo de un programa de transferencia de tecnología, como 
es el programa nuclear español, los servicios de ingeniería son 
una de las piedras angulares de todo el proceso de implantación 
de la técnica extranjera y su adopción por la industria nacio
nal .

1.2. El desarrollo económico y el Plan Energético Español
España ha tenido en los últimos veinticinco años un acu

sado crecimiento económico, como revela la variación del Produc
to Interior Bruto; que, en miles de millones de pesetas constan
tes de 1970, pasó de 877 en 1953, a 1577 en 1963, 3012 en
1973 y en 1976 a 3 262; ello representa una tasa media de creci
miento real del 5,9% anual acumulativo. Su crecimiento ha sido 
consecuencia de un importante proceso de industrialización, que 
ha repercutido sobre la demanda de energía. Para cubrir, en par
te, el incremento del consumo energético se aumentó en estos 
veinticinco años pasados la producción de energía eléctrica. En 
el Cuadro I, se detallan la producción y la potencia instalada, 
entre 1953 y 1977; las tasas medias del crecimiento de la pro
ducción y de la potencia instalada han sido, respectivamente, 
de 10,2% y 9,5% anual acumulativo durante el período.

Al introducirse la planificación económica en España, se 
ha establecido un Plan Energético Nacional, que se revisa cada 
dos años. La última revisión tuvo lugar en 1975. El Cuadro II 
recoge las predicciones que establecía. Actualmente el Plan se 
está sometiendo a una reconsideración a fondo y en el momento 
de redactarse esta memoria el Gobierno prepara la remisión al 
Parlamento de una nueva propuesta del Plan.
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CUADRO I. LA ENERGIA ELECTRICA EN ESPAÑA -  ENERGIA 
PRODUCIDA (GW h)

' "—----------  Año
Concepto

1953 1963 1973 1976 1977

P roducc ión  t o t a l  

H i d r o e l é c t r i c a  

Térmica t o t a l

-  c l á s i c a
-  n u c le a r

9 622 

7 411 

2  2 1 1  

2 2 1 1

25 897 

21 139 

4 758 
4 758

76 128

29 524

46 604

40 059 
6  545

90 595

22 429

6 8  166

60 611 
7 555

93 441

40 401

53 040

46 514 
6 526

POTENCIA INSTALADA

(MW)

^ño
Concepto ' 1953 1963 1973 1976 1977 ii
Producc ión  t o t a l  

H i d r o e l é c t r i c a  

Térmica t o t a l

-  c l á s i c a
-  n u c le a r

3 302 

2 527 

775 

775

8  387 

5 895 

2 492 

2 492

23 186

11 473

11 713

10 593 
1 1 2 0

26 709

12 553 

14 156

13 036 
1 1 2 0

27 316 ¡j

13 103 ¡|

14 213 j¡

13 093 § 
1 1 2 0  j¡

España es pobre en recursos energéticos; sus reservas de 
carbón no son importantes, con yacimientos de difícil y costosa 
explotación. Las reservas, hasta ahora conocidas, de petróleo 
son insignificantes. La orografia española permite unos aprove
chamientos hidroeléctricos de importancia; no obstante, debido 
a la enorme variabilidad pluviométrica de unos años a otros, es 
necesario considerar la producción de energía hidroeléctrica en 
caso de año medio y complementar la demanda con la producción 
eléctrica de origen térmico. En el pasado se hicieron grandes 
obras hidráulicas, por lo que esta fuente de energía se encuen
tra próximo a su máximo aprovechamiento económico [1].

La alternativa nuclear es prácticamente la única viable 
en España para poder mantener un crecimiento de la producción 
de energía eléctrica que satisfaga al de la demanda.

La crisis energética ha influido en el sector eléctrico 
español de tal modo que la política actual se centra en una se
rie de medidas de ahorro, con objeto de evitar al máximo la de
pendencia exterior. El subsector nuclear, a su vez, se ha visto
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CUADRO II. PREVISIONES DE LA DEMANDA Y POTENCIA INSTALADA 
DE LA ENERGIA ELECTRICA EN ESPAÑA DE ACUERDO CON LA 
REVISION DEL PEN EN 1975 -  ENERGIA PRODUCIDA (GW h)

---------  Año
С on сер t 1976 1980 1985

1

1990

GW*h % GW«h % GW.h % GW-h %

P rodu cc ió n  t o t a l 8 6  0 0 0 1 0 0 , 0 123 100 1 0 0 , 0 187 900 1 0 0 , 0 270 000 1 0 0 , 0

H i d r o e l é c t r i c a 2 1  1 0 0 24,5 33 900 27,5 40 800 21,7 50 000 18,5

Térmica t o t a l 64 900 75,5 89 200 72,5 147 100 78,3 2 2 0  0 0 0 81,5

-  c l á s i c a 57 700 67,1 51 700 42,0 64 100 34,1 48 000 17,7
-  n u c le a r 7 200 8 ,4 37 500 30,5 83 000 44,2 172 000 63,8

PO TEN C IA  INSTALADA 

(MW)

Año
Conc ep t 1976 1980 1985 1990

MW % MW / MW % MW %

P rodu cc ió n  t o t a l 26 620 1 0 0 , 0 39 420 1 0 0 , 0 62 490 1 0 0 , 0 82 540 1 0 0 , 0

H i d r o e l é c t r i c a 12 500 47 ,0 14 760 37,4 22 950 36,7 25 000 30,3

Térmica t o t a l 14 120 53,0 24 660 62,6 39 540 63 ,3 57 540 69,7

-  c l á s i c a 13 000 48 ,8 16 540 4 2,0 18 4*20 29,5 18 420 22,3
-  n u c le a r 1 1 2 0 4 ,2 8  1 2 0 2 0 , 6 2 1  1 2 0 33,8 39 120 47,4

influido negativamente no sólo por las mismas razones que la ge
neralidad del sector, sino por causas propias como son los pro
blemas de aceptación pública y la desfavorable situación inter
nacional del final del ciclo del combustible. En el Cuadro III
[2], se establecen previsiones para el futuro de la energía 
eléctrica. Comparando los Cuadros II y III se llega a la conclu
sión de que la potencia nuclear instalada en 1987 se situará 
con toda probabilidad alrededor de los 18 ООО a 20 000 MW.

1.3. El programa nuclear español
En el programa nuclear español, se distinguen tres eta

pas [3]. La primera se extiende desde 1948 hasta 1965. Durante 
ella el papel de protagonista lo desempeña la JUNTA DE ENERGIA
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CUADRO III. PREVISION, SEGUN KARIGER, DE LA DEMANDA 
DE ENERGIA ELECTRICA EN ESPAÑA

i Año 
i Concepto 1977 1982 1987

=======11
il
ii
i
ii
и

GW«h % GW*h % GW*h % §

i P roducc ión  t o t a l 91 700 1 0 0 , 0 123 900 1 0 0 , 0 175 300
и

1 0 0 , 0  ¡I

i H i d r o e l é c t r i c a 41 500 45 ,3 36 900 29,8 41 900 23,9  §

i Térmica t o t a l 5C 200 54,7 87 000 69,7 133 400 7 6 , 1 §
¡ -  c l á s i c a 44 200 48,2 57 700 46,6 70 300 40, i  §
i -  n u c le a r 6 0 0 0 6,5 29 300 23,6 63 100 3 6 ,0  ¡¡

ii
ii

NUCLEAR, que desarrolla una labor de investigación en el CENTRO 
"JUAN VIGON", dedicando un esfuerzo notable a la formación de 
personal, y va asesorando e introduciendo la preocupación por 
el tema nuclear entre las empresas eléctricas. El INSTITUTO NA
CIONAL DE INDUSTRIA, en su CENTRO DE ESTUDIOS TECNICOS DE ELEC
TRICIDAD inicia los primeros trabajos y estudios sobre factibi
lidad y planificación de las aplicaciones industriales de la 
energía nuclear y prepara sus equipos humanos. La industria 
eléctrica sigue con atención los desarrollos en este campo, pe
ro sin intervenir en él.

La segunda etapa se extiende hasta 197 3; durante ella se 
construyen y comienza la explotación de las centrales nucleares 
de la llamada primera generación: José Cabrera, Santa María de 
Garoña y Vandellós 1. Durante esta época el papel de protagonis
ta recae sobre las empresas eléctricas. En el Cuadro IV, se de
tallan algunos datos sobre estas tres centrales.

Cuando se iniciaron los trabajos previos sobre las cen
trales de esta primera generación, no existía conocimiento cla
ro sobre el tipo de reactor que, tanto desde el punto de vista 
técnico como del económico, tuviese ventajas notorias que lo hi
cieran prevalecer. Tampoco la industria española se encontraba 
capacitada para intervenir sustancialmente en el programa. Por 
ello estas centrales se adquirieron en función de Consideracio
nes económicas en el momento de la contratación; no hubo norma
lización entre las tres centrales, pero cada una de ellas repre
senta la mejor opción económica del momento. Las tres se adqui
rieron bajo la modalidad 'llave en mano' .

La tercera etapa del programa nuclear español culminará 
con la entrada en servicio de la central de Cofrentes, lo que 
tendrá lugar hacia 1981; las empresas de ingeniería y de bienes 
de equipo resultan los verdaderos protagonistas de este perío
do que corresponde a las centrales de la segunda generación.
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En el Cuadro V, se describen las centrales de esta eta
pa. Las diferencias con la anterior son: de los siete grupos 
contratados, seis corresponden al mismo tipo; las empresas espa
ñolas de ingeniería y de bienes de equipo se habían ido prepa
rando durante el período anterior para intervenir más activamen
te en el presente; como la modalidad 'llave en mano' se abando
na definitivamente como resultado de estas circunstancias, la 
participación de las empresas españolas en el proyecto y cons
trucción de las centrales de esta etapa es sustancialmente ma
yor que en la etapa anterior.

Aún puede considerarse un cuarto período iniciado hace 
algo más de un año, que cubre las centrales que entrarán en fun
cionamiento a partir de 1983. En el Cuadro VI, se relacionan 
las centrales que han obtenido la autorización previa; y en el 
Cuadro VII, aquellas que la tienen solicitada [4]. Esta cuarta 
etapa será en todo semejante a la tercera, con un aumento del 
porcentaje en la participación de la industria española.

1.4. La industria nuclear española
El programa nuclear español descrito en el apartado 1.3. 

significa un volumen de inversión lo suficientemente grande pa
ra que las empresas españolas de bienes de equipo se sintiesen 
atraídas a participar en él. Por otra parte, la administración 
al conceder la autorización previa para cada central, establece 
el porcentaje mínimo de la inversión que ha de aplicarse a equi
pos y servicios de origen nacional. Esta y otra serie de medi
das gubernamentales encaminadas a fomentar la industria nuclear 
española han dado lugar a un progresivo aumento de la participa
ción española.

La participación de la industria española en las centra
les de la primera generación estuvo comprendida entre el 40 y 
el 44%; en las que están actualmente en construcción es del 
66,5% y prevé que para las que ahora se inician se alcanzará el 
80,9%. En el Cuadro VIII, se detalla el grado de participación 
en cada uno de los sectores de actividad [5,6].

Las empresas de fabricación de equipos eléctricos, cons
trucción mecánica y calderería han ido adaptando progresivamen
te sus fabricaciones a las exigencias de una central nuclear 
[7]. Desde hace años se lleva a cabo, bajo licencia extranjera, 
la fabricación de un número creciente de elementos para turbi
nas/alternadores, teniendo como meta la construcción total del 
turbo-grupo. En la fabricación de los equipos eléctricos se ha 
avanzado mucho, siendo previsible que la industria española lle
gue a ser autosuficiente. Por lo que se refiere al equipo de 
instrumentación y regulación específicamente nuclear, la parti
cipación española por el momento es muy escasa. Por el contra
rio, el equipo convencional de instrumentación y regulación no 
ofrece dificultades.

En cuanto a la caldera nuclear, en 1973 se constituyó, 
con capital en oarte estatal y en parte privado, la empresa
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CUADRO VIII. PARTICIPACION DE LA INDUSTRIA ESPAÑOLA EN LA 
IMPLANTACION DE CENTRALES NUCLEARES

1=---------------------------------

Concepto
Centrales en 
construcción

%

Centrales cuyo 
proyecto se 

inicia ahora

%

OBRA CIVIL 100,0 100,0

BIENES DE EQUIPO (Total) 50,0 71,0

- caldera nuclear 34,0 60,0

- turbogrupo 29,0 45,0

- resto del equipo 70,0 90,0

MONTAJE 100,0 100,0

INGENIERIA 80,0 90,0

FORMACION DE PERSONAL 80,0 100,0

OTROS SERVICIOS 80,0 90,0

T O T A L 66,5 80,9

EQUIPOS NUCLEARES, S.A. (ENSA), que tiene el compromiso de lle
gar a fabricar, bajo licencia la caldera nuclear de las centra
les españolas, dedicándose también a la exportación. La capaci
dad de producción prevista es de tres a cuatro vasijas de pre
sión al año, a partir de 1980. Actualmente poree licencias de 
los dos suministradores americanos y del alemán cuyos reactores 
han sido contratados por los explotadores españoles.

En el campo del combustible nuclear, en 1971 se constitu
yó, con capital nayoritariamente estatal y participación de las 
empresas eléctricas, la EMPRESA NACIONAL DEL URANIO, S.A. (ENU- 
SA), encargada de todo el ciclo del combustible. Esta empresa 
tiene licencia para fabricar los elementos combustibles de los 
dos tipos de reactores americanos de agua ligera que están en 
funcionamiento en España.

En lo referente a obra civil y montaje, como indican las 
cifras de participación nacional antes citadas, las empresas es
pañolas en este campo son capaces de atender los requisitos de 
la construcción de centrales nucleares.
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1.5. La ingeniería en España
1.5.1. Las empresas españolas de ingeniería

Las empresas de ingeniería nacen en el momento en que co
mienzan la utilización de la energía eléctrica a gran escala y 
el desarrollo de la industria química. Hasta entonces la inge
niería no era una actividad autónoma sino que estaba vinculada 
al equipo productor, pero en ese momento se inicia la distin
ción entre quién concibe, quién realiza y quién produce. La ta
rea de la ingeniería tiene concomitancias con la logística; en 
ambos casos puede decirse que la técnica prevé, pone a disposi
ción y administra los medios que permiten realizar determinado 
trabajo en un lugar dado y en cierto tiempo previamente fijado, 
y todo ello realizado con un coste mínimo.

España sigue la tónica mundial en la creación de las em
presas de ingeniería y las primeras españolas nacen para aten
der los planes de construcción de centrales térmicas, de la 
industria petrolquímica o de las grandes obras de ingeniería 
civil, ligadas, sobre todo, al plan de centrales hidroeléctri
cas .

En una segunda etapa estas empresas especializadas de 
ingeniería van ampliando su campo de actuación, diversificando 
sus cometidos, hasta cubrir sectores cada vez más amplios; más 
adelante se produce una concentración, por lo que varias empresas 
ligadas al mismo grupo financiero se funden en una sola. Ac
tualmente, el tamaño de las empresas españolas más importantes 
está comprendido entre 500 y 2000 personas [8].

A principios de los años cincuenta el INSTITUTO NACIONAL 
DE INDUSTRIA inició la instalación en el país de una serie de 
centrales térmicas clásicas. Hasta esa fecha las pocas centra
les térmicas instaladas en España, lo habían sido bajo la fór
mula 'llave en mano', por lo que no había en aquella época nin
guna experiencia en el diseño de centrales térmicas. El INI se 
planteó, antes de emprender las nuevas instalaciones, si se con
tinuaba con el sistema 'llave en mano', el cual era mucho más 
cómodo y en aquel entonces más económico y de menor plazo de 
ejecución, o se iniciaba en el país la realización de los pro
yectos adquiriendo las centrales por grandes componentes y fo
mentando la fabricación nacional.

Conscientes los responsables del INI de la misión del INS
TITUTO optaron por la solución más díficil y complicada de cons
tituir un equipo humano que fuese formándose en el proyecto de 
centrales térmicas; para ello se contrataron los servicios de 
una firma extranjera de reconocida experiencia y se situó al per
sonal técnico español entre los del consultor extranjero; de es
ta forma prudente se inició en España la realización del diseño 
de centrales térmicas creándose una oficina de ingeniería dentro 
del INI, la cual se transformaría más adelante en empresa, con 
el nombre de AUXIESA INGENIERIA ESPASOLA, S.A.

Al mismo tiempo que se iniciaba la actividad de proyectos 
de centrales térmicas, el INI creó una Sección Nuclear donde un
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grupo de ingenieros se dedicó a estudios nucleares y recibió una 
amplia formación nuclear en centros extranjeros, fundamentalmen
te norteamericanos. De esta forma, se consiguió un doble objeti
vo; por un lado, iniciar la realización de proyectos de centra
les por personal español, y, por otro, formar ingenieros españo
les en el campo nuclear. Esta Sección Nuclear del INI se inte
gró en AUXIESA, al constituirse ésta, la cual continuó con la 
realización de proyectos de centrales térmicas, de tal forma 
que en el momento presente España es totalmente autosuficiente 
en este tipo de proyectos.

Por otra parte, el INSTITUTO creó también otras dos em
presas de ingeniería (IPQ y EDES), dedicadas inicialmente a la 
petrolquímica y al urbanismo y obra civil. En 197.6 las tres so
ciedades se fundieron en una sola, la EMPRESA NACIONAL DE INGE
NIERIA Y TECNOLOGIA, S.A. (INITEC), que hoy cubre todo el campo 
de los proyectos industriales.

Un grupo bancario industrial creó paralelamente otras 
tres empresas (EPTISA, GHESA y TECNICAS REUNIDAS), con activida
des principales en el desarrollo de proyectos hidráulicos, cen
trales térmicas e industria petrolquímica, respectivamente. Pos
teriormente, la unión de las tres ha dado lugar a EMPRESARIOS 
AGRUPADOS.

Centrando sus actividades en la industria naval y petrol
química, también con capital privado, se constituyó en 1956 la 
empresa SENER, que inició sus actividades nucleares en 1969 y que 
está ligada, fundamentalmente, a los planes industriales del nor
te de España.

Todavía una cuarta empresa, INYPSA, desarrolla activida
des en el campo nuclear; esta empresa nació para realizar proyec
tos energéticos.

Al margen de estas cuatro empresas existe en España una 
serie de consultores sobre campos concretos, que participan en 
aspectos parciales del proyecto de centrales nucleares, como 
pueden ser la geología o la meteorología de los emplazamientos, 
los ensayos no destructivos de materiales y componentes.

2 . EL PROYECTO DE UNA CENTRAL NUCLEAR
2.1. Modalidad seguida en España y alcance del proyecto

Los proyectos de centrales nucleares pueden realizarse si
guiendo dos modalidades distintas. En una de ellas, frecuente en 
ios países europeos, la gestión global del proyecto y una gran 
parte de la ingeniería están incluidos en el contrato con el su
ministrador principal, quien realiza el diseño básico del conjun
to, de tal forma que la parte de central no incluida en el sumi
nistro principal se divide en una serie de grandes bloques que 
el explotador contrata por separado.

En España se sigue la otra modalidad, que es la común en 
los Estados Unidos. En este caso, la empresa eléctrica, asesora
da normalmente por una empresa de ingeniería, selecciona el sumi-
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nistrador principal, con el que contrata el reactor y una serie 
de sistemas auxiliares, que varían de un caso a otro; este con
junto recibe el nombre de isla nuclear. La adquisición del tur- 
bogrupo se efectúa separadamente.

Establecidos estos contratos, la empresa eléctrica encar
ga a una ingeniería el diseño, tanto básico como de detalle, de 
todo el resto de la central. También se encarga la ingeniería 
de la coordinación y parcial realización de los estudios relacio
nados con el emplazamiento, de la redacción de una gran parte de 
los estudios preliminar y final de seguridad, de asesorar a la 
empresa propietaria en materia de licénciamiento, etc. Todo este 
paquete recibe el nombre de diseño de ingeniería.

Dependiendo de su propia capacidad de trabajo de ingenie
ría, la empresa propietaria se reserva una parte mayor o menor 
de todas las demás tareas. Aunque la dirección y gestión global 
del proyecto son actividades que intrínsecamente corresponden a 
la empresa propietaria, es normal que la ingeniería actúe de ase
sor de ella y realice gran parte de esta tarea. Del mismo modo 
el contrato con suministradores, constructores de obra civil y 
empresas de montaje los establece directamente la empresa eléc
trica, siguiendo las especificaciones redactadas por la ingenie
ría. Sin embargo, es frecuente que el seguimiento y activación 
de pedidos y la supervisión de obra y montaje sean realizadas, 
total o parcialmente, por la ingeniería. También interviene és
ta en mayor o menor grado en la labor de la puesta en marcha de 
la central, especialmente en la planificación de la misma, así 
como redacta los manuales de explotación de la central.

2.2. Características del proyecto de una central nuclear ■
Si se compara el proyecto de una central nuclear con el 

de otra instalación relativamente parecida a ella, como puede 
ser el de una central térmica clásica, aparecen una serie de di
ferencias [91, que imprimen una peculiaridad propia al diseño 
de la central núcleo-eléctrica:
- Seguridad nuclear.
- Gran complejidad.
- Requisitos muy severos de calidad*
- Tecnologías nuevas-
- Reglamentación específica.

Los dos últimos aspectos serán tratados en el apartado 4 
de esta memoria; ahora sólo haremos una breve mención a los tres 
primeros.

2.2.1 Seguridad nuclear
El aspecto más sobresaliente de las instalaciones nuclea

res es el de la seguridad. A pesar de los peligros potenciales
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asociados a las radiaciones ionizantes, las instalaciones nuclea
res se encuentran entre las instalaciones industriales más segu
ras, gracias a la severa normativa de seguridad aplicada, que 
se basa en el principio de la llamada seguridad a ultranza.

En el proyecto se sigue una metodología denominada 'pro
tección en profundidad1 [loj, en ella se consideran los tres ni
veles siguientes.

Primer nivel: el diseño debe comportar el máximo de segu
ridad durante el funcionamiento normal; se toman las máximas 
precauciones en las posibles averías, o fallos de los equipos, 
siempre se debe tener en cuenta el principio 'fallo-seguridad'.

Segundo nivel: se considera que los accidentes pueden 
ocurrir a pesar de un buen diseño, de la calidad del equipo y 
de un adecuado funcionamiento; por ello, se diseñan y se insta
lan sistemas de seguridad que en caso de fallo protejan a los 
trabajadores y al público evitando o disminuyendo los daños si 
los accidentes llegase a tener lugar.

Tercer nivel: se suponen accidentes hipotéticos y se eva
lúan sus efectos; basándose en ello se diseñan unos sistemas de 
seguridad adicionales, para que actúen cuando ciertos sistemas 
fallen o estén indisponibles en el momento en que tiene lugar 
el accidente contra el que deberían haber actuado para realizar 
la correspondiente protección. Este tercer nivel constituye un 
margen de seguridad suplementario, que confronta el diseño con 
las condiciones graves de accidente. Del análisis de estos casos 
de accidentes concebibles se estudia la secuencia de accidentes 
que se seleccionan como base para el diseño; se les suele deno
minar 'accidentes conceptuales', o 'accidentes característicos'.

En los reactores de agua ligera los accidentes con pérdi
da de refrigerante (LOCA), son los que han recibido la mayor 
atención respecto al llamado tercer nivel, aunque evidentemente 
hay también otros como, terremotos, colisiones de proyectiles, 
inundaciones, etc., que han de considerarse en el diseño.

Toda esta normativa de seguridad y su puesta en práctica 
durante las fases de proyecto, construcción y explotación de la 
central, hacen que las actividades relativas a las instalaciones 
nucleares tengan características muy especiales. Concretamente, 
en el proyecto de una central la redacción de los estudios de se
guridad, el análisis de accidentes, los fallos postulados, el 
cálculo de emisión de nucleidos radiactivos, el establecimiento 
de redundancias, los criterios de separación de sistemas, y la 
división en clases de seguridad y categorías sísmicas exigen una 
capacitación especial del personal de proyecto.

2.2.2. Complejidad
Basta dar algunas cifras para darse cuenta de la tarea 

que representa el proyecto de una central nuclear. En su construc
ción se emplean más de 1 0 0 0 0 0 m^ de hormigón, unos 1 1 0 0  km 
de cable eléctrico y más de 30 km de tubería de un diámetro su
perior a 2,5 pulgadas. En el proyecto se editan más de 12 500
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planos y unas 250 especificaciones. El resultado es que el pe
ríodo de diseño dura alrededor de 6 años, trabajando en los mo
mentos punta cerca de 400 personas.

Para conseguir una buena coordinación y unidad de crite
rio entre un número tan grande de personas y en un período tan 
dilatado, es necesario establecer una organización y unos méto
dos de gestión, programación y planificación que garanticen la 
continuidad del proyecto. Atienden a este fin: el Manual de Cri
terios de Diseño, donde se recogen todos los parámetros, concep
tos y decisiones, de carácter general o específico, que han de 
tener en cuenta todos los grupos involucrados a lo largo del 
proyecto; las Bases de Diseño donde se fijan las directrices 
esenciales del proyecto; el Manual de Procedimiento de la Inge
niería, que establece las reglas y disciplinas de trabajo y el 
Manual de Diseño que establece los métodos técnicos a emplear 
por los grupos realizadores del proyecto.

2.2.3. Requisitos de calidad
El elevado coste de la inversión y la necesidad de un fac

tor de disponibilidad elevado serían motivos más que suficientes 
para exigir una buena calidad al proyecto. Pero existe una terce
ra razón que exige en forma más imperiosa aún que el nivel de ca
lidad del diseño sea muy alto; esta tercera causa es la Seguri
dad. Es necesario mantener el nivel de calidad en cotas muy al
tas, y además tener una evidencia documentada de que ese nivel 
se ha conservado durante todo el proyecto. Ello se consigue me
diante la adopción de un programa de garantía de la calidad que 
ha de cubrir todas las etapas del proyecto y que ha de aplicarse 
a todas las organizaciones involucradas en él [1 1 ].

La calidad, en parte, es responsabilidad de los propios 
ejecutantes de cada actividad; todos los datos básicos, las exir 
gencias de la Administración, las normas, guías y códigos perti
nentes, deben incorporarse al proyecto; las especificaciones de
ben detallar todos los extremos precisos para que se alcance la 
calidad requerida. Cada grupo de proyecto encargado de realizar 
una tarea debe, a la vez, comprobar que se ha seguido la norma
tiva de calidad prevista y dejar constancia documental de ello; 
esto es lo que se llama una revisión interna. Además, ha de 
existir un grupo de garantía de la calidad, verdadero equipo de 
control, que, situado fuera de la actividad del proyecto, con 
independencia total de él y ligado exclusivamente a la alta di
rección del mismo, ejecute una última inspección, l-a revisión 
externa, que es la que, en último término, garantiza el estricto 
cumplimiento del programa de garantía de la calidad.

Otro aspecto de la garantía de la calidad y de gran impor
tancia es el archivo de la documentación del proyecto. La regla
mentación exige que toda la documentación relativa al proyecto 
de la central se conserve durante toda la vida de la misma, en 
forma tal que en cualquier momento puede comprobarse la forma 
en que se realizó una determinada actividad.

El Manual de Procedimientos de la Ingeniería, los Estu
dios_de_Seguridad# el Manual de Criterios de Diseño, la Lista
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J-Ç-1- Y el Programa de Garantía de la Calidad, incorporan y ase
guran la calidad del proyecto, y, posteriormente, de la cen
tral.

2.3. Contenido y organización del diseño de ingeniería
Como se dijo en el apartado 2.1, en España el cometido 

asignado a la empresa de ingeniería varía de un proyecto a 
otro, en función de los medios de ingeniería de que disponga 
la propia empresa explotadora. El diseño de ingeniería en to
dos los casos es encomendado en su totalidad a la ingeniería, 
reservándose respecto a él la empresa explotadora un papel de 
supervisión y de adopción de decisiones en los aspectos claves.

El contenido de este diseño de ingeniería comprende;
Fase conceptual o de ingeniería básica
- Recopilación de datos y criterios para la realización del tra

bajo
- Establecimiento del programa de ingeniería
- Desarrollo de un diseño conceptual, incluyendo planos de dis

posición general, diagramas preliminares, descripción de sis
temas principales, etc.

- Redacción de: 'Manual de Garantía de la Calidad', 'Estudio 
Preliminar de Seguridad', 'Manual de Procedimientos de la In
geniería' y 'Bases de Diseño' y 'Manual de Criterios de Dise
ño' .

Fase de realización o de ingeniería de detalle
- Cálculos y estudios detallados
- Redacción de especificaciones
- Desarrollo de planos detallados para construcción, y de pla

nos de la construcción terminada
- Programas de control de calidad
- Especificaciones de pruebas preoperacionales
- Redacción: de 'Manual de Descripción de la Central' , 'Estudio 

Final de Seguridad'.

La organización del proyecto difiere según la estructu
ra de cada empresa de ingeniería y otras circunstancias específi
cas de cada proyecto. Dentro de esa elasticidad en la organiza
ción, la división en grupos coincide con las especialidades, 
según las diversas disciplinas; es decir, Arquitectura, Obra Ci
vil, Mecánico, Eléctrico, Instrumentación y Regulación, Nuclear, 
Garantía de Calidad, Control de Costes, Planificación y Control 
de la Ingeniería.
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Las actividades que normalmente desarrollan estos grupos 
abarcan desde los criterios de diseño hasta la realización de 
los planos de detalle de construcción y montaje, las especifica
ciones de equipo, evaluación de ofertas, recomendaciones de ad
quisición y descripción de los sistemas.

Cada uno de los grupos se organiza en subgrupos; así 
los Grupos de Arquitectura y Obra Civil se subdividen en subgru
pos por áreas y por edificios; dentro de éstos se definen por 
parcelas de trabajo; por ejemplo, en el caso del edificio de 
contención se diferencian la losa de cimentación, los muros, la 
estructura, las bancadas, las estructuras soporte de equipos, 
etc., cada uno de los cuales, así como el conjunto requieren 
cálculos detallados, en muchos casos, altamente complicados.

Los Grupos Nuclear, Mecánico, Eléctrico, y de Instrumen
tación y Regulación se subdividen de acuerdo con los diferen
tes sistemas.

3. CONVENIENCIA DEL DESARROLLO DEL PROYECTO POR MEDIOS NACIO
NALES

La magnitud del Plan Energético Nacional Español justi
fica que la Administración y las empresas españolas persigan 
que la mayor parte de la construcción de las centrales se rea
lice en las industrias de nuestro país. La Administración espa
ñola [1 2 ] impulsa esta participación nacional, mediante la 
adopción de una reglamentación coherente y la acción coordina
da de los órganos dependientes de ella. Las empresas, por su 
parte, pueden aproximarse a la resolución del problema por dos 
vías diferentes:
- En países con programas nucleares muy extensos y gran poten

cia industrial se ha seguido el criterio de adquirir las li
cencias para fabricar en el país la caldera nuclear y el com
bustible. A partir de esta transferencia tecnológica se crea, 
en un plazo corto, una industria nuclear fuerte y autónoma. 
Para que pueda adoptarse esta estrategia se necesita una ca
pacidad económico-industrial propia de países muy industria
lizados

- Para los países más modestos en sus planes energéticos y ca
pacidad industrial, como es el caso de España, cabe una estra
tegia de asimilación de tecnología a más largo plazo, consis
tente en la fabricación en las industrias de la nación de un 
número progresivamente mayor y más complejo de componentes, 
con lo que se produce una transferencia gradual de tecnología. 
Si bien con esta segunda estrategia se alcanzan las metas en 
períodos más dilatados y la dependencia del extranjero es 
siempre mayor, se requieren esfuerzos de adaptación y capaci
dades de asimilación menores, por lo que es accesible a paí
ses de un moderado nivel industrial.
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3.1. La ingeniería como promotor de la industria y de la in
vestigación nacionales
En un sentido muy amplio, los servicios de ingeniería 

pueden considerarse como uno más entre los 'componentes' fabri- 
cables, al menos en parte, en el país. La complejidad de una 
central nuclear hace que el proyecto de ingeniería tenga mayor 
importancia que en otro tipó de proyectos; por ello la realiza
ción con medios nacionales de este proyecto es lo suficiente
mente atractiva para justificar el esfuerzo de adaptación que 
se requiere. Aunque solo fuese por esta razón, sería lógico 
que las empresas de ingeniería de la nación participasen hasta 
el límite de sus posibilidades en el proyecto.

Pero el aspecto más importante de la participación de 
las empresas nacionales de ingeniería en el proyecto de insta
laciones complejas y de nueva tecnología, se centra en el pa
pel que aquéllas desempeñan en la transferencia e implantación 
de una tecnología nacional [13].

La implantación de innovación tecnológica es un proce
so muy complejo, como consecuencia de la diversidad de facto
res técnicos, económicos y políticos que intervienen en él. Es
tos factores se centran primordialmente alrededor de clientes y 
suministradores y requieren unas condiciones determinadas del 
mercado. La Administración influye sobre dicha implantación im
pulsando las condiciones que pueden favorecer la creación o 
adopción de innovaciones tecnológicas y haciendo que ellas 
sean atractivas a suministradores y clientes.

Las empresas de ingeniería, por su situación de puente 
entre el usuario y el fabricante de bienes de equipo, juegan un 
papel muy importante en la implantación de innovaciones técnoló- 
gicas. Gracias a su trabajo en la realización de proyectos cono
cen las condiciones que han de cumplir equipos y componentes, 
las exigencias de calidad respecto a ellos, las prestaciones 
que se solicitan, etc. Conocen también las disponibilidades del 
mercado y la potencialidad de los fabricantes para adaptar sus 
productos a los intereses de los clientes. Actuando unas veces 
de consejero del usuario, otras del fabricante, y en ocasiones 
de coordinador de ambos, la empresa de ingeniería contribuye de 
un modo importante a la aparición de nuevos productos en la in
dustria nacional. En el caso particular de la implantación de " 
las centrales nucleares españolas, las causas de la participa
ción creciente de la industria española son:
a) Existencia de un Plan Energético Nacional con un programa inn 

portante de centrales nucleoeléctricas ;
b) Interés por la tecnología nuclear por parte de la industria 

española;
c) Acertada política de promoción por parte de la Administra

ción)
d) Nivel científico suficientemente elevado en el campo nuclear, 

capaz de auxiliar a nuestra industria en la asimilación de 
nuevas tecnologías}
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e) Existencia de empresas de ingeniería con tradición y expe
riencia en el sector energético clásico y que han realizado 
un esfuerzo notable para asimilar la técnica nuclear.

Las acciones principales mediante las que la ingeniería 
promociona la creación de una industria nacional de bienes de 
equipo, son: .

- Adaptación al ámbito nacional de las especificaciones que re
dacta, de tal modo que, manteniendo todos los requisitos ope- 
racionales y de calidad, los equipos resulten de más fácil 
construcción en el país.

- Asistencia a los fabricantes en la interpretación de códigos, 
guías y requisitos especiales.

- Colaboración con los fabricantes en la implantación de progra
mas de garantía de la calidad.

- Favorecer la comprensión e intercambio de información entre 
clientes y suministradores,

- Análisis y prospección de las potencialidades y fabricaciones 
de las empresas de bienes de equipo.

Es evidente que solo una ingeniería del propio país, con 
amplio conocimiento sobre las posibilidades de las industrias 
de la nación y con un decidido propósito de fomentar la incor
poración de la tecnología extranjera, puede ejercer una acción 
decisiva en el sentido que se acaba de explicar.

En el caso concreto del programa nuclear español, los as
pectos más sobresalientes en los que las ingenierías han debi
do asesorar a los fabricantes de bienes de equipo, han sido:

- Diseño sísmico.
- Cálculo de esfuerzos y flexibilidad de tuberías.
- Categorías de seguridad.
- Programa de Garantía de la Calidad.
- Interpretación y adaptación de normas y códigos especiales 

(ASME, etc.).

Aun en el caso de la pura transferencia tecnológica sin 
que exista creación propia, la implantación de innovaciones re
quiere una colaboración de la investigación nacional. En este 
sentido, pues las empresas de ingeniería tienen también un co
metido que desempeñar: la orientación a los centros investigado
res sobre los programas cuyo desarrollo interesa prioritariamen
te al sector industrial,así como informarles después sobre la 
adecuación entre el resultado de sus investigaciones y las nece
sidades y metas que la industria ha de satisfacer. Las empresas 
españolas de ingeniería, consecuentes con estas ideas, tanto 
en el pasado como en la actualidad han establecido colaboracio
nes con la JUNTA DE ENERGIA NUCLEAR y con el CENTRO DE ESTUDIOS 
DE LA ENERGIA.
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3.2. Efectos sobre la propia ingeniería
La ingeniería, cuando desarrolla el proyecto de una cen

tral nuclear, además de contribuir al desarrollo de la indus
tria nacional se beneficia ella misma del esfuerzo realizado 
al asimilar la nueva tecnología.

Esta tecnología, así como las técnicas de organización 
y planificación necesarias para desarrollar el proyecto de una 
instalación nuclear, son mucho más complicadas que las equiva
lentes en la gran mayoría de los proyectos clásicos. El resul
tado, que hemos podido constatar con nuestra experiencia, es 
que las empresas de ingeniería que han trabajado en el diseño 
de centrales nucleares poseen unos conocimientos y aplican unos 
métodos de gestión que han elevado su rendimiento en otros mu
chos tipos de proyectos. Podemos afirmar que las empresas de 
ingeniería con experiencia en proyectos nucleares han adquiri
do unos hábitos y establecido una organización que les capaci
ta para desarrollar gran variedad de proyectos complicados y 
de alta calidad, de díficil acceso para ellas en caso contra
rio.

4. PROBLEMAS QUE PRESENTA EL DESARROLLO DE LOS PROYECTOS
La capacidad de proyectar instalaciones nucleares presen

ta diversas dificultades iniciales, a las que nos hemos referi
do en el apartado 2 . 2 de esta memoria; al fin y al cabo, el do
minio de una tecnología nueva requiere siempre un esfuerzo de 
adaptación, tanto mayor cuanto más nueva y complicada sea. En 
el caso de los proyectos nucleares hay además una serie de pro
blemas propios que se mantienen, aun rebasado el período ini
cial.
4.1. Asimilación dê  tecnología extranjera

La tecnología nuclear se origina fuera de nuestras fronte
ras y está en continua evolución. Aunque la ingeniería española 
no intervenga en el diseño de la caldera nuclear, hay una gran 
variedad de aspectos y técnicas que evolucionan constantemente 
y con los que la ingeniería tiene que estar familiarizada y al 
día.

Ello obliga a un continuo esfuerzo de aprendizaje y de 
asimilación tecnológica, a la vez que a la utilización de nue
vos programas de cálculo, códigos y normas, y, en ocasiones, 
es preciso recurrir al auxilio de consultores externos.

Entre las técnicas genuinamente nucleares, aquellas que 
han exigido y continúan demandando un mayor esfuerzo de adapta
ción son: análisis de accidentes, cálculos de difusión de 
efluentes radiactivos, cálculos de dosis, transitorios de pre
sión y temperatura, difusión de los nucleidos radiactivos a 
través de la biosfera, y cadenas tróficas. Otras técnicas com
plicadas que, aunque empleadas en otras instalaciones de carác
ter no nuclear, exigen aquí una gran atención son: análisis 
sísmicos, estudios de tensiones y de flexibilidad de tuberías, 
espectros de respuesta dinámica, etc.
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Todas las cuestiones relacionadas con el estudio del em
plazamiento, en particular sismicidad, resistencia del suelo 
e hidrología, tienen gran importancia tanto sus aspectos eco
nómicos, como los puramente técnicos [1 41 .
4.2. Reglamentación

El licénciamiento de centrales nucleares en España cae 
bajo la competencia del MINISTERIO DE INDUSTRIA Y ENERGIA 
tramitándose el expediente a través de la Delegación de dicho 
MINISTERIO en la provincia donde vaya a asentarse la central; 
los aspectos relativos a la seguridad nuclear son estudiados 
y dictaminados por la JUNTA DE ENERGIA NUCLEAR; en los momen
tos en que se redacta esta comunicación, va a debatir el Con
greso la posible creación de un organismo independiente de la 
JUNTA DE ENERGIA NUCLEAR, cuya única misión sería el análisis 
de la seguridad y el licénciamiento de las instalaciones nu
cleares y radiactivas.

La licencia de una central nuclear se concede en España 
en forma escalonada, a través de una serie de permisos especia
les. Son éstos: la autorización previa, la autorización de 
construcción, la autorización de puesta en marcha y el permiso 
de explotación definitiva.

La documentación exigida y los estudios y análisis que 
se requieren para conceder estas licencias parciales son sus
tancialmente semejantes a los correspondientes a otros países.
La reglamentación española exige que la central cumpla la nor
mativa vigente, la cual ha adoptado las recomendaciones de los 
organismos internacionales como OIEA, NEA, ICRP, etc. Además 
de ello, en cada central en particular se exigen una serie de 
requisitos específicos derivados de las peculiaridades del em
plazamiento, y, en función de las posibilidades de la indus
tria se preceptúa el porcentaje mínimo del coste de la central 
que ha de aplicarse a la adquisición de equipos y servicios en 
el mercado nacional. La reglamentación establece además que, en 
todo lo que no contradígala normativa española, ha de aplicar
se la correspondiente al país de origen de la caldera nuclear y 
que se encuentre en vigor en dicho país en el momento de expe
dirse la licencia.

Esta última circunstancia obliga a las ingenierías españo
las a mantenerse al día en el uso de reglamentos, códigos, nor
mas y regulaciones empleados enlos países de procedencia de la 
caldera nuclear; y a conocer las variaciones en la reglamenta
ción de estos países, lo que crea a la ingeniería, desde el pun
to de vista práctico, problemas muy semejantes a los implicados 
en la asimilación de tecnología extranjera [15].
4.3. Disponibilidad de personal

A medida que se desarrollan los programas nucleares, las 
actividades relacionadas con ellos van exigiendo un número cada 
vez mayor de personas cualificadas; la ingeniería, ia investiga
ción, la inspección, el licénciamiento, las fabricaciones, la 
explotación, son sectores que compiten entre sí para contratar 
personal con experiencia. Preocupa a las ingenierías españolas
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que en un futuro no muy lejano sean incapaces de atender todos 
sus programas por falta de personal especializado. El tema que 
ha sido considerado por la mayor parte de los autores que han 
analizado la situación del proyecto de centrales nucleares en 
España. A nuestro juicio, si se quiere aumentar en forma efecti
va el número de personas especializadas en el campo nuclear, 
las Universidades Técnicas y Científicas y el INSTITUTO DE ESTU- 
DIOS NUCLEARES (Centro de enseñanza en técnicas nucleares, de
pendiente de la JUNTA DE ENERGIA NUCLEAR) deben contar a este 
fin con la colaboración de las empresas y de las sociedades 
sin lucro dedicadas a temas nucleares.

Otra cuestión que atañe la gestión empresarial es el pro
blema que puede plantearse cuando las curvas de cargas de perso
nal de varios proyectos interfieren entre sí en forma tal que 
se refuercen sus períodos de máxima y mínima demandas de perso
nal. Recordando que el proyecto de una central requiere unas 
400 personas en el momento de máxima actividad, puede suponerse 
los problemas que se presentarían a empresas de ingeniería del 
tamaño normal en nuestro país si coincidiesen los máximos de 
dos o tres proyectos y si, al reducirse esta demanda extrema, no 
se iniciasen otros trabajos que pudieran absorber el personal 
disponible. Indudablemente, una adecuada normalización y la elec
ción por parte de los explotadores de centrales básicamente 
iguales pueden rebajar las puntas de personal, evitando así el 
peligro de variaciones excesivas en las curvas de carga.
4 .4 . Falta de normalización y diversidad de tipos

La ausencia de una normalización suficiente, el excesivo 
número de tipos y potencias de centrales con, a veces, diferen
cias mínimas entre ellas, la rápida evolución de la tecnología 
nuclear, son factores que, unidos a los requisitos singulares 
que exige cada emplazamiento, dan lugar a que el proyecto de ca
da central requiera un esfuerzo desmesurado. .Muchos de los pro
blemas señalados antes se solucionarían,y todos se mitigarían, 
si se buscase un elev.ado grado de normalización y sí, en un mis
mo país y en un cierto período de tiempo, se procurase unificar 
el tipo de centrales a construir. La adopción de medidas en es
te último sentido es algo que compete a las empresas explotado
ras del país; nada se puede lograr si cada cual aspira por se
parado a satisfacer sus propias necesidades.

La cuestión de la normalización, por el contrario, es al
go en lo que la comunidad científica internacional puede inter
venir decisivamente por medio del estudio de soluciones y pro
poniendo su adopción a los distintos países. Los organismos 
internacionales, por su parte, pueden colaborar eficazmente 
a ello organizando reuniones, realizando estudios y formulando 
recomendaciones.

5. EL PROYECTO DE CENTRALES NUCLEARES EN ESPAÑA
5.1. Papel de las empresas de ingeniería en las centrales de

la primera qeneración
Como se ha dicho en el apartado 1.5, en el año 1956 el 

INSTITUTO NACIONAL DE INDUSTRIA comenzó a preparar personal es-
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pecializado en tecnología nuclear; este personal constituyó el 
embrión inicial sobre el que se formaron los grupos de ingenie
ría nuclear en las empresas de ingeniería del sector público.
El sector privado inició estas tareas más tarde y a un ritmo 
más lento; podría decirse que las empresas privadas de ingenie
ría inician esta etapa hacia el momento en que se decide la 
construcción de las primeras centrales nucleares. Por lo demás 
la actuación entre ambos tipos de empresas ha seguido una apre- 
ciable paralelismo.

Durante un cierto tiempo se llevó a cabo un amplio pro
grama de formación de personal, mediante cursos dentro y fuera 
de la propia empresa, y, en éste último caso, en España y en 
el extranjero. La formación de personal no se ha limitado a es
ta formación nuclear básica, sino que se ha complementado con 
estancias de personal en empresas de fabricación de bienes de 
equipo, diseñadores de reactores nucleares, y centros de inves
tigación, todo ello con objeto de profundizar en determinados 
temas, tales como análisis dinámico de tuberías, programación 
de proyectos, etc.

