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FOREW ORD
The International Conference on Nuclear Power Performance and Safety,
organized by the International Atomic Energy Agency, was held at the Austria Centre
Vienna (ACV) in Vienna, Austria, from 28 September to 2 October 1987.
The objective of the Conference was to promote an exchange of worldwide
information on the current trends in the performance and safety of nuclear power and
its fuel cycle, and to take a forward look at the expectations and objectives for the
1990s. This objective was accomplished through presentation and discussion of about
200 papers at the Conference.
Almost 500 participants and observers from 40 countries and 12 organizations
discussed three major questions which were posed as the focus for this Conference:
(1)

(2)
(3)

What are the current trends and major issues with regard to performance and
safety of nuclear power, the nuclear fuel cycle and radioactive waste
management?
What steps are being taken or need to be taken to resolve outstanding issues in
order to improve the performance of nuclear power with assured safety?
What performance objectives and achievements can be anticipated for the
1990s?

The trend of nuclear power plant performance is demonstrated by the improve
ment which has been achieved since the Conference on Nuclear Power and its Fuel
Cycle in 1977. At that time, the average energy availability factor for the 137 nuclear
power reactor units reported to the IAEA Power Reactor Information System (PRIS)
was only 64.7%. By 1986, the most recent year for which complete data are avail
able, that figure had improved to 70.4% for the 288 nuclear power reactor units listed
in PRIS. It is even more significant that 55% of these nuclear power units are
operating with an energy availability of 75% or better. Indeed, since 1984 some 40%
of the units have been consistently reporting an energy availability of more than 80%.
These data clearly show that there are lessons which can be learned through
means such as this Conference, by improving the information exchange among all
concerned and highlighting the standards of performance which can be achieved.
Essentially all countries with nuclear power plants have carefully analysed the
Chernobyl accident in relation to the safety of their own nuclear power plants and
concluded that this type of accident would not happen in other types of nuclear power
reactors. Nevertheless, the issues of nuclear power safety were of high interest during
the Conference, demonstrated by the fact that more than 70 papers on safety were
presented and discussed.

The discussion of severe accidents has received much attention during the last
year and this was reflected in a number of papers. An overview assessment of the
source term discussion was presented by the International Nuclear Safety Advisory
Group (INSAG); this concluded, among other things, that accident management
is a fruitful path to reduce risk. Another important goal must be to protect the
containment function. Both these aspects were discussed in a number of papers.
Many papers in the Conference discussed aspects of safety goals on the basis
of probabilistic methods. Apart from quantitative methods for improving the
precision of probability and consequence predictions, there are some fundamental
points of terminology and criteria needing clarification and agreement. The papers
provided some insight into the problems, but not solutions for them. The way in
which various relevant parameters should be combined and limited for individual and
societal (collective) risk such as mortality, low dose effects, land use, capital
loss, etc., is still very much debated. Therefore, decisions on design bases will
continue for some time to be made on the basis of deterministic engineering
judgement supported by quantitative probabilistic analyses.
The communication of safety information to the public was also addressed in
the Conference. Factual and objective information routinely made available is one
prerequisite for clarifying to the public the risks of nuclear power. It is clear that not
only must nuclear power plants be safe but also that their safety must be made evident
to the public.
Considering that the nuclear fuel cycle is an inseparable part of nuclear power
performance and safety, it is not surprising that about one third of the papers
presented during the Conference dealt with this subject.
Notwithstanding the positive experience in the operation of water cooled
nuclear power plants with uranium oxide fuel and the good performance of existing
schemes of fuel utilization, research and development continue on improvements in
reactor fuel design, performance, reliability and utilization, with the aim to make
nuclear energy more competitive. Assessments reported during the Conference show
that advanced fuel management schemes (including extended burnup, low leakage
loading patterns, fuel assembly reconstitution, etc.) can reduce uranium consumption
for light water reactors by about 20% and enrichment requirements by 10 to 14%.
The back end of the nuclear fuel cycle is currently of concern to the nuclear
community, not only because of its impact on uranium requirements (reprocessing
and recycling can reduce natural uranium requirements by up to 40%), but also
because of its political, environmental, socio-economic and technical aspects.
In the back end of the nuclear fuel cycle there is a clear trend to a rapprochement
of positions, and countries which in previous years were very strong in supporting
the so-called once-through fuel cycle now take a more flexible policy which does not
in principle exclude the possibility of accepting the reprocessing strategy in the
future.
Policy decisions for waste management have already been taken in many
countries and the 1990s should be a period of demonstration and implementation of

these policies. As illustrated by data presented from a number of countries, many
years of experience in radioactive waste management have been achieved and the
technology exists to implement the national plans and policies that have been
developed.
The establishment of criteria, the development of safety performance metho
dology and site investigation work are key activities essential to the successful selec
tion, characterization and construction of geological repositories for the final disposal
of radioactive waste. Considerable work has been done in these areas over the last
ten years and will continue into the 1990s. However, countries that are considering
geological disposal for high level waste now recognize the need for relating the
technical aspects to public understanding and acceptance of the concept and decision
making activities. The real challenge for the 1990s in waste disposal will be
successfully to integrate technological activities within a process which responds to
institutional and public concern.
The International Atomic Energy Agency wishes to record its sincere thanks to
the Federal Government of Austria and to the authorities of the City of Vienna for
the facilities made available and the substantial support provided. These contributed
greatly to the smooth running and success of the Conference.
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THE ROLE OF SAFETY
IN SECURING THE USE OF
NUCLEAR POW ER W ITHIN OECD COUNTRIES
K.B. STADIE
Nuclear Energy Agency of the OECD,
Paris

Abstract
THE ROLE OF SAFETY IN SECURING THE USE OF NUCLEAR POWER WITHIN OECD
COUNTRIES.
Over the past 30 years, the nuclear contribution to electricity production in the OECD area has
risen to 22%, with a total generating capacity of more than 220 GW(e). Over that period, nearly
10 000 TW-h — the equivalent of the current total electricity requirements in the OECD area for
approximately two years — have been produced by fission energy, and yet not a single death of a
member of the public in OECD countries can be directly traced back to nuclear power. This achievement
is primarily a result of the extraordinary efforts in OECD countries to give priority to nuclear safety.
The paper traces the evolution of safety thinking and safety development in OECD countries to limit
the nuclear risk. It begins by describing the definition of the design basis accident and the early efforts
to ensure that NPPs could deal with such challenges without consequences to the public. The paper also
outlines the evolution of nuclear safety approaches which were primarily inspired by the Three Mile
Island accident and which aim at preventing severe accidents — beyond the design basis — and at
mitigating their consequences. The main part of the paper delineates the contributions by the Nuclear
Energy Agency of the OECD towards maintaining and improving nuclear safety in OECD countries.
Based on the assumption that health and safety in the nuclear industry can only be assured by well
informed and responsible nuclear operators who are supervised by well informed and responsible
governments, the objectives of the NEA are: (1) To assemble and to compare know-how and to assess
the state of the art in different fields of safety technology; (2) to collect and disseminate information
describing shortcomings observed during nuclear power plant operation and in particular to analyse
these incidents with a view to identifying and eliminating the root causes of nuclear accidents; (3) to
integrate, to the extent possible, safety R&D efforts, by jointly financed and directed projects, by
co-ordinating projects with similar objectives and by comparing safety assessment methods against each
other and/or against an agreed standard; (4) to provide a forum where nuclear regulators can discuss
the impact of scientific and technical development on regulations, to exchange views on the evolution
of regulatory thinking and to share the substance and rationale of anticipated regulatory measures. These
efforts have assisted in aligning national safety practices and approaches and have contributed to a com
paratively high and homogeneous level of nuclear safety in the OECD area.

1.

THE IMPORTANCE OF LIGHT WATER REACTORS (LWRs)

The nuclear era in OECD countries began with research into a wide variety of
reactor systems, differing in choice of reactor coolant and moderator as well as in
design features. The early European lead in gas cooled graphite moderated reactors
3
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was rapidly overtaken by the LWR developed in the United States of America. Its
simplicity and compactness, associated with the expected low construction costs,
perceived ease of operation and maintenance, and the long experience of the electric
utility industry with water as a working fluid, together with the strong position of the
US industry, particularly in the post-war period, are among the main reasons for the
almost instant success of this concept. While LWRs contributed only 28% to the
nuclear generating capacity in the OECD area in 1965, their share rose to 86% in
1986, equivalent to about 198 GW(e), and it will reach 90% or 240 GW(e) in 1990.
The current domination of LWRs is likely to prevail well into the next century.
Any radical departure from LWR technology would require the design and operation
of a prototype to ensure that the new concept can meet safety requirements and that
it is a viable and economic source of electricity generation. It is therefore difficult
to see how another thermal reactor could make significant inroads over the foresee
able future. For these reasons, efforts are under way in many OECD countries to
further improve the LWR concept by incorporating experience gained from the oper
ation of more than 230 nuclear power plants with LWRs. Given the importance of
the LWR, the Nuclear Energy Agency’s (NEA) activities in nuclear safety have been
— for a number of years — limited to the study of this reactor concept. My remarks,
therefore, will primarily address LWR safety, although most of my observations are
relevant also to other types of thermal power reactors in use in the OECD area.

2.

NUCLEAR SAFETY CHALLENGES

From the beginning the key force guiding nuclear safety efforts in the OECD
countries was the conscious policy of trying to make nuclear power reactors safer
than other industrial or technological enterprises. This aim was clearly spelt out in
October 1960 in a letter by the US Advisory Committee on Reactor Safeguards
(ACRS) to the Chairman of the US Atomic Energy Commission (AEC). In line with
this policy, regulatory concern during that period focused on demonstrating that there
would be no harm to the public even if all safety systems in a reactor should fail.
The safety approach thus relied largely on the containment as a barrier in the last
resort, ‘just in case things did go wrong beyond all expectations’.
Both LWR concepts (the pressurized water reactor (PWR) and the boiling water
reactor (BWR)) were conceived in the United States of America and it is, therefore,
not surprising that this country played a primary role in early safety considerations
and safety research. In particular the PWR had been developed first for military
purposes for which space constraints, simplicity and relatively small unit size, as
compared with modern power reactors, were the dominant requirements. From the
safety point of view, a two phase reactor coolant is not necessarily the best choice.
While water and steam were relatively well known as working fluids at the beginning
of reactor development, their behaviour, particularly during rapid transients in com
plex systems, was not sufficiently understood.
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In the late 1960s LWRs reached the threshold of economic competitiveness with
conventional sources of energy in many OECD countries. A major contributor to
their early success was the fact that unit sizes increased in the space of a few years
from some 100 MW(e) for demonstration reactors, to 500-600 MW(e) and even up
to 1000 MW(e). The ensuing avalanche of orders, particularly in the United States
of America, for LWRs with ever increasing unit sizes and with much higher core den
sities, required particular attention to the emergency core cooling system (ECCS).
At that time the ACRS began to voice concern about the possible consequences of
core melt in large reactors. The development of the ECCS and other safety provisions
led to a rapid expansion of safety research which evolved in parallel with the con
struction of many large LWRs. The assessment of these newly developed safety pro
visions in turn required the definition of design criteria and reasonable design and
component standards, an almost impossible task in view of the still evolving technol
ogy and the lack of any relevant operating experience.
In order to cope with this dilemma, the AEC named a task force, chaired by
Professor Ergen, to study the design of 1000 MW(e) light water plants. The lengthy
report, issued in 1967, underscored the need for more research, in particular on the
ECCS, and concluded that in the case of a core melt, the containment alone would
probably not prevent emission of radioactive material into the environment. The
Ergen report thus led the AEC to fundamentally alter its safety philosophy by
abandoning reliance on the containment as a principal safety provision retaining radi
ation. Since then, the safety of LWRs has depended on quality assurance in the
design, construction and operation, redundant and diverse safety features and the
ECCS, in addition to the containment. The emphasis has thus shifted from minimiz
ing the consequences of accidents to accident prevention. Today all OECD countries
with LWRs subscribe to this global safety approach.
Early efforts in nuclear safety were aimed at defining the scope of safety
considerations, as had been the practice for all previous technologies. They led to the
definition of the design basis accident (DBA), which was described as the largest
conceivable event which a reactor may endure during its operating life. The DBA
concept served primarily two purposes: (i) to focus safety thinking, and (ii) to direct
and limit the safety design. Intrinsic within the DBA concept is the requirement that
the installations must be able to sustain the accident without major consequences to
the public. Anything worse than the DBA, on the other hand, was considered to be
so unlikely that it was classed incredible, which in turn meant that there was no need
to take specific precautions against it or its consequences. It must be stressed here
again that the same concept is applied to all other technologies, as it is the only practi
cal way to realistically utilize their damage potential.
The emergence of probabilistic risk assessment (PRA) over the past 20 years
has gradually broadened the scope of safety considerations. Implicit in PRA is that
the mere fact of using nuclear energy implies the acceptance of some finite degree
of risk and, since no technology is entirely risk free, there is no logical way of
differentiating between credible and incredible accidents. The 1975 Reactor Safety

6
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Study, WASH-1400, made the first quantitative estimates of the risks associated with
nuclear power production from a wide range of incidents and accidents in LWRs.
Many similar studies in other OECD countries have followed the WASH-1400 lead.
Finally, there was the Three Mile Island accident which, depending on the way one
looks at it, was a credible or incredible event according to the twenty year old defini
tion of the DBA.
These developments have given impetus to the search for a safety concept which
must obey two somewhat contradictory requirements. It must, on the one hand,
consider how to limit the consequences of very rare severe accidents, larger than a
DBA, and on the other, clearly distinguish these considerations from the regulatory
measures which necessarily address specific and well defined accidents (DBAs),
having probabilities closer to the realm of human experience.
Severe accident considerations are bedevilled by two major questions. First,
how severe should the accident be to be considered and, secondly, should all efforts
be put into preventing these rare events or should some mitigating devices also be
considered? In the second situation, problems may arise in trying to prove the
efficacy of the mitigating devices under these extreme conditions. Altogether it must
be clearly understood, and cannot be underlined often enough, that these are ‘last
ditch’ efforts to limit the consequences of accidents which are very likely never to
happen anyway. These extraordinary measures, which have no parallel in any human
endeavour, are nevertheless justified by the major damage potential of nuclear reac
tors and the widespread fear associated with radiation.
The OECD countries have, in recent years, defined a severe accident policy —
to which the NEA has contributed — which has led to the development of sensible
and coherent procedures and measures with the view to preventing malfunctions from
degenerating into severe accidents, and if all else fails, to mitigate the consequences
of these rare events.

3.

THE CONTRIBUTION OF INTERNATIONAL CO-OPERATION

That the nuclear risk is a special risk was already known to the pioneers of
fission energy and it is, in my opinion, the biggest shortcoming of the Atoms for
Peace Program begun in 1953, which first promoted the international peaceful uses
of nuclear energy, not to have taken this into account. President Eisenhower
recognized the need for safeguarding fissile material in the fuel cycle so that it might
not be diverted for military purposes, yet he did not put similar emphasis on
concerted international efforts to achieve and to maintain the safety of reactors and
their associated fuel cycle facilities.
In fact, international co-operation in nuclear safety was initiated much later,
primarily by three intergovernmental bodies — the International Atomic Energy
Agency, the Commission of the European Communities and the NEA — and the first
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concerted multilateral action was the creation of the NEA Committee on Reactor
Safety Technology, which dates back only to 1965.
International co-operation in nuclear safety must be based on the premise that
responsible operators, supervised and controlled by responsible governments, are
and must remain the first and foremost contributor towards a satisfactory level of
nuclear safety. Thus, international co-operation can only supplement national efforts.
An obvious objective of intergovernmental co-operation is the promulgation of
internationally conceived and enforced safety standards. The evolving nuclear tech
nology over the past two decades has so far made it extremely difficult to set criteria
and to describe specific solutions. In addition, the design, construction and operation
of an NPP differ widely and require a wide range of safety guides, codes and
standards, covering a large variety of disciplines. Many of these rules are taken from
conventional technologies which frequently differ between countries and it would not
be easy to precisely determine their equivalence.
It must also be noted that national practices in regulating hazardous industries
vary widely and that this would certainly hamper a uniform approach in the nuclear
field. Finally, and most important, experience has shown that an international
consensus may inadvertently arrive at the lowest common denominator and that an
international regime may lower national vigilance. It must also be recalled that it is
virtually impossible to verify compliance internationally. It is therefore unlikely that
international standards covering all the world’s reactors can contribute towards the
prevention of accidents in the short term.
Nevertheless, the Chernobyl accident has shown — as had Three Mile Island
earlier — that a nuclear accident anywhere is an accident everywhere. Governments
and the industry they control have therefore the global responsibility to do their
utmost to avoid such disasters, by availing themselves of the best means to develop,
use and regulate nuclear power.
Multilateral international co-operation can be particularly helpful here. It is for
these reasons that the primary objective of the NEA has been, from the outset, to
foster exchanges which enhance the scientific and technical knowledge relevant to
nuclear safety. We thus help to broaden the database and know-how, as well as the
‘know-why’ from which national safety and regulatory authorities derive their
decisions. However, our co-operation is not limited to these objectives because it
increasingly covers the review of the underlying rationale for national approaches and
this not only in order to improve the understanding as to why a country pursues a
particular course of action but also to bring about a consensus on all major safety
issues. In this way we were able to gradually harmonize many methods and tech
niques employed to ensure nuclear safety, with the result that we have achieved a
relatively high and homogeneous level of nuclear safety in the OECD area.
As I mentioned earlier, reactor development in the OECD countries has, from
the start, been accompanied by a comprehensive safety research programme, with the
aim to analyse reactor behaviour during disturbances and accidents, and to develop
safety provisions and verify their effectiveness. The NEA has co-ordinated many of
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these activities in the OECD area over the past 20 years. As a result, all major find
ings have been shared among OECD countries and many have been arrived at
through collaborative projects sponsored by the NEA, in which countries jointly
finance and direct specific R&D activities.
Furthermore, most of the measures used to assess the safety of reactors and their
component parts (for example, complex computer codes to predict the behaviour of
reactors in accidents or methods to inspect the pressure vessel and important piping)
are continuously compared, assuring the users of the adequacy and accuracy of their
tools.
Only on the basis of these efforts have we been able to arrive at the common
severe accident policy which I described earlier and to successfully tackle any
controversial issue. We are therefore much better equipped in the OECD countries
to master the safety of fission energy from water reactors today than we were at the
beginning of the nuclear era.
While most early safety R&D was inspired by imagined accidents, the expand
ing number of NPPs enables us to increasingly analyse shortcomings observed during
operation.
It is not difficult to prove that nearly all industrial accidents, whether they be
nuclear or otherwise, made us realize that we should have made more efforts to
understand the signals. Today it is more important than ever to look for root causes
which would prevent such accidents as Chernobyl and Three Mile Island reoccurring.
International co-operation, in parallel with national efforts, is vital here to ensure that
no stone remains unturned in our efforts to discover weaknesses in design and opera
tion and to eliminate them.
Since 1980, we at the NEA have systematically collected and exchanged reports
describing incidents with safety significance observed during the operation of the
nearly 300 NPPs in OECD countries and we are convinced that no such event escapes
our reporting system today. Following the Chernobyl accident, OECD countries have
decided to reinforce this vitally important activity. As a first step, we will expand
our incident database by covering a wide range of events. Even more important, we
will make all efforts to interpret the message which these incidents contain by signifi
cantly broadening and deepening our analysis of multiple and single events and draw
ing and disseminating our conclusions.
Over and above the collaborative efforts in nuclear safety technology, the NEA
has, for nearly 15 years now, provided a forum for regulators, to enable them to
discuss the impact of scientific and technical development on regulation and vice
versa, and to exchange views on the evolution of regulatory thinking. At a meeting
of Top Level Regulators in 1983, it was also decided to share the substance of, and
rationale for, regulatory measures before they are promulgated, giving other Member
Countries an early opportunity to comment on these anticipated changes.
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CONCLUSION

To date OECD countries in the nuclear industry have achieved an excellent
safety record. Since the beginning of the nuclear era, 10 000 TW-h, the equivalent
of the current electricity requirements in the OECD area for approximately two
years, have been produced by fission energy, without a single death of a member of
the public; and the operating experience accrued provides a strong basis for improved
safety measures in the future. This achievement is due to the extraordinary efforts
of the OECD countries to limit the risks associated with this energy source and to
their close co-operation under the aegis of the OECD/NEA.

IAEA-CN-48/12

THE ROLE OF SAFETY
IN THE NUCLEAR POWER PROGRAMME
OF A DEVELOPING COUNTRY AS SEEN
FROM THE INDIAN PERSPECTIVE
M.S.R. SARMA, S.P. SINGH
Atomic Energy Regulatory Board
P.R. DASTIDAR, S.K. MEHTA, A. KAKODKAR,
V. VENKAT RAJ, B.F. CHAMANY
Bhabha Atomic Research Centre
Bombay, India

Abstract
THE ROLE OF SAFETY IN THE NUCLEAR POWER PROGRAMME OF A DEVELOPING
COUNTRY AS SEEN FROM THE INDIAN PERSPECTIVE.
The Indian nuclear power programme envisages the installation of a series of 235 MW(e) and
500 MW(e) pressurized heavy water reactor (PHWR) units, so that a nuclear power generating capacity
of 10 000 MW(e) is achieved by the turn of the century. Considerations of safety play an important role
at various stages: siting, design, manufacture, construction, commissioning and operation. The safety
requirements are adequately documented, implemented and verified by appropriate administrative
means. The paper discusses briefly the engineered safety features of the Indian PHWRs, various aspects
of administration of safety including emergency planning and preparedness and the R&D work related
to safety of Indian PHWRs.

1.

INTRODUCTION

The n u c l e a r power program me i n I n d i a f o r
the
n e x t f i f t e e n y e a r s i s b a s e d on i n s t a l l a t i o n of
a
series
o f 2 3 5 MW<e) a n d 5 0 0
MW< e>
pressurized
heavy w ater r e a c to r u n its .
These w ill ag g re g a te to
about
10% o f
the
projected
total
installed
electricity
g e n e r a t i o n c a p a c i t y in I n d i a and would
increase
the
current nuclear cap acity
from
1330
MW<e> t o 1 0 0 0 0 MW( e ) , a s g i v e n i n T a b l e I .
The
first
nuclear
power
station
in
India,
that
was s e t u p i n l a t e 6 0 s
at
Tarapur,
c o n s i s t s o f t w o b o i l i n g w a t e r r e a c t o r s o f 2 1 0 MW( e )
capacity.
The
subsequ ent s t a t i o n s which form th e
mainstay
of
the
first
stage
of
nuclear
power
programme
in
the cou n try are of
the
pressurized
11
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TABLE I
INDIAN NUCLEAR POWER PROGRAMME

No.
Units

Ooerational

& C apacity
MW( e )

Cum ulative
C apacity
MW( e )

Units

TARAPUR ( BWR)

2

X

210

420

RAJASTHAN

2

X

220

860

MADRAS

2

X

235

1330

NARORA

2

X

235

1800

KAKRAPAR

2

X

235

2270

RAJASTHAN

2

X

235

2740

KAI GA

2

X

235

3210

NEW PRO JECTS

4

X

235

4150

NEW PRO JECTS

12

X

500

10150

U nder C o n s t r u c t i o n

New U n i t s

Planned

h e a v y w a t e r (PHWR) t y p e .
T h e f i r s t PHWR s t a t i o n
wa s
c o n s t r u c t e d a t R a j a s t h a n (RAPS) w i t h 2
x
220
MW(e) r e a c t o r u n i t s .
I n a d d i t i o n t o R A PS, tw o m o r e
units
o f 2 3 5 MW(e) e a c h a r e i n o p e r a t i o n i n M a d r a s
(MAPS).
C onstruction
o f two s t a t i o n s h a v i n g
two
units
e a c h o f 2 3 5 MW( e )
is
in p ro g re s s a t
Narora
( NAPP) a n d K a k r a p a r ( K A P P ) .
C o n s t r u c t i o n work f o r
two
more u n i t s a t K aiga and a d d i t i o n o f
two
more
units
a t R a j a s t h a n h a s commenced.
NAPP d e s i g n i s

IAEA-CN-48/12

our s ta n d a rd is e d
and
a number of
constructed.
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d e s i g n f o r a l l 2 3 5 MW(e>
stations
such s ta tio n s are proposed
to
be

T h e d e s i g n o f a l a r g e r u n i t o f 5 0 0 MW<e)
capacity
is
a l s o in p r o g r e s s and c o n s t r u c t i o n
of
two
units
of t h i s s i z e is
expected
to
commence
soon.
A n u m b e r o f 5 0 0 MW< e ) u n i t s a r e p r o p o s e d t o
be c o m m iss io n e d s t a r t i n g from m i d - 9 0 ' s ,
to achieve
the
t a r g e t o f 1 0 0 0 0 MW(e> n u c l e a r p o w e r g e n e r a t i n g
capacity
by t h e t u r n of t h e
century.
The
basic
design
o f t h e 2 2 0 / 2 3 5 / 5 0 0 MW(e> u n i t s i s
sim ilar;
however/
a
number
of s i g n i f i c a n t d e s ig n
changes
have' been
made p r o g r e s s i v e l y
from
Rajasthan
to
Madras
to
Narora
and f i n a l l y t o
the
500
MW<e)
units.
T hese
d e s i g n c h a n g e s h a v e b e e n made
from
the
consideration
of c u r r e n t l y p r e v a i l in g
safety
criteria,
seism icity,
improved
availability,
requirem ent
of
in-service
inspection,
ease
of
m aintenance e t c . ,
as a p p r o p ria te to the c o n d itio n s
in India.
C onsiderations
of s a f e t y a re
im portant
inputs
right
from
siting,
design,
m anufacture,
construction,
com m issioning
to operation.
These
considerations
are
well
documented.
Their
observance
i s e n s u r e d by
suitable
adm inistrative
means.
P r o v i s i o n s h a v e b e e n made f o r i n t e r n a l a n d
e x t e r n a l overview of th e s a f e t y r e s e a r c h f i e l d s and
studies
relevant
to
PHWRs
in
India's
programme
particularly
p e rta in in g to system
analysis,
fuel
behaviour
studies,
therm al hydraulic stu d ie s
and
stru c tu ra l analysis.

2.
2. 1
2. 1. 1

Engineered Safety Features
Sit ing
General

The
s a f e t y assessm ent of n u c le a r
power
stations
includes
th e e f f e c t of th e s i t e
on
the
station,
as
well as th e e f f e c t of th e s t a t i o n
on
the
site.
With r e s p e c t to t h e e f f e c t of t h e s i t e
on
the plant design,
the fa cto rs th at
are
taken
into
account fo r s i t e assessm ent are grouped
into

14

SARMA et al.

natural
events»
and m an-induced e v e n ts .
N atural
events
considered
in s i t e s e l e c t io n
are
seism ic
nature
of
the site»
and
extreme
m eteorological
phenomena s u c h as f l o o d s /
h ig h winds and c y c lo n e s ,
heavy
precipitation
etc.
Man-induced
events
include
a irc ra ft crashes,
h azard s from to x i c
and
explosive
m aterials,
blasting etc.
We
consider
proxim ity
to
a i r f i e l d s in s i t i n g
and
based
on
screening
d istan ce value,
p r o b a b i l i t y of a i r c r a f t
c r a s h is ex c lu d e d from th e d e s ig n b a s i s .
For each
of
t h e e v e n t s whose p o t e n t i a l a t a g i v e n s i t e
has
been
known
to
exist,
a design
basis
event
is
established.
For
the
sites
selected,
detailed
in v e stig a tio n s are c a rrie d out during
construction
and
m onitoring
of
im portant
structures
is
u n d e rta k e n d u rin g c o n s t r u c t i o n and o p e r a tio n .

2.1.2

Geological and Seismic Considerations

Geology
of
the
Indian
sub-continent
exhibits
a la r g e v a r i a t i o n from
the southern
tip
of
the
country
to
its
northern
boundary.
Geotechnical
exam ination
of s i t e s is c a r r i e d
out
u s in g modern t e c h n i q u e s f o r which t o t a l
indigenous
capability
exists.
Evaluation
of
the
site
is
carried
o u t u s in g t h e base in f o r m a t io n on r e g i o n a l
geology and f u r t h e r g e o - p h y s ic a l i n v e s t i g a t i o n s
to
e s t a b l i s h local c h a r a c te r i s t ic s of the s t r a t a .
On
t h i s is superim posed the h i s t o r i c a l earth q u ak e d ata
t o c o n s t r u c t a s e i s m o t e c t o n i c ma p o f
the
region.
Further
ex a m in a tio n of s e ism o te c to n ic s
using
the
determ inistic
approach is c a r r i e d out to e s t a b l i s h
t h e two l e v e l s of e a r t h q u a k e t o be u s e d f o r d e s i g n .
Their
return
periods are
assessed
adopting
the
probabilistic
approach
to
ensure the
degree
of
c o n s e r v a t i s m p r e s c r i b e d i n t h e I AEA g u i d e s .
These
two
le v e ls of ea rth q u ak e a re r e f e r r e d
to as
Safe
Shutdown E a rth q u a k e and O p e ra tin g B a s is
Earthquake
for
use in s e is m ic d esig n of
components,
systems
and s t r u c t u r e s .

2.1.3

Effects of the Plant on Environment

We
follow
well-known
internationally
a c c e p t e d s t a n d a r d s on p r o t e c t i o n of t h e e n v iro n m e n t
from
effects
of d is c h a r g e s from th e
plant.
Our
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nuclear
power p l a n t s a r e s u r r o u n d e d by
a
1.6
km
r a d i a l e x c lu s io n zone.
This zone is fenced o ff to
prevent
u n a u t h o r i z e d e n t r y o f me n o r a n i m a l s .
An
a n n u l a r z o n e o f 5 km o u t e r r a d i a l d i s t a n c e ,
called
the s t e r i l i z e d zone,
is provided.
In t h i s
zone,
only
such a g r i c u l t u r a l and r e s i d e n t i a l p re se n c e is
p erm itted as is e x is tin g p rio r to the
construction
of
the nuclear
power
station.
No n e w a c t i v i t i e s
a re p e r m itte d o th e r th a n th o se t h a t a r e th e outcome
of n a tu r a l growth.
In t h i s zone, it is p o s s ib le to
adm inister
th e well-known emergency measures
such
as
shelter,
stable
iodine
adm inistration
and
e v a c u a t ion.
I n t h e l i g h t o f C h e r n o b y l , we a r e i n t h e
midst
of
an
ex ercise to extend
such
emergency
preparedness
plans
and
measures
beyond
the
s t e r i l i z e d zone.
We h a v e f o l l o w e d I A E A ' s S a f e t y S t a n d a r d s
on
acceptable rad io activ e contam ination levels
in
air,
water
and
foodstuffs
during
emergency.
However,
we
are
evolving
our
own
standards,
sp e c ific to Indian conditions.

2.2

Inherent Safety

As
the
Indian
PHWR e m p l o y s
natural
uranium
oxide
as
fuel
m aterial
and
on-power
refuelling,
the
amount
of
available
excess
reactivity
is
lim ited.
Furthermore,
no
single
m echanical shutdown d ev ice ,
either solid
absorber
rod
or
liq u id poison tube,
has la rg e
reactivity
worth.
Also, the shutdown d ev ice s o p e ra te
in
low
power,
low
tem perature
environment
excluding
possibilities
of f a s t rod e j e c t i o n type a c c id e n ts .
Both
these
design fe atu res lim it
the
extent
of
r e a c t i v i t y rem o val e v e n by a c c i d e n t .
As t h e r e a c t o r i s d e s i g n e d t o b e c l o s e t o
t h e p o i n t of optimum m o d e r a t i o n by h eavy w a t e r , t h e
n e u t r o n g e n e r a t i o n t i m e i s a r o u n d o n e mi 1 1 i - s e c o n d .
This
f e a t u r e makes f o r a more " f o r g i v i n g "
reactor
in th a t any a c c id e n ta l ex c u rsio n , even if i n i t i a t e d
in
some
improbable
scenario,
will
require
significant
time to develop,
and th u s p e rm it
the
shutdow n mechanisms t o o p e r a t e and a r r e s t i t .
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The
provision
of
a
low -pressure
physically
s e p a r a te from th e hot c o o la n t
s e r v e s as a v i t a l th erm a l s in k in ca se of

In a
PHWR,
any v o i d i n g of t h e
prim ary
coolant
i n e v i t a b l y would
result
in
reactivity
addition.
However, i t i s e n s u r e d by d e s i g n
that
the
prompt
negative
Doppler
coefficient
of
r e a c t i v i t y of f u e l would overcome t h e p o s i t i v e v o id
coefficient,
and
thus lim it th e le v e l of
fission
e x c u r s i o n i n a LOCA e v e n t t o c o n t a i n a b l e l i m i t s .
Our
PHWRs b e i n g o f
the
pressure-tube
type,
their
time
of
voiding
is
significantly
greater
than
that
of th e
pressure-vesse1
type.
Since
the piping sizes are sm all,
and
there
are
numerous
feed er pipes in the c i r c u i t ,
the
system
has
inherent
hy d rau lic re s is ta n c e to quick
blow
down,
even
for
rupture
of
the
largest
bore
component,
namely, th e p r e s s u r i z e d c o o la n t header.
This
is
o f f s e t p a r t l y by t h e
relatively
sm aller
inventory of hot, p re ssu riz e d coolant.
Our
pressure
suppression
system
is
com pletely
passive,
and
does
not
require
any
actuation
force,
except th e fo r c e of th e a c c id e n t
requiring
containm ent.
Our p r e s s u r e
suppression
s y s t e m c a n n o t e i t h e r w r o n g l y a c t u a t e , o r f a i l t o do
so,
e i t h e r by l o s s o f pow er o r any o t h e r p r o c e s s
or
instrum ent
m alfunction,
on
account
of
its
designed p a s s iv ity .
Our c o n t a i n m e n t
large,
th ere b y minim izing
h y d r o g e n f o l l o w i n g LOCA.

volumes
problems

are
relatively
a s s o c ia te d with

N a tu r a l- c ir c u la tio n steam g e n e ra to rs are
employed
in
our
PHWRs.
Such
steam
generators
necessarily
have la rg e in v e n to rie s of lig h t
w ater
as
c o o la n t on th e secondary
side.
This
coolant
c o u l d , i f n eed be, be v e n t e d t o t h e a tm o s p h e r e ,
to
furnish
u p t o 20 m i n u t e s o f e m e r g e n c y
cooling
for
th e r e a c t o r , in th e event of lo ss of feed w ater.

17
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2.3

Containment

2.3.1

General

While
the
inherent
safety
features»
design
provisions
and
safety
systems
provided
reduce
the
chance
of an a c c i d e n t to a
very
low
probability»
an added lev el of s a f e t y is
provided
by
the
containm ent
building
surrounding
the
reactor.
The
c h ie f f u n c ti o n of
the
containm ent
system
is to lim it th e r e le a s e of r a d i o a c t i v i t y to
the
environment
in
the
event
of
postulated
accidents
involving
the
reactor»
to
w ithin
acceptable lim its.

designs

2.3.2

is

A ty p ic a l containment
s h o w n i n F i g u r e 1.

as

used

in

Indian

Double Containment Envelope

A s a l i e n t fe a tu re of t h i s d esign is the
use of double containm ent p r i n c i p l e .
The
annular
space betw een th e p rim a ry and s e c o n d a ry co n ta in m e n t
envelopes is provided w ith a purging arrangement to
m aintain
a n eg a tiv e p re s su re in the
space.
This
arrangement
would p r e v e n t ground le v e l r e l e a s e s to
the
environment
during
accident
conditions
involving
radioactivity
re le a se into the
prim ary
conta inm ent.
The
containm ent
structures
are
of
concrete.
The p r i m a r y c o n t a i n m e n t i s a p r e s t r e s s e d
concrete structure»
c o n s i s t i n g of a p e rim e te r wall
t o p p e d by a f l a t r o o f ( o r ,
as i n l a t e r d e s i g n s » by
a dome).
The o u t e r ,
or
secondary
containm ent
envelope
is a r e in f o r c e d c o n c re te c y l i n d r i c a l wall
t o p p e d by a r e i n f o r c e d c o n c r e t e dome.
The p r i m a r y
containment
uses epoxy/vinyl co a tin g as lin e r
for
a d d e d 1e a k t i g h t n e s s a n d e a s e o f d e c o n t a m i n a t i o n .
Care
has
been taken to
see
that
the
provision
of
double containm ent extends over
all
penetrations
and le a k
paths.
For
example,
for
a ir locks,
th re e clo su re b a r r ie r s are provided; the
space
between th e ou term o st and m iddle b a r r i e r
is
vented to th e secondary containm ent atm osphere.
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FIG. 1. NAPP reactor building.

2.3.3

Pressure

S u p p re s s io n

A
pressure
suppression
system
incorporating
a
suppression
pool
is
used
for
lim iting
the
peak
pressure
in
the
containment
follow ing a loss of coolant accident.
This system
condenses
part
of
th e steam
released
during
a
postulated
loss of co olant accident»
and
thereby
lim its
th e p re s s u r e r i s e in th e
containment.
To
achieve
this
function,
the
prim ary
containment
building
is
divided
into
two
accident-based
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volumes.
Volume
VI ( ' d r y w e l l ' )
and
Volume
V2
('w etw ell')/
separated
by
leaktight
walls
and
floors.
Volume
VI e n c o m p a s s e s
all
enclosures
housing
the high enthalpy prim ary
heat
transport
system , and p a r t of th e se c o n d a ry system .
The r e s t
of
the
prim ary containm ent
building
constitutes
volume
V2
and
includes a ll those
areas
of
the
building
that
are accessible
during
reactor
operation.
T h e l o w e s t f l o o r i n v o l u m e V2 i s f i l l e d
with
water
upto
about
2.4
m etres
high/
constituting
the su p p re ssio n pool.
A vent system
r u n s f r o m v o l u m e VI a n d s u b m e r g e s a t t h e o t h e r
end
in to th e pool.
T hus t h e two volum es a r e c o n n e c t e d
through
the
w ater s e a l of th e
suppression
pool.
D u r i n g a LOCA/
t h e p r e s s u r e r i s e i n v o l u m e VI w i l l
cause ste a m -a ir m ixture to flow via th e vent system
to
the
suppression
pool/
where th e
steam
will
condense,
and
air
escape
into
volume
V2.
S u f f ic ie n tly larg e vent openings in the flo o r
slab
above
the
suppression
pool
are
made
for
easy
distribution
o f r e l e a s e d a i r i n v o l u m e V2.
During
normal c o n d i t i o n s ,
th in p la s tic sheets cover these
openings
and
prevent
suppression
pool
m oisture
g e t t i n g in to a re a s in th e containm ent b u ild in g .
Although
t h e b o u n d a r y b e t w e e n V I a n d V2
is
d e s ig n e d t o be l e a k t i g h t ,
an assum ption
of
a
leak
path equivalent to
0. 1 m 2
i s made i n
the
analysis
for
containm ent
pressure/tem perature
trans ien t.
A l s o , we d o n o t g o t o c o n d i t i o n s o f
steam flow thro u g h th e vapour s u p p re ss io n pool
th u s chugging f o r c e s a r e minimal.

pure
and

The
pressure
su p p re ssio n system is
an
entirely
p a s s iv e system and does not
perform
any
function
during
operational
states.
However,
during
lo ss of co o lan t
accident
conditions,
the
suppression
pool w ater w ill form p a r t of th e
long
t e r m r e c i r c u l a t i o n mode o f e m e r g e n c y c o r e c o o l i n g .

2.3.4

Post—Accident
Containment

It
depressurize
in
as
short

Depressurization

of

i s d e s i r a b l e t o c o o l down a n d t h e r e b y
th e containm ent fo llo w in g an a c c id e n t
a
time
as
possible
so
that
the
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in t e g r a te d leakage from th e p rim ary containm ent
is
minimized.
During
t h e post-LOCA c o n d i t i o n s ,
the
h e a t s o u r c e s a r e : < i) e n t h a l p y of steam and h o t a i r
in
containm ent atmosphere,
( i i ) core decay
heat.
The
heat
sinks,
on
the
other
hand
are:
< i)
containment
building
air-coolers,
and
(ii)
emergency co re c o o lin g h ea t removal system.
The b u i l d i n g a i r - c o o l e r s , d i s t r i b u t e d a t
various
lo c a tio n s in the containm ent b u ild in g
are
used
b o th d u rin g normal o p e r a t i o n ,
as well as fo r
accident conditions.
The c o o l e r s a r e s u p p l i e d f r o m
an a s s u re d p ro c e ss w ater su p p ly ;
th e ir fan
motors
are
driven
by
power s u p p l i e s
backed
by
diesel
g e n e ra to rs (C lass I I I Supply).
Furtherm ore,
like
all
other
containm ent r e la te d
engineered
safety
features,
these
coolers
a r e d e s i g n e d t o work
in
p o s t —LOCA e n v i r o n m e n t .
The
core decay
heat
is
removed by t h e r e c i r c u l a t e d em ergency c o r e
cooling
water,
which in t u r n r e j e c t s h eat to p ro c e ss w ater
in a heat exchanger.
In
order
to
achieve
further
depressurization
a t low p r e s s u r e s ( s a y b e l o w
0.05
k g • c m -2 . g - i >, w h i c h m a y b e d i f f i c u l t t o
achieve
by
cooling
alone,
th ere is a p ro v isio n fo r re s o r tin g
to the o p tio n of c o n t r o l l e d gas d is c h a rg e to
stack
v i a f i l t e r s , i f t h e c i r c u m s t a n c e s demand.

2.3.5

Containment Atmosphere Clean-up Systems

Two
system s have
accident
cleanup
of
the
containm ent.
T hese a r e :
i)

Primary containment
system

been adopted
atmosphere

filtration

and

for postin
the

pumpback

In
this
system,
air
flow
is
recirculated
w ithin
the
prim ary containment
through
charcoal
filters.
The
system
is
designed
to
perform
c o n t a i n m e n t a t m o s p h e r e c l e a n u p o p e r a t i o n on a l o n g 
term
b a sis a f t e r an a c c id e n t,
the iodine
removal
half-life
being
about 3.5 hours.
Thus,
over
a
period
of 24-48 h ours,
significant
reduction
in
concentration
of iodine in th e prim ary containm ent
would be e f f e c t e d ,
so t h a t th e s ta c k r e le a s e s
due
t o c o n t r o l l e d g a s d i s c h a r g e a r e low.
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i i>

Secondary
recirculation

containment
and purge system

filtration,

This
sy ste m p r o v i d e s m u l t i p a s s f i l t r a t i o n and
mixing
by
recirculation
w ithin
the
secondary
containment
space#
and
also
m aintains
negative
pressure
w ithin the secondary
containm ent
space.
The
n eg a tiv e p re ssu re m aintained in the
secondary
containment
space
brings
the
net
ground
level
r e l e a s e down t o v i r t u a l l y z e r o .

3.

A dm inistrât ion of

3.1

Des i q n R e v i e w

Safety

As
stipulated
by
the
Atomic
Energy
R e g u l a t o r y B o a r d < AERB)# n u c l e a r p o w e r s t a t i o n s a r e
required
to
seek
and
obtain
authorization
for
c o n s t r u c ti o n # com m issioning and o p e r a t i o n , p r i o r to
commencement
of
these
activities.
For
this
purpose,
AERB
review s
the
various
documents
subm itted
by
the
Nuclear
P o w e rC o r p o r a t i o n
as
relevant
at each stage.
T hese docum ents
include
s ite se le c tio n reports# prelim inary sa fe ty analysis
report#
final
safety
analysis
report,
and
stagew ise
com m issioning
reports
for
individual
system s.
AERB
liaises
with
the
designers#
erectors
and
other
agencies
of
the
operating
organisation
durin g i t s d e t a i l e d review.
It then
subm its
its
f i n d i n g s and recom m endations
to
its
Advisory
Committee
on R e a c to r S a f e t y
( ACRS)
for
th eir objective appraisal.
Any p r o b l e m s t h a t
get
identified
during
th e above review s are
resolved
with the o p eratin g o rg anisation#
during the course
of th e review .
A f t e r t h e AERB s t a f f a n d ACRS
are
satisfied
that
safety
s ta n d a r d s have
and
would
c o n t i n u e t o b e met f o r t h e a c t i v i t y u n d e r r e v i e w # a
recommendation
is
made b y t h e m t o
the
board
of
management
of
AERB t o
accord the
requested
authorisation.
3.2

Quaiitv

activity

Assurance

. Q uality
in o rd er

and Audit

audit is a v ita l part
to m onitor th e s t a t u s

of
of

AERB's
safety
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practices
in p r o j e c t s and p l a n t s .
As i s t r u e f o r
any a u d i t , s a f e t y a u d i t i s , t a k i n g a t h i r d - e y e view
of observance of s a f e t y .
We u n d e r t a k e t o l o o k
at
the
quality
a s s u r a n c e programme of th e
operating
organisation
as
an e n t i t y ,
and a s s e s s if
it
is
adequate
and
in good working o r d e r
or
not.
We
watch
out
for generic weaknesses,
even in
minor
m atters.
We
recognize th at q u ality
control
and
inspection
are
essentially
functions
of
the
manufacturing or f i e l d o p eratio n s,
and s h o u ld form
a
part
of
the
o p erato r's
quality
assurance
programme.
We
expect
to
find
a good
quality
surveillance
activity
p e r f o r m e d on a s e c o n d o r
a
th ird party basis.
We d o , h o w e v e r , c o n d u c t r a n d o m
f i e l d checks during a u d it,
in order to get a
feel
f o r th e q u a l i t y a s s u r a n c e p r a c t i s e d by th e u t i l i t y .
AERB
have
conducted
an
in-depth
assessm ent of q u a l i t y a ssu ra n c e p r a c t i c e s
followed
in
India
in
the m anufacture
of
components
and
systems
o f . PHWRs
im portant
to
safety.
This
assessment
wa s
performed
by an
ad-hoc
expert
committee
h eaded by a p ro m in e n t academ ic e n g i n e e r ,
and
com posed o f members d r a w n f r o m
Bhabha Atomic
Research
C e n t r e (BARC),
industry.
Nuclear
Power
Corporation
(NPC),
and Atomic Energy
Regulatory
Board.
This
committee
assessed eight
major
m anufacturers
and one p r o j e c t .
It
examined
the
field
p r a c t i c e s in i n s p e c t i o n and q u a l i t y
control
as
well
as
quality
assurance
and
quality
surveillance
programmes
in a p p lic a tio n
in
these
facilities.
C e r t a i n g e n e r i c and s p e c i f i c f e a t u r e s ,
representing
s t r e n g t h s and weaknesses
in
quality
a s s u r a n c e were i d e n t i f i e d and r e p o r t e d upon.
As
a
part
of
AERB's
programme
of
regulatory
review
of operational
safety
of
the
Indian
nuclear
power
stations,
the
operational
e x p e r i e n c e o f T A P S , a n d u n u s u a l o c c u r r e n c e s o f RAPS
over
the
last
5 y e a r s were e v a l u a t e d
by
ad-hoc
expert
com m ittees.
T hese
com m ittees
were
also
h e a d e d by p r o m i n e n t , n o n - d e p a r t m e n t a l e n g i n e e r s and
w e r e c o m p o s e d o f e x p e r t s f r o m BARC, NPC a n d AERB.

found
the
of s a f e t y .

T h e C o m m i t t e e t o r e v i e w TAPS
operations
s t a t i o n in good s t a t e of h e a l t h in term s
I t d i d , ho w e ver, recommend m e a s u r e s t o
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enhance
safety#
decommissioning.

as

well

as

23
plan

for

eventual

The
Committee
for
review ing
unusual
occurrences
a t RAPS e x a m i n e d t h e s t a t i o n s
safety
record
and
f o u n d no s i g n i f i c a n t a r e a o f
concern.
The C o m m i t t e e ,
however, d id i d e n t i f y measures t h a t
n e e d e d t o be t a k e n t o p r e v e n t r e c u r r e n c e o f some of
the
serious
unusual o c c u r r e n c e s t h a t had
so
far
occurred.

3.3

O rganisât ion fo r

Safety

R é g u lâ t io n and Review

Pursuant
to the objectives outlined
in
the
Atomic
Energy
Act,
the
Government
has
co n stitu te d the
AERB t o c a r r y o u t r e g u l a t o r y a n d
safety
functions
for in stallatio n s
within
the
Department of Atomic Energy as w ell as o u t s i d e .
In
addition,
the
S a f e t y Review
Committee
(SRC),
appointed
by
the
Department
of
Atomic
Energy
evaluates
and e n f o r c e s r a d i o l o g i c a l s a f e t y in
all
U n i t s o f t h e D e p a r t m e n t o f A t o m i c E n e r g y ( DAE)
and
assists
the
AERB
in the
performance
of
its
functions.
The
DAE-SRC
is
assisted
by
various
s a f e t y co m m itte e s as w e ll a s by t h e H e a l t h
Physics
D ivision
of
BARC
in
its
safety
review
and
surveillance a c tiv itie s respectively.
Other
activities
o f AERB r e l e v a n t
to
nuclear
pow er
stations
include
form ulation
of
safety
codes,
guides
and
standards,
regulatory
audits
and
inspections
and
evaluation
of
QA
(Q u a lity Assurance) procedures.
The
DAE-SRC r e v i e w s o r
gets
reviewed
from
its
sub-com m ittees
the
safety
aspects
of
siting,
design
and
operation
of
nuclear
pow er
stations.
It
m onitors
th e s a f e t y s t a t u s of
the
stations,
and rev iew s and e n f o r c e s com pliance w ith
s t a n d a r d s s t i p u l a t e d b y AERB.
A m u l t i - t i e r system is in vogue f o r
the
safety
review
of t h e n u c l e a r pow er
stations,
in
addition
to the co n sta n t m onitoring of the
health
and s a f e t y s t a t u s o f t h e o p e r a t i n g s t a t i o n s by
the
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radiation
protection
personnel posted
by
H ealth
P h y s i c s D i v i s i o n o f BARC.
This system includes:
1)
2>

3)

Local S a f e ty Committees/ c o n s i s t i n g m o stly of
Senior S ta tio n Personnel.
Unit
Safety
Committees,
consisting
of
external
personnel
with
S tation
representatives#
for operating statio n s/
or
u n it d esig n s a f e ty com m ittees fo r p r o je c ts at
design stage.
E xpert teams a p p o in te d f o r s a f e t y
evaluation
of s p e c ia l problems.

The
recommendations
of
the
Safety
C o m m i t t e e s / T e a m s a r e e v a l u a t e d b y SRC b e f o r e s a f e t y
stipulations
are
made
and/or
recommendations
f o r w a r d e d t o t h e AERB f o r t h e n e c e s s a r y c l e a r a n c e s .
3.4

3.4.1

E m e rg e n c y P l a n n i n g

and

P re p a re d n e ss

Introduction

While
a ll safety precautions are
taken
in
siting#
design#
c o n s t r u c t i o n and o p e r a t i o n of
n u c l e a r pow er p l a n t s #
as a p ru d e n t measure#
it is
required
to
plan
for
dealing
with
emergency
s i t u a t i o n s beyond d e s ig n b a s is a c c id e n ts
involving
releases
of
radioactive
m aterials
into
the
environm ent.
As t h e e s c a p e d r a d i o a c t i v i t y ma y h a v e
ad v e rse e f f e c t s on p erso n s and p r o p e r t y o u t s i d e th e
plant
site
also#
emergency
plans
have
been
instituted
involving both the s t a tio n
authorities
as
well
as th e lo cal a u t h o r i t i e s ( th e l a t t e r
for
s itu a tio n s involving o f f - s i t e em ergencies).

3.4.2

Classes of Emergencies

The
typical
station
emergency
plan
adopted
in
India
considers
five
classes
of
emergencies#
depending
on th e n a t u r e and s e v e r i t y
of th e in c id e n t:
1.

Emergency
Standby:
This involves
abnormal
plant
conditions
with
a
potential
to
p r o l i f e r a t e i n t o a more s e r i o u s s i t u a t i o n b ut
t h e r e is s t i l l tim e t o ta k e p r e c a u t i o n a r y and
constructive
steps to prevent the
emergency
s itu a tio n or m itig ate its consequences.
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2.

3.

4.

5.

3.4.3

P e rso n n e l Emergency:
This involves a c c id e n t
or
occurrence
in any of th e
nuclear
power
stations
in
which
emergency trea tm e n t
of
personnel
is req u ired .
The
situation
may
result
from
high
ra d ia tio n exposure
or
contam ination
orabnormal
intake
of
r a d i o a c t i v i t y by p e r s o n n e l .
Plant
E m e rg e n c y :
In
this
case
the
consequences of th e s i t u a t i o n a re c o n fin e d to
the plant.
Site
Emergency:
The
consequences
of
the
emergency
s i t u a t i o n e x ten d beyond th e
plant
but a re confined to th e s i t e .
O f f - s i t e Emergency:
The c o n s e q u e n c e s o f t h e
emergency
s i t u a t i o n ex ten d beyond
the
site
boundary
and r e q u i r e p r o t e c t i v e a c t i o n s
for
members
of th e p u b lic liv in g in the v i c i n i t y
of th e p la n t.

Elements of the Emergency Plan

The
Station
Emergency P la n
vogue a t n u c l e a r power s t a t i o n s in I n d i a
the follow ing elem ents:
1.

2.

3.
4.
5.
6.
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(STEP)
in
considers

Identification
of
on-site
and
off-site
organisations
vested
with
responsibilities
during
emergency c o n t r o l and
the
mechanism
for a c tiv a tio n of th e ir serv ices.
Establishm ent
of
effective
and
prompt
communication
network
for
notification
to
concerned a u t h o r i t i e s and th e p u b lic .
D e lin e a tio n of p re d eterm in ed a c tio n s .
Procedures fo r emergency ag e n cies/g ro u p s.
P rocedures f o r r a d i a t i o n measurement,
survey
and m o n ito rin g .
Establishm ent
of
various
emergency
equipm ent/m aterials/faci1itie s
such
as
emergency
control
centres
and
alternates
thereof,
assembly
areas#
emergency
e q u i p m e n t / k i ts and t h e i r
storage»
personnel
decontam ination
facilities»
emergency
vehicles,
communication
equipment,
first
a id /tre a tm e n t/h o s p ita liz a tio n f a c i l i t i e s etc.

duties
of
the public

The
STEP
specifies
responsibilities/
s i t e personnel»
o f f - s i te personnel
and
in th e event of emergency.
The t a s k of
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o f f —s i t e
Emergency
D irector
is
performed
by
a
responsible
o f f ic e r with adequate legal
authority
from
the
off-site
civil
adm inistration
(viz.
C ollector or D is tric t M agistrate).
The
l o c a tio n s fo r s to ra g e of
equipment
and
m aterials
required
for
coping
with
the
emergency
are
identified
in
the
plant.
These
locations
include.
P l a n t C o n t r o l R oom ,
Emergency
Control
Centre,
Emergency
Equipment
Centre,
Personnel Decontam ination C entre,
Emergency S urvey
V ehicles,
F i r s t Aid C e n t r e , and T r e a t m e n t Area and
H ospital.

3.4.4

Alert and Intervention Levels

A s e t of 'a l e r t * and i n t e r v e n t i o n l e v e l s
are
laid
down
for
the
purpose
of
emergency
i d e n t i f i c a t i o n and n o t i f i c a t i o n s .
An i n t e r v e n t i o n
level
i n d i c a t e s t h e n e c e s s i t y of im plem enting
the
a p p r o p r i a t e p r o t e c t i v e a c t i o n su ch t h a t t h e r i s k of
exposure to s i t e p e rs o n n e l and th e p u b lic co u ld
be
minimised.
In o rd e r to maximise th e tim e a v a i l a b l e
with
t h e S t a t i o n O&M b e t w e e n t h e r e c o g n i t i o n o f a n
emergency
existing
and com plete
control
of
the
s i t u a t i o n , a l e r t l e v e l s which a r e n u m e r ic a lly l / 5 t h
of
th e co rre sp o n d in g i n t e r v e n ti o n le v e ls have a ls o
been
l a i d down.
T hese l e v e l s c o v e r a v a r i e t y
of
param eters
such
as
beta-gamma
dose
rates
at
i d e n t i f i e d l o c a t i o n s on s i t e , beta-gamma dose r a t e s
a n d DAC v a l u e s ( f o r 1 3 1 - 1 a n d p a r t i c u l a t e s ) a t
the
site
boundary,
c o n ta m in a tio n in m ilk and
pasture
for
1 3 1 -1 ,
89-Sr,
1 3 7 -C s a n d e x t e r n a l d o s e r a t e s
from
ground
c o n ta m in a tio n and
effluent
releases
from t h e p l a n t f o r t h e a i r and t h e w ater r o u t e s .

3.4.5

Protective Measures

The
protective
w o u l d d e p e n d on:
-

-

measures

to

be

taken

severity
of a c c i d e n t and p o s s i b i l i t y of
the
extent
of r a d ia t io n and/or contam ination
in
th e p u b l i c domain.
atm ospheric
c o n d i t i o n s d u rin g and
follow ing
the accident.
results
of r a d i a t i o n m onitor
readings
near
p la n t e x c lu sio n boundary.
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-

results
of
initial
rapid
(and
subsequent
comprehensive)
su rv e y s of a i r ,
water,
milk
and o t h e r a g r i c u l t u r a l / f o o d p r o d u c ts .

Table II
emergency
plan of
of the
protective
a p p lic a b i1ity.

3.4.6

(taken
from
the
RAPS) g i v e s t h e d e t a i l s
m easures and th e e x te n t

off-site
of
some
of t h e i r

Drills and Exercise

The
Indian
PHWRs a r e
required,
on
a
r e g u la t o r y o b l i g a t i o n to conduct p e r io d ic d r i l l s of
their
r e s p e c tiv e emergency p lan s.
Yearly
drills
are
co n ducted f o r a f u l l - s c a l e P la n t Emergency
at
e a c h PHWR.
These d r i l l s a r e o b s e r v e d by p e r s o n n e l
from
Health
Physics
D ivision,
the
AERB
and
In d u strial Safety Section.
The
off-site
emergency
drills
are
intended
to
be
conducted
in
cooperation
with
concerned
local,
m un icip al and
State
Government
authorities.
P e r i o d i c d r i l l s / e x e r c i s e s i n o f f —s i t e
emergency
preparedness
plans are intended
to
be
c o n d u c t e d i n t h e v i c i n i t y o f o u r PHWRs.

3.5

TMI and Chernobyl Backfits

The T h r e e
Mile I s l a n d U n i t - I I in c id e n t
o f 1979 t r i g g e r e d c o n c e r n s w o r l d - w i d e o n s a f e t y
in
nuclear
power p l a n t o p e r a t i o n s .
In keeping
with
the
response
of
other
nuclear
power
operating
nations,
a
d e t a i l e d a s s e s s m e n t was c o n d u c t e d by a
m u l t i - d i s c i p l i n a r y team.
This assessm ent concluded
t h a t e v e n t h o u g h t h e d e s i g n o f PWR o f TMI t h a t
was
affected
was r a d i c a l l y d i f f e r e n t f r o m
either
the
I n d i a n PHWR o r e v e n t h e BWR i n t e r m s o f r e s p o n s e t o
t h e a c c i d e n t i n q u e s t i o n , p r u d e n c e d i c t a t e d t h a t we
improve
th e d e sig n and o p e r a tin g p r a c t i c e s in
our
p la n ts in c e r t a i n i d e n t i f i e d areas.
The
recommendations
a)

p o s t - TMI
assessm ents
prim arily related
to

design
changes
conditions
in
the
s y s t e m ( PHT);

and

to
assure
w ater-solid
prim ary
heat
transport

SARMA et al.
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XX

PRO TECTIV E MEASURES

P r o t e c t i ve
Measure

P e rio d of
A pplicab i 1ity

E xtent of
a p p l i c a b i 1ity
of th e pro
t e c t i v e mea
s u r e a t RAPS.

STAY INDOORS u s e
of p r o t e c t i v e
measures such as
wet h a n d k e r c h i e f

E arly
and
Interm ediate
phases

U p t o 5 km
(3 m ile s)

PROPHYLAXIS
POTASSIUM I O D I D E
Tablets or liq u id
Iod ine

E a r l y and
Interm ediate
phases

Init ially
phase 1 Col
ony, Tamlao
V illage

ACCESS AND EGRESS
R E ST R IC T IO N S

Early, I n te r 
m ed iate and
Late
phases

I n i t i a l l y upto
5 km ( 3 m i l e s )

EVACUATION

Early
and
Interm ed ia te phases

Initially
phase 1 Col
ony, Tamlao
v i l lage;
Interm ediate
u p t o 5 km
( 3 mi l e s >

DECONTAMINATION
OF PERSONS

Whenever
detected

MEDICAL CARE

Interm e—
d i a t e and
Late phases

16 km
m iles)

<10

5 km ( 3

m iles)

b)
c)
d)
e)
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design
changes to prevent crash -co o lin g
s u b s e q u e n t v o i d i n g i n t h e PHT s y s t e m ;
design
changes to a s su re emergency
feed
th e b o i l e r s by re d u n d a n t means;
procedural m odifications;
improvements
in
isolation
features
conta inm ents.

and

general,
units.

T hese
recommendations
implemented in e x i s t i n g

to

of

have
been,
in
as well as f u tu r e

The
more
recent
Chernobyl
accident
c a u s e d a f r e s h l o o k t o b e t a k e n a t o u r PHWR d e s i g n ,
through
sim ilar
dedicated
assessm ents.
These
assessm ents
and
t h e i r recommendations
have
been
finalised.
T hese
are
being
examined
for
im plem entat ion.

had s t a t e d

The
INSAG r e p o r t
t h a t 1:

on Chernobyl

Accident

" No
physical
phenomena can
be
identified
which have not been p r e v i o u s l y i d e n t i f i e d
in
safety
analysis
and
the
subject
of
some
th e o re tic a l and/or experim ental research.
N evertheless,
all
n u c l e a r power
plant
operators
should
feel
the
im portance
of
review ing
th e ir e x istin g s a fe ty analyses
to
conduct s p e c if ic r is k stu d ie s , to v e r if y th a t
a l l the s a f e ty issu es i d e n t i f i e d in th e
past
are s t i l l being p ro p e rly taken care of".
In
line
with
the
foregoing
recom m endation
our
post-C hernobyl
review s
have
indicated
that
our
design
possesses
adequate
protection
against
initiation
of
accidents.
However, t o r e i n f o r c e t h e r e l i a b i l i t y and a u t o m a t i c
action
of
our
engineered
safety
system s,
recommendations
have
been
form ulated
in
the
follow ing areas:
a)

Complete independence in t h e r e a c t o r shutdown
system s from th e p o in t of s e n s in g to a c tu a t io n .

1 INTERNATIONAL ATOMIC ENERGY AGENCY, Summary Report on the Post-Accident
Review Meeting on the Chernobyl Accident, Safety Series No. 75-INSAG-l, IAEA, Vienna (1986).
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Reactor
protection
systems
and
cooling
system s to f u n c ti o n e f f e c t i v e l y in any of th e
credible
accident
events
with
minimal
operator intervention.
Consequences of beyond d e s ig n b a s is a c c id e n ts
be e v a l u a t e d ,
and d e s ig n s m o d ified to
cater
to needs of s a f e ty fo r such sc e n a rio s.
T r a in in g of o p e r a t i o n a l and m aintenance s t a f f
be
r e - o r ie n t e d in
th e l i g h t of e v o lu tio n of
d e s i g n o f o u r PHWRs.
O ff-site
and o n - s i t e em ergency
preparedness
p l a n s and p r o c e d u r e s be re v ie w e d .

4.

R & D

Wo r k R e l a t e d

4.1

Thermal

H ydraulic

to

PHWR S a f e t y

Studies

The
r e a c to r d e sig n e r has to ensure
the
s a f e t y of t h e r e a c t o r sy s te m n o t o n ly d u r i n g normal
operation
but
a ls o under abnormal
and
accident
conditions.
These i n c l u d e t r a n s i e n t s l i k e Loss of
Flow
due to f a i l u r e of c o o l a n t
recirculation
and
t h e L o s s o f C o o l a n t A c c i d e n t w h i c h ma y b e i n i t i a t e d
by
ruptures
of
different sizes
in
the
primary
pressure
boundary.
Computer
codes
have
been
developed f o r t r a n s i e n t and s a f e t y a n a l y s i s .
While
c o m p u t e r c o d e s l i k e RELAP,
RETRAN,
TRAC e t c .
are
p r e s e n t ly a v a il a b le f o r a n a ly s i s of
LWRs,
lim ited
inform ation
is
a v a il a b le in open l i t e r a t u r e
with
r e s p e c t t o PHWRs, t h e m a i n d i f f e r e n c e s b e t w e e n t h e m
being
t h e s m a l l e r a m o u n t o f PHT f l u i d
inventory,
large
q u a n t i t y of c o ld m o d era to r,
the
horizontal
fuel
c h a n n e ls and a s s o c i a t e d f e e d e r p ip in g la y o u t.
A concerted
effort
is
being
made
to
develop
computer
codes
incorporating
features
of
PHWRs
especially
for
r e p r e s e n t a t i o n of h o r iz o n ta l
fuel
channel geometry.
A c o n t r o l v o l u m e e q u i l i b r i u m c o d e , NODE1,
for
s a f e t y a n a ly s is has been
developed.
The
code has b een u s e d f o r blowdown a n a l y s i s o f
PHWRs.
In
a n o t h e r code(HYDIC) s e v e r a l r e p r e s e n t a t i v e f u e l
channels
or
junctions
can
be
individually
considered with ap p ro p riate m u ltip lic ity taken into
account
in
conservation
equations.
The
code
includes
neutronics
models.
S om e o f
th e
RELAP
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series
codes
have
been
commissioned
which
are
basically
m e a n t f o r LWR LOCA a n a l y s e s a s
well
as
non-LOCA
and
small break a n a ly se s.
Using
these
codes
IAEA S t a n d a r d P r o b l e m
Exercise
< SPE)
for
small
break
LOCA h a s
been
analysed.
The
predictions
were
as
good as t h o s e
predicted
by
other p articip an ts.
With c h a n g e s in t h e m o d e llin g
and
options
available
in
the
code
post-test
predictions
w e r e much m o r e i n a g r e e m e n t
with
the
experim ental re s u lts .

computer
separate
is being

In
parallel
with
the
development
of
codes,
an
experim ental
programme
on
e f f e c t s t e s t s as well as i n t e g r a l
studies
pursued.

At
the
time
of
injection
of
the
emergency
coolant
into
the headers they
may
be
p a r t i a l l y or f u l l y voided.
The i n j e c t i o n o f
cold
coolant
causes
condensation
induced
flow
oscillations.
To
understand
this
phenomenon
experim ents
on
a
transparent
model
are
being
carried
out.
The e x p e r i m e n t s i n d i c a t e t h a t
the
s t e a m —w a t e r i n t e r f a c e o s c i l l a t e s c o n s i d e r a b l y .
At
low w a t e r f l o w r a t e s ,
t h e i n t e r f a c e m oves i n t o t h e
feeder lines.
Low f r e q u e n c y p r e s s u r e o s c i l l a t i o n s
are also observed.
Whe n
the emergency co o lan t reaches
the
fuel
channel,
i t c a n becom e e f f e c t i v e o n l y
after
surface
rew etting occurs.
A p h ase d programme
of
investigations
is being c a r r ie d out to
understand
the
basic
mechanisms and
generate
the
required
experim ental
data
on
the
rew etting
of
hot
horizontal surfaces.
E xperim ents on th e r e w e t t i n g
behaviour
of h o r i z o n t a l f l a t s u r f a c e s and
annular
ch a n n e ls have been c a r r i e d out.
T hese e x p e r im e n ts
indicated
a t r a n s i t i o n in the re w e ttin g
behaviour
around the L eidenfro st tem perature.
If the surface
te m p e r a tu re l i e s betw een s p u t t e r i n g te m p e r a tu r e and
Leidenfrost
tem perature,
sputtering
was s e e n
to
occur.
The h e a t t r a n s f e r r e g i m e i n t h i s r e g i o n c a n
be
taken
to
be
transition
boiling.
B eyond
L eidenfrost tem perature su stain ed film b o ilin g
wa s
observed.
S t r a t i f i c a t i o n e f f e c t s were s i g n i f i c a n t ,
e s p e c i a l l y a t low f l o w r a t e s .
The r e w e t t i n g f r o n t
is
inclined
w ith th e lead in g edge at th e
bottom.
C onsiderable
chugging
occurs
resulting
in
flow
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f l u c t u a t i o n s and p r e s s u r e d rop
oscillations.
The
rew etting
v e l o c i t y i s maximum a t b o t t o m
locations
and
minimum
at
top
locations.
Internal
heat
generation
causes
a
reduction
in
rew etting
velocity.
A n a l y t i c a l work p e r t a i n i n g t o r e w e t t i n g
is a lso in progress.
A com puter code f o r r e w e ttin g
analysis
based
on
the
solution
of
tw o/three
dim ensional c o n d u c tio n e q u a tio n has been developed.
The
separate effects studies
discussed
above
and
others
that are
planned
will
enable
development
of
validated
analytical
models
for
various
phenom ena
encountered in th e
PHT
system
during
LOCA.
T h ese
a r e to be i n t e g r a t e d in to
a
system
code
f o r LOCA a n a l y s i s ,
which has
to
be
validated
against appropriate
experim ental
data.
An
experim ental
setup
is
being
designed
for
generating the required experim ental data.
The
thermosyphon
mechanism
provides
cooling
t o t h e c o r e when t h e p r i m a r y c o o l a n t pumps
fail
and
also under c e r t a i n co n d itio n s
during
a
s m a l l b r e a k LOCA.
E x p e r i m e n t a l s t u d i e s on a sm a ll
figure-of-eight
loop
indicate
that
thermosyphon
flow
can
initiate,
in
either
direction
from
s t a g n a n t c o n d i t i o n s . The e f f e c t s o f n o n - c o n d e n s i b l e s
and th ro u g h flow have been i n v e s t i g a t e d .
The f l o w
resistance
under thermosyphon c o n d itio n s has
been
found
t o be more t h a n t h a t u n d e r e q u i v a l e n t f o r c e d
flow.
C o d e s ( T I N F L O W - I I I & IV) h a v e b e e n d e v e l o p e d
fo r s t e a d y s t a t e as well as t r a n s i e n t
thermosyphon
analyses.
T hese
codes
evaluate
PHT
system
capability
for
heat
removal
under
thermosyphon
c o n d i t i o n s a s w e l l a s t r a n s i t i o n o f PHT s y s t e m f r o m
forced
to natural c irc u la tio n
cooling
(follow ing
p u mp
trip).
Their
predictions agree
well
with
experim ental data.
Analysis
for
the
pressure-tem perature
transients
in
the
containment follow ing
a
LOCA
involves
u n d e r s t a n d i n g of a number
of
phenomena.
Investigations
on
some o f t h e p h en o m en a
involved
such
as
c o n d e n s a tio n of steam and
heat
transfer
from th e a i r b u b b lin g th ro u g h t h e s u p p r e s s i o n
pool
have
been
c a r r ie d out.
E xp erim en ts on a
scaled
down m o de l ( l / 1 0 0 0 t h i n v o l u m e ) s i m u l a t i n g t h e
PHT
system
and
containment
volume a r e
currently
in
progress.

IAEA-CN-48/12

33

C o m p u t e r c o d e PASCSR h a s b e e n
developed
to an a ly se a p re s s u r e s u p p re s s io n type of containm ent
system.
The c o d e m o d e l s t h e c o n t a i n m e n t a s two o r
more
volumes
representing
drywell
and
wetwell
with
connection
via
the
vent
shaft
and
suppression
pool.
The
code
has been
used
for
p r e d i c t i n g ma x i mu m p r e s s u r e a n d t e m p e r a t u r e i n
the
c o n t a i n m e n t f o l l o w i n g LOCA.

4.2

Structural Safety Aspects

While
t h e s t r u c t u r a l s a f e t y o f PHWRs i s
ensured p r i m a r i l y through th e use of s ta n d a r d codes
for design,
a c le a r understanding of basic
design
philosophy
and
loading
that
would
be
seen
by
structural
components under v a r io u s o p e r a t i n g
and
accidental
s t a t e s is n ecessary .
Through th e
use
of
improved
s tru c tu ra l concepts s ig n ific a n t
gain
can
be
achieved
in
the
design
margin
thereby
enhancing
safety.
S om e o f t h e a r e a s
of
concern
with
regard to s tr u c tu r a l s a f e ty under o p eratio n al
conditions are fatigue,
c r a c k g ro w th on a c c o u n t of
thermal
cycling
and v i b r a t i o n ,
creep
of
inpile
p r e s s u r e component l i k e c o o l a n t tu b e and
radiation
em brittlem ent
of
pressure
boundary
m aterials.
Under a c c i d e n t c o n d i t i o n s t h e c o n c e r n s a r e i n t e rm s
of
<a>
r u p t u r e lo ad c a u s e d by su d d en
failure
of
piping
system and th e r e s u l t a n t dynamic
reactions
s e e n by t h e s t r u c t u r e , ( b) c r i t i c a l c r a c k l e n g t h i n
important
pressure
r e t a i n i n g components
such
as
p r e s s u r e t u b e , p i p i n g e t c . , ( c) d e f o r m a t i o n p a t t e r n
of
zircaloy
coolant
tube
under
conditions
of
pressure
and
tem p eratu re h i s t o r y as
seen
by
it
during
the
loss
of
coolant
accident
involving
failure
of emergency c o re c o o lin g system ,
a n d <d)
behaviour
of c a la n d r i a under
accident
conditions
involving in tern al explosion.
V alidated
computer
codes
have
been
e s t a b l i s h e d f o r a n a l y s i s of a l l ty p e s of s t r u c t u r a l
problems to e n su re s a f e and r e l i a b l e d e sig n .
Codes
are
also
available
to
quantitatively
evaluate
structural
degradation consequent to a
particular
operational
history.
F or some o f t h e
accidental
s i t u a t i o n s advanced codes based on t h e r m o p l a s t i c i t y
are being developed.
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Surveillance
programme
during
the
initial
stages
of
pow er r e a c t o r
operations
and
periodic
assessm ent of th e v i b r a t i o n behaviour
of
th e system can v i r t u a l l y e li m in a t e s e r io u s problems
which
can
arise
on
account of
mechanical
vibrations.
In-service
inspection
to
detect
existence
of c r a c k s and m onitor t h e i r grow th
with
respect to
operational
h i s t o r y is
important
in
keeping th e dim ensions of th e f a t i g u e
crack
well
below
the
threshold
which
can
lead
to
sudden
rupture.

5.

Conclus ion

I n t h i s p r e s e n t a t i o n , t h e r o l e p l a y e d by
considerations
of
safety
in the
Indian
nuclear
power
programme
has
been
brought
out.
Ou r
national
o b j e c t i v e s have b een t o p r o v i d e l e v e l s of
safety
t o t h e p o p u l a t i o n and en v iro n m e n t t h a t
are
n o t i n a n y way i n f e r i o r t o t h e c o r r e s p o n d i n g l e v e l s
in
front-line
nuclear
power
states.
We
have
developed
our a n a l y t i c a l and t e c h n i c a l
expertise,
our i n d u s tr ia l i n f r a s tr u c t u r e ,
and our
regulatory
mechanisms to a s s u r e t h a t our s a f e t y o b j e c t i v e s a r e
indeed t r a n s l a t e d in to p ra c tic e .
Ou r e n g i n e e r s a n d
scientists
have
a good w orking
understanding
of
safety
issues
as th e s e have
unfolded,
and
have
shown
their
competence
to
address
such
issues
adequately with expedition.
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L’OPINION PUBLIQUE ET LA SURETE
DES INSTALLATIONS NUCLEAIRES
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Abstract-Résumé
PUBLIC OPINION AND THE SAFETY OF NUCLEAR FACILITIES.
Throughout the world, confidence in nuclear energy, in general, and in electricity of nuclear
origin, in particular, was shaken by the accident at Chernobyl. Even in countries like France, where
there was a fairly large consensus, favourable opinion dropped to the level prevailing during the early
years of the development of its nuclear programme. Of course, this fragility of public opinion can be
explained by the scale of the catastrophe, which showed that the atom has no frontiers. The confidence
of the public therefore has to be regained by demystifying nuclear energy and the risks associated with
it. The prerequisite for this is the adoption of a policy of openness and total transparency through a
process of ongoing communication. The paper describes the information strategy adopted in France by
the public authorities and by Electricité de France, which, to some extent, is inspired by the saying “ An
ounce of prevention is worth a pound of cure” . Prevention is based on a wide open information policy
at all stages, e.g. studies relating to the siting, construction and operation of a nuclear power plant. It
is of particular importance to do everything possible to familiarize the population in the vicinity with
the power plant by means of a description of the main events which stand out in its daily activities. This
policy of transparency also implies providing information on the real risks of accidents, on their radio
logical consequences and on the constructive and operational measures taken to limit the probability of
their occurring. An account is also given of the organization adopted to ensure coherent provision of
information in accident situations.
L’OPINION PUBLIQUE ET LA SURETE DES INSTALLATIONS NUCLEAIRES.
L ’accident de Tchernobyl a fortement et durablement ébranlé, partout dans le monde, la confiance
de l’opinion publique dans l’énergie nucléaire en général et dans l’électronucléaire en particulier. Même
dans les pays, comme la France, où existait un assez large consensus, on a assisté à la chute des opinions
favorables au niveau qui était celui des premières années du développement de notre programme
nucléaire. Cette fragilité de l’opinion publique peut s’expliquer bien sûr par l’ampleur de cette catas
trophe qui a montré que l’atome n’avait pas de frontières. Il faut donc regagner la confiance du public
en démystifiant l’énergie nucléaire et les risques qui lui sont associés. Pour y parvenir il importe d ’adop
ter une politique d’ouverture et de totale transparence par une communication permanente. Ce mémoire
décrit la stratégie d’information retenue en France par les pouvoirs publics et par Electricité de France.
Elle s’inspire d’une certaine façon du dicton «il vaut mieux prévenir que guérir». La prévention repose
sur une large ouverture des dossiers à tous les stades: études d’implantation, construction et exploitation
d’une centrale nucléaire. Il convient en particulier de tout mettre en œuvre pour que la centrale devienne
familière aux populations avoisinantes par une relation des principaux événements qui jalonnent sa vie
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quotidienne. Cette politique de transparence implique de plus qu’une information soit donnée sur les
risques réels d’accidents, sur leurs conséquences radiologiques, et sur les mesures constructives et d’ex
ploitation prises pour en limiter la probabilité d’occurence. Il est indiqué de plus l’organisation retenue
pour assurer une information cohérente en situation d’accident.

1.

FRAGILITE DE L ’OPINION PUBLIQUE VIS-A-VIS DU NUCLEAIRE

Cette présentation avait initialement pour titre «Information en situation
accidentelle». D nous a été demandé d ’élargir notre propos en traitant de la conscience
que le public a de la sécurité des installations nucléaires, thème qui nous paraît en
effet mieux répondre aux préoccupations des pays qui ont développé ou qui se
proposent de développer un programme électronucléaire. On constate en effet que la
mise en place d ’un tel programme a connu dans le monde des fortunes diverses et
que l ’un des facteurs qui a le plus fortement influencé ce développement a été, et
reste, le degré d ’acceptation du public. Sa conscience des réalités du nucléaire se
manifeste le plus souvent par une peur irrationnelle qui découle du caractère mys
térieux, donc d ’une certaine façon suspect, d ’une forme d’énergie dont les premières
manifestations furent les explosions d’Hiroshima et de Nagasaki.
On observe d ’ailleurs que, même dans les pays où l’opinion publique est favora
ble au nucléaire, l ’équilibre est précaire. Ainsi, en France, on a pu longtemps avoir
le sentiment d ’un large accord autour de deux thèmes: la nécessité du nucléaire en
termes d’économie et d’indépendance nationale d’une part, et la possibilité d’at
teindre un haut degré de sûreté grâce à la qualité de la conception et de l ’exploitation
d’autre part. Mais le niveau d’acceptation, qui atteignait 62% (32% contre) avant
Tchernobyl, a chuté significativement après cet accident: un sondage effectué en
octobre 1986 donnait 46 % pour et 52% contre. Certes, l’ampleur de cette catastrophe
justifie amplement un tel retournement. On peut s’interroger cependant sur les rai
sons profondes de cette fragilité de l’opinion qui reflète le désarroi d’un public
insuffisamment informé dans les jours qui ont suivi l’accident et qui souhaite que des
réponses soient apportées aux interrogations légitimes que cet événement a suscitées
en lui.
A l ’évidence, l ’acceptation du nucléaire par le public passe par une information
complète dès les premières études d ’implantation d ’une centrale nucléaire, pendant
sa construction et tout au long de son exploitation. Il serait illusoire et néfaste
d ’imaginer pouvoir faire taire les craintes de l ’opinion par une information qui
n’interviendrait qu’à l’occasion d ’incidents ou d ’accidents spectaculaires. En d’autres
termes, une communication permanente pour prévenir et mieux gérer les crises
constitue la seule voie raisonnable.
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Une communication permanente avec qui et comment? Celle-ci ne peut s’établir
sans le support des médias. Ce n’est pas faire injure à la presse que de dire que sa
raison d ’être est de couvrir l’événement en délivrant, à tout prix, une information qui
n’est pas exempte, le plus souvent, de subjectivité car le journaliste ne peut dire que
ce qu’il sait, avec sa perception des phénomènes qu’il relate et, en particulier, ses
propres sentiments vis-à-vis du nucléaire. Il est significatif à cet égard de comparer
la façon dont deux événements dramatiques et quasi simultanés ont été rapportés par
certains journaux: l ’accident de Tchernobyl d ’une part qui a fait, à juste titre, la «une»
pendant de nombreuses semaines et, d ’autre part, l’effacement d ’un barrage au
Sri Lanka qui a entraîné la mort de plus de 2000 personnes et qui n’a fait l’objet que
d ’un entrefilet le jour même de l’annonce de Tchernobyl.
La presse doit être traitée comme une fraction de l’opinion publique, par
ticulière certes par son pouvoir médiatique, et faire l’objet par conséquent d’une
information permanente et détaillée.
Mais il existe d’autrtes relais de l’opinion et d ’autres formes d ’information du
public que l’exploitant nucléaire doit systématiquement rechercher et utiliser.
Nous nous proposons dans ce qui suit de décrire l ’ensemble des dispositions
prises en France par les pouvoirs publics et Electricité de France (EDF) pour donner
au public une culture lui permettant d ’appréhender d’une façon rationnelle les
problèmes posés par l ’utilisation de l’énergie nucléaire. Ces dispositions, renforcées
depuis l ’accident de Tchernobyl, peuvent être classées en deux grandes familles:
— la communication permanente comme moyen préventif de démystification du
nucléaire et des risques qui lui sont associés;
— l’information en cas d ’accident dans une centrale nucléaire.

2.

LA DEMYSTIFICATION DU NUCLEAIRE PAR UNE COMMUNI
CATION PERMANENTE

Nous avons déjà souligné que l’adhésion de l’opinion publique devait être
recherchée dès les premières études d’implantation d ’une centrale nucléaire et pen
dant toute la phase de sa construction, car au-delà du fait nucléaire se posent les
problèmes des différentes nuisances, en particulier d ’ordre sociologique, que l’on
rencontre d ’ailleurs lors de la création de toute grande installation industrielle. Pour
ce faire, une large concertation locale est organisée, dès l ’enquête publique, par les
pouvoirs publics et, plus particulièrement, par le Ministère de l’industrie et par EDF.
A ce stade, EDF produit une note de présentation du projet accompagnée d ’une étude
d ’impact, recueille les observations des populations et y répond. De plus, EDF
diffuse très largement des versions publiques du rapport de sûreté. Pendant la
construction, la population environnante est régulièrement informée de l ’évolution du
chantier par l’édition périodique d ’une revue d ’information. De nombreuses autres
formes de communication sont employées pour toucher un public très diversifié,
notamment les écoles et les professions médicales et paramédicales: brochures,
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livres, films, visites des centrales en construction mais, également, de centrales en
exploitation, etc.
Mais, à ce stade de la vie d’une centrale nucléaire, et mis à part les nuisances
industrielles déjà évoquées, l ’impact nucléaire reste encore mal perçu; l’adhésion des
populations locales est en grande partie enlevée par les perspectives de retombées
économiques importantes que la centrale va induire. Il importe, par conséquent, de
passer sans heurt des promesses aux réalités dès que l’installation entre en
exploitation.
C’est essentiellement de la communication permanente en exploitation dont il
va être question dans ce qui suit.

2.1. Une information permanente sur l’exploitation courante
La vie d ’une centrale nucléaire n’est pas faite, fort heureusement, que d’inci
dents. Cependant, si l ’on n’y prend garde, la perception extérieure peut être très
différente et la centrale peut apparaître entourée d ’un halo de mystère. «On ne nous
dit pas tout», entend-on souvent. Quand, par contre, l’exploitant joue le jeu de la
transparence, le jugement devient: «Il y a des défaillances, donc le nucléaire est dan
gereux». Et, de fait, il n’y a rien d ’étonnant dans un tel comportement: il ne reflète
pas nécessairement un sentiment de rejet du nucléaire, mais plutôt l ’appréhension
face à un domaine réservé aux seuls spécialistes.
La seule voie pour acquérir la confiance du public est l ’ouverture et l’informa
tion permanente sur la vie quotidienne des centrales nucléaires.
Au plan local tout d’abord, en entretenant avec le préfet, les élus régionaux et
municipaux, les journalistes et la population des liens étroits: visites commentées de
la centrale, conférences, interviews, brochures, rapport annuel d’information. Il
importe en effet de rendre la centrale familière en fournissant toutes les informations
nécessaires sur son fonctionnement, ses résultats techniques et économiques et son
impact radiologique sur l’environnement. Il est fondamental également, pour gagner
la confiance du public, que celui-ci apprenne à connaître les hommes qui travaillent
dans la centrale et ainsi à apprécier leur compétence dont dépend en grande partie
la sécurité de l ’installation. A cet égard, le personnel a un rôle important à jouer car
il est en contact, dans son voisinage immédiat, avec des personnes qui se posent des
questions et qui attendent de lui des réponses. Il faut pour ce faire que lui-même soit
bien informé, conscient de sa mission et formé pour l’assumer dans les meilleures
conditions.
En plus de cette concertation, exercée à l’initiative directe de la centrale, existe
depuis plusieurs années, auprès de la plupart des sites nucléaires, une commission
locale d’information mise en place généralement dès la phase de construction. Cette
commission, dont EDF ne fait pas partie, est composée d ’élus (maires, conseillers
généraux) et de représentants des organisations syndicales, des milieux agricoles et
industriels, et des associations agréées de protection de l ’environnement. Elle a une
mission d ’information du public et de suivi de la sûreté et de l’impact de la centrale.
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La commission est systématiquement informée par la centrale de tout événement mar
quant et a toute liberté pour demander les précisions qui lui sont nécessaires pour
exercer sa mission.
En ce qui concerne les incidents dont l’importance ne nécessite pas l’application
du plan d ’urgence et qui constituent en définitive, quelles que soient les précautions
prises, les aléas de l’exploitation courante de toute installation industrielle, un certain
nombre de mesures sont mises en œuvre pour assurer une information rapide, com
préhensible et crédible. Parmi ces mesures, on peut noter la création dans chaque
centrale d’une permanence d ’information chargée, en particulier, d ’assurer le contact
avec les médias et d’élaborer un message clair de relation de l’incident. Cette perma
nence d ’information est en liaison avec une structure analogue mise en place à Paris
au siège du Service de la production thermique, service responsable de l’exploitation
de toutes les centrales nucléaires d ’EDF. D convient également d ’assurer une cohé
rence de l ’information par une coordination entre EDF et les pouvoirs publics. Les
règles régissant cette cohérence sont définies, d’un commun accord, par le préfet et
le chef de centrale, dans une convention locale qui s’applique également lors des inci
dents ou accidents relevant du plan d’urgence.
Au plan national a été mis sur pied, au début de 1987, un service d ’information
télématique sur le nucléaire, à accès libre sur minitel. Sous la responsabilité du
Ministère de l’industrie et en collaboration avec le Ministère de la santé, ce service
d ’information diffuse notamment des données hebdomadaires sur le fonctionnement
et la sûreté des centrales nucléaires et sur l’état de la radioactivité dans le pays.