El esfuerzo realizado en este sentido ha sido de gran im
portancia; el coste de formación de personal especializado en 
el campo nuclear ha sido realmente notable, pero creemos que es 
una inversión que siempre acaba pagando altos dividendos; por
lo menos así ha ocurrido en el caso español.

A pesar de que en las centrales:'de la primera generación 
casi la totalidad de la ingeniería recayó bajo competencia del 
suministrador principal, las empresas españolas de ingeniería 
intervinieron de la siguiente forma:

- En José Cabrera, se realizó la ingeniería de detalle, mecáni
ca y eléctrica, de la parte clásica de la central, el diseño 
de la estructura de descarga de la refrigeración, y del pedes
tal de la turbina y parte de las especificaciones de equipo, 
evaluación de ofertas de suministradores y transporte de 
equipo pesado,

- En Santa María de Garoña, se efectuó un asesoramiento sobre 
las adquisiciones de equipos y componentes en el mercado na
cional, parte de la ingeniería de detalle, mecánica, eléctri
ca y de ventilación, planos de detalle y especificaciones de 
tuberías y diseño del sistema de tratamiento de desechos,

- En Vandellós 1, se hizo la supervisión de la obra civil, el 
proyecto de almacén de combustible y del sistema de suminis
tro de agua, la construcción de la toma de agua, seguimiento 
y activación de pedidos, e inspección de equipos para el ma
nejo y transporte de materiales.

Aunque la mayor parte de estas actividades están más pró
ximas a los proyectos de tipo clásico que a los nucleares, dicha 
participación fue banco de pruebas que sirvió de preparación pa
ra los proyectos de la fase siguiente.
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5.2. Las empresas de ingeniería y las centrales de la segunda 
generación
La segunda generación de centrales supuso para las empre

sas españolas de ingeniería su entrada de lleno en los proyec
tos nucleares. A pesar de disponer de personal preparado en el 
tema, las dificultades y características propias de estos pro
yectos descritas en los apartados 2.2 y 4 , hacían imposible 
que el proyecto se pudiese abordar sin colaboración extranje
ra. La forma de abordar el problema ha sido similar a la segui
da en el caso de las centrales térmicas clásicas, es decir 
se recurrió a la colaboración con ingenierías extranjeras de 
gran experiencia en el campo nuclear.

La fórmula de colaboración adoptada ha diferido de unas 
empresas a otras, y ha estado motivada por razones de política 
empresarial o del grupo financiero al que pertenecían.

También caben varias modalidades en la forma de llevar a 
cabo los proyectos, de lo que podrían ponerse ejemplos diferen
tes .

La experiencia personal de los autores de esta memoria se 
refiere a colaboraciones 'ad hoc' establecidas para cada proyec
to, que creemos es la fórmula más flexible. Respecto a la forma 
de desarrollarse el trabajo, durante un período de tiempo rela
tivamente corto un reducido grupo de ingenieros de la ingenie
ría española y de la empresa explotadora se trasladan al extran
jero para trabajar allí en el diseño conceptual. Transcurrida es
ta fase inicial, el proyecto se desarrolla en España, con parti
cipación extranjera. El personal de ambas empresas forma un gru
po integrado, sin fronteras internas. Determinados trabajos muy 
especializados o consultas sobre puntos muy específicos se en
vían para resolver a las oficinas principales de la empresa ex
tranjera, que, para estos aspectos singulares, actúa como si 
fuese un consultor.

Esta fórmula es la que los autores pensamos que es más 
adecuada, en especial desde el punto de vista de la transferen
cia tecnológica y de la adaptación a las necesidades del país 
importador; aunque está claro que otras fórmulas pueden ofre
cer ventajas desde otros puntos de vista.

Si se analiza la trayectoria seguida en España a lo lar
go de los proyectos en curso, se observa que por parte de las 
empresas españolas de ingeniería ha habido una tendencia uná
nime en aumentar su grado de participación en los proyectos nu
cleares. Por lo que se refiere a nuestra experiencia, hay que 
expresar bien claro que este deseo ha sido comprendido por 
nuestros colaboradores extranjeros, quienes han apoyado con ca
lor la más eficaz transferencia tecnológica.

El resultado es que las ingenierías españolas progresiva
mente han aumentado su grado de participación cuantitativa en 
el proyecto, incrementando su porcentaje de labor realizada; ha 
aumentado también su participación cualitativa, en el sentido 
de que sus actividades cubren ya todo el proyecto, con la excep-
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ci6n de puntos muy concretos y especializados. Como consecuen
cia de todo ello, el grado de dirección y la responsabilidad 
sobre el proyecto de la ingeniería española también han aumen
tado.

Esta evolución se traduce en cifras (Cuadro VIII) que 
muestran que la participación española en la ingeniería ha al
canzado el 80% en las que ahora se inician.
5.3. Perspectivas futuras

A la vista de la evolución seguida cabe preguntarse si 
no llegará un día en que el proyecto podrá realizarse totalmen
te por medios nacionales.

Una reflexión sobre lo dicho en el apartado 4 conduce a 
concluir que para ello sería necesario disponer de una tecnolo
gía propia en la caldera nuclear, lo que, en nuestro caso, no 
parece que vaya a suceder en un futuro próximo.

La ingeniería tiene que acompasar siempre su saber al de 
la tecnología de la instalación que proyecta; en el caso 
a là de la caldera nuclear. Considerando la velocidad con 
que se producen innovaciones en el campo de reactores, ello 
significa que la ingeniería tiene que estar sometida a un con
tinuo e intenso aprendizaje; mientras que la caldera nuclear 
sea de tecnología extranjera, la ingeniería tendrá que beber 
sus nuevos conocimientos en fuentes del exterior, y ello se fa
vorece mediante la colaboración con ingenierías del mismo país 
que el suministrador principal.

Esto, sin embargo, significa un grado muy razonable de in
dependencia por lo que respecta al trabajo de ingeniería, del 
orden del 92% por medios nacionales, y una promoción de la in
dustria del país hasta rebasar el 90% del coste total de la cen
tral en participación nacional, metas que parecen razonablemente 
posibles y satisfactorias.
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DISCUSSION

W. ETZEL: What degree of choice is there available to the utility purchasing 
nuclear power plant com ponents from Spanish suppliers? Is there an opportunity 
for competitive price bids?

L. PEREZ DE PRAT: For the manufacture o f the principal reactor 
com ponents, such as the pressure vessel, pressurizers, steam generators and so on, 
there is only one supplier — Equipos Nucleares S.A. — but this firm is in a position 
to m anufacture equipm ent in conjunction with any international reactor supplier. 
There is no difficulty in obtaining competitive bids with this system.

For the balance o f  plant, for example condensers, piping, instrum entation, etc., 
there is a wide choice o f manufacturers.

J.A. CERROLAZA ASENJO: I would like to  add a few words to  what 
Mr. Pérez de Prat has told you. The Spanish company Equipos Nucleares S.A., 
which is partly financed from the public and partly from the private sector, has 
to negotiate agreements with all the main foreign suppliers whose reactors may
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be used in Spain. As a result, three different suppliers are at present m anu
facturing pressure vessels. Much the same situation applies to  nuclear fuel as well.

Furtherm ore, the prices of these components are competitive, or almost 
competitive, with those that could be quoted on the foreign market. The small 
differences that may in certain cases arise, or may in fact have arisen, are 
compensated by two major advantages — prom otion o f Spanish industry and 
avoidance of foreign payments. I think this is of im portance for certain countries, 
among them Spain.

M. ÍO P I0 : One aspect o f domestic participation is the problem o f financing. 
In Yugoslavia, for example, the decision to  buy from a foreign supplier was based 
on the availability o f international financing. I would like to  ask w hether the 
problem o f financing has influenced the domestic participation in Spain.

L. PEREZ DE PRAT: Yes, in Spain, too, the terms offered for funds from 
abroad are often better than in the case o f domestic financing. Nevertheless, 
whenever possible, domestic m anufacture is considered o f greater advantage in 
order to  increase the num ber o f man-hours worked in Spain and to  save foreign 
exchange. A further fact to  be considered is the possible devaluation o f the peseta 
during the period o f financing from abroad.





IAEA-SM-223/6

CENTRALES DE MOYENNE PUISSANCE
Choix économiques

L. VOGELWEITH*, J. GOUTAIL**, J. BAUJAT* 
* Alsthom-Atlantique 
** CEC International 
Paris, 
France

Abstract-Résumé

MEDIUM-SIZE POWER PLANTS: ECONOMIC OPTIONS.
In this paper the authors describe a method for economic evaluation of a nuclear power 

plant project such as advocated by the IAEA but modified through the introduction of various 
parameters that may affect the evaluation, i.e. the weighted evaluation rate, the annual increase 
in the cost o f  fuel, and the discount rate. The method is applied to barge-based medium-size 
reactors (125 MW(e)). The authors calculate the investment cost, together with the costs of  
administration, operation and maintenance; use is made of current assumptions regarding 
the price of fuel for the case of a reference nuclear plant and an oil-fired plant o f  the same 
power and in the same programme. In this way the authors derive the discounted cost o f  the 
nuclear programme and concurrent conventional programme on the basis of  the following 
assumptions: a weighted inflation rate  varying between 0 and 6% per year; an annual increase 
in real fuel prices ranging from 0 to 3%; and a real discount rate, equal to the real interest 
rate, varying between 4 and 7% per year and corresponding to  nominal discount rates of 
up to 13.4%. The conclusion reached is that,  given the real interest rates actually prevailing 
on the financial market, a weighted inflation rate  foreseen by the majority of  experts, and a 
rise in real fuel prices of  the order of  1% per year, the medium-size nuclear power plant is 
more economical than a conventional plant of  the same output.

CENTRALES DE MOYENNE PUISSANCE: CHOIX ECONOMIQUES.
Le présent mémoire rappelle la méthode d’évaluation économique d ’un projet  de centrale 

nucléaire telle qu ’elle est préconisée par l’AIEA, mais adaptée par l’introduction de différents 
paramètres pouvant affecter cette évaluation: taux pondéré d’évaluation, hausse annuelle des 
prix du combustible et taux d’actualisation. Cette méthode est appliquée aux réacteurs de 
moyenne puissance (125 MW(e)), montés sur barge: on chiffre le coût des investissements, 
des frais d’administration, d’exploitation et d’entretien; on prend les hypothèses courantes 
concernant le prix des combustibles dans le cas de la centrale nucléaire de référence et de la 
centrale au pétrole de même puissance et de même programme. On obtient ainsi les coûts 
actualisés de programme nucléaire et du programme conventionnel concurrent dans les 
hypothèses suivantes: taux pondéré d’inflation variant de 0 à 6% l’an; hausse annuelle des 
prix réels des combustibles variant de 0 à 3%; taux réel d’actualisation, égal au taux réel de 
l’argent, variant entre 4 e t  1% l’an et correspondant à des taux d’actualisation nominaux 
s’élevant jusqu’à 13,4%. La conclusion en est que, pour les taux d’intérêts réels pratiquement 
constatés sur le marché financier, un taux pondéré d’inflation prévu par l’ensemble des experts, 
une hausse des prix réels des combustibles de l’ordre de 1% l’an, la centrale nucléaire de 
moyenne puissance est plus économique que la centrale conventionnelle de même capacité.
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Le but de cette étude est d ’analyser l’influence de différents paramètres tels 
que facteurs d ’escalation et taux d ’actualisation, dans le choix du type d ’une 
centrale de production d’électricité à installer dans un pays en développement.

Nous considérerons que, dans l’éventail des investissements possibles à 
réaliser dans un pays déterminé, un choix préalable a été effectué qui a conduit 
à la décision d ’installation d ’une centrale de production d’électricité devant 
produire, à partir d ’une date déterminée, une quantité d ’énergie donnée. Le choix 
restant à effectuer sera limité à la sélection entre une centrale nucléaire et une 
centrale au pétrole.

1. METHODOLOGIE

La méthodologie employée est similaire à celle employée dans le Rapport 
technique n° 175 de l’Agence internationale de l’énergie atomique, intitulé 
Econom ic Evaluation o f  Bids fo r  Nuclear Power Plants, a Guidebook. Elle 
conduit à reconnaître comme mesure de l’économie du projet la somme des coûts 
actualisés de production; c’est-à-dire que le projet réputé le plus économique sera 
celui pour lequel la somme des coûts actualisés est la plus basse.

Ces coûts sont considérés dans l’économie globale du projet et éliminent 
l’incidence des im pôts et taxes sur les équipements et sur les combustibles.

Cette approche est justifiée par le fait que, dans la grande majorité des pays 
en développement, la société d ’exploitation est une société nationale et que le 
bénéfice global à retirer par le pays concerné est donc la différence entre les 
revenus tirés de la vente de l’énergie et les coûts hors taxes de production (les 
taxes ne représentant qu’un transfert de recettes interne au pays).

2. CRITERES DE BASE

L’étude considérera l’impact sur la somme des coûts actualisés du taux 
pondéré d ’inflation annuelle, du taux de hausse annuelle des prix des combustibles 
et du taux d’actualisation.

2.1. Taux pondéré d’inflation

On doit reconnaître l’inflation comme un caractère permanent du dévelop
pement fu tur de l’économie, aussi bien dans les pays industrialisés que dans les 
pays en développement. Le taux pondéré d’inflation globale résulte d’une 
pondération des coûts des matières premières et des salaires, dans lesquels le 
coût de l’énergie entre indirectem ent pour une part.
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Dans cette étude, qui conduit à estimer les coûts sur tou te  la durée de vie 
de la centrale, on considère que le taux pondéré d ’inflation est constant, dans 
l’impossibilitié pratique où l’on se trouve d’estimer avec quelque précision une 
évolution de ce taux sur une aussi longue période.

Les études ont été effectuées pour des taux pondérés d’inflation variant de 
0% à 6% l’an.

2.2. Hausse annuelle des prix des combustibles

Il est prévisible que les prix des combustibles (dans le cas qui nous occupe, le 
coût du y e llo w  cake et celui du pétrole) vont évoluer annuellement, dans les 
prochaines décennies, à un taux qui pourra être supérieur au taux pondéré d ’inflation; 
même si cette tendance ne se manifeste pas encore, il est vraisemblable q u ’elle 
s’affirmera au fur et à mesure que s’approchera la fin du siècle. Les raisons en 
sont multiples:
— les déclarations répétées de certains pays producteurs de vouloir réserver 

progressivement, au cours des prochaines 20 ou 30 années, l’utilisation du pétrole 
à des usages plus nobles que l’alimentation des centrales;

— les coûts de production croissants des combustibles, résultant de l’exploitation 
des nouvelles réserves dans des pays fossiles ou au large des côtes;

— le coût élevé des énergies de remplacement.
Il est donc justifié d ’estimer que, sur la vie de la centrale, le taux de hausse 

annuelle moyenne des combustibles sera supérieur au taux pondéré d ’inflation 
dans l’économie d ’un pays donné.

On considérera dans cette étude que le taux de hausse annuelle moyenne des 
prix des combustibles pourra être supérieur de 0 à 3% au taux pondéré d’inflation.
En d’autres termes, pour un taux pondéré d’inflation de 0%, on étudiera l’impact 
d’une plage de hausse annuelle des combustibles de 0 à 3%. Pour un taux 
pondéré d’inflation de 6%, on étudiera l’impact d ’une plage de hausse annuelle 
des combustibles de 6 à 9%.

On estimera également que le prix du ye llo w  cake sera entraîné dans la 
même hausse annuelle moyenne que le prix du pétrole, même si l’exemple des 
dernières années a m ontré que cet entraînem ent pourrait être réalisé dans la 
pratique avec un certain décalage dans le temps.

2.3. Taux d’actualisation

Si l’on prend en com pte les prix à monnaie constante (c’est-à-dire les prix 
réels défiâtes de leur hausse annuelle), le taux d’actualisation est dit «taux réel», 
soit a (%).

Si l’on prend en com pte les prix courants incluant une hausse annuelle de 
f(%) (prix réels), le taux d ’actualisation est dit «taux nominal», soit i(%).
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Les taux réel et nominal sont liés par la relation:

1 н---------
100 V loo/ \  loo/

Dans cette étude, nous prendrons en compte les prix réels; les calculs 
d ’actualisation seront donc effectués aux taux nominaux, pour la durée de 
vie de l’usine.

Par ailleurs, nous nous sommes placés dans le cas où une décision préalable 
a été prise d ’installer une centrale électrique (soit nucléaire, soit au pétrole), 
et nous n’avons pas à déterm iner l’opportunité d’un tel investissement au regard 
d’investissements dans d ’autres secteurs dont le choix requerrait la fixation d’un 
taux minimal d’actualisation sur la base de considérations de profits et de risques 
extérieurs au problème du seul choix du type de centrale.

Nous devons seulement, comme il a été dit précédemment, effectuer la 
comparaison économique de deux types de centrales par la comparaison des 
coûts actualisés de production. En particulier, aucune hypothèse n ’a à être faite 
sur les prix de vente de l’énergie produite, ni en conséquence sur les profits à 
attendre de l’exploitation qui perm ettraient le calcul du taux de rentabilité interne.

Dans le cas du calcul des coûts réels actualisés au taux nominal d ’actualisation, 
ce calcul perm ettra de définir un prix de revient lissé du kW h. Il est aisé de 
vérifier que l’application de ce prix lissé à la production annuelle permet chaque 
année de couvrir les besoins annuels de trésorerie, à condition que chaque déficit 
annuel soit couvert par un em prunt à un taux d ’intérêt égal au taux nominal 
d ’actualisation et que chaque surplus annuel rapporte des intérêts à un taux égal 
au taux nominal d ’actualisation, le surplus ou déficit de trésorerie étant nul en 
fin de période de vie de l’usine.

Il est donc proposé que, dans ce calcul com paratif de coûts, le taux nominal 
d ’actualisation soit égal au taux d’intérêt moyen auquel, dans une économie à 
taux d ’inflation donné, l’exploitant peut effectuer un em prunt ou un prêt.

Or, l’examen des données des marchés financiers dans divers pays au cours 
des années passées m ontre que, dans les périodes pendant lesquelles le taux 
d’inflation était négligeable, les services publics se procuraient des moyens de 
financement à un taux annuel nominal relativement bas, de l’ordre de 3,5 à 5%.
Ce taux d’intérêt correspond à un taux réel du même ordre de grandeur.

Dans les périodes où le taux annuel d ’inflation est de l’ordre de 6 à 7%, le 
taux nominal des em prunts sur le marché financier est de l’ordre de 11 à 12%, 
au maximum, ce qui correspond à un taux réel de l’ordre de 4 à 6%.

Dans certains pays en développement, où les taux d’intérêt atteignent 
13 à 15%, le taux d ’inflation est lui-même supérieur à 9 ,ou 10%, et le taux réel 
d ’intérêt est encore voisin de 4 à 6%.
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Dans la présente étude des coûts de production actualisés, on utilisera donc 
une plage de taux réels d’actualisation variant entre 4 et 7%, correspondant à 
la plage des taux réels d’intérêt d ’em prunts ou prêts pouvant être souscrits au 
taux nominal en cours dans une économie de taux d’inflation donné.

C’est bien ainsi que nous pourrons obtenir la valeur actuelle des coûts vrais 
au taux réel de l’argent dans le modèle économique considéré.

Les calculs seront effectués en utilisant les prix courants par une actualisation 
aux taux nominaux correspondants. A titre d ’exemple, dans un modèle où le 
taux pondéré d’inflation est de 6%, le calcul au taux réel de 7% sera effectué en 
actualisant les prix courants au taux nominal de 13,4%.

3. DONNEES DE BASE

3.1. Centrale nucléaire

3.1.1. Investissem ents

La centrale nucléaire considérée sera une centrale de référence sur barge de 
130 MW(e) bruts. Son coût d ’investissement total, com prenant la fourniture des 
équipements, les travaux locaux pour mise en place, les frais de mise en route et 
les frais connexes, est estimé à 1170 MF (millions de francs français, valeur 1977). 
La mise en exploitation industrielle de cette centrale est prévue au 60e mois 
après commande et l’échelonnement des dépenses de construction est estimé 
conform ém ent au calendrier type suivant:

mois: 0, 6, 12, 18, 24, 30, 36, 42, 48, 54
% du coût initial: 5 ,4 , 2 ,1 0 ,1 7 ,2 3 ,1 7 ,1 3 ,  4, 5, (total: 100%)

Le financement de ces investissements est censé être assuré conformément 
aux conditions applicables en France à la fourniture de centrales nucléaires à 
l’exportation, à savoir:
— 5% com ptants à la commande;
— 5% com ptants à la livraison;
— 90% par un crédit au taux d’intérêt moyen fixe de 8% l’an sur le découvert, 

dont le remboursem ent, y compris les intérêts pendant la construction, 
capitalisés au même taux, est effectué en 24 semestrialités égales en principal, 
la première échéant six mois après la mise en service industrielle.

Les tirages semestriels sur le crédit et le versement à la livraison seront 
augmentés des hausses de prix pour la période semestrielle résultant de l’application 
des taux pondérés d ’inflation considérés dans l’étude.
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3.1.2. Coûts d ’adm inistration, d ’exploitation  e t d ’entretien

Ces coûts com prennent les salaires et charges du personnel d ’exploitation et 
d ’entretien, les pièces détachées d ’entretien, les matières consommables autres 
que combustible, frais d’adm inistration et frais généraux, l’assurance, les frais 
d ’inspection. Leur m ontant annuel est estimé à 21,7 MF (millions de francs, 
valeur 1977). Ce m ontant subit une hausse annuelle résultant de l’application 
des taux pondérés d’inflation considérés.

3.1.3. Production

Le taux de marche de l’usine (capacity fac to r) sera en m oyenne de 80% l’an, 
compatible avec le type de réacteur et de combustible nucléaire considérés et 
avec l’expérience enregistrée dans les installations antérieures. En conséquence, 
la production annuelle de la centrale sera de 911 G W h.

3.1.4. Com bustible nucléaire

Pour le type de combustible nucléaire utilisé dans le réacteur de référence, 
on adm ettra les prix de base suivants (valeur 1977):

La durée d ’approvisionnement et de préparation du premier coeur et des 
recharges jusqu’au chargement sera de 30 mois.

Le coût du ye llo w  cake subira une hausse annuelle résultant de l’application 
des taux de hausse m oyenne annuelle des combustibles considérés.

Le coût des autres éléments du prix du premier cœ ur et des recharges subira 
une hausse annuelle résultant de l’application des taux pondérés d ’inflation 
considérés.

Aucun frais de retraitem ent ou de stockage des combustibles irradiés n ’est 
pris en compte dans l’étude.

3.2. Centrale au pétrole

Pour la comparaison, nous considérerons une centrale au pétrole susceptible 
d’entrer en production industrielle à la même date que la centrale nucléaire et 
de produire annuellement la même énergie, soit 911 GW h.

Enrichissement 
Fabrication 
Poids du coeur

Yellow cake 
Conversion

US Dollar 40/lb U 30 8 
20 F/kg U 
US Dollar 110/UTS 
2000 F/kg
12,96 t U, rechargeable par tiers tous les ans.
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3.2.1. Investissem ents

Le coût d ’investissement total comprenant fourniture des équipements, 
travaux locaux, frais de mise en route et frais annexes, est estimé à 370 MF 
(valeur 1977). L’échelonnem ent des dépenses de construction est estimé 
conform ém ent au calendrier type suivant:

mois: 0, 6, 12, 18, 24, 30, 36, 42
% du coût initial: 5 ,6 , 10, 1 7 ,23 , 17, 13 ,9  (total: 100%)

Le financement est censé être assuré conformément aux conditions applicables 
en France à la fourniture de centrales classiques d ’exportation, à savoir:
— 5% com ptants à la commande;
— 5% com ptants à la livraison;
— 90% par un crédit au taux d’intérêt moyen de 8% l’an sur le découvert, dont 

le rem boursem ent, y compris les intérêts pendant la construction, capitalisés 
au même taux, est effectué en 20 semestrialités égales en principal, la première 
échéant six mois après la mise en route industrielle.

La durée de construction étant de 42 mois seulement, et la date de mise en
route industrielle étant la même que celle de la centrale nucléaire alternative, le
début de la construction de la centrale classique aurait lieu 18 mois après le 
début de construction de la centrale nucléaire alternative.

Les tirages semestriels sur le crédit et les versements com ptants seront 
augmentés des hausses de prix pour la période semestrielle résultant de l’application 
des taux pondérés d’inflation considérés dans l’étude.

3.2.2. Coûts d ’adm inistration, d ’exploitation  e t d ’entretien

Ces coûts, avec la même définition que dans le cas de la centrale nucléaire, 
sont estimés annuellement à 13,75 MF (valeur 1977). Ce m ontant subit une 
hausse annuelle résultant de l’application des taux pondérés d ’inflation considérés.

3.2.3. Production

La production annuelle d ’énergie sera identique à celle de la centrale nucléaire, 
soit 911 GW h.

3.2.4. Pétrole

On considérera une consommation de pétrole de 0,25 kg par kW-h, au 
prix de 400 F (valeur 1977) par tonne.

Le coût du pétrole subira une hausse annuelle résultant de l’application des 
taux de hausse m oyenne annuelle des combustibles considérés.
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4. CALCULS D’ACTUALISATION

L’origine de l’actualisation sera la date de mise en service industrielle, 
soit 1982.

Les calculs d ’actualisation des dépenses seront effectués sur les dépenses 
annuelles escalées, actualisées aux taux successifs nominaux  considérés, pour une 
durée d’exploitation des usines de 30 années, et ce pour chacun des postes de 
dépenses (investissements, administration, exploitation et entretien, et 
combustible).

Dans le cas où certaines dépenses en cours d ’exploitation (telles que les 
coûts d’administration, d ’exploitation et d ’entretien, et le prix du pétrole) sont 
soumises au taux pondéré d’inflation, on obtiendra le même résultat en actualisant 
ces dépenses non escalées au taux réel d ’actualisation.

Les dépenses uniform ém ent réparties dans l’année d’exploitation (administration, 
exploitation et entretien, pétrole) seront actualisées par la m éthode d ’actualisation 
continue.

Le prix de revient lissé du kW-h sera censé être soumis au taux pondéré 
d’inflation considéré dans chaque cas. Dans ces conditions, on obtiendra la valeur 
de chacune des composantes de ce prix de revient à la date d ’origine 1982, 
afférentes à chaque poste de dépenses, en divisant le m ontant des dépenses 
actualisées de ce poste par le total sur 30 années de la production d ’énergie 
actualisée au taux réel par la méthode d’actualisation continue, le prix de revient 
total du kW h étant la somme desdites composantes.

S’il existe une divergence im portante entre le taux pondéré d’inflation et le 
taux de hausse du prix des combustibles, on pourrait estimer que le prix de 
revient lissé du kW -h devrait être affecté d’un taux de hausse annuelle supérieur 
au taux pondéré d’inflation. Dans ce cas cependant, le prix de revient lissé du 
kW-h dans chacune des deux usines serait alors à affecter du même coefficient et 
les résultats de la comparaison resteraient inchangés.

5. RESULTATS

Nous avons extrait des résultats des calculs quatre graphiques qui en résument 
les caractères essentiels (fig. 1 ).

Considérons le graphique C relatif au taux réel d ’actualisation de 6%. Pour 
chaque valeur du taux réel d ’actualisation, on a porté verticalement les valeurs 
du taux pondéré d ’inflation (à savoir de 0 à 6%), et horizontalem ent les valeurs 
de l’excédent du taux de hausse des combustibles sur le taux d ’inflation.

A titre  d ’exemple, sur le graphique établi pour un taux réel d ’actualisation 
de 6%, le point M représente un modèle pour lequel le taux moyen pondéré
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FIG.l. Choix économiques.
En abscisse: excédent du taux de hausse des combustibles sur le taux pondéré d ’inflation. 
En ordonnée: taux pondéré annuel d ’inflation.
Traits pleins: économie égale des deux centrales avec prix 1982 du kW -h, en centimes de 
franc français.
Traits pointillés: différences du prix du kW-h entre les deux centrales en centimes de 
franc français.
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d’inflation est de 2% et le taux de hausse des combustibles est de 2% + 1%, 
soit 3%. Le point N représente un modèle dans lequel les taux pondérés 
d’inflation et de hausse des combustibles sont respectivement de 3,2% et 5,4%.

Pour un taux réel d ’actualisation donné, les calculs m ontrent qu’il existe 
pour chaque taux pondéré d’inflation un taux de hausse des combustibles pour 
lequel les sommes des coûts actualisés des deux centrales sont égaux. Il y a donc 
indifférence du choix pour ces valeurs des paramètres dont les points représentatifs 
constituent une courbe quasi rectiligne indiquée en traits pleins sur les graphiques.

Pour chacun de ces points représentatifs, le prix de revient lissé du kW h 
est donc le même pour la centrale nucléaire et pour la centrale au pétrole, et 
varie le long de la courbe d’équilibre. Ces prix de revient sont indiqués pour 
quelques points de la courbe, en centimes de francs français, arrondis à la 
première décimale.

La zone du graphique à droite de la courbe représente la zone où l’économie 
de la centrale nucléaire est plus favorable que celle de la centrale au pétrole.

Les lignes en pointillé à gauche de la ligne en traits pleins représentent les 
prix de revient du kW h des deux centrales différant de 1, 2 ,.  . . centimes.

A titre  d ’exemple, le point A représente un modèle (taux pondéré d’inflation 
4%, hausse des combustibles 4% + 2% = 6%) où le prix de revient du k W h  produit 
par la centrale au pétrole est supérieur de 1 centime au prix de revient du kW-h 
produit par la centrale nucléaire dans les mêmes conditions d’inflation. Le point 
B représente un modèle où le prix de revient «pétrole» est inférieur de 2 centimes au 
prix de revient «nucléaire» dans les mêmes conditions d ’inflation.

CONCLUSIONS

L’analyse de la figure 1 m ontre que le choix à effectuer entre les deux types 
de centrales est influencé de façon décisive par les hypothèses que l’on peut 
faire sur la valeur des paramètres économiques considérés, à savoir taux d’intérêt 
de l’argent, taux pondéré d ’inflation et taux de hausse des combustibles.

Dans le cas d ’un taux pondéré d’inflation de l’ordre de 4 à 6% l’an, tel qu’on 
peut l’anticiper pour les années à venir, et dans l’hypothèse d’un taux d ’intérêt 
réel de l’argent de l’ordre de 4 à 5% (c’est-à-dire un taux nominal des emprunts sur 
le marché financier compris entre 8 et 13% l’an), il suffit d ’un excédent de hausse 
des combustibles de l’ordre de 1% l’an pour que la centrale au pétrole devienne 
moins économique que la centrale nucléaire.

Si le taux d ’inflation et/ou l’excédent de hausse des combustibles croissent, 
l’avantage en faveur du nucléaire croît également.

Le choix du type de centrale doit donc tenir le plus grand compte des 
appréciations que l’on peut faire dans un pays donné de l’évolution des paramètres 
en cause. La méthodologie qui a été présentée dans ce mémoire est applicable
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avec rigueur pour toutes les valeurs des paramètres, mais l’appréciation de ces 
valeurs ne dépend par uniquem ent d’un ajustement économique. Le choix peut 
et doit être influencé par un jugem ent politique qui complète les appréciations 
précédentes.

DISCUSSION

F. ALBISU: We have worked a great deal on the idea o f floating plants, both 
nuclear and non-nuclear types. I would therefore like to  ask w hether the cost
you quoted for the nuclear power plant includes work at the site and the possibility 
o f a breakwater. Further, is the conventional reference plant a floating one?

J. BAUJAT: The quoted cost includes the terracing work at the site, but 
not the breakwater. Still, I don’t think that the problem, although im portant, 
should be exaggerated. For example, the plant could be placed on dry land by 
raising up the barge with the aid o f a lock system, w ithout incurring undue cost, 
since the barge is fairly small.

In answer to  your second question, the conventional reference power plant 
is not a floating one.

B. CAFFREY: I have two questions to  ask. First, does the capital cost 
of approxim ately US$ 2000/kW quoted in your oral presentation for the nuclear 
plant include the overhead cost and profit necessary for its supply? And second, 
what is the cost o f fuel processing and waste disposal for this type o f plant?

J. BAUJAT: The capital cost quoted includes the cost o f engineering services 
and equipm ent required for construction o f the first plant.

As regards your second question, the uranium plus plutonium  credit 
compensates by and large the reprocessing cost, according to  our estimates.

G. WOITE: Am I right in assuming from what you have just said that the 
capital investment costs comprise the direct plant cost plus engineering and 
constructions services, but no t the ow ner’s cost, interest and escalation?

J. BAUJAT : Yes, that is right. The ow ner’s costs, interest and escalation 
were taken into account in the ow ner’s debt service evaluation.

G. WOITE: Thank'you. A further question I would like to  ask is whether 
your company has been involved in the recent bidding for a nuclear power and 
desalination plant in Kuwait? If  so, what was the result o f a comparison o f your 
own proposal with the nuclear and conventional alternatives?

J. BAUJAT: In the case of the Kuwait plant, my company offered a land- 
based CAS 2G reactor, the cost per kW of which is different from the barge-based 
CAS 3G reactor tha t I discussed in my paper.
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Abstract

NUCLEAR FUEL SUPPLY FOR COUNTRIES EMBARKING ON A NUCLEAR POWER 
PROGRAMME, AND ASPECTS OF DEVELOPING A DOMESTIC NUCLEAR FUEL 
INDUSTRY.

In connection with the implementation of a nuclear power programme, the long-term 
availability of nuclear fuel-cycle services and the eventual development of  a domestic nuclear 
fuel industry need to be carefully evaluated in any country.  The various aspects and 
possibilities for secure supplies and services for the individual nuclear fuel-cycle steps for 
light-water reactors — uranium concentrate; uranium enrichment; the manufacture of  fuel 
assemblies; and the disposal of  spent fuel — are discussed in detail. The present situation and 
future tendencies are reviewed on a worldwide basis in order to  draw conclusions concerning 
the supply situation o f  countries which do not have local fuel supplies. It is shown that  foreign 
supplies of natural uranium, enrichment and fuel manufacturing services need no t  lead to 
non-acceptable dependence, because of the  increasing international diversification of supply 
sources as a result of  the worldwide implementation of nuclear power programmes. Concerning 
the disposal of  spent fuel assemblies several possibilities of avoiding undue  difficulties are 
discussed. Reference is made to the status o f  fuel-cycle activities in the Federal Republic of  
Germany, and the available technology and experience are described for each step o f  the 
fuel cycle.

1. INTRODUCTION

In connection with the im plem entation o f a nuclear power programme, 
the long-term availability o f nuclear fuel and the necessary nuclear fuel services, 
as well as the question o f the development o f a domestic nuclear fuel industry, 
need to  be carefully evaluated in any country.

The consideration o f two questions is therefore im portant:

(a) Can the necessary supplies and services be secured under acceptable 
economic conditions?

(b) Is it possible to  avoid non-acceptable dependence in the case o f  foreign 
supplies and services?

333
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In this paper the situation regarding the supply of natural uranium, enrichment 
services, fuel m anufacture and spent fuel disposal is briefly analysed in view of 
these considerations.

2. NATURAL URANIUM

The most recent jo in t OECD/IAEA report on uranium resources, production 
and demand states to tal resources, i.e. reasonably assured and estimated 
additional resources o f 4 290 000 t U in a price range of up to  US$ 50/lb 308U.
This reflects existing knowledge about uranium resources, but is not a statem ent 
about the existence o f economically exploitable uranium resources. Knowledge 
o f world uranium resources is far from complete. Exploration programmes have 
been reported in more than 50 countries, while many areas in the world that are 
favourable for uranium occurrence have so far received little attention.

The reported resources of 4 290 000 t U are sufficient to  cover the demand 
of the western world well beyond the year 2000. Therefore, no serious 
immediate constraints regarding uranium supplies are to be expected from the 
aspect o f the existence o f economic uranium resources.

However, the key question is w hether sufficient natural uranium will be 
produced and made available on an operating international market at reasonable 
conditions to  meet fu ture world requirements.

In this respect recent developments in the uranium market indicate several 
problems. Within the past few years the market has changed from a buyer’s 
market to  a seller’s m arket with a trem endous price increase. It is im portant 
to  realize that several market disruptions have contributed to  this development:

(a) Measures taken by uranium-producing countries to  give priorities to  their 
own long-term requirements. Canada will approve no export sales contracts 
unless the producer retains a reserve o f at present approximately 20% to 
cover future domestic demands.

(b) Governments influencing the prices and other terms o f export sales contracts: 
the Australian and Canadian Governments approve exports only if the 
prices and the terms and conditions provide for the best possible benefits
for each producing country.

(c) The United States policy regarding enrichm ent contracts and tails assay has, 
on one hand, created an artificial demand for uranium and, on the other, 
insecurity regarding future requirements because at a tails assay o f 0.3% 235U 
the natural uranium demand is approximately 20% higher than on a 0.2% 235U 
tails assay. Furtherm ore, the US ban on Pu recycling and fast-breeder reactors 
will result in increased requirements.
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(d) The short sales by a large United States reactor supplier and the current 
investigations of the so-called Uranium Club also created serious disruptions 
o f the market.

(e) Further market interferences resulting from safeguards restrictions imposed 
unilaterally by producing countries either by introducing rules and controls 
different or additional to  those accepted internationally, or by introducing 
veto rights for enrichm ent and reprocessing on criteria that have not yet 
been established or accepted internationally.

The chances o f overcoming many o f these problems are not insuperable.
Only tw o aspects are mentioned:

(a) Activities for locating new and geographically widespread uranium sources 
beyond the present major uranium-producing areas are very encouraging.

(b) It is to  be hoped that, after completion o f the INFCE Programme, satisfactory, 
practicable and internationally uniform safeguards arrangements will be 
established.

Nevertheless, a country embarking on a nuclear power programme w ithout 
domestic uranium production must use every effort to  obtain access to uranium 
production in order to  improve its supply situation. The first step in this direction 
is to  examine domestic possibilities regarding potential uranium deposits, and 
to  exploit any possibility o f  developing local uranium production. A nother step 
is to  enter partnerships with a country or countries with known potential for 
uranium resources that exceed domestic requirements. Such partnerships may 
comprise jo in t activities in uranium prospecting, leading eventually to 
participation in uranium production.

This way is now followed by the Federal Republic o f  Germany, which has 
no significant domestic uranium deposits. To ensure the uranium supply to 
Federal German nuclear power plants to  the maximum extent, private companies 
were founded in the ’sixties w ith support from the Federal Government to 
conduct prospecting, exploration and mining activities o f uranium ore all over 
the world, or o f increasing the security o f supply by participation in appropriate 
projects. All exploration and extraction work is done, as far as possible, by the 
companies’ own staff. Since the start o f these activities, Urangesellschaft mbH 
and Co., Frankfurt, Uranerz Bergbau GmbH, Bonn, and in recent years Saarberg- 
Interplan GmbH, Saarbrücken, have tackled numerous projects, and now 
operate in all those countries with known or expected uranium deposits, e.g. 
Australia, Brazil, Canada, the USA and several African countries. Contracts 
were concluded in various countries covering participation in the exploitation of 
im portant uranium deposits, and the founding o f jo in t companies with local 
partners. One example is that o f the Brazilian firm Nuclam, a subsidiary o f  the
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TABLE I. DEMAND FOR SEPARATIVE WORK3 
(X 1000 t s.w.u.)

Demand 1977 1980 1985 1990

USA 6.1 12.6 20.3 29.9

Europe 3.6 9.3 16.7 27.5

Fraction for FRG 0.8 2.2 4.4 6.5
Japan 0.6 1.9 5.4 7.9

Others 0.3 0.8 4.3 8.4

Total: 10.6 24.6 46.7 73.7

Cumulative 10.6 73.7 257.3 570.0

a Exluding those countries with centrally planned economies.

TABLE II. SEPARATIVE WORK CAPACITIES (1977) 
(X 1000 tU )

Method 1977 1980 1985 1990

In operation or construction:

DOE (USA) Diffusion 18.1 24.6 28.0 28.0

Eurodif (France) Diffusion - 6.1 10.8 10.8

Urenco (FRG, UK, N) Centrif. 0.2 0.9 2.0 2.0

USSR (available) Diffusion 3.0 3.0 3.0 3.0

Sub-total: 21.3 34.6 43.8 43.8

Planned:

DOE (USA) Centrif. 2.25 9.0

Coredif (France) Diffusion 5.0 9.0

Urenco (FRG, UK, N) Centrif. 3.5 8.0

PNC (Japan) Centrif. 0.2 1.0

NUCLEI (Brazil) Nozzle 0.25 1.0

UCOR (Argentina) Nozzle 2.0 8.0

Sub-total: 11.4 36.0

Total capacity 21.3 34.6 55.2 79.8
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State-owned Nuclebras company, and Urangesellschaft, which is at present 
pursuing several exploration projects in Brazil.

3. ENRICHMENT

Regarding uranium enrichment the situation is different, because no natural 
resources, but only technology is involved.

In the past, the USA had a m onopoly for uranium enrichm ent services 
for commercial use, but this situation has changed completely. Enrichment 
services are also obtainable nowadays from the USSR and from the first 
operational production increments o f Urenco’s centrifuge enrichm ent plants. 
France has a large gaseous diffusion plant under construction, and there are not 
only firm plans to extend the capacities o f the existing enrichm ent ventures, 
but also to  establish enrichm ent capacities in o ther countries, e.g. Japan, South 
Africa and Brazil.

Details regarding the supply and demand situation are given in Tables I 
and II. It can be seen that capacities exceed the demand and that this situation 
will last at least until the  late ’eighties. But most im portant is the increasing 
diversification of the supply sources which provide for a high degree o f security.

Therefore, for a country with a nuclear power programme the question 
o f a domestic enrichm ent capacity is — in contrast to  the situation regarding 
uranium — primarily an economic issue rather than a possibility o f improving 
the supply situation. Uranium enrichm ent can only be economic at capacities 
beyond 1000—2000 t s.w.u./a, which is equivalent to  the annual reload require
m ents of 8500 to  17 000 MW(e) installed with LWRs. This means tha t in 
general only large and well-advanced nuclear power programmes form a 
reasonable basis for domestic enrichm ent capacities.

In the Federal Republic of Germany LWR nuclear power plants producing 
approxim ately 6000 MW(e) are in operation and plants for approximately 
18 000 MW(e) are ordered or under construction. Their enrichment requirements 
are mainly covered by long-term enrichm ent contracts with US DOE and 
the USSR.

In the enrichm ent sector in the Federal Republic o f Germany, research and 
development work was done both  for gas ultracentrifuge and the separation 
nozzle process. When the application of the centrifuge technology appeared to 
become economically feasible on an industrial scale, the Federal Republic of 
Germany pooled its respective activities in 1970 with the United Kingdom and 
the Netherlands under the Almelo Convention for jo in t development and the 
use of the gas ultracentrifuge process. The trilateral company Urenco 
was formed, which first built fairly small proto type plants in Almelo 
(Netherlands) and Capenhurst (United Kingdom), where enriched uranium has
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been produced and the reliability o f the centrifuges demonstrated for several 
years now. In 1977, the first stages o f the dem onstration plants, designed for 
a capacity o f 200 t s.w.u/a, went into operation at each of the places named.
The further extension o f  Urenco’s production plants will take place in stages in 
such a way that the com pany’s supply commitments, which will increase in the 
’eighties, can be fulfilled. It must be mentioned that Urenco is not only designed 
to  supply enrichm ent services to  customers in the Federal Republic o f Germany, 
United Kingdom and the Netherlands, but to  offer its services on the international 
m arket to  all interested customers.

To date, the separation nozzle process has been tested on a pilot-plant scale 
by GfK (Federal German Nuclear Resarch Association) and the firm of STEAG. 
Within the framework o f the co-operation between the Federal Republic of 
Germany and Brazil there are plans to  construct and operate a dem onstration 
plant in Brazil.

These remarks dem onstrate that economic considerations, the scale, and 
international co-operation, are the decisive m atters regarding the establishment 
o f new enrichment capacities.

4. MANUFACTURE OF FUEL ASSEMBLIES

The manufacture o f fuel assemblies is, w ith regard to  security of supply, 
the easiest step in the nuclear fuel cycle: various suppliers located in different 
nations are in a position to offer manufacture services; each reactor supplier 
has available the technology and know-how to produce reliable fuel assemblies; 
and, last but not least, there are several cases where such technology and 
know-how have been internationally transferred to  countries with m ajor nuclear 
power programmes.

Reference is again made to  the Federal Republic o f Germany, where the 
KWU group undertakes the development, design and m anufacture o f fuel 
assemblies for light-water reactors, and the fuel-management services and 
m aintenance activities required for the optim um  use of fuel assemblies in the 
reactor. A bout 1500 people are at present employed in this field, in the KWU 
Nuclear Fuel Division and the associate companies RBU, Alkem and NRG. 
Because o f the strict quality requirements for fuel assemblies owing to  the heavy 
operational demands made on them, both the design and engineering activities 
and the manufacturing work in the subsidiary companies are governed by a 
standardized, integrated quality assurance system which conforms to  the highest 
international standards.

The m anufacture o f uranium fuel assemblies for pressurized-water reactors 
and boiling-water reactors at RBU begins with the conversion o f U F6 to  U 0 2 
powder with the aid o f the AUC process, which was developed in the Federal
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Republic of Germany by Nukem and RBU; it produces free-flowing U 0 2 
powder, which can be pressed directly into U 0 2 pellets, w ithout interm ediate 
treatm ent or the addition o f binding or lubricating agents. Because o f these 
excellent properties, firms in Brazil, Sweden and the USA have obtained licences 
for the AUC process. Further stages o f manufacture involve the U 0 2 pellets, 
fuel rods, structural parts and assembly; transport o f fuel assemblies to  the 
nuclear power plant is also part of RBU’s normal services. In addition, RBU’s 
field o f activity includes the planning and design o f fuel assembly manufacture 
facilities and the supply o f manufacture equipment. Thus, for example, the KWU 
group, in co-operation with Nuclebras, is at present designing a factory to be 
constructed in Brazil for the m anufacture of fuel assemblies for pressurized- 
water reactors.

The recycling o f plutonium  in thermal reactors has been successfully 
dem onstrated as a means o f  reducing the am ount o f natural uranium and separative 
work required — hence the Federal Republic o f Germ any’s dependence on 
im ports for its nuclear power supplies. For several years now, reload fuel 
assemblies containing plutonium  have been used on a commercial basis'in the 
Obrigheim and Gundremmingen nuclear power plants. The m anufacture of 
mixed-oxide fuel assemblies is carried ou t at KWU’s subsidiary Alkem, which 
has already processed more than 14 t o f recycling fuel with 500 kg of plutonium , 
to give 7000 fuel rods containing plutonium.

The Zircaloy cladding tubes needed for the m anufacture o f fuel rods at 
RBU and Alkem are m anufactured by NRG Nuklearrohr GmbH in Duisburg.
By founding NRG in 1975, VDM and KWU combined their respective know-how 
in tube m anufacturing and in the design and operating experience o f nuclear 
fuel, in order to  obtain optim um  quality in cladding tubes.

As a result o f the KWU group’s many years o f  successful, comprehensive 
activity in the field o f fuel assemblies, KWU can offer technology and technical 
assistance over a wide range -  as shown in Table III. To date, in addition to 
the above-mentioned licences for the AUC process, the KWU group has signed 
know-how and licence agreements in the fuel assembly field with United States, 
Brazilian, Japanese and Spanish partners.

Fuel fabrication services for light-water reactors, e.g. the processing of 
enriched U F6 to  U 0 2 powder, pelletizing, rod m anufacture, structural parts 
manufacture and assembling to complete fuel elements, are at present available 
from a num ber o f sources throughout the world in a very competitive market 
environment. Therefore, the introduction of nuclear fuel manufacturing 
activities in a country embarking on a nuclear programme would not be necessary 
to ensure a reliable and economic source o f supply, but is usually considered 
for o ther im portant reasons, such as the development o f  high-technology 
industrial activities, savings in foreign currency, development o f human resources, 
aspects o f political-economic independence, etc.
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TABLE III. TECHNICAL ASSISTANCE AVAILABLE FROM THE 
KWU GROUP IN THE AREA OF LWR NUCLEAR FUEL

Design and engineering know-how:

Fuel design and engineering (physics, thermal-hydraulic,  mechanical)

Fuel management 

Process computer information 

Design m ethods and codes 

Experimental and operational data 

Quality assurance 

Irradiated fuel services

Manufacturing technology, quality control:

Uranium fuel (from U F 6)

Mixed-oxide fuel (from Pu-nitrate or  Pu-oxide)

Zircaloy cladding tubes (from tube hollows)

Fuel fabrication plants:

Feasibility studies

Planning, design and engineering

Supply o f  manufacturing and quality control equipment 

Supervision o f  turnkey plants

Personnel training:

Programmes

Courses

On-the-job training 

Engineering assistance, consulting services:

Qualitifaction programmes

Supply of fuel components, e.g. spacers, cladding tubes, end-pieces

But, in contrast to the situation in the field of enrichment, commercially 
viable unit capacities are smaller and, furtherm ore, it is possible to  implement 
respective m anufacturing activities step-wise, e.g. to  start with the manufacture 
of fuel rods and assembling using com ponents like pellets, cladding tubes and 
structural parts from sub-suppliers. A t later stages, further manufacturing 
steps, such as pellet production and conversion of UF6 to U 0 2 powder, can 
be added.
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For a more detailed discussion of this subject reference is made to  a paper 
by Pekarek and Roepenack entitled “Nuclear fuel fabrication and related 
technology transfer in connection with the im plem entation o f a nuclear power 
program m e” , presented at the 1977 Technology Transfer Conference at 
Shiraz, Iran.

5. REPROCESSING AND WASTE DISPOSAL

The present situation in reprocessing and in radioactive waste disposal is 
characterized by the following two items:

(a) The shortage of reprocessing capacity for LWR fuel assemblies. The fact 
that in France and the United Kingdom up to  now approxim ately
30 000 t U in the form of GGR fuel have been successfully reprocessed, 
indicates that the present shortage for LWR fuel is primarily an economic- 
political rather than a technical problem.

(b) The United States ban on the reprocessing o f spent LWR fuel and the 
recycling o f recovered uranium and plutonium  in order to  ensure better 
the non-proliferation o f  nuclear weapons, which resulted in the continuing 
international discussion of these subjects.

It is not possible in this paper to  deal in detail with item (b). However, it 
must be stated tha t many countries do no t see themselves in a position to  join 
this new US policy because they are in a different situation, and they may have 
the opinion that the prevention of o ther countries from using certain areas of 
technology is not an effective tool for solving political problems.

The Federal Republic o f Germany has developed a comprehensive spent-fuel 
disposal concept beginning with the shipping o f the spent-fuel assemblies from 
the nuclear power plant and ending with the final storage o f the highly active, 
solidified fission products in salt domes, which are stable for geological periods. 
The DWK (Deutsche Gesellschaft für Wiederaufarbeitung von K ernbrennstoffen 
mbH; German Nuclear Fuel Reprocessing company), founded by the Federal 
German electric utilities, is to  build a disposal centre above a suitable salt dome 
in Lower Saxony, the concept o f  which has been assessed and deemed feasible 
from  the safety aspects by the Federal German Reactor Safety Commission and 
the Federal German Radiation Protection Commission. The disposal centre 
will comprise the following plants: fuel assembly head-end storage facility; 
reprocessing plant; uranium processing plant; plutonium  processing plant; radio
active waste conditioning plant; and final storage for the radioactive waste.

The technological basis for a centre o f  this type is known from the positive 
experience gained in the reprocessing plant in Karlsruhe, and in the form er salt
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mine Asse II, which was converted for experiments in the storage o f low- and 
medium-activity wastes.

A lthough the Karlsruhe plant is for dem onstration purposes only and possesses 
only a modest reprocessing capacity, it embodies advanced technology and 
experience in the treatm ent of fuel assemblies from light-water reactors: in 
recent years, a to tal o f  45 t uranium have been reprocessed here, mainly for the 
Obrigheim and Gundremmingen nuclear power plants, corresponding approximately 
to  six annual reloads for a nuclear power plant of this size.

The im plem entation o f this concept is a “ m ust” for the Federal Republic 
o f Germany because otherwise public acceptance, which is necessary for further 
installation o f nuclear power plants in the Federal Republic, will not be 
obtainable. Furtherm ore, we believe that this concept o f an integrated centre 
can meet stringent safeguards and physical protection requirements. Only fresh 
fuel assemblies leave the centre.

The capacity o f the planned Federal German spent-fuel disposal centre is 
equivalent to  the annual ou tput of spent fuel from 45 000 MW(e) installed 
LWR capacity. Reprocessing is planned to  start 1988/90. Much smaller 
capacities would be very uneconomic and, again, the relationship between scale 
and installation o f domestic facilities can be realized.

In this context it must be m entioned that plans are under discussion to 
erect regional m ultinational spent-fuel disposal centres serving groups of nations 
where, owing to  comparatively low demand, national facilities cannot be justified.

The im plem entation o f such plans will certainly take time but, on the 
o ther hand, no actual time pressure exists, because the long-term storage of 
spent water reactor fuel assemblies presents no basic technological problems.
The present design o f KWU’s nuclear power plants includes, for example, spent-fuel 
pits with compact fuel storage racks which allow eight years of plant operation 
before spent-fuel assemblies have to be removed. In addition, we plan and 
offer to interested customers seperate spent-fuel storage pools with capacities 
from several hundred to several thousand tonnes o f uranium fuel assemblies, 
to  be built either on a nuclear power plant site or at any other suitable location.
By such means ample time is provided either to  realize adequate and reasonable 
domestic or m ultinational spent-fuel disposal facilities, or to conclude reprocessing 
contracts with reprocessing ventures established and planned in various countries.
It can well be assumed that countries having a proven reprocessing technology 
will make use of it by offering in the future spent-fuel disposal services on a 
broader scale than is done at present.

DISCUSSION

C.R. STOIBER: How would you view an international nuclear fuel authority 
administered multilaterally and providing full assurance of a nuclear fuel supply?
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There is a proposal for such in the United States Nuclear Non-Proliferation Act 
o f 1978.

H. PEKAREK: I am personally in favour — and this is the point that I 
have tried to  bring out in my paper -  of a free, diverse and competitive world 
market that would provide adequate assurance o f a reliable nuclear fuel supply.
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Abstract

THE SIMPLIFICATION OF QUALITY ASSURANCE PROGRAMMES TO SUIT 
DEVELOPING COUNTRIES.

Whilst the need to  produce and maintain documentation covering the supply and 
operation of Nuclear Steam Supply Systems is appreciated, it is felt that there is now a 
tendency to  regard such documentation as more important than the plant itself. This 
tendency must be corrected if the safety and reliability of  nuclear plants is to be maintained.
The following paper proposes actions which will bring documentation into its proper perspective 
and make it more easily understood internationally.  In addit ion, it is proposed that  a common 
international Quality Assurance Programme Standard should be adopted by countries 
importing and exporting NSSS in order to make the requirements more understandable to 
all concerned. The proposals cover Quality Assurance Systems Specifications and the training 
of quality engineers and evaluators, and discuss Quality Assurance Programmes and Quality 
Plans. Specifically, the paper suggests the actions which could be undertaken now and 
proposes the bodies which should be responsible for such actions.

Q v e r  t h e  p a s t  t e n  y e a r s  c o n f u s i o n  h a s  r e s u l t e d  f r o m  t h e  
p r o l i f e r a t i o n  o f  p a p e r w o r k  a s s o c i a t e d  w i t h  n u c l e a r  p o w e r  p l a n t .

T h e r e  a p p e a r s  t o  b e  a  w o r l d  t e n d e n c y  t o  c o n c e n t r a t e  o n  
t h e  p a p e r  a t  t h e  e x p e n s e  o f  t h e  p r o d u c t .  F o r  i n s t a n c e ,  o n e  
2 - u n i t  p o w e r  s t a t i o n  e x i s t s  w h e r e  t h e  N u c l e a r  S t e a m  S u p p l y  
S y s t e m  ( N S S S )  d o c u m e n t a t i o n  w i l l  w e i g h  ? 8  t o n s ,  a n d  a n o t h e r  
w h e r e  11  m i l l i o n  d o c u m e n t s  w e r e  r e c e i v e d  f o r  t h e  NSSS o f  a  
8 5 О MW n u c l e a r  p o w e r  s t a t i o n .  I f  t h i s  t r e n d  i s  a l l o w e d  t o  
c o n t i n u e  t h e n  we c o u l d  l o s e  s i g h t  o f  t h e  m a i n  o b j e c t i v e ,  w h i c h  
i s  t h e  s a f e t y  a n d  r e l i a b i l i t y  o f  t h e  h a r d w a r e .

T h i s  c o n c e n t r a t i o n  o n  p a p e r  i s  a l m o s t  i n v a r i a b l y  a  
s t r a i g h t  p r o l i f e r a t i o n  a n d  n o t  a n  i m p r o v e m e n t  i n  t h e  s t a n d a r d  
o f  c e r t i f i c a t i o n  a n d  i s  b a s e d  p e r h a p s  o n  t h e  p r e m i s e  t h a t  i f  
s o m e  d o u b t  a r i s e s  r e g a r d i n g  p r o d u c t  q u a l i t y ,  i t  s h o u l d  b e  
s w a m p e d  w i t h  p a p e r  a n d  l e f t  f o r  s o m e o n e  e l s e  t o  d e c i d e  w h a t  
i s  t o  b e  d o n e  o r  e v e n  w o r s e ,  t o  l i t e r a l l y  " p a p e r  o v e r  t h e  
c r a c k s . "

347
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A d e v e l o p i n g  c o u n t r y  w i s h i n g  t o  p u r c h a s e  n u c l e a r  p o w e r  
p l a n t  m u s t  f i n d  t h e  p a p e r w o r k  j u n g l e  a l m o s t  i m p o s s i b l e  t o  
p e n e t r a t e ,  a n d  i t  s e e m s  t h a t  t h e  t i m e  h a s  n o w  a r r i v e d  w h e n  
c o u n t r i e s  m a n u f a c t u r i n g  n u c l e a r  p o w e r  p l a n t  m u s t  r a t i o n a l i s e  
a l l  t h e  d o c u m e n t a t i o n  a s s o c i a t e d  w i t h  s u c h  p l a n t  s o  t h a t  
p r o s p e c t i v e  p u r c h a s e r s  c a n  m a k e  c o m p a r i s o n s  o f  l i k e  w i t h  
l i k e .  M o r e  i m p o r t a n t ,  r e t u r n i n g  p a p e r w o r k  t o  i t s  r i g h t  
p e r s p e c t i v e  w i l l  b r i n g  b a c k  t h e  e m p h a s i s  o n  t o  p r o d u c t  
q u a l i t y  a n d  r e l i a b i l i t y .

T h e  C e n t r a l  E l e c t r i c i t y  G e n e r a t i n g  B o a r d  (CEGB) i s  
p u r s u i n g  t h i s  l i n e  a n d  h a s  i n t r o d u c e d  m e a s u r e s  w h i c h  w i l l  
a v o i d  t h e  o v e r - p r o l i f e r a t i o n  o f  q u a l i t y  a s s u r a n c e  d o c u m e n 
t a t i o n  a n d  t h e s e  w i l l  b e  e n l a r g e d  o n  l a t e r ,  b u t  t o  b e  m o r e  
e f f e c t i v e  t h e  p r o b l e m  m u s t  b e  p u r s u e d  i n t e r n a t i o n a l l y .  A 
FORATOM W o r k i n g  P a r t y  o n  Q u a l i t y  A s s u r a n c e  i s  m a k i n g  t h i s  o n e  
o f  t h e i r  m a i n  o b j e c t i v e s .  T h e y  a r e  f i n d i n g  t h e  t a s k  v e r y  
d i f f i c u l t  b u t  a l s o  k n o w  t h a t  i t  i s  o n e  w h i c h  m u s t  b e  t a c k l e d  
w i t h  d e t e r m i n a t i o n .

A s J o h n  R u s k i n ,  a  B r i t i s h  a r t  c r i t i c  w ho d i e d  i n  1 9 0 0 ,
s a i d  :

" Q u a l i t y  i s  n e v e r  t h e  r e s u l t  o f  a n  a c c i d e n t .
I t  i s  a l w a y s  t h e  r e s u l t  o f  i n t e l l i g e n t  e f f o r t .
T h e r e  m u s t  b e  t h e  w i l l  t o  p r o d u c e  a  s u p e r i o r  
t h i n g . "

T h e  i n t e l l i g e n t  e f f o r t s  t h e  CEGB i s  m a k i n g  a r e  a s  
f o l l o w s .

M o s t  c o u n t r i e s  h a v e  G o v e r n m e n t  R e g u l a t i o n s  f o r  t h e  d e s i g n ,  
i n s t a l l a t i o n  a n d  o p e r a t i o n  o f  n u c l e a r  p o w e r  p l a n t  a l t h o u g h  i n  
s o m e  c o u n t r i e s  t h e s e  R e g u l a t i o n s  a p p e a r  t o  b e  " u n d e r s t o o d "  
r a t h e r  t h a n  f o r m a l l y  a p p l i e d .  E m a n a t i n g  f r o m  t h e s e  a r e  Q u a l i t y  
A s s u r a n c e  S y s t e m s  S p e c i f i c a t i o n s  w h i c h  a r e  a p p l i e d  d u r i n g  t h e  
d e s i g n ,  p r o c u r e m e n t ,  m a n u f a c t u r e ,  e r e c t i o n  a n d  o p e r a t i o n  o f  t h e  
n u c l e a r  p l a n t .

T h e  d i f f e r e n c e s  b e t w e e n  t h e s e  v a r i o u s  n a t i o n a l  a n d  i n t e r 
n a t i o n a l  r e q u i r e m e n t s  a r e  n o t  g r e a t  b u t  u n f o r t u n a t e l y  t h e y  a r e  
s u f f i c i e n t  t o  c a u s e  m i s u n d e r s t a n d i n g  b e t w e e n  R e g u l a t o r y  B o d i e s ,  
U t i l i t i e s  a n d  m a n u f a c t u r e r s .  I n  m a n y  c a s e s  com m o n  s e n s e  
a p p e a r s  t o  t a k e  s e c o n d  p l a c e  t o  t o r t u o u s  l e g a l  i n t e r p r e t a t i o n s  
e s p e c i a l l y  w h e r e  p r o g r a m m e  d e l a y s  o r  r e w o r k  a r e  i n v o l v e d .

P e r h a p s  c o u n t r i e s  m a n u f a c t u r i n g  NSSS d o  n o t  h e l p .  Som e 
h a v e  Q u a l i t y  A s s u r a n c e  S y s t e m s  r e q u i r e m e n t s  i n  o n e  d o c u m e n t ,  
s o m e  i n  t w o  a n d  s o m e  i n  t h r e e .  P o t e n t i a l  i m p o r t e r s  o f  n u c l e a r  
p l a n t  m u s t  c o m e  t o  t h e  c o n c l u s i o n  t h a t  s u p p l i e r s  a r e  d e l i b 
e r a t e l y  t r y i n g  t o  c r e a t e  p r o b l e m s .  I n  s o m e  c a s e s ,  c l a u s e s  
w h i c h  c a u s e  c o n f u s i o n  i n  i n t e r p r e t a t i o n  a r e  p e r p e t u a t e d  i n  a  
w h o l e  r a n g e  o f  i n t e r n a t i o n a l  s t a n d a r d s .  E v e n  t h e  n u m b e r  o f  
s t a n d a r d s  v a r y  f r o m  c o u n t r y  t o  c o u n t r y .
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F o r  e x a m p l e ,  m e m b e r s  o f  t h e  FORATOM W o r k i n g  G r o u p  o n  
Q u a l i t y  A s s u r a n c e  h a v e  d r a w n  a t t e n t i o n  t o  a n  a m b i g u i t y  r e l a t i n g  
t o  d e s i g n  v e r i f i c a t i o n  w h i c h  a r i s e s  i n  A N S I N ^ 5 - 2  ( 1 9 7 1 )  1 
I S O  W o r k i n g  D r a f t  N o .  18  2 a n d  t h e  F i n a l  D r a f t  o f  IA E A .  3

I n  t h e s e  d o c u m e n t s  t h e  s e c t i o n  o n  o r g a n i s a t i o n a l  a s s i g n 
m e n t  o f  r e s p o n s i b i l i t y  c i t e s  d e s i g n  a s  a n  a r e a  r e q u i r i n g  
v e r i f i c a t i o n  b y  t h o s e  w h o  d o  n o t  h a v e  d i r e c t  r e s p o n s i b i l i t y  f o r  
p e r f o r m i n g  t h e  w o r k  o r  a c h i e v i n g  t h e  q u a l i t y  o b j e c t i v e s .

I n  t h e  s a m e  d o c u m e n t s ,  t h e  s e c t i o n  o n  d e s i g n  v e r i f i c a t i o n  
r e q u i r e s  t h a t  t h i s  s h a l l  b e  p e r f o r m e d  b y  i n d i v i d u a l s  o r  g r o u p s  
o t h e r  t h a n  t h o s e  w h o  p e r f o r m e d  t h e  o r i g i n a l  d e s i g n .  I n  s o m e  
c a s e s  t h e  c l a u s e  a d d s  t h a t  t h e  v e r i f i e r s  m a y  b e  f r o m  t h e  s a m e  
o r g a n i s a t i o n .

On t h e  o n e  h a n d  t h i s  s e e m s  t o  i m p l y  t h a t  a  f e l l o w  
d e s i g n e r  m a y  c h e c k  a  c o l l e a g u e ' s  w o r k  p r o v i d e d  h e  h a s  n o  
r e s p o n s i b i l i t y  f o r  i t ,  w h i l s t  o n  t h e  o t h e r  h a n d  i t  c o u l d  b e  
a r g u e d  t h a t  a  d u p l i c a t e  d e s i g n  o r g a n i s a t i o n  i s  r e q u i r e d  f o r  
d e s i g n  v e r i f i c a t i o n .

T h i s  d i f f e r e n c e  i n  i n t e r p r e t a t i o n  h a s  a c t u a l l y  a r i s e n  
i n  t h e  e x p e r i e n c e  o f  FORATOM m e m b e r s  a n d  c a n  g i v e  r i s e  t o  g r e a t  
d i f f i c u l t y  i n  a r e a s  o f  s p e c i a l i s t  k n o w l e d g e  s u c h  a s  d y n a m i c  
t h e r m a l  c h a r a c t e r i s t i c s  o f  a  p r i m a r y  l o o p ,  w h e r e  o n l y  o n e  o r
t w o  e n g i n e e r s  w i t h i n  a n  o r g a n i s a t i o n  a r e  c a p a b l e  o f  d e s i g n  o r
v e r i f i c a t i o n .

I t  m u s t  b e  a s s u m e d  s i m i l a r  a r g u m e n t s  h a v e  b e e n  e x p e 
r i e n c e d  i n  t h e  U n i t e d  S t a t e s  a s  t h e  A m e r i c a n  A t o m i c  E n e r g y  
C o m m i s s i o n  S t a n d a r d  R e v i e w  P l a n  1 7 . 1  " Q u a l i t y  A s s u r a n c e  D u r i n g  
D e s i g n  a n d  C o n s t r u c t i o n "  i n d i c a t e s  t h a t  o n e  o f  t h e  t e s t s  f o r  
a c c e p t a b i l i t y  o f  a c t i v i t i e s  r e l a t e d  t o  d e s i g n  v e r i f i c a t i o n  i s :

" I n d i v i d u a l s  o r  g r o u p s  r e s p o n s i b l e  f o r  d e s i g n  
v e r i f i c a t i o n  a r e  o t h e r  t h a n  t h e  o r i g i n a l  
d e s i g n e r  a n d  t h e  d e s i g n e r ' s  i m m e d i a t e  
s u p e r v i s o r .  T h e s e  i n d i v i d u a l s  o r  g r o u p s  
a n d  t h e i r  a u t h o r i t y  a n d  r e s p o n s i b i l i t y  a r e  
i d e n t i f i e d  a n d  c o n t r o l l e d  b y  w r i t t e n  p r o c e d u r e s " .

1 Q uality  A ssurance P rogram m e R eq u irem en ts  fo r N uclear P ow er P lants.
2 Q uality  A ssurance fo r  N uclear P ow er P lants.
3 C ode o f  P ractice  in  Q uality  A ssurance fo r S afe ty  in  N uclear P ow er P lants.
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How c a n  t h i s  c o n f u s e d  s i t u a t i o n  b e  r e d u c e d  o r  e l i m i n a t e d ?  
I t  w o u l d  a p p e a r  t h a t  o n e  o f  t h e  e a s i e s t  w a y s  o f  r e d u c i n g  t h e  
c o n f u s i o n  w o u l d  b e  f o r  e v e r y o n e  t o  w o r k  t o  t h e  s a m e  Q u a l i t y  
S y s t e m s  S p e c i f i c a t i o n  w h i c h  n e e d  o n l y  b e  v a r i e d  t o  m e e t  t h e  
i n d i v i d u a l  l e g i s l a t i v e  r e q u i r e m e n t s  o f  e a c h  c o u n t r y .

U n f o r t u n a t e l y ,  t h e  o p p o r t u n i t y  o f  r a t i o n a l i s i n g  t h e s e  
Q u a l i t y  A s s u r a n c e  S y s t e m s  r e q u i r e m e n t s  a p p e a r s  t o  h a v e  b e e n  
l o s t  a s  t h e  I S O ,  IAEA a n d  A N S I d o c u m e n t s  h a v e  a l l  b e e n  
r e c e n t l y  r e - d r a f t e d  w i t h o u t  a n y  a p p a r e n t  c o l l a b o r a t i o n  
b e t w e e n  t h e  d r a f t i n g  c o m m i t t e e s .  We a r e  o b v i o u s l y  i n  f o r  a  
f u r t h e r  p e r i o d  o f  c o n f u s i o n .

I n  t h e  A N S I  N 4 5 . 2  r e v i s i o n s  n o  r e c o g n i t i o n  a p p e a r s  t o  
h a v e  b e e n  g i v e n  t o  t h e  p r o b l e m s  w h i c h  h a v e  a r i s e n  i n  a g r e e i n g  
t h e  s t a n d a r d s  o f  d e s i g n  v e r i f i c a t i o n ,  a l t h o u g h  i t  s e e m s  m o r e  
w o r d s  h a v e  b e e n  u s e d .

I t  i s  p o s s i b l e  t o  b e  b r i e f  a n d  y e t  s a y  e v e r y t h i n g  w h i c h  
n e e d s  t o  b e  s a i d .  A c l a s s i c  e x a m p l e  i s  t h e  c o n t r a c t  P e t e r  
S t u d e b a k e r  s i g n e d  w i t h  h i s  b r o t h e r  C l e m  w h e n  h e  j o i n e d  t h e  
w a g o n  b u i l d i n g  c o m p a n y  i n  1 8 6 3 .

" I ,  P e t e r  S t u d e b a k e r ,  a g r e e  t o  s e l l  a l l  t h e  
w a g o n s  my b r o t h e r  c a n  m a k e .  I ,  C l e m ,  a g r e e  
t o  m a k e  a l l  h e  c a n  s e l l " .

T h e  n e x t  s t e p  i s  t o  e s t a b l i s h  a  l e v e l  o f  P r o f e s s i o n a l i s m  
a n d  T r a i n i n g  f o r  q u a l i t y  e n g i n e e r s  e n g a g e d  o n  n u c l e a r  p o w e r  
p l a n t  w o r k  w h i c h  i s  i n t e r n a t i o n a l l y  a c c e p t a b l e .  P r o b a b l y  
t h e  o n l y  c o u n t r y  w i t h  a  s p e c i f i e d  s t a n d a r d  o f  t r a i n i n g  a n d  
e x a m i n a t i o n  i s  t h e  U . S . A . ,  a l t h o u g h  t h e  CEGB i s  e s t a b l i s h i n g  
s i m i l a r  s t a n d a r d s  f o r  i t s  o w n  q u a l i t y  a s s u r a n c e  e n g i n e e r s .
T h e s e  a r e  d o m e s t i c  s t a n d a r d s  a n d  a r e ,  t h e r e f o r e ,  n o t  a c c e p t a b l e  
c o n t r a c t u a l l y  d u e  t o  t h e  f a c t  t h a t  t h e y  m a y  b e  a l t e r e d  b y  o n e  
c o u n t r y  w i t h o u t  c o n s u l t a t i o n  a n d  a g r e e m e n t  w i t h  o t h e r s .

B y  i n t r o d u c i n g  s t a n d a r d s  o f  p r o f e s s i o n a l i s m  w h i c h  a r e  
c o m p a r a b l e  i n t e r n a t i o n a l l y ,  t h e n  a  c o m m o n - s e n s e  a p p r o a c h  t o  a  
s p e c i f i e d  r e q u i r e m e n t  a p p l i e d  b y  p e r s o n n e l  o f  e q u a l  s t a n d a r d  
w i l l  l e a d  t o  f u r t h e r  r e d u c t i o n  i n  t h e  a r e a  o f  c o n f u s i o n .

W h i l s t  o n  t h i s  s u b j e c t  o f  t r a i n i n g ,  a t t e n t i o n  s h o u l d  b e  
d r a w n  t o  t h e  f a c t  t h a t  t h e r e  a r e  s t i l l  m a n y  M a n a g e r s ,  i n  
f a c t ,  p r o b a b l y  t h e  m a j o r i t y  o f  M a n a g e r s ,  w h o  d o  n o t  f u l l y  
u n d e r s t a n d  w h a t  q u a l i t y  a s s u r a n c e  i s  a l l  a b o u t  a n d  h o w  i t  c a n  
b e  u s e d  b y  t h e m  t o  i m p r o v e  p r o d u c t  q u a l i t y  a n d  p r o f i t a b i l i t y .

T h e  CEGB i s  g r a d u a l l y  o v e r c o m i n g  t h i s  p r o b l e m  a n d  a t  t h e  
s a m e  t i m e ,  t h r o u g h  t h e  B r i t i s h  N u c l e a r  F o r u m ,  i s  t r y i n g  t o  
i n t r o d u c e  i n t o  d e g r e e  c o u r s e s  i n  U n i v e r s i t i e s  a n d  i n t o  t h e  
c u r r i c u l u m  o f  M a n a g e m e n t  T r a i n i n g  c o u r s e s  i n  t h e  U . K .  t h e  
s u b j e c t  o f  q u a l i t y  a s s u r a n c e  i n  t h e  s a m e  w a y  t h a t  o t h e r  
m a n a g e m e n t  t o o l s  s u c h  a s  a c c o u n t a n c y ,  p e r s o n n e l ,  e t c . ,  a r e  
p r e s e n t e d  a n d  d i s c u s s e d .
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B e c a u s e  o f  t h e  e m p h a s i s  a l r e a d y  p l a c e d  i n  t h i s  P a p e r  
o n  t h e  r a t i o n a l i s a t i o n  o f  t h e  q u a l i t y  a s s u r a n c e  s p e c i f i c a t i o n s ,  
e q u a l  e m p h a s i s  s h o u l d  b e  a t t a c h e d  t o  t h e  i m p o r t a n c e  o f  t h e  
t r a i n i n g  o f  p e r s o n n e l  f o r  Q u a l i t y  E v a l u a t i o n  a n d  A u d i t .
H e r e  a g a i n ,  t h e  U n i t e d  S t a t e s , t h r o u g h  AJnIJj J! Й 5  s e r i e s  a n d  
t h r o u g h  t h e  C o - o r d i n a t i n g  A g e n c y  f o r  S u p p l i e r  E v a l u a t i o n  
(C A S E ) h a s  e s t a b l i s h e d  l e v e l s  o f  t r a i n i n g  a n d  e x a m i n a t i o n  f o r  
q u a l i t y  a u d i t o r s  w h i c h  g o e s  a  l o n g  w a y  t o w a r d s  e s t a b l i s h i n g  
i n t e r c h a n g e a b i l i t y  b e t w e e n  a u d i t  r e p o r t s .

I t  i s  s u g g e s t e d  t h a t  t h e s e  i n d i v i d u a l  n a t i o n a l  a p p r o a c h e s  
b e  d r a w n  t o g e t h e r  b y  IAEA o r  I S O  t o  e s t a b l i s h :

1 .  B a s i c  s t a n d a r d s  o f  p r o f e s s i o n a l  e n g i n e e r  
q u a l i f i c a t i o n  a p p l i c a b l e  t o  Q u a l i t y  
A s s u r a n c e  E n g i n e e r .

2 .  A d d i t i o n a l  s t a n d a r d s  n e e d e d  t o  q u a l i f y  a s  
Q u a l i t y  A s s u r a n c e  E n g i n e e r .

3« S p e c i a l i s t  t r a i n i n g  -  s t a n d a r d s  f o r  s u c h
s u b j e c t s  a s  d e s i g n  v e r i f i c a t i o n ,  e v a l u a t i o n  
a n d  a u d i t  e t c .

T h e s e  r e q u i r e m e n t s  s h o u l d  b e  p u b l i s h e d  a s  A p p e n d i c e s  
t o  t h e  IAEA Q u a l i t y  A s s u r a n c e  C o d e  o f  P r a c t i c e  o r  t h e  IS O  
S t a n d a r d .

S u c h  s t a n d a r d s  w o u l d  b e  u n d e r s t o o d  b y  a l l  m a n u f a c t u r e r s  
a n d  p u r c h a s e r s  o f  n u c l e a r  p l a n t  a n d  w o u l d  b e  o f  g r e a t  v a l u e  
t o  d e v e l o p i n g  c o u n t r i e s  w h e n  a s s e s s i n g  t e n d e r s  f o r  n u c l e a r  
p o w e r  p l a n t .

T h e  CEGB h a s  i t s  o w n  t r a i n i n g  s c h e m e  f o r  q u a l i t y  
e v a l u a t o r s  a n d  a u d i t o r s  w h i c h  i s  a v a i l a b l e  n o t  o n l y  t o  i t s  ow n  
s t a f f  b u t  a l s o  t o  t h e  c o n t r a c t o r s  e m p l o y e d  b y  t h e m  a n d  w o u l d  
w i l l i n g l y  c o l l a b o r a t e  w i t h  IAEA i n  a n y  a t t e m p t  t o  e s t a b l i s h  
i n t e r n a t i o n a l  p r o f e s s i o n a l  s t a n d a r d s .  As a  m a t t e r  o f  i n t e r e s t  
t h e  CEGB i s  a l s o  a  S u s t a i n i n g  M e m b e r  o f  t h e  N u c l e a r  S e c t i o n  o f  
C A SE.

S o  m u c h  t h e n  f o r  q u a l i t y  t r a i n i n g .  L e t  u s  n o w  c o n s i d e r  
t h e  Q u a l i t y  A s s u r a n c e  P r o g r a m m e . T h e  f i r s t  p r o b l e m  h e r e  i s  t o  
d e c i d e  w h a t  a  Q u a l i t y  A s s u r a n c e  P r o g r a m m e  r e a l l y  i s .  T h e  
I n t e r n a t i o n a l  S t a n d a r d s  O r g a n i s a t i o n  d e f i n e s  i t  a s  "A 
d e s c r i p t i o n  o f  t h e  o v e r a l l  m a n a g e m e n t  a n d  p r o c e d u r e s  c o v e r i n g  
t h e  q u a l i t y  a s s u r a n c e  a c t i o n s  f o r  t h e  e x e c u t i o n  o f  a  s p e c i f i c  
c o n t r a c t  o r  a p p r o a c h " .  T h e  l a t e s t  r e v i s i o n  t o  A N SI N ^ 5 . 2  s a y s ,  
" T h e  t o t a l  e f f o r t  o f  d e v e l o p m e n t ,  d o c u m e n t a t i o n  a n d  i m p l e m e n 
t a t i o n  o f  p o l i c i e s  a n d  p r o c e d u r e s  i n  a c h i e v i n g  a n d  v e r i f y i n g  
q u a l i t y  i n  a c c o r d a n c e  w i t h  s p e c i f i c  r e q u i r e m e n t s " .  C o u l d  i t  be 
s a i d  t h a t  t h e  IAEA i n  t h e i r  d r a f t  d o c u m e n t  d o  n o t  g i v e  a  
d e f i n i t i o n ?

T h e  CEGB d e f i n i t i o n  i s  " Q u a l i t y  A s s u r a n c e  p r o c e d u r e s  a n d  
m a n a g e m e n t  o r g a n i s a t i o n  f o r  t h e  e x e c u t i o n  o f  a  s p e c i f i c  
c o n t r a c t  o r  p r o j e c t " .
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P e r h a p s  t h e  e a s i e s t  w a y  o f  d e f i n i n g  a  Q u a l i t y  A s s u r a n c e  
P r o g r a m m e  i s  :

( 1 )  S e t t i n g  d o w n  w h a t  h a s  t o  b e  d o n e  a n d  b y  w h o m .

( 2 )  D o i n g  i t .

( 3 ) P r o v i d i n g  p r o o f  t h a t  t h e  a c t i o n s  h a v e  b e e n  
c a r r i e d  o u t .

O ne  t h i n g  t h a t  c om m on  t o  a l l  c o u n t r i e s  i s  t h e  f a c t  
t h a t  t h e  p l a n t  o p e r a t o r  i s  r e s p o n s i b l e  f o r  p r e p a r i n g  a n d  
i m p l e m e n t i n g  t h e  Q u a l i t y  A s s u r a n c e  P r o g r a m m e .

We i n  t h e  CEGB g o  a b o u t  i t  t h i s  w a y .  We h a v e  o u r  ow n 
Q u a l i t y  A s s u r a n c e  M a n u a l  s e t t i n g  d o w n  o r g a n i s a t i o n ,  r e s p o n s i 
b i l i t i e s  a n d  p r o c e d u r e s  f o r  a l l  q u a l i t y  a s s u r a n c e  a c t i o n s  
d u r i n g  t h e  p r e - t e n d e r i n g ,  s u p p l i e r  s e l e c t i o n ,  c o n t r a c t  
p l a c i n g ,  m a n u f a c t u r e  a n d  e r e c t i o n  o f  n u c l e a r  p o w e r  p l a n t .
T h e  s a m e  p r o c e d u r e s  a r e  f o l l o w e d  i n  h a n d l i n g  a  f o s s i l  f u e l  
f i r e d  p o w e r  p l a n t  f o r  t h e  s i m p l e  r e a s o n  t h a t  we h a v e  f o u n d  
i t  f i n a n c i a l l y  b e n e f i c i a l  t o  a p p l y  q u a l i t y  s t a n d a r d s  t o  a l l  
p l a n t  i n  o r d e r  t o  a c h i e v e  h i g h  a v a i l a b i l i t y  a n d  r e l i a b i l i t y .

T h i s  Q u a l i t y  A s s u r a n c e  M a n u a l  s u p p l e m e n t e d  b y  q u a l i t y  
s u b m i s s i o n s  f r o m  q u a l i t y  a p p r o v e d  c o n t r a c t o r s  f o r m s  t h e  b a s i s  
o f  t h e  Q u a l i t y  A s s u r a n c e  P r o g r a m m e  o p e r a t e d  b y  t h e  CEGB. By 
a p p r o v e d  c o n t r a c t o r s ,  I  m e a n  t h o s e  c o n t r a c t o r s  w h o s e  q u a l i t y  
a s s u r a n c e  s y s t e m s  h a v e  b e e n  e v a l u a t e d  a g a i n s t  t h e  q u a l i t y  
a s s u r a n c e  s y s t e m  s p e c i f i c a t i o n  a n d  f o u n d  s a t i s f a c t o r y .  W hen 
t h i s  s t a g e  h a s  b e e n  r e a c h e d , t h e  c o n t r a c t o r  i s  i s s u e d  w i t h  a  
Q u a l i t y  A s s u r a n c e  " C e r t i f i c a t e  o f  C o m p l i a n c e " .  A R e g i s t e r  
o f  a p p r o v e d  c o n t r a c t o r s  w i t h  f u l l  s u p p o r t i n g  r e c o r d s  o f  
q u a l i t y  e v a l u a t i o n s  a n d  a u d i t s  a n d  f o l l o w - u p  q u a l i t y  c o n t r o l  
s u r v e i l l a n c e  r e p o r t s  i s  m a i n t a i n e d  f o r  r e f e r e n c e  p u r p o s e s .

T u r n i n g  n o w  t o  t h e  d e t a i l e d  q u a l i t y  a s s u r a n c e  s u b m i s s i o n s  
m a d e  b y  t h e  c o n t r a c t o r ,  t h e s e  a r e  i n  t h e  f o r m  o f  a  Q u a l i t y  P l a n .  
T h i s  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  d o c u m e n t s  a n d  i s ,  i n  f a c t ,  
t h e  c o n t r a c t u a l  w o r k i n g  a g r e e m e n t  b e t w e e n  t h e  CEGB a n d  t h e  
s u p p l i e r  d u r i n g  t h e  w h o l e  o f  t h e  m a n u f a c t u r i n g  a n d  e r e c t i o n  
p h a s e  o f  a  c o n t r a c t .

F o r  s o m e  y e a r s  a  c o n t r a c t o r  w a s  i n s t r u c t e d  t o  p r e s e n t  
h i s  Q u a l i t y  P l a n  a n d , p r o v i d e d  i t  c a r r i e d  t h e  i n f o r m a t i o n  t h e n  
t h o u g h t  n e c e s s a r y ,  t h i s  w a s  a c c e p t e d  b y  t h e  CEGB. H o w e v e r ,  
e x p e r i e n c e  h a s  s h o w n  t h a t  t h e s e  u s u a l l y  r e f l e c t e d  t h e  
c o n t r a c t o r ' s  o p i n i o n s  o n l y  a n d  d u r i n g  t h e  m a n u f a c t u r i n g  p h a s e  
o m i s s i o n s  o f  i n f o r m a t i o n  o r  p r o c e s s e s  w e r e  d i s c o v e r e d .  I n  
s o m e  c a s e s  d o c u m e n t a t i o n  r e q u i r e m e n t s  w e r e  n o t  p r o p e r l y  
i d e n t i f i e d  a n d  w e w o u l d  f i n d  o u r s e l v e s  e i t h e r  o v e r l o a d e d  w i t h  
p a p e r  o r  w o r s e  s t i l l ,  t r y i n g  t o  o b t a i n  s a t i s f a c t o r y  d o c u m e n 
t a t i o n  r e t r o s p e c t i v e l y .

T h e  CEGB, t h e r e f o r e ,  d e c i d e d  t h a t  i n  c o n j u n c t i o n  w i t h  
t h e i r  s u p p l i e r s ,  t h e y  w o u l d  s e t  d o w n  a  d e t a i l e d  b r e a k d o w n  o f  
e v e r y  m a n u f a c t u r i n g  p r o c e d u r e  a n d  e v e n t  f o r  e a c h  t y p e  o f  p l a n t .
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F r o m  t h i s  d e t a i l e d  b r e a k d o w n ,  t h e  CEGB q u a l i t y  a s s u r a n c e  
e n g i n e e r s  w o u l d  b e  a b l e  t o  i d e n t i f y  e v e r y  i n s p e c t i o n  a n d  t e s t  
s t a g e  d u r i n g  m a n u f a c t u r e  a n d  d e c i d e  w h i c h  o f  t h o s e  i n s p e c t i o n s  
a n d  t e s t s  t h e y  w o u l d  p e r s o n a l l y  w i t n e s s  a n d  w h i c h  w o u l d  b e  
d e l e g a t e d  t o  t h e  a p p o i n t e d  A r c h i t e c t  E n g i n e e r / m a i n  c o n t r a c t o r /  
s u b - c o n t r a c t o r .

S i m i l a r l y ,  t h e i r  d e s i g n  c o l l e a g u e s  w o u l d  b e  a b l e  t o  
c o l l a b o r a t e  i n  e s t a b l i s h i n g  e a c h  a n d  e v e r y  q u a l i t y  a s s u r a n c e  
d o c u m e n t  t o  b e  r e t a i n e d  i n  t h e  C a s e  H i s t o r i e s ,  w h e r e  i t  w o u l d  
b e  r e t a i n e d ,  i n  w h a t  f o r m  a n d  f o r  h o w  l o n g .  A l l  o f  t h i s
i n f o r m a t i o n  c o u l d  t h e n  b e  o f f e r e d  t o  t h e  R e g u l a t o r y  B o d y  f o r
f o r m a l  a p p r o v a l .

T h i s  m a y  s e e m  a  t e d i o u s  p r o c e d u r e  b u t  o n c e  a n  i t e m  o f  
p l a n t  h a s  b e e n  d e a l t  w i t h  i n  t h i s  m a n n e r ,  t h e  s a m e  p a t t e r n
f o l l o w s  t h e r e a f t e r .  To  g i v e  s o m e  i d e a  o f  t h e  s i z e  o f  t h e
j o b ,  t h e  c o m p l e t e  b r e a k d o w n  o f  a  t u r b o - g e n e r a t o r  w i t h  a l l  i t s  
a n c i l l a r y  e q u i p m e n t  t o o k  a b o u t  100  m a n - d a y s ,  w h i c h  i t  i s  
s u g g e s t e d  i s  a n  o u t l a y  i n  m a n p o w e r  w h o l l y  j u s t i f i a b l e  a s  i t  i s  
c a r r i e d  o u t  p r i o r  t o  c o m m e n c e m e n t  o f  m a n u f a c t u r e .

L e t  u s  n o w  c o n s i d e r  t h e  a d v a n t a g e s  o f  t h i s  t y p e  o f  
Q u a l i t y  P l a n :

1 .  F i r s t l y ,  e v e r y o n e  k n o w s  w h a t  h a s  t o  b e  d o n e  a n d  
w h a t  p a p e r w o r k  h a s  t o  b e  m a d e  a v a i l a b l e .  By t h i s  
m e a n s ,  t h e  p r o l i f e r a t i o n  o f  d o c u m e n t s  c a n  b e  a v o i d e d  
a n d  o n l y  t h o s e  e s s e n t i a l  t o  s a f e t y ,  t r a c e a b i l i t y  e t c .  
a r e  a c t u a l l y  r e t a i n e d .

2 .  S e c o n d l y ,  t h e  w o r k l o a d  o f  i n d i v i d u a l  e n g i n e e r s  o r  
o f f i c e s  c a n  b e  p l a n n e d  b y  m a n a g e m e n t  a n d  s t e p s  
t a k e n  t o  s u p p l e m e n t  e x i s t i n g  m a n p o w e r  w h e r e  
n e c e s s a r y .

3* T h i r d l y ,  w h e r e  s p e c i a l i s e d  e x p e r t i s e  i s  n e c e s s a r y
s u c h  a s  i n  n o n - d e s t r u c t i v e  t e s t i n g ,  a r r a n g e m e n t s  
c a n  b e  m a d e  t o  u t i l i s e  a  l i m i t e d  r e s o u r c e  t o  t h e  
b e s t  a d v a n t a g e .

T h e  CEGB h a s  m o v e d  o n e  s t e p  f u r t h e r  w i t h  t h i s  t y p e  o f  
Q u a l i t y  P l a n  b y  c o m p u t e r i s i n g  i t  i n  n e t w o r k  f o r m .  T h i s  m e a n s  
t h a t  a t  r e g u l a r  i n t e r v a l s  t h e  p r o g r a m m e  c a n  b e  s c a n n e d  t o  
c o n f i r m  t h a t  a l l  a c t i o n s  h a v e  b e e n  s a t i s f a c t o r i l y  c o m p l e t e d  
a n d  a l s o  t o  p r o v i d e  a  r e m i n d e r  o f  w h a t  a c t i o n s  a r e  n e c e s s a r y  
d u r i n g  a  l i m i t e d  f o r w a r d  p e r i o d .

CONCLUSIONS

( 1 )  T h e r e  i s  t o o  m u c h  u n n e c e s s a r y  p a p e r w o r k  
g e n e r a t e d  f o r  n u c l e a r  p l a n t  a n d  t h i s  t e n d s  
t o  o b s c u r e  t h e  e s s e n t i a l  d o c u m e n t s .

( 2 )  B e c a u s e  o f  t h i s  t o o  m u c h  q u a l i t y  a s s u r a n c e  
e f f o r t  i s  b e i n g  d i r e c t e d  t o  d o c u m e n t a t i o n  
p o s s i b l y  a t  t h e  e x p e n s e  o f  t h e  p l a n t  a n d  
e q u i p m e n t .
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( 3 )  C o u n t r i e s  s u p p l y i n g  N u c l e a r  S t e a m  S u p p l y  
S y s t e m s  s h o u l d  m a k e  m o r e  e f f o r t  t o  a d o p t  a  
c om m on Q u a l i t y  A s s u r a n c e  P r o g r a m m e  S p e c i f i 
c a t i o n ,  p o s s i b l y  u n d e r  t h e  l e a d e r s h i p  o f  IS O  
o r  IA E A .