2.2. Une information claire sur les risques de centrales nucléaires
Après l ’accident de Tchernobyl, une large campagne d ’information des médias
et du public a été entreprise pour expliquer les différences de conception entre le
RBMK et les tranches REP et les raisons pour lesquelles un tel accident ne pouvait
pas intervenir sur nos installations.
Ce message est-il passé? Des sondages d ’opinion effectués avant l ’été 1987
montrent qu’il n’en est rien et qu’une grande majorité de Français pensent qu’un acci
dent de l’importance de Tchernobyl est possible en France et que la multiplication
des centrales nucléaires ne peut qu’accroître ce risque. Ce sentiment peut trouver ses
racines dans trois sortes de raisons:
— une dépendance vis-à-vis de l’énergie nucléaire jugée excessive à un moment
où le nucléaire n’est plus perçu comme un avantage économique déterminant; il sera
certainement intéressant à ce propos d ’examiner comment évoluera cette opinion
compte tenu de la crise actuelle dans le Golfe;
— une prise de conscience des risques nucléaires après Tchernobyl renforcée par
certains incidents techniques, sans conséquence sur l ’environnement, survenus au
cours du premier trimestre 1987, en particulier à Creys-Malville; le public semble
découvrir que les centrales nucléaires ne sont pas à l’abri de défaillances et il en
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conclut, avec l ’aide des médias, que Tchernobyl est possible en France; on constate
là l’effet pervers de la transparence qui a été évoqué précédemment;
— une information jugée insuffisante sur les risques réels d’accidents, sur leurs
conséquences sur l’environnement et sur la santé des populations, et sur les mesures
prises par les pouvoirs publics et par EDF en cas d ’accident.
Pour ce qui est de ce dernier point, il importe avant tout d’avoir un discours
clair et responsable qui peut se résumer ainsi: malgré les dispositions prises en
matière de prévention des risques, un accident dans une centrale nucléaire est un
événement dont la probabilité d’occurence, bien qu’extrêmement faible, n’est pas
nulle. Affirmer et démontrer en effet qu’un accident de type Tchernobyl n ’est pas
possible sur nos réacteurs ne doit pas signifier pour autant, sous peine de perdre toute
crédibilité, qu’aucun accident ne peut survenir.
Il convient pas conséquent d ’expliquer aux médias et au public, en particulier
par des brochures éditées dès la construction, comme nous le faisons actuellement
par exemple pour la centrale de Nogent-sur-Seine, quels sont les accidents les plus
sévères pris en compte. Il est important, à ce stade de l ’information, de décrire les
mesures constructives prises pour réduire ces risques d ’accidents et minimiser leurs
conséquences, ainsi que les dispositions adoptées pour optimiser la qualité de l ’ex
ploitation, tant au niveau des matériels que des hommes.
Il faut également présenter le contenu des plans d ’urgence développés par l ’ex
ploitant EDF et les pouvoirs publics pour contrôler un accident et assurer la protec
tion des populations. Dans ce domaine, qui implique un très grand nombre d ’acteurs,
des exercices périodiques sont réalisés pour tester l’efficacité des moyens mis en
œuvre. Des comptes rendus en sont faits aux médias.
Là encore, le personnel de nos centrales, par la connaissance qu’il a de l’instal
lation et des mesures préventives prises en exploitation, a un rôle fondamental à jouer
dans l’information des populations. Il peut compléter et au besoin corriger les infor
mations fournies par les médias. Cependant, cette connaissance n’est pas toujours
assez approfondie pour lui permettre de donner une information complète et per
tinente. Afin de fournir à l’ensemble du personnel des centrales nucléaires les bases
nécessaires pour qu’il puisse participer activement et efficacement à l’information de
son environnement immédiat, le Service de la production thermique a engagé au
début de l’année 1987 une action importante de formation qui s’organise selon un
principe de démultiplication à trois niveaux:
— le premier niveau est destiné à des «grands formateurs» dont font partie les
médecins du travail appartenant à nos sites nucléaires;
— au deuxième niveau, les «grands formateurs» forment tous les cadres des
centrales;
— au troisième niveau, chaque cadre forme le personnel qui travaille sous ses
ordres.
Cette formation doit être menée à bien pour le milieu de l’année 1988.
D’autres vecteurs d ’information doivent être privilégiés. C’est le cas en par
ticulier des médecins pour tout ce qui concerne les conséquences radiologiques d’un
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accident nucléaire. Us constituent en effet un relais naturel, car le médecin praticien
est habitué à être interrogé sur tous les phénomènes scientifiques et techniques qui
intriguent ou inquiètent l ’opinion. Un sondage récent montre que les médecins géné
ralistes français, favorables dans leur grande majorité à l’énergie nucléaire, veulent
être informés pour mieux informer: 75% d ’entre eux pensent avoir un rôle à jouer
dans l’information en temps normal et 90% considèrent qu’ils peuvent, en cas d ’acci
dent, donner des conseils pour rassurer la population.
U y a là par conséquent une potentialité importante que les pouvoirs publics et
EDF doivent utiliser. Un certain nombre d’actions sont d ’ores et déjà entreprises au
plan régional. On peut citer, à titre d’exemples:
— l’existence de conventions entre les centrales nucléaires et certains hôpitaux ou
centres hospitaliers universitaires de leur département;
— l’organisation dans la Vallée du Rhône, sous l’égide du conseil de l’ordre dépar
temental des médecins et dans le cadre de la formation post-universitaire des méde
cins généralistes, de réunions d’information. Les informations sont fournies par des
confrères spécialistes du Commissariat à l’énergie atomique, d ’EDF, des centres
universitaires spécialisés, etc.
D ’autres formes d ’action sont à l’étude au plan national en relation en par
ticulier avec le Ministère de la santé.

3.

L’INFORMATION EN CAS D’ACCIDENT DANS UNE CENTRALE
NUCLEAIRE

Prévenir les accidents et leurs conséquences, c’est également prévoir qu’ils peu
vent survenir, malgré toutes les précautions prises, et prendre les mesures pour y
faire face tant au plan technique qu’au plan médiatique.
L ’une des difficultés majeures en cas d ’accident, les exemples de TMI et de
Tchernobyl l’ont amplement démontré, est d’éviter la cacophonie qui se développe
rapidement et naturellement tant sont nombreux les acteurs concernés par un tel
événement. Nous avons déjà souligné que les journalistes jouent pleinement leur rôle
en interrogeant ceux qui sont censés être informés: l’exploitant bien entendu qui sera
soumis à une forte pression médiatique, mais également les pouvoirs publics locaux
et nationaux qui ont un rôle éminent à jouer dans une telle éventualité. On ne peut
pas non plus ignorer que d ’autres organismes seraient également pressentis tels que,
par exemple, en France, le Commissariat à l’énergie atomique et les fournisseurs
d ’EDF. La seule attitude à adopter est de répondre aux questions posées faute de quoi
la presse se fera l’écho de rumeurs incontrôlables émanant le plus souvent de détrac
teurs du nucléaire qui eux occuperont le terrain. S’il est nécessaire de répondre aux
questions que se posent les médias et le public, il est tout aussi important de prendre
l’initiative d’une information en temps réel.
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Compte tenu de la diversité des sources d ’information, il convient d’en assurer
la cohérence par la mise en place d ’une structure de coordination. Nous décrivons
dans ce qui suit ce qui est mis en place en France pour assurer cette coordination.
Une directive interministérielle sur l’information du public et des médias en cas
d ’incident ou d ’accident concernant la sécurité nucléaire précise que la coordination
de l ’information est assurée:
— au plan local, par le préfet,
— au plan national, par le ministre chargé de l’industrie.
Au plan local, nous avons déjà évoqué l ’existence d ’une convention qui définit
les responsabilités et les modalités pratiques de la diffusion de l’information.
Les informations données à la presse par le chef de centrale sont communiquées
au préfet qui met en place une cellule de coordination auprès de laquelle est détaché
un représentant de la centrale. Le chef de centrale est responsable des informations
qu’il donne, tout en assurant une étroite liaison avec le préfet et la direction du
Service de la production thermique à Paris.
Au plan national, une convention a été élaborée après l ’accident de Tchernobyl
entre l’autorité chargée de la coordination et EDF. Elle précise notamment que:
— l ’organisation de l’information doit être mise en place lors du déclenchement du
plan d ’urgence;
— la responsabilité de l’information incombe, sauf circonstance particulière néces
sitant une concertation préalable avec le responsable de la coordination, au chef du
Service de la production thermique qui assure la fonction de directeur de crise sous
les deux aspects technique et médiatique. Il est aidé par la permanence d’information
nationale et par le Service de l’information et des relations publiques d ’EDF. Il est
chargé de plus d ’assurer la coordination de l ’information susceptible d ’être donnée
par les différents fournisseurs d ’EDF et, en particulier, par le constructeur de la
chaudière nucléaire;
— l’information est communiquée systématiquement et dans les meilleurs délais à
l’autorité chargée de la coordination nationale;
— le responsable de la coordination nationale est aidé dans sa mission, en par
ticulier, par le Service central de sûreté des installations nucléaires qui lui fournit les
données relatives au déroulement de l’incident ou de l’accident et l ’appréciation de
ses conséquences au plan de la sûreté, et par un représentant du Service de la produc
tion thermique qui est détaché auprès de lui dès le début de la crise.
Dans le cadre des exercices périodiques réalisés par les pouvoirs publics et
EDF, cette structure de coordination est testée en simulant l ’intervention des médias.
En cas d ’accident survenant dâns une centrale nucléaire étrangère, une structure
d ’information similaire serait mise en place si les événements étaient susceptibles
d ’avoir un impact important dans l’opinion publique.
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CONCLUSION

Nous avons dans ce qui précède décrit les méthodes qui nous paraissent les plus
appropriées pour donner au public les éléments d ’une prise de conscience objective
des réalités de l ’électronucléaire. Nous avons insisté, en particulier, sur la nécessité
de montrer que tout est mis en œuvre pour réduire les risques d ’accident, mais que
des accidents restent néanmoins possibles, quoique peu probables, et que la meilleure
attitude pour les prévenir est d’être convaincu à tous les niveaux qu’ils peuvent sur
venir et qu’ils n’arrivent pas seulement aux autres.
Il est indéniable que l’ampleur de la catastrophe de Tchernobyl a jeté la suspi
cion sur l’ensemble du nucléaire, partout dans le monde, y compris dans les pays où
existait un assez large consensus. Est-ce irréversible et la confiance du public dans
cette forme d ’énergie est-elle à jamais perdue? Nous ne le pensons pas mais la
confiance se gagne, elle ne se décrète pas. Pour y parvenir, il nous paraît essentiel
d’avoir vis-à-vis du public et des médias une attitude encore plus ouverte afin de
démystifier un domaine que tous nos efforts antérieurs d ’information n ’avaient pas
suffisamment éclairé. La transparence et une attitude responsable sont les seules
voies de succès pour cette reconquête de l’adhésion de l ’opinion publique.
Les méthodes que nous mettons en œuvre ne prétendent pas à l ’universalité car
le contexte nucléaire est très différent d ’un pays à un autre. La France, pour sa part,
a toujours bénéficié de circonstances favorables découlant en particulier d’une
volonté politique d ’indépendance nationale s’appuyant sur l’insuffisance de nos res
sources énergétiques. Ces raisons demeurent, même si les fluctuations internationales
des coûts de l’énergie primaire tendent à réduire, dans l’état actuel des choses,
l’avantage économique du nucléaire.
Mais au-delà des méthodes, nous devons nous rendre compte que la conscience
de nos différentes opinions publiques face au nucléaire a pris, après Tchernobyl, une
dimension internationale et, de ce fait, la communauté nucléaire a tout à gagner à
adopter un langage clair et cohérent sur la sûreté des centrales nucléaires.
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NUCLEAR POWER SAFETY PROGRAMME
‘SAFETY 21’
I. MISUMI
Ministry of International Trade and Industry (MITI),
Tokyo, Japan

Abstract
NUCLEAR POWER SAFETY PROGRAMME ‘SAFETY 21’.
The Ministry of International Trade and Industry (MITI) initiated in August 1986 a programme
on measures for securing nuclear power generation safety. The paper describes the content of this
programme and the present status of setting up the systems necessary for attaining the goal.

1.

INTRODUCTION

(a)

Since the first commercial nuclear power plant (NPP) in Japan started its opera
tion in 1966, more than 20 years have passed. At present in our country, as
many as 35 NPPs are generating electric power, and their total output amounts
to 28 000 MW(e).
The total energy generated by the NPPs in f.y. 1986 was 164 X 109 kW-h,
which accounts for approximately 27 % of the total electric energy and surpasses
thermal power to become the number one source of electricity.

(b)

The capacity factor of the Japanese NPPs in f.y. 1986 was 75.7%, continuing
to record above 70% in recent years. This may not be significantly higher than
the average capacity factor of nuclear plants worldwide, but it means a nearly
100% factor when the annual periodic inspection stipulated by Japanese law
(requiring approximately three months) is excluded.

(c)

The reasons for such high performance are:
(i) The Japanese public’s intolerance of even the slightest trouble regarding
nuclear power safety in the past;
(ii) The sincere efforts of those engaged in nuclear power generation. These
efforts specifically include in-depth safety activities such as the strict
safety regulations laid down by the Government, and strenuous voluntary
safety measures and technological developments by the electric utilities
and manufacturers themselves.
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(d)

Japan, a country with poor natural resources, must strongly promote nuclear
power as a domestic source of energy for the coming years. The target capacity
in the year 2000 is 53 000 MW(e), approximately double the current capacity.
In order to develop and utilize the light water reactor (LWR) as the core of
nuclear power in Japan, the concerted efforts of the Government and private
industries are being applied to the further upgrading of LWR technology
(through development projects for advanced LWRs and the next generation of
LWRs). The most important consideration is to secure safe operation. For
tunately, only a few incidents and failures have been experienced in the past.
Our intention is to strengthen efforts to secure safety procedures for the large
scale nuclear power generation in the near future. This programme is called
‘Safety 21’ — its aims are for the 21st century.

2.

NUCLEAR POWER SAFETY PROGRAMME ‘SAFETY 21’

(a)

Japan, lacking other energy sources, has moved to nuclear power as the main
alternative to oil. However, it is indispensable to further upgrade safety meas
ures for NPPs, if we are to promote nuclear power generation in the 21st cen
tury with the nation’s thorough understanding and trust.
The accident at the Chernobyl nuclear power station in the USSR in April
1986 has especially brought about a new appreciation all around the world of
the importance of safety in NPPs given the worldwide scale and surprising
impact of radiation spread-out.
Consequently Japan’s Ministry of International Trade and Industry (MITI)
initiated in August 1986 a programme on measures for securing nuclear power
generation safety called ‘Safety 21’ and the slogan ‘No nuclear power without
a guarantee of safety’. This programme is currently under way with both the
Government and private industries closely following earlier safety policies, con
tinuing these efforts to improve safety further, and setting up systems necessary
for attaining these goals.

(b)

The six parts of ‘Safety 21’ are:
(i) MITI will upgrade safety regulations:
In addition to conventional safety measures based on the Japanese Law for
Regulations of Nuclear Source Material, Nuclear Fuel Material, and Reac
tors, and the Japanese Electric Utility Industry Law, MITI pursues a more
fulfilling way of meeting safety regulations and also asks the organizations
to ensure these measures.
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(ii) Electric utilities will pursue greater security efforts:
Electric utilities are further strengthening those safety controls established
so far.
(iii) Promotion of research and technology development for improving safety:
For further improvements in the safety of NPPs, research and technologi
cal development of the prevention of human error and reactor behaviour
are promoted.
(iv) Emergency preparedness:
For fulfilling of emergency preparedness, an advanced communication
system linking the national Government, local governmental bodies, and
electric utilities is to be established.
(v) Promotion of international co-operation in nuclear safety:
Joint studies between the industrialized countries and the dispatching of
professionals to developing countries are to be promoted as one of Japan’s
international duties as an advanced nuclear nation.
(vi) Others:
MITI has established a nuclear power safety month and sponsors
reliability proof tests, and takes those actions necessary for the ratification
of the Nuclear Material Safeguards Pact.
Safety measures undertaken by the Government and the electric utilities:
(i) The Government and private industries have long been making strenuous
efforts to secure the safety of NPPs. In addition, prior to the introduction
of more advanced reactors in the near future MITI will study new technol
ogies associated with the new reactors for their safe operation. Currently
MITI is conducting a technological investigation and reviewing the exist
ing technical standards to meet new needs such as the application of
advanced thermal reactors and fast breeder reactors and the decommis
sioning of existing reactors. Furthermore, the most recent information and
findings — such as the revision of the American Society of Mechanical
Engineers standards — are being included in MITI’s assessment since it
is necessary to promote constant improvements in safety regulation.
(ii) The electric utilities, recognizing that the basic concept of safety in NPPs
‘resides in the fulfilment of voluntary safety management systems’, are
preparing basic and detailed designs for safety after prudent reviews, and
establishing strict quality control at every stage of manufacture and instal
lation, as well as performing voluntary inspection and preventive main
tenance in the operation stage. The electric utilities are of course
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continuing past efforts, and they are moreover fulfilling management func
tions, enhancing the upgrading of the performance of operators and main
tenance personnel as well as keeping abreast of information relating to
operation, maintenance and human error.
I Research and technological development programmes for upgrading of nuclear
safety:
Various research and technology developments have improved nuclear safety.
MITI and private industries are to promote research and technological develop
ments, taking into consideration the importance of the human factor in the safety
and operation of NPPs and the recent technological progress in every industrial
field. The following aspects are important:
— Research and technological development on human error prevention
Since an NPP is a huge system of advanced technologies, it is very important
for safety that the personnel engaged in the plant’s operation and maintenance
can exercise judgement correctly and act properly.
NPPs have basically been designed to avoid potential human errors using fail
safe and interlocking systems. However, since the Three Mile Island accident,
the presence of ‘the human factor’ has aroused great concern.
— Study program m es fo r the human fa cto r and its application to facilities
In pursuing the optimal ‘man-machine system’ integrating ‘man’ and
‘machine’, the study of ‘man’ should first be undertaken. In other words, a
study should be carried out on the recognition and interpretation of the operating
status and judgement of operators and maintenance personnel under normal or
abnormal conditions, as well as on their likely actions based on their judgement
taking into account human psychology and engineering. Furthermore, an
assessment approach to human reliability should be established. The best
possible configuration of the ‘man-machine system’, such as control panel lay
out, alarm system, etc., should be determined by means of the application of
this approach.
Starting in f.y. 1987 MITI is establishing a human factor laboratory within the
Nuclear Power Engineering Test Centre mainly to conduct a basic study of the
human factor and to develop a methodology for its application. At the same time
private industries are establishing a research centre within the Central Research
Institute of Electric Power Industries, primarily to take care of the application
of developments in the human factor.
The MITI programme Technology Developments Associated with the Human
Factor in Commercial Nuclear Power Plants needs to undertake a comprehen
sive investigation into the human factor, develop human error prevention tech-
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niques and take smooth and effective countermeasures relating to the human
factor.
MITI programme: duration seven years, started in f.y. 1987, with a total budget
of approximately 2 x 109 yen.
— Developm ent o f operator support system s
While promoting the study of ‘man’, operator support systems should be deve
loped to achieve better responses from operators through gradually introducing
the results of such a study. This is a new system to support the recognition,
judgement and practical operating activities of operating personnel by providing
information on plant operating conditions and also operation/manipulation
information to the operating personnel based on optimizing the man-machine
interface and applying knowledge of engineering, etc.
MITI is now working on the development of a ‘man-machine system’ for NPPs
consisting of the following three subsystems:
(i) Plant data editing control system:
This compiles data relating to the plant design and operation, as well as
the operator’s experiences and know-how as a database. It also edits and
manages such data.
(ii) Operation decision system:
This system detects abnormal phenomena in the plant at an early stage,
identifies their causes and predicts expected plant conditions in order to
determine the optimum operating procedures to avoid any incidents or
failures of the plant and the plant components.
(iii) Optimum operation monitoring system:
This system makes possible significant conversation geared to the opera
tor’s intention and objectives between operator and control panel. It
optimizes operation monitoring with a man-machine interface. This
system possesses advanced visual confirmability using such recent exteri
orization technology as large scale image projection, graphic projection,
and input and output.
MITI programme: duration seven years, started in f.y. 1984, with a total
budget of approximately 3.4 X 109 yen.
— Study fo r upgrading o f operation/maintenance manuals and education/training
techniques

It is important to prevent human errors through the improvement of individual
capability and the upgrading of operation/maintenance manuals. Further
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improvement of these manuals and education/training techniques will be
achieved.
Taking the Chernobyl accident into consideration MITI is now studying opera
tion manuals. The electric utilities are also making efforts for the practical
maintenance of such manuals, so that the operators will be able to respond
quickly to not only general incident and failure conditions but also emergencies.
— D evelopm ent o f early prevention technology o f incidents and failures
To make certain the prevention of incidents and failures it is necessary to
confirm the present status of each plant and to carry out the requisite main
tenance as the number of NPPs which have been operated for a considerable
length of time is increasing. It is also necessary to introduce those new materials
which have shown promise. Such measures can be expected not only to contrib
ute to the prevention of incidents and failures, but also to the enhancement of
profitability by extending plant life and increasing the capacity factor.
— D evelopm ent o f ageing diagnostics and assessm ent technologies
For an understanding of the integrity of equipment and facilities following a
lengthy plant operation, ageing diagnostics and assessment techniques are being
developed.
MITI has been developing the following technologies for plant life extension:
(i)

Development of plant life prediction technology (life prediction of the
equipment/systems that are central to plant life assessment, and difficult
or impossible to replace).
(ii) Development of a life extension technology for critical equipment and sys
tems (repair/replacement techniques and procedures for the life extension
of the equipment/systems which are central to plant life, and difficult to
replace, such as large equipment, etc.).
MITI programme: duration eight years, started in f.y. 1985, with a total
budget of approximately 5.5 x 109 yen.
— D evelopm ent o f technology f o r high availability fa cto r
MITI is planning to develop technologies for high availability, including the
extension of the length of continuous operation periods, and in-service inspec
tion techniques for shortening the periodical inspection.
MITI is planning a basic test of in-service inspection techniques using a rotating
equipment model that simulates the recirculation pump, design and manufacture
of the test facility, and the development of wall thinning diagnostic equipment
for pipings through acoustic techniques with sensors usable in high temperature
and radiation conditions.
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MITI programme: duration seven years, started in f.y. 1985, with a budget of
approximately 3.5 x 109 yen.
— Developm ent o f advanced m aterials f o r equipment and facilities
By applying a variety of advanced materials that have been developed in recent
years, equipment and facilities with high reliability, easy maintenance, and
longer life are being developed. MITI is developing inspection free facilities:
equipment and parts for LWRs with a higher reliability, maintainability and a
longer life, and which, as a result, may contribute to the reduction of radiation
exposure.
MITI programme: duration nine years, started in 1985, with a budget of
approximately 13 x 109 yen.
— Advanced reactor safety analysis code program m e
MITI is promoting an analytical study of reactor behaviour in severe accidents,
as well as a study of reactor behaviour using probabilistic safety assessment
techniques.
MITI programme: improvement of a severe accident analytical code, started in
f.y. 1987, with a budget for the first f.y. of approximately 270 million yen.
— D evelopm ent o f technology f o r em ergency preparedness
Comprehensive countermeasures are provided to secure the safety of the
nuclear power stations. However, the Government, local regulatory industries
and electric utilities are preparing emergency measures even for events of very
low probability, in accordance with the Anti-Disaster Basic Law.
MITI could better execute such countermeasures by developing the following
technologies:
(i) Development of an emergency preparedness system:
MITI is carrying out the development of a system for determining whether
an incident is an emergency or not, estimates the cause of the incident,
predicts reactor behaviour and the propagation of the event as well as the
nuclides and amount of radioactive materials to be released from the
facility.
MITI programme: duration seven years, started in 1987. Budget approxi
mately 4.5 X 109 yen.
(ii)

Study on robotics for emergency conditions:
In preparation for a very low probability accident in an NPP, MITI is
developing a remote controlled travelling robot for emergency response in
NPPs. This robot can quickly and appropriately survey the status of the
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contaminated containment vessel and its surrounding area, collect the
necessary information, and undertake the appropriate response.
MITI programme: duration six years, started in f.y. 1987, with a budget
of approximately 10 x 109 yen.

3.

CONCLUSION

(a)

In April 1986, a nuclear accident occurred at the Chernobyl nuclear power sta
tion, and radioactive materials spread over the Northern Hemisphere. In view
of the tremendous scale of the accident, on 28 May 1987, the Nuclear Safety
Commission approved and issued a final report prepared by a special committee
within the Commission which reviewed the accident. The conclusions of this
report are as follows:
(i) The safety of the NPPs in Japan is now fully secured, and the current
safety regulations and disaster prevention measures need not be revised.
(ii) However, further fulfilment and continuation of current efforts are
required to further improve thé safety of NPP operations.
With these conclusions in mind, MITI intends to enforce strictly and without
exception current safety regulations and disaster preventive measures, as well
as to promote the above mentioned ‘Safety 21’ programme and especially
research on the human factor, emergency preparedness and severe accidents.

(b)

This is the outline of ‘Safety 21’ — i.e. measures for securing nuclear power
generation safety and of the current status of such efforts in Japan.
As we continue to enforce current safety measures, the key point of the
‘Safety 21’ programme is to pursue a further upgrading of safety on the basis
of the latest needs and technology development.
The ‘Safety 21’ programme may not necessarily introduce anything new, but
the integrated structure of its approach makes its tasks all the clearer, and we
believe that it can achieve great results by grappling boldly and responsibly with
each problem as it occurs, revising its provisions in the future as new problems
arise.
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Abstract- Аннотация
AN INTERNATIONAL SYSTEM OF MEASURES FOR ENSURING THE SAFE DEVELOP
MENT OF NUCLEAR POWER.
Conceived more than 30 years ago, nuclear power has now become an independent branch
of energy production with tremendous scientific and technical potential. Although nuclear
power operating experience which, by 31 October 1986, amounted to more than 4000 reactoryears has generally demonstrated a high level of power plant reliability and safety, nevertheless,
a number of accidents at nuclear power facilities, and particularly the accident at the Chernobyl
power plant, have intensified the discussion on the role o f nuclear power and its acceptability as
a means of satisfying man’s energy needs. The paper analyses the necessity for the development
of nuclear power and the associated risks. The conclusion is reached that there is no justification
for rejecting nuclear power if man is not prepared at the same time to reject other modern
industrial technologies. The same criteria should be used for nuclear power as are ueed to
determine the acceptability of other modern technologies, for example, chemical or biological
technologies. This means that the development of nuclear power should be accompanied by
the adoption of every possible measure to ensure safety, including international ones. The
paper examines a set of measures which could form an international system for the safe develop
ment of nuclear power.
МЕЖДУНАРОДНАЯ СИСТЕМА МЕР ОБЕСПЕЧЕНИЯ БЕЗОПАСНОГО РАЗВИТИЯ ЯДЕРНОЙ
ЭНЕРГЕТИКИ.
Зародившаяся чуть более 30 лет назад ядерная энергетика превратилась сегодня в самостоя
тельную отрасль энергетического производства, обладающую большим научно-техническим потен
циалом. И, хотя опыт эксплуатации ядерной энергетики, который на 31. 10. 86 г. составил более
4000 реакторо-лет, в целом и показал высокий уровень надежности и безопасности АЭС, тем не
менее ряд аварий на объектах ядерной энергетики, и, в частности, авария на Чернобыльской АЭС
обострили дискуссию о роли ядерной энергетики и о ее приемлемости для удовлетворения энергети
ческих нужд человечества. В докладе анализируются вопросы необходимости развития ядерной
энергетики и связанные с этим риски. Делается вывод о том, что нет оснований отказываться от
ядерной энергетики, если одновременно человечество не собирается отказываться и от других сов
ременных промышленных технологий. К ядерной энергетике необходимо подходить с теми же
самыми мерками, которыми определяется приемлемость других современных технологий, например,
химической и биологической. Это означает, что развитие ядерной энергетики должно сопровождать
ся принятием всевозможных мер, в том числе и международных, обеспечивающих ее безопасность.
В докладе рассматривается комплекс международных мер, которые могут сформировать междуна
родный режим безопасного развития ядерной энергетики.
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Зародивш аяся чуть более 30 лет назад ядерная энергетика превратилась сегодня

в самостоятельную отрасль энергетического производства, обладающую большим науч
но-техническим потенциалом.
По данным МАГАТЭ доля электроэнергии, произведенной на атомных электростан
циях (АЭС) в 1985 г., составляла 15% от суммарного мирового производства электро
энергии. А в некоторы х странах эта долк превзош ла 50% [1 ].
И, хотя опыт эксплуатации ядерной энергетики, который на 31. 10. 86 г. составил
более 4000 реакторо-лет, в целом и показал высокий уровень надежности и безопасности
АЭС, тем не менее ряд аварий на объектах ядерной энергетики, и, в частности, авария на
Чернобыльской АЭС обострили дискуссию о роли ядерной энергетики и о ее приемле
мости для удовлетворения энергетических нужд человечества.
Некоторые критики ядерной энергетики, используя существующие или мнимые
вопросы, связанные с радиационной безопасностью, надежностью работы АЭС, захоро
нением радиоактивных отходов, а также страх, связанный с ассоциацией ядерной энер
гии с разрушительной силой ядерного оруж ия, призывают к полному отказу от исполь
зования ядерной энергетики. Причем некоторые страны уже объявили о таком отказе
в своих энергетических программах.
В этой связи правомерно задать два вопроса: во-первых, возмож но ли удовлетво
рение энергетических потребностей человечества без ядерной энергетики и, во-вторых,
действительно ли использование энергии атома представляет для человечества абсолютно
неприемлемый риск.
Ответ на первый вопрос дает анализ энергетической ситуации в мире [2 ], который
показывает, что потребности человечества в энергии не уменьшаются, более того рост
энергопотребления в мире будет сохраняться, по крайней мере, в течение многих бли
жайших десятилетий. Конечно, меры по экономии энергии и ресурсосбережению замед
ляют рост в ограниченном числе наиболее промышленно развитых стран, однако, даже
в этих странах он не будет остановлен. В целом же человечество стоит перед необходи
мостью обеспечения постоянного роста энергопотребления, причем не только в абсо
лютных, но и в удельных показателях в условиях продолжающегося роста народонасе
ления и необходимостью повышения качества жизни людей, особенно в развивающихся
странах.
Многочисленные исследования показывают, что в течение ближайших деятилетий
реальными источниками удовлетворения энергетических потребностей человечества
будут оставаться углеродное топливо и ядерная энергия.
Известные запасы углеродного топлива по некоторы м оценкам, прежде всего угля,
вполне достаточны для использования его примерно в течение 300 лет. О днако, важным
ф актором при этом является невозобновляемость запасов нефти, газа и угля. А ведь это
не только энергия, но и ценнейшее сырье для нефтехимической промышленности.
К ак говорил в прош лом веке Д .И . Менделеев ’’сжигать нефть в топках — это все равно,
что растапливать печь ассигнациями” .
С точки зрения ресурсов ядерная энергетика при условии вовлечения в топлив
ный цикл U-238, может обеспечить потребность человечества в энергии на многие сто
летия. Причем не только в виде электроэнергии, но и в виде низкопотенциального
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тепла для отопления жилищ, зданий, а в будущем и высокопотенциального технологи
ческого тепла для промыш ленных производств.
Хорошо известно, что в нормальных условиях эксплуатации риски, создаваемые
ш ироким развитием ядерной энергетики для окружающей среды и здоровья населения
во много раз меньше рисков, создаваемых любыми другими доступными в настоящее
врем я источниками энергии, к а к традиционными, так и новыми, при их развитии в
аналогичных масштабах. Таким образом, замена ядерных источников в программах
энергетического развития вызвали бы возрастание общего уровня техногенного риска.
Что же касается риска, связанного с аварийными ситуациями, т.е. событиями,
которые приводят или могут привести к аномальным условиям облучения, то известно,
что при аварии на Чернобыльской АЭС в результате лучевых поражений и ожогов погиб
31 человек, что меньше числа немедленных жертв проходящ их врем я от времени авиа
ционных и других транспортных и промыш ленных катастроф. Например, взры в и по
жар на газохранилище в М ексике (1984 г.) унес жизни 452 человек, ранено и пропало
без вести более 5 тыс. человек.
Во врем я аварии на химическом заводе американской корпорации Юнион Карбайд
в г. Бхопале (Индия) 3 декабря 1984 г., где в результате утечки высокотоксичного
газа — метилизоционата, пострадало по минимальным оценкам более 50 тыс. человек,
из них погибло более 2,5 тыс. человек.
Долгосрочные потери земель и отдаленные случаи раковы х заболеваний и гене
тических повреждений, которые рассматриваются к а к специфика последствий ядерной
аварии, не являю тся только ее прерогативой. Напомним, что авария на химическом
предприятии в Севезо (Италия, 1976 г . ) , в результате которой имело место утечка
диоксина, сделала невозможным пребывание человека на территории 25 к м 2, к ак
считается, навсегда.
Строительство крупны х гидроэлектростанций изымает из хозяйственного оборота
весьма значительные площади, к а к правило, ценных земель. Что же касается канцеро
генных и генетических последствий крупны х химических аварий (таких, например,
к ак авария в г. Б х о п ал е), то специалисты предполагают, что они будут весьма значитель
ными.
Даже потенциальная опасность создания оружия из материалов и на основе техно
логий, используемых в мирной деятельности, находит свой эквивалент в химической
и биологической промышленности.
Таким образом, ядерная энергетика, не представляя собой исключения, является,
однако, далеко не самы м опасным видом промышленной деятельности. Это связано
к ак с высокой степенью инженерной защищенности ядерных объектов (например, в
ряде случаев внешние герметизирующие колпаки АЭС рассчитываются на маловероят
ные воздействия, к а к случайное падение на них сам олета), так и с механизмом действия
самого радиоактивного выброса, если он произойдет. Дело в том, что выход радиоак
тивности даже при самой тяжелой аварии на АЭС будет происходить довольно медленно
(и опыт аварии на Чернобыльской АЭС подтверждает э т о ), а для накопления опасной,
тем более смертельной дозы облучения в организме человека требуется определенное
время, что дает возможность организовать эвакуацию населения из пораженного района.
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Такой возможности, к а к правило, не бывает при экстремальных авариях на многих
других производствах, например, при прорыве плотин, пожарах на нефте- и газохрани
лищах или аварийных выбросах некоторы х химических производств. Достаточно
вспомнить аварию на химическом заводе американской корпорации Юнион Карбайд в
г. Бхопале (И н д и я), о которой говорилось выше.
Возможность трансграничных последствий аварий также не является печальной
привилегией одной лишь ядерной энергетики. Это подтверждает, например, пожар
на складе химических веществ близ г. Базеля (1 ноября 1986 г . ) , в результате которого
произош ло серьезное загрязнение р. Рейн, нарушевшее нормальную жизнедеятельность
более 20 млн. человек. Возврат реки к прежнему состоянию ожидается не менее чем
через 10 лет.
Вышесказанное позволяет сделать вы вод о том, что у нас нет оснований отказывать
ся от ядерной энергетики, если мы не собираемся одновременно отказываться и от
других современных промыш ленных технологий. С другой стороны — конечно же,
надо сделать все возмож ное для повышения ее безопасности и такие возможности есть.
В этой связи тщательное изучение аварии на Чернобыльской АЭС приводит к сле
дующим основным вы водам (примерно такие же выводы следуют и из анализа аварии
на АЭС ”Три-майл-айленд”) :
(1)

Причины, вызвавш ие аварию на Чернобыльской АЭС, связаны в первую очередь,

с ош ибками персонала станции, нарушениями ими установленных регламентов эксплуа
тации АЭС. Эти причины сами по себе не имеют специфически ядерного характера и
поэтому не могут считаться фатальными для развития ядерной энергетики.
(2)

В результате анализа аварии не было найдено каких-либо физических явлений,

которые ранее не изучались в рам ках анализа безопасности теоретически и/или экспери
ментально. Анализ показал, что безопасность ядерных энергетических установок всех
типов может быть повышена хорош о известными физическими и техническими мето
дами и с помощью более тщательного учета человеческого фактора.
(3)

Анализ последствий аварии в Чернобыле показывает, что хотя ущерб от нее

весьма значителен к а к с точки зрения потерянных человеческих жизней, так и экономи
чески, однако, он сравним с ущ ербом от других проанализированных крупных промыш 
ленных и транспортных катастроф.
Первые два вы вода указываю т на направления повышения безопасности ядерной
энергетики, которые должны быть использованы при научно-технических разработках
и проведении организационных мероприятий в этой области.
Последний вы вод также очень важен для решения вопроса о дальнейшей судьбе
ядерной энергетики, т .к . к ней необходимо подходить с теми же самыми мерками,
которы м и определяется приемлемость других современных технологий, например,
химической или биологической.
Это означает, что развитие ядерной энергетики должно сопровождаться принятием
всевозмож ных мер, в том числе и международных, которые ставят своей целью: предот
вращение воздействия на природную среду в военных или иных целях, несовместимых
с интересами обеспечения международной безопасности, благосостояния и здоровья
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людей. Этот ком п лекс мер, относящийся к о всем элементам ядерного топливного
цикла, должен охватывать такие вопросы, к а к нераспространение ядерного оружия,
ядерная безопасность и воздействие на окружающую среду.
Что касается нераспространения ядерного оружия, то сложившийся к настоящему
времени режим нераспространения, сердцевиной которого является Д оговор о нерас
пространении ядерного оруж ия, уже доказал свою эффективность. И сходя из того,
что вопросы безопасного развития ядерной энергетики также лучше всего решать сооб
ща, всем м ировы м сообщ еством, Советский Союз выдвинул на Специальной сессии
Генеральной конференции МАГАТЭ в сентябре 1986 г. програм му создания междуна
родного режима безопасного развития ядерной энергетики.
Можно с удовлетворением отметить, что существенная часть предложений системы
международного режима безопасного развития ядерной энергетики стала или становится
реальностью.
Сюда относятся, например, вступившие в силу недавно международные конвенции
об оперативном оповещении о ядерной аварии и о помощи в случае ядерной аварии или
радиационной аварийной ситуации.
Причем, разработка проектов этих конвенций показала, что при наличии доброй
воли сложные вопросы международного сотрудничества могут решаться быстро и
эффективно.
Возвращ аясь к реж иму, следует отметить, что он должен включать в себя ком плекс
политических и экономических договоренностей, согласованных и действующих на
широкой международной основе, а также ряд организационно-технических мероприятий,
которы е, с одной стороны, должны обеспечивать беспрепятственное и оптимальное
экономическое развитие стран, внедряющих в свою эконом ику ядерные энергетические
источники и высокий и международно признанный уровень ее технической безопасности,
а с другой стороны —ликвидировать потенциальные военно-политические опасности, свя
занные с накоплением и распространением ядерных материалов, появлением большого
числа ядерных объектов и расширением круга стран, использующих ядерные материалы
и технологию.
Безопасность ядерной энергетики для человека и окружающей среды достигается,
во-первых, разработкой и реализацией эфф ективны х защитных средств и устройств, и,
во-вторых, последовательным осуществлением сложных технических и организацион
ных мер на всех этапах проектирования, производства оборудования, строительства,
ввода в эксплуатацию, эксплуатации, ремонта и снятия с эксплуатации АЭС и других
элементов ядерного топливного цикла. Обеспечение безопасности в аварийных ситуа
циях требует к а к специальных технических мер, заклады ваем ы х в проекты , так и
вы сококвалифицированны х действий персонала по локализации и ликвидации послед
ствий аварии.
К мерам безопасности, которые принимаются или должны быть приняты на между
народном уровне в этой области, относятся:
—

разработка и договоренность о применении требований к проектированию, разме

щению, строительству и эксплуатации АЭС;
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— организация международных региональных и национальных центров подготовки

и повышения квалификации кадров;
— создание систем оповещения о ядерных авариях и международной помощи при
авариях;
— организация международных разработок реакторов следующего поколения, отли
чающихся особо вы соким уровнем безопасности.
Для оказания практической помощи в оценке и повышении уровня безопасности
МАГАТЭ могло бы расширить практику направления в государства-участники договорен
ности по их просьбе групп высокоавторитетных экспертов по ядерной безопасности.
Существенным элементом в системе мер, направленных на предотвращение аварий,
является сбор, обработка и обмен информацией об авариях на АЭС, причинах их возник
новения, характера протекания и последствиях. Информационная система МАГАТЭ
по инцидентам на АЭС является хорошей основой для создания банка информации
по ядерным авариям. Н еобходимо предпринять усилия по дальнейшему расширению
и совершенствованию этой системы. Принятие международных мер технической безо
пасности, обеспечивая международно признанный уровень безопасности ядерной энер
гетики, будет способствовать созданию благоприятного для развития ядерной энерге
тики общ ественного мнения.
Следует помнить и об экономическом аспекте технической безопасности ядерной
энергетики. Дело в том, что необходимость ее быстрого развития в свое врем я опреде
лила высокую срочность принятых решений вопросов безопасности АЭС — в результате
целый ряд их сложившихся преимуществ достигнут за счет использования очень доро
гих материалов и технических средств. Специальные международные программы эко 
номической оптимизации технической безопасности АЭС, направленные на снижение
затрат при сохранении и повышении уровня безопасности, могут быть организованы
и должны оказаться весьма эффективными.
Чернобыльская и другие аварии с вы ходом радиоактивности еще раз показали
опасные последствия возмож ного преднамеренного разрушения ядерных установок.
В этой связи в качестве компонента международного режима предлагается разработать
надежную систему мер по предотвращению нападений на ядерные объекты. Необходимо
завершить разработку соответствующей международной конвенции, согласно которой
все государства взяли бы на себя обязательство не нападать на мирные ядерные установки.
Проблема ликвидации повышенной опасности, создаваемой ядерными объектами
в условиях военных конф ликтов, еще не нашла своего политического и организацион
ного решения на международном уровне. Рассмотрим ее несколько более подробно.
В условиях военного конф ликта ядерные объекты обладают специфической повы
шенной опасностью из-за содержащейся в них радиоактивности. В случае разрушения
ядерного объекта с помощью ядерного боеприпаса эта радиоактивность будет добавлена
к радиоактивности, создаваемой ядерным взры вом , т.е. будет усилен один из поражаю
щих ф акторов ядерного оружия —радиоактивное заражение местности. При разрушении
ядерного объекта обычным оруж ием —радиоактивное заражение выступает в качестве
дополнительного поражающего фактора.
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Хотя в ряду последствий широкомасштабной ядерной войны радиационное зара
жение из-за разрушения ядерных объектов является далеко не самым губительным,
однако, для некоторы х регионов, где уже сейчас на сравнительно небольшой площади
и при высокой плотности населения сосредоточено большое количество ядерных о бъек
тов, — дополнительная специфическая опасность от них в условиях военного конф ликта
с применением ядерного оружия даже сама по себе представляется имеющей катастрофи
ческое значение. О днако, это катастрофа после катастрофы. Видимо, нет большого
смысла в подсчете дополнительных человеческих жертв и материального ущерба от
долговременного радиоактивного загрязнения, связанного с разрушением ядерных
объектов, т .к . жертвы и ущерб, непосредственно связанные с ядерными взры вам и ,i
по всей видимости, будут во много раз большими. О днако, можно с уверенностью
утверждать, что это загрязнение будет таково, что о каком -либо нормальном существо
вании выживших людей на территориях этих регионов не может быть и речи даже спустя
значительное врем я после ядерного конф ликта. Это можно было бы считать еще одним
аргументом, подтверждающим недопустимость и бессмысленность ядерной войны в
современных условиях, если эта мысль для кого-то все еще нуждается в каких-либо
дополнительных аргументах.
Особое значение имеет задача предотвращения нападений на ядерные объекты в
ходе конф ликта с применением обычного оружия, т.е. по своим последствиям такое
нападение приобретает все черты применения ядерного оружия небольшой мощности —
к разруш ениям, вызванны м обычным оружием, добавляется радиоактивное заражение.
В итоге, — для подвергшейся таком у нападению стороны нет разницы с тем, к а к если
бы против нее было применено ядерное оружие, —результатом может быть эскалация
конф ликта в ядерном направлении.
Д оговор или конвенция о защите ядерных объектов от нападений внес бы свой
вкл ад в стимулирование ш ирокого развития ядерной энергетики в различных странах,
т .к . обеспечивал бы некоторую дополнительную защиту экономики в случае возникно
вения военного конф ликта. При реализации в договоре о защите ядерных объектов
положений, обеспечивающих его тесную связь с системой гарантий МАГАТЭ (для опре
деления и контроля мирного назначения защищаемых о б ъ е к т о в ), он будет также сущест
венным образом способствовать укреплению режима нераспространения ядерного ору
жия, т.е. даст многим странам дополнительный стимул для демонстрации мирного
характера их ядерной деятельности.
Надежная система мер должна быть разработана и в отношении ядерного терроризма
в любом его проявлении. Радиационная опасность и вы сокая токсичность ядерных мате
риалов требуют их надежной защиты от преступных посягательств. Нельзя исключить
возможность использования захваченных ядерных материалов для создания простей
ших ядерных взры вны х устройств с целью проведения диверсионных и террористичес
ких актов.
В создании надежного режима безопасного развития ядерной энергетики, веду
щая и центральная роль безусловно должна принадлежать такой авторитетной органи
зации к а к МАГАТЭ. Следует шире использовать имеющийся у нее опыт в разработке
различных аспектов ядерной безопасности, повысить ее роль в этих вопросах.
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О днако, всегда нужно помнить, что в нашем взаимозависимом мире наряду с
проблемами атома мирного существуют проблемы атома военного. Ядерная безопас
ность на нашей планете немыслима без прекращ ения материальной подготовки ядер-ной войны, полной ликвидации средств ее ведения.
Двадцатое столетие должно завершиться под зн аком ядерного разоружения, созда
ния устоев надежной системы безопасного мира, в котором безопасная и надежная
ядерная энергетика будет играть все возрастающую роль в удовлетворении энергети
ческих потребностей человечества.
Причем, меры, принимаемые на международном уровне по обеспечению безопасного
развития ядерной энергетики, могут послужить моделью для аналогичных мер в других
современных технологиях, в первую очередь, - химической, биотехнологической, уголь
ной энергетике, широкое развитие которы х вносит существенный вклад в повышение
глобального уровня технического риска.
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Abstract
ESTABLISHMENT AND IMPLEMENTATION OF THE IAEA NUCLEAR ACCIDENT CONVEN
TIONS ON EARLY NOTIFICATION AND EMERGENCY ASSISTANCE.
The promotion of international arrangements to provide for mutual emergency assistance in the
event of a nuclear accident has been an objective of the International Atomic Energy Agency (IAEA)
for many years. In July 1986 it convened a meeting of governmental experts. Texts were drafted of two
major Conventions relating to the early notification of a nuclear accident, and the provision of emer
gency assistance; both Conventions have since entered into force. The first embraces all uncontrolled
releases of radioactive material from any source, irrespective of its nature and location, that may result
in transboundary consequences which could be of radiological safety significance to another State. The
second prescribes an international framework to facilitate the prompt provision of assistance between
parties to the Convention, and from relevant international organizations. Both Conventions place a num
ber of obligations on those States which are party to them, and upon the IAEA, for their effective
implementation, including the provision of appropriate arrangements for disseminating and receiving
information relating to the notification of an accident, and the specification of the experts, materials and
equipment that could be made available by way of assistance. The paper reviews the establishment of
the two Conventions, and the obligations that each Convention places upon States that are parties to it
and on the IAEA, for responding to a nuclear accident or radiological emergency. It discusses the
IAEA’s supportive functions and the key tasks that it has undertaken for ensuring that the requirements
of the Conventions can be implemented in an effective and timely manner.