( 4 )  Common d e f i n i t i o n s  a n d  p r e c i s e  w o r d i n g  
s h o u l d  b e  u s e d  i n  a l l  d o c u m e n t s  r e l a t i n g  
t o  Q u a l i t y  A s s u r a n c e .

( 5 ) I n t e r n a t i o n a l l y  a c c e p t a b l e  s t a n d a r d s  o f  
e d u c a t i o n  a n d  t r a i n i n g  s h o u l d  b e  e s t a b l i s h e d  
f o r  Q u a l i t y  A s s u r a n c e  E n g i n e e r s ,  a n d  i n  
p a r t i c u l a r  f o r  E v a l u a t o r s  a n d  A u d i t o r s .

( 6 )  T h e  c o m p o s i t i o n  o f  a  Q u a l i t y  A s s u r a n c e  
P r o g r a m m e  s h o u l d  b e  d e f i n e d  i n  t h e  s i m p l e s t  
a n d  m o s t  u n d e r s t a n d a b l e  f o r m  p o s s i b l e .

( 7 )  D i r e c t i o n s  a n d  i n s t r u c t i o n s  o n  t h e  l e v e l  o f  
q u a l i t y  e v a l u a t i o n ,  a u d i t s ,  s u r v e i l l a n c e ,  
i n s p e c t i o n  a n d  t e s t  a n d  w h o  s h a l l  b e  
r e s p o n s i b l e  s h o u l d  b e  e s t a b l i s h e d  a t  t h e  
o u t s e t  a n d  c e r t a i n l y  b e f o r e  e q u i p m e n t  a n d  
m a t e r i a l s  r e a c h  t h e  m a n u f a c t u r i n g  s t a g e .

I  u r g e  t h e  IAEA a n d  IS O  t o  i n i t i a t e  a c t i o n  o n  t h e  l i n e s  
I  h a v e  s u g g e s t e d ,  o r  a s  t h e y  m a y  d e v e l o p  f r o m  t h e  d i s c u s s i o n  
w h i c h  f o l l o w s ,  a n d  p r o m i s e  f u l l  CEGB s u p p o r t  i f  t h e y  d o  s o .

DISCUSSION

N. RAlSlC: I would just like to make a few comments in connection with 
the reference you have made in your paper to  the Agency’s quality assurance 
programme. I think tha t participants are already aware o f the Agency’s activities 
in establishing Codes of Practice and Safety Guides for nuclear power plants.
These docum ents represent a comprehensive set of requirements and recommendations 
relating to  safety and are put forward for the consideration of Member States in 
establishing safety requirements and in assessing the safety of their nuclear power 
plants. Work is now proceeding on five topics covering governmental organization, 
siting, design, operation and quality assurance for such plants. In the area of 
quality assurance the relevant Code o f Practice containing the necessary requirements 
has already been prepared and will shortly be issued. In addition to this, eight 
Safety Guides covering various aspects o f quality assurance and its application to 
nuclear power projects have been drafted and are at present undergoing review 
and evaluation. This activity has given the Agency a leading role in the establish
ment o f international safety standards on quality assurance. It is co-operating 
with other international organizations, such as ISO, but the activity of the latter 
has been limited to the preparation o f  a nuclear quality assurance standard, which 
is now being reviewed by the ISO member states.
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A fter that general comment I would like to  deal with a few specific points 
w ith regard to which you expressed concern in your presentation.

The Agency’s Code o f Practice on Quality Assurance requires that all 
verification activities should be performed by persons not directly responsible 
for the work to  be verified. The same applies to  design verification. We do not 
see any difficulty in this requirem ent being implemented as long as a proper 
guideline is given for the extent o f the verification required. The Safety Guide 
on Quality Assurance for Design is an attem pt to provide such guidance.

We share the view that there is an urgent need to  formulate requirements on 
the qualification of quality assurance personnel. At the m om ent the Agency is 
considering the idea o f preparing a safety guide on this subject. I t will be difficult, 
however, to  reconcile the different approaches that exist in different countries 
with regard to  the qualifications required for quality assurance personnel. The 
approach taken in the United States o f America is not such as to contribute to 
solving the existing problems.

Although the Agency does not provide a definition of quality assurance in 
the Code o f Practice on Quality Assurance, the Safety Guide on Quality 
Assurance Programme Preparation now being drafted more than compensates for 
this deficiency. It covers such topics as the planning, docum entation, organization 
and performance o f quality assurance activities. The quality plan is recognized 
as an appropriate m ethod of planning and documenting quality assurance 
programmes, especially for the m anufacture of com ponents and equipm ent for 
nuclear power plants. In o ther activities, however, the suitability of the m ethod 
is less obvious.

F.J. FRENCH: Thank you. I welcome your comments and endorse the 
Agency’s activities in developing a Code o f Practice on Quality Assurance, 
together with the complem entary Safety Guides. In the United Kingdom we have 
strongly supported this work and will continue to  do so.

The comments I made in my presentation were not intended as any criticism 
of the Agency’s work on quality assurance, but were designed to  stress the urgency 
for international codes and standards to  replace the domestic versions, which 
are tending to  proliferate and in so doing actually create, rather than help to 
solve, the problems facing developing countries anxious to  purchase nuclear 
power plants.

M. ROSEN (Scien tific Secretary): I fully sympathize with your views on 
the need for simplification, which are similar to  those I expressed in my own 
paper (IAEA-SM-223/33), only you call it simplification while I refer to  making 
docum entation more appropriate to  the developing countries. The proliferation 
o f docum ented procedures and manuals does not necessarily help the smaller 
countries. Simplification, particularly in the case of site-related procedures, 
would be useful.
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INDUSTRIAL INFRASTRUCTURE

H.-K. REINHOLD, H. SCHWEICKERT 
Kraftwerk Union AG,
Erlangen,
Federal Republic o f Germany 

Abstract

INDUSTRIAL INFRASTRUCTURE.
A substantial prerequisite for  an increase of the domestic participation is the existence of 

an “ industrial infrastructure” . As long as a structure such as that  described in this paper does 
not exist, domestic industry participation will continue to be confined to the assembly of 
components, while most o f  the supplies (materials, accessory parts) would have to be imported. 
The scope and set-up of the “ industrial infrastructure” will be determined by a study of the 
required capacity and organization, which has to be prepared at a very early stage (second phase 
of an envisaged transfer o f  technology), and which will be included within the scope o f  a 
nuclear programme. Experience has shown that the different state institutes, the universities, 
private industry and the State companies work independently without any co-ordination of 
their activities. By the assignment of  tasks, after taking into account existing conditions, an 
infrastructure can be built up which can be developed more intensively in the different fields 
co-operating with the institutes of  the partner country. In the past good co-ordination of the 
different activities by an experienced partner has turned out to be absolutely necessary. This,  
too, presents the opportunity  of  co-operation with the main contractor who has extensive 
experience in constructing nuclear power plants. In the course o f  time, this co-ordination 
function can be transferred to a specially qualified domestic institute or  company, which will 
undertake further development and co-ordination.

1. DEFINITION

If the companies directly engaged in providing supplies and services in 
connection with the construction o f nuclear power plants are referred to  in general 
as the “nuclear industry” , then those industrial branches that are required by this 
nuclear industry to  m anufacture, supply and pu t into operation its products 
according to  specific requirements, may be defined as the “ industrial infrastructure” .

2. INDUSTRIAL BRANCHES

These include:

(1) Sub-contractors for the supply o f raw materials, plates, castings, forgings, 
pipings, carbon and stainless steel, etc., taking into account the special

357
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requirements for high quality level, skilled workers employed in the 
manufacturing processes, specific melts in considerable quantities, adequate 
docum entation, due application of required codes and standards, etc.

(2) Sub-contractors supplying accessories, such as bearings, seals, flanges, 
valves, measuring instruments, control equipm ent, screws and bolts, etc.

(3) Institutes and organizations in charge o f carrying out tests and product 
control, as well as non-destructive testing, destructive testing, calibration, 
qualifications for welders and those o f companies and materials.

(4) Companies rendering special services, such as chemical surface cleaning, shot 
and sand blasting, stress relief, annealing, normalizing, the heating and 
treating o f materials, painting, the production o f gas with a high degree of 
purity (protective gas welding, measurement techniques).

(5) Training centres: Training o f power plant operators for future operation, 
in-service training during future operation, simulator training, training
of welders.

(6) Laboratories: Material analyses, checking and inspecting operating media, 
radiochemical analyses, etc.

(7) Erection com panies: Skilled workers as perm anent staff, equipm ent park 
with devices for semi-automatic and autom atic welding equipm ent by sub
merged arc, plasma arc, inert gas, devices for ultrasonic and radiographic 
tests, hydrostatic and leakage tests, hoisting equipm ent, transport vehicles etc.

The above list o f industrial branches is by no means comprehensive, bu t it
serves to  dem onstrate the wide spectrum of the required structure.

3. AFFILIATED BRANCHES

In a broader sense, the following additional branches also fall under the
heading o f “ industrial infrastructure” :

(1) Reliable com m unication system s  for the transfer of inform ation — teletype 
and telephone installations, etc.

(2) Means o f  transport — Roads, railways, shipping routes.

(3) Transport agencies to  transport heavy com ponents o f up to  600 t, with 
experience in the provisional reinforcement o f bridges and other structures.

(4) Discharging equ ipm ent in harbours — Cranes with heavy load girders, e.g. 
floating cranes of up to  800 t.
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(5) R esidential areas in the vicinity o f the construction site, including a super
market, hospital, schools, recreation facilities, restaurants, hotel, potable 
water-treatm ent system, power supply, sewage treatm ent plant, fire brigade.

(6) Catastrophe pro tection  — Systems, installations, equipm ent and personnel 
to  be available in the event o f nuclear accidents (radiation accidents, 
contam ination).

4. NECESSARY ACTIVITIES DURING CONSTRUCTION OF NUCLEAR 
POWER PLANTS

In the Federal Republic o f Germany there have been different approaches in 
setting up the necessary infrastructures. It has been partly possible to  draw on 
existing industrial infrastructures. Some of these had to  be prom oted and, on 
the o ther hand, it was necessary to  create entirely new branches. Concerning the 
construction and commissioning of nuclear power plants these branches have, 
in many cases, been established within the main contractor’s organization. Within 
this area the following activities, among others, must be carried out.

,4 .1 . Functional tests of com ponents

Testing o f  valves, including sa fety  valves: Valves o f a special type or from a 
new supplier can be used in power plants only after prototype-valve tests have 
proved their functional capability. In particular, this applies to  im portant safety- 
related valves. For this a test loop with reactor-operating conditions is required.
It is possible to adjust safety valves at the pressurizer o f the loop and to test 
flow-rate meters, th ro ttle  valves, rupture disks, etc., under existing operating 
conditions.

Testing o f  com ponents under LOCA conditions: This includes leakage tests 
o f penetrations through the containm ent, and functional tests of com ponents 
such as transducers, valve actuators, cables, plug-in connections, terminal boxes etc., 
all o f which, for safety reasons, are definitely required to  continue functioning 
within the containm ent in the event o f a LOCA.

4.2. Measurement-related tasks

M easurem ent laboratory: Irrespective of the fact that most measuring 
tasks required during the construction, commissioning and operation o f nuclear 
power plants are performed by the site organization, it is necessary in the case of 
special measurements, particularly with regard to  newly developed com ponents, to 
have a well-equipped measurement laboratory.
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M easurements a t construction sites: To ensure equipm ent safety and 
compliance with official requirements, many measurements must be performed 
during the construction and commissioning of a power plant. These include 
vibration and pressure fluctuation measurements at in-core internals and the 
reactor coolant system; measurements at pipings and at the pressurizer relief 
tank; natural frequency measurements of components as well as measurements 
of the control-rod dropping time; tem perature measurements at the reactor 
pressure vessel; commissioning of the aeroball measuring system, etc.

If newly developed com ponents and systems are to  be examined and tested 
or, in the case o f  particularly difficult criteria, such as under-water, high- 
tem perature measurements, and measuring instrum ents o f large dimensions etc., 
the site organization must be able to  rely on a measurement laboratory team 
consisting o f highly qualified personnel equipped with all the appropriate 
instruments.

4.3. Chemical tasks

Central laboratory

This laboratory will be responsible for the adaptation and safe performance 
o f analysing procedures, calibration and commissioning o f chemical-analytical 
measuring instrum ents o f the power plant laboratory, analytical testing o f materials, 
analytical control of the operating media o f the power plant (e.g. boric acid, ion 
exchangers), performance o f detailed analyses of quality and failures, and of 
analyses specific for the nuclear power plant, all o f which require a very high 
degree o f accuracy (e.g. o f extremely low contents, gas analyses, etc.).

Radiochem ical laboratory

(i) Calibration and commissioning of radiation measuring instrum ents and 
o f power-plant monitoring equipm ent (exhaust air and waste water);

(ii) Determ ination of radionculides in solid, liquid and gaseous samples 
from the power plant;

(in) Functional control of plant systems; and

(iv) Measurement o f dose-rates at selected points o f the loops, and analysis
of radioactive surface layers to  trace contam ination formation.
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Coolant chem istry and surface techniques

Investigations in parallel with construction and commissioning, such as:

(i) Inspection o f paintw ork and coatings;

(ii) Examination of materials for the cleaning m ethod o f reactor coolant 
systems (filters, ion-exchanger resins, etc.);

(iii) Examination of seals, lubricants, and of supplementary equipm ent for 
erection activities;

(iv) Chemical surface treatm ent of metallic materials (blasting, pickling, 
neutralizing, etc.).

4.4. Inspection and service activities

Pre-service and in-service inspections

As a m atter o f  routine, the components are subjected to  in-service inspections. 
A well-known example in this connection are the in-service inspections carried out 
at the reactor pressure vessel by ultrasonic examinations. In addition, a pre
service inspection is performed before commissioning.

E ddy-current exam inations a t the steam  generator

Examination o f the steam generator pipes is required so as to  prevent 
leakages and, where necessary, to  take preventive measures. For this purpose pre
service inspections before commissioning, and subsequent in-service inspections are 
necessary.

Radiation m onitoring

Inside and outside the nuclear power plant various radiation monitoring 
systems are installed to  record local dose-rates, loop activities, discharge rates etc., 
and to  render proof of compliance w ith official requirements (covering radiation 
protection, adherance to  permissible dose-rates and discharge rates o f radio
active materials).
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4.5. Material laboratory

M etallography

This laboratory undertakes three activities:

(a) The investigation o f  samples forwarded to  the laboratory
(b) Non-destructive metallography
(c) Fault analysis

Optical microscopy carries out tasks associated with m ethods applied for 
the preparation and study of the structures of the delivered samples. These include 
stabilized and non-stabilized steels, nickel alloys, low-alloyed steels, Stellites, 
zirconium alloys and their welds.

Corrosion laboratory

This laboratory should be able to  carry ou t corrosion investigations as 
follows:

(i) Quality tests o f the applied materials, for instance examination of 
their resistance to intercrystalline corrosion;

(ii) Examination o f faults which have apparently been caused as a result 
of corrosion;

(iii) Comparison of materials for the purpose of improving materials 
hitherto  applied.

Corrosion media can be due to  all fluids — generally water solutions — 
which occur during the construction, erection and operation o f the nuclear power 
plant.

D estructive material testing

All materials and all semi-finished products — forgings, plates, bars, pipes, 
wires and castings — are specified in accordance with the requirements o f the 
mechanical characteristics. To supplement the test carried out by the m anu
facturer, it may be necessary, in specific cases — for instance if specific values 
are either too  high or too  low — to perform one’s own investigations.

With a minimum of available devices and equipm ent, all standard test proce
dures required in the specifications must be performed — in particular, tension, 
compression and bending tests, fracture tests covering sample thicknesses up to 
about 100 mm; and notch-bend, drop weight and hardness tests. The required
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accessories enable examinations to be carried out within the entire range o f the 
operating tem perature o f light-water reactors, as well as up to  the level o f stress 
relief heat-treatm ent tem peratures o f welded components.

N on-destructive material testing

All safety-related major com ponents for nucelar power plants must be 
subjected to  to tal or partial non-destructive testing. These include applied semi
finished products (forgings, plates, bars, pipes, wires, castings), and weld joints. 
For confirm ation of welding procedures and to  furnish proof of the weldability 
of the applied materials, the m anufacturer must have a certificate in weld proce
dure qualification tests, and one to  prove tha t the welding o f the product has been 
done satisfactorily. These products, too , must be subjected to  non-destructive 
testing. The test and examination procedures to  be applied according to  
specifications are subdivided into:

(a) Volumetric test procedures:

Ultrasonic examination
Eddy-current tests (up to  a wall thickness o f approxim ately 10 mm) 
Radiographic inspections (X-ray)

(b) Surface test procedure:

Liquid penetrant examination 
Magnetic crack detection test 
Potential probe test
Eddy-current tests (up to  a depth o f 10 mm)

5. LICENSING AND INSPECTION

It should be mentioned tha t for a well-functioning infrastructure, the expert 
analysis of systems and com ponents by the licensing authorities should by all 
means be included in the overall range o f activities. An integral part of the expert 
analysis is the assessment o f marginal cases which repeatedly occur during 
com ponent m anufacture. A decision concerning the acceptance or non-acceptance 
o f the magnitudes of a fault can be reached only by close co-operation between 
the m anufacturer, the laboratory, the inspection institute, and the authorized 
expert.



364 REINHOLD and SCHWEICKERT

6. QUALITY ASSURANCE

The manufacturing structure o f a company in developing countries is 
designed along substantially broader lines. In addition to the manufacture of 
nuclear components, those components for the textile industry and food industry 
are also frequently supplied. An objective, product-oriented quality control, is a 
far more economical solution than establishing a complete quality assurance 
system to be applied for the ëntire manufacturing structure, this authom atically 
and unnecessarily raises the prices of products for the non-nuclear industry. On 
the o ther hand, a product-oriented quality control constantly stimulates other 
industries to  the benefit o f their quality level.

7. SETTING UP OF AN INFRASTRUCTURE

The set-up o f a functioning and viable infrastructure is a lengthy and 
extensive procedure and therefore should be initiated in good time. Because of 
varying priorities, it is recommended that a study covering the required capacity 
and organizational aspects also be carried out in due time. On this basis the 
necessary steps to be taken can be determined and co-ordinated. This study 
should be part o f the second phase o f a transfer o f technology — co-operation 
between investigation centres, institutes, licensing authorities, experts in the 
energy sector, universities.

DISCUSSION

L. PEREZ DE PRAT ( Chairman): You have told us about the lack of 
co-ordination between government institutes, universities, private industry and 
State-run companies. Have you found from experience that there is better 
co-ordination in countries where nuclear power production is in the hands o f one 
particular organization, or is this fact irrelevant?

Further, I think that the co-ordination you describe, including that relating 
to the industrial infrastructure, would be simplified if the country selected a 
particular type o f  reactor. Do you agree?

H.-K. REINHOLD: The fact that the generation of electricity is controlled 
by a single organization is o f no relevance to  co-ordination. The co-ordination is 
necessary so as to  assign special tasks to different institutes, laboratories, etc. and 
avoid the duplication arising when some tasks are perform ed by several institutes 
in parallel (unnecessary investment in specialized equipm ent and manpower).

Regarding your second point, I agree that one specific type o f reactor would 
certainly simplify the establishment and co-ordination of the industrial infra
structure. On the o ther hand, this infrastructure will not only serve the nuclear
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industry but also o ther branches, which means that in the long run there is 
valuable diversification.

A.F. EL-SAIEDI: Do you think tha t a developing country should try  to  
acquire all the  know-how you say is needed to  develop its national nuclear 
programme (or at least participate extensively in the im plem entation thereof), 
or would it be better to  make fuller use o f  the know-how already available in 
numerous countries o f the world? For example, since the cost o f in-service 
inspection equipm ent ranges between 5 and 10 million dollars, it would clearly 
be less expensive to  hire it than to  buy it and use it only a few times a year.

H.-K. REINHOLD: The nuclear power programme has to  be geared to  the 
demands o f the domestic market. The industrial infrastructure to  be built up 
depends on how far the domestic industry is going to  participate. If the nuclear 
programme provides for the im port, whenever necessary, o f material and equip
ment needed to  meet particular requirements, I think this approach is a more 
economical solution.

With regard to  the in-service inspection equipm ent, one has to  consider 
that the transport o f  highly contam inated equipm ent involves cost factors that 
are not negligible.

O.J. QUIHILLALT: What are the implications, for the industrial infra
structure o f a developing country buying a nuclear reactor, o f adopting either 
the American or German quality assurance philosophy — depending on the 
country o f  origin of the main supplier — for the local m anufacture o f electro
mechanical supplies? I should point ou t in this regard that Argentina has had 
experience o f  the German philosophy in connection with the Atucha nuclear 
power plant, and experience of the American philosophy in connection with 
the Córdoba nuclear plant. We have found that, in the case of factories making 
conventional com ponents such as pumps, valves, etc., the chances o f their being 
able to  switch over to m anufacturing nuclear com ponents and the costs involved 
were different according to  which philosophy was applied. A doption of the 
American philosophy means tha t the new quality assurance system has to be 
introduced for all the p lan t’s production lines, whether nuclear or conventional, 
but the resulting cost is usually absorbed by the nuclear product, which probably 
utilizes only 20% o f the production capacity (since otherwise the price o f the 
conventional product would be greater than that o f the com petition’s product 
and the result would be greater production difficulties and cost).

In the case o f the German philosophy, on the o ther hand, the nuclear 
com ponent is carefully followed all along the line, with individual testing o f each 
manufacturing process applied to it, since there are fewer w ritten standards to  
comply with, and it is not necessary to  make any changes in the rest of the plant. 
The adoption o f  this approach is therefore easier for the m anufacturer o f  conven
tional items o f equipm ent who receives purchase orders for nuclear components.

H.-K. REINHOLD: Thank you for your comments, which in fact confirm 
our own experience. But I might add that, during the testing o f individual
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com ponents, any discussion arising w ith regard to  deficiencies in quality leads to 
an immediate improvement in the manufacturing processes and can therefore be 
viewed in practice as a form  o f on-the-job training.

L. PALACIOS: There are two further points to  be made, I feel, in amplifi
cation o f  Mr. Quihillalt’s remarks. First, the establishment o f a quality assurance 
system by an equipm ent m anufacturer involves different problems in the case of 
a firm that already has established non-nuclear production lines and is entering 
the nuclear field, and a m anufacturer whose entire activity is geared to  nuclear 
com ponent m anufacture. I only want to  talk about the latter case, which is typical 
o f a firm  manufacturing com ponents for the primary circuit. I think that the 
quality assurance system, even if it were not required for safety reasons, would be 
needed on economic grounds, so as to  be able to  make a substantial reduction in 
the am ount o f repair work and num ber of rejects. If  a system o f this kind steps 
up the cost o f the product, the reason is that it is not properly organized or that 
the requirem ents imposed are not rational.

Second, the  basic difference between the American and German philosophies 
of quality assurance is that the American system is based on very full w ritten 
regulations and a minimum o f activity by the outside inspector, while the German 
system involves fewer w ritten regulations, but here the client and the inspector 
make continual interventions and deal with problems as and when they arise. The 
form er philosophy affects the overall outlay in terms o f structural costs, while 
the latter does so through outages and the large numbers of inspections. Both 
systems are effective, and it would be hard to  say what difference there is between 
them  in economic terms. A m anufacturer who has to  use them  both comes up 
against the problem o f duplication in the  case o f certain inspection facilities, and 
also encounters difficulties in training staff for both  techniques, but can, I think, 
adjust to  them  fairly rapidly.

H.-K. REINHOLD: Yes, I agree. A further point is that, according to  the 
German quality assurance philosophy, the test requirements for nuclear components 
are so specific tha t in this case there are practically no differences from the 
American philosophy. For products manufactured by o ther branches o f industry, 
it is im portant, however, that flexibility be maintained in the application o f test 
procedures. In some cases it may turn  out that the application of the German 
quality assurance philosophy is more economical, since, instead of having one’s 
own perm anent inspection organization, one can to some extent use external 
inspectors, who visit many different firms concurrently. Delays in the manufacture 
of com ponents can be avoided if the capacity o f the inspectorate is adequate.

F.J. FRENCH: As a general comment, I would say that there should no t be 
any need for different quality assurance infrastructures in countries adopting 
either different national quality assurance philosophies or different nuclear designs. 
For example, the United Kingdom quality assurance philosophy, which is based on 
gas-cooled reactors, has been successfully adapted to work on PWRs in the
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Federal Republic o f Germany on behalf o f the Atomic Energy Organization of Iran, 
and will almost certainly be suitable when applied in France for the same client, 
also on PWRs. I adm it tha t problems could well arise in connection with the 
legislative requirem ents o f the countries concerned, though they would tend to be 
political rather than technical.

L. FITZ: Mr. Reinhold, I would just like to  say that there is one area in which 
the industrial infrastructure of the importing country must be considered and 
evaluated at the earliest opportunity , namely that o f civil construction. The 
special requirem ents for nuclear structures, for example material analysis, curing 
processes, rebar construction and so on, are usually unfamiliar to  domestic 
contractors who may have, in o ther respects, broad experience and a sound 
reputation. Such contractors are the first to  face the rigid nuclear quality require
ments. Hence, early evaluation o f the domestic capability in civil construction and 
technology transfer in this area is very im portant.
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Abstract

MANPOWER DEVELOPMENT FOR THE NUCLEAR POWER PROGRAMME IN 
BANGLADESH.

Surveys undertaken in the early ’sixties established that nuclear power had a great potential 
for m eeting energy dem ands in Bangladesh. Therefore, since then the developm ent o f the 
requisite m anpow er for producing nuclear power in the country  has been supported by the 
authorities. Through the  co-operation o f the IAEA and national and international agencies, 
Bangladesh has been able to  create a corps o f scientists and engineers trained at M.Sc. and Ph.D. 
levels in various nuclear science and technology disciplines. Some are professional nuclear 
engineers who have participated in the planning, safety evaluation, construction, commissioning 
and the subsequent operation  of nuclear pow er plants. This paper reviews the present activities 
and the fu ture  plans for developing qualified m anpower for Bangladesh’s nuclear pow er program m e. 
The difficulties in developing skilled m anpow er are also discussed. Overall m anpow er requirem ents 
have been evaluated. It has been found that in certain areas, such as quality contro l and quality 
assurance, BAEC has no trained personnel, and existing trained m anpow er falls short in require
ments. Hence, recruitm ent is being done and training in selected areas is being arranged under 
different IAEA and bilateral assistance programmes, and a national nuclear training institu tion  
w ith adequate facilities is being established.

1. INTRODUCTION

Several surveys undertaken in the early ’sixties have established tha t nuclear 
power has a great potential as a source of future energy supply in Bangladesh. To 
start, it was decided to  build a small nuclear power plant to  be operative in the 
early ’seventies. Therefore, since then the development o f requisite manpower 
for planning, im plem entation, operation and maintenance o f this nuclear power 
station and other facilities has engaged the attention o f the authorities. In this 
context this paper reviews the present activities and future plans for the develop
m ent o f m anpower for Bangladesh’s nuclear technology programme.

369
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2. REVIEW OF PRESENT ACTIVITIES AND FUTURE PLANS

The Bangladesh Atomic Energy Commission (BAEC),, created by the 
Government in 1973 as a S tatutory Body for the peaceful uses of atomic energy, 
started modestly with five centres built by the form er Pakistan Atomic Energy 
Commission, namely Atomic Energy Centre, Dacca, the Atomic Energy Medical 
Centres at Dacca, Chittagong and Rajshahi, and the Nuclear Mineral Centre at 
Chittagong, and a few unfinished projects such as the Institute o f Nuclear 
Agriculture (INA) at Mymensingh, the Irradiation and Pest Control Research 
Institu te at Tongi near Dacca, the Beach Sand Mineral Pilot Plant at Cox’s Bazar, 
and the R ooppur Nuclear Power Project (Planning). The Commission’s first task 
was to  complete these unfinished approved projects. The Nuclear Agricultural 
Institute and the Pilot Plant at Cox’s Bazar have already been completed. Sub
stantial aid was obtained for these projects from Sweden and Australia.

The Commission has also reviewed the whole programme. The aim is to 
carry ou t research and development work applicable to  food, agriculture, health, 
industry, the exploitation of natural resources and the development o f nuclear 
power. Plans have also been undertaken for the development and small-scale 
production of electronic and scientific instrum ents for national educational and 
research establishments. To streamline the development programme, the BAEC 
decided in 1975 tha t all future research and development facilities should be 
placed in one campus as far as practicable. The integration o f laboratories will 
be a significant saving in investment cost by sharing facilities such as the research 
reactor, radiation source, computer, workshop, library etc. This will also create 
an environment conducive to  serious intellectual work because of inter-disciplinary 
exchange between the scientists and engineers o f the Commission. Thus, BAEC 
has form ulated a programme o f establishing a multi-disciplinary research estab
lishment know n as the Atomic Energy Research Establishment (AERE), at 
Savar near Dacca.

The Commission has started exploration work for uranium and other heavy 
minerals. Valuable deposits o f heavy minerals in the Beach Sands o f Chittagong 
have already been discovered. To exploit these minerals a pilot plant has been set 
up. This plant is in operation and it is expected that commercial exploitation of 
the heavy minerals will be possible in the near future.

Utmost priority has been given to  the nuclear power programme, which is 
especially im portant for meeting future power needs in view o f the paucity o f 
conventional energy and hydro-resources in the country. Electricity from a small 
nuclear power plant, which could be readily integrated into our small regional 
electric power grids, now comes cheaper than power from oil-fired plants under the 
conditions prevailing in Bangladesh.

The major research establishment o f  BAEC, the Atomic Energy Research 
Establishment, is under construction at Savar and will be completed in phases by 
1985. The R ooppur Nuclear Power Project envisages construction o f two 125-MW(e)
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nuclear power plants at R ooppur in Pabna. The first unit is expected to  be 
commissioned by 1984 and the second by 1986. A technical, economic and 
financial study for the project is under way in collaboration with a French firm.
In the perspective plan, it is envisaged that, by the end o f the century, the installed 
nuclear power generation capacity will be about 2000 MW(e).

The Commission has rendered valuable services to  the country in weather 
forecasting and storm-warning by receiving and analysing cloud pictures sent by 
weather satellites. It is also participating in the National Earth Resources Tech
nology Satellite (ERTS) Programme. The locations o f  the BAEC establishments 
(under construction, approved or planned) are shown in F ig .l.

The manpower requirem ent o f BAEC is shown in Table I.

3. DIFFERENT MANPOWER CATEGORIES

Since nuclear industry cannot afford poor quality, the planning, construction, 
operation and m aintenance of nuclear pow er plants require stringent management 
methods, quality control and quality assurance which, in turn, require highly 
qualified and skilled manpower.

It is recognized that, for any nuclear power programme, three categories of 
people, namely the regulatory authority , the project group and the operation & 
maintenance group, are necessary. They have to  be supplemented by adm inistra
tive and other supporting services. The regulatory authority  is, as a body, 
independent o f project and operating groups, required to  review and assess the 
safety aspects o f  the plant and later inspect it for compliance. The project group 
is to  take responsibility for the nuclear power project from the early decision 
making, determining the specifications o f the plant, finalization o f contracts and 
construction until the power station is complete and in operation. The operation 
and maintenance group will be responsible for the safe, reliable and economic 
operation o f  the power station throughout its life.

4. PRESENT POSITION

It has been realized that, to  achieve and sustain a meaningful nuclear power 
programme, Bangladesh must carry ou t its own research and development work 
in nuclear science and technology, covering both  applied and fundam ental 
aspects. Therefore, activities in these fields started here in the early 1960s.

Thanks to  the co-operation o f the IAEA, national and international agencies, 
Bangladesh has been able to  create a corps o f about 200 scientists and engineers 
trained in reputed establishments in advanced countries at the M.Sc. and Ph.D. 
levels in various disciplines o f  nuclear science and technology. Of these, more than 
40 are professional nuclear engineers w ith the necessary experience in operating
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TABLE I. MANPOWER REQUIREMENT

A. Existing:
Scientists and engineers 280

Technicians 357

Total 637

B. Planned requirem ent (1 9 7 7 —85):

1 1
i Nuclear power > 1 1 O ther establishm ents . T otal i 

1

Scientists and engineers 62 1067 1129

Technicians 145 1499 1644

Total: 207 2566 2773

and maintaining nuclear power plants. Of them, about tw enty have participated 
in the planning, safety evaluation, construction, commissioning and the subsequent 
operation o f the KANUPP in Pakistan. In addition, numerous technicians, who 
were engaged in the operation and maintenance o f the KANUPP, are with the 
BAEC. A limited num ber o f scientists, engineers and technicians were associated 
w ith commissioning, start-up and the operation o f the 5-MW swimming-pool 
reactor at Islamabad in Pakistan.

Since the Bangladesh nuclear power programme had experienced a tem porary 
set-back immediately after independence, a few nuclear engineers have served or 
are serving, for a certain period o f time, with some local im portant industries, 
such as steel and shipbuilding, and fertilizer and chemical industries. Their 
contribution to  the economic development o f the country has been commendable. 
A few scientists and engineers went to  Canada, Iran, Iraq etc. to  serve in the nuclear 
industries there and thus gather valuable experience. The experience thus gathered 
will be extremely useful when they will be called upon to  serve in our programme. 
The contributions and performances o f  these people have been appreciated by the 
respective countries o f em ploym ent. Since Bangladesh depends on im ported oil 
and coal for meeting part o f its energy demands, measures for an urgent implemen
tation o f a nuclar power programme have a special economic significance. The 
Government has, therefore, taken the firm decision to  go ahead with a modest nuclear 
pow er programme attaching a great priority to  it. Hence, steps have been taken to  
bring those engineers and scientists back to  Bangladesh, and many have already 
returned.



TA
BL

E 
II.

 
O

R
G

A
N

IZ
A

TI
O

N
 

CH
AR

T 
OF

 
TH

E 
RO

O
PP

U
R 

N
U

CL
EA

R 
PO

W
ER

 
PR

O
JE

CT
 

FO
R 

TH
E 

PR
O

JE
C

T
 

EX
EC

U
TI

O
N

 
PH

A
SE

3 7 4  HOSSAIN et al.

С
Рн

a>»
a>>H

с
£*o
<

<  О

Xacd
&0ОС

a>»

a
í—

•оe

£ о •S üï S о
aзс/э

a>4
ос a>> оН

ш ш  -о С U
Щ s  
с<и щ 

С/Э W

С
UJ

Lb
xi

m —

>
Ü

U

GЩ Cш
t
3СЛ

U
â

X5o

>
G
и
ü
à

w
ui
ü
â

Ш
ü
à

>o
o

O' u
o
ü
O'

o
ü
O'

■oc
a.>4
H N

ot
e:

 
Q

.C
. 

= 
Q

ua
lit

y 
co

nt
ro

l. 
Q

.C
.E

. 
= 

Q
ua

lit
y 

co
nt

ro
l 

en
gi

ne
er

. 
Q

.C
.O

. 
= 

Q
ua

lit
y 

co
nt

ro
l 

op
er

at
or

.



TA
BL

E 
III

. 
O

R
G

A
N

IZ
A

TI
O

N
 

CH
A

RT
 

OF
 

TH
E 

RO
O

PP
U

R 
N

U
CL

EA
R 

PO
W

ER
 

PL
A

N
T

IAEA-SM-223/1 375

N
ot

e:
 

Л1
1 

nu
m

be
rs

 
wi

th
 

an 
as

te
ri

sk
 

in
di

ca
te

 
ex

tr
a 

m
an

po
w

er
 

ne
ce

ss
ar

y 
w

he
n 

tw
o 

un
its

 
are

 
in 

op
er

at
io

n.



376 HOSSAIN et al.

The Bangladesh Nuclear Safety Committee was formed in 1976, w ith eleven 
members drawn from  reactor and health physicists, nuclear engineers, and elec
trical, mechanical, civil and structural engineers. This Committee has evaluated 
the criteria for the Atomic Energy Research Establishment Savar, which is under 
construction. A com m ittee o f IAEA experts assisted this Safety Committee.
A draft ordinance on nuclear safety is under active governmental consideration 
and it is expected that it will be promulgated soon. Until then, the Nuclear 
Safety Committee is acting as a regulatory body.

The details o f manpower requirement for the R ooppur Nuclear Power Project 
have been worked out, while those for future plants are being calculated. The 
project group and the operating group for the R ooppur Nuclear Power Plant are 
shown in Tables II and III.

5. INSTITUTIONS FOR TRAINING

At present one technical University and three engineering colleges have a 
combined enrolm ent capacity o f 1950 students per annum. There are 17 technical 
institutes w ith an annual enrolm ent capacity o f 7000, and 54 vocational training 
centres with an annual enrolm ent capacity of 2750 students. The minimum 
qualifications for admission into the engineering colleges is Higher Secondary 
Certificate in Science (HSC), while those for technical institutes and vocational 
training centres are Secondary School Certificate (SSC), and an education level of 
little above primary education, respectively.

By 1980, it is planned to  increase the enrolm ent capacity of the engineering 
colleges to  3100, while the enrolm ent capacity of technical institutes will be 
raised to  14000 per annum and the vocational training centres will enrol 4500 
annually.

None o f these institutions can cater for BAEC’s specific need. No engineering 
college or university in Bangladesh offers any undergraduate or post-graduate course 
in nuclear engineering. As a m atter o f fact, manpower for the nuclear industry 
cannot be trained adequately in existing institutions and, as such, trained manpower 
is not readily available in Bangladesh.

6. MANPOWER DEVELOPMENT

In view o f the potential for nuclear power in Bangladesh, in the early ‘sixties 
the need was recognized for making available sufficient numbers of appropriately 
qualified technicians, technologists and engineers for the national nuclear power 
programme. Hence, a well-defined recruitm ent and training programme has been in 
operation for a long time. Recruitm ent by the BAEC for professionals is made 
from  the graduates o f  science, engineering and technical institutes mentioned
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above; and for technicians from  the certificate holders o f Higher Secondary 
Education in science and Secondary School Education. So far as the requirem ents 
of BAEC are concerned, these fresh recruits are generalists. According to  the 
different education levels BAEC arranges for their training, such as orientation 
courses in nuclear science and technology, on-the-job training in specific fields and 
trades. The orientation course consists o f specially arranged practical instruction 
plus course work, which is to  provide a background for the more basic under
standing o f principles involved in the practical training. Science and engineering 
graduates, who have served the Commission at least for a year, and technicians 
who have shown outstanding abilities, are sent abroad for higher training under 
different assistance programmes o f the IAEA or other agencies. It should be noted 
that all these trainees are financially supported by the BAEC during the whole 
training period. In fact, they get all the benefits o f  regular employees at the 
Commission.

As a result o f this programme Bangladesh has been able to create a base for 
the minimum in-house capability for launching a m odest nuclear power programme. 
This base must expand further for the successful culmination o f this venture, and 
as such more and more avenues for training will be necessary. Moreover, in 
certain areas, like quality control and quality assurance, BAEC does not have 
trained manpower. Some people have to  be trained for greater experience in 
safety areas. Hence, recruitm ent is being made on a highly selective basis and 
training is being arranged under different IAEA programmes so tha t the persons 
trained abroad may in turn  train their own compatriots. However, despite special 
efforts on the part o f the IAEA to  provide project-oriented training within an 
expanded training course and fellowship programme, facilities for training in 
countries with highly developed research, design, manufacturing, operating and 
regulatory capabilities, are no t available to  the extent required. It has, therefore, 
been planned to  establish a Nuclear Training Institute as a fully fledged facility 
where engineers as well as technicians o f  different trades and levels will be trained. 
This training institute will be a part o f the A tom ic Energy Research Establishment 
at Savar near Dacca, where central facilities, like a research reactor, irradiation 
source, an advanced and fast com puter, a central library, workshop facilities and 
other common services will be available.

It is, however, recognized that there is no substitute for on-the-job training 
assignments at nuclear power plants, which are necessary for operating groups. 
Reactor plant vendors are expected to  provide such training at their simulator 
centres and at the plants which they supplied earlier.

7. CONCLUSION

If the efforts o f  the BAEC to train the bulk o f the personnel within the 
country are complemented by the availability o f training assistance in selected
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specific fields from developed countries and UN Agencies, especially the IAEA, 
then it is expected that Bangladesh will face no serious problem in meeting the 
requirem ents for necessary trained manpower for the im plem entation of its 
nuclear power programme.
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DISCUSSION

J.A. ANGELO: Do you know o f any parallel manpower training programme 
relating to  alternative energy sources under way in Bangladesh?

M.A. QUAIYUM: I am afraid that subject is beyond the scope o f my paper, 
but I believe work on such alternative energy sources as solar energy, biogas and 
so on is being perform ed at the University o f Engineering and Technology at 
Dacca, by the Bangladesh Council for Scientific and Industrial Research, and also 
to some extent by the Bangladesh Atomic Energy Commission.

J.M. RAYROUX: What is the installed capacity (electric) in Bangladesh at 
the present stage and what forecasts are there for the time when the two plants 
described are put into operation?

M.A. QUAIYUM: The present installed generating capacity in Bangladesh is 
about 900 MW(e). When the proposed nuclear units are put into operation, the 
generating capacity will go up to about 1200 MW(e).

M. ROSEN ( Scientific Secretary): In view of your projected figure of 
2000 MW(e) by the end o f the century and the size o f the power plants presently 
available for export, how do you intend to  maintain the trained nuclear personnel 
in the nuclear field?

M.A. QUAIYUM: This is certainly a problem in Bangladesh. As I mentioned, 
many of our nuclear personnel are already working in Iran, Iraq and Canada. 
However, if the present plan to establish two 125 MW(e) plants materializes, we 
will have to try  to  keep engineers in the country, call others back from abroad, 
and recruit more o f them.
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Abstract

MANPOWER DEVELOPMENT -  PLANNING AND IMPLEMENTATION.
The dem ands o f a nuclear technology program m e on the m anpower resources o f a 

developing country  are very onerous. Unlike o ther industries, as well as the  planning and 
operating staff, nuclear technology requires an additional administrative infrastructure to  
regulate the  various activities. To minimize the  effect o f m anpow er shortage, the  planning 
and developm ent o f m anpow er resources need to  be carried ou t on a national scale. To 
in troduce a nuclear program m e, a special p reparatory  phase is required. During this phase 
the special conditions appertaining to  the  coun try  are first considered, as are the  evaluation 
and then  the  prom otional aspects o f  the program m e. In a second phase, all the partners 
involved in the  im plem entation are considered, w ith reference to  their roles and in ter
relationships. Their various tasks and obligations are fully assessed. This is a wide-ranging 
study covering, in addition  to  the  construction  o f a nuclear power plant, the industrial 
collaboration and licensing agreements, and the u tility  operational training schemes.
Finally, th e  third phase considers the  different and necessary educational requirem ents, and 
the  existent and developed level o f the  m anpow er, w ith respect to  the  scope and conten t of 
the know-how transfer. When all the  relevant aspects have been considered, the expansion 
o f the  universities and educational establishm ents m ust be carried out. This whole phase 
needs to  be started as early as possible because it involves a period o f some years.

In this paper are presented some of the problems associated w ith manpower 
development, its planning and inplem entation. Some major aspects are raised 
and a few examples o f our experience from  the industrial aspects discussed.

Nuclear export means — in a more general sense — the extensive co
operation between governments, administrations, licensing authorities, research 
centres, universities, utilities, banks and all industries concerned. This export 
also includes the transfer o f know-how and technology from an industrialized 
country to  a less advanced or developing one. The transfer is in fact an activity 
in the same class as original technical research, and requires at least the same 
level o f  intellectual ability so that it can be effectively carried out. We know 
that the manner, m ethod, and efficiency o f this transfer also depend on the 
limitations under which, in each individual case, it will have to  take place.
These conditions vary between those found in industrialized countries, and 
those in the developing ones.
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The export o f a nuclear power plant also involves the assessment o f various 
prerequisites, before a programme can be finalized. These include the various 
authorities and their experience with problems related to  nuclear energy, the 
standard o f the universities and research centres, and the existence and educational 
attainm ent o f  the available manpower. The Federal German nuclear industry 
has had considerable success in the export field (Fig. 1). Existing export orders 
include fifteen nuclear stations with a total capacity o f some 15 000 MW(e).
Figure 1 also shows the different world areas, where Federal German nuclear 
industry is engaged in constructing nuclear power plants. The countries include 
developed and those on the threshold o f becoming developed.

The design and construction of a nuclear power station are lengthy and 
involved processes. For the initial introduction o f a nuclear power programme, 
the preparatory phase must be completed before construction can begin.
Figure 2 shows the various topics that have to be resolved during this preparatory 
phase, and also the organizations and partners who are integrated in the overall 
programme. From  our experience we know that the earlier this phase is started 
the better is the probability o f a successful know-how transfer. This period 
obviously covers the to tal time required, but — it cannot be emphasized too 
strongly how im portant this preparation is — it is the fundam ental basis for 
a successful nuclear programme, be it for one station or for many.

Figure 3 shows the main steps in the design and construction o f a nuclear 
power plant. The preparatory phase extends — dependent upon the degree 
of advancement o f the recipient country — to some four years. This, together 
with the six-year construction period, is a long time, but side benefits also 
accrue, including the personal exchanges and friendships that are formed, and 
last far beyond the completion of the project, and thus help to  facilitate future 
communication.

The engineering o f a nuclear power station requires a wide spectrum  of 
activities, some of which are not autom atically available even in highly 
industrialized countries.

To achieve an increasingly independent nuclear power station construction 
programme, it is necessary to possess a certain autonom y for training and 
research. The buildup o f a strong engineering capacity for implementing such 
large projects is also required. In addition, provision must be made to  train 
adequately the future operating personnel within the requisite time scale.

The universities, the technical and also the secondary schools, all have a 
part to  play in the transfer o f this technology. It should be remembered that 
o f all the engineers and scientists who graduate from the universities, only a 
very small num ber will be actively engaged in the nuclear field.

The inclusion o f some of the more elementary courses in the basic 
education system means that not only will the university graduates of different 
disciplines be better informed, but the general public will have a better under
standing o f nuclear technology and be less subject to  precipitate action.
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1st Phase 2nd Phase 3rd Phase 4th Phase 5th Phase
Basic Detailed Execution Commissioning. Commercial
Projecting Planning Trial operation operation

min.3months min. 3 months appr. 42 months appr 20 months -

Site analysis. 
Concept of 
location plan

Disposition 
civil works

Basic design
mechan.+electr.
engineering

Manfours required 
(approx.)

Г

Final location 
plan. Fixing of 
design parameters

Fixing of 
structure dis
position plans

System 
basic design

Ordering of main 
components

Site installation. 
Start of 
civil works

Execution planning 
civil 4- mechan.+ 
electric, 
engineering

Manufacturing,
Erection

Quality control 
supervision

Training 
plant staff

Commissioning 
of systems,
1st criticality

Trial operation

Dismantling 
site installation, 
outdoor works

Completion of plant 
documentation

Post-commis
sioning service

1% 2% 85% 12% € « 100%

FIG.3. Main steps for designing and constructing nuclear power plants.

To implement the provision of courses and facilities in nuclear technology, 
as a first step, there should be a government-to-government agreement to enable 
professors and teaching staff to  be seconded to  universities and training 
establishments in the recipient country. By rapidly creating the necessary 
internal infrastructure the initial dependence on the educational capabilities of 
the industrialized nations will be minimized.

The organization and the training o f the staff o f the various authorities are 
areas where great care is required w ith both the staff selection and the infra
structure to  be established. Most o f  the available senior staff will be fairly 
mature, and it is sometimes not very easy for them  to adapt to  the new ideas 
and techniques required by this technology.

In general, the organization should be along the lines set out in the 
IAEA guidelines. The various departm ents acting on behalf of the Govern
ment must have clear responsibility for public health and safety, and also for 
regulating the construction and operation o f nuclear power stations within the 
national boundaries.

At first the staff will require courses in nuclear technology so as to  acquire 
an overall knowledge o f their new tasks. The various new departm ents being 
created are in an embrionic form, and should be assisted by various consultants and 
inspection agencies. This results in minimizing the initial manpower requirements.
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During the construction period, the recruitm ent and the training o f staff 
are prime objectives. In all countries the problem o f assessing the differing 
educational systems and levels is a difficult task. But during the first stage 
discussions will have been carried out to  assess the differences and to agree upon 
a m ethod o f assessment. Then follows the adaptation o f a comprehensive 
training programme. To simplify the task, the various partners in the technology 
transfer are divided into four groups.

Group I is the administrative group and includes the various government 
departm ents and agencies. This group requires more general knowledge rather 
than the detailed specialist know-how o f the others. They must have an 
overall picture o f  the situation and see how the various problems that arise 
should be handled within the framework of the regulatory system.

Group II comprises the executive engineering and inspection grades. They, 
too, require an overall view, but also detailed know-how, specific to their varying 
job requirements.

Group III includes the specialists and technicians whose tasks are the detailed 
planning, co-ordination, supervision, operation and m aintenance o f the nuclear 
power plant. This group is the largest and requires the most detailed knowledge, 
and therefore the maximum from the training facilities.

Group IV includes the staff o f the industrial companies who are involved 
in licensing and collaborative agreements. Much o f their training will be provided 
by their industrial partners, and will thus require the minimum o f training 
facilities.

These different groups have different education requirements. To better 
define these requirements it has been found advantageous to sub-divide the 
groups according to their academic requirements, and these are identified as 
education Levels I, II and III.

A prerequisite for an assignment in senior management is the relevant 
qualification from a recognized university plus a minimum o f five years’ 
extensive practical experience in industry. For middle management, personnel 
with a corresponding qualification, but with more limited practical experience 
are required. This is defined as education Level I.

Education Level II requires the successful completion of an appropriate 
course at either a university or a polytechnic. These candidates m ust have had 
some satisfactory practical experience in industry. This group includes the 
technicians and specialists no t included in Level I.

Level III comprises the skilled workers who must have successfully 
completed an approved apprenticeship and achieved a minimum acceptable 
education standard. Suitable industrial experience is also required.

Initially the main activity is centred on the recruitm ent o f suitable 
personnel. At the start o f a nuclear programme it is possible that a relatively 
large proportion o f the staff will come from  abroad. The main emphasis,
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however, is on the provision o f  suitably qualified indigenous staff. Personnel 
recruitm ent and assessment need to  start as early as possible, so that, as the 
programme advances, the requisite national staff would become available.

To better assess the abilities o f the candidates, a programmed questionnaire 
is used for Level I. This, together with preliminary aptitude and psychological 
tests and intensive interviewing, indicates the suitability o f the candidate.

The selection o f Level II staff follows a similar pattern. The programmed 
questionnaire is modified to  the knowledge level required.

The selection tests for Level III include practical and theoretical tests in 
the related skills. A ptitude tests are also incorporated at this stage. But, 
especially in developing countries, when only a limited num ber o f applicants 
may be available, special aptitude tests would be carried ou t and suitable 
persons recommended for initial selection. The final selection depends on the 
successful com pletion o f the further educational programme. A typical 
training programme for operational personnel is shown on Fig. 4. At the bottom  
are the different educational levels o f the operation staff. From  the bottom  to 
the top are shown the various sequential education and training stages.

Table I shows, for a typical nuclear power plant, the number o f  personnel, 
separated in to  the different qualification groups and the divisions. To prepare 
a suitable training programme, it is necessary to  classify the required staff into 
various groups, which include technically specialized personnel, who require a 
high academic level, down to the lower technical requirements o f the skilled 
worker.

The num ber of personnel segregated into the different qualification groups 
and divisions can be seen in Table I. The staff is divided into education Levels I 
to III for the training programme, and the qualification groups serve as selection 
criteria for the personnel to  be trained.

The training the individual receives depends on his job  assignment and, for 
example, for Level I it is necessary to  subdivide the personnel o f this level still 
further into three groups: key personnel, operating personnel and specialists.
In doing so, five different training programmes are required.

For the training programme Fig. 4 indicates the courses for the different 
education levels against a time base. These courses are tailored to  meet the 
individual requirements and can be supplemented when required. After the 
preparatory and part o f  the basic course in the recipient country, there follows 
a series o f courses and training abroad.

The key and operation personnel follow a wider, more general, course, while 
the specialists and technicians have more specialized ones. This is followed by 
practical training in different establishments. After completing the training 
programme abroad the trainees return  home where, as part of their on-the-job 
training, they are involved in the final construction stages and commissioning 
o f  the nuclear power station.
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To carry out the training programmes, numerous establishments and 
facilities in both  countries are involved. For example, the skilled worker in 
level III is trained wholly in the recipient country. Following site selection, 
and during the preconstruction period, training schools should be established 
and apprenticeship courses started. The num ber o f places in these schools 
should be such that sufficient numbers of skilled workers are trained so as to 
offset the relatively large “wastage” that occurs.

For levels I and II personnel training facilities must be provided in the 
home country as well as abroad. For those training courses external to the 
recipient country, facilities are available in different parts o f the world on an 
international, national or a commercial basis. An example o f the international 
basis is the IAEA. In this context the IAEA safety codes and training guides 
should be mentioned.

On the national level, in particular all those countries involved in nuclear 
export provide training facilities o f different levels and types. For example, 
in the Federal Republic o f Germany, the Federal Government maintains 
training facilities at a num ber of locations, including Karlsruhe und Jülich. As 
well as the academic aspects, practical training is available in radiation 
laboratories with hot cells, simulators and training reactors.

The various industrial companies associated w ith nuclear technology also 
provide training facilities in connection with the components they produce. For 
example, Kraftwerk Union not only has its own training and simulator facilities, 
but it also maintains agreements with large utilities so that their client’s staff 
may benefit from on-the-job training in a nuclear power plant.
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DISCUSSION

C.E. PAGANINI: We have already heard something of German experience 
in training, with examples from  Brazil and Argentina. Can you tell us about your 
experience with a country like Iran, where there is also a language barrier?
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V.W. SCHÖLTEN: Basically, we have had the same experience in Iran as 
elsewhere, except for differences of detail. Special language training courses 
enabled us to overcome the language problem in Iran as in other cases.

J.A. ANGELO: With regard to  the transfer stages o f knowhow, I should 
be interested to learn the time scales for each o f them , as indicated by your 
technology transfer experience with Argentina, Brazil and Iran.

V.W. SCHÖLTEN: The time scales depend on the stage of development of 
the recipient coutry. Normally stage one takes 1 —5 years, stage two 2—4 years 
and stage three 6—8 years. But clearly, these stages overlap.

K.H. DENT: Your paper makes a lucid and useful contribution to  the 
subject o f  training in the recipient countries but, as we know, training is a two- 
way process. We have heard a lot about the training provided for developing 
countries, but nothing about what is, in a way, the reverse process. For example, 
how do you set about training your staff to  understand the sociological and 
industrial problems facing the recipient country?

V.W. SCHÖLTEN: At the beginning the project groups were responsible 
for this kind o f training. Later on we enlarged our personnel departm ent, which 
is now able to  deal with the sociological, psychological and other such aspects 
of a project. We first recognized this problem in 1970, and since 1974 have 
been expanding these activities and will continue to do so in the future.

L. FITZ: I should like to  make a general com m ent on the practical 
training o f staff for the regulatory bodies. Although nuclear reactor vendors 
cannot themselves be responsible for training the regulatory body, I think that 
the governments of importing countries should take such training into account 
and make the relevant arrangements. Without it the effectiveness of the regulatory 
body is highly questionable.

V.W. SCHÖLTEN: Yes, I agree with your comment.
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Abstract

FORECASTING MANPOWER REQUIREMENTS FOR NUCLEAR POWER PLANT 
CONSTRUCTION.

This paper presents bo th  the  m ethodology and results o f a segment o f a comprehensive 
construction  m anpow er dem and forecasting system aimed at forecasting virtually all construction  
m anpow er requirem ents in the U nited States o f America. The part o f the system  dealing with 
the demand for construction workers needed to  build nuclear powered electricity generating 
plants is discussed here. The object o f the  system  is to  forecast m anpow er construction  needs 
for each of 29 construction  crafts on  a m onthly  basis in each o f 10 geographical regions o f the 
United States. The m ethod used is to  establish profiles o f the  types o f workers and time 
phasing required in the past. Profiling was done for different types o f plants, different capacity 
classes, and different geographical locations. An appropriate w orker profile m atrix cannot 
simply be m ultiplied by the  capacity o f the  proposed p lan t if the  num ber of m an-hours required 
per k ilow att o f generating capacity is no t constant. The value of this la tter variable has changed 
considerably recently  -  presum ably because o f an increased awareness o f environm ental and 
safety considerations. Econom etric techniques are used to  forecast values for m an-hours per 
kilow att which are then  m ultiplied by projected new capacity to  be pu t in place. The resulting 
to ta l m an-hour requirem ent is then  allocated over time and by craft through use o f a worker 
profile m atrix . The sum m ary results indicate th a t 20 percent increases in m an-hours required 
per kilow att o f capacity can be expected betw een 1977 and 1981. Total construction labour 
dem and will rise from  65 700 work-years in 1977 to  nearly 96 600 work-years in 1981. F o re 
casts o f the actual num ber o f different types o f workers to  be dem anded in each m onth  and 
in each region are available from  the system.

Introduction

Estimates of the amounts and types of labor which will be needed to 
construct electricity generating plants in the United States through . 
1981 have been made by the Construction Manpower Demand System (CMDS).

1 The US D epartm ent o f Labor is developing the C onstruction M anpower Demand 
System w ith the assistance o f the  US D epartm ent o f Energy and the Tennessee Valley A uthority .
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CMDS is a comprehensive information system that is designed to provide 
current construction data as well as forecast the future volume, compo
sition, geographic distribution, and associated labor requirements of 
most types of construction activity. Scheduled for full operation by 
late 1979» the computer-based CMDS program will provide regularly updated 
short sind midrange forecasts of labor demand by craft for 36 types of 
construction on a local area basis and will make possible national and 
regional projections of construction activity and construction labor needs.

This paper presents the methodology and some early results of a segment of 
the overall CMDS, namely, the estimates of labor requirements for the 
construction of nuclear fueled electricity generating plants. These fore
casts have now been made for the five-year period 1977 through 19 8 1. They 
encompass all nuclear powered units which are now scheduled to Ъе under 
construction during this time frame. Beginning in 1979, the CMDS forecast 
period for nuclear power plant construction will be extended to 10 years.

The usefulness and uniqueness of this segment of the CMDS is that the 
end result is an estimate of the number of workers which will Ъе needed in 
each of 29 construction craft classifications to construct nuclear powered 
electricity generating plants in the U.S. in the time period 1977 through 
19 8 1. These forecasts will be narrowly focused so that the time period 
class intervals will not exceed one month. Furthermore, the geographic 
area considered will be closely defined; at least 10 divisions of the United 
States will always be available. These narrowly defined occupations, time 
period class intervals, and geographic areas should prove to be extremely 
useful for those attempting to maie relevant policy decisions in both the 
public and private sector. Secretary of Labor, Ray Marshall, refers to CMDS 
as "a valuable tool for both those working in the construction industry and 
for those managing and planning construction projects." The Secretary 
indicates that "the system should prove most beneficial to people both in 
private enterprise sind the government who work closely with the construction 
industry. In the energy sector, CMDS will facilitate the assessment of the 
Nation's energy situation and policies."

Methodology

Past employment experience combined with econometric techniques form the 
basis for forecasting future craft needs. A foundation data base was available 
from pioneering work done by Contractors Mutual Association (CMA)2 and the 
Tennessee Valley Authority (TVA).3 In this earlier CMA-TVA effort, time 
phased manpower requirements, by craft, were developed from records of 
previously built nuclear power plants. These historical employment records 
from recent nuclear plant completions were determined to be the most objective 
source of data to use in establishing employment patterns since they included 
both good and bad construction experience which is likely to be consistent 

with future experience.

Information on plant construction was secured from the Federal Power Nuclear 
Regulatory Commission. Plants were categorized by location (geographic region), 
type, and size. The 10 U.S. Department of Labor regions were used to make 
the geographic divisions although the data can be disaggregated to a state 
basis (see appendix A for a definition of regions).

2 C ontractors M utual Association, 1101 F ifteen th  Street, NW., W ashington, DC 20005.
3 Tennessee Valley A uthority , Knoxville, Tennessee 37902.
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The other categorizations were as follows:

Type
Size

(megawatt capacity)

Boiling Water Reactors 800 MW
1 000 MW 
1 190 MW

Pressurized Water Reactors 8ОО MW
1 000 MW

1 139 MW

Therefore, there were 6 categories for each of the 10 geographical regions or 
60 categories in all. Since in each category labor history data were compiled 
as a basis for estimating future needs for a similar type plant, each of the 
60 categories is referred to as an estimating cell. In reality some geo
graphical regions have not experienced the construction of any nuclear plants 
of the specified type and size; and thus, the corresponding cell must be 
considered null. In fact, for the sake of statistical significance any of 
the 60 cells which have fewer than 3 previous plant experiences are considered 
null and are omitted from this analysis. For example, if in Region I only
2 boiling water reactors of less than 800-MW capacity had been previously 
constructed then that cell was considered void and the data contained therein 
were not used unless on a more aggregate basis such as when Region I and II 
were combined.

Because of changing technology and government regulatory requirements, plants 
completed in 1970 or before were not considered to be representative. The 
original sample was drawn primarily from plant completions of 1973 and 1971*.
The original sample of 28 plants was drawn from a population of 1+2 completions 
over the 1971-7*+ period. In 1976 the data base was revised to reflect new 
power plant construction experience during the 1975-76 period. This entailed 
one plant deletion from the sample and five additions.

Manpower data for each sample project were collected through a solicitation of 
the utility company which owned the plant. The number of men on the job for 
each month of construction was reported on a craft-by-craft basis. Each 
schedule was reviewed upön receipt with appropriate followup made when 
necessary. The number of pan-months employed for each craft was divided by 
the megawatt capacity of ijhe plant. The man-months per megawatt for each craft 
were compared among similar plants and provided a basis for editing. There 
was a followup on unusually high or low requirements. Most unusual numbers 
were either errors or legitimate variations. However, in a few cases reasons 
for the variations were so atypical that the responses had to be eliminated 
from the sample. For example, data for one plant was excluded because a 
major accident had resulted in a substantial rebuilding of the plant.

Employment data on a craft basis were collected for each of the following 29 
craft categories:

Asbestos Workers 
Boilermakers
Boilermaker Welders (NC) 
Bricklayers and Stonemasons 
Carpenters 
Cement Masons

Laborers
Lathers
Millwrights
Operating Engineers
Painters
Pile Drivers
Pipefitters
Pipefitter Welders (NC)
Plasterers
Plumbers
Roofers
Sheetmetal Workers 
Soft Floor Layers

Other Construction 
Craftsmen

Tile, Terrazzo, 
and Marble 
Setters

Truck Drivers 
and Warehousemen

Drywall Installers 
Electricians 
Electrician-Linemen 
Elevator Constructors 
Glaziers
Iron Workers - Structural 
Iron Workers - Reinforcing



The data were collected in the form as shown in Table I.

TABLE I.

Manpower Expended in Construction of Power Plant

Name of Utility Company_________________________________________________

Name of Station and Unit________________________________________________

location of Plant (city and state)____________________________________

3 9 4  SELTZER and SCHRIVER

Manpower by Month (Number of Workers)

Craft

197Ö

Total January February March Etc.

Asbestos Workers 

Boilermakers 

Boilermaker Welders 

Etc.

To produce an estimating cell from the utility responses, the responses were 
first sorted as to category such as: Region I, boiling water reactors, less than
800-MW capacity. Then the manpower requirements by craft for each plant in a 
particular category or cell were posted on a worksheet such as that indicated in 
Table II. Since it was found that there was more homogeneity in manpower demand at 
peak periods and toward completion, each plant was matched at the completion month 
and data were posted working back from the completion month to the start month.

TABLE II.
WORKSHEET FOR DEVELOPING CRAFT TIMING PATTERNS 

(Number of Workers)

Region_____ I______________________  Boiling Water Reactor _______________
Craft Asbestos Worker_________  Pressurized Water Reactor X_______
Size Class Less than 000 MW

Month
Utility Station and Number MW 80 79 78 Etc'.

A Goodview 1 700 0 0 6
В Fairview 3 700 0 u

С Bell view k 600 0 3 3
Etc.

Sum 0 7 13

Average by Month 0 2.3

Average b y Month/MW 0 .0011 .0021
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Note that the monthly average of the craftsman is divided by the total number of 
megawatts in the cell and the result is the average man-months per MW in each 
month. This was a very useful measure used in early stages of this analysis. 
However, it was later found useful to generalize the construction period into 
25 4-percent periods. For example, if the average construction duration of a 
particular type and size plant in a particular location is 75 months, then data 
for three months is collapsed into a single time period.

The resulting worker profile for a particular cell is shown in Table III.

TABLE III.

Summary Profile Sheet 

(Man-Months/MW)

Region I______________________  Type BWR_________________
Size Class Less than 000 MW

Time Period 
(In 4-percent increments)

_______ Craft_________________ 1 2 3 ..................... 25 Total

Asbestos Workers 4 4 4 4 80
Boilermakers 1 2  3 5 105
Boilermaker Welder 
Etc.

Again in the interest of generalization and to expedite forecasting, the 
preceding matrix is converted from a man-month form to a percentage basis. 
That is, each value in the table is converted to a percentage of the sum 
of all values in the same row. For example, if the value for the first time 
period is 4 asbestos workers when 80 man-months of employment in total will 
Ъе needed from that craft, the 4 man-month value is changed to 5 percent as 
shown in Table IV.

TABLE IV.

Summary Profile Sheet 
(Percent of Employment Ъу Craft)

Region I_________ _________  Type BWR
Size Class Less than 800 MW

Time Period 
(In 4-percent increments)

Craft

Craft 1 2 3 .......................... 25 Total

Asbestos Worker 5-00 5.00 5-00 5.00 100%
Boilermakers .95 1.90 2.85 100
Boilermaker Welder 
Etc.
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It is also necessary to perform the simple calculation of determining the ratio 
of total man-months per craft to total man-months for all crafts and this ratio 
is then expressed as a percent. For example, if 80 man-months of asbestos 
workers are required per MW for a particular plant in total and if 1+00 man-months 
per MW axe required fraa all workers in total, then the requirement for asbestos 
workers over the entire construction period is 20 percent of the total work force. 
The usefulness of their step is demonstrated below.

Given the preceding structure the future demand by craft needed for a particular 
region for nuclear plant construction can be determined if we have an estimate 
of the nuclear plant capacity to be put in place. It would be a simple matter 
to project the established profiles forward once they have been tied to projected 
generating capacity. For example, if a 700-MW boiling water reactor was to be 
built in Region I, we could refer to the appropriate estimating cell (the one 
just presented in this case). If we assume that the new plant has an estimated 
construction duration of 75 months, then the U percent time increments would be 
composed of 3 months each. Taking the number of man-hours or man-months previously 
required to build similar plants we could multiply that number by the percentage 
previously attributed to the craft in question.

For example, assume that we are considering asbestos workers for this 700-MW 
plant to be built in Region I. In the past, we note that 20 percent of the work 
force for such plants has been constituted by asbestos workers. Let us assume 
that plants of this size in this locality have historically required 1 ООО 000 
man-months of construction effort, then we would estimate the asbestos worker 
requirement at 200 000. We could multiply this number by the percentage in the 
asbestos worker craft profile to get the number of workers needed in any U percent 

time period. Again, in accordance with our hypothetical numbers the per
centage is 5 and. is the 10 000.asbestos workers which would be needed in 
the first ^ percent of the construction period. This procedure could be 
extended for any time period or for any craft. Unfortunately, it now seems 
that the number of total man-months required per unit of generating capacity 
is ал increasing function of time. Presumably this phenomenon is at least 
partially due to an enlarged scope of work resulting from an increased 
awareness of safety and environmental considerations.

Forecasting man-months/MW or man-hours/MW is a difficult task since so 
little historical data is available. Considerable effort was devoted in an 
attempt to directly forecast required man-hours per kilowatt. This approach 
was abandoned in favor of what might be called a residual cost approach.
Total cost data was available for nuclear plants on a historical basis. Also 
available were figures for wage rates as well as data for other factors of 
production. Specifically, data was available for quantities of material and 
their cost, quantities of equipment and its cost in addition to wage rates.
Using a residual approach total labor required in the past can be determined. 
Sequentially, the methodologies are: total cost functions are estimated, the
cost functions are disaggregated to value of factor of production components, 
the cost functions are changed into percentage change forms, and then components 
of cost change are separated as to whether they are due to change in prices or 
changes in the production process of that factor itself (let us call this the 
scope of work). Assuming that labor's relative share of total cost does not 
change and being able to determine past changes in wage rates we can then 
determine, as a residual, what the percentage changes in the scope of work have 
been in the very recent past. Once this percentage change has been determined, 
it can be extrapolated by applying this rate to the man-months per megawatt 
or per kilowatt values which are available for 19 7 7.

This methodology in specific symbolic form is as follows:

TC = W-L + Pm -M + Pe 'E (1)
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where TC = total cost of construction;

¥  = wage rate;

L = total work-hours required;

P = price of construction material; m
M  = total construction materials,

Pg= price of construction equipment;

E = total construction equipment.

By dividing (1) by total capacity installed, we have the average cost equation: 

AC = ( f ) =W-(|) ♦ Pa -(|) + Pe-(f) (2)

Taking the total differential of (2) yields the following equation (3):

dAC = dW-(i) + d(|)-W+dPm -(|>d(§)-Pm+dPe -(|)+d(|)-Pe (3)

and then introducing the percentage change form gives (3a):

dAÇ = dw d^n Pm -M dPe Pe-E (3a)
AC W  ' TC Pm  ' TC pe ’ TC

/L\
+ d )]j¿ d ^ ¿  Рщ^ + d 4 ¿  Pe-E

/Ln ' TC /Мх * TC ,E, ' TC
Q Q Q

The first three terms on the right side of (За) indicate the inflation rates, 
while the last three terms represent the physical increase rate of labor, 
materials and equipment due to increases in the scope of work. What 
equation (3a) in fact implies is that changes in average expenditure of 
construction can be explained by both inflation and changes in factor inputs, 
which are weighted by the factors' respective cost shares.

For convenience, let us define:

dAÇ _ x. ,dW WvL dPu, I V M  dPe Ре-Еч .
AC ~ W  ‘ TC Pm  ’ TC Pe ' TC

¿ 3 L  = I ,  £ 2 .  = m; £ a i  =

(к) (I)  (1)

w-L  ̂ Рщ-М _ G Pe - E __ y
TC = TC -  l  ’ TC -  ô ■

Then, (За) becomes

( $ - i) = ,(.• <=< + M* j? + e ' X  

By dividing both sides of (!)■) by ($ - i), we have

- X  • ^ M - P  + e - Ï

(4)

1  = T T ^ IT  + — 0Г П Т ~  or (5)
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(6)

From (6), we may have

JL= ^  ■ ($ - i) or (7)

A

X =°i * ($ - i) (7a)

where A  + В = 1.

Equation (7a) is used to forecast the average manpower requirements per kW 
in the construction of electric power plants. It implies that the rate of 
change in (МН/kW) equals the weighted rate of change in deflated cost/kW.
The weight is determined by labor's share of total cost.

Once the МН/kW variable has been determined, the total man-hours for a par
ticular plant in a particular region are found by multiplying that value by
the projected capacity of the planned plant. The total manpower requirement
can then be allocated over time and over the 29 crafts by multiplying the 
total manpower number by the percentage allocation matrix such as illustrated 
in Table IV . This same procedure is followed for each plant in a particular 
geographic region. The ^ percent time increments are then fitted into a real
time frame and the values for each craft are then summed. Thus, for any
particular month in the 1977-81 time frame, in any of the 10 geographic regions, 
the total number of workers required in each of the 29 crafts which will be 
needed to build nuclear power electric generating plants is estimated. The 
conceptual framework for allocating these totals is represented in symbolic 
fashion as follows :

distribution of manpower requirements by craftman and by time.

To forecast man-hour requirements for craft j at month t, in region r, one must 
forecast Q and (мн/kW), provided that A is stable for all i's. For the short
term forecast, A is assumed constant and Q is given; no forecast is required 
for these variables. Only one variable (МН/kW) is to be forecasted, and this 
is done by the procedure indicated above.

M H rjt — 2 2  [Q riT  ’ ( M H /k W ) riqy * A ¡]
i q

where M H ,jt = man-hour requirements of j-th craftsman at t-th month 

in r-th region;

Q = total capacities (kW) of i-th type of construction completed 

at T-th calendar month in r-th region;

(MH/kW)riqy = man-hour requirements per k W  of i-th type of construction 

corresponding to q-th plant size completed at у-th year in r-th region: 

q corresponds to Q-

= conversion matrix of i-th type of construction to provide the
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Results

The established labor profiles are difficult to present in any concise form 
since 10 geographic regions and 29 crafts are involved. Rather than present 
a matrix for each region and each type of plant, the following display of 
selected craft demanded for the nation on a time-phased basis is presented 
in the interest of clarity (see Fig. 1).

The first econometric forecasts must necessarily be of man-hours per kilowatt. 

(МН/kW). The results of the methodology previously explained are shown in 
Table V.

TABLE V.

Forecasted Man-Hours per Kilowatt in the Construction of Nuclear 

Powered. Electric Power Plants, United States 

(MH/kW)

Type Capacity (MW) 1977 1978 1979 I98O 1981

BWR 800 12.1+9 12 .97 13.55 1 I+.22 14.99
1000 II .69 1 2 .lU 12 .6 7 1З.ЗО lit. 03
II90 11.11 11.53 1 2 .01* 12.61+ 13 .33

FWR 800 12.1+9 12.97 1З.55 14.22 14.99
1000 II .70 I2 .16 12.69 1З.З2 14.05

1139 1 1 .11+ 11.57 12.08 12.68 1З.З6

Projected new electric generating capacity from nuclear plants in the U.S. is:

Year MW

1977 2 642
1978 6 352
1979 7 901
198O 9 752
1981 15 685

These projected capacities are disaggregated to a regional basis and by type 
and size of plant. These figures can at last be applied to labor profiles with 
the result being that total labor is allocated over time and by craft.

The results of our most recent forecasts on a national basis show that labor 
demand will increase sharply from an average of 65 704 work years, i.e., year 
long jobs in 1977 to 95 985 in 1980 before the rate of increase slows so that 
the demand for 1981 is estimated at 96 59*+ work years.

The results on a regional, by-craft and by-month basis are difficult to 
summarize in a paper of this nature; it is, however, their level of 
disaggregation that renders them unique and useful.

On a monthly and by-craft basis the national projections for 1977-1981 
are, however, presented in Table VI.



I 
(%) N

oim
no

400 SELTZER and SCHRIVER

F
IG

.l.
 

La
bo

ur
 

de
m

an
d 

di
st

ri
bu

tio
n 

fo
r 

nu
cl

ea
r 

el
ec

tri
c 

po
we

r 
pl

an
t 

co
ns

tr
uc

tio
n.



M
A
N
P
O
W
E
R
 

R
E
Q
U
I
R
E
M
E
N
T
S
 

F
O
R
 

C
O
N
S
T
R
U
C
T
I
O
N
 

O
F
 

N
U
C
L
E
A
R
 

P
O
W
E
R
E
D
 

E
L
E
C
T
R
I
C
 

G
E
N
E
R
A
T
I
O
N
 

P
L
A
N
T
S
,
 

1
9
7
7
-
1
9
8
1
 

(B
Y 

C
R
A
F
T
 

A
N
D
 

BY
 

Y
E
A
R
)

IAEA-SM-223/20 401

• WCBvDNogoiooo« • • , • • • # # Ф , # V , • , « . • é « . • » • •  * » 1
о PO ce o* ♦ РЧ o o a  «э o O' C0 Ю о 40 CMr* o 4 о о о •в о о 1Г> «0 4- »

» г о Ö 40 \0 «0 *4 <r CD J (M sC PO 4- PO h- см Ю Г-4 O 1
1 о э» 40 a> p* CMÄ O' Ш (M 1—4 co « (П 4 40 л  т  г- »
1 z < «■4 O' p- w  n Г-Ч « Ю см m I

— 40 1

О r» «M00 fO 4 o CJ o o o r- « О  Р* (Mo 4* O' о о и> о и *  1П 40 1
1 >- .J • • • « • • • • • • • • • • • • • • • 1
1 J < Ю 1Л о в 4- a o o IO O' o о Г" Ol o O' о о с> о 4_» И fO ff 1
1 к О  <fl PÍ Í» f- О \0 •o 00 O' O' 4« œ со 4 см <м m i
1 <  о d r-  Ы *■ Г» Ю m N0 O 4* O' Ю PO >0 m Q l S f  1
1 Ui н- r» СО 04 K) h* H 4 O) 00 »0 «n p*- p» co р- 4- M «  1
1 ► *•4 «Н O' fO fO PO in fO * PO «D 1

** •" p* 1

m о  O' 40 PO in o m o o o 9 г ■e- о  «о OJ 4 o p- 4 9 о  о ш о о 2 3 2

см • « • • • • • ■ • • « • • * • • •  1
и V0 O co 40 4- o COo o o r* Г» r» о h- O' CMo r-t *• о о о m о о PO in O 1
г» r- o  4 o о о O' 445 H r- (M m r> 4 ГО IM O' 1
р» 1Л r» «  ro с* о а rO OI Vfi « о Ю O' O' O' «O 40 t

а H O' Ю ю 1-4 in PO ( M O  1
p- 1

fs. U» f* CMг» 'О o o 0 o sD ю o о OJ 40 PO o 4 6 0 0 0 3 о 0 3 0 1

• é • • • « • • • • • • • • 1
<o *0 po © ю m o 4 а o o «Mсм m Q sO дэ *o o ■4 0  0 о о о о 40 4 ' 4  1

р» \û  »D CM ш ce in <f m o Г- oJ 40 PO 0Û r* oj cg f
Г* in 40 C0 PO СО O' « fO m Ю 1Л m 40 во о l o n n  ■

«4 ff» CO Ю Ю n •И ♦ CMК) CM Ov 1
и 40 t

CM4» в (M 40 o K) G o o CMO' о p- ю OJ o 40 о о о O' о  а co p» as 1
о • • • • • # • • • • • • • 1

H P- r- 0* O' СЭ O' o o o O' ce о 04 о fr; a 4- O' о о O' о о OJ Ю to 1Г» CMo- H со cm со O' Ю со m а r- 1Л CM (X> 1
р» 40 40 CÛ Ю O' O' in to M •» >o O' «• •o f» 40 <ô *o m 1

O' да Ю PO * CMю CM СО 1
40 1

о œ  O' m O' 0* o COc o o rO fO m о чЛ OJ Ф o o см о о о p- о 9 4- po er a
<т> • • • • • • • • • • • • « • • •
о СМVO 40 o O' CP1 o o o o 40 40 о Ю (О m o OJ г» о о о о О  о  «9 (M ir> 1

^  O' O Ш о о fO O' 4- 40 fO 40 in cm «-* •
р- >0 40 p» M «0 S' Ю CM CMOJ Ю O' 4- o 40 40 в  Л  4  1

O' 00 lO PO ■T fH см ю CM f— 1
■л 1

o  in 4 со n O' o o 0 o »o 40 O' o «D а о о 4- о о 4- Œ <r •
«0 • • ♦ » * • • • • • • • • • • • • • I t  1
о 1Л CD «H o O' Sû o Ю o o o •o о O' ш r- o O' *н о о о <Г а о o  —• X •
Р- O' СО cO O' 40 J4 Vû in «Л r- O' РО ю P- OJ 4- 1
р- Ш tf> r~ CMO' tr U» fM 04 CMce ■*■ 40 ш 40 CO »O 4- 1

O' h- to Ю <r •H РО CM 40 i
40 1

p- со 4 co fO m o 4П o СЭ o CM m с» 40 M) 40 o in о о 0 о о «n co oi 1
h» • • • • • • • • • • • • • •  1
О O' Ю PO 4- ft 40 «0 o o C'» OJ U} CMо u f» 4 o 4- 4 о о о о о m о  со 1
Р- o 05 P» CO CMm H CO <X) o 1Л 4Û PO Cl л ю а) см со 1
r- 40 m r* rg O' O' co «Meu CM00 4 m •* 40 00 PO O' tr-* O' r- Ю fO H •f <о o* m »

40 1

Kl со ^ о o o m O o <r и 40 ч£ o o O' о о о 4 в о и  CO in 1
40 • • • • • • • • • » • • • • • « • • • •  1
О 4 O  40 fO fO o o r- o c» o CMСЭ CO 40 o o Ю о о о о m о о 40 m »o i

ел Ш Ift со in fO CO S0 O' Ю 40 CM 40 гН lO 1П *41 40 1
р» 1П IT> h» oj O' in H ff* Oí p» 4- Oí 4 4С Ш >0 40 i

H O' r- PO Ю о H 4 ю OJ «r 1
•"* 40 1

iP ** o fO 4- o O4 o o o o o N0 о OJ Л OJ o fO 4 о СЭ о о о о co CO Ul 1
К) • • • • • • • • • • ■ • • • • * • *
о eo «  o cO —' in o o o o ^4 m tr с» CMfO co o f*  4 гз о 40 о 1МЛ1Л *р» PO Ю O' OJ о ci PO 40 40 sû см
Г~- 40 |Л N  СЧ <C № m CM о CMf* 4- v< рО 40 oo w  m i

O' r* Kl Ю »4 4 (О CM 4  1
** N0 1

Г“ c\j PO CMo Ю o o O  f- o о о co <* o СГ4 а о о Ф  о СЭ O Q vD I
4- • • • • • • » Ф • • • • •
о p- f*» r» 40 o o in o o o o r4 о Ф  «n o m  r* о о о о о -< p- tf> 1PO Cü LO 4} Ol Р» U3 O' CM4» 4d о o h N  I
г- */» r- Oí <0 O' *T CM O' (M 4 e  «o 40 t» Ю fO 1

O' Р» rO rO о <T •о Oj 4  1
'O •

<a n o i m 4  0>o o o О  O' <»• PO о ( м а л о о 0 о  m о о 40 O' •
ю • • • • • • • •  1о Ф О О Ш С Ч П О о o o î 1 ®  o o  (/) 4 о о см о О СО p- 1
р- O' ®  ?VP» pO <яз 00 CM sO O' *o 40 со 9* «-• OO 1
г» l/) <r C* см со r~ «O CM !/> r- PO CM «

H p» о « o рО ru »O I
40 1

40 Г« «D PO o CMo o o r- 9» о OJ »o o Ф  rO 98г009000

Oí •  • • • • • • • •  •  1
о r» O' r* e CM in о <r o o O  4* CD о* о œ n v > o о о о О  РО о  о Q  ГМ 40 1
Г“ ce ч0 in « r** m GO CM r- № QD10 <¿> Л н ф  1

u> ♦  p* cg ■JDco o г» S0 -o m 1Л Г— Ю ГЯ 1
O' Г- Ю PO o 4 в  »0 CM CM 1

«A »

*4 e  40 eo O' o а o o o o <м о r» o tn o г«ь O O O r —O O O v O rO  1■ • • • • • • • • • • • • « • • • 1о CM ►o h in во •■4 o c» e o tO о (4 CMo р—о о о 40 О  О P“ 4 40 •
г- 00 -1 cr» «■» о r— •Л o o tQ NÛ 94 < A O »  1г*- <n ^  >6 N  ifl tt O' « 4Í 10 OJ «э m 40 Ю r» 1

vD fO Ю o 4- H о  л O* O 1
и <4 »

*
U. NlOff tf> 40 Г» CO O' o « см ю «-шvD n  CO 04 o е>1 KÏ tn <1»■»« O' O A

Se
e 

in
de

x 
at 

the
 

en
d 

of 
the

 
ta

bl
e.



TA
BL

E 
V

I. 
(c

on
t.)

402 SELTZER and SCHRIVER

жE-i2
ОS
«
К
О12

>* и  _i «t ос »- 
«x  а

W j ' € C D ( ' j r ' O i r u ( ' w M O | O O P ' r ) i O O f f ' C l J O '• • « • • • • • • • • • • • • • • • • • « • a
N H < J ü ) H N O N a C i O O N O O O C ) O u n r C i O k  

К ) ON о  (£  ( Л Ю Г Ч  i/)  in
N  аз n  w  о  оо ^ г ^ |Л  >Л ^  г- аз «£

•Н О  н  о  K J íO O J  *-* кГ> «■* »  ♦

i о  c  oq о  го

) и Ю о О О О « Ь '| ) H « O l O O ' O i C e O C J S O ) H J O # >
1 *l'ÍH^HOC'ODOnrtiOOHifl)Ouf* too Ui 
0  <Г СЛ ♦  O ' «“* Ш СО см *ч.чО  « •  О
s  г о  f f i  о  f f  со  о  cO '- j n û  e u e r
IV N  О  ♦  r t  f t l  О  Ю Ш О  1 М П О  со  лOIW •-* Ю с К1 кЛ н u) PU Г*» Ю

> 4 Ü # O t ü ? H O C > O i n i O ( V C N « H O N ^ U í > O ^ O n
( 7 \ < Л 4 г 1 И \ С о о о о о о н ь >  
en  с а  в -  o '  со  со  о  у )  O'
СО СО 0< К ) О  О  «м  0 0 ( 0

O O h N O i D i O C I O u N C i O  
о  s C ^  ГО ^  к>

— СО Г - OU Н  н  оЮсу 'Л ui

«r*‘ ^OH)h-OC>OOO04 *4CDOOo*r>CCnr-cr>O<ne>O 
• • • • • • ♦ • • • ♦ • • • • • • • • • ♦ • • » • в *

O f f ' N O l A O O S O C , U W a ' r » « f f C 0 l C C 5 N i 11 Ü C I C ' i l C i a  
CO'ÄiHtOr*-^ W) Ю <V M sO Q O
a> e u  tr> ю  tr» о  ш  c> ö  r~ r > v o r »  p »  y s  a

*H CTv r4 t-4 W M W  H i ß H  104

♦  !Л  Í *  H  lO  J  O  О  О  С/
« • I  • • « « - - - -

O i  O' >J) o
Ю O' 1*1 Ю Г »
со  co  o '  Ю в  o

i J l O O C j ' * N C C C '^ r t | J ' O N c £ G C 'C I I ' ) C l O  • • • • • • • • • • • • • • • • • « • e *
n « o o o i o o Q O N a ; \ £ C i i n n ^ o o f o o  

O' 4  sO 1*1 ^  1Л i/t OJ
с о  o  r »  f '  u i  f*-к> ю (M _< tn -•

*Л tf> 
чО T» 
1Л it

чД0'Г'»1Г‘О\ДСЭЮОоОе0 *Н*“«О^-р-С>ООЮО©ОООО
c o r g a ) < j - c O C ' O c o o o o » H L - > - * o r - a ' < j - c - > r - r ' Q O c > v r > o o  
O  Q  lO r O  ~ « ~
cQ o '  O ' Ю сЯ о

sû  \Л  **i о  о  >£
СО «>Ч СО Г~ (Я  Г“-
т  ю fNj «-* ir> «-<

Ю Щ * 
ю <г

Э о  О о  оH N K ) ^ O lC O o O f f < | A ( V Q f f t ^ N O t ü | ñ o C« • • • • • • • • • • • • • « ( • • « • v .
0*NfivflíomafjeíOif)tftiNC0 i()ONff>ociOício lO K )N N  «■ ívjcorj «-«г-*- - Л .И  О  Ю К) N N

a> O ' O' ю  e g  о Ю в
ш «•

O l / I O I / i M J ' O I O O O l i O ’ r t t V O ^ ^ O C - » ф О О О Ю О О  
• • • • • • » »g )r tN f l '4 iM ü N o o o ' íH N o > ea ) in ü H a \o i '> ü r to o  

Г*» О  ^  ^  OJ Г** <Г 0 '1 Л 1 Л  Ш |Л ♦  К> i*g 1Л
Г - О ' О ' Ю Г у О  O'  Г-~ ,н LÍ") чД Ю  Г— О  t -  O'

•Н О  •-* О  1 0 Ю М  «-< |Л »-1 ift •Т'

4 О) N  О  Г* U  1 > 0 0 004-04 < о о. <т о
Ю <Si in t n  Г » СОг» г- CJ in ео r-f- со o' ю rv о

г *  О  <-«

и с м о о о щ н о к 1 4  1Л ̂  о  f l i  4  О  <
•tf ^  «н 4- СО
sû  ю  г~ a :  sù
-1 1Л •-« *í <í

< Ü O O â 9 l T ) ü S g j 4 â f f ' O i О О 1Л fj CJ

v f l M 5 f ' l » í t > M O O O i n 5 ' » Í O ® t M O ^ ) í O O O C ' I O O  
\Л  И  <Г <Г »Л V ) Г- •-< О  O ' O ' СО Г>| П  о

Г*» СО w> ю  К» О  .*■ f -  CN кЛ ОО чО •*• iT> O '
' *-« о  rH о  r t r t  N ■"< 1Л •-< ■> i

( NlT' J5œf0 ' ,1 0 l / 1 c J i i ' - * f 0 r ' N 0 C i r - 0 0 ^ J C J O O i 0 '
i n v C v A N M T O ^ u o  

< í o  <r o  i íí  »ч
S0 ф  Ш П  Ш О  OJ

) o l i ^ u o t N i t r s o « i / i o o <4  О iS vO Ю 1Л vi) н

}K>0'‘ r - ® i M O K i o o o i n < j 4 i o e u > r p ' > o i o o o ' O o i

) И  (Л M  c o i n  
) CO Cô M &  o

0 «0 0 0 0 r-tsi)tp«■ «o in «si
О чв fO fOo  K) K) (V*

ЗОчиСЭОСООСЭООСС1 
1Л O fO K) si, CM1АП<в ir n  CO
«  K l «  o  <*

u’) * O K > 'o < - 4 t f> o e > o o o o « '0 'O f# )\ o o o r4 r 4 ^ o o *~*0 0« • • • • • • • • • • • • • • » • • • • • • • • • a *\00<4l7<9 H 0 4 0 0 0 |A 9 'O O n ^ t fO O k /1 o O O N O O  
K ) IA ( t  H  o  «  № K > s £ < 4  ( \)  o  lO N  kfi и
V0 Г« в) Ю 4  о  Г» л  Ы Lf» fO JJ *»14 CD

O P ' id C r O f- jO c O O O« • * • « • • • • •
^ v H t e C D H l O O ^ O Q  
N  Ш  N  N  »  4  r*
w r* ф  >o и) о  in

r<t o  ^  o>.

o n  в  o o i^ ^ o o ^ f f 'o o  o o o o
O N ^ r t O N t D u i Q O O o O O ^ O O

«■ «h m o  r* n  p. r» в
t A « o )  1Л «M <̂ > > 0 « ^  fЮ Ю N n r~

in*UIWf*0Oa'C>*«r4«O9'J>4INw » U n.M П4Ш>41Г*(0О'9I гм rw im  im  CV W  I«  К)

30
69

.1
. 

J0
67

.4
 

30
74

.3
 

30
6 

9.
7 

J0
29

.2
 

30
33

.2
 

ЗО
ЗЬ

.4 
30

<|
7.

2 
3

0
2

1
.f.

 
30

00
.0

 
30

17
.8

 
Î0

79
.<

t 
5

6
5

8
5

.<t 
30

»в
 

54
0.

9 
34

1 
.0 

34
3.

3 
J4

S.
9 

34
4 

.4 
34

Ú.
9 

34
4.

4 
34

6.
2 

34
2.

7 
34

5.
3 

34
5.