1.

BACKGROUND

Since 1958, the International Atomic Energy Agency (IAEA) has been active
in promoting the establishment of international arrangements through which
countries could render mutual assistance in the event of a nuclear accident or radio
logical emergency. In 1963 it submitted to its Board of Governors the draft for a
regional agreement with the Governments of the Nordic countries, and on 19 June
1964 the “ Nordic Mutual Emergency Assistance Agreement in Connection with
Radiation Accidents” , to which the IAEA is a party, entered into force [1].
* Now at United Nations Office of Legal Affairs, New York.
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Subsequently, the Secretariat developed several model draft bilateral and multilateral
agreements relating to mutual emergency assistance, and a number of countries
entered into their own bilateral and multilateral agreements for co-operation in
nuclear safety, for the exchange of information and consultation on nuclear installa
tions located near their borders, and for mutual emergency assistance. Several of
these agreements are summarized in Appendix I.
In 1983, an IAEA group of experts developed “ Guidelines for Mutual
Emergency Assistance Agreements in Connection with a Nuclear Accident or Radio
logical Emergency” ; these were published in 1984 as an IAEA Information Circular
— INFCIRC/310 [2]. A further group of experts, meeting in 1984, developed
“ Guidelines on Reportable Events, Integrated Planning and Information Exchange in
a Transboundary Release of Radioactive Materials” , which was published in 1985
as INFCIRC/321 [3]. These two documents provided guidelines for establishing
bilateral, multilateral or regional agreements and were precursors for the two
Conventions which were drawn up, as a matter of urgency, following the accident
at the Chernobyl Nuclear Power Station in the Ukraine, Soviet Union, on
26 April 1986.
Responding to a decision by a special session of its Board of Governors on
21 May 1986, at which a programme of actions to be taken in response to the
Chernobyl accident was agreed, the IAEA convened an open ended governmental
experts meeting in Vienna, from 21 July to 15 August 1986, to draft two international
agreements. One dealt with the early notification and provision of information about
nuclear accidents with potential transboundary effects; the other with the
co-ordination of emergency response and assistance in the event of a nuclear accident
or radiological emergency. They took into account the guidance set out in
INFCIRC/321 and INFCIRC/310, respectively. This meeting, attended by experts
from 62 Member States and representatives of ten international organizations,
culminated in the adoption, by consensus, of the texts of two legal instruments: the
Convention on Early Notification of a Nuclear Accident (Early Notification Conven
tion), and the Convention on Assistance in the Case of a Nuclear Accident or Radio
logical Emergency (Emergency Assistance Convention). Both Conventions, as
subsequently endorsed by the Board of Governors, were adopted by the First Special
Session of the IAEA General Conference held from 24 to 26 September 1986 [4].
They encourage the conclusion of bilateral and multilateral agreements in support of
their respective objectives and do not affect the reciprocal rights and obligations of
States which are party to them (States Parties) under related international agreements.
The Conventions were opened to "all States for signature in Vienna and at the United
Nations in New York from 26 September and 6 October respectively. The Early
Notification Convention entered into force on 27 October 1986, and the Emergency
Assistance Convention on 26 February 1987. At 1 September 1987, 69 States had
signed the Early Notification Convention, and 67 States had signed the Emergency
Assistance Convention.
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EARLY NOTIFICATION CONVENTION

The Early Notification Convention provides an international framework to
facilitate the immediate notification by a State Party incurring a nuclear accident
(accident State Party), and prompt provision of supporting information, to any State
in which there may be a resultant need to implement urgent protective measures for
minimizing the radiological consequences (affected State). The Convention
(Article 1) covers all uncontrolled releases of radioactive materials from any facility
or activity referred to below, irrespective of its nature and location, that may result
in transboundary consequences which could be of radiological safety significance to
another State. The facilities or activities are:
— Any nuclear reactor wherever located;
— Any nuclear fuel cycle facility;
— Any radioactive waste management facility;
— The transport and storage of nuclear fuels or radioactive wastes;
— The manufacture, use, storage, disposal and transport of radioisotopes for
agricultural, industrial, medical and related scientific and research purposes;
and
— The use of isotopes for power generation in space objects.
The only sources of uncontrolled release not included within the notification
scope of the Convention are accidents connected with nuclear weapons and nuclear
weapon tests. However, provision is made (Article 3) for States Parties to voluntarily
notify in the event of accidents other than those referred to above, with a view to
minimizing the radiological consequences. In this connection, all five nuclear weapon
States have pledged to make such notifications.
The Convention (Article 2) places two important obligations on a State Party
which suffers a nuclear accident having actual or potential consequences of radio
logical safety significance for other States. First, it must forthwith notify, directly or
through the IAEA, any States which may be physically affected, and the IAEA itself,
of the nature of the accident, the time of its occurrence and, where appropriate, its
exact location. It is then further required (Article 5) to provide promptly, through a
similar notification procedure, such additional relevant information and data as are
available to assist in minimizing the radiological consequences in the affected States,
including the general characteristics of the radioactive release, current and forecast
meteorological and hydrological conditions, results of environmental monitoring,
and the off-site protective measures taken or planned. Details of these information
and data requirements are given in Appendix II. They must be supplemented at
appropriate intervals by further relevant information on the development of the
emergency situation and, except when provided in confidence by the notifying State,
may be used without restriction. The accident State Party must also respond promptly
to requests from affected States Parties for further information or consultations
relevant to minimizing the radiological consequences. (A schematic of the direct and
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DIRECT
[Article 2(a)]

(b)

INDIRECT
[Article 4(a)]

FIG 1. D irect and indirect notification o f a nuclear accident under the Early Notification Convention.

indirect notification of a nuclear accident under the Early Notification Convention is
shown in Fig. 1.)
In support of these arrangements for notification, the Convention identifies two
key functions for the IAEA: the immediate onward transmission to all affected States,
and to relevant international organizations, of any notification to it of an accident,
including its time of occurrence, nature and location; and the prompt provision, upon
request, to any State Party, IAEA Member State or relevant international organiza
tion, of the information and data provided by the accident State Party for the purposes
of minimizing the radiological consequences.
To provide a focal point through which States Parties, the IAEA and relevant
governmental organizations can direct their response, each State Party is required to
define and make known to the IAEA and to other States Parties, either directly or
through the IAEA, its competent authorities and the “ point of contact” responsible
for issuing and receiving any notification and information provided under the
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Convention (Article 7). In support of this requirement, the IAEA is made responsible
for maintaining and distributing an up-to-date list of such competent national authori
ties and international organizations, and their points of contact, and for providing a
focal point within its own organization to which any notification, or provision of
information for dissemination, can be directed.
Further, the IAEA is entrusted with the responsibility for conducting, at the
request of a State Party not having nuclear activities and bordering on a State having
an active nuclear programme, but which is not a Party to the Convention, investiga
tions into the feasibility and establishment of an appropriate radiation monitoring
system to facilitate achieving the Convention’s objectives.

3.

EMERGENCY ASSISTANCE CONVENTION

The Emergency Assistance Convention establishes an international framework
aimed at facilitating the prompt provision of assistance in the event of either a nuclear
accident or a radiological emergency. Under the general provisions of this
Convention (Article 1), States Parties are required to co-operate between themselves,
and with the IAEA, to facilitate prompt assistance in the event of a nuclear accident
or radiological emergency, to minimize its consequences and to protect life, property
and the environment from the effects of radioactive releases. The IAEA is requested
to promote, facilitate and support the co-operation between States Parties. Unlike the
Early Notification Convention, there is no prescribed accident consequence or
“ triggering level” which needs to apply in order to bring the Convention into
operation.
A State Party may request assistance from any other State Party, either directly
or through the IAEA; it may also request assistance from the IAEA, as well as from
other international organizations (Article 2). Requests may include assistance relating
to medical treatment or the temporary relocation into another State Party’s territory
of people at risk from the accident. A requesting State Party must specify the scope
and type of assistance required, and provide the necessary information for deter
mining the extent to which the request can be met. Within the limits of their capabili
ties, States Parties are required to notify the IAEA of experts, equipment and
materials which could be made available for the provision of assistance, and the terms
under which they could be provided. Any State Party receiving a request for
assistance must promptly decide and notify the requesting State, either directly or
through the IAEA, to what extent, and under what terms, such assistance could be
rendered.
The obligations of the IAEA in response to a request for assistance from a State
Party, or IAEA Member State, include making available allocated and appropriate
resources, promptly transmitting the request to other States and international organi
zations which may have the necessary resources, and co-ordinating the assistance at
the international level, if so requested.
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Responsibility for the overall direction and control of the assistance rests with
the requesting State which must provide, to the extent of its capabilities, local facili
ties and supporting services for effective administration of any assistance received.
However, the ownership of any equipment or materials provided is not affected and
their return to the assisting State must be ensured (Article 3). The requesting State
must also grant to the personnel provided by the assisting Party the necessary
privileges and immunities for the carrying out of the assistance functions and, if
requested, must arrange for the decontamination of any recoverable equipment prior
to its return. Except in the case of wilful misconduct, personnel and legal entities
acting for the assisting Party must be accorded immunity from the requesting State’s
legal process with respect to claims from third parties in connection with such
assistance operations (Article 10). It is for the assisting Party to determine whether
it requires reimbursement of the costs of its assistance, taking into account such
relevant factors as the nature of the accident, its place of origin and the needs of
developing countries — particularly those without nuclear facilities (Article 7).
As in the Early Notification Convention, each State Party is required to make
known to the IAEA and to other States Parties, directly or through the IAEA, its
competent authorities and the point of contact authorized to make and receive
requests for, and to accept offers of, assistance (Article 4). Such points of contact,
as well as a focal point within the IAEA, must be available continuously. The IAEA
is also required to maintain and regularly provide updated information on competent
national authorities and their points of contact, to all States Parties, Member States
and international organizations.
The key functions and responsibilities of the IAEA under the Emergency
Assistance Convention (Article 5) relate to the dissemination of information on
available assistance, assisting States Parties or Member States in the development of
their emergency preparedness and response arrangements, providing, upon request,
allocated resources for conducting an initial assessment of an accident, and main
taining liaison with relevant international organizations for obtaining and exchanging
support information and data. These functions are described in detail in Appendix III.

4.

IAEA EMERGENCY ASSISTANCE ARRANGEMENTS

Since 1959 the IAEA has had standing arrangements, which it developed in
association with other relevant United Nations organizations, for responding in
minimum time to a call for assistance from any part of the world in the event of a
radiation accident. These arrangements are formalized in the IAEA’s Radiation
Emergency Assistance Plan which is supported by IAEA Technical Documents
giving information received up to 1980 from Member States [5, 6] indicating the
types of assistance, equipment and facilities which they may be able to make avail
able, or may need, in the event of a radiation accident. The underlying concept of
the Plan is that the IAEA can provide limited help of a more general nature during
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the early stage o f an accident, until more adequate and specific assistance can be
made available. To this end it can — on request — send staff members or consultants
to the site of the accident to advise on the emergency operations, act as an intermedi
ary for transmitting requests for, or offers of, assistance, and make available limited
facilities at the IAEA’s Laboratories for the radiochemical analysis of environmental
samples and foodstuffs, for bioassay and for whole body counting. Thus, at the time
when the Conventions were adopted, the IAEA already had an emergency response
capability upon which it was able to draw as an interim measure and develop in the
longer term to take account o f the additional functions and responsibilities it had now
acquired. Both the Plan and the Secretariat’s internal emergency arrangements are,
therefore, being revised to provide this broader based approach.

5.

MEETING THE IAEA RESPONSIBILITIES

As outlined in Sections 2 and 3, the IAEA is entrusted with providing adequate
arrangements such that, in the event o f either o f the Conventions being activated, it
can carry out the relevant notification, or assistance, functions assigned to it effec
tively and within an acceptable time frame. A number o f these functions involve
activities which the IAEA has been pursuing in the interrelated areas of nuclear
safety, radiological protection, emergency preparedness, technical co-operation and
manpower development, for a number o f years — although not always in as
systematic a manner as is now required under the Conventions. Certain functions,
however, involve activities which have not formed part o f the IAEA’s programmes
and have required new initiatives; for example, the rapid notification o f an accident
and the exchange of relevant post-accident information and data with all States which
may be affected.
Prior to each Convention entering into force, the IAEA had to establish
appropriate arrangements and procedures for carrying out the functions assigned to
it. For the discharge of its immediate responsibilities, the following basic steps were
taken:
— The establishment o f a focal point within the IAEA to which an affected State
can promptly and effectively direct a notification;
— The identification o f appropriate means o f communication for the immediate
transmission o f notifications and of supporting information and data;
— The specification o f procedures for the receipt, verification and onward trans
mission o f a notification and support information;
— The development o f reporting formats for transmitting supporting information
from the Secretariat to States and relevant international organizations; and
— The development o f supportive technical arrangements, including a suitable
database, for recording, collating and disseminating follow-up radiological
information and data received during an accident or emergency.
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Several of these steps were of an interim nature, utilizing the existing provisions
o f the IA EA ’s Radiation Emergency Assistance Plan, and may need to be modified
in the light of initial experience, and as a result of recommendations by consultants,
and advisory groups or discussions with Member States.
As one of its initial tasks, and on the basis of the response to a circular letter
to all Member and non-Member States, the Secretariat prepared a list of competent
national authorities and contact points for issuing and receiving notifications and
information in the event of a nuclear accident. This list, together with the procedure
for contacting the focal point within the Secretariat, has been provided to all States,
and will be regularly updated. It is intended to incorporate this list into an IAEA
Emergency Notification and Assistance Technical Operations Manual (ENATOM)
which is currently being developed by the Secretariat to provide competent national
authorities with comprehensive information on the application of the Conventions,
including the IA EA ’s arrangements for carrying out its responsibilities, and the
procedures for notifying, or for requesting assistance, in the event o f an accident.

6.

EMERGENCY RESPONSE UNIT

To strengthen the IA EA ’s emergency response capability and provide for the
effective co-ordination of actions within the Secretariat in carrying out its functions
under the Conventions, an Emergency Response Unit has been established. This Unit
provides the focal point within the IAEA to which a State will communicate its notifi
cation of an accident, or request for assistance, and for the verification and onward
transmission by the IAEA to affected States o f the notification and support informa
tion and data. Essentially, it comprises a small control room from which the IAEA
can direct its response, and a supporting information processing facility. The Unit
is being equipped with the necessary facilities for meeting the communication
requirements of the Conventions, as discussed in Section 7. It will provide micro
computer capability for receiving, processing and storing environmental radiation
monitoring data, and for the reception and dissemination of information and data
through selected international communication systems. It will also provide access to
relevant information databases within the IAEA and be furnished with supportive
emergency response documentation. A databank will be maintained for the rapid
identification of experts, materials and equipment that could be made available by
States Parties in response to a request under the Emergency Assistance Convention.
The IA EA ’s emergency response functions, including those acquired under the
Conventions, are largely carried out by staff whose normal duties lie in various parts
o f the Secretariat, but who can come together, as the need arises, to implement the
required actions. A small nucleus of technical staff within the Division o f Nuclear
Safety has responsibility for the overall co-ordination o f the IAEA’s emergency
response arrangements and for maintaining the Emergency Response Unit. This
nucleus is also responsible for training the Secretariat support staff in their
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emergency response duties and for arranging tests and exercises, including participa
tion with States Parties, in order to establish and maintain an effective emergency
response capability.

7.

COMMUNICATION

Effective and reliable means o f communication must be continuously available
to enable any accident State Party to immediately notify potentially affected States,
either directly or through the IAEA, and promptly follow this with information and
data relevant to minimizing the radiological consequences. Two levels o f “ urgency”
for the provision of information can be identified:
— Information that must be provided “ forthwith” pursuant to the initial notifica
tion of an accident under the Early Notification Convention; and
— Information that must be provided “ promptly” pursuant to the provision of
support information under the Early Notification Convention, and to the provi
sion o f assistance under the Emergency Assistance Convention.
Use of the term “ forthwith” implies that the information must be provided
immediately, without delay. Most States could claim that they might be affected
either directly or indirectly in the event o f a major nuclear accident accompanied by
a large release of radioactive material to the environment. However, the number of
States that would need to be notified “ forthwith” , on grounds that the release may
be of such immediate radiological safety significance as to necessitate the implemen
tation of urgent measures to protect the public, is likely to be strictly limited. Because
of this, and taking into account that not all State competent authorities to which an
initial notification may need to be addressed can be immediately accessed through
currently available data communication systems, it is considered that telephone or
telex provides the fastest and most reliable means for transmitting the initial accident
notification, and for any checks considered necessary to verify its authenticity.
The term “ prom ptly” implies that there should be no undue delay in providing
the required information. In the case of the Early Notification Convention, much of
the information which needs to be disseminated “ prom ptly” will consist o f numerical
data relating to the radiological, meteorological and response oriented post-accident
conditions. Following its initial dissemination, it may need to be supplemented and
retransmitted at frequent intervals — particularly during the initial post-accident
period — to a large number o f requesting States. The cost o f developing, installing
and maintaining a purpose designed and dedicated data communication system for
this purpose would be extremely high, particularly as it may only be required to
operate (apart from proving exercises) very infrequently. A more cost effective alter
native is to use one or more o f the existing communication networks operated by
other international organizations. One such network, the Global Telecommunication
System (GTS), operated by the W orld W eather W atch o f the W orld Meteorological
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Organization (WMO), is considered particularly suitable for transmitting the type of
information and data that must be provided in support of an accident notification.
WMO have agreed that the IAEA may use the GTS in support of the Conventions
on a cost free basis and arrangements for this purpose are expected to be in place by
the end o f 1987. However, reliance will not be placed on a single communication
arrangement and the availability o f alternative data transmission systems is being
explored. As an interim measure the IAEA will continue to use its existing telephone,
telex and facsimile arrangements, strengthened as necessary by the provision of
“ reserved” IAEA telephone numbers for use by competent national authorities.
Because any information inserted into the GTS is automatically transmitted to all
countries, telephone or telex will also be used where the information to be provided
to those States that may be affected has been made available by the accident State
Party in confidence. For meeting the communication requirements in support of the
Emergency Assistance Convention, the facilities offered by the GTS would be
unnecessary and normal telephone, telex and facsimile systems will suffice.

8.

OTHER IAEA SUPPORT ACTIVITIES

In addition to the actions already described for meeting its commitments under
the Early Notification and the Emergency Assistance Conventions, a number of
supportive activities have been included in the IAEA’s expanded nuclear safety and
radiation protection programme which was developed as a consequence of the
Chernobyl accident. Following a co-ordinated approach by the IAEA and the World
Health Organization (WHO), data are being provided to the IAEA from countries
affected by the dispersion o f radioactive materials from Chernobyl to enable an
assessment by the United Nations Scientific Committee on the Effects o f Atomic
Radiation (UNSCEAR) of the radiological consequences o f the accident. The data
base established for this information will serve as a guide when designing the
Emergency Response Unit’s environmental monitoring database for use in any future
post-accident response in support o f the Conventions.
One of the key functions under the Early Notification Convention is the prompt
provision by an accident State Party of available information relevant to minimizing
the radiological consequences of the nuclear accident in other States. Forecasting the
transboundary consequences of the radionuclide release resulting from the accident
is important for determining those States that may be affected and for minimizing the
radiological consequences. Such forecasting requires satisfactory models of the
atmospheric transport, dispersion and deposition o f the released radionuclides, and
although those countries with nuclear programmes have, at least, short range predic
tion capabilities, only a few countries have the necessary level of preparedness for
carrying out medium and long range predictions. WMO and the IAEA are carrying
out a joint programme on atmospheric transport modelling, including model valida
tion and technical guidance, in order to improve the national capabilities for predict
ing transboundary releases over short, intermediate and long ranges.
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To make the most effective use of resources and avoid unnecessary duplication
of work at the international level when addressing the problems related to accidental
releases of radionuclides into the environment, those United Nations organizations
having particular responsibilities in this area are co-ordinating their work through a
recently formed Inter-Agency Committee for the Co-ordinated Planning and
Implementation of Response to Accidental Releases of Radioactive Substances. The
Committee is charged with harmonizing the relevant activities of its participating
organizations, identifying new areas for inter-agency co-operation, and planning joint
actions. Its programme is focused on means of strengthening national monitoring
capabilities, forecasting the transport of radionuclides, the exchange o f monitoring
results, and supportive training. Activities have been initiated with a view to helping
developing countries — through the IAEA technical assistance programme — to
develop or strengthen existing monitoring capabilities, with priority on countries
which have no effective capability but which border countries with nuclear power
programmes.
In addition to any commitments under the two Conventions, the IAEA will
continue to provide, upon request, assistance to its Member States within the areas
o f emergency response planning and preparedness, including the review, develop
ment and evaluation of national emergency response arrangements and the assess
ment of exercises to test such arrangements.

Appendix I
BILATERAL AND MULTILATERAL AGREEMENTS
On the basis of the information available to the IAEA Secretariat, brief summaries of a number
o f bilateral and multilateral agreements between IAEA Member States for co-operation in nuclear
safety, for the exchange o f information and consultation on nuclear installations along the border, and
for mutual emergency assistance are set out below.
1.

F e d e ra l R epublic o f G erm any — U n ite d K ingdom , 4 A p ril 1979

Arrangement for a continuing exchange of information on significant matters pertaining to the
safety o f nuclear installations and on collaboration in the development of regulatory safety
criteria.
2.

D enm ark — F e deral R epublic o f G erm any, 4 J u ly 1977

Agreement regulating the exchange of information on the construction of nuclear installations
along the border.
3.

F e d e ra l R epublic o f G erm any — N etherlands, 2 7 Septem ber 1977

Memorandum on the exchange of information and consultation on nuclear installations near
borders.
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P o rtu g a l — S pain, 31 M a rch 1980

Co-operative agreements in nuclear safety.
5.

G uidelines fo r N o rd ic co-operation concerning n u cle a r in sta lla tio n s in the b o rd e r areas

Effective: 15 November 1976.
6.

France — F ederal R epu blic o f G erm any, 2 8 Jan uary 1981

Agreement on the exchange of information about incidents or accidents which could have radio
logical consequences.
7.

F e d e ra l R epu blic o f G erm any — Luxem bourg, 2 M a rch 1978

Agreement on mutual assistance in case of disasters or major accidents.
8.

France — S w itze rland, 18 O ctober 1979

Agreement on the exchange of information in case of accidents which could have radiological
consequences.
9.

B elgium — F rance , 7 M a rch 1967

Agreement on radiological protection relating to the installations of the nuclear power plant at
Ardennes.
10.

F rance — F ederal R epu blic o f G erm any — S w itzerland, 2 7 O ctober 1975

Exchange of notes concerning the establishment of an intergovernmental commission on neigh
bourhood problems in border areas.
11.

B elgium — USA, 6 June 1978

Arrangement for exchange of technical information in regulatory matters and in co-operation in
safety research and in standards development.
12.

F e deral R epublic o f G erm any — S w itzerland, 31 M ay 1978

Agreement on radiation protection in case of emergency.

Appendix II
INFORMATION TO BE PROVIDED “PROMPTLY” UNDER ARTICLE 5
OF THE EARLY NOTIFICATION CONVENTION, AS AVAILABLE

(a)
(b)
(c)

The time, exact location where appropriate, and the nature of the nuclear accident.
The facility or activity involved.
The assumed or established cause and the foreseeable development of the nuclear accident rele
vant to the transboundary release of the radioactive materials.
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(d)

(e)
(f)
(g)
(h)
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The general characteristics of the radioactive release, including, as far as is practicable and
appropriate, the nature, probable physical and chemical form and the quantity, composition and
effective height of the radioactive release.
Information on current and forecast meteorological and hydrological conditions, necessary for
forecasting the transboundary release of the radioactive materials.
The results of environmental monitoring relevant to the transboundary release of the radioactive
materials.
The off-site protective measures taken or planned.
The predicted behaviour over time of the radioactive release.

Appendix 1П
FUNCTIONS OF THE IAEA UNDER ARTICLE 5
OF THE EMERGENCY ASSISTANCE CONVENTION
(a)

Collect and disseminate to States Parties and Member States information concerning:
(i)
(ii)

(b)

Experts, equipment and materials which could be made available in the event of nuclear
accidents or radiological emergencies;
Methodologies, techniques and available results of research relating to response to nuclear
accidents or radiological emergencies;

Assist a State Party or a Member State when requested in any of the following or other appro
priate matters:
(i)
(ii)
(iii)
(iv)
(v)

Preparing both emergency plans in the case of nuclear accidents and radiological emergen
cies and the appropriate legislation;
Developing appropriate training programmes for personnel to deal with nuclear accidents
and radiological emergencies;
Transmitting requests for assistance and relevant information in the event of a nuclear acci
dent or radiological emergency;
Developing appropriate radiation monitoring programmes, procedures and standards;
Conducting investigations into the feasibility of establishing appropriate radiation monitor
ing systems;

(c)

Make available to a State Party or a Member State requesting assistance in the event of a nuclear
accident or radiological emergency appropriate resources allocated for the purpose of conducting
an initial assessment of the accident or emergency;

(d)

Offer its good offices to the States Parties and Member States in the event of a nuclear accident
or radiological emergency;

(e)

Establish and maintain liaison with relevant international organizations for the purposes of
obtaining and exchanging relevant information and data, and make a list o f such organizations
available to States Parties, Member States and the aforementioned organizations.
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BENEFITS AND LIMITATIONS
OF AN EARLY WARNING SYSTEM
IN THE EFFECTIVE PROTECTION OF THE PUBLIC
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Abstract
BENEFITS AND LIMITATIONS OF AN EARLY WARNING SYSTEM IN THE EFFECTIVE
PROTECTION OF THE PUBLIC.
An early warning system based on nuclear plant operators and public officials working closely
together is presented. The key to such a system is the conscientious exercising and drilling of each
party’s notification systems, as well as close day to day relationships between them.

INTRODUCTION
There is a wide variety o f nuclear operations, ranging from radiopharmaceutical
manufacturing to power reactors and from criticality operations to fuel enrichment.
Accidents could occur at any one of these, so the warning system must be consistent
among all parties who would have a role in responding to the emergency, particularly
off-site authorities.
This requires that planning for radiological accidents should be vigorous, but
should be kept as non-specific as possible. That is, the broad elements of emergency
response should be well conceived and understood by all who have responsibilities
to respond, but they should not be based on a preconceived idea o f what the accident
will be. In fact, the best emergency planning is that which is based on the assumption
that we do not know what will happen. Much planning can be done to stimulate offi
cials and operators in thinking in terms o f their own actions that would be common
to a wide spectrum of emergencies.
Emergency planning should concentrate on systems o f notification o f those who
have responsibilities for response actions. It is necessary that these responders have
an understanding of what their responsibilities are, but this competence should be
well established as the basis for qualification of the responders in their normal duties
and responsibilities.
An effective warning system is one that is reliable and ready for implementation
at any time. Aggressive oversight and regulation for the individuals concerned is
essential. Personnel must be well trained and have the confidence of the general
public. Such confidence is not to be tacitly assumed, but rather earned through active
interactions among the operators, the public officials, and the public.
77
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THE BASIS OF AN EARLY WARNING SYSTEM
Actual warnings to the public are issued by public officials o f jurisdictions out
side the nuclear plants. To issue such warnings, these officials must have the means
of knowing about plant conditions that could result in a warning. There is a choice
in the means for giving these officials the information they will need to allow them
to make effective warnings to the public. One choice is a warning system based on
the involvement of the plant operators, who will always have the best perspective on
what has happened, what is happening, and what could happen.
Another choice is to base the warning system on automated systems and sensors
that will give information from readings and dials which, when correctly interpreted,
will provide the officials with sufficient information to make their warnings. Since
the officials should not be expected to have the same level o f understanding and train
ing on the nuclear plant as the operators, and since the systems and sensors may not
be designed or located to detect every potential problem with the plant, basing the
early warning system on this approach is not considered prudent.
This is not to say that automated systems and sensors should not be involved
in the early warning system. It is quite appropriate to design such systems and sensors
but there cannnot be dependence on what they are indicating (or not indicating)
without having the operators involved in the process.
Accidents at nuclear plants can result in a broad spectrum of effects. There are
not only power reactor operations, but also fuel cycle and research and development
activities involving nuclear materials. Each of these activities could be involved in
several different types o f emergencies, requiring varied responses by the operators
or public officials [1]. Because of the diversity in types o f operations, and the variety
o f accidents, all concerned need to be ready to respond. This requires that planning
for radiological emergencies should be vigorous, but kept as non-specific as possible.
Without the involvement of the plant operators, it is impossible, in general, to deter
mine what the effects will be unless there is a good understanding o f the conditions
at the plant, past, present and projected into the future. The operators, and no one
else, are in the best position to know these conditions. The early warning system,
then, must begin with these operators.
The operators’ reports and advisories are vital links in the notification process
leading to the implementation of protective actions for the public. They will provide
expert analyses of installed systems for measuring plant operating parameters such
as temperature, pressure, and water level, and external sensors and observations,
such as meteorological data. The operators, who should have direct access to this
information as well as direct control o f the facility, are in the best position to initiate
the warning process.
Emergency planning for nuclear operations in the United States of America has
usually involved both the operators and officials of the surrounding jurisdictions.
Normally the operators and the officials have a mutual understanding that under cer
tain circumstances the officials will be notified of conditions at the plant. It is gener
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ally accepted that this notification will be translated by those officials into a warning
to the appropriate segment of the general population around the facility. This under
standing, particularly that part which is the responsibility of the operators, is very
important in emergency preparedness at nuclear facilities. Without such an under
standing, the notification process will be impeded by difficulties in communications
between the parties.
Therefore, the first consideration is to concentrate on improving communica
tions between the operators and public officials. Each of these parties has its own
focus on an accident: the officials have to decide when a warning is to be made, while
the operators have to decide on the appropriate measures to preclude or mitigate the
effects of the accident. However, operators and officials should have a specific goal
o f preventing undue hazards to the general public.
Procedures must be developed to be used in passing the essential information
back and forth between the parties. These procedures will necessarily be specific with
respect to each facility and the surrounding jurisdictions, giving each party an impor
tant role in developing the procedures.
Achieving realistic procedures that are effective for both operators and officials
requires that they practice together in making their respective notifications and
warnings. Such practice, usually done through exercises and drills, gives each party
the opportunity to understand the other’s point of view a little bit better. Exchanging
informal visits outside the exercise and drill environment is also important. However,
exercises and drills should not become too stereotyped or be based on an assumption
that a specific emergency will occur. An emergency is an occurrence o f the unex
pected; if the occurrence is expected then it is not a true emergency.
Consequently, exercises need to be designed to concentrate on the notification
aspects of response. Response actions will be different for each of the many potential
emergencies, so training and exercises should prepare the operators and public offi
cials to think before they implement any specific response. Overreliance on exercises
that assume one or two specific accidents may actually result in the responder’s per
forming rehearsed procedures, rather than effective, well thought out emergency
measures.

CONSIDERATIONS OF ACCIDENT CATEGORIES
Potential nuclear accidents can be grouped into three general categories: those
that occur and result in no or insignificant effects to the public; those that occur and
result in no immediate health and safety consequences to the public, but which have
potential for doing so before they are brought under control; and those which do
present immediate hazards to the public. Notifications to cognizant authorities are
generally required and made for all these categories, but the disposition o f the notifi
cations may or may not be translated into a warning to the public, depending upon
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the cognizant officials’ estimate o f the severity of the situation. Therefore, an essen
tial element in the effective protection of the public is the understanding o f the
projected consequences of the accident by those having responsibility for issuing
warnings.
In the first category, where there are no significant effects to the public, early
warnings are quite appropriate to inform the public of the facts of the situation. Often,
nuclear plants have had incidents where there were no effects either to plant workers
or to any member o f the public, but knowledge of the incident alone caused people
to believe something did or could happen to them. With an early warning, or more
precisely, an early advisory that an incident has occurred or is occurring, the public
should not be alarmed if they have confidence in their public officials’ decision of
no consequences.
The best way to establish this public confidence is for the officials to publish
documents informing the public of the nature of the plant operations. Again, because
o f their superior knowledge of the plant, the plant operators must work closely with
the officials to prepare these documents. Such publications should not be left solely
to the operators, however, because the public must understand that there needs to be
a close partnership between the operators and public officials to keep the public
informed o f matters affecting public health and safety.
The second category of nuclear accident is where there are no immediate
effects, but some could occur before the accident is brought under control. Early
warnings are particularly important in this situation. They have to be prepared in such
a way that the public is not unduly alarmed, but is at the same time aware that they
may have to take some actions to protect their health and safety. At the early stages
of certain nuclear accidents it is very difficult to foresee whether there will be signifi
cant effects. It will be the operators, however, who are in the best position to make
any forecasts. Knowing that they are an integral part of the warning process, and
realizing that they themselves have family and friends outside the plant, gives the
operators a special role in being responsible in their advisories to public officials. It
is this category that requires the greatest patience and deliberate thought by both
operators and officials.
In the third category of nuclear accident, there are immediate effects o f the inci
dent. Such accidents are not likely at a reactor plant to be due to internal plant
problems, but could occur at a reactor as a result of external conditions, such as an
airplane crashing into a containment structure. For this category, there may not be
available time to make an early warning to those living in the immediate vicinity of
the plant, but those in more remote areas could benefit from an early warning. In this
situation, the first advisory will most likely be in the form of an estimate o f what hap
pened and what the effects could be. Such estimates should be very conservative,
clear, and to the point.
In most situations, the officials who issue the warning do not have the technical
background to understand thoroughly all of the physical processes that may come into
play during an accident, or time to think about their implications. Those who are best
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able and are most competent to forecast conditions that may lead to a release are the
plant operators. Thus an important element o f emergency preparedness is the train
ing, alertness, and operational expertise of the plant operators and their supervisors,
especially those on duty during the early stages o f an accident. While their actions
are crucial to the prevention or mitigation o f an accident, they are also crucial to the
process of a timely warning to the public.

NOTIFICATION PROCEDURES
Since the operators, in an emergency situation, will probably be extremely
busy, it is necessary to develop simple, and if possible automatic, procedures for
them to use for the purpose o f notifying public officials. Such procedures would
include stand-by messages, continuous displays of projected plume location and
width, and quick reaction devices such as automatic, direct connection telephones.
It is generally not sufficient to rely solely on these automatic devices any more
than on the overall automated systems discussed above. Here too, operator involve
ment is essential. Prepared messages, automatic printouts, etc., will always need
some interpretation. The operators or the experts they are relying upon to produce
these advisories must be available to assure that the essential notifications have been
made.

ADVANTAGES OF AN OPERATOR BASED NOTIFICATION SYSTEM
An operator based warning system exploits the fact that the most knowledgeable
and competent people in the incident are the ones who start the process o f notification
which may result in issuing warnings to the public. This minimizes the chance of
casualties by providing maximum time for action to avoid radiation exposure and
possible injury because the most qualified people involved are originating the
process.
Further, the notification system is not dependent upon people and equipment
beyond those normally required to operate the plant and carry out general emergency
planning for the public. It allows public officials to exercise their responsibilities with
a maximum o f technical information about the accident and its consequences. With
public officials acting as the warning agents to the public, the effect o f outside,
unofficial estimates will be minimized.
This requires frequent exercises and drills of notification procedures involving
both the operators and officials. This process tends to establish a close rapport
between these two parties, as well as to provide the practice that is necessary to assure
that the system will work when it is needed. This has the further advantage for the
public officials o f giving them more confidence in their own capabilities, which will
improve their performance and team work when they have to deal with other types
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of emergencies. In fact it is likely that the public officials will see that nuclear emer
gencies are not really unique.

LIMITATIONS OF AN OPERATOR BASED NOTIFICATION SYSTEM
Personnel involved in this system have to be trained and equipment has to be
well maintained. However, the same diligence, training, and maintenance as would
be required for automated systems are needed for this system. To the extent this is
considered a disadvantage, it would disappear under most conditions of good national
oversight or regulation.
The frequent notification o f exercise events could tend to focus too much atten
tion on small incidents which have no public health and safety consequences. This
may cause the public concern because they are not generally aware of the comparable
small incidents at other industrial activities. This could also lead to public officials’
overreaction to a small incident, but a comprehensive information programme should
mitigate this possibility.

CONCLUSIONS
An effective early warning system must involve both plant operators and public
officials. Each party has its own competence and authority and the general public is
best served by the concerted performance o f their respective duties. Reliance on auto
matic systems and equipment is appropriate only in support of the principal parties,
rather than the primary means of notification. Automated systems do not interact with
the public — personnel do. Assurance of the effectiveness of the notification process
is the essential element for maintaining the early warning system. This is best accom
plished through the exercise of notification systems. Exercises of specific accident
scenarios cause unrealistic expectations if conducted too frequently and too mechani
cally. There are disadvantages to an operator based early warning system, but most
o f these can be eliminated or at least mitigated by aggressive oversight and regulation
by public officials.
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Abstract
INTERNATIONAL CO-OPERATION IN SAFETY RESEARCH.
International co-operation in the field of safety research plays an important role in effective
promotion of research and development of costly and complex technologies, and in dealing with such
global issues as energy security and environmental safety. Nuclear safety research in Japan has been
extensively conducted under the national policy of promoting peaceful uses of atomic energy, and it is
now addressing the issues through three major research activities: engineering safety research of an
NPP, safety research on environmental influences, and safety research related to radioactive waste
management, including various nuclear fuel cycles. The previous approach of Japanese nuclear safety
research and development was to catch up with the technical levels of the nuclear developed countries.
Having achieved this stage, Japan is trying to function as a leading country in the international nuclear
society, in accordance with the basic policy of the Atomic Energy Basic Law of Japan. Consistent with
its readiness to share in the tasks of international society, Japan is extending various levels of
co-ordinated research and development to other countries especially in the field of engineering safety
research. These activities vary from information exchange programmes to joint research projects
sharing the sponsorship of necessary contributions, under the framework of various bilateral and multi
lateral collaborative arrangements, as well as with well known international agencies.

1.

INTRODUCTION

The concept of energy security, which is the basis of economic stability, has
been shifted from a nation oriented activity to a broader worldwide concept. With
this increase in the importance of atomic energy, it is necessary to reduce various
risks which might affect it, both in our country and internationally.
Under these circumstances, Japan is now asked to take a greater part in the
promotion o f the world economy, through the contribution o f knowledge and new
technologies, and with the collaboration and mutual understanding o f other countries.
To answer these worldwide requests to Japan, it is o f vital importance to meet the
responsibilities under the Non-Proliferation o f Nuclear Weapons Treaty (NPT) and
to demonstrate the peaceful uses of atomic energy, which must co-exist with the NPT
system.
Meanwhile, the nuclear accident at the Chernobyl NPP in April 1986 made us
aware o f the importance o f safety at nuclear facilities. The accident raised great
83
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problems for the nuclear society because it heightened political opposition to nuclear
power in most countries. It is clear that we are facing a stagnation of nuclear develop
ment programmes, both domestically and internationally. All persons concerned with
the promotion of nuclear energy should make a determined effort to establish a
‘nuclear safety culture’ based on stable technology and the concept of safety
preferences. Such an effort is the only way to regain confidence in nuclear
technology.
Nuclear power generation has many advantages as an energy source compared
with fossil resources. It also has some important problems which must be solved,
such as the safety of facilities including operational security, and the development of
radioactive waste management technologies. Protection against the influence of
radiation requires the highest safety controls for radionuclide confinement and shield
ing systems.
We believe that the distinguished operational record o f Japanese NPPs is indeed
a result of our safety measures, maintained by a high level of technology and
adequate management.
Safe management o f radioactive wastes remains an important problem which
Japan must solve in the near future, even though the outlook o f the international
establishment is that the solution should be reached through present research and
development. However, research and development in nuclear safety requires a long
term commitment with vast expenditures and scientific skills, directed to establish
technology in areas never before explored. For these reasons, international co
operation, which shares the expense of research activities and avoids overlapping,
must be strengthened, not only from the economic viewpoint and to reduce the
research period, but also to gain worldwide consent and approval for the continuation
of the nuclear energy field.

2.

BASIC POLICIES OF THE JAPANESE SAFETY RESEARCH AND THE
INTERNATIONAL CO-OPERATION

2.1. Objectives of safety research
From the viewpoint that the development o f nuclear utilization could not be
made without safety assurance, we have been promoting nuclear development and
utilization consistent with the basic policy of ‘aimed at ensuring safety’ stated in the
Atomic Energy Basic Law o f Japan.
Our major principles for nuclear safety are combined within the concept of
‘defence in depth’, which may be explained as follows:
(a)
(b)

A nuclear facility should be so carefully designed, constructed and operated that
the probability o f any abnormal occurrences is minimized;
Should any abnormal event take place, it should be detected and controlled
before it becomes an accident;
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Should an accident occur, there should be appropriate countermeasures to
protect the public health and safety.

Also, as a principle for radiation protection o f the public, especially near
nuclear facilities, there is another concept called ‘as low as reasonably achievable’
(ALARA).
In connection with these concepts, safety features are evolved, and various
criteria and evaluation methods for safety are established to govern the design,
construction and operation o f nuclear facilities.
To date Japan has not had any nuclear accident that affected public health and
safety. This record is proof that our safety assurance o f nuclear facilities is basically
fulfilling its function, and we are proud of this superior record.
To maintain high safety standards, it is imperative that the promotion of safety
research be synchronized with the expansion of nuclear energy utilization. To do this,
data for making decisions must be accumulated and applied to the various govern
mental safety inspections. It is also important that appropriate knowledge and
experience be adequately utilized for the improvement of safety levels when needed.
To respond to these needs, Japan has a number o f programmes which conform with
the basic policy o f the Atomic Energy Committee. Each of the safety research
programmes for various nuclear facilities is part o f and consistent with the five year
programme for safety research for 1986-1990, established by the Nuclear Safety
Committee of the Japanese Government.
The present five year programme indicates that research for establishing various
safety standards and safety inspections should be the major objective o f Governmen
tal research activities. O f course, research to improve the safety level of nuclear facil
ities is promoted by both the Government and industry when responding to items
from a commercial aspect. Thus, nuclear safety research in Japan has been conducted
to provide a sound technical basis for the existing safety criteria and to establish
safety evaluation methods for analysing phenomena which might appear in nuclear
facilities. In so doing, it is believed that the safety margins in the current criteria are
justified and the reliability and integrity o f nuclear facilities are improved.
In Japan, it is broadly recognized that LWR power generation is a highly deve
loped technology. However, some subjects remain to be investigated for the further
promotion o f reactor safety. These include severe accidents and accidents caused by
human errors. M oreover, safety research related to improvement of LWR efficiency
such as the uses o f high burnup fuels and load following operations might become
more important in the near future. Furthermore, a determined effort must be made
to establish safety concepts and to provide safety standards for the FBR, the expected
next generation power plant which is at the demonstration stage o f commercial use.

2.2. International co-operation
Under the basic policy that “ the result therefrom shall be made to contribute
to international co-operation” stated in the Atomic Energy Basic Law of Japan, Japan
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is fulfilling its responsibilities as a nation whose nuclear programmes are only for the
peaceful uses o f nuclear power and is trying, at the same time, to motivate the inter
national nuclear society.
The following three policies reflect Japan’s attitude towards international
co-operation:
(a)

(b)

(c)

While managing existing technologies, creative research and development of
new and advanced technologies should be energetically promoted from a long
term standpoint. These advances should be offered to other countries for peace
ful uses of atomic energy, so that these advances will provide worldwide
benefits;
Considering the depressed economic growth rate on the one hand and the
enlarged expenditures both in budget and manpower of research and develop
ment programmes on the other, we have to expand international co-operation
to provide efficient application of limited research resources.
In parallel with the effort to maintain and strengthen sound NPT systems, we
must offer our nuclear safety experience and expertise to the international soci
ety, so that the conditions for peaceful utilization of nuclear power will be
improved.

The importance of safety through international co-operation was stressed by the
Chernobyl accident. W e must strengthen international relations in this field. Japan
is ready to provide answers to these problems, based on our abundant experience,
not only to the nuclear developed countries, but also to the developing countries
aiming at utilization of atomic energy in the future.

3.

FUTURE PERSPECTIVES

Requests for Japanese contributions to the international nuclear society in the
field o f nuclear safety research are increasing. Our past nuclear safety research and
development was primarily aimed at catching up with the technical proficiency of
nuclear developed countries. In the future, we must deploy our resources toward
créative research.
W e must provide exchanges of technologies with the other fields, based on
advanced and diverse needs. These exchanges are expected to be the basis o f the next
generation o f technological improvements. W e also have to ensure that nuclear
research and development on the safeguards technology is promoted.
These are the basic policies of Japanese future perspectives for the coming five
to ten years. To implement these policies, the following activities should be planned
in the near future.
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3.1. C onsolidation o f research clim ate
The research climate must be consolidated so that exchange of scientists and
engineers with foreign research organizations can be accelerated. This requires the
appropriate selection of the research objectives o f international concern. This open
door policy is the best way to cultivate an exchange o f personnel necessary to
promote various joint research projects with other nations.

3.2. Bilateral co-operation
Co-operation with nuclear developed countries should be promoted on the basis
of equitable sharing o f costs and benefits. This co-operation should evolve in fields
in which the technical levels of the countries involved are about equal. This means
that we welcome and expect other countries to contribute to Japanese programmes
in the way we have contributed to and are going to contribute to programmes of other
nations.
Especially in the fields o f safety research and radioactive waste management,
the co-operation should take account o f the question of international public
acceptance of nuclear power. This might provide the emphasis for research activities
in the near future.
In establishing co-operation with nuclear developing countries, including the
newly industrialized countries, implementation o f basic or general technologies
should be emphasized. This means that co-operation must be started during the early
stage o f each nation’s nuclear programme, and must take account of the individual
circumstances of each.
The co-operation should be carefully developed so that the framework of the
nuclear co-operation agreement is implemented from the viewpooint o f facilitating a
reciprocal relationship with the results expected to significantly improve the
economics o f the other country and thus the technical level of nuclear utilization
would grow smoothly.
Therefore, it is important to strengthen personnel exchanges, to cultivate
experts who are experienced in this field who grasp the technical needs o f the coun
tries involved, and who can be beneficial advisers to the programmes in each country.
The framework of the IAEA or other existing co-operative organizations shall
be utilized to facilitate progress of research and development, and also for the effec
tive uses of limited research facilities.
In considering nuclear power generation in these countries, feasibility studies,
safety regulations, information necessary for operational management, and the train
ing o f personnel are areas where co-operation is expected.
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3.3. Co-operation through international agencies
Japan is acting as one o f the key members in international agencies, such as the
IAEA and the Nuclear Energy Agency of the OECD to promote the appropriate inter
national climate necessary for the peaceful uses of nuclear power. By these means
we are describing Japanese nuclear activities to obtain international understanding
and concurrence.
Participation in various international conferences and the assignment o f person
nel to international agencies shall therefore be expanded while, in parallel, continuing
to provide adequate contributions to various research projects.
Especially for activities in the field o f safety research, in addition to activities
such as the safeguards technology, co-operation on feasibility studies o f new technol
ogy is a priority issue.

3.4. Regional co-operation
Asian countries closely connected with Japan geographically and economically
have common interests and problems in the field o f nuclear research and develop
ment. The solution to these common problems is the stimulation of local co-operation
among neighbouring countries to share the limited funds and manpower available.
We have learned that a nuclear accident in one country can cause many problems in
neighbouring countries. Thus it is important to establish procedures for international
co-operation if emergency occasions arise. Therefore, with the consensus of the
countries concerned, Japan is now investigating the possibility of co-operation to
improve the technical development level of neighbouring Asian countries. This
would be useful to improve economic growth and the social welfare o f the people in
these countries.
To put it concretely, we must select and agree on a field o f study where the
representatives of countries meet to survey the needs of the countries concerned. This
investigation includes the possibility o f promoting co-operation in nuclear
safeguards, research to design advanced reactor systems which consider local
characteristics and needs, the development o f a real co-operative framework for the
common use of various facilities, and formulation of emergency routines in the event
o f a nuclear accident.
It is understood that nuclear safety research should now be treated on a global
scale. Therefore, it is imperative that we work closely for the necessary exchange
of information between nations, from the planning stages of future joint research
projects.
Japan’s aim is to fulfil the final objectives of safety research. This is expected
to lead to a better understanding o f a broad range of issues and also to realize techno
logical improvements for the benefit of all countries.
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Abstract
BILATERAL CO-OPERATION BETWEEN AUSTRIA AND CZECHOSLOVAKIA ON
QUESTIONS OF COMMON INTEREST IN RELATION TO NUCLEAR FACILITIES.
Austria and Czechoslovakia, although neighbouring countries, have different positions with
regard to the utilization of nuclear power for electricity production. While Austria has decided not to
use nuclear power and to exploit its hydroresources, Czechoslovakia has established an intensive nuclear
power programme to satisfy its future needs for electricity and also to replace existing, mainly coal
fired, power stations by nuclear facilities. This decision by Czechoslovakia is based on the fact that bet
ter economic and ecological options are not available. On that basis the Common Interests of both coun
tries have to be seen when dealing with the Agreement between Austria and Czechoslovakia on
Questions of Common Interest in Relation to Nuclear Facilities. The paper describes the structure and
contents of the Agreement and refers to three levels of information as follows: general information on
the nuclear programme and legal provisions; technical information on individual facilities, including
safety, radiation protection, and emergency planning and response measures; information in the event
of a nuclear incident or accident and co-ordination of response measures and co-operation for the protec
tion of the population in an emergency situation. A comparison is given between this Agreement and
the two Conventions agreed upon by the International Atomic Energy Agency Member States on 26 Sep
tember 1986 and shows the relation between these instruments. Finally the paper reflects the experience
of the Agreement’s implementation in the three years since its entry into force. There were regular
meetings between Austria and Czechoslovakia with several visits to nuclear power stations in
Czechoslovakia, and in-depth studies on their safety levels.

Czechoslovakia so far has eight nuclear power reactors in operation of the type
Voronezh WWER-440. Four more units of the same type are under construction in
western Slovakia, and they will go into operation from 1989 onwards. In addition,
four reactors o f a new type, Voronezh WWER-1000, o f which the first is now under
construction, will go into operation from 1992 onwards, i.e. one unit every year. In
1986 the electricity production rate from nuclear power was 21% and will increase
in the coming years to more than 50% by the year 2000.
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It is well known that Austria does not operate any NPP. The one almost com
pleted has never been put into operation owing to a referendum held in 1978 which
by a slight majority decided not to agree to a proposed law to allow the startup of
this plant in Zwentendorf. On that basis the common interests of both countries have
to be regarded when dealing with the Agreement between Austria and Czechos
lovakia on Questions of Common Interest in Relation to Nuclear Facilities.
In its preamble the Agreement refers to the following basic goals:
— To implement the final Act o f the Conference on Security and Co-operation in
Europe and thereby to develop further the friendly relations between the two
Parties;
— To promote mutual relations and co-operation also in the field of environmental
protection; and
— To further the protection of the population of both countries through an
improved exchange of information on nuclear facilities and their operation.
This exchange of information is provided for on three levels:
Level I:
Level II:

General information on nuclear power programmes and legal provisions;
Technical information on individual facilities in the border areas includ
ing safety, radiation protection, and emergency planning and response
measures;
Level III: Information in the event of a nuclear incident or accident and co
ordination of and co-operation on measures for the protection of the
population.
Talks on this Agreement started in 1979 in technical meetings and became offi
cial diplomatic negotiations in 1981. The Agreement was signed in November 1982
by the two Foreign Ministers and entered into force on 1 June 1984. This relatively
long period as it was considered then — although recent Austrian experience with
other countries shows that it was not an overlengthy period — must be seen from the
viewpoint that it was the first such Agreement negotiated by two countries with
different social systems and therefore no precedent was available. It should be
mentioned at that stage that one question raised by Austria, i.e. the liability for
damage arising from a nuclear accident, is not dealt with in the Agreement. In this
regard the two Parties follow with great interest the discussion and work within the
International Atomic Energy Agency (IAEA) and hope that an acceptable solution
can be found to which both countries agree.
Let us now look at the text o f the Agreement:
Article 1: Contains the definitions used in the Agreement.
— The term ‘nuclear facility’ only includes light water reactors. This was sometimes
the object o f criticism as it would exclude other types o f nuclear power reactors. The
reason for this restricted definition is that the Czechoslovakian nuclear power
programme only contains light water reactors. Should this programme be expanded
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to other types, Article 11 of the Agreement would provide for an appropriate amend
ment to include such new types of reactors.
— An ‘unforeseen event’, important for Article 6, is an accident in a nuclear facility,
the consequence of which could be a release of radioactive materials into the environ
ment, and which would trigger measures for the protection of the population.
— A ‘nuclear facility in the vicinity of the common border’ is a nuclear facility
which, in the case of an unforeseen event, can create a health hazard for the popula
tion of the other Party. This definition was intentionally kept flexible to allow the
inclusion o f a facility in the Agreement not only from the viewpoint of a certain
kilometre distance from the border but also taking into account other factors like size,
technical specialities, etc. of a nuclear facility. After Chernobyl, public discussions
about the usefulness and appropriateness o f such bilateral agreements often focused
on the question of whether a fixed kilometre range in such agreements is still valid,
or in brief, according to the lessons we learned in 1986 whether a fixed distance of,
for example, 20 km does provide sufficient flexibility.
Article 2: The procedure to decide which facility should be a ‘near to the border facil
ity’ is described in Article 2. This Article has a rather complicated structure and
therefore gave rise to misunderstandings in public discussions. The questions, who
proposes the inclusion of a facility into the Agreement, or who initiates the discussion
on such an inclusion, are dealt with in this Article. The procedure for the decision
starts with the request by either o f the Parties, then it is discussed on a technical level
by experts from both sides and it is confirmed by an exchange of notes initiated by
the operating state. The goal is to solve the most delicate problem o f defining the sub
ject of such an agreement on the basis o f good neighbourly relations between both
countries.
Article 3: This Article refers to the exchange of information on level I, i.e. general
information and legal provisions. Delegations o f both sides meet at least once every
two years. As these meetings give a forecast o f new programme initiatives, also new
facilities and their possible inclusion as ‘near to the border’ are discussed. Reference
is made in this regard to the explanations in Article 2 above. Since the entry into force
one such meeting was held in May 1986 in Vienna, the next is foreseen for January
1988 in Prague.
Article 4: Expert talks on the technical details o f the nuclear facilities in border areas
at the latest six months before the startup are foreseen in this Article. The operating
State provides the necessaiy information well in advance to allow proper preparation
by the other Party. As Article 4 for the time being refers to the four reactors in
Dukovany, 35 km from the border, four such expert talks took place on-site. Besides
the technical details of the reactor, a great effort was put into the questions of
environmental monitoring and radiation protection.
Article 5: The operating State establishes and maintains an environmental monitoring
system around a nuclear facility. Every year the results o f the measurements of aver
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age values are exchanged between the Parties. The Agreement describes in detail the
procedures, locations and kinds of measurements required. The measurements must
be performed in such a way so as to allow the calculation o f external and internal
radiation exposure of the population on either side of the border. When fixing meas
urement points due regard is given to the area between the nuclear facility and the
border line. In this context it is to be mentioned that both Parties consider, under the
existing Article, the possibility of regular meetings once a year not only to exchange
the above mentioned information but also to have expert discussions on current
experience in nuclear safety and radiation protection.
Articles 6 and 7: These two Articles contain the provisions for an ‘unforeseen event’
which are almost identical with the provisions in the IAEA Convention on Early
Notification o f a Nuclear Accident. The dispatch of information is triggered by the
fact that the event could cause a health hazard for the population o f the other Party.
At the latest the first warning information has to be delivered when the operating
State takes first measures for the protection of its own population in the vicinity of
the border.
Article 8: Deals with co-ordination of response measures and co-operation for the
protection o f the population in an emergency situation. Although the content in this
Article seems rather general, it has to be regarded as a framework within which the
possibilities for co-operation can be elaborated on an expert level including the possi
bility o f mutual assistance if so desired.
Article 9: Provides for the establishment o f contact points and a direct channel of
communication in the case o f an ‘unforeseen event’. It is important to mention that
there should only be one and the same contact point in each of the two States.
Article 11: In the light o f developments in the co-operation between the two countries
the Agreement provides for any modifications or extensions. This relates not only to
amendments o f the text o f the Agreement but also to its implementation without
changes in the text. A typical development that has a bearing on this Agreement was
the preparation o f the two IAEA Conventions of September 1986, the effects of
which will be discussed by expert delegations of both Parties in the near future.
Another important development as already mentioned in connection with Article 5
is the introduction of annual meetings o f experts to discuss matters such as environ
mental monitoring, current experience in nuclear safety and radiation protection.
Relation to the two IAEA Conventions1
W hen comparing this Agreement with the two IAEA Conventions the following
can be stated:
1
Early Notification of a Nuclear Accident which came into force on 27 October 1986 and
Assistance in the Case of a Nuclear Accident or Radiological Emergency which came into force on 26
February 1987.
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— The Conventions encourage members to include bilateral agreements between
neighbouring countries to further elaborate on the practical areas of co-operation.
This idea o f the Conventions is fully met by this Agreement and even goes beyond.
— While level III of the three information levels — to follow the categories mentioned
at the beginning o f this paper — covers the two Conventions, the other two levels
o f information open much wider possibilities of co-operation. Level I includes the
possibility o f comparing the legal basis for nuclear safety and in particular the radia
tion and safety standards for construction and operation o f nuclear facilities.
— Visits and discussions on-site as provided for in the Agreement in connection with
the exchange of information on technical and organizational measures add to the pos
sibility of understanding how the safe operation of nuclear facilities is assured.
— The implementation o f the Agreement in the last three years has shown the good
co-operation between Austria and Czechoslovakia in a friendly manner. The fulfil
ment of the Agreement has contributed to a higher level of understanding in the
nuclear field between the two countries, although rather different in their attitudes
towards nuclear power, and has also opened possibilities for new co-operation
beyond the framework of this Agreement, for example, studies on particular ques
tions of nuclear safety like source terms, dispersion models, etc., questions which
the IAEA ’s programme of work also focuses on. We hope that this Agreement pro
vides a good example of improved co-operation in the nuclear field among States and
could also serve as an example or model for other countries.
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Abstract
ENHANCING THE EFFECTIVENESS OF AN INCIDENT REPORTING SYSTEM TO IMPROVE
THE SAFETY OF EXISTING NUCLEAR POWER PLANTS.
Feedback of experience from the operation of nuclear power plants (NPPs) is fundamental for
further improvement of nuclear safety. National systems for reporting unusual events (such as deviations
from normal operation, incidents and accidents) are used as indicators of the safety performance of
NPPs. They form the basis for feedback of operational experience. Much more is gained from interna
tional co-operation with the aim o f obtaining information on unusual events from operating NPPs world
wide. For this purpose the International Atomic Energy Agency (IAEA) has developed the Incident
Reporting System (1RS) along the same lines as the 1RS of the Nuclear Energy Agency of the OECD.
Reports of unusual events are prepared by national co-ordinators along guidelines given by the IAEA
and then distributed to regulatory bodies and utilities. Besides an abstract and a description, a safety
assessment is included and root causes and lessons learned are indicated. Although the system operates
reasonably well, some improvements are nevertheless desirable and possible. In the paper attention is
paid to the selection of reports with respect to the safety significance of the event, an indication is given
of areas where improvement of report quality seems to be possible and the possibilities of support to
national co-ordinators in the preparation of reports are discussed. Finally, a few words are said on
storage and retrieval of the information and the use that can be made of the reports.

1.

INTRODUCTION

Most, if not all, countries With nuclear power plants (NPPs) have an obligatory
system for plant owners or licensees to report unusual events, such as deviations from
normal operation, incidents and accidents, to the regulatory authorities. One of the
objectives of this reporting requirement is to obtain an indication o f the safety perfor
mance of the NPPs in question.
The regulatory body can use the information about the event to discuss with the
operator of the plant the safety significance of the event, the cause o f the event and
the actions taken or to be taken in order to avoid repetitions and to improve opera
tional safety.
In principle, such a system can also be used for data collection o f system or
component failure rates, trend analyses, etc. However, for countries with only one
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or two operating NPPs the statistics are inadequate and the information can hardly
be used for a systematic improvement o f the safety of the plants concerned.
An important expansion of national systems is the international exchange of
information on safety significant unusual events in NPPs.

2.

FEEDBACK OF SAFETY EXPERIENCE

It is important to note that the nuclear industry had hardly any opportunity to
go through a practical learning process, as was the case in most other technical
developments. The experience gained from incidents and accidents in the other indus
tries was fed back into the development process; improvements were based on learn
ing by experience. In the early aircraft industry for instance, incidents and accidents
with minor consequences could be used for scaling up aeroplanes. The learning
process was by trial and error.
The nuclear industry itself could not afford to learn from mistakes because even
in a small NPP the radioactive inventory has the potential- for large scale conse
quences. Therefore, in the design o f an NPP, a large safety margin had to be built
in. In the design it was taken into account that accidents could happen and that one
has to cope with them.
However, also for a properly designed NPP, the feedback of operational
experience is indispensable for further improvement of the safety of nuclear power.
During operation, weaknesses in plant design may be discovered, manufactur
ing faults detected and it may be observed that systems do not meet their technical
specifications. However, at least as important as the hardware aspects are weaknesses
in the man-machine interface, which can only be detected during operation.
Furthermore, the question arises whether human behaviour has been suffi
ciently taken into account in the design o f the plant, not only during normal operation
but in particular during unusual or accident situations.
For further improvement of the safe operation o f nuclear power plants, all these
aspects are to be taken into account in a feedback system to designers, utilities and
operators. It is without any doubt that it is most profitable or even essential that this
experience be collected and processed internationally.

3.

INTERNATIONAL EXCHANGE OF INFORMATION: THE INCIDENT
REPORTING SYSTEM

For the exchange of information on safety significant events, several interna
tional systems exist, but I will limit myself to elaborating on the Incident Reporting
System (1RS) of the International Atomic Energy Agency (IAEA) for the collection,
assessment and dissemination of information on safety related events in nuclear
power plants.
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This system was set up in 1981 and started operation in 1983. It should be
mentioned here that the IAEA-IRS is equivalent to and compatible with the 1RS of
the Nuclear Energy Agency of the OECD. The NEA-IRS was set up in 1979 after
the TMI accident and started operation in 1980. There is close co-operation between
the two international organizations.
The aim o f the system is to improve the safe operation o f NPPs by feedback
of operational experience, gained from operating NPPs all over the world.
Almost all countries with NPPs in operation participate in the system, either
directly or indirectly through the NEA-IRS (which is, as already outlined, identical
in set-up to the IAEA-IRS).
Each participating country has nominated a co-ordinator, responsible for the
selection of reports to be sent to the IAEA and for the distribution of reports received
from this organization.
As the reports are of a confidential nature they can only be distributed to the
regulatory body and the utilities for official use.
The co-ordinator (who should be familiar with nuclear safety) selects from the
reports sent by the utilities to the authorities according to the national reporting
system those reports he judges to be of safety significance and to be o f interest to the
nuclear community.
This results in general in one report per year or one report every two years per
power plant, selected from the 10-20 reports per plant that might be expected annu
ally in the national system.
For the preparation o f the report to be sent to the IAEA-IRS, guidelines were
published in 1982 indicating format and content of the report. As the importance of
this international system for reporting unusual events, incidents and accidents and its
feedback has been recognized widely, the IAEA plans to publish in its Safety Series
a Guide for the Collection, Assessment and Dissemination of Information on Safety
Related Events in Nuclear Power Plants.
Although, in fact, all the elements for an optimum feedback of worldwide oper
ational experience are present, several improvements are nevertheless possible.

4.

THE IAEA REPORTING SYSTEM: POSSIBILITIES FOR
ENHANCEMENT

The aim of the 1RS is, as already indicated, to improve the safe operation of
NPPs by the feedback of operational experience.
It goes without saying that each system has its strengths and limitations. In
recognizing the limitations, one can focus on the potential strong points of the system
for enhancement.
With so many different reactor types and different vendors all over the world,
the situation is quite different from one where reactors o f only one or two different
types are used, designed and constructed by one manufacurer and operated by one
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utility. In the latter case the attention could be focused on component and system
behaviour, statistical processing and the investigation o f underlying mechanisms for
accident development.

4.1. Report selection
In the 1RS, the unusual events are selected on the basis of their safety
significance and their potential importance for other reactors. Therefore, in the 1RS
all attention should be given to root cause and lessons learned, because these aspects
could be o f importance to reactors of any type.
Speaking as a former national co-ordinator, I feel that in the past too much
emphasis was put on the safety significance of the event in terms of degradation of
systems, decrease in safety margin, etc. This might be very significant for a specific
plant but the general applicability is rather limited. Perhaps this was the reason why
a phrase often heard in the past was: “ Our plants are different — this event has no
significance for our situation.”
Therefore, I think that the events should be selected on the basis of the general
lesson that can be learned from the event, even if it had no direct consequence for
the plant in question, for instance near misses and human aspects.
Another limitation in the 1RS is the number of reports that can be produced by
the co-ordinators and handled by the IAEA-IRS secretariat. The threshold for report
ing is, compared with the threshold for national systems, rather high (roughly a
report ratio of 1 to 20).
A lower threshold would increase the total amount of information and might
lead to a broadening of the feedback, favourable for safety improvement.
However, although a slight increase in the number o f reports might be accept
able, the additional burden to the co-ordinators, if this number is increased substan
tially, might be too much, particularly if the national reports are to be rewritten in
a language (English) that is not the w riter’s mother tongue.
W ith only 0.5 report per plant per year, with a fully operational system,
200 reports will be received and distributed annually; a quantity that can be handled.

4.2. Quality of the reports
Instead o f increasing the number of reports, the ‘quality’ o f the reports should
be brought to perfection. The previously mentioned IAEA guidelines on the 1RS give
all the rules to be followed for reporting.
If all requirements are met, all reports should be o f a good quality and can then
be used to the fullest extent. Therefore, the first step for enhancement of the 1RS is
the proper preparation of the report to be sent in.
Speaking again as a former national co-ordinator, a number of shortcomings
could be detected in the past, limiting the usefulness of the report. Abstracts were
sometimes too short to be fully comprehensible; supporting information such as
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drawings, flowsheets, etc., were lacking, making it difficult to follow the description
o f the event. Sometimes there was no indication of lessons learned or indications of
root causes, the most important aspects for the feedback of experience.

4.3. Assistance and training given to national co-ordinators
There are a number o f ways o f rendering assistance to the national co-ordinators
in their task of report preparation. One way, carried out recently, is to come together
in a workshop and discuss a number of 1RS reports, indicating shortcomings and
possible improvements, a process of mutual education.
Another way could be to train the co-ordinators in using the recently proposed
coded watchlist. This is in fact a dictionary o f codes to be used for computer storage
of the reports, but the English words in this list can also be used as keywords in the
preparation o f the abstract.
O f course, this coding list cannot replace a list of keywords or preferred terms
entirely. Therefore, it was strongly recommended that a list of keywords be
developed. This would be particularly important for non-English speaking countries.
However, even with such a list, some terms may not be clearly understood or
are susceptible to different interpretations. In addition to the list o f preferred terms
an explanation o f a number o f terms might be another supporting tool for the
co-ordinators.

4.4. Possible role of the IAEA in quality control
Although a final screening o f the reports to be sent to the IAEA for complete
ness and comprehensibility is done by the co-ordinator, because o f his familiarity
with the installation, some underlying information might sometimes be necessary for
complete understanding o f the event by others. Here the IAEA could act as a guinea
pig, reading the report as potential receiver and request additional information, if
required, before the reports are distributed further.

4.5. Storage and retrieval of the information
For the co-ordinators (and other users o f the system) proper computerized
storage and easy retrieval of information about reported unusual events is very
important.
Only in this case can successful searches be done in the existing database for
comparable component or system failures, sequences of accidents, direct and root
causes and so on.
Therefore, it is the obligation of each national co-ordinator to prepare his
reports for the benefit o f all participants in the 1RS, keeping this aspect in mind. This
relates in particular to the abstract of the unusual event and the use o f the coding
scheme as previously discussed.
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Here also the IAEA can play an important role in the enhancement of the
system; firstly, to take steps to guarantee (if necessary in consultation with the
national co-ordinator) that the right and complete information is stored on the
computer and secondly, to investigate the possibilities for easy access to the computer
storage for retrieval by the co-ordinators and to undertake searches on request of
participants to the system.

5.

THE BACK END OF THE FEEDBACK LOOP

The aim of the system is, as already indicated, to provide feedback operational
experience to utilities and their operating personnel. I feel that improvements are also
possible here.
I have the feeling that, at best, reports of unusual events are considered on an
ad hoc basis by operators if the reported event could be of direct relevance to the
conduct of their plant.
Weaknesses in the reports, no clear assessment o f the safety significance, no
indication o f root causes or explanation o f the actions taken, were the most important
reasons for this limited use.
With reports o f the quality that is aimed for, the information can be used in the
simulator programmes and in operator training in general, for technical improve
ments o f the installation or improvement o f procedures. Only then is the system
fulfilling its task: to provide to operators the experience obtained from operating
reactors all over the world based on international co-operation.
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A bstract
THE ACCIDENT AT THE CHERNOBYL NUCLEAR POWER PLANT: ONE YEAR AFTER.
The accident at Unit 4 of the Chernobyl nuclear power plant necessitated the mobilization of sig
nificant manpower and resources to limit or eliminate the consequences. By the end of 1986 the encasing
structure was completed, and Units 1 and 2 o f the Chernobyl plant were started up. Work during this
period also included measures needed to provide normal living conditions for the evacuated population,
medical, sanitary and agricultural measures, decontamination work on the power plant site and in the
30 km zone, and planning and implementation of radiation monitoring. The Chernobyl accident also
necessitated critical analysis of the state of nuclear power safety with a view to achieving a higher level
of such safety. Subjects of this analysis included the causes o f the accident, its course and consequences,
and the emergency action taken and its effectiveness. Immediate measures to improve the safety of
nuclear power plants with RBMK reactors were worked out and carried through. In a broader context,
all aspects of maintaining safety were reviewed, including: technical resources; personnel guidance and
training; organizational and regulatory arrangements; scientific and technical support; emergency plans
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and resources for implementing them. On the basis of this analysis, a long term plan for the improve
ment o f nuclear power safety was developed. The task was set of improving the scientific and methodo
logical basis for the assessment, analysis and control of safety. The critical analysis to which nuclear
power was subjected after the Chernobyl accident did not lèad to any change in positions regarding the
development of nuclear power in the USSR and the world as a whole.

1.

INTRODUCTION

The Soviet delegates to the International Atomic Energy Agency (IAEA)
Experts’ Meeting held from 25 to 29 August 1986 in Vienna presented information
on the accident at the Chernobyl nuclear power plant (NPP) and its consequences [1].
This information contained the results o f investigations into the causes of the acci
dent, and also a description and a preliminary analysis, based on data available by
1 August 1986, of the effectiveness of the immediate measures taken to limit and
eliminate the consequences.
In the subsequent period efforts were concentrated in the following directions.
(1)

Continuation o f work on elimination of the consequences o f the accident,
including:

— Completion o f the design and construction o f the encapsulating envelope*,
intended to provide reliable protection of the environment against the entry of
radioactive materials from the destroyed reactor block and against radioactive
radiations;
— Further decontamination of the plant site, of the buildings and premises of
Units I, II and III, and of the settlements in the radioactively contaminated zone;
— The return to operational status of Units I and II o f the plant;
— The completion o f measures regarding the living conditions of the evacuated
population and regarding their employment;
— Implementation o f the necessary medical and para-medical arrangements to
ensure the safety of the population and the protection of its health.
(2)

Drafting o f a programme and organization of long term research work on the
delayed consequences of the accident, and also measures to limit and eliminate
them, including:
— Monitoring of environmental radioactive contamination;
— Determination of the need for further decontamination work, and its
implementation;
— Carrying out scientific control and preventive maintenance operations in the
encapsulating envelope;
— The conduct o f scientific research on the long term consequences o f radioactive
contamination o f the biosphere.
* T ra n s la to r’s no te: Sometimes referred to in Chernobyl literature as the ‘sarcophagus’.
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All the scientific research is being co-ordinated by a committee specially estab
lished under the authority of the USSR Academy o f Sciences.
(3)

The preparation and introduction of measures to increase the safety of existing
NPPs.

(4)

Consideration of plans for the further development of nuclear power and the
possibilities o f increasing the level of safety thereof, including the design of new
generation nuclear reactors and the expansion o f research on all aspects of
evaluating and ensuring safety in nuclear power engineering.

The present report discusses the progress and results of work done in the above
mentioned directions.

2.

THE ENCAPSULATING ENVELOPE

Among the most important measures to eliminate the consequences of the
accident was the construction o f the envelope, the purpose o f which is to ensure the
long term encapsulation o f the destroyed block.
The envelope, in terms of its purpose and function, is neither a nuclear fuel
store nor a high level radioactive waste repository, nor does it resemble any other
structure previously encountered in nuclear technology. Construction of the envelope
called for the elaboration o f the basic principles governing the purpose of the
structure and the demands made upon it, together with’the enunciation of its safety
philosophy.
The envelope is in a safe state when conditions are maintained which exclude:
— The occurrence of a self-sustaining chain reaction;
— Destruction of the heat removal capability, leading to the melting of residual
fuel masses;
— The formation of explosive hydrogen concentrations.
The principal functions o f the envelope are:
— To prevent access to the environment by radioactive materials from the
damaged reactor;
— To protect adjoining territory from penetrating radiations.
The main specifications laid down for the envelope design were:
— The minimizing o f the construction time by the use o f simple, reliable and
proven methods;
— Preservation o f the envelope’s functions in case of various natural phenomena
(hurricanes, earthquakes etc.), which may occur at the Chernobyl plant site;
— Removal o f residual heat and radiolytic hydrogen;
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— Minimization o f the radiation dose to the building workers during the construc
tion process;
— Provision o f access to the encapsulated premises under low radiation conditions,
for the purpose of carrying out scientific investigation;
— The possibility of performing monitoring and diagnostic work on the state of
the active mass.
Immediately after the accident a start was made with radiation and temperature
measurements within and outside the reactor building, together with an examination
o f the state o f the surviving structural elements o f the reactor and reactor building,
data which were then used as the basis for the temporary system o f monitoring the
thermal and radiation parameters.
The principal method o f carrying out measurements on the premises of the
destroyed unit consisted of radiation and thermo-physical reconnaissance, in the
course o f which various types o f sensor were installed and the degree of contamina
tion of the premises was plotted with a view to approaching areas containing large
accumulations of fuel. It should be noted that the experience acquired from using both
Soviet and foreign robot devices showed their poor suitability for solving the basic
problems of reconnaissance and remote controlled operation in the complicated
geography of the unit’s buildings, and in the presence of ruins and obstructions also
accompanied by strong gamma fields.
In May measurements were already carried out in the space above the reactor
vault o f the temperature and gamma fields, using sensors dropped from helicopters.
At the beginning o f August special sensors (diagnostic buoys) were located on the
break in the core in the region of the upper reactor plate and round the periphery of
the break. Measurements were made o f the gamma field, the conductive and convec
tive heat fluxes, the air temperature and the speed of air movement in the vertical
and horizontal directions. The temperature fluctuations observed depended on the
wind speed and the rates o f air movement. The latter were measured as 0 .8 -1 .0 m/s
in the vertical direction and 0 .5 -0 .8 m /s horizontally, the temperature varied between
30 and 50°C at the various measurement points, the conductive heat flux ranged up
to 200 W /m 2 and the convective heat flux up to 10 kW /m 2. The gamma radiation
intensity was over 104 R/h at approximately the reactor centre.1 Mainly with the
help of helicopters, nine diagnostic buoys were installed. Passing through various
service lines in the area of the reactor foundations, thermocouples and gamma sen
sors were installed in tubes in the space surrounding the core. Readings showed a
radiation field o f 103 to 105 R/h, confirming the presence of fuel, and the tempera
ture varied approximately from 30 to 50°C depending on the air circulation through
the tubes.
At the end o f September a further four diagnostic buoys were installed on the
break (before coverage started), using building cranes. The air flow rate through the

1 1 R = 2.58 x 10-4 C/kg.
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artificially formed passages into the pressure suppression pool was measured with
anemometers.
With improving access to the various sections o f the destroyed reactor, the
number of measurement points steadily increased.
The measurements carried out under the diagnostic buoys programme made it
possible not only to establish operational monitoring but also — from its energy
release — to evaluate the quantity of nuclear fuel remaining in the reactor building.
This evaluation agrees with the data on radioactive releases and deposits on the site
as a result of the accident, in accordance with which approximately 96% of the total
fuel inventory remains in the reactor vault and on the premises of Unit IV.
The ‘thermal location’ o f the main sources of energy release showed that they
were largely concentrated in the reactor vault and the areas under the reactor.
During investigations in these latter areas a considerable quantity of fused sand
(S i02) was discovered, containing up to 2% o f the fuel mass. This finding
confirmed the preliminary estimate of the temperature level during the accident
(approximately 2000 K).
In dealing with the constantly occurring problems, unique experience o f work
on a damaged reactor unit was accumulated and various methods o f diagnosis were
tested, which served as the basis for further investigations.
The measurements performed made it possible reliably to monitor the thermal
regime of the fuel mass during the work o f constructing the Envelope.
The experimental information obtained was of great significance for designing
the ventilation system and the Envelope as a whole.
Calculations performed showed that at a heat release of approximately 2 MW
and a mean warming o f the air of approximately 30-40°C , the air flow through the
reactor zone G was approximately 50-60 kg/s, which agreed with the results of direct
measurements. At the same time there should occur a drop in pressure over the height
o f the vault, o f some 2 -6 mm water column.
For designing the ventilation systems making use o f the experimental data
obtained, recourse was made to special model experiments, which indicated the
suitability of the following ventilation scheme: natural air flow in the areas under the
reactor (pressure suppression pool) and forced extraction ventilation with release to
the atmosphere through a special filter system. For implementation of this layout it
was necessary to ensure free access by air to the fuel mass and removal of the heated
air passing through the reactor vault. As operation o f the Envelope proceeds, the
ventilation system selected will make it possible, with the natural drop in residual
heat release, to proceed to natural air circulation through the fuel mass, and after that
to adopt a closed air circulation system within the Envelope.
The experimental data obtained led to the further development o f mathematical
models describing the cooling processes. A number of possible mechanisms for these
processes were analysed. Tracer experiments carried out on the destroyed unit
showed that a filtration cooling model adequately represents the real situation,
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making it possible to explain in a natural way the basic features o f the changes in the
thermal regime in the core following the accident [2].
A strict mathematical exposition o f the non-linear equation system showed that,
under a quasi-steady-state filtration cooling regime, and even in the presence of
intense localized heat sources, zones of extremely intense local heating are, with a
probability close to unity, unlikely to occur. Removal o f heat from the core by the
filter flow effectively cools the entire filled-in mass.
Investigation of the conditions for existence o f quasi-steady-state cooling
regimes led to identification of the criterion for existence o f a quasi-steady-state
filtration cooling regime. The parameters governing the criterion include the overall
strength of the heat sources and the penetrability of the filled mass. The quasi-steadystate cooling condition may be violated if the filled mass becomes more dense, with
a corresponding reduction in its penetrability.
It was shown that absence o f the quasi-steady-state regime leads to a non-steadystate process, which has been termed ‘cold boiling’. This process is accompanied by
small breaks in continuity and leads to embrittlement of the mass, and hence to an
increase in its penetrability. As a result, the system transits to a new state, in which
the quasi-steady-state cooling regime is stabilized.
In order to evaluate the parameters of the cooling process in the destroyed unit,
a programme was written on the basis o f the mathematical filtration cooling model,
for numerical calculation of the temperature fields and other thermo-physical charac
teristics in the filled mass. Calculations were made of the fields corresponding to
various distributions of the heat sources in the mass, which correlate with the data
from experimental measurements.
In view of the extreme importance of the envelope, a final decision was not
taken until a large number o f structural variants had been worked out and considered.
All these could be reduced to two main types of proposal:
(1)
(2)

To erect over the destroyed power unit an arched covering with a span of 230 m
or a cantilevered domed covering with a span o f up to 120 m;
To build a covering of structural elements with a span of 55 m, using the surviv
ing walls and top of the building as support for them.

Studies and technical and economic calculations showed that work along the
first mentioned lines would require 1.5-2 years, whereas adoption of the second
alternative would yield a considerable reduction in construction time and consump
tion of materials. Hence the second alternative was selected as the basic procedure
for the project.
As soon as it was ready, the design documentation was transmitted to the site,
where in case o f need it was elaborated or supplemented by the planning inspectorate
in the light o f the specific situation which developed. During the discussion o f the
design documentation, engineering procedures were also found for minimizing the
expenditure o f labour and the time needed for construction, which had to be effected
in a complex radiation situation.
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The overall structure of the envelope is formed by a number of elements rising
in echeloned tiers, the dimensions and shapes of which are determined by the features
of the enclosing structures. Between Units III and IV provision has been made for
a concrete partition (making maximum use of the existing wall). In the turbine hall
between Units II and III a metal partition has been erected.
Construction of the envelope has been accompanied simultaneously by an exten
sive programme to create a system for monitoring o f the condition of the structure
and determination of its effect on the radiation situation at the Chernobyl site and
beyond. The technical specifications and initial data were prepared for establishment
of an information and diagnostic complex (IDC), the purpose of which was to control
and diagnose the status o f the fuel mass, the structural components and the radiation
situation, and also to check the technical systems of the envelope.
The IDC consists of:
— A control and diagnostic system;
— A computer centre;
— A system for communication with the external users.
The control and diagnostic system in turn comprises subsystems as follows:
— A technological control system (TC);
— A radiation dosimetric monitoring system (RDM);
— A diagnosis system (DS) for the physico-mechanical condition of the active
mass and the Envelope structural elements.
The purpose of the TC subsystem is to check the operation of the heat removal
equipment, and the parameters of the cooling medium.
The RDM monitors the level and transfer of radioactivity within the installation
and the release of radioactive materials to the environment.
The DS is intended to determine the physical and mechanical characteristics of
the active mass, any oscillations or displacement of structural elements in the facility,
and any destruction through internal processes.
In order to check and diagnose the condition o f the envelope, temperature
measurements are carried out in the space under the cover over the central hall and
on the upper surface of the reactor vault, the components of the lower base plate and
the surface of the covering over the pressure suppression pool. In order to refine data
on the location and intensity of heat release sources, measurements are made o f the
heat flux at accessible points of the areas under the reactor and on the upper surface
of the destroyed core. The gamma radiation strength is measured in all premises
where operating equipment is checked, serviced and repaired. In addition, the gamma
fields are measured at most o f the accessible locations in the building, and also in
the space under the covering and on the upper surface o f the destroyed core. The
H2, CO and H20 concentrations in the air are continuously monitored.
In order to detect the unlikely occurrence of a self-sustaining chain reaction,
neutron sensors have been installed and the appearance o f short lived iodine-131
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F IG . 1. E x te rn a l view o f envelope a fte r com pletion o f con struction .

isotopes at the ventilation exhaust is monitored. Other measures developed and
applied for the nuclear safety of the encapsulated Unit IV include the possibility of
emergency suppression o f the process if a fission chain reaction occurs in the reactor
vault, by means of the introduction of a liquid neutron absorber.
To monitor the mechanical stability of the fuel mass and structural elements,
vibro-acoustic sensors have been installed, recording the acceleration, velocity and
shift of vibrations.
The computer complex ensures reliable monitoring of the condition of the struc
ture, which on 1 December 1986 was handed over to the operating organization.
An analysis o f the available experimental data on gamma dose rates, tempera
ture and heat flux indicates a stable condition of the fuel mass. The gamma dose rate
is falling as the fuel decays. The mean daily total release of radioactive fission
products does not exceed 3 m C i.2 Over the area adjoining the River Pripyat, neither
the formation of new radioactive contamination spikes nor an increase in the overall
contamination o f the ground was observed during the period August-September. The
decline in the gamma radiation intensity is in agreement with theoretical estimates.
2
For an operating 1000 MW reactor unit, the maximum permissible release of a long lived
radionuclide mix is 15 mCi/d [3]. (1 Ci = 3.70 x 1010 Bq.)

IAEA-CN-48/63

111

Upon completion o f the work on the Envelope, the destroyed power unit ceased
to be a source of increased aerosol activity release, whether as a result of removal
through the ventilation system or o f wind erosion.
A photograph of the envelope is shown in Fig. 1. The changes in the gamma
intensity within the envelope and the temperatures at the ‘hottest’ point in one o f the
areas beneath the reactor, reduced to their values on 1 January 1987, are shown in
Fig. 2.
At present, within the framework of a long term research programme, work in
the following principal directions is being carried out or planned:
— Refining o f data on the quantity and location o f nuclear fuel within the unit;
— Determination of the mechanical and physico-chemical state o f the fuel;
— Neutron studies o f the multiplying, absorbing and moderating characteristics of
accumulations of materials containing nuclear fuel;
— An investigation of the properties of structural materials in gamma radiation
fields under conditions of interaction with the remains of the fuel mass.