2 
35

3.
2 

41
39

.5
 

34
5

74
43

9.
3 

J4
Î1

6.
7 

75
66

3.
8 

76
48

4.
7 

76
97

4.
1 

78
16

2.
1 

78
60

4.
2 

79
79

3.
6 

80
11

4.
1 

8C
42

7.
3 

80
53

3.
8 

82
50

2.
1 

93
90

15
.6

 
78

25
1



UN
IT

IAEA-SM-223/20 403

r-
<T\

i h J■ J 4
ОС и< о

СП
кЕн
2
0  
S
1

«oíО
s

! E

П0'^13«ООО1Г(0*Ов'Ю0О«вфООО(Т'АООО^
u n c r h - o o o o o —»oe-of^ '^ 'ûO^f'JoooeOocjaovD^ 
4- ф  <-< ^  1Л Л  r t  CM OS чО O N O  О  «О if)  CM
ЮЮ«м IP О СМ «Л о  O' Ä P** 40 M H Ю vO? rt >0 - • - -  - — -

m m w  iИ Ю (Э T w , 
и  о  a ю  rt .

in m h <\î in so o
o  ffi h  ю  со M J  iО) CM P» f» О I
K l ♦  Ö  И  vfi
K» ♦  СЧ «  K l I
ими n h

N ^ ^ iO K J ^ O ^ o c i t )
*•< o  «n «  со о  о  e  t» o  
♦  f*- Oi 40 40 VH «fi
N  О  О  Ю *  H  Ф
h fg h о rH

î 'N P ' i i P t i i / l C C

O  0'
N  ir» cm

O  N  o  I

1П ч0 rt s0 o  * 
nO Ш  *4 r t  <M *M 
H в О Ю lO H

• N N Л Ift Ю 
« О  o  PO CM *4

e t t g N N i r a n O o u  
Ю  СО fO K> 1П CsJ O
«H О  Ö  r t  r t  »■■* f*-
H OJ n O v—i K)

> П 4 П М | Л П н 0 1

> 4 О (О МГ (
) o ru h  o n
< O  ©  r o  r t  «-H

П|Л(вФ«1ЛОв)0|: 
Ч 1 М О Ю М Л 1  SU
•H о  о  »0 К> .-♦ r t

♦  ♦ O 'O 'r - t f O O 'C I

Neitf sOCSHUNât 
^  н  () н  <4 (T>
a  о  o  « m  «  »hH N »< O —t rt

N n r t n i f l u O i i O ü t '

H H fl\ «• H <
e  о  o '  ю  «  •
«H CM o  •

N m s ^ o n o e o o o s n i M  * • • • • • • • * * ■ * * -
H i  « ^ N H O I d C  
f* S ' 0( V О O se
O ' O ' p  n  ф  я  ce

«4 о  «и CMrt и
N ^ r t ^ O r i O C ' O O O t f i T K N

ff» PS. O' U *■ «0 Ю о *«» O' о о о «4 u V*» O' m сэ
• • • • • • • • • • •

p- O' CMо m (Л CO о «0 O ' о  о р- o o in CM 1П
«л н К) О4 O' г- CM о in r» e»ЯЗг- чО *о со г*- ш см ш 40 cg in

CD ф «о » *4 «Г ю  г» *■ r» <r rt
« КЗ 40 CM f* CM 40 #o 40

см G
и

O' « Г" о р» O' s ь со го о о о г» o o m CO tn
• • • • • • • • • • • •

*4 ю р» о см «4 о о ш in о о о 00 o o «H r* O'
in СМ о гм 1Л о in ю r- •* n
О см со о CS! m f» см ■z»Ю 40
«• к> ро см чО см о) Ю tO o

гН O'

rt >0 (М о ю г* r» о г- о СП и Ci O Ю Г* P«-
• • • • • • • « • • » • • •

•0 чО со rt гм 9 CMо см о о с~ 13 o c- CM |ч r>
О о « о 1Л r- со in in ^  ЛЧ
о (V н о К) Р» см » Ю И
«■ ю К) см чО CM СО |Л _« PO o

и O'

ч0 о о ю оь CM о in о- о С-. о см c» u ca O' 03
• • • • » • • • •

У> о о о г- 4- о 40 о о Ci г- Ci C< >0 «ч <Ц
m O' с\| «и о CM *о p̂ м о in O'
о см O' о гН «И см 40 см H ю
•4- ю ю см чО CM ОС m н PO о

*’4 O'

ю cg rt о ю CJ O' о <л O' о о о <т o o G0 PO O'
• • • • • • • • • • • « •

о «■, ff1 о о <0 о 4P CM сэ о. С'- о o u о PO CM
Ш CD 40 о 1Л о CO 40 см 1П 4-
о г- о ю «0 г« Ю o<тЮ rt см мэ CM со 1П PO o

** O'

К) со •» о O' во чО о O' 4- о о о см o o O' 40 O
• • • • • • • • • • •

40 1Л о 1-Э «ч о to о о в о о «ч o o *_a & in
СМ р- о O' SÛto г- о O' .-4 I/) o
о •-< р» о O' СМ Р* см PO со

К) т см ш CM во |Л ю O'-* со

O' O' 40 о г- 60 O' о 40 PO О о ó m o o CM 40 cl
• • • • • « • •

о ю со о 0 ' о о in о о о *ТCi o 1Л 40 *0
р- о сэ чС to ■*• ш in р- in in »nÛ СМрх и O' е 40 см ю  ■«■■аК> РО см in CM «О if) гН PO O'

«н *4 СО

о см ч!> о см Ю о * Чэ о о h» Qo <T г~ ю
• • ■ • • • ■ • • • • • •

чО <0 ю о см 4- <t о о in о о о O' o u «■ ф  rt
« р«- ю со qo m X ♦ 40 \f> ff4

о cg «л о O' о (Г 40 CM PO вэ
<г ГО К5 см in CM Г" m r-« PO V

и ce

о ю о см 40 о о V» in о о о •tf- o o p- р-
• • • • • • • • • • • •

«г O' о чО CM г*» r> о о CJ 00 o o CM
г» К) «V Ю Ю 40 CM *o p- 4  d
O' ♦о tf» о O' O' чи 40 CM *ок> fO -0 см (П г- in H fO »

*4 О?

rt см Г» с. и O' cO о O' ♦ о о о CM 0 o в 7 9

• к » • • • • •
O' Ш О) 'П •¡r о O' CM о о о 4Л o o (-< « P“
сО о 1Л Г"» 40 r* ■а- 4- ce O' N0 O'
о ГО NiJ O' O' 9> fO |Л rt во
•*■ ю К) Ю h» |T> PO r-

*“• cû

ю г 9 О 00 С0 Г- 0 O' да о и о « o o O' CM 40
• • • • • * • • • « *

Г- O' см о rg in cm о r~ о о о CM o o CM CM f“р"» о O' » Фp~ PO (П O' 40
о см «■ «л o ' O' CM in rt •-
•*■ Ю fO lit f4 h- in PO f»

«н «0

р- ю см сэ СО 04* CO о ■f fO О о о h- o o cl ci 1П
• • • « • • • • •

<0 см эо о К) O' Ю о <* о о о «M o o pk. r«- Jû
с о <r Ю CO «0 r~ in ^

о см *■ O' O' O' M> rO o Г4 r>го рО m 40 «П •o 9̂
'S

«■ 5 2 о 40 о о O' о с* О о O' o o K» o• • • • • • •
VÛ O' ю W ч£ О >0 о O' CM о о К» o o <0 40 1Л

чЯ (О CO о CO «n rt In CM
С\» to оо о4 40 о o rt *-

♦ К) К) *-• m 40 in •4 *o iT

i cj iO«i/)<or*e№âH(vn«u)<eMQe'e

Se
e 

in
de

x 
at 

the
 

en
d 

of 
the

 
ta

bl
e.



4 0 4  SELTZER and SCHRIVER

со
œ
Еч
20  
S1
w
Он
о
5

2
D

С
О
о

>
ш
н-1
CQ
С
н

о
оо

сэ ro m SAtilO n o О 13 U ФО 'Г)О ГО О '0<>«_>O »0 c* 4J t, wCJ in in «0• • ♦ • • • • • • « • • • • • » • • • • • • • •
ГОО (74rOr*. >0 C» COо о о СМ 9  о o «-• O' o  o CM CMCJ o w со o  a *о И 1П

2  О Ю о CO O' 4 CM 40 <Г <Г \£> m r- (M »0 •-* CM 40 40 60О 3* 4 CM o ro O r-« \Û Ю Ю 1л CM «Hm f- CM Ю н lO о»
X < ■-*CM H »4 «H 4 *■ ю » CM 40CM ff» 40 «Ч to. in

* * fH O'

4 ю cm r» ét> cv o O' о  о о 4  N л o 800 in «x>19 o c* 4Cо о о  в>- J • • • • • • • • • • • • • • • • • • • • • • • • • *« ■я Ю e* CMro O' o 4Па  о а ГО «  го o \¿> ff»-CJ o ro O o ü CJ 'O о  a  N <o i*
ос О» O r- CM40 *4 r4 ^  ГО см -« Ul in 4 in rO »0 го см
« о г4 4  o in m о и  H N О И CM ri 1П O'UJ г- Г« «A ro « CM ro 40 см о  « f- 4 e p- ♦ m Г*» 4>- / Л )Н rO w г* СП г» гм ^  »o ro ^ »4 *о «■>

»1 CM
•н

O' 1*- CMO CM c>Г4 о о о S' (О О o г- г» N0  a CM ^ o a o смо о в  m см
с* • • • • • • • • • • • • • • » • • • • •
й О} «H ro N «■ П о  о о •Н ♦ O' e г- о ff» o 40 m o o o о а СО го см
о ю o  o} s  ^ n 4- О» m см со o' o o  o N0 4  m о
(О 4 CM o ro O' -« г~ ГО Ю yù см о c0 O' ю CM И Ю 1ЛCM «-* D H ♦ «■ ro «■ СМ N0см O' »o К) »0

ri O'

го CM •-4 4 o сг>о  о С) Ф lO vCt. н  iftr* о in c>c** e>O' о 40 Г- |П
г-4 • • t • 4 • • • « • • • • « • • •

О) CM t-* m O CM O <г с» с а \£ (0 K>o O' fO О о c» o o  »o o  o 40 O' ГО
О ГМ Ш 1Л co o O' O' CM »-* 4 смCO O' <0 4 4
а> m «•ч я Kl r~ «H IP tO CM СМ О <03 r~ CM CM Û rtN

н<мн O H ♦ 4 104 СМ »0 CM ff» >0 H ro in
(Г*

O' 4 r * o 4 4 0 ф О О о Ю CM ro o Г» «“»o  a 40 А o o Ci r** о о К) A H
е* • • « t • • • • • « • • • • « • « • • » • • •
Н Cví CO 4 O' о  a) o O' о  о о o  ro \o o о г» 4 O ro r~ o o o m CJ а CM 00 roс H O' U) f*» M •“* г* sO sO ю O' го СГ »0 in CM 40 m m
« (Л -H O K>O *4 сс 4 CM Л см »->40 сз K) fO h io o 1

H tv H H H <г «• »O 4 СМ чОCM О 40 H ro »0
* *

CM СГ

íO 3 8 3 и  »/u го о  о о f» ro m rj 4 Ш 4 СЭ MJ O' CJ u in U о H ri и
ff» • • • • • • • « • • • • • « • • • « • • • • •

iT. o» *-«f  K )ü со о  о о 4 CM CMo 4 —1p» (->U> COCJ Ci CJ f*» CJ (V 1/1 CO «
d O' ¡T' COO' Ю ■-» N vO O O' смro CM о 4 40 tn 4
сО <r *-< o ro o  «“• h> 4 CM s0 СМ Г-» 40 O' *o Ю «  (О 1Л

<M *4 < 4 ro 4 ГМ 40 СМ O' 40 rO »0
O'

40 ro Г- ro r- f- o <■ о  о О r» 40 4 o О» Р- СО СЭ 40o o o »0и о cm O' -i
сО • • • ♦ * * • • • • • • • • • • • • • «>
о и h- CCv£>^ 1Л o O' с» <~- о 4 О Ю o U5 in in o in f» o CJ c_> 4̂a о М П CO
о in O O' P". 4 O ¿J- CM P- --* in 4- »0 CM 4 «0 in 4
а> 4 CM О ГО O' «H in ro CM in см о 1Л 40 CM •o —<'0 4

<4 *4 o  «-* <r 4 ro 4 (M '0 CM O' S0 fO in
и O'

ro r- r>CMИ <£ o O' о  <_>a f» CJ O' « к> CMO a sO r» J o o fO о 4 4 CO
Г» • • « • • • • « • • • • • • • • • « •
о о 1Л 4 o r— o CCI О О а CO N f4 u о  »0 ro o O' r* o o o (Л о о P- r- CM
ó 4 4 H O' CO CM CM ГО ю «o г- о O' 4 CO 4 CO U) 4
со 4 CM .HЮ h- Ю Ю \0 СМ «н 4 O' CM fO H rt4

H CM ^ «H *h 4 ro 4 CM 'O INi O' 'О fO 40
w O'

CDO 40O' O K) 13 CMО CJ о r- ro -Hа h- Ю m o ro <oo o О ю о о <—  со
чО • • « • ♦ • • • • « • • • • • « • • • • • • •
о *н P- co 4 см см o COо о с * %0 03 r—o CM O 4 C» O' o CJ a a о CM ю о
а см -r et O' ro ro CM 4 4 'D 40 4Û40 4 CM m O' sO O'
с$ 4 CM и ro й H CO ro rO U> CM •-* <- O' CM ro -4 fO in

H CM f-t r-4 H * 4 Г') 4 CM CM ff- .0 rO >0
f™4 O'

«-» in SÖсо ГО 1Л o O' О О о 4 CM CMo r-* со o  c ^ 40 o 0 O' о о CD CO P*
а> « • * • • • • • • • • • • о • « •
g Г» o  0>4 H (P O in с5 о о Н Л 4 '5 о  ч0 lO C 4 r* o o о CJ сз N 4 J
о O' •H 0> Л -« m со cm 4 « o r~ CM u> T 1̂
сО ro см а 4 C i —t v£ CM Ю 4 ГМ *■» 4 40 rH ro -4 lO 4

см «h И Г-! 4 ro 4 CM »0 CM O' 'О rO m
* O'

ю m <4) CMО Г» Ö co О CJ о ел co •» o г. (Г CM o 4 :>o ra fO f а r- Cö S0
4 • 4 • • • • • • • • • • É • • • • V • • • • 0 • « «
а rO f*~ см СГ (\l o in О U о 4 CM CMo O' CMm o in O' c. Cj Ci m CJ о in в) О
а о •-< o P- fO о r» O tf) rO O' o 4 09 4 vi >0 4
а» ■Í CM —< см и SÍ- CM 1П «0 CM <M4 r» fO н К) ro

н fj H »-* H 4 w 4 <M »0 CM O' 40 ГО 40
•H 0s

аЗ 1Л М О O' O' CI COо  о с» fO ro Ю o o  *-<O» O Ю o o o Г. ci о га в  cO
И • • • • • » • • • • • • • • ■ ■ • •
О СМ СМ (Л со sO 4 O CMо  о о Л И П o 4 C» r- e U) O' o CM о  к> о  о
<э о r- r—Cf»«■H CM in и  n  e rO «Mo in о 40 40 Р» 4
со ■T-1 c3 m CM 4 4 CM ro ro p- CM ro H lO N

CM «-> <■ 4 ro 4 CM 40 CM O' »0 *4 ro in
* *■* O'

r>m cm ro O' o> ci о о о CM l/) Г4“ c: CD r- Г- t3 m 40 o o о а te in о
(N1 • « • • • • • • • • • • • • • • •
О к о  Ю o r» f- o C0о  о о <M 0> O' o 4 m 4 O r* in o o o о а и  в  N

r—r- r» o «r 4 r— rt in O' o  ^ CO u »0 CM г» м3 С»
сс ro *■4 O 4 O «H in fO lO 4 см ro ro Ш o *-• «  ГО

CM .-в И h •c 4 K> 4 CM \0 CM O' 40 ro in
rH ** «я O'

CMr- tf 4 40 sD C» Ш О О o 03 m O' o a» r- o O o CMо о O' 40 in
• • • • • • • • • • • • • • • • • •

о r—«r r» b 00 O CJ r- о сз «■ m ro o ю a) cm u O' CMo o 4 о а 4 o  m
о H 00 co O' 4« 1Л h- W' O <o «л 4 O' CM CD o r» m
со ro *н O 4 r* *0 «e •ч ro M CM O CM CM t * CM

-« CM r-« _• -4 <r 4 ro 4 CM «0 CM O' 'i) #o m

*4,-«„*,*,«'г«.-<г4»4г*(МС̂ ГчГ«<МГЧ«ЧС«ГЧ<аЧ1



IAEA-SM-223/20 405

w
я
EH
2
0  
S
1

z СЭ
<J »z <

S i
O
S

2
D

1Л NUt O •(Г
r-tчС

ff1 ^ N vJJ С I
Г» f» f»» Г» Ю ( h Q îOî h _  . - —« Ю
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АРШГО1Х A  

Definition of Regions

Region I: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island,
Vermont

Region II: New Jersey, New York, Puerto Rico, Virgin Islands

Region III: Delaware, District of Columbia, Maryland, Pennsylvania,
Virginia, West Virginia

Region IV: Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina,
South Carolina, Tennessee

Region V: Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin

Region VI: Arkansas, Louisiana, New Mexico, Oklahoma, Texas

Region VII: Iowa, Kansas, Missouri, Nebraska

Region VIII: Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming

Region IX: American Samoa, Arizona, California, Guam, Hawaii, Nevada,
Trust Territory of the Pacific Islands

Region X: Alaska, Idaho, Oregon, Washington

DISCUSSION

L. PEREZ DE PRAT ( Chairman): Have you taken into account the possible 
effect o f a strike, for example, one lasting a week, on the forecasts?

N. SELTZER: To the best o f my present knowledge it would be very 
difficult to  estimate the effect o f a strike on the time required to  complete the 
construction o f a facility. I imagine that the data collected on nuclear plant
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construction completed would incorporate the effect o f a strike in terms o f time 
required, but could not be separated as an independent factor o ther than by case 
analysis.

M. TREVIÑO COCA: Has any similar study been made to estimate the 
m anpower requirements for the systems and com ponents industry when 
switching from a conventional to a nuclear power plant programme?

N. SELTZER: There has no t been any specific study on this point. However, 
a series o f studies and surveys is now under way, or else being planned, to deter
mine manpower requirements for developing various energy resources and 
technologies. There are also a num ber of computerized models being developed 
to handle this problem.

C.E. PAGANINI: Are your data applicable only to  the United States of 
America as an exporter o f nuclear power plants, or can you extrapolate them to 
cover im porter countries?

N. SELTZER: The methodology developed for forecasting manpower 
requirements for the construction of energy-related facilities, including nuclear 
power plants, is based on systems and data available in the United States, first 
and foremost data on historical trends in building such facilities. Both general 
and detailed technical inform ation on the development of this system is available 
on request.

W.O. GRÜNER: Firstly, have you found significant differences between 
regions in manpower requirem ents for a given type and size of reactor plant? 
Secondly, if the forecast and supply differ in a certain region, what action is 
taken and by whom?

N. SELTZER: There are differences in manpower requirements over time 
according to  the size and type o f nuclear plant constructed. The extent to which 
such requirem ents have differed from region to region is known, but I do not have 
the inform ation with me.

With regard to  your second question, forecasts have only recently been 
made for the first time, so that there has been no chance o f determining what 
action would be taken to  assure adequate supply. It should be noted, however, 
that there is no formal mechanism for ensuring a sufficient num ber of workers 
of different types. The Governm ent’s role is largely to  provide inform ation on 
supply and demand, and at times to  furnish supporting education and training 
programmes, provided, first, it appears to  be in the national interest and, second, 
it appears that existing programmes and mechanisms will not yield such resources 
when needed. Within the operation of a labour m arket in any particular area, 
private companies, unions and educational and training establishments may all 
help to  ensure that the  supply will be able to meet requirements.

P.G. BOIRON: Does your study make it possible to  evaluate the importance 
of the nuclear industry for the employm ent situation in the United States?
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N. SELTZER: Our study only permits a comparison between future 
em ploym ent for constructing nuclear facilities and employment for all other 
types o f energy-related construction (at present in respect only of the skilled 
labour). Separate surveys have been carried out over the past ten years to trace 
the employm ent o f scientists, engineers and technicians in the development of 
the nuclear fuel cycle. Later this year a comprehensive assessment study will be 
made to determ ine future requirements and the potential supply of manpower 
for all phases o f a nuclear energy programme in the United States.

F. ALBISU: For all the obvious reasons, the man-hours spent on engineering 
services are less, on a per kilowatt basis, for a two-unit than for a single-unit plant. 
Has the study you have described shown any difference between two such stations 
in term s of direct work manpower per kilowatt?

N. SELTZER: I do not know whether such inform ation is available from 
the data obtained, but I assume it could be discretely examined on the basis of 
reports subm itted by individual contractors.
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SITE INFRASTRUCTURE AS REQUIRED 
DURING THE CONSTRUCTION AND 
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Abstract

SITE INFRASTRUCTURE AS REQUIRED DURING THE CONSTRUCTION AND ERECTION 
OF NUCLEAR POWER PLANTS.

In general, in an exchange of experience on constructing nuclear power plants priority  
is given to  design and lay-out, financing, quality  assurance etc., bu t in this paper an a ttem pt 
has been made to describe range and type of site infrastructure required during construction  
and erection. Site infrastructure  will make considerable dem ands on  the  planning, supply 
of m aterial and m aintenance that may result from  the frequently  very isolated location of 
power p lant sites. Examples for specific values and experiences are given for a nuclear power 
p lant w ith tw o units o f the 1300-MW type at present under construction  on the Persian Gulf 
in Iran. Data concerning the site infrastructure, including examples, are given and explained 
on the basis o f  graphs. The site is split up in to  a technical and a social infrastructure. The 
main concern o f the technical site infrastructure is the  tim ely provision and continuous 
availability o f electric energy, w ater, com m unication grids, workshops, warehouses, offices, 
transport and handling facilities, as well as the  provision of heavy load roads, harbour facilities, 
etc. The social site infrastructure in general comprises accom m odation, food supplies and the 
care and welfare o f all site personnel, which includes a hospital, school, self-service shop, and 
sport and recreation facilities.

1. GENERAL

The requirem ents necessary for site infrastructure before and during site 
establishment and during the construction and erection o f a nuclear power plant, 
are so comprehensive and im portant that they must be carefully worked out and 
considered in detail from the very beginning o f the project. The main influences 
are the location o f the site, its existing infrastructure and the prevailing climatic 
conditions. In many cases the prerequisites have to be created to  start with.
Such is the case at an isolated site with neither fresh water supplies nor power, 
w ithout suitable traffic connections and w ithout adequate accommodation, food 
supplies etc.

Generally, it can be said tha t the site infrastructure is tem porary in character. 
From  the beginning an attem pt should be made, however, to  integrate all the

409
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perm anent features which will be necessary for later plant operation so that an 
economical overall solution can be achieved.

In this paper, the site infrastructure is split up into the technical site infra
structure, comprising all facilities necessary for construction and erection of the 
plant, and the social site infrastructure, necessary for accommodation and the 
care and welfare of the personnel on site. The technical data given are derived 
from a 1300-MW unit, or, when specifically m entioned, a plant consisting o f two 
1300-MW units which will be erected within approxim ately nine to  eleven m onths 
o f each other.

2. SITE INFRASTRUCTURE: TECHNICAL

When exporting nuclear power plants it m ust often  be assumed that 
insufficient infrastructure, or even none at all, exists at the selected site. This 
means that everything must be planned, constructed, and provided down to  the 
last detail.

A t the beginning o f site establishment the problems of providing power and 
water will immediately arise.

A lthough it is possible to  install initially a tem porary power supply by using 
transportable diesel sets, right at the beginning.it must be decided whether a 
perm anent grid connection can be established in a reasonable time, or whether 
it would be better to  guarantee site power supply with stationary diesel sets or 
gas turbines for a longer period. This also means, o f course, the supply and 
storage o f the necessary fuel.

In the case o f the nuclear power plant with two 1300-MW units, which is 
being erected in Iran on the Persian Gulf, stationary diesel sets with an installed 
power o f approxim ately 35 MW to supply the site and camps had to be erected. 
Even if the power demand o f the consumers during construction and erection 
can be met, the power demand necessary for the future commissioning o f a 
1300-MW plant may no t be met. If all the power necessary, which incidentally 
can be up to  8% of the rated ou tpu t o f the unit, depending on site location, is 
not available from the grid then the use o f additional gas turbines (including their 
connection to  the unit) may have to  be considered. The requirem ents are dictated 
by the num ber o f  large m otors (up to  12 MW) which will be directly switched on.

Similar considerations are valid for the water supplies — drinking water, 
water for making concrete, for fire-fighting, or any other usable water. If  there 
is no connection to a general water supply network, pipes, deep wells or 
desalination plants m ust be built. To design these plants estimates concerning 
the to tal water requirem ents o f the site including the township must be made 
and also measures must be taken against water wastage, i.e. by installing water 
counters etc.
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TABLE II. TRAILER DESIGN

HAAS and WAGNER

Maximum payload ca. 5 0 0 1

Tare ca. 100 t

Total: ca. 6 0 0 1

N um ber of axle lines 10

Num ber o f wheels per axle line 8

Total num ber o f wheels 80

Num ber o f tires per wheel '  2

T otal num ber of tires 160

Total length coupled together (m ) ~ 1 5

Total w idth, coupled together (m ) ~  6.3

Permissible load per axle line (t) 60

Permissible load per wheel or
pair o f tires (t)  7.5

Whereas the nuclear power plant supplier can generally make reasonably 
correct assessments about water requirements for producing concrete because 
o f his previous experience, some unknowns always exist regarding personnel 
needs, and specific water consum ption arising from local conditions.

Table I gives an example to  explain the results o f possible errors in the 
assumptions, or changes during construction and erection time.

At the double-unit plant the peak value o f the daily water requirem ent is 
approxim ately 5500 m 3 , which must be provided by using seawater desalination 
plants and, in addition, by truck transport and the installation o f a supply pipeline.

To establish a site and to  start the work, an early connection with public 
roads is necessary. A fter constructing tem porary access roads, o ther roads must 
be built that allow transport regardless of climatic conditions (e.g. rain! ) o r other 
influences. Even if, for the time being, no heavy loads need be transported to 
the site, such transports m ust be allowed for when designing roads, slopes, bridges 
and curves. Because the maximum weights o f the com ponents can be up to 
around 500 t, for the design o f heavy-duty roads, we must base the data on a 
trailer comprising four parts coupled together if there is no other transport 
possibility (Table II).

In m any cases the sites o f nuclear power plants are located directly on 
navigable rivers or on the sea-cost because o f cooling-water supply, which enables 
heavy loads and general cargo to be delivered via a nearby harbour or, ideally, 
via a harbour at site. Generally, this is no longer a tem porary infrastructure 
measure.
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Civil works:

E arthw orks (m 3) ca. 3 500000

R einforcem ent steel (t) ca. 50000

Shuttering (m 2) ca. 750 000

Cem ent (t) ca. 250000

Service w ater for construction  (t) at least 500000

C oncrete (t) ca. 450000

T ransport of heavy com ponents: No. Weight (t)

R eactor pressure vessel 1 415

R eactor pressure vessel head 1 110

Steam  generator 4 470

Pressurizer 1 125

Core internals 1 125

H P-turbine 1 250

R oto r o f LP-turbine 2 - 3 200

Feed water storage tank 1 240

W ater separator/reheater 2 230

Unit transform er 3 270

G enerator sta to r 1 340

G enerator ro to r 1 180

In addition, 50000  t o f m aterial per un it for the m echanical and electrical
parts m ust be allowed for

If ships are to berth  directly at site a water depth of approxim ately 6 m 
and an unobstructed and m arked harbour entrance m ust be available. A nother 
possibility is to unload the ship at sea and to use barges, which can then be 
unloaded by stationary or floating cranes at the site je tty . When using the 
roll on-roll off (‘ro-ro’) m ethod the loads are pu t directly on a trailer on the barge. 
The trailer leaves the barge over a so-called “ro-ro” ramp with its own tractor.

The dimensions of at least two barges, designed for the heaviest possible 
parts (w ith a high centre o f  gravity, maximum specific loading capacity of 
approxim ately 9 t/m 2 etc.), must be considered and a tug-boad should be available.

Table III gives some data on the size of PWR nuclear power plant com ponents 
which should be considered for transport. These values depend on the size of 
a unit as well as on local conditions and requirem ents (earthquakes, etc.).
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FIG.l. Arrangement o f  a derrick for erecting a steel containment.

Apart from access roads, roads at the plant site and places for unloading 
ships, railways and landing fields for helicopters or small aircract must also 
sometimes be provided.

A further precondition for establishing and operating a plant site is an early 
connection to the public telephone and telex networks. If  a short-term supply 
for a guaranteed connection is not possible, the installation o f a short-wave 
transm itter is necessary.

To begin construction work the necessary machinery must be provided.
The earth-works for the buildings demand the use o f large construction machines 
such as D9 Caterpillars, etc. which are efficient and time-saving. Also trucks, 
platform  wagons, cars and, above all, stationary lifting equipm ent, are needed.
At the double-unit plant, approximately 60 revolving tower cranes are used to  
transport concrete, shuttering, reinforcem ent steel etc.

Besides this transport equipment, there must be suitable storage capacity, 
indoors and outdoors, workshops for repair and'm aintenance, and site offices.
A t a later date this also means prefabricated units for premanufacturing 
parts used for installation, which will be produced on site to avoid uneconomic 
transport costs.

At the double-unit plant, 30 prefabricated units for storage and workshops, 
totalling around 15 000 m 2 in area had to be erected and equipped with machinery, 
cranes, ventilation systems, storage racks etc.

Besides this machinery it was necessary to  provide concrete batching plants, 
stores for reinforcem ent steel, cement, etc., for the construction works. To avoid 
cement shortages there should be a cement storage capacity o f approximately 
four weeks (or approxim ately 10 000 t for the double-unit plant).

To install the mechanical engineering the technical site infrastructure must 
be again enlarged.

In addition to the trailer for transporting heavy components, other 
transport vehicles, i.e. forklift trucks, flat-bed trucks etc. are also needed.
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To move the different loads, mobile cranes with a capacity o f 15—125 t 
and derrick heights o f 15—80 m or more m ust be available.

A special derrick has to  be provided to  install segments o f  the steel contain
m ent in the case o f  pressurized water reactors. This derrick must be able to  lift 
approxim ately 40 t at a radius o f 50 m and approxim ately 30 t at a radius of 
70 m! The mast o f this derrick, therefore, is approximately 130 m high and is 
fastened by six to  seven steel ropes, fixed at a distance o f approximately 
250 m (F ig .l).

3. SITE INFRASTRUCTURE: SOCIAL

The social infrastructure o f the site includes just about everything in the 
way o f accommodation and provisions for the care and welfare o f the entire 
site personnel and their families as far as those things go that are not available 
owing to the site location.

Among other things these facilities include housing, a hospital, school, 
laundry, canteen, self-service shop, and recreation and sports facilities. All 
buildings and equipm ent can be easily combined into a township. Facilities such 
as power and water supply, drainage, and sewage systems, garbage disposal and 
dumping, road cleaning, lighting, telephone netw ork etc. m ust be considered.

Thus, a real town-planning scheme m ust be carried out, depending on the 
size and scope o f the township before the start o f plant construction. Furtherm ore, 
right at the beginning it must be established w hether the camp is to exist only 
for the construction and erection period, or w hether it should remain after 
provisional acceptance of the plant for the customer to accommodate the operating 
and m aintenance personnel.

When the site, and thus the township, lie in previously uninhabited areas 
w ithout any infrastructure, one can assume that the township will consist of two 
parts — a perm anent and a tem porary part. Both are at the site personnel’s 
disposal until completion and acceptance o f the power plant. After acceptance 
the perm anent part is handed over to the customer for his own use and the 
tem porary part — mainly so-called containers — can be removed and put to use 
again at other sites.

The number, size and quality required for housing and common facilities 
such as the school, hospital, recreation and sports facilities etc. mainly depend on:

Number of site personnel;
Number o f wives and children;
Period of use;
User group with respect to nationality, religion, professional qualifications;
Climatic conditions such as tem perature, hum idity, sand-storms, rain etc.;
O ther influences such as earthquakes, termites etc.
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FIG.2. Personnel planning for expatriate and local labour during the construction o f  the 
Bushehr Nuclear Power Plant. First estimate made 30 March 1976, and second one made 
21 November 1977.

At the beginning it is very difficult to provide an adequate personnel estimate, 
which takes into account expatriates and local personnel during construction 
and erection, since the numbers and qualifications o f the local labour market are 
usually not exactly known. For exact definition of personnel requirement the 
existing local conditions concerning labour market; job qualifications; pay 
structure; labour laws; fluctuations etc., are necessary.

The construction and erection progress as well as the actual delivery dates 
play a further part in personnel requirements. As an example — when some 
materials are delivered late, one way to  keep to  the overall time schedule is to 
reduce the time allowed for erection by increasing the number of site personnel.

Every negative erroneous estimate in personnel requirements means a large 
increase in costs; and this is not just investment costs but also the costs for 
operating and maintaining the township. Figure 2 shows a personnel curve for 
the construction and erection period of about six years for the double-unit plant 
in question. The Figure shows curves as estimated and as corrected after
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TABLE IV. SURVEY OF HOUSING AND COMMON FACILITIES IN THE 
TOWNSHIP OF THE NUCLEAR POWER PLANT EXAMPLE

Accomodation

Houses 
A partm ents 
C ontainer units 
Guest-house

Supply of provisions

Canteen w ith k itchen, bakery and butchery 
Reception room s 
Self-service shop
Cold storage and refrigeration units

Sport and recreation

Skittle alley 
Billiards 
Swimming pool 
Tennis-courts
Sports fields and play-grounds 
Sport and m ulti-purpose recreation hall

Water supply

D istribution, fire-fighting hydrants 
Drinking-water tanks

Social facilities

School
Hospital
K indergarten

Other public facilities

A dm inistration office 
In ternal post office 
Bank
Hairdressers 
S treets and squares 
Parking lots 
Laundry and cleaning 
M aintenance centre

Power supply

D istribution
Illum ination
Telephone equipm ent (set fo r emergency 

calls, telephone sw itchboard and grid)

Disposal and cleaning

Street-cleaning
Sewage
Garbage disposal 
Waste dumping 
Housing cleaning 
Building cleaning

approximately half the delivery period, split up for expatriates and local personnel 
The planned num ber of personnel were, at their maximum:

Expatriates approximately 1500
Locals approximately 5000

The actual numbers reached in the near future will be:

Expatriates
Locals

approximately 2700 
approximately 7500
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Regarding the family members of the expatriates, the actual number of 
expatriates must be increased by approximately 1450 persons, consisting of 
approxim ately 730 wives and 720 children. Thus, the peak for the entire site 
personnel will am ount to approximately 11 650 persons.

These actual values result in a need for more housing, an expansion of the 
school — and thus an increased number of teachers — more drinking water and 
electricity, more personnel for the operation and maintenance of the township etc.

The required size and the quantity  o f housing and common facilities, as well 
as the actual drinking-water and power requirements, result from the above actual 
values.

Table IV briefly surveys the housing and common facilities, as well as other 
technical provisions in the township, for expatriate personnel of the power-plant 
example. Similar facilities are provided for the local personnel.

Housing

A difference has to be made between sharing bachelor apartm ents with 
common sanitary facilities and sharing those with independent sanitary facilities; 
and, furtherm ore, between the family houses. The floor area of these houses may 
vary from 70 to 90 m 2. Bachelor apartm ents and family houses are usually 
perm anent in character.

A further type of accommodation are container units, which are primarily 
temporary. Here again a difference has to be made between bachelor apartm ents 
with common sanitary facilities, and family apartments. The floor space o f these 
family apartm ents is approximately 75 m 2. The container units are such that 
it is possible to  accommodate either three bachelors each with his own bedroom 
or one family.

All the accommodation units are furnished according to required standards 
but in any case include kitchen equipm ent and ventilation or air-conditioning.
In addition, the family houses have washing machines.

The following houses — including container units for expatriates — are to 
be found in the site housing area o f the above-mentioned double-unit nuclear 
power plant:

520 family houses;
80 bachelor apartm ent units, 12 or 24 persons each;
200 container units for families or bachelors.

The following average values have been used to arrive at the ratio of 
bachelors to families, which plays an im portant role in fixing the am ount of 
accom m odation required. Taking the number of expatriate employees at 100%, 
60—70% are single persons, and 30—40% are married persons.
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The family members are estimated using the following statistical values: 
30—40% o f all expatriate employees are accompanied by their wives; and 
25—35% of all expatriates have children.

Thus, the total num ber o f expatriate persons at site am ounts to approximately
1.5 to  1.75 times the number of expatriate employees. Since these values are site 
dependent they can o f course vary. Similar facilities are also provided for local 
personnel.

Hospital

To cater for the medical requirem ents of the entire site personnel, and to 
provide quick and effective first-aid treatm ent, there m ust either be a suitable 
hospital nearby or one has to be built in the township. In any case a first-aid 
station on the site itself must be provided, independent o f the hospital.

The hospital at the site in question with its 40 beds is suitable for the entire 
site personnel and their families. Rescue operations are taken care o f by a variety 
of ambulances and the first-aid station in conjunction with the hospital. The 
main cases which can be handled by the hospital include emergency cases, dentistry, 
surgery, X-ray (mass-screening and diagnosis) and m aternity cases.

School

Should no suitable school exist for expatriates’ children in the site vicinity, 
then a primary or elementary school for the first four to six school years must 
be built. The num ber of children will determine w hether provision should be 
made so that the school can be expanded up to the 10th school year to enable 
a certificate o f secondary education to be issued.

Originally, the site school of the example given was planned as a primary 
school for between 100 and 150 children with teaching up to the 6th school 
year. After two and a half years of experience this school was made to cater for 
approximately 300 children being taught up to the 10th school year — a number 
which might increase even more. Since then the school has been recognized 
by the Federal German authorities as a “German school”. Besides the general 
certificate and the certificate o f secondary education the school can offer a 
further certificate which allows the recipient to continue his or her schooling at 
a grammar school in the Federal Republic of Germany.

The children are taught by German teachers and follow primary, secondary 
or grammar school syllabuses. A bout 16 teachers are employed at the site at the 
moment.
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Catering

Within the framework of the infrastructure, the provision of food for the 
entire site personnel, including their family members, is very im portant. The 
following equipm ent is necessary for a catering system which has to obtain food 
abroad and locally: Cold-storage and refrigeration rooms; self-service shop; 
canteen; bar; and restaurant.

In choosing the size o f the canteen it is im portant to note that m ost families 
cater for themselves; thus, only the bachelors have to  be catered for in the 
canteen, which must be able to  provide breakfeast, lunch and an evening meal, 
even though the bachelor apartm ents have cooking facilities and most bachelors 
could prepare their own breakfasts. In certain cases it is also sensible to provide 
the canteen complex with its own bakery, confectionery and butchery with its 
own sausage-manufacturing plant. It is, furtherm ore, possible that various meals 
have to be prepared for different nationalities. Two canteens have been built 
at this particular site — one for local personnel to provide between 700 and 
1000 lunches; and one for the expatriates serving 400 to 600 lunches per day.

Besides the usually imported foodstuffs and alcoholic beverages it is 
possible for expatriates to  buy newspapers, toys and similar goods in the self- 
service shop.

With foodstuff the storage is particularly im portant. There must be an 
adequate storage capacity — about two m onths; however, the food must not be 
allowed to become old. The cold and storage rooms must be of adequate size 
and equipped with standby power units to avoid ruining foodstuffs in the event 
of grid failures.

Other equipment

Depending on the num ber of inhabitants, the township should have its own 
kindergarten, guest-house, maintenance centre, bank, post office, hairdressers, 
laundry and library. Since the family houses can be equipped with their own 
washing machines the laundry must deal mainly with the needs o f the bachelors.

Sports and recreation facilities

Adequate sports and recreation facilities must be provided for the employees 
and their family members if they are not already available. In the case of the 
site in question there are a swimming pool, tennis courts, football field, play
ground, mini-golf course, volleyball field, bowling alley, billiards room, wind
surfing and a multi-purpose sports and recreation hall with cinema equipment.
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Installations and services for the township

In planning the township the following installations and services had 
also to be considered -  water and power supply and distribution, garbage 
disposal and dumping, sewage system, road-cleaning with suitable vehicles, fire
fighting equipm ent and adequate fire-fighting water reserves, road lighting, 
parking areas etc. Sometimes it is also necessary to  provide a telephone network 
complete with telephone booths.

Organization and township management

Needless to say, for all the above township equipm ent and services a fixed 
organization is necessary. Approximately 500 local personnel and 100 Germans 
are employed in this particular township. These figures include the entire 
hospital, school, canteen, road and building m aintenance and camp-management 
personnel.

From the above it should be clear that it is necessary indeed to plan and 
install a suitable site infrastructure, especially since it may involve considerable 
costs.

DISCUSSION

J. SANCHEZ-GUTIERREZ ( Chairman): Under what circumstances would 
you actually reject a given site?

K.-F. HAAS: As far as the site infrastructure is concerned, the only 
lim itation would be increasing costs. But the site infrastructure is only one of 
a num ber o f factors that have to  be taken into account in economical site 
selection.

A.F. EL-SAIEDI: You mentioned in connection with the need for power 
and water supplies at the site that the water might be obtained by desalination. 
Did you consider using gas turbines with a waste heat boiler system for 
desalinating the water?

K.-F. HAAS: In the case o f the Iranian nuclear power plant it was decided 
to  have a normal boiler-fired desalination plant in view of the available supplies 
and facilities, but we did also give consideration to gas turbine and waste heat 
systems.

O.J. QUIHILLALT: When you were estimating the personnel required for 
the civil engineering work at the plant, did you assume that German construction 
techniques would be used in such areas as concrete reinforcem ent and so on, 
or did you envisage the use of local techniques? Do you think that the adoption



422 HAAS and WAGNER

o f one or other system would have affected the difference found between the 
initial personnel estimates and the actual numbers necessary?

K.-F. HAAS: We used the German techniques and trained the Iranian 
personnel in applying them. We did not have any particular problems in that 
respect.

The revision of the original estimate was due to differences in the efficiency 
o f the skilled labour under site conditions.

M. ROSEN (Scien tific Secretary): What was the turnover rate for 
professional staff and labour as a result of the adverse working conditions for 
expatriates?

K.-F. HAAS: Perhaps I should make it clear that the working conditions 
at the site were not adverse as such and that it was only during the summer 
m onths that the climatic conditions were difficult. No definite figures for 
turnover are available, but the contracts for expatriates normally run for three 
years and they stay the full term. We do have indications, however, that this 
period could be shortened to improve their efficiency.
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Abstract

THE ROLE OF A NUCLEAR RESEARCH LABORATORY IN SUPPORT OF A 
UTILITY’S NUCLEAR POWER PROGRAMME.

The CEGB nuclear laboratory  at Berkeley has the  du ty  to  contribute to  lim itation of 
costs o f generation by increasing availability, reliability and efficiency and to  cutting capital 
and fuel costs, w ithin the lim its defined by the need for safe operation. Its work is based 
upon scientific disciplines and is illustrated by reference to  im portant areas of work relevant 
to  various categories o f nuclear plant: (i) those in full operation, (ii) commissioning,
(iii) to  be ordered in the near fu ture, (iv) under developm ent. In addition general areas of 
study are identified.

1. INTRODUCTION

1.1 This paper describes how an electricity utility operates large
research laboratories in support of power generation; this is not usual 
practice since the high cost of direct research is prohibitive except for 
the largest companies, and there is general reliance upon the research work 
of the plant manufacturers or national bodies responsible for nuclear 
research and development. Increasingly, however, utilities or groups of 
utilities feel the need to protect their investments by funding research 
under their direct control, such as the accelerating programme sponsored by 
EPRI in the USA. By contrast in 1960 the CEGB, which had been formed from 
a large number of small utilities in 1958 and is responsible for generation 
and bulk transmission of electricity in England and Wales, enlarged its then 

limited research facilities to provide such a function directly from its own 
resources. There are now three central laboratories plus five smaller 

laboratories, the latter provide a direct and applied scientific service to 
each of the five generating regions. In the nuclear field, work is mainly 
carried out at the Berkeley Nuclear Laboratories in Gloucestershire. The 
total cost of the research for the whole of CEGB (for 1976-77, £34.3M per 
annum) is some 1.1% of the Board's turnover; of the latter the Berkeley 
operation constitutes 0.25%. The Berkeley staff is about 720, of whom 

286 are graduates in all disciplines of the physical sciences. To support 
the work there are a number of large scale plant items appropriate to such

423
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an establishment including extensive active handling facilities, a zero 
energy reactor, sodium loops, model pressure vessel test facilities, a high 
intensity gamma source, electron microscopy and other electro-optical and 
spectroscopic equipment plus many other techniques.

In this paper we examine the various functions of the laboratories 
and illustrate them by reference to a number of current areas of work. The 
duty of the laboratories is to contribute to limitation of costs of genera

tion by increasing availability, reliability and efficiency and to cutting 
capital and fuel costs, within the limits defined by the need for safe 

operation. They support the operations of the utility in its requirement 
to be expertly informed both as a purchaser and as an operator of plant; 
in the former case it is not their function to collect data, for instance, 
but rather to provide scientific understanding for the interpretation and 

extrapolation of data and to assimilate experience gained on prototype 

plant. To be fully effective, the laboratories need to act in concert with 
other Departments which have executive responsibility for design, construc

tion, development, operation and plant safety. The laboratories are organ
ised on a scientific discipline-oriented basis and most of the work has a 
high scientific content. This paper demonstrates the way in which scienti
fic knowledge is developed and put to work by illustrating how these broad 
requirements are met in practice.

1.2 Some history of the laboratories may be used to show how basic disci

plines were developed and integrated into applied fields of study while 
still retaining overall high scientific skills. Originally the Laboratories 

were based upon three Divisions: Materials, Engineering and Physics.
Certain topics were the scientific basis of work; in Materials these were 
radiation damage, mechanical and fission product behaviour of fuel elements, 

and graphite physics and radiolytic chemistry; in Physics, experimental 
reactor physics, radiation dosimetry, health physics and nuclear instrumen
tation; in Engineering, heat transfer, structural analysis and mechanisms. 
From the beginning the Laboratories were well equipped to handle discharged 
fuel elements and to examine them both whole and in sections using many 
analytical techniques installed within the radioactive zones. In addition, 
techniques such as electron microscopy, X-ray diffraction and spectrometry 
were adapted for active specimens.