1987
F IG . 2.

Changes in gam m a ra d ia tio n in te n s ity w ith in the envelope ( I) and in tem perature a t the

‘hottest ’ p o in t in one o f the areas under the re a c to r (2).
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RESUMPTION OF OPERATION OF THE CHERNOBYL NPP UNITS

The resumption of operation by Units I, II and III o f the Chernobyl NPP and
the implementation of the work necessary for this purpose figured most prominently
in the plan to eliminate the consequences of the accident and were dealt with simul
taneously with operations to encapsulate Unit IV.
After the accident at Unit IV, Units I and II remained in their normal operating
condition and were shut down at respectively 01:13 and 02:13 on 27 April.
Unit III, which is technically linked to Unit IV, was shut down at 03:00 on
26 April. Normal shutdown cooling of the three units proceeded.
After shutdown cooling, the reactors of Units I, II and III were brought into a
deep subcritical state by insertion of all the control and protection rods into the core
and the loading into the reactors of Units I and П of up to 20 additional absorbers,
while in the case of the reactor o f Unit III 200 absorber rods were introduced into
the central tube of the fuel assemblies. Monitoring o f neutron flux was carried out
using the standard equipment.
To remove the residual heat, all the technical channels and the multiple forced
circulation circuit were left filled with water. The residual heat was dissipated by
natural circulation. The water temperature in the core was maintained at 20-80°C ,
and the graphite temperature at 30-90 °C.
The repair work began with the decontamination of the principal and ancillary
buildings and installations o f the plant units, of the equipment therein and the work
places o f the staff, and also o f the surrounding terrain.
The highest levels o f contamination were recorded in various horizontal sectors
o f the turbine hall surfaces (up to 106 beta particles-cm -2-min"1), since this
contamination entered via the demolished roof of Unit IV. The gamma dose rate in
the contaminated areas o f Units I and II on 20 May 1986 was 10-100 mR/h, and in
the turbine hall 20-600 mR/h.
Decontamination was carried out by means of special solutions, whose compo
sition was selected having regard to the item to be cleaned, and the nature and degree
o f contamination of the surface. Liquid spray and steam cleaning methods were
applied, and also dry decontamination using polymer coatings. Some premises and
items of equipment were decontaminated manually, using cloths soaked in decon
taminating solutions.
The effectiveness o f decontamination was checked by direct measurements of
the gamma dose rate and by the ‘smear’ method. Upon completion of the work, the
contamination levels o f the surfaces of premises and equipment had largely been
brought down to the regulation range.
At Units I and II the decontamination work was completed at the beginning of
the third quarter of 1986.
Decontamination work is continuing on Unit III, which will lead to a further
improvement in the radiation situation at the operating units.
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Removal o f the contaminated soft covering on the tops of the unit buildings is
being completed. For this purpose successful use is being made of special adhesive
substances, which are applied by remote control to the contaminated parts of the roof
and then removed by cranes. Following completion of a portion of the planned work,
the dose rate in the turbine hall o f Unit III at the end of July 1987 had dropped sharply
and amounted to 7 -50 mR/h.
Now that the Envelope has been completed and a series of operations to decon
taminate the plant site carried out, the radiation situation at Units I and II has finally
been stabilized and practically reduced to regulation levels.
For measuring water temperature, use was made of additional thermocouples
located in the central openings o f the fuel assemblies in the left and right halves of
the reactor. Temperature conditions in the graphite structure and the multiple forced
circulation circuit were monitored using the original temperature channels.
The required temperature regime o f the reactor and the multiple forced circula
tion circuit were secured by bringing into operation a purging and cooling system.
The graphite structure was periodically blown through with nitrogen or dry air with
humidity not more than 0.5 g/m 3. After complete shutdown cooling o f the reactors,
the control and protection circuit was emptied of water.
All the essential auxiliary equipment of Units I and II was kept in a state of
operational readiness. Pending implementation o f the measures to decontaminate the
air ducts and the ventilation equipment, and the installation of additional devices to
clean the inlet air, the ventilation systems were kept switched off. The fire fighting
system was maintained in a state of operational readiness, working in an automatic
regime. The radiation monitoring system o f Units I and II was kept in full operation.
The intra-plant electrical circuits maintained the normal electricity supply, and were
ready to meet the load o f any apparatus held on standby. The turbine hall systems
were laid up. The checking of the condition of the reactor installations and the equip
ment of the units was performed by the power plant’s operating staff.
Maintenance o f the unit systems and equipment in either an operational or a
laid-up state subsequently made it possible rapidly to carry out repair work on the
units and to restart them.
The lengthy shutdown period of Units I and II and the action of radiation and
of decontaminating substances called for careful inspection and diagnostic checking
o f the entire main and auxiliary equipment and automation systems, and the perfor
mance o f various repair and recommissioning operations.
The work on preparing and effecting the restartup of Units I and П was defined
in the Programme for the comprehensive testing and startup o f Units I and II of the
Chernobyl NPP, and conformed with the requirements for the startup o f new units.
In accordance with this programme, the pre-startup period saw the item by item
testing of the unit systems, including testing of equipment serviceability, the control
and measuring instrumentation, graphic control circuits, shielding, blocking,
displays, automatic standby startup, switching in of systems, raising o f working
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efficiency to operational levels, and checking of the response o f systems and
mechanisms to signals from the emergency protection devices. On the basis of the
results of the repair and restoration work and the item by item checking of equipment,
a document was prepared on the readiness of each individual system for unit startup,
and an overall document on the readiness of the equipment, systems, technical
documentation and staff of the Chernobyl NPP for restarting the unit.
During the period preceding restartup, special attention was paid to training the
operating staff. In view o f the existence of a radioactively contaminated area around
the plant, it was important to provide appropriate accommodation for the staff. These
problems were solved by organizing operation o f the power plant on a tour of duty
system, the main features o f which were as follows:
— During tours of duty, the operating and service staff live in a settlement located
beyond the 30 km zone;
— The service staff spend their free days in the cities of Kiev and Chernigov,
where the necessary conditions are provided for them.
The length of the working day for operating staff is 12 hours (from 08:00 to
20:00 and from 20:00 to 08:00), while for the service staff and all other workers at
the plant (and for all workers in the 30 km zone), it is ten hours (from 09:00 to
19:00). The duration o f the tour o f duty for operating staff is five days with seven
days off, while for all other workers the durations of the tour of duty and rest periods
are both set at 15 days.
Under the radiation conditions prevailing in the 30 km zone the tour of duty
method has proved its worth and has made it possible to create the conditions required
for both the work and the rest periods o f staff.
Upon completion of the workers’ settlement Slavutich in 1988, normal condi
tions of living and working for the entire staff o f the plant will have been restored.
The specific tasks o f restarting Units I and II consisted in checking and refining
the characteristics and regimes of equipment operation after a lengthy shutdown
period, and checking the effectiveness of the measures applied to improve the safety
of nuclear power stations with RBMK reactors. For solving these problems the
restartup o f the units was conducted in three stages:
First stage:
Formation of the core and physical startup;
Second stage: Bringing the power o f the unit to a level of 700 MW(e), involv
ing comprehensive testing of unit equipment operation;
Third stage: Proceeding to the finally adjusted rated power.
The purpose of the measures to increase safety consisted primarily o f a reduc
tion in the void coefficient o f reactivity and an increase in the speed of action of the
emergency protection system. In order to achieve these aims and taking account of
the characteristics o f the reactor, physical startup was preceded by the insertion into
the core o f 50% o f the rods to position 1.4 m as shown by the indicator, while the
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number o f shortened absorber rods was increased to 32 and their movement limited
to a range of 1.2-3.5 m according to the position indicator.
During physical startup, some o f the fuel assemblies were replaced by addi
tional absorbers. The working excess reactivity during reactor operation was set at
43-48 rods. The initial fuel load of the reactor of Unit I as constituted contains
1648 assemblies (of which 124 were fresh assemblies), 30 additional absorbers,
14 technical channels with water, and one closed cell, while the initial load of the
reactor of Unit II is 1610 assemblies (313 of them fresh), 81 additional absorbers and
two technical channels with water. The number of additional absorbers in the reactor
of Unit II was increased in order further to reduce the value o f the void coefficient
of reactivity.
Upon completion of the physical startup of the reactors and in accordance with
the technical regulations, the various systems and equipment of the units were
prepared and put into operation, and a start was made on the adjustment and testing
of the equipment, the checking of the technological parameters and the rise to a power
o f 700 MW(e), followed in turn by the test rise to a power of 500 MW(e) of
turbogenerator-1 [4] and turbogenerator-2 [2].
During the rise to power and accompanying comprehensive testing at a level of
700 MW(e), no significant defects in the operation o f the main and auxiliary equip
ment was observed in Units I and II. The quality o f the water in the multiple forced
circulation circuit and the control and protection system cooling circuit and that of
the feedwater conformed to the prescribed standards. The unit regulating equipment
ensured maintenance of the prescribed values for the technological parameters. The
characteristics o f the reactor core remained satisfactory.
The energy release distribution in the working channels was measured with
sufficient confidence and was easily maintained within the limits o f the assigned
deviations. The radiochemical composition o f the multiple forced circulation circuit
coolant satisfied regulatory requirements. The radiation situation in the various
premises permitted the restartup o f Units I and П.
The data obtained during the comprehensive testing o f the units at a power o f
700 MW(e) indicated the possibility of raising the power o f Units I and II of the plant
to their designed rated level of 1000 MW(e) and implementing the third stage of
startup o f the units. The rise to power proceeded in stages o f 10% N, with compre
hensive testing of the unit equipment at each stage.
The values for the technological parameters and the physical characteristics of
the reactor when operating at rated power meet the requirements o f the technical
regulations. No malfunctions in equipment operation which might have prevented
operation o f Units I and П at rated power were detected. On this basis Units I and
П o f the Chernobyl NPP are operating at designed rated power.
Control of the reactors of Units I and II, after implementation of the measures
to increase safety, gave rise to no difficulties. A contributory factor to this state of
affairs was the incorporation o f an E C -1035 computer in the technological sequence
for preparing and determining reloading operations.
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The results o f the restartup of Chernobyl NPP Units I and II can be summarized
as follows:
(1) The measures taken have substantially increased the safety of Units I and II of
the plant. The initial rate of introduction of negative reactivity has increased to
> 0 .5 /З/s. On the basis of measurements of the speed of operation of the
emergency shutdown rods, it was decided to shorten somewhat the depth of
insertion o f the regulating rods into the core (from 1-2 to 0.7 m), which reduces
the deformation of the vertical field and at the same time preserves an accept
ably fast action o f the emergency protection system.
The void coefficient of reactivity has been reduced. At present, the number of
additional absorbers in Unit I has also been increased to 80.
(2) During 1987 a start will be made on loading reactors with fuel assemblies
having 2.4% enrichment, which will make it possible to reduce the void coeffi
cient o f reactivity to zero.

4.

ELIMINATION OF THE CONSEQUENCES OF THE ACCIDENT DUE TO
THE RADIOACTIVE CONTAMINATION OF THE ENVIRONMENT

The radioactive contamination of the Chernobyl NPP site and the adjoining area
led to the need to implement a package of measures aimed at eliminating the conse
quences of the accident.
The literature [1] contains a description o f this package. In it, priority attention
was devoted to top urgent measures (evaluation of the radiation situation, evacuation
of the population, isolation of the source of radioactive releases, active decontamina
tion, etc).
After these measures had been implemented and the situation in the area o f the
NPP stabilized, it was possible to proceed to regular work on eliminating the conse
quences of the accident and on action of a longer term nature.

4.1. Monitoring of radioactive contamination of the environment in the region
of the Chernobyl NPP
The routine collection and provision o f information on the radiation situation
in the accident zone and throughout the country was started on 26 April 1986.
Monitoring of radioactive contamination o f the environment was instituted and
continues to be conducted by organizations belonging to the USSR State Committee
on Hydrometeorology and Natural Environmental Monitoring, together with
organizations belonging to the Ministry o f Health, the USSR State Agro-Industrial
Committee, the USSR Academy of Sciences, the USSR Ministry o f Defence, the
USSR State Committee on the Utilization o f Atomic Energy and others.
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In view o f the scale of the accident the existing system of radiation monitoring
was substantially expanded by enlisting the services of additional expert groups
(several thousand persons) and equipment. In particular, for purposes of atmospheric
monitoring, aviation units of the USSR Ministry of Defence were called into service.
The collection o f data proceeded at existing permanent or part time stations, at
observation posts, and by means of reconnaissance aircraft or helicopters, expedi
tionary columns, mobile groups, etc.
These data include:
— The results of gamma and beta radiometry and spectrometry of contaminated
areas;
— The analysis o f air, water, soil and plant samples;
— The analysis of radioactive fallout samples.
After the urgent short term problems had been dealt with, the radioactive
contamination monitoring system was converted into a continuously operating system
o f monitoring in the area affected by radioactive contamination. This system was
supplemented by scientific investigations on radioecology and the migration of radio
active substances in natural media (including food chains), on forecasts of the trends
in the radioactive contamination, and on doses received by natural fauna and human
beings. Under the auspices o f the Academy of Sciences, the Ministry o f Health, the
USSR State Agro-Industrial Committee and other national bodies, special scientific
organizations were set up to implement long term programmes in the region of the
Chernobyl NPP.
The programme o f research on the monitoring of the radiation situation in the
area of the power plant included:
(1)

(2)
(3)

(4)

The working out o f a comprehensive method o f radiation monitoring of the
ground surface, comprising:
— Spectrometric and dosimetric investigation (semiconductor field
spectrometry);
— Radiochemical and nuclear-physical methods o f analysing soil, water and
aerosol samples;
— The establishment o f correlations between the content of plutonium and
strontium-90 and that of cerium -144, determined from the gamma spectrum
of samples;
The development of new methods o f recording plutonium and strontium on the
basis of low background devices with liquid scintillators;
The development of a method of continuous remote radiation monitoring o f the
situation from measurements of the luminescence of air in the ultraviolet
spectral region;
The establishment of a bank o f evaluated data on soil contamination, and also
systems for expert evaluation, processing and analysis of data obtained on the
radiation situation.
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Information on radioactive contamination served as the basis for taking
decisions on ensuring the radiation safety of the population and the conduct of
economic activities in the contaminated areas. These decisions included:
— The evacuation and re-evacuation of the population of a number of settlements
in the contaminated zone;
— Decontamination o f ground, buildings, etc.;
— The demarcation of zones for the prohibition or limitation of production
activities;
— The protection of the hydrosphere from radioactive contamination.
Radioactive contamination data were also used for accurately determining the
total quantity, the movement and the nuclide composition of radioactive releases from
the destroyed unit of the power plant.

4.2. Radioactive contamination of the zone close-in to the Chernobyl NPP
A close-in and an outer zone of radioactive contamination were delineated in
the period 26 April to 7 -8 May 1986. The criteria underlying their demarcation were
the movements and altitude of releases, the meteorological conditions in the power
plant area and, in the more remote areas, the direction of diffusion of contaminated
air masses.
The data on radioactive releases and radioactive contamination obtained during
the first few months after the accident are embodied in the report by the Soviet
delegation at the IAEA Experts’ Meeting held in August 1986 [1].
In the year that has passed since then, a large volume of work has been accom
plished on refining and elaborating the picture of radioactive contamination in the
close-in and outer zones of radioactive fallout. A databank has been established and
is being continuously supplemented on the radioactive contamination in the area of
the NPP. The bank also contains data on the radiation background before 26 April
1986.
The radiation background in the area o f the Chernobyl NPP had the following
features before the accident:
— Gamma exposure dose rate: 0.01-0.015 mR/h;
— Contamination with caesium-137 and strontium-90 (as a result of global fallout
from nuclear testing): 0.1 and 0.07 Ci/km 2 respectively.
The radioactive deposits as a result o f the accident at Chernobyl resulted in
contamination o f the environment. Some idea of this is given in Figs 3 and 4 (see
also [1]).
From the contaminated area it is possible to identify three branches of the radio
active track — northern, southern and western.
After the cessation o f radioactive releases from the damaged unit, the change
in the radioactive contamination pattern was determined basically by decay, wind
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M ap o f gam m a fie ld (m R/h) on 1 M ay 1987 (1 R =

2 .5 8

X 10 4 C /kg).

transport, washout and transfer by rain and flood waters (after melting of the snow),
diffusion in the soil and so on.
By autumn3 1986, owing to decay o f the relatively short lived radionuclides
(T1/2 á a few months), the first process began to play a less important part. The
final pattern of radioactive contamination o f natural media will be virtually completed
during 1988.
During the post-accident period, regular measurements were made of the
gamma fields in the close-in zone and aerographic surveys were carried out. A chart
o f the distribution of radiation levels in the area on 1 May 1987 is given in Fig. 3.
From the data on distribution of gamma dose rates on the ground at various
times after the accident, an estimate was made of the total quantity of radioactive
materials deposited upon the close-in zone, and the change in this amount as a Junc
tion o f time owing to radioactive decay and other factors. Figure 5 shows the change
with time o f the gamma dose rate from the total quantity of radioactive materials in
the close-in zone, which agrees well with data obtained from an analysis of the radio
active content o f soil samples taken in the western and northern parts o f the close-in
zone [4].
3 Seasons refer to the Northern Hemisphere.
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F IG . 4. D is trib u tio n o f gam m a fie ld on S oviet te rrito ry on the basis o f 0.05 m R /h dose ra te isolevel
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1986-04-26, о fro m 15 :00, 1986-04-26, л fro m 03 :00, 1986-04-27, о fro m 15:00, 1986-04-27,
► fro m 03 :00, 1 9 8 6 -0 4 -2 9 ,-------fro m 15:00, 1986-04-29).

The total quantity o f gamma active materials in the close-in zone a year after
the accident had decreased by approximately 55 times and on 1 May 1987 amounted
to 2.7 x 106 R -m 2/h.
The migration of radionuclides in the soil leads to a reduction in the gamma
exposure dose rate P7 accruing from radioactive deposits. As observations show, by
the autumn o f 1986 typical light sod-podzolic and sandy loam soils registered a
migration depth of 0 .6 -1 .2 cm. This should lead to attenuation o f the dose rate P7
at depth 1 m by a factor of 1.5-2.5. This effect has been confirmed by direct
measurements on the ground [5].
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Change in gam m a dose ra te fro m ra d io a ctive m a terials in the close-in zone as a fu n c tio n o f

tim e, taken fro m ae ro g ra p h ic surveys.

On 1 May 1987 the areas delimited by dose rate isolevels were as follows:
P = 1.0 mR/h: 500 km 2; P = 2.0 mR/h: 280 km 2; P = 5.0 mR/h: 70 km 2;
P = 10 mR/h: 20 km 2; P = 20 mR/h: 8 km 2; P = 50 mR/h: 3 km 2. One year after
the accident the areas delimited by the above dose rate isolevels had shrunk by a
factor of 50-150. Figure 6 shows the correlation between the areas o f radioactive
fallout from the close-in track and the dose rate isolevels delimiting the area, also
taking into account the reduction to one date, namely 29 May 1986, o f the data from
aerographic surveys carried out at various times after the accident, in accordance
with the data o f Fig. 5 [6].
The radioisotopic composition of the close-in fallout is determined by the radio
nuclides listed in Ref. [4], with the exception of short lived nuclides. After the decay
of the relatively short lived radionuclides, the greatest radiobiological significance
attaches to such nuclides as caesium-134 and caesium-137, and also isotopes of stron
tium and plutonium. Graphs have been constructed for contamination with these
radionuclides, and also with zirconium-95, niobium-95, ruthenium-103,
lanthanum-140 and others.
Investigations o f the isotopic composition o f the radioactive track showed that
substantial fractionation of radioisotopes occurs at distances of over 15-30 km; for
example in the northern track considerable enrichment o f deposits in caesium-137 (by
a factor of 10 or more) was detected.
Contamination with caesium is o f a ‘patchy’ nature. This was caused both by
the dynamics o f the release and by the non-uniformity o f the rainfall in the areas
through which the radioactive cloud passed. There are sectors with a caesium-137
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C o rre la tio n between the area o f ra d io a ctive deposits in the close-in zone and the dose rate

iso le ve l (data reduced to 1986-05-29): f u ll lin e , average m easurem ents, broken lin e , calculated.

contamination density (4- caesium-134) of up to 20-30 Ci/km2, while in certain
other areas it is of the order of 80 Ci/km 2.
The quantity of caesium-137 deposited in the close-in track, according to the
data from aerospectral surveys and the analysis of soil samples, amounted to
0.2 MCi. This quantity is somewhat smaller than the one given earlier [4]. It was
derived by using data on the ratio of the radioactive deposition density o f a radio
nuclide a (Ci/km 2) to the dose rate P (mR/h) for various points in the close-in track.
In this track the density of plutonium contamination attains 0 .1 -1 .0 Ci/km 2. In
the immediate vicinity o f the industrial site there is observed in places a density
exceeding 10 Ci/km 2. The level of contamination o f the ground by plutonium drops
relatively rapidly with distance. It should be pointed out that plutonium, strontium
and a number of other long lived radionuclides are at present among the fuel
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particles. It is necessary to take this into account when analysing the ecological and
biological consequences, and also when considering the migration of these radio
nuclides in various media.

4.3. Meteorological data on wind directions during the accident and the pattern
of the yield of radioactive products deposited in the close-in zone
The meteorological information during the period of greatest release of radio
active products to the atmosphere after the accident included data from pilot balloon
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H o u rly deposits o f gamma a ctive substances in the close-in zone.

TABLE I. RELATIVE DISTRIBUTION OF THE DISCHARGE OF RADIO
ACTIVE SUBSTANCES DURING THE FIRST FIVE DAYS AND DEPOSITS
THEREOF IN THE CLOSE-IN ZONE (APRIL 1986)

Date

Total
discharge
[1]

Deposits of radioactive substances in the close-in zone
____________________________________________________________
Total radioactive substances
Individual radionuclides
-------------------------------------

H = 1000 m H =500 m

-------:--------------------------

Mean

Ce-144

Cs-137

Cs-134

26

0.32

0.17

0.17

0.17

0.19

0.1

0.09

27

0.24

0.29

0.25

0.28

0.28

0.3

0.31

28

0.19

0.29

0.29

0.29

0.3

0.4

0.42

29

0.14

0.14

0.15

0.14

0.12

0.18

0.15

30

0.11

0.11

0.14

0.13

0.11

0.02

0.03
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observations on wind directions and speeds at the airports of Kiev (Zhulyany,
Borispol), M ozyr, Gomel and Chernigov and also radiosonde data from Kiev during
the period 26 April-1 May 1986. As part o f a special programme the first observa
tions were used to calculate the mean directions and velocities of the wind in a layer
from ground level up to a given altitude. Figure 7 shows the calculated values o f the
mean wind velocities and directions in the layers 0-500 and 0-1000 m during the
times of observations covering the first five days after the accident. These data were
used to calculate the movement of particles in the atmosphere in the 0-500 and
0-1000 m layers.
An analysis of the meteorological data on wind directions, given in Fig. 7,
shows that during the five-day period 26-30 April 1986 the direction of movement
o f the airborne particles in the layer extending from the ground up to 1000 m altitude
changed by 360°, in fact describing a complete circle. Consideration o f the observed
meteorological characteristics of the movement of radioactive substances from the
reactor zone in comparison with the distribution pattern of close-in radioactive
deposits yielded additional data on the pattern of release [6].
Data on the daily discharge of radioactive substances to the atmosphere from
the reactor zone are given in [1]. The relative change in this discharge during the first
five days is satisfactorily approximated by the relation
Q(t) = 0 .32e-°28t, t = 0, 1 ....4 days.
The formation o f radioactive deposits in the close-in zone was completed during
the first 4 -5 days. During the following days, as was shown by the regularly
conducted aerographic survey of the radioactive cloud, the total quantities o f gamma
products in the cloud declined monotonically in accordance with the decay of the total
radionuclides (Fig. 5). The daily release o f radioactive substances to the atmosphere,
approximated by the exponential relation stated above, includes the entire spectrum
o f radioactive particles responsible for the close-in, the regional and the total
deposits.
The hatching in Fig. 7 shows the sectors (in degrees) of wind direction in air
layers from ground level up to 500 and 1000 m, in which there occurred transfer and
deposit of particles from the stream at various points in time after the accident.
Accordingly, on the chart o f the radiation level distribution in the close-in zone (up
to 80 km) we plotted sectors (230-320°, 320-20°, 20-90°, 90-220°), for which the
total quantity o f gamma active substances (m R-km 2/h) was evaluated for 29 May
1986 [6]. The total amount of gamma activity in the track on the date in question was
4.4 X 104 m R -km 2/h. Figure 8 shows, in the form of a histogram, data on the
deposits, hour by hour, o f gamma active substances in the close-in track. The solid
line indicates the relative change in the hourly deposits from 26 April to 1 May 1986.
Thus, using the ratio between the density of radioactive deposits from the
nuclide in question a (Ci/km 2) and the dose rate P (mR-h) for the three sectors
(west, north, south), as quoted in [4], the deposits o f individual radionuclides during
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the days following the accident were determined. Table I gives the results o f calculat
ing the relative release and deposit of all gamma active substances and o f individual
radionuclides in the close-in zone during the first five days.

4.4. Radioactive contamination of the ground in the USSR
In May 1987 a secondary aerographic and aerospectral survey of the territory
o f the USSR was conducted. The gamma field distribution on USSR territory entered
in Fig. 4 in terms of the 0.05 mR/h dose rate isolevel as at 10 June 1986 [4] can in
1987 no longer be represented in the form o f closed isolines, and the gamma field
emerges as a set of separate, discrete spots.
The total amount o f gamma active substances deposited on USSR territory
beyond the close-in zone, according to aerographic data, was evaluated at the end of
May 1987 as (6-9) X 106 R -m 2/h, compared with 1.2 X 108 R -m 2/h, during the
initial period following the accident [4]. The total of deposits in the close-in and outer
zones amounts to (9-12) x 106 R -m 2/h, or about 4% o f the total quantity o f radio
active substances in the reactor at that time.
According to spectral gamma survey data, the quantity of caesium-137 and
caesium-134 on the territory o f the USSR (in the outer zone) represents approxi
mately 0.6 MCi. The total quantity o f caesium-137 in the close-in and the outer zones
on the territory o f the USSR is estimated to be less than 0.8 MCi, or about 10% of
the amount of caesium-137 formed.

4.5. Radioactive contamination of rivers and reservoirs
The basic sources o f contamination o f rivers and reservoirs, and also the
concentrations o f radionuclides in water from the time of the accident at the
Chernobyl N PP until June 1986 are given in Ref. [4].
During the period under review, the activity of surface waters was determined
basically by the isotopes of caesium and strontium. Low concentrations o f isotopes
o f ruthenium, cerium, zirconium-95 and niobium-95 were detected in samples of
water, not on a constant basis and mainly sorbed on suspended particles.
Table II quotes the results of observations on changes in the caesium isotope
concentration in samples o f water from the Kiev Reservoir, and also from the rivers
Pripyat and Dnepr between June 1986 and May 1987, from which it emerges that
the caesium concentration in the water dropped by more than a factor o f 20 during
that time. A particularly sharp fall in caesium concentration was observed in the
summer and autumn of 1986. In water samples taken in the autumn, as much as 70%
o f the caesium activity was sorbed on particles in suspension. The amount of
suspended matter in the water and consequently the increase in radioactivity are thus
associated with the hydrometeorological condition o f the water bodies in question.
This dependence was particularly clearly observed in the Kiev Reservoir, into which
suspended matter from the rivers Pripyat and Dnepr is discharged.
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TABLE II. MEAN CONCENTRATIONS OF CAESIUM ( 1 0 11 Ci/L) IN
SAMPLES OF W ATER FROM THE KIEV RESERVOIR AND FROM THE
RIVERS PRIPYAT AND DNEPR, TAKEN DURING THE PERIOD JULY 1986
TO MAY 1987
Jul. 1986

Apr.-M ay 1987

Oct. 1986

Water body
Cs-137

Cs-134

Cs-137

Cs-134

Cs-137

Cs-134

Kiev Reservoir

20-50

10-20

1-3

0.5-1.5

0.4-1.2

0.2-0.6

River Pripyat
(below Chernobyl)

40-50

15-25

2-5

1-2

2-5

1-2

0.4-0.6

0.5-0.6

0.2-0.3

0.4-0.6

0.2-0.3

River Dnepr (Teremtsy)

1-1.4

During the autumn there is increased disturbance of the reservoir water, and as
a result there occurs a secondary contamination of the water owing to wind roiling
of the upper layer of contaminated silts. Experimental investigations, confirmed by
calculations, showed that even complete roiling of the exchange layer of contami
nated silts, which can occur during severe storms, does not raise the dose burdens
determined by the sum o f all radionuclides present to more than 5-10% of those
adopted in the USSR for drinking water.
During the winter of 1986-1987, under conditions o f continuous frost and
absence of any substantial thawing, the radioactivity o f the water in the Dnepr
hydroelectric series changed only slightly. By the end of the winter the total beta
activity o f the water in the Kiev and Kremenchug Reservoirs approached
(1-2) X 10"11 Ci/L. The predominating contribution to contamination o f the water
was furnished by caesium-137 and strontium-90, the concentrations of which in the
water amounted to (1-4) x 10"u and (0.1-4) x 10*11 C i/L respectively.
Under the conditions o f weak flow through the reservoirs during the winter
months, there was only a slight change in the level of contamination of the bottom
soils. Decreases occurred mainly owing to the decay o f zirconium-95, niobium-95
and isotopes of ruthenium and cerium.
In preparation for the 1987 spring high water, more than 100 protective and
filtering dykes were constructed on rivers and watercourses flowing through contami
nated terrain in order to reduce the erosion of radionuclides into the water. The meltwaters in the spring o f 1987 assumed a smooth and protracted character, without
pronounced flood waves, as a result o f which there was no marked increase in the
concentration of radionuclides in the rivers and reservoirs. The concentration of
caesium in water samples taken at the end o f A pril-M ay 1987 (see Table П) remained
at the level o f the concentrations detected in the autumn samples or were slightly
lower.
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TABLE III. SEASONAL CONCENTRATION OF CAESIUM (ÎO '11 Ci/L) IN
TH E W ATER OF THE RIVER DNEPR AND ITS MAIN TRIBUTARIES ON THE
TERRITORIES OF THE BYELORUSSIAN SOVIET SOCIALIST REPUBLIC
Autumn 1986a
River

Dnepr (from Zhobin to Loev)

Cs-137
0.5-0.8

Cs-134
—

Spring 1987
Cs-137

Cs-134

0.5-0.8

—

Sozh (Gomel area)

5-12

2-6

5-7

2-3

Beced (Svetilovichi)

2-10

1-3

3-10

2-3

—

1-1.4

Pripyat (Mozyr area)

0.5-1

—

a Seasons refer to the Northern Hemisphere.

Table III gives the averaged concentrations of caesium-137 and caesium-134,
measured in the autumn of 1986 and the spring of 1987 on the river Dnepr and its
principal tributaries flowing through the territory of the Byelorussian Soviet Socialist
Republic.
It will be seen from the table that the concentration is well below the maximum
permissible level. During the autumn, up to 70% o f the caesium was carried in
suspension. During days of heavy rains (31 August and 1 September) the proportion
o f caesium absorbed on the suspension increased to 80-90% , as a result o f processes
of erosion o f the contaminated catchment areas.
In the spring o f 1987 the contamination levels of the rivers in question registered
practically no change. The ratio o f caesium-137/strontium-90 concentrations fluctu
ated at various times over a range of 1-10.

4.6. Medical and health measures
The immediate measures taken to protect the health of persons engaged in
dealing with the accident and of the population living in the contaminated area are
described in [1]. Here we shall give a general description of the medical and health
measures taken up to m id-1987.
Large scale health and hygiene measures to ensure the radiation safety of the
population in the contaminated areas were begun during the first days after the acci
dent. In addition to the locally available medical facilities, up to 400 special brigades
(doctors, health physicists, etc.), and about 15 000 medical workers, including
students and graduates of medical schools, were involved in these measures.
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As a result thereof:
— Almost 1 million persons received one or another form of medical examination,
o f whom 700 000 (including 216 000 children) were subjected to thorough dosi
metric and laboratory tests; 32 000 persons were treated under in-patient condi
tions, including 12 300 children;
— Iodine prophylaxis was carried out on 5.4 million persons, including 1.7 million
children;
— Recommendations were drafted and implemented for the organization o f a
summer health campaign for children and pregnant women, at points located
beyond the contaminated areas;
— Evaluations and forecasts o f the radiation situation in the contaminated areas
were carried out; on the basis of the data obtained recommendations were pre
pared regarding measures to protect the health o f the population, including
evacuation;
. — A comprehensive system of monitoring the irradiation level and the state of
health of persons engaged in work on eliminating the consequences of the
accident and the operating personnel of Units I and II of the power plant, which
have been restarted, was worked out and implemented.
Health education activities have been performed on a systematic basis among
the population. The All-Union Scientific Centre for Radiation Medicine has been
established at Kiev under the auspices of the USSR Academy of Medical Sciences,
in order to conduct regular work on providing specialized medical assistance and
conducting the necessary follow-up and research activities.
The measures taken have made it possible to:
— Reduce to a minimum the effects o f radioactive substances, particularly
iodine-131, on the population;
— Prevent over-exposure o f persons working on elimination of the consequences
o f the accident after 27 April 1986;
— Prevent the occurrence of outbreaks o f infectious diseases and food poisoning
within the 30 km zone and outside it;
— Ensure protection o f the health of the operating staff of power plant Units I
and II.
According to the evaluations carried out, the collective dose S of external
irradiation o f the population in the USSR caused by radioactive contamination o f the
environment following the accident at the Chernobyl NPP amounted to
107 man •rem 4 during the first year after the accident. The collective dose commit
ment Sc for the population of the country will be less than 3.3 x 107 m an-rem .
This evaluation was derived taking account of the entire range of already
implemented and of intended action to ensure the radiation safety o f the population.
4 1 rem = 1.00 x 10 2 Sv.
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It should be noted that about 60% of the value o f Sc is accounted for by external
gamma irradiation o f persons by radionuclides deposited on the ground after the acci
dent release, about 38% by internal irradiation through oral ingestion of radio
nuclides (mainly caesium-137), and only about 2% by irradiation from the
radioactive cloud and internal irradiation of the organism through inhalation.
The per capita radiation dose commitment for the population of the country
amounts approximately to 120 mrem. This represents an increase of only about 2%
over the dose accruing from the natural radioactive background, amounting on aver
age to approximately 100 mrem per year. Based on the hypothesis of a linear, non
threshold dose-effect dependence, a calculation of the radiological consequences of
the accident at the Chernobyl NPP shows that the additional mortality from cancer
can constitute only about 0.01% of the mortality due to spontaneously occurring
cancers. This additional amount is quite undetectable against the background of
fluctuations in natural oncological mortality among the population.
The anticipated genetic radiological consequences will be equally insignificant.
The measures taken to control consumption of foodstuffs made it possible to
reduce by a very substantial factor the internal irradiation dose o f the population. It
should be noted that in the absence of such controls the internal irradiation doses
through consumption of local products could be ten times higher than the external
irradiation dose.
Assuming that the necessary degree of control over food products will be main
tained in the future, it may be expected that the internal irradiation dose to the popula
tion will remain at the same level as the external irradiation dose.

4.7. Measures by the USSR State Agro-Industrial Committee; Radioecological
investigations
In terms of physical geography, the contaminated territory is located in the
south west part o f the eastern European plain and partly in the Pripyat ‘Polessie’ or
alluvial plain (catchment basin o f the river Pripyat), bounded on the east by the Dnepr
lowlands. On the whole, the relief of the area in question is flat, with maximum
heights not exceeding 200 m. The climate is temperate-continental, with a hot
summer and a relatively mild winter, while the annual precipitation varies between
500 and 650 mm, two thirds of the precipitation falling during the warm part of
the year.
The soil cover o f the southern districts of the Byelorussian Soviet Socialist
Republic consists predominantly of sod-podzolic and peatbog soils, while in the
south east areas sod-podzolic, clay, loam and sandy loam soils are encountered. The
Polessie area (the southern districts o f Gomel region, and the northern districts of the
Kiev and Zhitomir regions) are characterized by widespread swampy sod-podzolic
sandy and sandy loam soils, associated with large blocks of low lying peat bogs. Soils
of light mechanical composition occupy 58% of the area. All the sod-podzolic soils
of the Polessie are characterized by low natural fertility, are as a rule acid
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(pH 4.5-5.5), and are poor in mineral nutrients (including potassium, phosphorus
and magnesium). The overall differentiation of the relief is slight, but the micro
relief, particularly in the Byelorussian Polessie, is strongly marked, which together
with the marshiness determines the relatively small size of the areas devoted to
agriculture. The land is cultivated to an extent of about 25%. Up to 50% of agricul
turally usable areas are occupied by natural fodder crops (sedge grass meadows).
This natural medium has moulded a specific type of agricultural production. Dairy
and meat animal husbandry is well developed in the region (up to 60 head of cattle
per 100 ha). A prominent role is played by potato (about 8 % of the area), fodder
crops (35-40%), cereals (about 50%) and flax (up to 5%).
The bulk of the forest in the contaminated territory is located in the Polessie
areas, where the forest cover reaches 70%. As regards the breakdown by species,
the major part (63%) is accounted for by conifers (pine), and the remainder by
deciduous species (oak, hornbeam, birch, alder).
South of the Ukrainian Polessie there begins a forest steppe zone (the southern
branch of the radioactive track), in whose soil cover there predominate podzolized
chernozems, and grey and light-grey podzolized soils on loess deposits. The most
frequent tree species in the Ukrainian Polessie is the pine, intermixed with birch and
oak, and in the forest steppe areas there are clumps of oak, hornbeam and lime.
From an analysis of the data characterizing the breakdown of the contaminated
territory in terms of type of agricultural use, it will be seen that about half of the
contaminated land in Byelorussia is in agricultural use (41-50%) and up to 52% is
in the natural state (forest, marsh, water bodies). In the Ukraine, the portion of
contaminated territory constituted by natural terrain decreases from 46% in the north
(Chernobyl district) to 10-12% in the southern districts. Taken as a whole, approxi
mately one half of the area of the contaminated territory is in a natural state — forest,
marsh, land unsuitable for cultivation — while the open flat-land sectors are almost
completely devoted to agricultural use. Hence in order to estimate and forecast the
ecological consequences of radioactive contamination of the territory in question, the
migration processes in the natural ecosystems must be studied and checked in as great
a detail as in the agrosystems.
A large part of the arable land within the 30 km zone, together with approxi
mately 2 million ha outside it (in August 1986), were subjected to radioactive
contamination. Experts of the State Agro-Industrial Committee, together with other
organizations, evaluated and forecast the radiological situation in the agro-industrial
production sphere, and monitored the contamination of agro-industrial commodities
and their consumption, etc.
The results obtained were analysed in the light of present scientific data on
agricultural radiology, radioecology, the migration of radioactive substances through
the food chain, radiation safety standards and so on. On the basis of the analyses
performed, decisions were taken on action to preserve natural and other agricultural
resources, to ensure the quality and prevent the loss of output as a result of radio
active contamination, and to ensure the profitability of agricultural production in
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areas having suffered only moderate radioactive contamination, while ensuring the
radiation safety of the population.
Depending on the level of radioactive contamination of foodstuffs, decisions
were taken as follows:
— Complete prohibition on human consumption or use for animal feed or dispatch
for processing;
— Changes in methods of storage, processing and forms of utilization;
— Release for human consumption provided that the level of contamination laid
down in the radiation safety standards was not exceeded.
The whole of the contaminated territory was divided into a number of zones
(during the first months on the basis of gamma radiation levels, and subsequently on
that of the caesium-137 content in the soil; the content of other radionuclides in the
area monitored by the State Agro-Industrial Committee was not taken into account,
since their biological activity was not high).
Where the caesium-137 contamination was higher than 40 Ci/km2, a prohibi
tion was imposed on the use of the land for agricultural production. It has been
recommended that such land should be transferred to the State Forests Administration
for organization of a special forest preserve.
In zones with a lower level of contamination, agricultural production is permit
ted with various limitations and recommended procedures, depending on the nature
and level of contamination. These procedures include:
— A change in crop structure and type of animal husbandry;
— The implementation on arable, meadow and pasture land of special land
improvement measures (application to the soil of increased doses of mineral
fertilizer, lime, and sorbents (clay suspensions, zeolites in the upper contami
nated layer, with subsequent ploughing in, etc.)).
These measures are intended to inhibit the transfer of radionuclides from the soil
to the consumable part of the crop. .

The effects o f radioactive contamination on the natural environment

Effects of direct irradiation on plant and animal communities in the form of
damage to coniferous forests and .marked changes in the numbers of soil fauna
occurred in a limited zone of high radioactive contamination over a distance of a few
kilometres from the Chernobyl NPP.
As had been assumed, the greatest sensitivity to radioactive contamination was
exhibited by pine forests.
Lethal effects of irradiation of pines became visually evident towards the end
of the summer of 1986. The area of destroyed forest cover, adjoining the industrial
site of the Chernobyl NPP on the west, amounted to 400 ha [5].
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Deciduous tree species (represented in the area of strong radioactive contamina
tion around the plant mainly by beech, aspen and oak) suffered practically no
damage, since their radiation resistance is ten times greater than that of conifers.
Neither were any obvious morphological changes apparent in herbaceous plants in
this zone.
Outside this small zone no visible effects of radiation damage to flora or fauna
were observed. The prognosis regarding the health of animals living in the contami
nated territory is satisfactory.
In areas having suffered moderate and slight radioactive contamination,
particular attention was given to studying the migration characteristics of radio
nuclides in natural ecosystems.
Under various physico-geographical and topographical conditions, a network of
‘topographical-geochemical survey areas’ has been established, for the purpose of
monitoring the radionuclide content in various components of natural ecosystems.
Certain aspects of the present section are dealt with in greater detail in special
reports by Soviet experts and in references [4, 5].
5.

CONCLUSIONS REGARDING THE ACCIDENT AT THE CHERNOBYL
NPP AND THE FURTHER DEVELOPMENT OF NUCLEAR POWER IN
THE USSR

5.1. General. The role of nuclear power in the USSR energy programme
The accident at the Chernobyl NPP caused experts throughout the world
critically to reappraise both plans for the development of nuclear power and measures
to ensure its safety.
It is natural that in the Soviet Union the lessons of Chernobyl have been studied
with particular care. We have come to the following principal conclusions.
(1)

(2)

(3)

The causes of the accident at the Chernobyl NPP were associated primarily with
errors on the part of the plant’s staff, and their violations of the official regula
tions governing operation of NPPs. In themselves these causes do not assume
a specifically nuclear character and hence cannot be regarded as fatal to the
development of nuclear power.
Analysis of the accident revealed no physical phenomena which had not been
previously studied, theoretically and/or experimentally, in the context of safety
analyses. The accident analysis showed that the safety of NPPs of all types can
be increased by applying well known physical and technical methods and by
taking more thorough account of the human factor.
The analysis of the consequences of the accident at Chernobyl shows that,
although the damage caused was very substantial, in terms of both loss of human
life and economic loss, it is however comparable with the damage accruing
from other large industrial and transport accidents which have been analysed.
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If nuclear power sources were replaced by conventional ones, the hazard to
public health and the environment would be substantially increased.
The factors requiring the development of nuclear power in the Soviet Union
have not disappeared, but on the contrary will become ever more important as
time goes on.
These factors include primarily:

— The need to liquidate geographical imbalances between the points of winning
and the points of consumption of fuel;
— The need to replace oil and gas in power engineering and optimize the structure
of the country’s fuel-energy balance;
— The need to economize on labour resources.
In addition, the current modernization of industry in the European part of the
country calls for increased electric power generation and, naturally, more efficient
use of power. The building of towns in the northern climatic zone is impossible
without generation of heat and electric power from nuclear sources, as otherwise we
shall be unable to solve the transport and ecological problems involved.
Thus, the reappraisal to which we have subjected our attitude to nuclear power
after the Chernobyl accident has not led to any change in our fundamental position.
As before, we are convinced of the need for its further development, in the interests
of the economy both of the Soviet Union and of the world economy as a whole. Our
plans for the installation of further nuclear power capacity have not significantly
changed and will be elaborated in the new edition of the USSR energy programme.
However, the accident at Chernobyl, as also do the accidents at NPPs in other
countries, shows that the problems of safety in nuclear power engineering have not
yet been completely solved. The lessons to be learned from these accidents, for us
and for the world community, consist mainly in the fact that new and complex tech
nologies emerging during a scientific and technical revolution demand that the closest
attention be paid to questions of safety and reliability and do not forgive negligent
or unskilled handling.
After the accident at the Chernobyl NPP, a package of measures was adopted
in the Soviet Union, of both an organizational and a technical character, intended
significantly to improve the safety of nuclear power.
As a matter of priority, measures to exclude the possibility of a repetition of
a Chernobyl-type accident at RBMK reactors have been developed and implemented.
On the basis of the accident analysis, a package of measures to improve the
safety of all types of NPP has been worked out. This package includes the implemen
tation of action already envisaged and of new procedures, based mostly on the latest
achievements of science and technology and on the accumulated operating
experience, procedures, for example, for perfecting the diagnosis of the condition of
metal in piping and equipment, and involving more extensive use of devices for auto
mated control of technical processes. Problems connected with the siting of NPPs are
also being subjected to a critical analysis.
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The status of theoretical and experimental research on ensuring NPP safety has
been reviewed and re-evaluated, and action has been taken to expand, perfect and
intensify such research.
Calculation programmes are being perfected for the analysis of the safety of
NPP behaviour under all possible transient and emergency conditions, including nondesign-basis accident conditions, and simulation systems and aggregates are being
developed.
Research is being extended on the possibility of building reactors with passive
safety systems — reactors with ‘internally inherent safety’, whose cores cannot be
destroyed under any accident conditions.
Research is being intensified on the quantitative probabilistic analysis of safety,
on nuclear power risk analysis, and on the development of the design and methodo
logical bases for optimizing radiation safety, together with a comparison of radiation
safety with other forms of hazard from industrial activities.
The system of inspection and technical specification documentation applied in
the USSR embraces all the principal aspects of ensuring the safety of NPPs, and
continues to be perfected. Under the auspices of the USSR State Committee on
Operational Safety Supervision in Nuclear Power Engineering, a Schedule and
Development Plan of rules and standards in the field of nuclear power engineering
was issued in 1985, co-ordinating and directing the activities of all bodies concerned
with the drafting and systematization of the relevant scientific and technical
documentation.
The basic regulatory requirements in matters of safety do not in the main require
revision. However, their practical implementation requires more careful supervision.
It is necessary to raise the level of training and retraining of personnel, and to render
more stringent the supervision by builders and designers of the quality of the equip
ment produced and of assembly and commissioning procedures, together with a
clearer enunciation of their responsibility for the subsequent efficiency and safety of
the power plants in action.
In order to raise the standards of management and responsibility for the
development of nuclear power, and improved operation of atomic power stations, an
All-Union Ministry of Atomic Power Engineering has been formed.
A number of measures are planned for more thorough State inspection of safety
in nuclear power engineering. Measures are being taken to increase the levels of
responsibility of personnel for the quality of NPP operation.

5.2. Measures to enhance the safety of NPPs using RBMK reactors
The first and most important task after the Chernobyl accident was to develop
and implement technical measures which would make it possible to eliminate — at
existing plants with RBMKs and at plants still under construction — those features
which had contributed most to the development of the accident and had aggravated
its seriousness.
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( a)

( b)

(O

FIG. 9. Extreme upper position o f regulating rod o f the em ergency protection system relative to the
reactor core before (a) and after (b) the accident, and at the presen t time (c).