Some 17 years later a great amount of the basic structure remains 
although the Divisions are now Fuel and Core, Structures and Mechanisms, 
Performance and Safety, and Applied Physics. The scientific staff has 
increased from 115 to 286; despite growing complexity of operations and 
organisation the scientific staff proportion of the total complement has 
actually increased from 33% to 40%. This indicates the advantages of size 
and one of the basic principles behind the laboratory management, that 
scientists are involved directly in experimental work both to ensure that 
there is no complexity of structure and to ensure that they retain close 
contact with science. In addition one function of the laboratory, to be a 
centre of scientific expertise rather than a development test house has led 
to a deliberate restriction upon repetitive work which is more properly a 
function for plant manufacturers or, occasionally, contract research in 
other laboratories. The scientific topics are now widened, in particular 

to take into account the CEGB interest in future systems, notably water 
reactors (PWR) and fast reactors (LMFBR) as well as the second and third 

phases of the gas-graphite programme (AGR). The scientific topics are as 
before, but to them have been added others which have arisen from wider and 
deeper appreciation of reactor problems; these include tribology, circuit 
studies (i.e. material transport), thermal hydraulics and other safety
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s t u d i e s  such as f u e l - c o o l a n t  i n t e r a c t i o n  and more t e c h n o l o g ic a l  s u b j e c t s  
such as  advanced u l t r a s o n i c  i n s p e c t i o n  te c h n iq u e s ,  sodium -w ater i n t e r a c t i o n s  
and t h e i r  m a t e r i a l s  a s p e c t s  and sodium i n s t r u m e n ta t i o n ,  h ig h  te m p e ra tu re  
d e s ig n  and a p p l i c a t i o n s  o f  s t r u c t u r a l  a n a l y s i s .

The i l l u s t r a t i o n s ,  chosen to  d em o n s tra te  how th e  b ro ad  re q u i re m en ts  
in  1 . 1  a r e  p u t  i n t o  p r a c t i c e ,  a r e  based  upon r e s e a r c h  on n u c l e a r  g e n e ra t in g
p l a n t ,  which i s  c a t e g o r i s e d  in  terms o f  i t s  p o s i t i o n  i n  th e  CEGB programme.

2. PLANT IN FULL OPERATION (Magnox)

The CEGB Magnox p l a n t  i s  a l l  in  f u l l  s c a l e  o p e r a t io n .  The examples 
o f  BNL work in  t h i s  a r e a  cover  th e  improvements in  f u e l  economy which have 
been a c h ie v e d  by e x te n s io n  o f  b u rn -u p ,  and th e  development o f  i n s p e c t i o n  
p ro ce d u re s  n e c e s s a ry  to  u n d e rw r i te  th e  p l a n t  i n t e g r i t y  from a s a f e t y  
s t a n d p o in t .

2 .1  Magnox Fuel S a fe ty  and Economy

From th e  commissioning o f  th e  f i r s t  Magnox r e a c t o r s  i n  1961, CEGB 
has c a r r i e d  o u t  an e x te n s iv e  programme on th e  a p p r a i s a l  o f  d i s c h a rg e d  f u e l  
e lem e n ts .  For t h i s  p u rp o s e ,  th e  l a b o r a t o r i e s  a t  B erke ley  a r e  eq u ipped  w i th  
a wide ran ge  o f  s h i e ld e d  f a c i l i t i e s ,  a l lo w in g  f u l l  ex am in a tio n  o f  e n t i r e  
f u e l  e lem en ts  as w e l l  as d e t a i l e d  m e t a l l u r g i c a l  s tu d y  o f  sm all  sam ples.
About 1300 i r r a d i a t e d  e lem en ts  a r e  examined each y e a r  from th e  B o a rd 's  
Magnox r e a c t o r s .  The m a j o r i t y  a r e  h an d led  a t  B e rk e le y ,  w h i l s t  th e  rem ainder 
a r e  a p p ra i s e d  a t  W indscale  on b e h a l f  o f  th e  f u e l  s u p p l i e r  (BNFL). The 
o b j e c t i v e s  o f  th e  s u r v e i l l a n c e  programme a r e  to  e n su re  t h a t  r e a c t o r  s a f e t y  
i s  a t  no tim e p u t  a t  r i s k  by t h e  f u e l  perform ance and t h a t  th e  f u e l  i s  
u t i l i s e d  as e f f i c i e n t l y  as p o s s i b l e .  C o n s id e rab le  im portance  i s  a t t a c h e d  
to  th e  ex am ina t io n  o f  e lem en ts  c o n s t i t u t i n g  th e  f i r s t  charge  in  a new 
r e a c t o r ,  s i n c e  i t  i s  th en  p o s s ib l e  to  de te rm in e  how th e  p r o p e r t i e s  o f  th e  
fu e l  w i l l  change w i th  sm all  in c rem en ts  in  bu rn -up  and t im e .

W hils t  th e  perform ance  o f  magnox f u e l  has  g e n e r a l l y  been good th e r e  
have been in s t a n c e s  o f  f a i l u r e s  o f  th e  Magnesium a l l o y  c la d d in g .  P a r t i c u 
l a r  a t t e n t i o n  has been  devo ted  to  th e  d ia g n o s i s  o f  t h i s  problem, and th e  
causes  o f  f a i l u r e  i d e n t i f i e d  and c o r r e l a t e d  w i th  i s o l a t e d  b a tc h e s  o f  cans 
from s p e c i f i e d  m an u fac tu r in g  r o u t e s .  In  t h i s  way, s u b s t a n t i a l  f i n a n c i a l  
s a v in g s  have been made and th e  f a i l u r e  r a t e  reduced  to  a  ve ry  low l e v e l .
As a n o th e r  example, e x te n s iv e  and unexpec ted  d e fo rm a t io n  o f  c o o l in g  f i n s  
was observed  d u r in g  r o u t i n e  f u e l  e lem ent ex am ina t ion .  Subsequent l a b o r a to r y  
s t u d i e s  showed t h a t  t h e  d e fo rm a t io n  was caused  by th e  com pressive  s t r e s s e s  
g e n e ra te d  i n  t h e  carbonaceous  o x ide  f i lm  on th e  f i n  s u r f a c e .  The tem pera
t u r e  dependence o f  th e  d e fo rm a t io n  p ro c e s s  was e s t a b l i s h e d ,  a l lo w in g  r e v i 
s io n  o f  o p e r a t in g  c o n d i t i o n s  to  l i m i t  f i n  d i s t o r t i o n  w h i le  m in im is in g  l o s s  
o f  o u tp u t .

For normal magnox f u e l  th e  s u r v e i l l a n c e  work has shown t h a t  sw e l l in g  
o f  th e  uranium m e ta l ,  due to  r e l e a s e  o f  f i s s i o n  gas i n t e r n a l l y ,  c o n s t i t u t e s  
th e  major l i f e  l i m i t i n g  f e a t u r e .  In  a d v e rse  c i r c u m s ta n c e s ,  sw o llen  uranium 
may i g n i t e  sp o n tan eo u s ly  and i t  has  been  n e c e s s a ry  to  combine t h i s  work w ith  
i g n i t i o n  s t u d i e s  i n  o rd e r  to  d e f in e  th e  l i m i t s  o f  s a f e  o p e r a t io n .  T h is  has 
g iven  a d e f i n i t i o n  o f  t h e  l i m i t i n g  h e a t  o u tp u t  t h a t  may be o b ta in e d  from 
f u e l .  I n  c o n f i r m a t io n ,  t h e  perform ance  o f  e x p e r im e n ta l  f u e l  i r r a d i a t e d  to  
v e ry  h ig h  b u rn -u p s  has been  e v a lu a te d  and th e  whole o f  th e s e  s t u d i e s  has 
enab led  th e  s a f e  d is c h a rg e  i r r a d i a t i o n  to  be i n c r e a s e d  v e ry  s i g n i f i c a n t l y ,



426 SOUCH

with considerable economic benefit, since the first stations were commis
sioned. In addition, the inherent flexibility of the on-load refuelling 
system has been extended considerably with a consequent reduction of con
straints imposed by operating conditions, notably storage of irradiated 
fuel in cooling ponds. Safety margins have been confirmed and maintained. 
Great benefit in operation has been obtained from this research programme, 
and a cave line has been established for the similar appraisal of AGR and 
other ceramic fuel from the later generations of CEGB reactors.

2.2 Development of Inspection Tools and Techniques for Magnox Plant

The unforeseen occurrence of severe oxidation of mild steel compo
nents in carbon dioxide environments at elevated temperatures led to an 
extensive reappraisal of the operating conditions of Magnox reactors in 
the UK. The growth of the oxide layers on the surfaces of components has 
caused concern as to the safe operation of the reactors in three main 
areas. Interfacial growth may cause bolts and welds to fracture, sliding 
surfaces may seize and debris from failed components may interfere with 
fuel or reactor operating mechanisms. Inspection programmes have therefore 
been devised for the reactors during their biannual overhauls, for compo
nents whose integrity is essential to further operation.

Manipulators which enter the reactor through the 200 mm diameter,
1 0  m  long refuelling standpipes have been designed to carry out many dif
ferent operations. Light duty manipulators with one or two degrees of free
dom have been used simply to lower and position small instruments into the 
reactor. Complex manipulators have been developed by the laboratories to 
carry out intricate operations such as the installation of new thermocouples.

Many different closed circuit television systems have been used, 
either for general viewing of manipulator operations or for the detailed 
inspection of components. The recent advances in low light level silicon 
diode television tubes has been of great benefit in areas of more restricted 
access where the provision of adequate lighting has previously caused 
serious loss of picture definition; a new development is the use of stereo
scopic television displays.

Where access is easily attained, the use of ultrasonic crack detec
tion methods has proved useful in demonstrating the integrity of particular 
bolt populations. However, unacceptable plant outage may be incurred for 
adequate sampling if a statistical demonstration of the integrity of an 
entire population of similar bolted assemblies is required. Under such cir
cumstances measurement of the corrosion layer thickness may be used to 
assess the probable condition of components and remote techniques have been 
developed. On the surface which is accessible one method uses a ruby laser 
to gradually erode the oxide at a point on a component and another is the 
development of eddy current techniques. In addition an ultrasonic spectro
scopy technique has been developed which has the advantage of being able to 
penetrate a steel component and make a measurement either at the interface 
between touching surfaces or on the far surface of a component.

Extensive checks have been made of components designed to move during 
operation. Sliding surfaces have been instrumented to check for seizure by 
installing high temperature displacement transducers and high resolution 
photography has been used to check for correct alignment and positioning of 
components. As a result of such work, confidence in the continued safe 
operation of the plant has been established.
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3. PLANT IN COMMISSIONING (AGR)

At this stage in the CEGB programme the topic is well illustrated by 
references to the Hinkley Point 'B' AGR station, covering work to underwrite 
the optimum coolant gas composition in the early life of the plant and to 
monitor conditions in a few channels more precisely than the installed 
instrumentation allows.

3.1 Optimum Gas Composition for AGR

The radiolytic corrosion of AGR graphite moderators by the CO^ 
coolant must be inhibited if excessive gasification of the graphite is to 
be avoided. Carbon monoxide and methane reduce the rate of attack but both 
cause carbonaceous deposition on the fuel elements, which may affect fuel 
endurance. The presence of water vapour in the coolant (whether from leaks, 
from oxidation of methane or deliberately introduced) has beneficial 
effects for graphite and fuel, though it increases the rate of oxidation of 
steel, to a degree which may affect boiler components. This complex situa
tion has necessitated detailed studies of the coolant/materials interactions 
in order to define the most appropriate operating conditions. Experiments 
in flowing CO2 , at high pressure, in a 36 kCi cobalt-60 gamma irradiation 
facility are used to measure corrosion rates of C-14 labelled graphite 
specimens under reactor conditions, and provide an understanding of the 
relationships between carbon monoxide and methane levels in terms of corro
sion effects. This work indicates that the required protection of graphite 
can be achieved in a variety of gas compositions. C-14 tracer techniques 
have also been used to study deposit formation and removal under irradiation 
from both carbon monoxide and methane. These studies have enabled the ini
tial operating conditions and coolant composition to be optimised to meet 
the conflicting requirements of the moderator, fuel and boilers.
3.2 Reactor Physics and Special Instrumentation

Experimental reactor physics studies are based upon the BNL zero 
energy facility. The reactor area is a 10 metre cube internally with 1.5 
metre thick concrete walls, with few restrictions on geometry, ready access, 
ease of reconstruction and excellent experimental flexibility.

The programme on the AGR lattice involved building several reactors, 
each to study a particular problem; typically they had a core 2.5 m x 2.5 m 
x 6.0 m  with 5 tonnes of enriched UO2 and a graphite reflector. Measure
ments included neutron balance and macroscopic channel-to-channel and 
within-channel reaction rate distributions and particular attention was paid 
to reactivity worth of control rods and their effect upon power distribution 
and the influence of the axial and radial reflectors. Comparison with the 
theoretical predictions indicated discrepancies in the design methods and 
led to modification to fuel enrichments ordered for the first commercial 
reactors. Early commissioning data from these reactors has been in excel
lent agreement with the revised predictions for both reactivity and control 
rod worth. In the power distribution observations several unexpected and 
significant anomalies were identified; thus the computation used for the 
power gradient across a fuel cluster overestimated it by VL0 0 %, equivalent 
to a 25 deg С systematic error in the local core temperature. An important 
relaxation of an operational constraint was made possible by development and 
incorporation of more appropriate calculational methods.

As well as reactor physics work to reduce uncertainties of prediction, 
fuel management schemes were investigated to improve economies of approach



428 SOUCH

to equilibrium fuelling in an AGR. By only partially loading an AGR core 
initially (90%) and filling vacant channels in the first refuelling opera
tions, economies ^£l/kW could be obtained while achieving full power output. 
Also, such a scheme could be combined with other approach-to-equilibrium fuel 
methods such as mixed enrichment or burnable poison to produce additional 
savings and partial initial loading is now part of the approach-to- 
equilibrium fuel management schemes of all the CEGB AGRs.

Although reactor physics and associated heat transfer work led to 
a marked improvement in calculational methods, it was also necessary to 
make in-reactor measurements and an instrumented fuel stringer was developed 
for early AGR operation. Instrumentation comprised a venturi for flow mea
surement and thermocouples to measure inlet and outlet gas temperatures and 
the temperature of various fuel cans. Mass flow and gas temperature measure
ments provide accurate channel power measurements (±3%) , removing residual 
errors in prediction as well as checking for systematic errors in the cali
bration of installed coolant gags and thermocouples. Can thermocouple 
readings are not of high absolute accuracy, but will be particularly 
valuable for monitoring changes of fuel rating or heat transfer; in the 
first category, changes associated with operational transients, particularly 
control rod movements; and in the second category, the longer term changes 
of heat transfer which might be associated with changes in geometry and 
fuel can surface condition including graphite deposition (see 3.1).

Finally, there are still uncertainties associated with the long 
term changes in fuel rating 'fine structure' which cannot be resolved by 
in-core instrumentation; discharged fuel will be examined by gamma-scanning 
methods and analysis of fission product activities, from fuel discharged at 
different irradiations, will provide a history of fuel rating variations.

The final outcome of this work will be to give the plant operator the 
best picture possible of the conditions of the reactor core, with tangible 
advantages from the reduction in the uncertainties which are taken into 
account in setting operating limits.

4 .  PLA N T TO BE ORDERED IN  THE NEAR FUTURE (PW R)

For such plant the laboratories' task is to help other Branches of 
CEGB in the appreciation of designs offered, from the utility standpoint 
and using knowledge based on previous wide-ranging studies.

4.1 Integrity of the Main Pressure Circuit

Whilst it is the responsibility of the plant manufacturer to produce
the safety case for plant items, CEGB through its Generation Development and 
Construction Division and Nuclear Health and Safety Department, provides 
technically-informed endorsement to the national licensing body, the 
Nuclear Installations Inspectorate. A particularly important safety area 
is the structural integrity of pressure parts; equally important, however, 
from the operator's point of view is the question of reliability of such 
components, independent of any safety issue because of the extremely high 
outage costs associated with repairs. At the laboratories and elsewhere in 
the CEGB there is a significant and successful effort in support of struc
tural integrity assessment, based upon a background of many years' study.

In any particular instance, the assessment of integrity consists of 
three inter-related procedures, which should be carried out at the early 
stages of the design:



IAEA-SM-223/17 429

i. Estimation of stress conditions in the various primary circuit compo
nents, not only under normal operating conditions but also for all types of 
transient loading which may arise during abnormal situations. For this 
general purpose, the laboratories have developed a comprehensive suite of 
finite element computer programs (the BERSAFE system) which is ideally 
suited to investigations of this type. It can include non-linear effects 
such as creep and can also take into account thermal transient stresses in 
components.

ii. Definition of the mechanical performance of the materials used in 
the primary circuit, e.g. ultimate tensile strength, fracture toughness 
and fatigue crack propagation rate.

iii. The stress analysis must be combined with the material performance 
established in laboratory tests to examine the integrity of the critical 
pressure circuit components; these are generally of complex geometry and 
contain stress concentrations and stress gradients. Whilst the well- 
established methods of fracture analysis based on linear elastic fracture 
mechanics are available for use on primary circuit structures, Berkeley 
Nuclear Laboratories have been examining post yield fracture methods approp
riate to PWR pressure vessels as well as to thinner sections; they are 
based on the view that, in such cases, the limiting pressure which a cracked 
structure can sustain is defined by the gradual plastic collapse rather than 
the extension of the defect as normally understood.

4.2 Loss-of-Coolant and its Effect on Fuel

One of the principle safety issues with water cooled reactors is the 
performance of the fuel under hypothetical loss of coolant accidents (LOCA). 
The problem falls into three parts, the definition of the initiating acci
dent, the establishment of the subsequent fluid flow and heat transfer which 
are essential as boundary conditions to determine the fuel behaviour and 
the assessment of fuel behaviour with these imposed boundary conditions, 
taking account of interactions such as the effect of fuel distortion on the 
fluid flow.

The laboratories' programme has concentrated upon obtaining a basic 
understanding of key areas such as fuel clad behaviour and rewetting. The 
onset of clad failures has been predicted from the strain accumulated by 
creep deformation; this model is valid for a range of cladding stress/ 
temperature histories. The damaging stress is partly due to fission gas 
pressure which increases with irradiation; however, since individual pin 
rating, and hence peak temperature after loss-of-coolant, decline with 
irradiation a complex potential limit on fuel rating results. Physical 
models have been established for water and heat transfer distribution in 
rod assemblies to ensure adequate understanding of results from large 
scale examination. An analysis of the rate of rewetting of hot fuel rods 
has been shown to correlate with world data and is being tested against 
data for irradiated fuel.

5. PLANT AT THE DEVELOPMENT STAGE (LMFBR)

For plant further into the future, or where the likelihood of its 
introduction into the system is more speculative, the task is different.
It is rather to build up expertise in the appropriate areas, making 
judgements as to relative importance of topics, in such a way as to con
tribute to the full body of research under-writing the system without
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diminishing the responsibility of those responsible for design and devel
opment. For CEGB the sole example at the moment is the liquid metal- 
cooled fast breeder reactor.

5.1 Sodium Studies
With liquid sodium coolant in a Sodium-cooled Fast Breeder Reactor 

materials compatibility problems may affect the safety, reliability and 
economy of heat transfer circuits. Thermodynamic analysis of solutions of 
impurities in liquid metals showed the need to develop techniques for 
investigation of processes in the experimentally difficult liquid metal 
system. Additionally, post-defect interactions at the boundary between 
sodium in the intermediate circuit and water in the steam-raising circuit 
may lead to catastrophic rates of material wastage and propagation to adja
cent heat exchange surfaces. Studies on microleak behaviour have demon
strated the need for very high sensitivity instrumentation to monitor growth 
of such microleaks. These two problems find a common technological solution 
in the development of simple electrochemical cells for the measurement of 
the chemical potential of dissolved non-metals (Hydrogen, Oxygen, Carbon) 
in sodium.

5.2 Effects of Sodium on Metals

Mass transfer of substitutional and interstitial elements in sodium-
steel systems has been investigated in order that such processes as
transport of radioactive materials in reactor sodium circuits and changes 
in mechanical properties of cladding and structural materials may be 
quantified. Two typical examples of mass transfer effects in sodium are:

i. The depletion of austenite stabilising elements caused by the
presence of deformation twin/ferrite microstructure in cold worked AISI 300 
series steels. This has been characterised by Mossbauer spectroscopy, 
electron microscopy and X-ray diffraction.
ii. The carburisation of AISI 316 stainless steel in sodium of known
carbon activity at 900°K with formation of carbides M 7 C3 in the surface 
layer and M 2 3 C6 deeper in the material; the carbon activity of the system 
was measured using an electrochemical cell.

5.3 Leak Detection in Sodium Circuits

Material wastage at a sodium-water leak site has identified the chemical 
regime and corrosion rate experiments performed upon candidate boiler 
steels; a model of wastage rate was developed. Studies of transport of 
hydrogen and oxygen in the circuits of existing and reference design boilers 
have enabled sensitivities to be specified.

6 . GENERAL AREAS OF STUDY
In addition to the work which is oriented towards specific plant 

there are some areas with a much wider context. Obvious cases are Health 
Physics Research and studies on high temperature design methods; the latter, 
although applicable to Fast Reactor work, also bears upon conventional power 
plant issues and it is thus regarded as a general topic.

6.1 Health Physics Research

Health physics is an interdisciplinary field and the staff at the
laboratories work closely with government and university laboratories
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specialising in the non-physical contributing sciences. With such coopera
tion it is possible to examine problems systematically and thoroughly 
without restricting the choice of work to that which could be accommodated 
within the CEGB's own resources.

As an illustration of the scope of the work, one may consider the 
complete series of steps between the radioactivity within a reactor and the 
risks to man. The entire chain of calculations can be carried out by a BNL 
computer program, WEERIE, whose initial input is the reactor operating 
history. The advantage of such a model, which is comprehensive and econo
mical to run, is that parametric surveys may be carried out to identify 
those areas of data uncertainty which are critical so that they may be 
better specified. The areas that have been identified are mainly in fuel 
leakage and circuit plate-out, but many other health physics parameters 
are uncertain, particularly the customary assumption of linear dose-risk 
relationship.

The laboratories have been concerned with improving the health physics 
data by work on the dose-risk relationship, and also in a number of other 
fields such as improving knowledge of the morphology of the skin and the eye 
in order to relate calculated exposures to practical measurements and to 
actual doses in the tissues at risk. One major benefit from the program 
has been to improve the monitoring arrangements in the CEGB Emergency Schemes 
by more accurately predicting the mixtures of nuclides anticipated in 
accident conditions. Current development of the work involves extending the 
organ dose calculations from the individual to a complete population. Stud
ies of this sort enable the CEGB to demonstrate convincingly that, even if 
their stations operated close to approved discharge limits, the conceivable 
population doses would be small in comparison with other sources of radia
tion dose.

6.2 High Temperature Design Methods

For cases where creep occurs in a structure, the simple low tempera
ture design methods are not applicable. To cover the case where cyclic 
loading at high temperatures is not important the laboratories have developed 
an approach which relates the load bearing capacity to the normal limit load 
of the structure which can be evaluated by well-established elastic/plastic 
stress analysis methods. The work has shown how the strength of the complete 
structure is affected by the presence of welds, and by the use of parent 
materials of limited ductility. This in turn led to the development of 
straightforward design and assessment procedures. At the same time it has 
shown what deviation in properties can be permitted in a weld without 
impairing structural integrity and demonstrates, most importantly, the way 
strength and ductility combine to influence the life of a structure.

As an example the Sodium-cooled Fast Breeder Reactor presents a 
whole range of problems which have not so far been encountered in the design 
of structural components. Temperatures are relatively high so that creep 
behaviour must be taken into account. In addition, certain components are 
subjected to relatively high thermal transients, which lead to potential 
problems in the combined creep and fatigue field. These components may 
also suffer from progressive deformation at each thermal transient by a 
ratchetting mechanism. So far, high temperature components of conventional 
power plant have largely been designed by empirical methods, tempered by 
experience. Inevitably, difficulties arise when such procedures are applied 
to structures outside the range of previous experience. Comparable design 
problems also exist in the aero-engine industry, but here it is possible
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to carry out component tests over the required life of several thousand 
hours. Neither approach is suitable for the fast reactor design, where a 
high level of integrity must be demonstrated over a 30 year life.

These investigations form part of a more comprehensive programme 
of research at the laboratories into the factors governing integrity of 
structures at high temperature. The results of this research are equally 
applicable to conventional boilers, steam turbines and gas turbines, and 
the results obtained so far are being fully utilised in these fields. The 
objective of the programme is to develop methods of predicting life of a 
component at the design stage. The problems are essentially those of how 
to apply creep and creep-fatigue data obtained in simple laboratory 
materials tests to structures which contain geometric stress concentration 
features and which are subjected to complex loading conditions. At the 
same time, the results of the structural research help to define those 
materials tests which are most useful from the design point of view and to 
define desirable material properties. For example, an important conclusion 
relates to the influence ôf ductility on the load at which a component will 
safely carry under creep conditions and one may show how load carrying 
capacity varies with ductility for a series of simple components with dif
ferent geometrical features. Clearly in these circumstances the possibility 
of embrittlement by long term exposure to the operating environment becomes 
very important.

7. CONCLUSION

These examples have illustrated the role of a nuclear research 
laboratory in direct support of a major electrical utility and the great 
range of problems which arise in practice. The particular method of 
presentation was chosen to show the way in which the output of the laboratory 
is channelled; to some extent this does not show the most important feature 
of the work, its dependence upon broadly-based scientific endeavour. The 
paper demonstrates how such work can be used by a utility to its advantage. 
For nations embarking upon major nuclear power programmes the implication 
is that a high level of scientific effort may be integrated successfully 
into their programmes to considerable benefit.

DISCUSSION

J. ROJAS: What does the computer program WEERIE represent in the 
example you gave?

A.E. SOUCH: It is a specific simple sample illustrating the nature of the 
distribution o f dose to the population as the result o f a national release o f a 
single rare gas isotope, normalized to the unit dose at the site boundary. The 
WEERIE program is a universal program that can deal with a complete range 
of hypothetical releases and dosimetric effects.

M.A. QUAI YUM: In view of the bulk of irradiated graphite involved, would 
you comment on the problems associated with decommissioning Magnox reactors?
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A.E. SOUCH: We are studying problems of decommissioning at the present 
time. While there is no official CEGB policy as yet, it is clear that demolition of  
all but the reactor and its concrete shielding is possible and a period of ~  50 years 
must elapse before complete demolition could take place. In the meantime 
since the reactor is still shielded the site could be reused for another nuclear facility.
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DOMESTIC CONTRIBUTION TO NUCLEAR 
POWER PLANT CONSTRUCTION IN INDIA
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Power Projects Engineering Division,
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Bombay,
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Abstract

DOMESTIC CONTRIBUTION TO NUCLEAR POWER PLANT CONSTRUCTION IN INDIA.
India’s experience in building up a self-reliant broad-based nuclear industry is a unique 

example o f beginning the nuclear programme with the import o f  technology and, in the 
course of time, successful assimilation, and last but not least the growth o f this sophisticated 
technology within the country. The early problems faced by the Indian Department of Atomic 
Energy in initiating her nuclear programme in relation to the unique demands of the nuclear 
technology are described in the paper. With this background, steps were taken, even for the 
first turnkey type contract for the Tarapur Atomic Power Station, to induce Departmental 
scientists and engineers for preparatory activities such as site selection, preparation o f tender 
specifications, scrutiny of tenders, selection of successful tenderers and the preparation of the 
contract. During the construction of the project, the involvement of engineers extended to 
design reviews, inspection at manufacturers’ works and at site and commissioning activities. The 
valuable experience gained in installing the boiling water reactors at Tarapur led the Department 
to assume increased responsibility for the second nuclear power station at Rajasthan, which 
was taken up a joint Indo-Canadian collaboration venture. In this case, India retained the 
responsibility for construction of the project and for site installation activities. Simultaneous 
to the indigenous manufacture o f certain equipment in the country for the nuclear power 
stations installed in India, considerable in-house programming was undertaken for establishing 
a multi-disciplinary R & D base, manpower development programmes and the industrial infra
structure, leading to total responsibility for the third and fourth nuclear power stations.
Efforts made in implementing the overall nuclear programme in India are also described in 
this paper.

1. INTRODUCTION

The development o f atomic energy in India is now running into its third 
decade. The decision to acquire nuclear technology was a milestone in India’s 
history as it became a quantum jump in the scientific, technological and industrial 
development of the country. Considering that, over the years, India has achieved 
adequate expertise in the design, construction, operation and maintenance of 
atomic power plants, the original goal o f assimilating the sophisticated technology 
has been achieved.
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The current Indian nuclear power programme and the increasing domestic 
contribution in successive projects is shown in Table I. To briefly recount Indian 
experience, it was not until 1956 that sustained efforts had given us confidence 
to think seriously of nuclear power stations. Another 13 years elapsed before we 
could operate a nuclear power station on our own. It took some more years to 
undertake the design and construction without external assistance. As can be seen 
from Table I, the first two nuclear power stations at Tarapur and Rajasthan may 
be considered in the category of foreign-supplied nuclear power plants. Our 
experience in planning, constructing and operating these two power stations is 
discussed in the paper.

2. OVERALL PLANNING AND MANAGEMENT

The first vital decision concerning the nature and extent of the country’s 
intended nuclear power programme was to initiate a very broadly based effort 
embracing peaceful uses o f nuclear energy. Emphasis had, therefore, to be laid on 
multi-disciplinary R&D work and building in the first instance a series o f power 
reactors using natural uranium as fuel and heavy water as moderator. The 
intent here was to depend only on indigenously available material for the first 
generation reactors. The Indian strategy is to use plutonium derived from these 
first generation reactors and ultimately exploit the vast thorium resources through 
the fast breeder reactors or advanced thermal reactors operating on thorium fuel 
cycles. For this purpose, we have developed uranium mining and fuel fabrication 
facilities and are also developing heavy water production units to suit our nuclear 
power programme.

The Indian nuclear energy programme started with the awareness that 
experience gained from other countries or even training in developed countries 
will have to be augmented by expertise developed within the frontiers o f the 
country. This is because unawareness of the local conditions and the character of 
the country puts a serious limitation on the utility.

Right from the beginning, emphasis has been on developing know-how 
indigenously. Maximum freedom was given to the individual scientists and 
engineers to work on subjects o f their choice. At the same time, scientists and 
engineers were also sent abroad to acquaint themselves with developments in 
those countries, so that after return they could orient themselves towards local 
conditions, establish required facilities and also train Indian personnel.

In the organizational pattern o f the atomic energy department, the Bhabha 
Atomic Research Centre is by and large the most important and, in fact, the most 
basic unit for research and development work.

The task of providing engineering including design, construction and com
missioning o f nuclear power projects is entrusted to a separate unit o f DAE, called
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the Power Projects Engineering Division (PPED). The projects after commissioning 
are operated by another unit o f DAE, called the Atomic Power Authority (APA).

With all the power projects placed under one unit, a unified policy is achieved 
in implementing the nuclear power programme. Expertise is made available from 
one project to the other, research and development activities are economically 
pooled.

Other units o f DAE whose assistance and active participation in the power 
projects is essential are readily accessible to PPED, being a constituent unit of the 
same department.

3. EXPERIENCE FROM TAPS AND RAPS

3.1. General

A well-defined long-term national strategy o f growth o f atomic energy in 
India prompted around 1960 a ‘go’ decision on TAPS and RAPS. The primary 
objectives of TAPS differed from those of RAPS in one important respect. 
Whereas TAPS was basically intended to demonstrate the economic and technical 
viability of commercial nuclear power in India and to provide basic operational 
experience, the emphasis in RAPS was on its being the first step in India’s long
term nuclear power programme — one based on natural uranium and indigenous 
capability. This difference manifested itself in a turn-key type o f contract being 
acquired for Tarapur through global tenders unrestricted by the reactor system. 
Indigenous involvement was thus deliberately restricted to design review, com
missioning and operational phases. A reasonably strong base of Indian personnel 
for operating and commissioning o f power reactors was, however, created.

Approach for RAPS called for developing Indian capability in almost all 
areas o f designing, manufacturing, building and operating PHWR power stations. 
Import of technology and assistance was geared to this objective, started tapering 
off in the beginning of the ’seventies, and came to an end soon thereafter.

3.2. TAPS experience

For the first atomic power station at TAPS, two first generation dual-cycle 
boiling water reactors o f  GE design were chosen, with stretched output of 
210 MW(e) each. Detailed design, although done in the United States o f America, 
was reviewed by Indian engineers. This also covered review of plant layout, 
process piping, design specification and equipment, follow-up of manufacture and 
inspection. Several design changes were thus incorporated. A unique feature, for 
example, resulting from the design review was the use of LPRMS for local flux 
monitoring.
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During the construction phase, Indian equipment was used to a limited extent. 
However, detailed study for transportation of heavy equipment from the USA 
revealed that the most convenient mode was transportation by sea-route up to the 
site. An off-loading facility at site was established for a special shell design barge 
which was used to transport all the heavy components.

Construction of the station commenced in October 1964 and by early 1968 
major systems had been successfully tested. The station start-up testing and 
warranty tests were completed satisfactorily in October 1969. The construction 
of TAPS established the fact that nuclear stations can be constructed in less than 
five years provided equipment deliveries are satisfactory, experienced contractors 
are available and project management is highly result oriented.

During its eight years o f operation, TAPS, which is an early generation reactor, 
has witnessed a number of design improvements and a variety of operating regimes 
and has built up extensive maintenance capability. Of late about 240 major and 
minor design modifications have either been completed or are in progress, because 
operating experience showed deficiencies in performance o f even certain critical 
systems.

Procurement of imported spares o f components is a major maintenance 
problem for various reasons including obsolescence. Recourse to the repairing of 
equipment to a much greater extent than normal and a rigorous drive for import 
substitution have been imperative. This required the design and fabrication of a 
number of underwater handling tools and equipment locally for satisfactory 
refuelling operations.

The need for a suitable electrical grid with adequate base load has been 
emphatically brought out by TAPS experience. Operation at off-standard frequency 
is not unusual again due to inadequate system capacity. TAPS has gained about 
16 reactor years of operating experience with the 8th refuelling outage now in 
progress. The life time capacity factor o f TAPS was 47.7% up to June 1977. 
However, performance since mid-1974 has improved considerably. The principal 
gain from TAPS experience has been the confidence acquired through month after 
month o f painstaking engineering design modifications, devising locally available 
tools and operation procedures and making do with a minimum level o f external 
services from vendors and contractors.

3.3. RAPS experience

Rajasthan Atomic Power Station has two (2) PHWR units of 220 MW(e) 
each with on-load fuelling. Preliminary site investigations and preparations were 
started in 1963 and the main plant construction in 1965. Equipment erection was 
taken up around 1967; the first unit became critical in August 1972. The second 
unit is in the final stages o f construction.

The amount o f Indian participation was determined on the basis of the joint 
Indo-Canadian study conducted in 1962. Indian engineers were seconded to work
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with the designers to acquire experience. Participation was gradually increased to 
Unit-2, as more and more equipment was manufactured by Indian firms. This 
enabled Indian engineers to acquire experience in the areas of specification prepa
ration, tender evaluation and liaison with manufacturers for fabrication detailing, 
inspection, and particularly in processing of design concessions. This ultimately 
led to the establishment o f the Power Projects Engineering Division, capable of 
independently designing and engineering future nuclear stations.

Responsibility for construction was retained with the Department o f  Atomic 
Energy. While experienced Indian contractors were employed for civil, piping, 
electrical and other works, erection o f complex nuclear components requiring 
special skills and precautions was done by departmental personnel. This included 
overdimensioned components with weights ranging from 31 to 122 tonnes.
Special training of skilled workmen on mock-ups, on improvised methods, tools 
and jigs had to be resorted to. Many components required further work after 
arrival. Essentially, such work was undertaken for the first time in India.

With regard to operation, which essentially started in December 1973, unit 
availability factors achieved were 58% in 1974, 45% in 1975 and 68% in 1976. 
Necessary rectifications had to be carried out in turbines and also nuclear systems. 
With the inter-regional link-up of the Rajasthan grid in 1975, the unit has operated 
steadily since.

4. STAFFING AND MANPOWER REQUIREMENT

Power projects are generally capital intensive and manpower for comparable 
investments is much less than in other industries. However, the proportion of 
skilled and professional personnel to the semi-skilled or unskilled category is much 
higher in power projects than in say manufacturing industries. These two facts 
get accentuated in nuclear power projects.

The staff requirements for the professional engineers category in executing 
the nuclear project are:

(i) Siting and specification stage : 13 Mechanical 4
Electrical 4
Civil 5

(ii) Pre-construction tender scrutiny stage : 39 Mechanical 17
Electrical 10
Civil 12
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System design and procurement stage : 370 Nuclear Systems 240
Instrumentation and

Control 50
Mechanical 25
Electrical 30
Project Services 20
Operations Review 5

Construction stage 134 Reactor Plant 22
(peak requirements) General Services 24

Inspection 21
Generating Plant 23
Instrumentation and

Control 13
Electrical 22
Planning Co-ordn 9

Operation and maintenance : 61 Station Management 5
Operations 12
Technical Services 10
Physicists & Chemists 16
Maintenance 15
Health Physics 3

The above requirement o f professional engineers is obtained for Indian con
ditions for a twin reactor unit (2 X 235 MW(e)) PHWR type station. The engineers 
intended for specifications and tender scrutiny work can later emerge as a design 
group, particularly in the nuclear area. In the area o f design, the present arrange
ment is that nuclear design is taken in-house, whereas conventional system designs 
are obtained from local consulting engineers. For the latter, our own staff under
takes the scrutiny o f design and the co-ordination. Our present strength o f the 
Engineering Division is about 360 professional engineers, which is generally 
adequate to handle two twin-unit stations simultaneously at various stages of 
construction.

The staff at project sites during construction varies substantially with the 
progress of work. The peak requirement occurs during late construction and 
commissioning stages.

Operational and m aintenance  staff is recruited and identified well in advance 
o f the date of first criticality. Initially, this staff is deployed on commissioning 
jobs. In the course o f this phase, lasting from two to four years, the O&M staff 
gets a useful opportunity o f being thoroughly acquainted with the equipment and
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its behaviour. It will be noted that the number of staff needed in a developing 
country like India is considerably higher than in western countries, which is not 
a function of operational workload, but principally of permissible radiation dose.

5. TRAINING AND IMPLEMENTATION

5.1. Selection and recruitment

Besides qualified professionals, i.e. engineers and scientists who subsequently 
shape into senior engineers and managers, two other broad groups o f technical 
personnel required are: semi-professionals and the technicians category of operators 
and maintainers.

Professionals in the Indian nuclear power programme are principally recruited 
from the BARC Training School. Very high standards o f eligibility are set, such that 
of about 5000 first class graduates and high second class post-graduates, who 
apply on the average per year, only around 150 are selected for the Training School.

The same effectiveness is not always possible for the skilled technicians nor for 
foreman level semi-professionals as the number o f such persons is much smaller. 
Corrective action through training at the incipient stage is therefore essential even 
for semi-professionals.

5.2. Training

Initially, teams o f engineers and scientists were sent to the USA, Canada, 
France and elsewhere for training in various aspects of nuclear technology. On 
return these professionals have formed the core o f our professional strength.

Training at the BARC Training School is designed to equip the trainee with 
a broad nuclear background and an inter-disciplinary approach. This enables a 
selective approach with respect to career in research, design, construction and 
operation.

For operational needs, one year of basic training consisting mostly o f class 
room instruction is followed by a specific power station oriented training at the 
Nuclear Training Centre (NTC) located at RAPS Site.

At NTC training facilities exist for the professional, semi-professional and 
technician categories of personnel. Here the effort is directed through both class 
room instructions, shop-work as well as in-plant training, towards equipping the 
trainee with detailed background knowledge of nuclear station equipment, 
systems and processes.

NTC, currently, meets the personnel requirement for operations and main
tenance. Personnel for construction are obtained through careful recruitment, 
and emphasis during their training is laid on specific areas like welding techniques, 
levelling and alignments and rigging etc.
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So far we have dealt with domestic participation in the site selection, design, 
construction, commissioning and operation o f nuclear power plants. Another 
important aspect o f domestic participation in the implementation o f the nuclear 
power programme by a developing country is the extent to which the domestic 
industry can participate in the manufacture of equipment — nuclear as well as 
conventional — for its programme. It must however be borne in mind that, when 
a developing country first embarks on participating in this manner, it should be 
prepared to take the risks involved on price and schedule that such a procedure 
would entail. The extent o f domestic participation by the industry would be 
increased if only one type o f power reactor be adopted in the country’s nuclear 
power programme.

In India’s situation it would be relevant to cite here that, even at the time 
when the first unit was built at Rajasthan, India retained the responsibility of 
civil construction and installation activities. Also right from the commencement 
of the project, efforts were made to manufacture as many components as possible 
in India. Although major nuclear and conventional equipment were imported 
many auxiliary equipment and in particular half the initial fuel charge for unit-1 
were manufactured in India. In addition, the instrumentation and control system 
was, to a large extent, assembled in the country. Efforts at indigenization of 
components were intensified for the second unit at Kota such as Calandria, steam 
generators, end shields and fuelling machines. Domestic participation has been 
progressively increased in so far as in the subsequent nuclear projects all the major 
nuclear, conventional and auxiliary equipment including turbogenerators have 
been manufactured in India. It would be relevant to note that such persistent 
efforts at indigenization were possible, since India continued using heavy water 
reactors where the nuclear equipment were o f similar nature.

6. DOMESTIC PARTICIPATION BY INDUSTRY

7. CONCLUSIONS

The Indian experience in the implementation o f the nuclear power programme 
as described in this paper may be useful to some o f the other developing countries 
in enhancing domestic contribution in their own nuclear power programme. It 
is true that each case is specific and the conditions prevailing in India may not 
necessarily apply to other countries. Some o f the useful lessons learned are:

(i) An early decision should be taken on the reactor type and size to be built, 
keeping in view the long-range contribution o f nuclear electricity to overall 
electricity generation in the country, as well as the constraints typically 
operating in the country.



By creating in-house design and manufacturing capability, a developing 
country has a big scope for reduction in indirect costs and maximizing 
domestic contribution.

Availability of technical manpower, both in quality and depth, are the major 
constraints in any developing country, embarking on setting up its own 
engineering organization.

A comprehensive staffing and training programme o f professionals, semi
professionals as well as technicians is required to be taken up early. However, 
for initial reactors substantial gains are made by associating domestic engineers 
with the supplier’s engineering organization in effecting transfer of engineering 
from overseas to the recipient country.

KATI

DISCUSSION

J. SANCHEZ-GUTIERREZ ( Chairman): You mentioned that your future 
units will have a power rating o f approximately half o f what today is considered 
commercially appropriate for developed countries. What is the basis for selecting 
that particular size?

S.L. KATI: The basis for the selection of the present power units in India is 
the limited size of the grids. The total installed capacity of our country is 
~  20 000 MW, while the individual Indian States have installed capacities of  
~  3000 -  3500 MW, although in some of them the figure is much lower. During 
the next five years we plan to double our installed capacity, after which we may 
consider 500 MW nuclear units; conceptual design studies for these are at present 
in progress.

G. WOITE: You stressed that creating in-house design and manufacturing 
capability would lead to cost reduction. I am not so sure that your experience in 
India can be generalized in that way, or at least not for the first nuclear power 
station. Additional costs may be caused through the aim o f maximizing the 
domestic contribution to a nuclear power project, i.e. by duplication of the engi
neering effort or the choice o f locally manufactured equipment, even if it costs 
substantially more than imported items. Intensified local contribution and the 
resulting additional costs are usually justified in a nuclear power programme in the 
long term, but often lead to higher costs for the first nuclear power project.

S.L. KATI: Yes, I agree with you. The domestic contribution will vary from 
country to country, so that no general conclusion can be drawn.

A. DECRESSIN : What is the situation regarding indigenous heavy water 
production? Will your nuclear programme be independent as far as heavy water 
imports are concerned?

(ii)

(iii)

(iv)
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S.L. KATI: We have four heavy-water plants under construction, one of  
which is now at the stage o f commissioning. Heavy water requirements for the 
future would be met on the basis of these plants.

F. ALBISU: A subject of international importance, according to some 
people, is thorium, which you also refer to in your paper. What industrial or pre
industrial stages have been initiated or planned by India, which has its own 
thorium resources?

S.L. KATI: Studies on the use o f thorium are now under way. With the fast 
breeder test reactor under construction, we should be able to complete these 
studies in time for a fast breeder power reactor with a thorium blanket and 
plutonium fuel elements to be in operation in India by 1990.

J.A. ANGELO: What manpower and training requirements do you consider 
necessary to support your long-range fast breeder or advanced thorium cycle 
reactor programmes?

S.L. KATI: The present training programmes at our BARC Training School 
and the Nuclear Training Centre will be continued. Use of standardized designs for 
the reactors will tend to reduce the additional manpower requirements. In any 
case, the manpower does not consist solely of engineers from the Training School, 
but also persons who have had appropriate industrial experience.

The present training rate o f 150 engineers per year will be continued.
E. FRIEDMANN: Has India been approached by any developing countries 

with a view to purchasing reactors in the 200 MW range?
S.L. KATI: No, India is not considering the export o f nuclear power plants.
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Abstract-Resumen

THE ACQUISITION OF NUCLEAR POWER PLANTS AND NATIONAL PARTICIPATION, 
SEEN FROM THE POINT OF VIEW OF THE ELECTRICAL UTILITIES RESPONSIBLE 
FOR CONSTRUCTION AND OPERATION. .

The paper describes the experience acquired in two Spanish nuclear projects in relation 
to general management, the type o f organization selected and the conditions prevailing in Spain. 
Special attention is given to the relationships established between organization and plant owners, 
the principal project engineers and the contractor for the nuclear steam producing equipment 
as well as other contractors and auxiliary engineering groups. A description is given of the legal 
regime which regulates nuclear activity in Spain, and especially o f the system for stimulating 
national participation in nuclear power plant projects. The procedures for tendering goods and 
services are explained, as is the system which makes it possible to secure strong participation of  
Spanish industry in stations based on foreign technology; and some of the problems which this 
system gives rise to are analysed. An analysis is made of the results obtained in a nuclear plant 
with two 930 MW units which is ready to go into service and the level o f national participation 
projected for another station of similar capacity due to enter into service in 1983 is discussed.
A number of considerations are offered in connection with the Spanish decision to base a large 
part o f the country’s future electric power generation on nuclear stations.

ADQUISICION DE CENTRALES NUCLEARES Y PARTICIPACION NACIONAL.
PUNTO DE VISTA DE LAS EMPRESAS ELECTRICAS RESPONSABLES DE SU 
CONSTRUCCION Y EXPLOTACION.

Se describe la experiencia adquirida en dos proyectos nucleares españoles en relación con 
su gestión general, así como el tipo de organización elegido, analizando las condiciones existentes 
en España y haciendo mención especial de las relaciones establecidas entre la organización, las 
empresas propietarias, la ingeniería principal del proyecto y el contratista del equipo nuclear de 
producción de vapor y otros contratistas e ingenierías auxiliares. Se hace una descripción del 
marco legal que regula la actividad nuclear en España, y especialmente el sistema de estímulo de 
la participación nacional en los proyectos de centrales nucleares. Se explican las condiciones 
de oferta de bienes y servicios existentes y el m étodo que hace posible la incorporación de un 
alto porcentaje nacional en centrales de tecnología extranjera; se analizan algunos de los 
problemas que ello origina. Se analizan los resultados obtenidos en una central nuclear con
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dos grupos de 930 MW, pronta a entrar en servicio, y los valores de participación nacional 
proyectados para otra central de potencia similar que entrará en servicio en 1983. Se hacen 
algunas consideraciones relacionadas con la decisión española de basar en el futuro una parte 
importante de sus necesidades de energía eléctrica en las centrales nucleares.

1. INTRODUCCION

Diversas razones de política general, acentuadas por la crisis mundial, han 
aconsejado que nuestro país base en gran parte la satisfacción de su futura demanda 
de energía en la energía nuclear. La aparición en España de esta tecnología ha 
significado para los fabricantes nacionales de bienes de equipo y para las empresas 
eléctricas una alteración de los esquemas vigentes en los aspectos técnicos y eco
nómicos, y por la magnitud de las inversiones unitarias que una central nuclear 
requiere, también de los aspectos de financiación. La administración, el otro 
vértice de este triángulo, ejerce un papel de estimulador de la participación nacional, 
aunque esta función debe ser prudente y atendiendo a los factores anteriormente 
enunciados.

La industria de bienes de equipo se encuentra relativamente en mejor posición, 
por la amplitud del plan de construcción de centrales nucleares, y el momento en 
que se inició, para suministrar equipos a estas centrales, que en la década de los 
sesenta para suministrar equipos a las centrales térmicas convencionales. Este 
factor debe estimular a la industria, que tiene oportunidad de ser competitiva por 
vez primera incluso en el extranjero.

Dentro de las realizaciones en el campo nuclear en España, la Compañía 
Sevillana de Electricidad, S.A., la Unión Eléctrica, S.A. y la Hidroeléctrica 
Española, S.A., decidieron en 1971 unir sus esfuerzos y construir la central 
nuclear de Almaraz con dos grupos de 930 MW cada uno, de tipo de agua a presión. 
Para ello se optó por disponer de una organización autónoma capaz de llevar a 
cabo el proyecto, construcción y explotación de la futura central.

Posteriormente, en 1974, dos de las empresas mencionadas anteriormente, 
la Compañía Sevillana de Electricidad y la Hidroeléctrica Española, acordaron la 
construcción de otra central nuclear con dos grupos de 975 MW cada uno, utilizando 
la misma organización autónoma existente para la central nuclear de Almaraz.
La nueva central llamada Valdecaballeros tendrá unidades de tipo de agua en 
ebullición.

La experiencia en la conducción de los proyectos de estas dos centrales en 
el contexto de la problemática española será el tema de este trabajo; la central 
nuclear de Almaraz está en construcción avanzada, previéndose para mediados 
de 1978 la entrada en servicio de la primera unidad. La central nuclear de 
Valdecaballeros tiene concedida la autorización previa, y se prevé la puesta en 
marcha de la primera unidad en 1982.
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2. POLITICA DE MANEJO DEL PROYECTO

2.1. Etapa del proyecto de la central

El proyecto de la central nuclear, en cuanto al conjunto de actividades 
conducentes a la operación comercial, constituye una etapa única. Desde un 
punto de vista teórico, el proyecto de la central podría haber sido abordado a 
través de tres caminos diferentes:

a) Fórmula conocida como ‘llave en mano’, mediante la cual la empresa 
propietaria mantiene unas relaciones de tipo exclusivamente económico, 
en general, con un suministrador de todos los bienes y servicios necesarios 
para la ejecución del proyecto, por un contravalor prefijado en partida 
alzada.

b) Existencia de una pequeña organización de la empresa propietaria, que 
controla a un contratista principal a través del cual se gestionan todas 
las contrataciones de bienes y servicios necesarios. Realmente puede 
considerarse la fórmula de contrato principal como un llave en mano desde 
el punto de vista técnico, y una administración con beneficios fijos desde 
el punto de vista económico.

c) Participación activa de la empresa propietaria a lo largo de todo el desarrollo 
del proyecto con una actividad decisoria sobre la contratación individual
de todos los bienes y servicios y la posterior supervisión de su ejecución.
Esta fórmula admite dos variantes de organización:

i) La primera de ellas puede ser definida con el término sajón 
de ‘Project Engineering’. En esta organización, cada uno de los 
servicios especializados de la empresa propietaria interviene en 
los problemas de su especialidad bajo la autoridad funcional de 
un ingeniero de proyecto que organiza, planifica y coordina el 
conjunto de las actividades, de acuerdo con el objetivo común.

ii) La segunda fórmula conocida como ‘task force’ u organización 
de proyecto único, consiste en la integración de personal y medios 
pertenecientes a las distintas secciones especializadas de la empresa 
propietaria en una organización independiente y autónoma durante 
la realización del proyecto.

Las organizaciones de ingeniero de proyecto y de proyecto único por parte 
de la empresa propietaria se refieren principalmente a la alternativa de la gestión
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directiva a cargo de dicha empresa. Evidentemente, existe la posibilidad de 
combinar ambas fórmulas con los sistemas generales de llave en mano y contratista 
general.

Las distintas fórmulas anteriores presentan ventajas e inconvenientes de 
carácter general. La solución llave en mano se encuentra en franco retroceso en 
la actualidad, y no parece satisfacer a ninguna de las partes contratantes. En 
principio, desde el punto de vista de la empresa vendedora, la complejidad de 
proyectos de este tipo y el rápido cambio tecnológico hace temer profundas 
variaciones en el coste de los factores, que imponen graves riesgos dentro de un 
precio fijo en partida alzada. En el caso particular de trabajar en un país extranjero, 
resulta difícil el manejo de componentes no habituales a obtener en el país del 
comprador. Por parte del comprador, existe el riesgo inherente a una falta de 
control y decisión sobre una inversión de relativa gran importancia. Dichos 
controles y decisiones se encuentran en manos del vendedor, cuyos intereses 
están frecuentemente en contradicción con los de la empresa propietaria.

La alternativa contratista general resuelve algunos de los problemas del 
llave en mano mediante una fórmula más flexible para ambas partes. Sin embargo, 
en el caso de trabajar en un país extranjero, subsisten las dificultades de manejo 
de componentes del país del comprador por parte del contratista general extranjero. 
Además, no existe por el momento la garantía necesaria para la existencia de un 
contratista general en España, donde la experiencia histórica muestra la muy 
reciente disponibilidad de contratistas calificados en cada campo, tras una etapa 
en la que las empresas propietarias eléctricas han tenido que resolver directamente 
sus problemas de construcción.

La solución de gestión directa por parte de la empresa propietaria presenta 
unas ventajas evidentes condicionadas exclusivamente a la capacidad de realización 
y a la conveniencia o no de abordar distintos alcances de ejecución directa de 
trabajos.

En otros términos, se plantea la búsqueda de la frontera de alcance de los 
trabajos de gestión general más conveniente bajo los dos puntos de vista de 
disponibilidades propias y existencia de servicios calificados ajenos.

Dentro del sistema de gestión general por la empresa propietaria, la fórmula 
de ingeniero de proyecto puede considerarse como más ventajosa con la existencia 
de las siguientes características:

a) volumen del proyecto similar al de otros varios en curso dentro de la 
organización de la empresa propietaria;

b) existencia de los servicios especializados necesarios;

c) disponibilidad de medios en los servicios especializados que produzcan una 
mayor productividad del conjunto;
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d) experiencia en el funcionamiento con este tipo de organización que garantice
que los objetivos de la inversión realizada no interfieran con fuerzas internas 
originadas por distintos procedimientos de funcionamiento.

Por el contrario, la organización del proyecto único puede ser considerada 
como más conveniente cuando existen las siguientes características:

a) carácter individual, y en cierta medida excepcional, del proyecto a realizar;

b) ocupación prácticamente total de los servicios especializados existentes, 
con los trabajos normales en curso;

c) existencia de necesidades de rapidez y flexibilidad, así como de responsabilidad 
centralizada ante terceros.

2.2. Organización para proyecto único

Consideraremos la organización para proyecto único en función de la 
experiencia adquirida en los proyectos de las centrales nucleares de Almaraz 
y Valdecaballeros. Esta fórmula ha aparecido como más conveniente en estos 
casos debido a los factores mencionados en el punto 2.1, al ser estos proyectos 
abordados por cooperación entre empresas propietarias, y tener un volumen 
excepcional a nivel de empresa individual.

La organización que se expondrá tiene validez para el caso de elección de 
la organización de proyecto único con una sola empresa propietaria, debiendo 
solo modificarse el control colegiado, en el caso que describiremos, por un control 
único por la empresa propietaria.

2.2.1. F unciones a desarrollar

Las funciones a desarrollar en un proyecto siguiendo la clasificación clásica 
de Fayol son: planificación; organización; coordinación; motivación o ejecución; 
control; en áreas técnicas, comerciales, financieras, de seguridad, administrativas 
y de adiestramiento.

Estas actividades se agrupan en tres grandes áreas: In tervención; D irección  
técnica; E xplo tación . Sus funciones más importantes son:

— In tervención: Gestión financiera (con empresas propietarias); control 
presupuestario y de gestión; gestión de personal.
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— D irección técnica: Dirección de proyecto; garantía de calidad; ingeniería; 
seguridad y combustible y ecología; suministros y transportes; delegación 
en obra.

— E xplo tación: Organización de explotación; adiestramiento del personal; 
preparación de normas de explotación.

2.2.2. C oncepto  básico de la organización

Un proyecto tiene algunas características típicas que lo diferencian de otros 
tipos de trabajos: Un proyecto es F in ito ; un proyecto es C om plejo; un proyecto 
es una E ntidad  independien te; un proyecto es N o  repetitivo.

Un análisis de estas características nos lleva a la conclusión de que no será 
económico, ni por tanto conveniente, dimensionar a la organización para que en 
su seno resuelva todas las funciones del proyecto. La organización debe preverse 
principalmente como un ente de gestión del proyecto. Con ello llegamos a la 
regla de oro de la organización para proyecto único: “Conseguir la organización 
mínima compatible con un adecuado control del proyecto y obtener todas las 
capacidades posibles de fuera de la organización.”

2.3. División del alcance de trabajo

2.3.1. A ctividades no delegables p o r la empresa de p ro y ec to  único

La empresa de proyecto único, según la regla anterior, deberá delegar 
mediante contratos todas las actividades para las cuales pueda obtener un suministro 
de servicios en condiciones adecuadas. Sin embargo, deberá cuidar de mantener 
el control final de todas ellas.

Las actividades no delegables por la empresa de proyecto único son debidas a:
— Responsabilidades legales: responsabilidades frente a las autoridades; 
responsabilidades frente a terceras personas.
— Responsabilidades económicas y financieras: responsabilidades frente a las 
empresas propietarias; responsabilidades derivadas de contratos.

2.3.2. Subcontra tación  de actividades

Es práctica normal en todo proyecto nuclear contratar la técnica nuclear 
básica con el suministrador de los equipos del Sistema Nuclear de Producción de 
Vapor (SNPV) y es igualmente normal la contratación de una ingeniería principal 
para coordinar la referida ingeniería nuclear básica y realizar el resto de la ingeniería 
de la central.
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La ingeniería principal, en consecuencia, da un servicio de coordinación 
general de la ingeniería, tanto a ese nivel como con otras organizaciones, que 
pueden ser otras ingenierías especializadas en problemas concretos (sismología, 
geología, seguridad industrial, etc.) o suministradores de equipos.

Adicionalmente, las empresas españolas que ofrecen ingeniería principal 
ofrecen otros servicios especializados, tales como:

a) activación e inspección necesaria para el seguimiento del suministro del 
equipo principal;

b) compras, activación e inspección del resto del equipo;

c) realizaciones de estudios concurso y seguimiento de los transportes
especiales;

d) control y ejecución de la planificación general y de detalle del proyecto;

e) realización de concursos de construcción;

f) control de facturación de equipos y preparación de certificaciones de 
construcción;

g) supervisión de construcción.

Se adjunta el esquema de relaciones y su coordinación general para el caso 
de la central nuclear de Valdecaballeros (Fig. 1), que explica las relaciones entre 
las diferentes organizaciones que participan en el proyecto.

3. MARCO LEGAL

3.1. Marco técnico legal

Tanto en España como en el extranjero, la industria nuclear tiene como 
característica, que la distingue de cualquier otro tipo de industria, el estar sometida 
desde su etapa de anteproyecto al control de los órganos reguladores de la adminis
tración. Este control está regulado en disposiciones legales de tres tipos:

a) leyes básicas y convenios internacionales ratificados por España;

b) decretos y órdenes de reglamentación para el desarrollo y aplicación de los 
cuerpos legales anteriores;

c) guías, normas y procedimientos.
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En relación con el punto c), corresponde hacer alguna consideración adicional. 
Los reglamentos técnicos y normas españoles no suelen ser aplicables al caso de 
la industria nuclear; ejemplos de ello son la “Norma Sismorresistente” o el 
“Reglamento de Recipientes a Presión”. Para resolver este problema, la administra
ción indica en el condicionado de las autorizaciones previas que:

“El proyecto de la instalación deberá realizarse de acuerdo con los 
criterios, códigos, normas y disposiciones nacionales que sean aplicables.
Se seguirán también los correspondientes a aquellos organismos inter
nacionales a los que pertenezca el Gobierno Español. En su defecto, 
habrán de seguirse los de aplicación reconocida por la industria nuclear, 
en particular los establecidos en el país de origen del prototipo y del 
proyecto. En cualquier caso, deberán especificarse los criterios, códigos, 
normas y disposiciones aplicados a las distintas partes del proyecto.”

Lo anterior se concreta designando para cada instalación una ‘Central de 
Referencia’ semejante y en proceso de construcción más avanzado que la instala
ción que se autoriza, y situada en el país de origen de la tecnología base.

El enfoque anterior tiene, aparte de ventajas innegables, los siguientes 
inconvenientes:

— Da origen a discrepancias de interpretación de normas, cuando existen en 
España y en el país de procedencia de la tecnología básica.

— Lleva al uso de un sistema heterogéneo de códigos y normas, utilizando en 
general la envolvente del conservadurismo, por la responsabilidad que se hace 
recaer en el titular.

— Origina diferentes niveles de calidad y/o  seguridad aceptables en España para 
instalaciones semejantes, en función de los niveles de los países proveedores 
de tecnología básica.

— Conduce a frenar el desarrollo de tecnología propia, de aplicación universal 
en centrales españolas.

Ultimamente, para evitar algunos de los inconvenientes mencionados, se ha 
incluido en las autorizaciones la mención expresa de ciertas normas extranjeras 
cuyo cumplimiento es obligatorio para el titular de la autorización.

3.2. Control administrativo y proceso de licenciabilidad

— A utorización  previa

Es el primer reconocimiento oficial del objetivo propuesto y del emplaza
miento elegido y permite solicitar la autorización de construcción aportando la
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necesaria documentación en el plazo que se señala. Es una autorización de la 
mayor importancia y la única sometida a información pública. Para su obtención 
se documenta principalmente el emplazamiento y la organización prevista para 
garantizar la calidad y supervisar la construcción. Establece un condicionado y 
el inicio de un flujo continuo de información sobre el proyecto, entre el titular 
y la administración. Establece el porcentaje de participación de la industria 
nacional en el suministro de equipos y bienes.

— A utorización  de construcción

Es el reconocimiento, con el condicionado que se establece, del cumplimiento 
de los requisitos de seguridad de la instalación proyectada. Permite iniciar la 
construcción en las condiciones establecidas de las instalaciones propiamente 
dichas. Establece la creación de un ‘Comité de Coordinación’ compuesto por 
miembros de las Direcciones Generales de la Energía, de Industrias Sidero- 
metalúrgicas y de Planificación Energética, Junta de Energía Nuclear, Delegación 
Provincial de Industria, Ayuntamientos y por el titular de la autorización. 
Establece, además, un sistema de inspecciones, por la Delegación Provincial de 
Industria y la Junta de Energía Nuclear, que cubre todas las condiciones de la 
autorización por la vida de la central.

Para obtener la autorización debe presentarse por el titular un programa de 
pruebas prenucleares ante la Dirección General de Energía. Si procede, ésta 
aprueba el programa, y señala las pruebas y verificaciones que habrán de realizarse 
en presencia de la administración (Dirección General de Energía, Junta de Energía 
Nuclear, Delegación de Industria).

— Permiso de alm acenam iento  tem poral de sustancias nucleares

Se solicita habiendo cumplido los requisitos de cobertura del riesgo nuclear.

— Permiso de exp lo tación  provisional

Permite realizar las pruebas nucleares y la explotación experimental y 
obtener los datos para evaluar la seguridad nuclear de la instalación.

La documentación que hay que aportar para su obtención es:

— Estudio de seguridad
— Reglamento de funcionamiento
— Propuesta de especificaciones de funcionamiento
— Plan de emergencia
— Programa de pruebas nucleares
— Justificación de los porcentajes de participación nacional.



IAEA-SM-223/16 457

Se debe estar además, en posesión del seguro nuclear y de todas las licencias 
de operadores y supervisores concedidas por la JEN.

— Permiso de exp lo tación  defin itiva

Con él se fijan, a la luz de los resultados obtenidos en las pruebas, las especi
ficaciones finales de funcionamiento; se obtiene después de levantar el acta de 
puesta en marcha.

3.3. Otros permisos administrativos

Existen otros permisos administrativos necesarios para la construcción de 
una central nuclear, que merecen un comentario especial, como la ‘Licencia de 
obras’, la ‘Licencia de actividad’ y la ‘Concesión de aguas’.

— Licencia de obras

Los Ayuntamientos, al amparo del Reglamento de Servicios Municipales, 
deben conceder la Licencia de obras.

— Licencia de actividad

El Reglamento de Actividades Molestas, Insalubres, Nocivas y Peligrosas 
de 1961 (Boletín Oficial del Estado №  292, de 7 de diciembre de 1961) incluye 
específicamente en su ámbito de aplicación a las centrales nucleares. En el decreto 
se otorga a los Ayuntamientos la concesión de la licencia de actividad, con el 
asesoramiento de la Comisión Provincial de Servicios Técnicos, cuyo informe es 
vinculante.

— Concesión de aguas

El agua necesaria para la refrigeración y el abastecimiento de la central debe 
obtenerse y tramitarse independientemente en el Ministerio de Obras Públicas.

Estas licencias y concesiones pueden impedir la construcción de una instala
ción incluida en el plan eléctrico nacional cuya autorización haya sido aprobada. 
En este terreno se manifiesta una falta de coordinación administrativa que deberá 
ser corregida, pues representa una fuente de conflictos que efectivamente está 
creando problemas en esta época de contestación nuclear.
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4. INFRAESTRUCTURAS DE BIENES Y SERVICIOS

El plan español de construcción de centrales nucleares ha encontrado un 
sector de fabricación de bienes de equipo en plena expansión. La fabricación 
nacional de equipos ha contado con una serie de factores de base favorables al 
iniciarse este plan en 1971 : la decidida presión oficial en favor de la participación 
nacional, la aceptación y franca colaboración en ese sentido de las empresas 
eléctricas y la existencia de una infraestructura industrial con decidida dinámica 
de expansión.

4.1. Bienes de equipo

El sector de bienes de equipo nuclear se encontraba en condiciones de 
suministrar la mayor parte de los equipos de centrales térmicas clásicas al iniciarse 
el plan, y su moderno equipamiento le permitía afrontar con decisión los nuevos 
requisitos planteados por la industria nucleoeléctrica.

Para los fabricantes, el plan de construcciones nucleares significó un incre
mento de su mercado potencial, por el mayor valor del producto final en relación 
con el equipo equivalente clásico. Este aumento del mercado fue especialmente 
bien acogido, pues no requería cuantiosas inversiones, sino básicamente reformas 
de organización, pues el equipo final es substancialmente semejante y la diferencia 
radica en los cuidados de que ha sido objeto durante su elaboración y en la demos
tración documentada de estos cuidados.

El sector de bienes de equipo, sin embargo, depende prácticamente de la 
tecnología extranjera, lo que aparte de los lógicos inconvenientes tiene la ventaja 
de ofrecer técnicas muy actualizadas y de las marcas más destacadas en el mercado 
mundial.

4.2. Servicios

El hecho de haberse elegido básicamente en España suministradores norte
americanos, cuya práctica habitual consiste en la realización de la gestión general 
del proyecto por la empresa eléctrica propietaria apoyada en los servicios de una 
empresa de ingeniería, y la inexistencia de fabricantes nacionales capaces de 
responsabilizarse de grandes paquetes al estilo europeo, han conducido a la 
creación de empresas de ingeniería de relativa gran importancia, con una capacita
ción elevada, que ofrecen una extensa gama de servicios, tanto de ingeniería como 
de gestión de proyecto.

No obstante, ha habido variantes consistentes en una mayor o menor partici
pación por parte de las empresas eléctricas propietarias en las tareas de gestión 
del proyecto en sus diversas facetas, e incluso en la ejecución material de los 
propios trabajos de ingeniería, pero la tendencia a aprovechar la especialización 
de las ingenierías es cada vez mayor.
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En estas circunstancias, las empresas de ingeniería españolas constituyen el 
vehículo clave para la transferencia de la tecnología nuclear procedente de los 
países de origen de los suministradores principales. Dicha transferencia se realiza 
como sigue:

— Desarrollando el diseño de detalle del sistema de generación de vapor y sus 
auxiliares, para lo que recibe y asimila el diseño básico preparado por el 
suministrador principal.

— Ejecutando el diseño básico del resto de la central y llevando el desarrollo 
conjunto del proyecto, que requiere recibir y asimilar los criterios del suministra
dor principal y los códigos, normas y regulaciones internacionales aplicables y 
especialmente los correspondientes al país de origen.

— Mediante el contacto permanente con organismos internacionales, centros 
extranjeros de difusión de información, publicaciones especializadas, fabricantes 
extranjeros, etc.

— Adquiridos y asimilados los conocimientos descritos en los puntos anteriores, 
y teniendo en cuenta las particularidades de los fabricantes nacionales, la 
empresa de ingeniería deberá preparar las especificaciones técnicas detalladas 
de los componentes nacionales, a través de los cuales los fabricantes acceden 
a los requerimientos específicos de cada caso.

Adicionalmente a la transferencia de tecnología, las ingenierías representan 
un factor vital de conocimiento y apoyo, en especial para fabricantes desprovistos 
de tecnología propia, que como se ha dicho suele ser el caso de países de desarrollo 
medio.

4.3. Administración

La administración regula, mediante un conjunto de mecanismos, requisitos 
y controles, la participación de la industria nacional en el programa nuclear español, 
que podemos resumir de la siguiente manera:

— Aprobación del Plan Eléctrico Nacional, que incluye las centrales nucleares 
que han de ser construidas en el período de vigencia.

— Aprobación escalonada de cada una de las fases establecidas en relación con
la construcción, puesta en marcha y operación de las centrales nucleares incluidas 
en el Plan Eléctrico Nacional.
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— Establecimiento del porcentaje global de participación nacional para cada central 
en el momento de la obtención de la autorización preliminar.

— Aprobación del certificado de excepción necesario para la importación de 
equipos.

— Aprobación de resoluciones particulares estableciendo porcentajes crecientes 
de nacionalización para ciertos equipos sujetos al régimen de fabricaciones 
mixtas.

— Autorización a las empresas industriales capacitadas para la fabricación de 
componentes nucleares.

— Establecimiento, en el seno del Ministerio de Industria, de un comité de 
coordinación a partir del momento en que se otorga a cada central el permiso 
de construcción. Dicho comité tiene como funciones vigilar y agilizar el 
cumplimiento de los requisitos establecidos, entre los que se encuentran los 
porcentajes señalados como mínimos para la participación nacional.

Esta normativa proporciona los medios para que la administración ejerza 
la promoción de la nacionalización y le dé los medios para controlar de manera 
permanente su desarrollo real.

5. EXPERIENCIA Y RESULTADOS

5.1. Medida de la participación nacional

El grado de participación nacional se define como la relación porcentual 
entre la inversión real en pesetas y la inversión total en la construcción de la central, 
sin contabilizar dentro de la inversión total las inversiones en terrenos, los costos 
financieros y las inversiones sociales (poblados, relaciones públicas, etc.).

Le definición anterior se aplica a efectos de la justificación de inversiones 
pedida en el punto 5 del Artículo 26 del Reglamento sobre Instalaciones Nucleares 
y Radiactivas. Los valores así calculados deben cumplir los porcentajes de partici
pación nacional, fijados por la administración en las autorizaciones preliminar y 
de construcción, que forman parte del proceso de licénciamiento de cada central 
nuclear.

5.2. Evolución de la participación nacional

Puede estimarse que en las centrales nucleares de la primera generación 
(Zorita, Santa María de Garoña y Vandellós), la participación española estuvo
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comprendida entre el 30 y el 40% de los costos reales, considerando sobre todo 
la aportación en obra civil y equipos de tipo convencional.

Para las centrales de la segunda generación (Almaraz, Lemóniz, Aseó, 
Cofrentes), la participación nacional fue substancialmente aumentada. La 
autorización preliminar de la central de Almaraz (Resolución de la Dirección 
General de la Energía, Boletín Oficial del Estado №  277, de 19 de noviembre 
de 1971) fijaba el porcentaje en un 50%. Sin embargo, la autorización de 
construcción (Boletín Oficial del Estado №  178, de 26 de julio de 1973) modi
ficaba este porcentaje fijándolo en un 60% de los costos reales.

Las que podríamos llamar centrales de la tercera generación, cuyas autoriza
ciones preliminares han sido aprobadas en septiembre de 1975 (Trillo, Sayago, 
Valdecaballeros) tienen fijados porcentajes de 65% como participación nacional.

5.3. Estructura de la participación nacional y su proyección futura

En el siguiente cuadro se indica la estructura del coste de una central nuclear 
típica de la segunda generación, como Almaraz, y la participación española 
alcanzada en ella.

Partida3 % sobre el total
% nacional 
sobre la 
partida

% nacional 
sobre el total

1. Obra civil y montaje 28 100 28

2. Bienes de equipo 58 50 (5 9 )b 28,3 (34,1)

3. Ingeniería 8 77 6,2

4. Formación del personal 
y preparación de la 
explotación 1 83 0,8

5. Transportes 1,5 88 1,3

6. Servicios centrales 3,5 89 3,1

Total 100 67,7 (73,5)

a Cifras válidas para Almaraz.
b Los números entre paréntesis son previsiones para Valdecaballeros.

Se demuestra que las partidas que merecen una consideración más atenta en 
cuanto a la posibilidad de aumentar la participación nacional son la de Bienes de 
equipo y la de Ingeniería.

La partida de Ingeniería incide relativamente poco en el costo total, y la 
participación nacional ha alcanzado niveles altos en corto tiempo. Sin embargo,
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esta participación es, por su efecto multiplicador, de una importancia básica en 
el aumento de la participación nacional en otras partidas, especialmente en la de 
bienes de equipo. La preparación de especificaciones adecuadas a las posibilidades 
de fabricantes nacionales, así como el contacto directo con ellos, ha conducido 
a una capacitación progresiva, y sobre todo a una aclaración y desmitificación de 
los requisitos de la industria nuclear.

Puede concebirse que el aumento del porcentaje nacional de ingeniería siga 
con relativa lentitud en lo sucesivo, ya que no parece prudente desprenderse del 
aporte de ciertas tecnologías avanzadas en partidas concretas, que suelen ser 
desarrolladas por empresas especializadas. Resulta importante, sin embargo, que 
la ingeniería básica sea determinada por empresas españolas de ingeniería y que 
el recurso a estas tecnologías avanzadas sea decidido en cada caso según sus 
necesidades y con la adecuada independencia para lograr la mejor tecnología 
disponible; en suma, una mejora más cualitativa que cuantitativa, con especial 
énfasis en el control de las decisiones por ingenierías nacionales.

En la partida de Bienes de equipo, la participación nacional ha alcanzado 
un cincuenta por ciento del total, lo que significa que en ella está localizada la 
gran mayoría del porcentaje total extranjero del coste de una central. La estructura 
de coste de los equipos es la siguiente:

Partida3
%  sobre el valor 
total de la central

% nacional 
del grupo

% nacional sobre 
el valor total de 
la central

1. Equipo nuclear 
de producción 
de vapor 19 16 (3 5 )b 3 (6,65)

2. Turbina-generador 10—(15°) 40,5 4 (6 ,1 5 )

3. Resto de la central 28,5 76 21,3

~  58 28,3 (34,1)

a Cifras válidas para Almaraz.
b Las cifras entre paréntesis son previsiones para Valdecaballeros. 
c Según el tipo de central.

En proyección futura, las condiciones para los distintos grupos pueden 
resumirse como sigue:

5.3.1. E qu ipo  nuclear de producción  de vapor

Estos equipos han sido objeto de la Resolución Tipo №  2691 de 1972, que 
fija los porcentajes mínimos de nacionalización para cada componente. La creación 
de las empresas Equipos Nucleares, S.A. y Empresa Nacional del Uranio, S.A.
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permitirá incrementar la proporción mencionada de forma sustancial sobre el 
valor de 35% considerado para Valdecaballeros.

No debe olvidarse, sin embargo, que en esta partida queda incluida práctica
mente toda la tecnología nuclear básica desarrollada por las empresas licenciadoras, 
que por ahora no es sustituible. Ello hace que estas empresas deban sentirse 
motivadas para ceder esta tecnología, o participen del mercado español mediante 
sus actividades directas en España. De cualquier forma, en esta zona, una parte 
importante será en el próximo futuro de participación extranjera, ya sea sumi
nistrando tecnología y equipos, o únicamente tecnología (y en este caso, man
teniendo la responsabilidad y garantía del conjunto), o a través de la cesión de 
licencias.

5.3.2. Turbina—generador

Estos equipos están sujetos a las Resoluciones Tipo Nos. 1430 y 1431 de 
1972, y han sido objeto de resoluciones particulares. Puede preverse un aumento 
de los porcentajes de fabricación nacional, limitado únicamente por la cifra de 
negocios y, por tanto, el interés en invertir que tengan las principales firmas 
fabricantes extranjeras que poseen factorías en España, o sus licenciatarios nacionales.

Para las centrales que haya que contratar en estos momentos, la participación 
nacional debe acercarse al 60%, siendo las importaciones de materiales en bruto.
Los fabricantes están ya ofreciendo grupos turbogeneradores fabricados íntegra
mente en España.

5.3.3. R es to  de la central

El porcentaje alcanzado es bastante elevado, pero su aumento futuro será 
relativamente lento, ya que la parte importada se refiere a equipos de alta tecnología 
en que la industria española no es competitiva, como por ejemplo la instrumentación 
y el control, ordenadores, ciertos tipos de bombas, etc., o elementos cuya pro
ducción exige fuertes inversiones, como grandes piezas fundidas o forjadas, tuberías 
de grandes dimensiones y espesores, etc.

En este apartado, la mejora de la participación nacional puede lograrse en 
algunos casos aumentando la tecnología nacional paulatinamente, o interesando 
a industrias que potencialmente pueden estar capacitadas para producir algunos 
equipos, pero que en el pasado han dirigido su mercado a otros sectores de la 
industria, como es por ejemplo el caso de la industria de grandes motores Diesel.



464 TREVIÑO COCA

6. INCIDENCIAS DE LA SITUACION DEL MERCADO INTERNACIONAL
SOBRE ESTOS PROYECTOS

El Plan Eléctrico Nacional, aprobado en 1975, determina las necesidades 
de energía eléctrica en España hasta 1985. En su redacción se consideró que el 
abastecimiento energético español estaría basado en las mismas fuentes actuales: 
carbón, petróleo, gas natural, energía hidráulica y energía nuclear. No se con
sideran en este período ni los reactores rápidos ni la participación de la energía 
solar. Sus estimaciones se basan en un incremento del producto nacional bruto 
del 5% anual. La correlación entre este incremento y el consumo de energía, 
suponiendo además que durante ese período se logre un ahorro del 10%, da un 
incremento de la demanda de energía del 6% anual acumulativo. El Plan prevé:

— Gran disminución porcentual en productos petrolíferos, que pasan del 68% 
en 1975 al 43% en 1985, aunque su valor absoluto aumenta de 65,7 a 74,4 
millones de toneladas equivalentes de carbón (tec).

— Retroceso porcentual, pero aumento absoluto en carbón, que pasa del 16% 
en 1975 al 14,7% en 1985 con valor absoluto de 15 millones de tec en 1975 
y 26 millones de tec en 1985.

— Retroceso porcentual, pero aumento absoluto en energía hidráulica, que pasa 
del 11% en 1975 al 9,2% en 1985 y, en valor absoluto, de 10,2 a 16 millones 
de tec.

— Aumento en gas natural, que pasa del 2,4% en 1975 al 11% en 1985 y, en valor 
absoluto, de 2,3 millones a 18 millones de tec.

— Aumento en energía nuclear, cuya participación pasa del 2,3% en 1975 al 22% 
en 1985 y, en valor absoluto, de 2,3 millones a 38 millones de tec en 1985.

Este Plan se preparó entre 1973 y 1974, y algunas de sus consideraciones, 
como la necesidad global de energía de 176 millones de tec para 1985, se están 
reconsiderando. Para satisfacer el Plan, aparte de los 7000 MW nucleares en 
construcción y los 1000 MW nucleares ya instalados en España, se requeriría la 
instalación de 16 000 MW nucleares adicionales para 1985.

Al carecer España de recursos fósiles de importancia y al haberse producido 
la escalada de precios del petróleo, las consideraciones básicas del Plan en relación 
con la necesidad de la energía nuclear se mantienen por la sensibilidad mucho 
menor del precio de la energía al coste del combustible en el caso de la energía 
nuclear, pero los ritmos de aumento del consumo han bajado como consecuencia 
de la crisis mundial que ha afectado particularmente a España y por lo tanto, en
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la revisión del Plan, que se está llevando actualmente a cabo, algunas de las pre
misas mencionadas variarán, y se estima que para 1985 se dispondrá solamente 
de unos 15 000 MW nucleares en el mejor de los casos.

Al ser el costo de implantación de una central nuclear el componente básico 
del costo de la energía producida (aproximadamente el 70%) y, en dependencia 
directa del tiempo de construcción, debiéndose un 40% de este costo a escalación 
de precios e intereses durante la misma, se deduce que para estas instalaciones 
la financiación juega un papel decisivo en la economía de la energía final. La 
financiación internacional ha estado sometida a importantes fluctuaciones.

Finalmente, debemos mencionar la política de no proliferación de armas 
nucleares por parte del Gobierno de los Estados Unidos de América, con su 
secuela de dependencia del suministro de combustible, que introduce un factor 
de incertidumbre a la hora de decidir por la opción nuclear, sobre todo considerando 
el alto costo de capital necesario y el largo tiempo que media entre la decisión y 
la puesta en marcha.

Las presentes circunstancias españolas, con el advenimiento de fuerzas 
sociales nuevas a las decisiones políticas, agregan otro factor que, unido a la 
oposición de ciertos grupos y a los movimientos internacionales hostiles a la 
energía nuclear, hace que las perspectivas de la industria nuclear sean hoy menos 
claras que en el pasado cercano. Sin embargo, considerando las alternativas y 
los beneficios y perjuicios que se derivan de una carencia de esta fuente de energía, 
creemos que se concluirá reconociendo su importancia para el futuro de España.
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DISCUSSION

F.M. MALTINI: In 1971 and 1972 three groups of Spanish utilities purchased 
six nuclear steam supply systems and six turbogenerator systems for the Almaraz, 
Lemóniz and Aseó plants. The systems were identical but the three plants have 
been engineered differently by each utility. Could you comment on the experience 
gained from six years of contracts involving different engineering systems and on 
the effect that this lack o f standardization may have had on the domestic industry, 
including costing and construction delays?

M. TREVIÑO COCA: The three power stations mentioned have had a 
different design only as far as the BOP (balance of plant) is concerned. Although 
my own experience relates directly to only one of them, I do not think that this 
difference in design in the BOP has adversely affected the cost, or caused delay 
in construction. It has to be remembered that in all three cases the standards 
applied have been similar.

J. ROJAS: You mention the importance of the financing procedure for the 
cost per kilowatt of the energy generated by nuclear power plants. Could you 
comment on the effect produced by different sources o f financing for equipment 
imported from highly industrialized countries and equipment produced locally?

M. TREVIÑO COCA: In our particular case we obtained overall financing 
for the imported equipment (of American origin) from the Exim Bank at the 
beginning of the project.

For the equipment manufactured in Spain, use was made of the ‘Equipment 
Financing Scheme’, which is operated on a case-by-case basis. The conditions 
for the latter are not as good as for the former. This steps up the cost o f national 
equipment and in the long run has an effect on the cost o f the energy generated, 
since the utilities have an obligation to purchase national equipment when available 
and o f equivalent quality, and the delivery date does not affect the start-up of 
the facility.
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FACTORS FOR CONVERTING SOME ОТ THE MORE COMMON UNITS 
TO INTERNATIONAL SYSTEM OF UNITS (SI) EQUIVALENTS
N O T E S :

(1) S I  base units are the metre (m), kilogram  (kg), second (s), ampere (A), kelvin (К ), candela (cd) and mole <mol).

(2) ►  indicates S I derived units and those accepted for use w ith  S I;

^  indicates additional units accepted for use w ith S I for a lim ited time.

[Fo r further inform ation see The International System  o f  Units (SO, 1977 ed., pub lished  in English  b y  H M S O ,

London , an d  N ational Bureau o f  Standards, Washington, DC, and International Standard s IS O -1 0 0 0  an d  the 
several parts o f  ISO -3 1  published b y  ISO , Geneva. |

(3) The correct abbreviation for the unit in co lu m n 1 is given in co lum n 2.

(4) -X- indicates conversion  factors g iven exactly; other factors are given rounded, m ostly to  4 significant figures.

s  indicates a defin ition  o f an S I  derived unit: [ ] in co lum n 3+4  enclose factors given for the sake o f completeness.

The following conversion table is provided for the convenience of readers and to encourage the use o f S I  units.

C o lu m n  1

Multiply data given in:
C o  lu m n  2 C o lu m n  3  

by:
C o lu m n  Л

to obtain data in:

Radiation units

^  becquerel 1 Bq (has dimensions of s-1 J
disintegrations per second (= dis/s) 1 s '1 1.00 X 10° Bq *

>  curie 1 Ci = 3.70 X 10'° Bq *
>  roentgen 1 R = 2.58 X 1 0 '4 C/kg] *
►  gray 1 Gy = 1.00 X 10° J/kg] *
>  rad 1 rad = 1.00 X 10‘2 Gy *

sievert (radiation protection only) 1 Sv = 1.00 X 10° J/kg] *
rem (radiation protection only) 1 rem = 1.00 X 10-2 J/kgJ *

Mass

►  unified atomic mass unit (^  of the mass of ,2C) 1 u = 1.66 0 57 X 10 27 kg. approx. 1
^  tonne (= metric ton) 1 t = 1.00 X 103 kg] *

pound mass (avoirdupois) 1 Ibm - 4.536 X 1 0 '1 kg
ounce mass (avoirdupois) 1 ozm = 2.835 X 10' g
ton (long) (= 2240 Ibm) 1 ton = 1.016 X 103 kg
ton (short) (= 2000 Ibm} 1 short ton = 9.072 X 102 kg

Length

statute mile 1 mile = 1.609 X 10° km
nautical mile (international) 1 n mile = 1.852 X 10° km *
yard 1 yd = 9.144 X 10"' m *
foot 1 ft = 3.048 X 10“' m *
inch 1 in = 2.54 X 10' mm *
mil (= 10-3 in) 1 mil = 2.54 X 10“2 mm *

Area

>  hectare 1 ha 1.00 X 104 m2] *
>  barn (effective cross-section, nuclear physics) 1 b = 1.00 X 10-28 m2] *

square mile, (statute mile}2 1 mile2 = 2.590 X  10° km2
acre 1 acre = 4.047 X 103 m2
square yard 1 yd2 8.361 X 1 0 '' m2
square foot 1 ft2 = 9.290 X 10"2 m2
square inch 1 in2 = 6.452 X 102 mm2

Volume

►  litre 1 I or 1 Itr 1.00 X 10~3 m3] *
cubic yard 1 yd3 = 7.646 X 1 0 '' m3
cubic foot 1 ft3 = 2.832 X 10-2 m3
cubic inch 1 in3 = 1.639 X 10" mm3
gallon (imperial) 1 gal (UK) = 4.546 X 10“3 m3
gallon (US liquid) 1 gal (US) = 3.785 X 1 0 '3 m3

Velocity, acceleration

foot per second (= fps) 1 ft/s = 3.048 X 10"' m/s *

foot per minute 1 ft/min = 5.08 X 1 0 '3 m/s *

Í4.470 X 10“' m/s
mile per hour (- mph) mile/h

(1.609 X 10° km/h

t> knot (international) knot = 1.852 X 10° km/h *

free fall, standard, g = 9.807 X 10° m/s2

foot per second squared ft/s2 3.048 X 10“' m/s2 *

T h is  tab le  h a s b een  p re p a re d  b y  E .R .A .  B e ck  fo r  u se  b y  th e  D iv is io n  o f  P u b lic a t io n s  o f  th e  I A E A .  W h ile  e very  e ffo rt  has 

been  m ad e  to  e n su re  a c cu ra c y , t h e  A g e n c y  c a n n o t  b e  held  re sp o n s ib le  f o r  e r ro rs  a r is in g  f r o m  th e  u se  o f  t h is  table.



C o lu m n  1

Multiply data given in:
C o lu m n  2 C o lu m n  3

by:
C o lu m n  4

to obtain data ¡

Density, volumetric rate

pound mass per cubic inch 1 lbm/in3 = 2.768 X 104 kg/m3
pound mass per cubic foot 1 lbm/ft3 = 1.602 X 101 kg/m3
cubic feet per second 1 ft3/s = 2.832 X 1(T2 m3/s
cubic feet per minute 1 ft3/min = 4.719 X 1СГ4 m3/s

Force

►  newton 1 N [=  1.00 X 10° m k g s “2] *
dyne 1 d y n = 1.00 x io _s N *
kilogram force (= kilopond <kp)) 1 k g f = 9.807 X 10° N
poundal 1 p d l = 1.383 X 10_l N
pound force (avoirdupois) 1 Ibf = 4.448 X 10° N
ounce force (avoirdupois) 1 ozf = 2.780 X 10"' N

Pressure, stress

^  pascal 1 Pa [=  1.00 X 10° N/m2] *
>  atmosphere3, standard 1 atm - 1.013 25 X 10s Pa
>  bar 1 bar = 1.00 X  10s Pa *

centimetres of mercury (0°C) 1 cmHg -  1.333 X 103 Pa
dyne per square centimetre 1 dyn/cm2 = 1.00 X 10"' Pa *
feet of water (4°C) 1 ftH20 -  2.989 X 103 Pa
inches of mercury (0°C) 1 inHg = 3.386 X 103 Pa
inches of water (4°C) 1 inH20 -  2.491 X 102 Pa
kilogram force per square centimetre 1 kgf/cm2 = 9.807 X 104 Pa
pound force per square foot 1 Ibf/ft2 = 4.788 X 10‘ Pa
pound force per square inch (= psi) ^ 1 Ibf/in2 = 6.895 X 103 Pa
torr {0°C| (= mmHg) 1 torr = 1.333 X 102 Pa

Energy, work, quantity of heat

^  joule (= W-s) 1 J =  1.00 X 10° ^ m] *
^  electronvolt 1 eV = 1.602 19 X 10"19 , approx.]

British thermal unit (International Table) 1 Btu = 1.055 X 103
calorie (thermochemical) 1 cal = 4.184 X 10° ■it
calorie (International Table) 1 cal it = 4.187 X 10°
erg 1 erg = 1.00 x  io - ’ *
foot pound force 1 ft-Ibf = 1.356 X 10°
kilowatt -hour 1 kW-h = 3.60 X 106 -V.

kiloton explosive yield (PNE) (=  1012 g-cal) 1 kt yield =■ 4.2 X 1012

Power, radiant flux

►  watt 1 W =  1.00 X 10° J/s] *
British thermal unit (International Table) per second 1 Btu/s = 1.055 X 103 W
calorie (International Table) per second 1 caljj/s = 4.187 X 10° W
foot-pound force/second 1 ftlbf/s = 1.356 X 10° W
horsepower (electric) 1 hp = 7.46 X 102 vv *
horsepower (metric) (= ps) 1 ps = 7.355 X 102 w
horsepower (550 ftlbf/s) 1 hp = 7.457 X 102 w

Temperature

►  temperature in degrees Celsius, t t = T -  T0
where T is the thermodynamic temperature in kelvin
and T0 is defined as 273.15 К

degree Fahrenheit top- 3 2 / 5 \ t (in degrees Celsius)
degree Rankine T -R X ( к  ) gives T (in kelvin)
degrees of temperature difference0 Д Т „р (= A t °F*

\ y/ Д Т ( = At)

Thermal conductivity c

1 Btu in/(ft2 s-°F) (International Table Btu) = 5.192 X 102 W m " ■К"1
1 Btu/(ft s-°F) (International Table Btu) = 6.231 X 103 W m “ • К '1
1 callT/(cm-s°C) = 4.187 X 102 W m “ • к - 1

a atm abs, ata: atmospheres absolute; ^ lbf/in2 (g) (= psig) : gauge pressure;
atm (g), atü: atmospheres gauge. Ibf/in2 abs (= psia) : absolute pressure.

c The abbreviation for temperature difference, deg (= degK = degC), is no longer acceptable as an SI unit.
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