During the past year our main ideas concerning the development of the accident
have undergone no substantial change. Investigations of the accident process on one
dimensional and three-dimensional integral models of a power generating unit using
an RBMK-1000 reactor have continued. Factors such as the non-uniformity of certain
physics characteristics within the reactor, the possibility of a two-way coolant leakage
accompanying an increase in core pressure, transport lags in the piping and the
compressibility of the steam-water mixture have also been taken into account in these
models.
One lesson of Chernobyl is that violations of the operating rules can take the
most unpredictable forms; this is something we must always bear in mind. The first
essential task, then, was to exclude the possibility of an uncontrolled power excursion
due to violations of the rules. From this point of view the most important feature to
take into account was, first, the positive void coefficient of reactivity,
and the
corresponding positive reactivity effect when the core is deprived of water; secondly,
the insufficiently fast action of the emergency protection system when the rules
governing operation with minimum excess reactivity — in both transient and steadystate regimes — are violated. The calculations with the different models give similar
results: for example, they indicate fast shutdown of the reactor if the prescribed
excess reactivity (15 rods) is observed at the moment when the emergency protection
system operates.
As we know, before the accident the excess reactivity in Unit IV of the
Chernobyl plant was substantially below that required by the rules, and the possibility
was not excluded that positive reactivity would be introduced in the first few seconds
after the ‘AZ-5’ (emergency protection) button was pressed. Analyses with one
dimensional models of the reactor have shown that if the calculated initial vertical
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field varied within limits set by the differences between the indications of the various
sensors and if the possible errors in these readings were applied (up to 25% for
reactor power of 200 MW), the positive reactivity introduced could vary within the
range from zero to 1.5 /3.
In order to completely exclude the possibility of an increase in the multiple
factors in local zones it is possible to introduce positive reactivity when the emer
gency protection system rods operate and to increase the emergency protection
system rods over the first sector of rod movement, it was decided immediately after
the accident to fix the rods in the raised position at a depth of 1.2 m into the core
(see Fig. 9(a) and (b)). However, this led to a distortion of the vertical fields and
made it necessary to reduce the power by 10 to 15 %. The design of the rods has now
been changed: the connecting link between the rod and the ‘displacer’ has been
lengthened so that it is possible to reduce vertical distortions of energy release (see
Fig. 9(c)).
The working excess reactivity compensated by the control and protection
system rods has been increased to 43-48 manually operated regulating rods on the
RBMK-1000 and to 53-58 rods on the RBMK-1500; this substantially improves the
fast action of the emergency protection system over the initial sector of rod insertion
for rods located in the middle (vertically) of the core and having a large differential
worth. As a result, the initial rate of negative reactivity insertion by the rods in
response to emergency protection system signals is at least 0.5 /5eff/s. Furthermore,
certain other improvements have been made in the control and protection system
which increase the reliability and safety of reactor operation:
— The number of shortened absorber rods inserted into the core from beneath has
been increased to 32 on the RBMK-1000 and to 40 on the RBMK-1500;
— A scheme has been developed for the insertion of shortened absorber rods into
the core in response to emergency protection system signals;
— The digital excess reactivity display now gives readings for all states of the reac
tor; and
— Automatic shutdown of the reactor will now occur when the excess reactivity
is reduced to 30 manually operated rods.
The original servo drives of the control and protection system rods have been
modernized so that the time required for full rod insertion in response to signals from
the emergency protection system can now be reduced from 18-20 s to 10-12 s.
A fast acting emergency protection system is now being developed which is to
be introduced on existing power station units and which should make it possible to
introduce up to 3 /3eff of negative reactivity in 2-2.5 seconds.
In deciding on the first steps that should be taken to reduce a v, calculational
data were used which clarified the nature of the change in the void coefficient of reac
tivity when the reactor loses water. The influence on a v of the additional absorbers
and of the number of control and protection system rods positioned in the core was
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TABLE IV. MEASURED VALUES OF а„

Unit

Date of
measurement

Number of
additional
absorbers

Excess reactivity
(manually operated
rods)

Leningrad I

30 Mar. 1987

80

43

1.0 ± 0.2

Leningrad II

13 Mar. 1987

79

46

0.8 ± 0.1

Leningrad III

8 May 1987

80

42

1.1 ± 0.2

Chernobyl II

21 Nov. 1986

81

43

1.0 ± 0.2

Kursk IV

25 May 1987

82

43

0.9 ± 0.4

studied in special experiments carried out at the Chernobyl and Smolensk NPPs in
October and November 1986.
As a result of these investigations, it was decided to increase the number of
additional absorbers in the core of the RBMK-1000 to ~80.
A number of typical
values actually measured on various units using
RBMK reactors are given in Table IV.
Apart from reducing a v by the insertion of additional absorbers and increasing
the minimum permissible excess reactivity on the control and protection system rods,
a number of other measures aimed at improving safety have been taken. In particular
a monitoring panel was installed in the control room. Each emergency signal from
the panel initiates the withdrawal from operation of the reactor’s control system.
Interference of the operating personnel in the functioning of this panel (extinguishing
of the signal for example) is completely impossible.
Another approach to the improvement of safety at existing units lies in a
substantial enlargement of in-core power density control both in the vertical direction
and over the radius of the core. Special miniaturized energy release detectors have
been developed for this purpose and are being installed on existing units. Another
project is in progress which aims at modernizing the existing system of diagnostics
and parameter recording: this should make it possible to identify and determine the
nature of emergency situations as they develop, and also to establish the actions of
operating personnel. This improved system is to be removed to a separate complex
which is independent of the existing plant computer and is provided with reliable
autonomous power feed. A good deal of attention is also being given to the develop
ment of special ultrasound and acoustic-emission systems for monitoring the state of
the metal in the piping during operation.
During the current year the list of design accidents and ‘beyond design basis’
accidents subject to analysis in the course of the safety assessment of power plants
with RBMK reactors has been substantially enlarged; these analyses now take
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TABLE V. PRINCIPAL CHARACTERISTICS OF THE RBMK-1000 WITH
FUELS OF DIFFERENT ENRICHMENT
Initial enrichment (%)
i_naracierisuc
2.0

2.4

4.5

3.2

Number of additional
absorbers in reactor
@cf(

3.0

2.0

2.4

1.3

3.4

2.1

2.0

2.4

0.2

1.6

0.2

Fuel burnup
(MW-d/kg)

22.3 28.8 37.6 20.7 27.1

Maximum linear load
(W/cm)

315

390

305

340

3.0

2.0

-1 .5

0

2.4

3.0

110

80

30

0

350

3.0

-2 .6 -5 .1

36.0 18.0 24.5 33.4 16.3 22.7 31.6
380

285

320

360

270

300

340

account of changes in the physics characteristics of the reactor and other changes
described above.
Other measures aimed at enhancing the safety of RBMKs are associated with
increasing the fuel enrichment. Both calculations and experiments have indicated that
an increase in the enrichment of make-up fuel from 2 to 2.4% allows a further reduc
tion of the void coefficient of reactivity. Reactor tests on 146 fuel assemblies enriched
to 2.4% have been carried out at the Leningrad NPP, and as a result the decision was
taken to transfer the RBMK-1000 reactor to this type of fuel (Table V). The use of
a moderate number of additional absorbers in the core (up to 80) along with fuel
enriched to 2.4% should make it possible to reduce
to a value below that of (3eff.
At the same time the use of 2.4 % enriched fuel in the core and 80 additional absorbers
will yield a fuel burnup actually somewhat in excess of the burnup obtained with the
2 % enriched fuel under the previous operating conditions.
For reactors at present under construction, we are considering the possibility of
reducing the void coefficient of reactivity by limiting the amount of graphite in the
pile and in the reactor — in particular by shearing off the ribs of the graphite blocks.
Reducing the amount of moderator in the core by cutting off these ribs should make
it possible to obtain the desired void coefficient without changing the geometric spac
ing of the channels in the core (the cathetus at the base of the triangular prism should
be 5-7 cm), to reduce the initial power of freshly loaded fuel assemblies, and to
enhance the utilization of uranium-238 in the fuel cycle. The bumup is not very sensi
tive to the amount of graphite in the cell (changing the cathetus of the triangular prism
base by one centimetre close to the optimum value of the effective spacing should
reduce fuel bumup by only 0.04%).
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5.3. Measures to enhance the safety of NPPs using WWER reactors
WWER-type reactors are prominent and promising in the USSR Energy
Programme, and their safety level meets international requirements; however, like
wise at NPPs with WWER reactors, measures are being taken to increase safety, the
need for which was evidenced by:
— An investigation of the actual state of reactor vessels as regards their resistance
to brittle fracture;
— The conclusions from the Three Mile Island NPP accident;
— The analysis of the Chernobyl accident.
Following the results of testing samples of vessel steel and of investigations on
the actual condition of vessel metal, in particular of welds in the core area, a number
of structural and technological changes were proposed, which make it possible safely
to operate the vessels during their full designed lifetime. Measures have been deve
loped both to reduce the probability of entry of relatively cold water into the reactor
vessel, and to lower the neutron fluence impinging on it.
A number of significant measures to increase WWER safety under conditions
of slight or moderate leakage were implemented after the accident at the Three Mile
Island NPP.
The design of the WWER-1000 included a system of forced pressure reduction
in the primary circuit, thus facilitating the delivery of a boric acid solution into the
circuit in cases when a leakage defect assumes more serious proportions. Provision
was made for additional facilities for removal of hydrogen should it accumulate under
the reactor head and in the steam generator collectors, and for draining the U-shaped
portion of the cold leg of the main circulation piping.
The accident at Chernobyl turned attention once again to the matter of the ability
of atomic power plant cores to prevent damage to the nuclear fuel by means of inter
nal protective devices and to the adequacy of measures to ensure the safety of the
public, in cases where an accident such as core melting, although excluded with a
high dégree of probability by design features, nevertheless occurs.
It was decided to rebuild atomic power stations with first-generation
WWER-440 reactors, incorporating additional passive and active core-cooling
systems, and with the installation on large diameter piping of acoustic-emission and
noise-diagnostic systems.
WWER designs now contemplate the following features for increasing their
safety:
— The development of cores with increased inherent safety;
— Increased reliability of the main and auxiliary power plant equipment;
— Provision for the passive removal of residual heat release from the core in cases
of prolonged complete de-energizing of the unit, including the loss of reliable
alternating current supplies (diesel motors);
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— The equipping of NPPs with automated technological process control systems,
possessing enhanced reliability and including modern systems for diagnosing
the condition of the principal plant components.
Action to enhance safety has the purpose of eliminating the possibility of serious
damage to the core through fuel melting or impermissible rates of energy release
under all accident conditions with a probability of 10~5- 10“6 per reactor-year,
whereby the probability of the release of radioactive substances beyond the shielding,
leading to the permitted level of irradiation of the population being exceeded and to
contamination of the environment, must not exceed 10"7 per reactor-year.

5.4. Improvement of the methods for ensuring nuclear power safety
Analysis of the causes and consequences of the accident at the Chernobyl NPP
has not revealed the need to revise the general concept of ensuring nuclear power
safety, which both in the USSR and in other countries is based on a multibarrier
system to isolate radioactive substances located in a nuclear reactor from the environ
ment, and on a set of engineering and organizational procedures ensuring the safe
operation of NPPs.
In the USSR, research on the further improvement of preventive safety
measures and action to reduce and eliminate the consequences of an accident has
been intensified. A number of areas have been identified for the application of efforts
to bring about a more effective increase in nuclear power safety. In particular,
numerous scientific research operations carried out since the accident have indicated
the following:
5 .4 .1 . N PP safety must be perfected by means o f optim izing the interaction o f
its three prin cipal components — technical facilities, operating procedures and
personnel. Here it should be pointed out in the first place that the accident at the

Chernobyl NPP revealed defects in the then current man-machine concept, when in
matters of controlling an engineering device overriding authority was accorded to the
actions of the human operator. The accident analysis showed that a number of safety
systems should function exclusively on the basis of signals emanating from the tech
nical systems controlling the parameters of the facility, and not at the orders of the
operator. An example of implementation of this approach in the case of RBMK reac
tors is represented by the installation at these facilities of an automated system for
calculating the operational excess reactivity, with emission of a signal for emergency
reactor shutdown should the excess reactivity fall below a given level.
Another conclusion in this field ensuing from the accident at Chernobyl is the
need for more thorough training of NPP operators and the making available to them
of computerized auxiliary systems, i.e. systems able to suggest to the operator the
possible causes of anomalies in plant operation, and to guide him in tracing faults and
seeking means for their removal. One way of constructing such systems might be the
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establishment of the fullest and most consistent possible banks of the knowledge
acquired by the most experienced operators, and their methods of analysing the
causal and consequential relationships of deviations by the reactor from its normal
state. Work is going on in the USSR in this direction, and is being accompanied by
the perfecting of technical facilities providing the operator with information on the
functioning of the NPP and the development of emergency situations.
As part of the plan for optimizing the man-machine interface in nuclear power
engineering, the task of raising the skill of staff and improving methods of training
them is closely associated with that of building reactors which are simpler to control
and of providing optimal working conditions for the operators.
The factors primarily involved here are as follows:
— Problems of further optimizing the distribution of responsibility in taking deci
sions on reactor control between the operator and the available technical
facilities;
— The problem of rational provision to the operator of current information on the
functioning of the reactor.
However, the most important feature in the long term plan is an increase in the
level of inherent reactor safety, right up to the creation of reactor systems whose
physico-chemical and structural characteristics will make accidents impossible,
irrespective of any kind of operator error, of violations of the operating regulations
or of outage of equipment.
The problem of optimizing the man-machine interface is an urgent one in all
branches of modern technology. In many of them, as in nuclear power engineering,
the matter is still far from a final solution. Work in this direction calls for substantial
material and human resources, in terms of both the theoretical comprehension of the
problem and the conduct of experiments and the creation of reliable and complete
mathematical models describing the functioning of complex systems. Hence interna
tional co-operation and co-ordination of efforts in this direction assume great
importance.
5 .4 .2 . N uclear p o w e r engineering safety must be perfected on the basis o f safety
purposes and criteria having a rigorously scientific basis. In this field the answer to

the question of what level of safety is acceptable is of basic importance. Until
recently, both in the USSR and, apparently, in most other countries, by far the
greater part of the funds spent on safety in nuclear power engineering and in other
branches of industry was devoted to perfecting technical control systems and prevent
ing emergency situations. The accident at the Chernobyl NPP, at the Three Mile
Island NPP in the United States of America, at chemical plants (e.g. at Bhopal and
Basel), etc., showed that, notwithstanding the safety measures taken, it is always
possible that something unforeseen will occur, either as a result of a series of
mechanical failures or as a consequence of operator error. It emerges that one of the
main lessons to be learned from these accidents consists in recognizing the need for
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optimizing the distribution of funds spent on accident prevention and on limiting and
eliminating their consequences. Determination of the acceptable level of safety may
be a basic feature in this optimization process.
Owing to the one-sided concentration on means of accident prevention, there
arises in the public mind exaggerated anxiety regarding the possibility of serious acci
dents, and as a result industry is technically and organizationally not always prepared
for the tasks of limiting and eliminating the consequences of large scale accidents.
Thus, in the case of the accident at Chernobyl, it proved necessary to take
numerous technical and technological measures even while the work of dealing with
the accident, under extreme conditions, was still in progress. It was necessary to
carry out urgent and extensive experimental work, which could and should have been
effected in advance. When the accident occurred there proved to be a lack of measur
ing facilities able to operate over a wide range of measurement parameters. When
the work on eliminating the consequences of the accident began, there was a virtual
absence of facilities for the remotely controlled taking of samples under accident
conditions, and of carrying out other essential technical operations. At present in the
USSR the problem of producing special equipment for dealing with large scale
accidents is being solved.
This range of problems includes that of operational preparedness to use the full
potential of basic and applied science for purposes of eliminating the consequences
of a large scale accident. Attention must be drawn to the important role in the liquida
tion and limitation of an accident played by a system for gathering information,
taking decisions and making forecasts and recommendations, a system including a set
of simulation models: a model of the economics of the region, mathematical models
of various degrees of complexity describing the behaviour of chemical and radio
active pollutants in the atmosphere, soil, open water bodies and groundwater, and the
migration of such impurities through the food chain.
The task of such an information gathering and decision taking system is to
supply the special forces dealing with an accident with data on possible scenarios for
the development of the post-accident situation and on the consequent effect of these
scenarios on the ecology and economics of the region and, finally, to present in
operational form the possible variants of measures to reduce the damage accruing
from the accident (for example, on the basis of population evacuation plans).
The need substantially to expand research and modelling work on emergency
situations was also shown by the analysis of the effectiveness of the existing
emergency plans at the Chernobyl NPP.
Thus, the accident at the plant indicated the need to accelerate large scale
theoretical and experimental research on scenarios for serious accidents at NPPs. In
this connection:
— Research has been intensified on the quantitative probabilistic analysis of safety,
on the analysis of risk from nuclear power engineering, and on the development
of conceptual and methodological principles of optimization for radiation safety
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and a comparison of radiation hazards with other forms of hazard accruing from
industrial activity;
— A review and an evaluation have been conducted on the state of theoretical and
experimental research on ensuring NPP safety, and arrangements have been
made for the expansion, completion and intensification of such research;
— Work is in progress to perfect calculational programmes for analysis of the
safety of NPP behaviour under every possible transient and emergency regime,
including non-design-basis situations, and simulation systems and arrangements
are being developed.
5.4.3. The safety o f nuclear pow er engineering should be further ensured on the
basis o f an optimum siting o f NPPs and other industrial enterprises. The urge to

achieve maximum economy, and fullest utilization of financial investments already
effected in the industry, transport and social and living facilities of any particular
region leads to the saturation of this region with various enterprises, including NPPs,
without due consideration for their mutual interaction. And it can happen that an acci
dent at one of these would not have serious consequences if it were not for its effect
on a neighbouring plant with possible escalation of deleterious factors. The effect of
the possible interaction of various plants, as a function of their size and density of
location, becomes ever more significant, and the economic damage from accidents
caused by the proximity of various undertakings may exceed the advantages
associated with the proximity of a fuel base or of transport facilities. In order to
achieve optimum site selection, it is necessary to institute controlled joint action by
specialists in various disciplines, able to forecast the effects of manifold factors,
including factors not specific to the item of production being considered, together
with the widest application of mathematical modelling methods.
Before the accident at Chernobyl, this work on selecting sites for NPPs and
other industrial facilities was broken down in the USSR by branch and type of
production. The aim is now to develop a unified approach in this sphere. This calls
for a substantial increase in the volume of calculational and experimental work in this
direction.
5. 4.4. The safety o f nuclear p o w e r should be im proved on the basis not only o f its
own operating experience but also o f that accum ulated in operating com plex system s
in other branches o f industry. A comparative analysis of the accident at Chernobyl

and óf other serious accidents, both in the nuclear field (e.g. the accident at the Three
Mile Island NPP) and in other branches of industry (for example, the accident at the
liquefied gas store in Mexico City in 1984, and at the chemical plant in the Indian
city of Bhopal in the same year, etc.), highlights the similarity of their causes. The
scale of serious industrial accidents is mainly determined by the tendency,
widespread throughout industry, towards an increase in the size of individual plant
units.
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The development of modern technologies aimed at raising the standard of living
of the population at the same time leads to the possibility of occurrence of serious
accidents with destructive consequences for the environment and serious implications
for society. This calls for thorough consideration and energetic action directed at
perfecting technical processes and industrial structures from the point of view of
safety. This is possible only through combining research on safety into a single scien
tific industrial safety discipline, capable not only of identifying qualitatively new
orientations for improving the safety of modem technologies, but also of determining
the general principles and methods of creating the technologies for the next genera
tion. It is within the framework of such a single scientific discipline concerned with
problems of industrial safety that safety in nuclear power should be improved.

6.

CONCLUSION

The accident at Unit IV of the Chernobyl NPP called for the mobilization of
considerable forces and facilities for limiting and eliminating its consequences. This
work was shared by numerous ministries, authorities and scientific organizations of
the USSR. The governments and various organizations in a number of countries
offered assistance. This assistance was accepted with thanks.
In the first stage it was necessary to take immediate action to prevent the spread
of the accident and to protect the health of the general public, the power plant staff
and the persons engaged in the repair and rescue work.
By the end of 1986 the building of the envelope had been completed and Units I
and II of the power plant had been restarted. Among the other work carried out
during this period mention should be made of essential measures to ensure normal
living conditions for the evacuated population, health and medical measures,
measures affecting agriculture, decontamination at the power station site and in the
30 km zone, and organization and implementation of radiation monitoring.
Large scale operations rapidly to eliminate the consequences of the accident
were possible thanks to the ability of Soviet society to mobilize available resources,
to apply them to specific tasks and to ensure the efficient organization of the measures
to be taken.
The accident at the Chernobyl plant called for a critical analysis of the status
of nuclear power safety, with a view to raising its level.
The causes, progress and consequences of the accident, the measures taken to
combat it and their effectiveness became a primary object of analysis. Urgent
measures to improve the safety of NPPs with RBMK reactors were drafted and
implemented. In a wider sphere, all aspects of safety were examined, including:
— Technical facilities;
— Management and training of staff;
— Organizational and regulatory arrangements;
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— Scientific and technical services;
— Emergency plans and the means for their implementation.
On the basis of this analysis a long term plan for perfecting the safety of nuclear
power engineering was developed, including work in all the above mentioned direc
tions. In this plan considerable attention is paid to the improvement of management
and of the man-machine interface. Points of particular importance here include the
perfecting of facilities for automation and control, provision of information, and the
training of staff, particularly for action under emergency conditions. Programmes are
being evolved and long term research organized on the delayed consequences of
accidents, and also action to limit and eliminate them.
A further aim is to perfect the scientific and methodological basis of safety
evaluation, analysis and control.
Special attention is being paid to work on developing nuclear power reactors of
a new generation with internally inherent safety features.
The causes and scale of serious accidents at NPPs cannot be regarded as
exclusive to nuclear installations. Like serious accidents in non-nuclear areas, they
are determined to a large extent by the general industrial tendency towards growth
in the size of individual technological units, the involvement in production of large
volumes of dangerous substances of various kinds, the increasing complication of
control systems, shortcomings affecting the man-machine interface, and so on.
The critical analysis to which nuclear power has been subjected since the acci
dent at the Chernobyl plant has not led to a change in our attitude regarding the
development of nuclear power in the USSR and in the world as a whole. Our plans
for the installation of nuclear capacity have not significantly changed.
However, the accident at Chernobyl, like other accidents in the nuclear and
non-nuclear spheres, points to the need to raise levels of safety in nuclear power
engineering and other branches of industry. The lessons to be drawn from these
accidents for us and for the world at large consist above all in the fact that the new
and complex technology to which a scientific and technical revolution gives birth
demands the closest attention to questions of its safety and reliability, and does not
forgive negligent and unskilled handling.
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Abstract
RADIOLOGICAL CONSEQUENCES OF THE CHERNOBYL ACCIDENT IN THE SOVIET
UNION AND MEASURES TAKEN TO MITIGATE THEIR IMPACT.
On the basis of factual material on the levels of radioactive contamination of the environment in
various regions of the Soviet Union, a forecast is given of the radiological consequences of the
Chernobyl accident for the Soviet population. The theoretical variation with time of the principal radia
tion factors is compared with their actual variation in the year following the accident. The analysis of
a large amount of data on actual external and internal radiation doses to the public confirms the effective
ness and timeliness of the large scale measures taken in evacuating the population from a 30 km zone,
in monitoring the radioactivity of agricultural produce and in providing the population with uncontami
nated foodstuffs. A review is made of organizational aspects of a national epidemiological research
programme to assess the possible late health effects on the Soviet population of the radioactivity released
from the Chernobyl accident.

As a result of the accident that occurred at 1.23 a.m. on 26 April 1986 at Unit 4
of the Chernobyl NPP, a significant quantity of the radioactive materials accumulated
in the reactor during its operation escaped from the plant. Because of the meteoro
logical air mass transfer conditions prevailing, the cloud formed at the time of the
accident left a radioactive trail over the area to the west and north of the plant. In
the following 10 days, an intense release of radioactive gases and aerosols continued,
resulting in the contamination of terrain in different directions and at considerable
distances from the plant. The total release of radioactive substances (excluding radio
active noble gases) was calculated on 6 May 1986 to be about 1.9 EBq, or 3.5% of
the total inventory of radionuclides in the reactor at the time of the accident. Releases
of the biomedically most significant nuclides such as ^Sr, 131I and 137Cs amounted
to 8.1, 270 and 37 PBq, respectively.
In the first hours after the accident the cloud passed by the town of Pripyat, but
later, when the elevation of the release from the damaged reactor had declined
substantially, changes in wind direction in the ground layer caused the radioactive
plume to envelop the territory of the town for a period of time, gradually
contaminating it. In the period up to 9.00 p.m. on 26 April 1986 the gamma radia
tion dose rate measured at a height of 1 m above the ground in some streets in the
149
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FIG. 1.

Change in dose rate outdoors in Pripyat during the first fou r days after the accident.

town was between 14 and 140 mR/h . 1 During the night from 26 to 27 April the
radiation situation in the town began to worsen. By 7.00 a.m. on 27 April the gamma
radiation dose rate in the area closest to the plant (Kurchatov Street) had reached
180-600 mR/h, while on other streets it ranged between 180 and 300 mR/h (Fig. 1).
In the light of predictions that the external exposure received by the public in the first
few days after the accident might exceed the level used in the Soviet Union [1] as
the criterion for a decision on the introduction of emergency measures to protect the
public, it was decided to evacuate the inhabitants of Pripyat and a few nearby popula
tion centres. The evacuation began at 2.00 p.m. and was completed by 5.00 p.m. on
27 April. The gamma radiation dose rate in the town had by that time reached
0.36-0.54 R/h, and in the area of Kurchatov Street — 0.72-1.0 R/h (Fig. 1). By
6 May radiation levels in the town had dropped by about a factor of 3.
The integration of curves (such as those illustrated in Fig. 1) of the variation
in the radiation situation in various districts of Pripyat and their comparison with
direct data from readings from personal dosimeters used by members of radiation
safety services and emergency teams showed that the maximum doses received by
critical groups among the inhabitants of the town could have reached 0.1 Gy for
external radiation and ~ 1 Gy for beta radiation to the skin.
1 1 R = 2.58 x 10-4 C/kg.
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It should be stressed that the vast majority of the population of Pripyat, and
especially children, were exposed to much lower doses than the maximum estimated
values, since the public were advised immediately after the accident began to restrict
the time spent outdoors and not to open windows. On 26 April all outdoor activities
at children’s institutions in the town were forbidden. Also, iodine prophylactics were
distributed by medical teams at all children’s institutions. As a result, people who
stayed mostly indoors during the days of 26 and 27 April were exposed to a gamma
radiation dose 2-5 times lower than the levels recorded outside. On the basis of the
above, there is reason to assume that the probable exposure levels for the vast
majority of the population of Pripyat were 15-50 mGy for gamma radiation and
0.1-0.2 Gy for beta radiation to the skin.
Subsequent examinations of the chromosome aberration rate in peripheral blood
lymphocytes carried out by specialists from the Genetics Institute of the USSR
Academy of Sciences confirmed these estimates. These studies indicated that even for
the town’s most critical population group (people who spent prolonged periods in the
open air after the accident and who were travelling around the town — doctors,
members of the militia, municipal workers, etc.) the average absorbed dose calcu
lated on the basis of this biological method was 0.13 ± 0.03 Gy. Also, there was a
high degree of convergence between the “ biological” dosimetry methods used and
the traditional “ physical” methods. A paired comparison of these doses for
93 people who were involved in eliminating the consequences of the accident yielded
a mean dose ratio of 0.98, with a standard deviation of 0.51.
In view of the duration of the release of radioactive gases and aerosols from the
damaged reactor and on the basis of existing material [2] and special calculations for
the whole contaminated area, it was concluded that a further evacuation from the
accident zone should be conducted. As a result of these actions, the total number of
evacuees rose to 115 000. Fifty settlements and 13 000 farm-type houses were
constructed for the evacuees, and 8000 apartments were made available in Kiev and
Chernigov.
An important role in this crucial stage of implementing measures to protect the
population was played by the “ Criteria for Taking Decisions on Measures to Protect
the Population in the Event of a Reactor Accident” (Table I), which constitute the
approved standard in the Soviet Union. When these criteria were being developed,
it was recognized that the most urgent measures are those which are needed to protect
the public from the dangers that arise when the cloud released by the accident is
passing, namely inhalation and external exposure [1, 3]. Less urgent are measures
to prevent the contamination of milk and its use in food. The various measures to
protect the public are not of equal value, and this applies also to the unfavourable
psychological effect they may have on the public; the most complex action to take
from this point of view is the evacuation of the population. It follows that the selec
tion of danger levels warranting the introduction of these or other protective measures
should be based not only on considerations regarding the biological risk from
exposure, but also on the following factors [3]: extent of the danger involved, the
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TABLE I. CRITERIA FOR TAKING DECISIONS ON MEASURES TO
PROTECT THE POPULATION IN THE EVENT OF A REACTOR ACCIDENT
(APPROVED 4 AUGUST 1983)
(Two radiation intervention levels — A and В — have been established as the critera
f o r decisions on measures to protect the population.)
,
Nature of exposure

Level of exposure

External gamma radiation (rad)“

25

Thyroid exposure due to intake of radioactive iodine (rad)
Integrated concentration of 1-131 in air [(/¿Ci ■d)/L] :b
Children
Adults

25-30
40
70

75
250
400
700

Total intake of 1-131 with food 0*Ci)

1.5

Maximum contamination by 1-131 of fresh milk (/iCi/L), or
of daily food intake (ftCi/d)

0.1

1

Initial 1-131 fallout density on pasture (/iCi/m2)

0.7

7

15

a 1 rad = 1.00 x 10“2 Gy.
ь 1 Ci = 3.70 x 1010 Bq.
If exposure or contamination does not exceed level A, there is no need to take emergency
measures that involve the temporary disruption of the normal living routine
of the public.
If exposure or contamination exceeds level A but does not reach level B, it is recommended that
decisions be taken on the basis of the actual situation and local conditions.
If exposure or contamination reaches or exceeds level B, it is recommended that emergency
measures be taken to ensure the radiation protection of the public: the public should immediately seek
shelter indoors; time spent outdoors should be restricted; on the basis of the actual situation, rapid evacu
ation should be organized; prophylactic iodine should be distributed; the use of contaminated products
in food should be banned or limited; dairy cattle should be switched to uncontaminated pasture or
fodder.

relative urgency of the protective measures, the degree of certainty in the assessment
of the evolving radiation situation, the question whether it is really possible to
implement a measure on time, the adverse psychological effect and the risk to public
health which might arise if a particular measure is carried out. In the light of the
above factors, it was considered appropriate in the case of a measure such as the
evacuation of the population to avoid external gamma exposure to take as the main
criterion levels close to the dose threshold at which exposure could have an effect
on the human organism. For internal exposure of the thyroid gland due to inhalation
of iodine isotopes, it was decided to take as the upper limit of the criterion the dose
level at which clinical and experimental data indicate that serious adverse effects on
the individual could be expected.
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Taking national and foreign experience in assessing the effect of radiation on
the human body as the basis, it was decided that the values 0.25 Gy for external
exposure of the human body and 0.25-0.3 Gy for internal exposure of the thyroid
should be taken as the lower intervention level (level A) which would trigger emer
gency measures involving the temporary disruption of the population’s normal living
routine. The upper level (level B), which represents a situation where such measures
must be taken, is 0.75 and 2.5 Gy for whole body and thyroid exposures respec
tively. It should be noted that these dose levels are rather close to the range of inter
vention levels (0.05-0.5 Gy for whole body exposure and 0.5-5 Gy for thyroid
exposure) recommended by the International Commission on Radiological Protec
tion, the World Health Organization and the International Atomic Energy Agency for
decisions to evacuate the population at an early stage of an accident [4, 5]. However,
the decision to evacuate the population of Pripyat was not taken when public exposure
had reached or exceeded level A, but rather at the point when the radiation situation
forecast indicated that there was a possibility that this might happen. This principle
was also observed for the evacuation of other contaminated areas, although because
the radiation situation in the accident zone was constantly changing it was not
possible to prevent all inhabitants from receiving a dose exceeding level A. In some
population centres located in the most contaminated parts of the radioactive trail (the
villages of Tolstyj Les, Kopachi and some others) the external exposures received by
the public were 0.3-0.4 Gy, but nowhere did they reach values corresponding to
level В in the criteria referred to above. However, even at these levels of external
exposure of the human organism there is no danger of acute, immediate somatic
effects in exposed persons.
Measurements of the thyroid burden of iodine isotopes in people evacuated from
Pripyat to nearby centres in the Polessk region showed that in 97 % of those examined
the thyroid iodine burden resulted in a dose of under 0.3 Gy, in 2% the dose was
in the range 0.3-1 Gy and in less than 1% the dose was between 1.1 and 1.3 Gy.
Here a positive role was played by iodine prophylactics and also by the restrictions
imposed on the consumption of milk from cows being reared privately. These data
are confirmed by measurements of the thyroid iodine burden in inhabitants of Pripyat
evacuated to the town of Belaya Tserkov, where the possibility of consuming food
products contaminated by l31I was severely restricted. According to the results of
measurements conducted on 7 May 1986, in the majority of those examined the
thyroid burden was 0.015-0.25 Gy, and only in a few children aged between three
and eight was the l3lI thyroid burden between 0.17 and 0.24 MBq, resulting in an
absorbed dose to that organ of 1.5-2.2 Gy. This population distribution for thyroid
exposures due to inhalation was roughly characteristic also for the inhabitants of
other population centres evacuated from the accident zone.
As a precautionary measure all the children from the evacuation zone (number
ing more than 27 000) were sent to State health institutions during the summer of
1986; this operation was organized centrally. Constant medical supervision was
provided for children for whom the thyroid exposure before full decorporation of

FIG. 2.

Economic regions in the Union of Soviet Socialist Republics.
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iodine isotopes was estimated to exceed 0.3 Gy. A total of 5.4 million people,
including 1.7 million children, received iodine prophylactically. In addition to this
emergency measure and on the basis of national and foreign data on the effectiveness
of other measures to protect the public [6-9], a large number of precautionary and
protective measures were taken in regions adjacent to the accident site which enabled
the internal and external doses to the public to be reduced substantially. A detailed
description of these actions and their efficacy under the actual conditions prevailing
while the consequences of the accident were being eliminated is given below.
Information collected from the various sectors of the European part of the
Soviet Union showed that radioactive releases from the Chernobyl plant had an effect
on the radiation situation not only close to the plant but also at significant distances
from it. To assess the long term radiological consequences of the accident, the whole
territory of the Soviet Union was split into 20 regions on the basis of the usual
economic regions. This distribution is shown in Fig. 2, and data on the population
level and density and the area of each of the 20 regions are presented in Table II.
The principal data used as the basis for the prediction related to the following:
— Variation in the gamma radiation dose rate in each or most of the
160 administrative territorial units of the Soviet Union (provinces, territories,
autonomous and Soviet republics [10]) based on the data of the State Commis
sion on Hydrometeorology and the Sanitary and Epidemiological Service (SES)
of the USSR Ministry of Public Health (provincial and republican SES);
— External radiation doses on the ground for various months in 1986 for each or
most of the provinces in the Soviet Union;
— Levels of air contamination by all radioactive products and individual
radionuclides;
— Levels of ground contamination by all radioactive products and individual
radionuclides;
— 131I and caesium isotope concentrations in milk, meat and vegetables;
— Food consumption pattern of the population in individual republics and agricul
tural production in each of the 160 administrative territorial units;
— Variation in overall population level and in both the rural and urban population
within Soviet republics from 1950 to 1986;
— Overall contamination levels of agricultural produce due to caesium and
strontium isotopes from 1964 to 1986 within the territorial boundaries of
provinces and Soviet republics.
The results of the calculations for each of the 20 economic regions and for the
Soviet Union as a whole are shown in Tables III and IV. An analysis of the data
contained therein reveals the following:
— The role of external exposure from the radioactive cloud is not large — 2.5 and
0.8% of the total collective dose to the Soviet population in the first year after
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TABLE IV. COLLECTIVE AND PER CAPITA EFFECTIVE EQUIVALENT
DOSES
Effective equivalent dose
Exposure pathway

Collective
(103 man-Sv)
First year

Lifetime

Per cent

Per capita
(/xSv)
First year

Lifetime

First year

Lifetime

Gamma radiation
from cloud

2.49

2.49

8.9

8.9

2.52

0.76

Inhalation

4.46

4.46

16.0

16.0

4.51

1.37

Gamma radiation
from fallout

52.0

194.5

187

698

52.6

59.6

Ingestion (produce)

39.9

125.1

143

449

40.4

38.3

Total

98.9

326.5

355

1171

100

100

the accident or in the lifetime of a man. For areas close to the plant the contribu
tion of this factor is somewhat higher because of the additional dose received
by the population evacuated from the 30 km zone around the plant;
— Internal exposure of the organism due to the inhalation of radioactive substances
also accounts for a small part of the radiation dose received by the population
(4.5 and 1.4% for the annual and lifetime dose). The main isotope contributing
to the dose in this case is ш 1 , while the critical organ receiving the maximum
exposure is the thyroid gland. It should be noted that the average exposures of
the Byelorussian population resulting from this factor were 4.3 mGy for infants
(age 1 year), 3.7 mGy for children aged about 10 and 5.0 mGy for adults. For
other regions these doses were much lower;
— Taking into account all measures which have already been carried out or which
it is planned to implement in future, the main contribution to the dose received
by the Soviet population was external exposure from radioactive fallout
deposited on the ground. Its relative contribution will rise from 53% in the year
following the accident to 60% of the dose commitment to the public. It was
assumed in these calculations that the dose in the first month after the accident
was determined by a mix of radionuclides whose gamma radiation dose rate
decreased according to the power law, with an exponent close to 0.75. For
periods longer than one month it was assumed that the dose rate was due only
to radiation from 134Cs and 137Cs and that it changed in time according to a
two-exponent dependence describing a two-chamber model of the vertical
migration of these nuclides in the soil. For 137Cs this corresponds to gamma
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dose rate half-reduction constants with periods of 3 and 30 years, with a
correlation between “ fast” and “ slow” components of 0.6 and 0.4. In the
absence of data on the density of ground contamination due to caesium isotopes,
the correlations given in Ref. [11] were used. It should be noted that the contri
bution of the external exposure of the Soviet population in the first year after
the accident constitutes 26.7% of the public dose commitment. Of this 26.7%,
20.2 % is accounted for by 131I and other short lived isotopes and the remaining
6.5% is distributed almost equally (3.5% and 3%) between 134Cs and 137Cs.
For the lifetime dose, of course, the main role is played by l37Cs, whose
contribution to the overall external exposure of the public from radioactive
fallout deposited on the earth’s surface as a result of the accident represents
70%. In calculating the short and long term exposures from 137Cs, account
was taken of shifts in both overall population levels and in the relative size of
the urban population in individual regions of the country. It should be pointed
out that decontamination work played a major role in reducing the external
gamma radiation exposures received, particularly in regions near the Chernobyl
plant. The decontamination of more than 600 population centres, the removal
and subsequent burial of contaminated soil, the suppression of dust over
large areas, the asphalting or covering of contaminated sectors with gravel,
chippings, sand or fresh earth, the designation of exclusion zones and the
restrictions imposed on productive activity and other similar measures enabled
the average public exposure in these regions to be reduced by a factor of 2-3;
— Internal exposure resulting from the ingestion of radioactivity was the most
“ controllable” element in radiation exposures. The main isotopes contributing
to exposures resulting from the accident were 131I, 134Cs and 137Cs. Before the
accident, standards were in force in the Soviet Union, as in other countries, only
for the permissible annual dietary intake of radioactive substances. A level for
the permissible concentration of isotopes in drinking water was also established
(NRB-76). There were no regulations governing the radionuclide content of
individual foodstuffs. Standards to be applied in the event of an accident were
in place for the critical product (cows’ milk) and for the nuclide which is of the
greatest importance in an accident, namely 13II.
After the Chernobyl accident, the questions of inspecting and banning the
consumption of specific foodstuffs had to be dealt with effectively. Since the main
threat in the early stages was the intake in the spring-summer period of 131I
principally via milk, but also via green leaf vegetables, standards were introduced
immediately after the accident for the permissible content of 131I in milk and dairy
products (curds, sour milk, cheese and butter) and in edible green leaf vegetables.
The standards were calculated so as to prevent thyroid doses (the critical organ for
131I) in children from exceeding 0.3 Gy. This condition was satisfied in the case of
a permissible concentration of l31I in milk of 3.7 kBq/L. A similar standard was
introduced in England in 1957 following the Windscale accident. Standards were also
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imposed for the permissible level of 131I in meat, poultry, eggs, berries and raw
materials for medicines. In the second half of May 1986 data were obtained which
indicated that, in conjunction with l31I decay, l37Cs and 134Cs were playing an
increasing role in the contamination of meat and other produce; evidence was also
found of the presence in foodstuffs of isotopes of rare earth elements. In order to
carry out large scale monitoring and inspection of foodstuffs during this period,
standards were required which enabled monitoring to be performed using the simplest
instruments, in other words the standards had to relate to the total content of beta
activity. Such standards were approved by the Ministry of Public Health on 30 May
1986. They maintained a certain continuity with the earlier standards of 8 and
12 May, covered a wider range of products and reflected changes in the radiation
situation observed by the end of May. The permissible whole body and internal organ
exposure used as the basis for calculating these standards was 0.05 Sv.
In the first days and weeks after the accident radioactivity in foodstuffs was
mainly due to 131I. It appeared in the milk of cows which grazed on pasture land
2-3 days after the accident. Levels of 131I contamination in milk in southern
Byelorussia, northern parts of the Ukraine and provinces of the Russian Soviet
Federated Socialist Republic (RSFSR) adjoining the accident region reached
0.04-0.4 MBq/L during this period, that is tens and even hundreds of times higher
than the established standard. Milk from cows kept in stalls was much less contami
nated, however. In each of the provinces affected by radioactive contamination daily
checks were carried out on hundreds of milk samples, which made it possible to
obtain detailed information on changes in the contamination of agricultural produce
both in individual regions and the country as a whole. An analysis of these data
confirmed the log-normal distribution of the 13II concentration in cows’ milk and
established that the integral of 131I concentration in milk put on sale to the public
through the centralized system was —107 Bq-a-L ’ 1 for the Gomel’skaya province
of Byelorussia, —230 Bq •a •L _1 for the Mogilevskaya province of Byelorussia, and
10, 100 or even more times lower for other provinces and republics. At the same time
it should be noted that on 17 May 1986, for example, between 20 and 30% of milk
had a 131I content exceeding 3.7 kBq/L in the above mentioned provinces of
Byelorussia.
The implementation of a whole range of actions to control 131I contamination
of milk made it possible to reduce substantially the significance of this factor in the
exposure received by the public. Assessments have shown that, in comparison with
regions where such measures were not taken because the absolute levels of 131I
contamination of milk were not high, a reduction by a factor of 5-20 was achieved
in individual doses received by the public in the most heavily contaminated areas.
The overall contribution of 13'I intake by ingestion to the total dose received by the
Soviet population was 2.5% (1.1% in Byelorussia), while the maximum individual
thyroid exposures were recorded in the South-Western economic region, which
includes 13 provinces of the Ukraine (including the Kievskaya, Chernigovskaya and
Zhitomirskaya provinces, i.e., those provinces directly adjoining the accident
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region). The average such exposures for the region were 26 mGy for children
aged 1, 8.2 mGy for children aged 10, and 2.6 mGy for adults.
Direct measurements of the concentration of iodine isotopes in the thyroid
conducted in the first months after the accident on 330 000 people (63 % of whom
were children) living in the immediate vicinity of the 30 km evacuation zone showed
that the average 131I activity for this organ was less than 0.1 MBq. This corresponds
to exposure levels approximately 10 times higher than the average values given above
for the whole South-Western economic region.
To evaluate the level of caesium isotope ingestion through contaminated food
stuffs, information on the contamination of milk, meat and vegetables in all regions
of the Soviet Union was used. It was shown that, when the country-wide average
geometric value for the ratio of the 137Cs concentration in milk (in Bq/L) to the
density of ground contamination (in kBq/m2) was 21, the ratio in the most heavily
contaminated regions was close to 5 for milk put on sale to the public through the
centralized system. It was also demonstrated that the distribution of samples of
137Cs activity in milk sold to the public was in good agreement with the log-normal
law, with a geometric average of 43 Bq/L for Byelorussia, 30 Bq/L for the SouthWestern economic region and 12 Bq/L for the Central economic region (which
includes the 12 provinces of the RSFSR). These values were 2-4 times higher for
137Cs in meat. More than 300 000 measurements of the content of caesium isotopes
in the human organism were conducted in 1986 and 1987, and these indicated that
in almost 80% of cases the ,37Cs activity in the human body did not exceed 1 kBq,
whereas the level expected on the basis of model calculations was 10-15 kBq. For
the country as a whole, the contributions of 134Cs and 137Cs ingestion to the dose
one year after the accident were 13% and 20% respectively.
A more difficult task is that of predicting the radiation effect of caesium isotopes
on the human organism in the near and long term. To prepare this estimate, it was
decided to use the coefficients for 137Cs transfer to the main types of agricultural
produce derived in 1964-1986 from analyses of data on the monitoring of the
contamination of Soviet territory by fallout from nuclear tests. It was established
from these studies that the half-life of 137Cs in milk in the Soviet Union is 8.4 years,
in other words the “ uncontaminated” soil component of the decontamination model
for caesium as a chemical element is 0.06 a"1. On the basis of the above, the
integral intakes of 134Cs and ,37Cs were taken to be 2.5 and 12% of the intake levels
for these nuclides during the second year after the accident. The calculation of collec
tive doses also allowed for growth in the populations of various regions of the
country, but the pattern of food consumption was taken as remaining the same as in
1986 [12]. The latter assumption may lead to some underestimation in the results of
the calculations since the clear trend in the Soviet Union in recent years has been for
increased consumption of meat and dairy products and a rather marked decrease in
the annual consumption of potatoes and bread.
On the basis of the above, the collective dose commitment for the Soviet popula
tion arising from the ingestion of caesium isotopes is estimated at 117 000 man-Sv,
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of which only 27 % is attributable to the first year. It follows that the main contribu
tion to this dose will arise in the second and subsequent years after the accident, that
is during a period when the radiation exposure of the population can be actively
controlled by strictly monitoring agricultural produce and by introducing agrotechnical measures on contaminated land, including even the restructuring of farms.
In accordance with guidelines issued by the USSR State Commission for the
Agricultural Industry, a range of agrotechnical and agrochemical measures designed
to make agricultural products fit for consumption were implemented in contaminated
regions of the Ukraine, Byelorussia and the RSFSR in 1986 and 1987. Deep
ploughing was carried out and large quantities of inorganic fertilizer were applied to
hundreds of thousands of hectares of contaminated land in these republics. Work is
under way to ameliorate meadows and pasture land. Steps are being taken to reduce
the transfer of radioactive substances from the soil to crops by applying lime,
phosphoric and potassic fertilizer and certain sorbents (zeolite) to the soil. In the first
year following their implementation, these measures have reduced the levels of radio
activity in agricultural produce by a factor of 1.5-3. The full implementation of all
the measures stipulated by the USSR State Commission for the Agricultural Industry
will probably result in a substantial reduction in the exposure of the population from
food, which may then require the data in Tables III and IV to be amended
accordingly.
The overall average per capita dose commitment for the Soviet population will
be about 1.2 mSv which, given an annual total background radiation in the
Soviet Union of 1 mSv/a, will result in an overall addition of about 2% to the dose
due to natural background radiation. This figure is approximately 2-3 times higher
than the dose received by the populations of Hungary and of Italy, Sweden and other
western European countries which were affected by the accidental release from the
Chernobyl plant.
After all these measures had been taken, the main contributor to the dose
commitment for the Soviet population (see Table IV) was external gamma radiation
from accident fallout deposited on the ground ( —60%), with about 38% being due
to internal exposure from the consumption of contaminated foodstuffs. It is worth
noting that, in those population centres where preventive measures were not taken
because of the low absolute levels of radiation and food contamination, there were
cases where the ratio of internal to external exposures of the organism one year after
the accident was close to 10. In virtually all population centres where the contamina
tion of agricultural produce was monitored and where those foodstuffs which did not
meet the established standards were rejected, the ratio of external to internal
exposures was close to 1 .
Special scientific centres and complex scientific programmes were established
for the long term biomedical observation of the public and workers. One of the most
important features of this work is the establishment of an all-Union register of all
persons subjected to radiation exposure. Included in the register will be all residents
in contaminated areas, all those who were there temporarily, the teams brought in
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to fight the accident and its consequences, the children and grandchildren of the
above groups (at a later stage), and those evacuated. To help establish the register,
registration and dosimetry cards have been elaborated which are to be filled out for
each person under observation.
The registration card contains the following information: surname, first name
and patronymic, date and place of birth, sex, place of residence, place where
subjected to radiation, duration of exposure, anamnestic information on state of
health, whether pregnant when exposure began (how many weeks) or having become
pregnant after exposure started, outcome of pregnancy, data on child, cause of death
(adults, children, newborns) and measures taken (hospitalization, prophylactic
iodine).
The dosimetry card contains details of the public health characteristics of the
region and the extent of the radiation exposure of the individual (contamination of
clothing, shoes and skin before and after decontamination). The card gives informa
tion on the 131I thyroid burden, which is a dosimetric parameter for the clinical
examination of persons being checked up, and information on personal dosimetry
(measurement of biosubstrates, measurements using a whole body counter and other
instruments).
The registration and dosimetry cards are to be filled in by local health authori
ties and are then sent to the Ministry of Public Health of the relevant republic and
to the USSR Ministry of Public Health. All the information recorded on the registra
tion cards will also be entered in a register which is to be kept permanently on the
premises where examinations are conducted. The frequency of examination will be
determined from the results of the first examination and the assessment of the dose
received. Account is taken of the precautionary and protective measures implemented
(iodine prophylactics, evacuation, limitation of intake of radioactivity through
inhalation and ingestion).
As part of the work on the register, medical examinations of all types were
conducted on almost one million people, of whom 700 000 (including
216 000 children) were subjected to thorough dosimetric and laboratory analytical
tests. Thirty-two thousand people, including 12 300 children, were examined as
in-patients.
In 1986 and 1987 teams of highly qualified specialists (haematologists, endocri
nologists, paediatricians, radiologists and so on) working directly in the regions
affected by contamination conducted an analysis of the state of health of children and
adults in the population which confirmed the absence of deviations in the health
distribution of these groups compared with the control group.
No discrepancies were observed in the pattern of morbidity or the child
mortality rates when these were compared with data from medical records for the
5-6 year period preceding the accident.
An expert evaluation showed that pregnancy, birth and puerpurium trends in the
women examined did not differ from those in the control regions or from the trend
in the years preceding the radiation incident. The number of children bom in 1986
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in contaminated regions did not differ from the average. The proportion of stillborn
children did not exceed the corresponding figure in the control region. In Kiev, infor
mation on all women who were pregnant at the time of the accident is being collated
by the Maternity and Child Protection Centre. Data from the centre have confirmed
that no teratogenic effects were observed in any child born (these are effects resulting
from the irradiation of the foetus in the mother’s womb during the Chernobyl
accident).
The endocrinological study conducted over the period referred to above did not
reveal any cases of hypothyroidism in new-born children and their mothers as a result
of radiation, and no increase in the incidence of hypothyroid disease was recorded
for the exposed population.
The analysis in 1986 and 1987 of many tens of thousands of haemograms of
inhabitants of the contaminated areas showed that the frequency of deviations in
blood values from the average falls within the normal distribution function for practi
cally healthy people. None of the studies carried out revealed any difference in the
frequency of particular variations in blood analyses conducted on exposed persons
as compared with the control group.
Detailed studies in 1986 and 1987 indicated that children exposed to radiation
showed no increase in general morbidity nor any increase in such nosological forms
as pneumonia, allergic and auto-immune processes, congenital heart and vascular
anomalies, or other diseases. An analysis of the incidence of infectious diseases in
the population living in contaminated areas indicates that the level and structure
follow the general pattern for both the regions in question and the country as a whole.
A comparison of oncological disease rates in the regions under consideration and in
the control areas revealed no significant variations. The level of malignant neoplasms
of blood-forming and lymphatic tissue showed no increase. Not one case of
leukaemia was recorded among the children exposed in 1986-1987.
The analysis of statistical data revealed no increase in the psychoneurological
disease rate in the population of the regions studied. However, it was established
from the questioning of part of the population examined that in the early period
following the accident some suffered from asthenic symptoms which took the form
of mental and physical sluggishness and vegetative disorders. At the time examina
tions were conducted, an increase in the level of anxiety due to worries about the
health risks to children and to the disruption of the normal daily routine was observed
in the adult population living in contaminated areas outside the 30 km zone around
the Chernobyl plant. This tension and chronic state of stress are causing radiation
phobia syndrome in part of the population and may, in the current radiation situation,
pose an even greater threat to health than exposure to radiation itself.
On the basis of the above information, it can be stated that the systematic
monitoring of the health of the population and of the radiation situation in population
centres within the contaminated zone has confirmed the effectiveness of the precau
tionary and protective measures taken in these areas; of these measures, particular
mention should be made of the decontamination of population centres, the removal
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of children and pregnant women over the summer period for health reasons, the
universal and regular monitoring in 1986 and 1987 of the level of contamination of
locally produced foodstuffs, the switching of dairy cattle to uncontaminated pasture
or fodder, and the ban on the consumption of contaminated foodstuffs. All these
actions significantly reduced the radiation exposure of the public, bringing the
average figure for the most heavily contaminated regions of the Gomel’skaya,
Kievskaya, Bryanskaya and Mogilevskaya provinces down to 10-15 mSv, less than
50% of which was due to internal exposure from 134Cs and 137Cs. Only in 0.5-1%
of those examined did the internal exposure exceed 50 mSv. As further studies
demonstrated, the high levels of caesium isotopes ingested by the latter group are the
result of their ignoring bans on the consumption of contaminated produce from their
own farms. This group, which consists mainly of pensioners, includes a number of
young people (machine operators, livestock breeders) who openly disregarded
the instructions of the local public health bodies regarding the need to replace
contaminated local foodstuffs with uncontaminated produce brought in from
elsewhere.
Evaluations show that the range of precautionary and protective measures
implemented reduced the individual external exposures by a factor of 2-3 compared
with the dose predicted, and lowered the internal radiation doses to the public by a
factor of 10 or more. The agrotechnical and sanitary measures that, as mentioned
above, are to be taken in future years will probably lower the dose commitment for
the population of individual regions and of the Soviet Union as a whole compared
with the values given in Tables III and IV.
In conclusion, it is important to emphasize the need to conduct in the coming
years a thorough and comprehensive analysis of the vast amount of experience gained
from the work carried out to eliminate the consequences of the Chernobyl accident.
In this paper an attempt has been made only to identify features which were new in
the theory and practice of radiation protection and to point out those aspects of the
scientific work that existed before the accident which proved particularly effective
in the post-accident period. The most important examples of these are as follows:
(1)

(2)

(3)

In the overall range of measures taken to protect the population, the distribution
of prophylactic iodine proved highly effective in the very unusual circumstances
of the accident, which involved the prolonged release of gases and aerosols
from the reactor zone;
It is essential to establish standards for the permissible radioactive contamina
tion of specific types of food and to develop systematic principles for the large
scale monitoring of compliance with these standards using very simple
equipment;
Experience confirmed the value of dividing the contaminated area around the
damaged reactor into zones and of implementing special dosimetric controls to
prevent the transfer by man of radioactivity from the “ contaminated” to the
“ clean” zone;
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(5)
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It is possible to carry out a large amount of decontamination work over large
areas, thus reducing external exposures by a factor of 2 or 3 and significantly
reducing the possibility of the inhalation of radionuclides by man as a result of
secondary dust formation;
By imposing limitations on the consumption of contaminated foodstuffs and by
introducing special agrotechnical measures, it is feasible in practice to reduce
internal exposures resulting from ingestion of radioactivity by a factor of 10 or
more.
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Abstract
THE VIEWS OF THE COMMISSION OF THE EUROPEAN COMMUNITIES ON NUCLEAR
PLANT SAFETY AFTER CHERNOBYL AND ITS RESEARCH ACTIVITIES.
The paper describes the actions of the Commission of the European Communities (CEC) in the
field of safety of nuclear reactors, under two aspects: the harmonization of criteria and codes for design
and operation and the execution of research activities. Although the Chernobyl accident has not provided
specific teaching of relevance to the designs and the regulatory framework for nuclear plants in the
Community, it has tended to undermine confidence in nuclear energy vis-à-vis the public and decision
makers worldwide, and has prompted a reassessment of the actions performed up to now to ensure that
an equivalent and satisfactory degree of protection of the population and of the environment against the
risk of radiation resulting from nuclear activities is achieved and maintained throughout the Community.
The institutional framework of the CEC in this connection is briefly described. An account is given of
the work at CEC level to implement harmonization of criteria, guidelines, codes and standards for light
water reactors and liquid metal fast breeder reactors, together with the consensus reached in the general
safety approaches. The research in support of nuclear reactor safety conducted by the CEC within its
own laboratories or by extra-mural activities is briefly described. Finally the orientations for future work
both in the field of harmonization and of research are outlined.

1.

INTRODUCTION

Through the Chernobyl accident it has been emphasized that the exploitation of
nuclear installations involves responsibilities at an international level and in particular
at the European Community level. From a political point of view, this accident has
provided reactions at both levels.
In mid-June 1986, the Commission of the European Communities (CEC) issued
a framework communication announcing the measures and initiatives to be launched
immediately and in the short term in the following fields: health protection, safety
167
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of nuclear installations and of their operation, procedures in emergency situations,
international actions and research. More recently (April 1987) the CEC has issued
a communication on the technological problems of nuclear safety.
In this paper only the problems concerning the safety of nuclear installations and
of their operation are treated, both in their aspects of harmonization of criteria and
codes and in their research aspects.
Although the Chernobyl accident has not provided in itself any strong specific
teaching of relevance to the designs and to the regulatory framework adopted for
nuclear plants outside the USSR, the very fact that it has happened in a technologi
cally advanced country has tended to undermine the confidence in nuclear energy visà-vis the public and decision makers worldwide. As a consequence some countries
which were envisaging the introduction of nuclear power or which had already
introduced a small number of nuclear power stations have become inhibited in the
completion of their programmes; some other countries with substantial nuclear power
programmes are confronted with calls for moratoria or for a gradual phasing out of
nuclear energy by groups or political parties representing a sizeable proportion of the
population. These two categories of countries are present in the European Commu
nity. However, the long term impact of Chernobyl cannot yet be assessed.
Building up the confidence of the public and of decision makers about nuclear
energy is now a necessary step to ensure the continuation and the expansion of this
source of energy so essential to the future world energy balance. Technologically
advanced countries have a special responsibility in this, as they have both the
experience and the capabilities to rise to the challenge.
An in-depth debate upon the future directions of nuclear energy is taking place.
The dominant theme is to improve the safety of nuclear reactors both with respect
to design aspects and operating aspects. A radical approach to this problem would
be to develop new reactor designs incorporating inherently safe characteristics. The
line of argument is that inherently safe designs, doing away with active engineered
safeguards, should result in a safe performance under all perturbations of internal and
external origin as well as being forgiving towards operators’ errors. This approach
had received attention even before Chernobyl and is, of course, entirely valid in prin
ciple. However, the practical demonstration of its full implementation potential
would require a considerable amount of development and time. Countries which have
already adopted nuclear energy are therefore faced with the task of reassessing and
if necessary improving the safety of the numerous plants already built and operating:
whilst maximization of intrinsic safe behaviour of these plants and components
thereof is a continuing endeavour, it is unlikely that complete elimination of
engineered safeguards will be possible.
In responding to the new challenge raised by the Chernobyl accident, the CEC
has focused attention onto those issues which are of a nature to lead to concrete and
satisfactory results within a reasonable time, having regard to the institutional frame
work within which past actions at Community level in the field of the technological
safety of nuclear installations have been developed.
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THE INSTITUTIONAL FRAMEWORK

The role of the CEC in the field of nuclear safety is defined in the Euratom
Treaty and notably in its provisions concerning the ‘basic safety standards’ and the
execution of research. The basic safety standards deal with:
— Maximum permissible doses of radiation compatible with adequate safety;
— Maximum permissible levels of exposure and contamination;
— The fundamental principles governing the health surveillance of workers.
These standards are proposed by the CEC and adopted by the Council of
Ministers in the form of ‘directives’; Member States are required to align their legis
lation with these directives and are responsible for the design, construction and
licensing of nuclear installations accordingly. In particular the emission standards for
nuclear installations are set by the Member States below the permissible levels
derived from the basic safety standards, having regard to the plant design and the site
characteristics.
The Euratom Treaty does not cover explicitly the technological aspects of safety
of nuclear installations, such as criteria, guidelines, codes and standards. The CEC
proposed in 1975, and the Council of Ministers endorsed, a collaborative action at
Community level in this field. Thus the Council Resolution of 22 July 1975 on the
technological problems of nuclear safety has become a landmark in the development
of the Community’s framework towards the assurance of safety of nuclear installa
tions. Its major objective is:
“ the progressive harmonization of safety criteria and requirements to provide
an equivalent and satisfactory degree of protection of the population and of the
environment against the risks of radiation resulting from nuclear activities and
at the same time to assist the development of trade on the understanding that
such harmonization should not involve any lowering of the safety level already
attained” .
By virtue of its Research and Development Programme on Nuclear Safety,
whose global level of effort is at present about 90 Mecu/year, the CEC contributes
to the generation of the scientific evidence which is necessary to support the continu
ing safe exploitation of nuclear energy within the European Community.

3.

THE IMPLEMENTATION

In implementing the objective above the CEC has chosen to focus the work,
initially, on the light water reactor (LWR) which represents by far the most numerous
category of nuclear installations in the Community. In 1975 LWRs were already
commercially established in the Community and indeed in the world. They owed
much to the US technology which was transplanted in Europe during the 1960s. For

170

DE BACCI et al.

this reason much of the regulatory framework had a common US origin. The adop
tion of individual European rules and practices required consideration of the speci
ficity of these countries concerning geological conditions, population density, indus
trial environment and practices, and legal frameworks. The liquid metal fast breeder
reactors (LMFBRs) being developed by a large group of Member Countries as a
future generation of reactors have also been the main focus of attention. The FBRs
development has been essentially based upon indigenous technology and has
benefited from increasing collaboration amongst Member States both at the
R&D level and at the industrial level.
The methodology followed to implement the Council Resolution has been the
creation of working groups of experts from Member States, representing organiza
tions having different roles and responsibilities in the national nuclear energy
programmes, such as utilities, constructors, licensing authorities and research bodies.
Intercomparison exercises on national approaches, criteria and even on non-codified
practices have been conducted, as well as critical reviews and in-depth analysis on
a wide range of topical issues.
A major benefit of such activities from a safety point of view has derived from
the exchange and pooling of information and comments upon the approaches evolved
by different organizations and countries to the design and licensing of nuclear instal
lations. The ensuing process of analysis and scrutiny of the various approaches has
tended to consolidate the confidence in each other’s approach and to ensure that
potentially severe sequences of accidents have not been overlooked. Furthermore, the
countries with the smaller nuclear programme have benefited from the strength of
knowledge and experience of the others. The overall effect has been to promote
confidence in safety installations throughout the Community.
Further benefits towards the opening of the internal market for components and
towards export potential have also accrued.

3.1. Thermal reactors (in particular LWRs)
In carrying out the activities related to harmonization on LWRs, the Commis
sion is assisted by a Working Group on ‘Safety of Light Water Reactors: Methodolo
gies, Criteria, Codes and Standards’.
Harmonization must first of all be achieved by an intensive exchange of infor
mation on the actual practices in the different Member States, supplemented by
synthesis studies and, when it is possible, identification of convergencies and assess
ment of divergencies. Although separate national requirements in the nuclear field
have been developed partly due to different nuclear programmes and country struc
tures, the safety philosophy in all the countries is based on common safety principles.
So the fundamental safety objectives are the same even if the implementation may
be different in detail.
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B road consensus on the general safety approach

A general safety approach now common to all European Community Countries
engaged in nuclear energy has evolved as a result of the work at Community level
as well as of other international contacts, and it is summarized as follows.
Nuclear reactors have so far been designed and licensed on the basis of a set
of requirements for normal operation and of a predetermined set of accidents, such
as the ‘design basis accidents’, considered to lie within a sufficiently low range of
probability of occurrence and to be the extreme cases of certain types of accident.
In this way, designing against the extreme cases should automatically cover the less
severe accidents.
More severe accidents with a still lower probability of occurrence than the
design basis accidents need not be catered for by the design, since all design basis
accidents contain already the multiple combination of different unrelated and unlikely
events, but their effects upon the containment structures and consequences upon the
environment and the population must be assessed in order to identify solutions even
against them.
In view of the magnitude of the potential risk from nuclear plants and hence the
stringency of the measures to be taken in order to achieve a satisfactory level of
safety, designers have always been prompted to use ‘methods’ adapted to the status
of the projects and to the state of knowledge, such methods having been inspired by
a basic postulate which is as follows: the more serious the consequences (nuisances)
for the public of an accidental event occurring at a nuclear installation, the lower the
probability of occurrence of such an event.
It can hence be seen that there are two factors capable of being influenced by
the ‘methods’:
— Reduction of the probability of an accident, in other words prevention;
— Limitation of the consequences of accidents that occur in spite of preventive
measures, in other words mitigation.
The three ‘methods’ thus developed are based on the principles as set out in the
foregoing and are of a complementary nature.

(a)

The deterministic method

This method is used primarily at the design stage and of necessity involves
considerable ‘safety coefficients’ in the structural arrangements employed and
conservative factors in calculating the radiological consequences.
A limited number of barriers placed between the core and the environment and
a limited list of accident situations to be taken into account in the design are the start
ing points for this method.
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The ‘defence in depth’ concept used to define such situations provides for:
— Designing, constructing and operating the equipment in such a way as to endow
the installation with intrinsic strength;
— Equipping the installation with control or protection systems capable of restor
ing it to its normal operating conditions in all cases of foreseeable transients and
incidents;
— The taking into account, despite the preventive measures referred to in the two
preceding points, of accidents that are presumed to be possible and the design
of engineered safeguards systems capable of mitigating the consequences of
such accidents.
Reactor safety systems are designed by applying the single failure criterion.
They are hence redundant and capable of performing their function under the various
design basis operating conditions.
During reactor operation, situations do, however, arise in which redundancy
can be reduced or lost, and measures should be taken to cope with them from the
safety standpoint.
The cases in question are:
— Non-availability of equipment owing to maintenance or repair work, resulting
in situations in which redundancy is lost if the design was based on second-order
redundancy;
— Common mode failures, which can result in the simultaneous loss of supposedly
independent sets, including the total loss of a redundant system, no matter what
the order of redundancy may be.

N on-availability o f equipment

Non-availability of equipment may be either planned (maintenance) or fortui
tous (repairs). There are two ways of coping with situations of this type:
(i)

At the design stage, the system’s degree of redundancy can be increased so as
to avoid any constraints as regards repair work during operation while maintain
ing redundancy.
Increasing a safety system’s redundancy, i.e. adding, in parallel, components
capable of performing the same function (pumps, valves, etc.), decreases the
probability of failure of that system. No international consensus has yet been
reached, however, on how the advantage gained, in the case of a given system,
by increasing redundancy above the second order can be accurately assessed.
Indeed, the limited advantages gained from such an increase can be offset by
the risks associated with the increasing complexity of the installation.

IAEA-CN-48/25

(ii)

173

Stricter operating rules can be laid down such that, in the event of non
availability, the safety level is not significantly reduced in comparison with the
case of full equipment availability (obligation to return to the safe shutdown
state within a limited time).

In coping with non-availability of equipment, a choice can hence be made from
an economic standpoint between design measures and operating restrictions. As
regards safety, it is necessary to ensure that the same level is ultimately attained in
both cases; an overall comparison of safety must not be limited to the design aspects,
but should also take account of the rules laid down for reactor operation.
Common mode failures

Taking account of the impact of external and internal hazards on engineered
safeguards systems is an indispensable adjunct to redundancy. Indeed, fires, floods,
earthquakes, frost and other such hazards are potentially capable of causing total
system losses. Remedies are applied by means of physical or geographical system
separation, earthquake-proof design, diversification and independence of electrical
power sources, etc.
Bearing in mind the analysis of the Three Mile Island accident and in addition
to the above mentioned precautions, certain countries introduced the requirement that
designers must study the effects of total loss of certain vital systems (such as heat
sink, steam generator feedwater system, electricity supply systems, etc.), to ensure
that their risk related objectives are adhered to.
(b)

The probabilistic method

This method is used as a complementary design procedure in order to take
account of certain external hazards at the installations (aircraft crashes, explosions,
etc.). It is also applied in certain countries to validate measures intended to reduce
the effects of certain failures (for example, total failure of the redundant systems).
Finally, it is used in its most general form, ‘probabilistic safety studies’, some
times by designers and often to verify overall safety uniformity and calculate the
overall risk, occasionally by comparing it with that attendant upon other industrial
activities.
Application of this method requires the fixing of an implicit or explicit
probabilistic risk related objective either for the overall risk or for that arising from
groups of accidents (particularly in the case of external hazards).
It should be noted that it would be difficult to make such an objective mandatory
at this point in time in view of the present limitations specific to the method (uncertain
reliability databases, difficulty in quantifying the human operator’s role in accidents,
the magnitude of common mode failures that could be caused by fire or internal flood
ing, etc.), which result in considerable uncertainty as regards the overall result.
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It is hence not surprising that the probabilistic approach is usually of greater
benefit in assessing the important details which constitute the ‘weight’ of a given
modification, the relative magnitude of a given failure, than in demonstrating the
acceptable nature of the overall risk.
Furthermore, events which unfortunately are very real, such as the Three Mile
Island or Chernobyl accidents, are still difficult to incorporate in the logical network
of probabilistic risk assessment failure trees, since the diffuse role of the human
factor, of complex degradation states and of unforeseeable interactions of every kind
is so important in this connection.
It is for this reason that, in particular at present, the third rule of the game,
‘systematic use of operating experience’, must be considered, again as a complemen
tary method.
(c)

The systematic use of operating experience

The two ‘methods’ summarized above are constantly being improved as
knowledge is continuously expanded through observation of the failures and incidents
that occur in the hundreds of reactors in operation throughout the world. The
systematic nature of the ‘corrections’ made in the wake of these events and the
increasing international exchange of information in this area constitute the most
important factor in the relentless drive to improve safety.
Systematic reporting and analysis of all operating incidents — even the minor
ones — is a common practice, based on the awareness that such events can be directly
or indirectly significant for safety, as for example: common cause scram unavailabili
ties, power grid outages, steam generator tube and feedwater pipe problems in
PWRs, relief pipe and pressure — suppression pool problems in BWRs.
Many opportunities have been provided at Community level for information
exchange on:
— The actual course of a series of incidents of safety significance, which had
occurred in Member States and elsewhere, together with their causes and
consequences;
— The incident reporting method used in the Member States pursuant to their
national regulations;
— The systematic analysis of abnormal occurrences by national experts;
— The filing of significant reliability data obtained from incident analysis and their
transmission in a user-orientated way to the reactor operators, risk analysts and
safety authorities.
The CEC’s Joint Research Establishment at Ispra has implemented the
European Reliability Data System (ERDS) where information on European and US
plant operation is collected. In particular, the Abnormal Occurrences Reporting
System, which is part of the ERDS, is based on á large population of events and
allows systematic safety analysis.
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An effort has continuously been made to co-operate with the OECD/NEA and
IAEA in the development and exploitation of their Incident Reporting Systems
(IRSs), which are based on a smaller number of significant events per nuclear power
plant and are the basis for the analysis of specific safety problems.
The main interest of all the Member States in the field of harmonization is the
further development of safety according to the state of the art. Different national
approaches towards the achievement of the same safety objectives may even be
advantageous for the development of safety. To this end it is necessary that national
practices continue to be scrutinized and compared in detail so that convergencies and
divergencies are identified; this will naturally lead to corrective actions and improve
ments in individual national practices. Therefore the most important step with regard
to harmonization is the comparison of national practices.
The work of harmonization performed within the framework of the CEC does
not limit itself to the general approaches but goes into the details of the design and
operating criteria for the components and subsystems which are significant for safety
as well as of the siting criteria. This is necessary because the safety of nuclear instal
lations, by their nature complex systems, depends greatly on such details.
The activities of the IAEA have been taken into account in the implementation
of the requirements laid down in the Council Resolution of 22 July 1975 and the work
at CEC level is not duplicating that done by the IAEA in the Nuclear Safety Standard.
Much progress has been achieved in harmonization for the reactor core, the
pressure vessel and primary circuit, the protection system and auxiliary circuits, the
fuel handling system, the engineered safeguards systems and the containment.
However, specialized reports have not yet been issued.

3.2. Liquid metal fast breeder reactors
The CEC has performed an action of progressive harmonization of regulatory
provisions for FBRs from the early 1970s.
The FBR being in the phase of development and demonstration, the regulatory
provisions are still in the formative stage and considerable evolution has to be
expected.
In planning its action the CEC has sharply focused its attention on those aspects
which are specific to the FBRs, i.e. those related to the nuclear steam supply system.
Aspects like siting, emergency planning, the conventional part of the plant, etc. have
not been treated, as they are common or similar to those for commercial thermal
reactors.
Safety criteria and guidelines

In carrying out the activities directed at the harmonization of LMFBR safety
criteria and related guidelines the CEC is assisted by the Fast Reactor Safety Working
Group (SWG) which is a subgroup of the Fast Reactor Co-ordinating Committee
(FRCC).
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The SWG is composed of representatives of all parties involved in fast reactor
development, construction and operation, i.e. representatives from governments,
utilities, industry, research organizations and licensing authorities. It has regularly
discussed and exchanged information upon all matters related to FBR safety, such as
the results of safety research programmes, operational experience of prototypes,
abnormal occurrences, etc.
The initial step in the harmonization of safety criteria and guidelines was the
setting up of a reference list of accidents considered as the design basis for fast reac
tors. These are grouped under five headings as follows:
— Primary reactivity
— General cooling
— Subassembly cooling
— External to the core
— Initiating events external to the station.
Between 1970 and 1975 the safety measures designed to cope with these acci
dents were identified for each LMFBR project in construction or under design in the
European Community (Superphénix 1, CFR 1, SNR 300, PEC), and a systematic
comparison was made.
For each accident and project the following points were considered and
compared and appropriate comments were made.
— The possible initiators
— The design provisions
— The protective actions
— Any immediate consequences and possible evolution.
The comments refer to the general safety philosophy, the state of the reactor at
termination of the accident, the worst situation analysed, etc. In addition, a qualita
tive probability rating for the occurrence of an accident was made.
Differences in the safety approach and design measure envisaged in the projects
were discussed in great detail in order to permit the arguments on which the designer
had based his choice to be made mutually transparent. Generally common features
could be identified which could serve as a basis for the formulation of criteria and
guidelines for the future.
Building upon the work described above, the formulation of common safety
criteria and guidelines for fiiture large commercial fast reactors began in 1975.
In the formulation of common safety criteria and guidelines the following
approach has been adopted:
— Criteria and guidelines have been associated in the same document; the exam
ples given in the guidelines for possible design measures are not exhaustive but
have been selected in such a way as to give assurance that a complete coverage
can be reached in due time.
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— The criteria and guidelines are intended to be the basis upon which the national
regulations will be formalized.
— They are based on present knowledge and proven technology and are consistent
with the design philosophy of the already built prototypes (Phénix, the Proto
type Fast Reactor, SNR 300 and Superphénix). Expected results forthcoming
from current R&D programmes will be taken into account at a later stage.
— The safety criteria and guidelines refer essentially to design aspects putting main
emphasis on the prevention of accidents, their early detection and finally the
mitigation of possible consequences.
A first formulation of accident oriented common safety criteria and guidelines
for all the accidents in the reference list is now concluded and criteria and guidelines
are in a draft form. Editing is currently under way in order to ensure consistency in
the wording used throughout.
Also for the LMFBRs the dual approach based upon design basis accidents and
probabilistic analysis is used just as for LWRs.

Codes and standards
For this activity the CEC is assisted by the Fast Reactor Working Group on
Codes and Standards (WGCS), a subgroup of the FRCC. This activity was initiated
in 1974 but it is only since 1980 that substantial efforts have been made. The design
and manufacture procedures for LMFBR components having an important safety
function are different from those for the LWRs and the pertinent national codes and
standards need to be harmonized; in some cases they are being developed in common.
The CEC, with the assistance of the WGCC has gathered together information from
the Member States and has compared and analysed the different national documents
relating to the design, the manufacture and materials properties of interest for
LMFBR components having a safety function. These comparative studies have
helped to identify discrepancies between the different national codes and standards
as well as shortcomings of the design procedures based on the American Society of
Mechanical Engineers’ Codes and shortage and/or uncertainties of materials data,
particularly in the creep range. This has made it possible to envisage actions at
national level to eliminate gradually or to reduce the main divergencies observed as
well as to improve the analytical tools and the materials database.

4.

NUCLEAR REACTOR SAFETY RESEARCH

The long term impact of the Chernobyl accident upon the national energy poli
cies of certain Member States cannot yet be assessed and it may take a considerable
time to detect it in its full significance.
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It is however not unreasonable to assume that in the long term the development
of nuclear energy in the European Community as a whole will show continuity and
consequently that the necessary R&D supporting effort will reflect this continuity.
Conversely an intensification of safety R&D effort in the next few years may be
expected, particularly in certain areas of highest priority.
The CEC has for many years a reactor safety research programme in operation.
It too is likely to reflect continuity. The broad lines of the present programme are
described in what follows; adjustments will no doubt be necessary in future.
The research programme of the CEC in the field of reactor safety is focused
upon LWRs and LMFBRs. Only limited studies are performed on other advanced
reactors, in particular the high temperature gas cooled reactor. Research on
radioprotection, radioactive waste disposal and management and decommissioning of
nuclear installations is not included in this review.

4.1. Light water reactor safety research
This part of the programme comprises four broad parts: risk and reliability
evaluations; integrity of components and systems; abnormal behaviour in core cool
ing systems; source term.
(a)

Risk and reliability evaluations

The objective of this work is the development of models and tools for the
analysis of nuclear power plant systems reliability and safety and of man-system
interfaces.
A contribution has been made to the development of probabilistic safety analysis
methodology that permits an overall analysis of plant safety, identifying the task and
the performance of the various systems. Particular efforts are made to understand
man-system interactions, these being very critical from the point of view of safety.
Probabilistic safety analysis is being applied successfully in benchmark exer
cises upon selected systems to compare different methodologies and approaches
applied in different countries.
Effort has also been devoted to the collection and evaluation of reactor opera
tional data in the framework of the ERDS, allowing the exploitation of typical and
unique features of this system, e.g. the possibility to identify the mechanisms under
lying component/system failures, accident initiation and progression.
(b)

Integrity of components and systems

The central aim of this work is to develop procedures and tools enabling a quan
titative periodical assessment of the structural degradation and the estimation of the
residual lifetime of reactor mechanical components. Equally important is the
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development and verification of numerical codes to represent damage accumulation
and predict the progressive reduction of safety margins and the remaining lifetime.
Eventually computer based techniques will be used to analyse inspection data and
possibly to develop an automatic and real time diagnostic tool.
If this can be achieved a large number of accident initiating events, i.e. those
related to failure of mechanical components, can almost entirely be avoided. An
important part of this work is represented by the Project for Inspection of Steel
Components (PISC), carried out since 1974 under the auspices of the European
Community and OECD/NEA. Fifteen countries participate in this project.
The PISC Project has the general objective of assessing procedures and tech
niques in use for the inspection of nuclear structures (particularly the vessel and
piping). The JRC in its role of operating agent and reference laboratory manages the
programme.
(c)

Abnormal behaviour in core cooling systems

The overall objective of this research is to develop and validate thermal
hydraulic system codes for the analysis of abnormal thermohydraulic conditions in
LWRs as created in loss of coolant accidents and in special transients.
Thermal hydraulic system codes have been developed in the USA and in
Europe, and are in a phase of assessment and of continuing development. Much work
remains to be done on the above in order to complete the scientific basis of under
standing and to extend the range of code applicability. Tasks of central interest are:
reduction of computation times, improvement of models, improvement of code
transparency and of code user friendliness, extension of code applicability to accident
situations characterized by extensive core uncovery (including three dimensional
effects) and quantifying results uncertainties.
In 1984 the Loop Blowdown Investigation (LOBI) facility in Ispra was modified
to perform small breach and special transient tests, now in progress, pertinent to pres
surized water reactor safety. LOBI is a large experimental facility, built during the
years 1973-1978, simulating the primary and secondary cooling systems of a 1300
MW(e) pressurized water reactor reference plant with respect to thermohydraulic
behaviour during loss of coolant accidents as well as during special transient
conditions.
As it befits the international nature of nuclear safety, collaboration and
exchanges of information are very active in this field. The significance of the results
is also demonstrated by their inclusion in the International Code Assessment
Programme and in the validation matrix for code assessment of the Committee on the
Safety of Nuclear Installations of the OECD.
(d)

Source term

This is a comparatively new activity within the CEC’s own programme, as it
was started in 1984. Its objective is to evaluate, with a sufficient degree of confi-
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dence, the radioactive materials which are potentially released from the containment
of a nuclear installation into the environment following a severe accident. The
amount, timing, location, energy content, physical and chemical form of the release
have to be evaluated in order to determine the radiological consequences to the
environment and population.
The CEC contributes using a combined analytical experimental approach to
improve, harmonize and validate computer codes dealing with phenomena which
might occur in the reactor core, in the primary circuit and in the containment system.
The research on the source term has received a strong impulse since the Three
Mile Island 2 accident and is receiving new emphasis as a consequence of the
Chernobyl accident.
The present status of knowledge requires a particular effort in the following two
directions:
— Analytical activities to validate physical models using the large quantity of
available and accruing experimental data,
— Additional confirmatory large scale integral experiments to study the mutual
influence of the various physical phenomena and plant specific features and to
verify that important effects are not omitted or misunderstood.
The many sophisticated analytical tools which are being developed to represent
the complex phenomena underlying the source term require a well co-ordinated inter
national effort, to which the CEC contributes.
Large scale integral experiments require multidisciplinary expertise, careful
planning and substantial financial effort. The CEC plans to contribute to the
implementation of such an experiment in the Community.

4.2. Liquid metal fast breeder reactor safety research
In general the CEC concentrates on the study of severe accidents (beyond the
design basis), as they have the highest damage potential to the populations and the
environment.
Theoretical and experimental research activities are performed to acquire a
better understanding of phenomena characterizing the different phases of accidents
potentially involving severe core degradation in an LMFBR. The objective of these
activities is to develop and validate computational tools for the analysis of various
accident scenarios.
A European Accident Code system for the simulation of the initiation phase of
a low probability unprotected whole core accident is under development. The code
system includes models developed both by national research organizations and by the
CEC laboratories. A first version of the code is operational.
The out-of-pile Fuel Melting and Release Oven facility has been completed in
Ispra. This is one of the largest facility of its kind in the world, as it is capable of
melting 100 kg of uranium oxide. The experiments are centred upon reactor core
melting situations.
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In-pile facilities in Member States are also used to perform irradiation experi
ments aimed at investigating the aspects of accident propagation from one subassembly to another.
Post-accident heat removal studies are being continued to demonstrate that the
internal structures and the vessel can retain core debris which might have been
formed in an accident involving partial melting of the core.
The work is performed under a large European collaboration effort which is
co-ordinated and funded by the CEC. It includes in-pile tests in different reactors,
a back-up programme and analytical developments.

5.

FUTURE ORIENTATIONS

Beyond the continuation and the reassessment of the work performed so far in
the field of harmonization the CEC is undertaking new actions which, while
consistent with the objectives of the Council Resolution of 22 July 1975, respond to
the new challenges of today.

5.1. Safety reviews
Reactors in the European Community comprise LWRs of different designs,
sizes, ages as well as gas cooled graphite moderated reactors (GCGMRs). A number
of LWRs are now approaching the age of 20 years, and a considerable proportion
of GCGMRs are even older. Of course Member States conduct safety reviews on
individual reactors or classes thereof, using the most up to date methodologies,
including probabilistic safety assessment in order to check their safety performance,
to identify the possible needs for backfitting and to help in making decisions about
withdrawal from service. The full responsibility of conducting these reviews rests
with the Member States. However, there would be added value in co-operating upon
the plans, the scope, the input data, the execution and the results of such reviews
within a Community framework and with the participation of the CEC’s services
within the limit of their possibility. This approach would usefully complement the
‘harmonization’ approach and would respond more directly to the concern of the
public over the safety of nuclear reactors.

5.2. Reactor safety research
The CEC will continue to concentrate its efforts in those areas which are of
particular relevance for licensing and, more in general, public authorities.
The programme will therefore be directed towards improving the methodolo
gies for safety analysis and to evaluate in the most effective way operating experience
with particular emphasis on all aspects pertaining to man-machine interaction.
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The programme will also continue to address problems related to analysis of
unlikely but severe accidents and favour the achievement of a consensus view on
source term issues.
Finally, methodologies and codes so far developed will be used to qualify new
proposals aiming to reduce active engineered safeguards in favour of passive safety
systems.

5.3. Continuity of effort
The role of nuclear energy in the energy balance of the European Community
is very important. Although the performance of Community NPPs from the safety
point of view has been consistently satisfactory, continuing effort to support the safe
exploitation of nuclear installations must be assured.
The factors which have contributed to such a healthy state of affairs must be
preserved and strengthened. Stringent criteria, codes and standards are certainly one
of the factors; however, the human factor both in the phase of design and construction
and in the phase of operation of reactors has played a major role. Expert teams of
scientists and engineers have been created and maintained by the utilities, the reactor
constructors, the licensing authorities and the research organizations to support the
steadily expanding nuclear programmes over the last 25 years. These human
resources, together with the laboratories and facilities for safety research developed
over the years are the main assets upon which the Member States can rely in the
future for a continuing safe performance of nuclear installations. Continuity of effort
and of its quality is necessary.
The co-operative framework within the European Community should be
exploited to ensure the optimum management of these resources.

5.4. International co-operation
The accident at Chernobyl has given fresh emphasis to the issue of overall safety
of reactors worldwide and has provided a clear demonstration of the need for
co-operation on nuclear safety well beyond the national or even regional boundaries.
The IAEA has a key role to play in bringing about rigorous standards of safety
assurance in the different regions of the world and merits the full support of the
European Community and its Member States in this complex and long term task.
The CEC is ready to pool its experience and play its part to help bring about
the best possible level of assurance on nuclear safety and so satisfy the legitimate
aspirations of our people.
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EXPERIENCE W ITH REM OTE MONITORING
SYSTEMS FOR NUCLEAR POW ER PLANTS
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Bayerisches Staatsministerium für Landesentwicklung
und Umweltfragen,
Munich, Federal Republic of Germany
Abstract
EXPERIENCE WITH REMOTE MONITORING SYSTEMS FOR NUCLEAR POWER PLANTS.
The remote monitoring systems (RMS) were installed in Bavaria, Federal Republic of Germany,
in 1978 by the State Office for Environmental Protection (LfU), Munich, for continuous monitoring of
the releases of radioactive gaseous and liquid effluents from NPPs to the environment. In addition to
nuclides and nuclide groups, such as the noble gases, aerosols and 131I, certain local meteorological
parameters are also monitored and with these data it is possible to carry out dispersion calculations and
to plot isodose contours at specified time intervals. An alarm rings automatically when preset alarm
thresholds are exceeded, thus providing early warning of possible accidents. Considerable experience
has been gained in running the RMS at four separate NPPs. Typical series of measured data for the aero
sol, noble gas and 131I activity are shown for normal operation of the plants in comparison with their
authorized radioactivity concentration limits. The results of the calculations of isodoses in the environ
ment of NPPs are discussed. Based on the results of the periodic emergency exercises, and the accident
at Chernobyl, a concept has been developed whereby the need for emergency measures can be assessed
from the RMS alert messages. A number of decision aids which take into account RMS parameters will
permit the decision makers to check systematically the function of the more important barriers and safety
systems. The various RMS alarms and their organizational response and rapid reaction are discussed.

The remote monitoring systems (RMS) for NPPs were installed in Bavaria,
Federal Republic of Germany, in 1978 by the State Office for Environmental Protec
tion (LfU). The RMS run independent of the operators of the plants and monitor con
tinuously the releases of radioactive gaseous and liquid effluents from NPPs to the
environment as well as certain local meteorological parameters.
The RMS are based on three integrated circuits (Fig. 1). They consist first of
a subcentral station on the plant site connected with the sensors for measuring or
monitoring devices inside the plant, in the exhaust air stack, in the return flow
channel of cooling water, and at the meteorological tower. Second, they consist of
a computer controlled network centre at the LfU in Munich and, third, the subcentre
on the premises of the plant. The network centre data lines are linked by tw o indepen
dent data transmission lines which belong to the Federal Post Office. In the case of
normal plant operation the data are transferred hourly, but in the case of an accident
or an unplanned release of radioactivity the data transfer interval would be shortened
automatically to ten minutes.
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Remote monitoring

systems (RMS) network configuration.
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During normal working hours the evaluation of alarms does not usually present
any organizational or technical problem. Outside working hours a techni
cal/organizational response ensures a rapid reaction to the alarm. The RMS computer
activates a Eurosignal receiver held by a person on call. This person will then call
up the central computer by means of a terminal and an acoustic coupler using a nor
mal telephone line. Following set procedures laid down in alarm specific checklists,
it is possible to determine whether a false alarm or an event unimportant to safety
has occurred. In this step the procedure is based largely on the comparison of the
registered parameters with the set values, and in doubtful conditions on consultation
with the power station. If there is any doubt as to whether a false alarm or an unim
portant alarm has occurred, in the second stage an expert responsible for that specific
power station will be brought in.
Figure 2 shows a diagram of the measuring devices for monitoring the releases
of gaseous and liquid effluents from an NPP. The open circles represent the devices
of the authority and the full circles those of the operator. Both devices are used for
information transmission in the RMS and are calibrated on the same basic standard
getting comparable measured data. In addition to these parameters only a few plant
internal parameters are also necessary for the authority to get simultaneous informa
tion about the situation of the reactor itself (e.g. generator switch, gamma dose rates,
and certain flow rates).
Apart from direct measurements of radioactive contamination in the environ
ment, certain local meteorological parameters are also monitored and by using these
data it is possible to carry out dispersion calculations and to plot isodose contours at
any specified time interval.
The system also incorporates alarm devices which respond automatically when
preset alarm thresholds are exceeded. There are two possibilities of monitoring preset
alarm thresholds in the RMS (Fig. 3). The dotted line in the upper part of the figure
corresponds to a certain hourly mean value of the radioactive concentration of the
noble gas (number of exceeded values n = 1) whereas the dotted line in the lower part
of the figure represents a value measured over 10 minutes only. In both parts the
dashed line represents the information value to be given to the authority by the opera
tor according to his licence. It can be seen that the gap between the dotted and the
dashed line is very marked.
Examples of the RMS in action are as follows:
(1)

Simultaneous releases of aerosol and noble gas radioactivities are shown in
Fig. 4. A small leakage from a pipe in the plant released radioactive vapour to
the exhaust air stack, therefore the aerosol and noble gas radioactivities
increased and the preset alarm threshold was exceeded in the case of the noble
gas radioactivity thus triggering a prompt notification to the authority. Because
of the very small amount of the radioactive gaseous releases no measurable
effect was given for the environment. The dashed line represents the licensing
value.
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FIG. 3. Preset alarm thresholds.

In a plant two valves were opened by mistake, therefore a few cubic metres of
secondary water flowed into the release tanks and overfilled them. A radioactive
contaminated vapour-water mixture led to a rise of the aerosol radioactivity in
the reactor building. This was detected by the RMS showing the alarm ‘aerosol
activity high in the reactor building’.
Because of a seal damage in the machine hall radioactive contaminated vapour
went through the air valves to the exhaust air stack. The increased aerosol and
noble gas radioactivities are shown in Fig. 5. The total amount of the releases
to the environment was less than 10 % of the authorized radioactivity concentra
tion limits.
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(4)

Graphs o f measured data (for about 31 days) (1 Ci = 3 7 GBq.)

In Fig. 6 a release of 131I radioactivity is shown. The total amount of the
release to the environment was less than 0.5 % of the authorized radioactive con
centration limit.

By monitoring the releases of radioactive gaseous and liquid effluents and of
meteorological parameters, it is possible to calculate isodoses in the environment of
nuclear power plants.
Therefore dispersion calculations can be performed. By varying the relevant
parameters (e.g. wind direction, wind speed, dispersion class, source strength, alti
tude of release), arbitrary situations can be simulated. The results of these calcula
tions are available for further processing. By considering single results, several
calculations with different input parameters may be combined. It is also possible to
combine the results from the prognosis calculations and short term dispersion calcula
tions which are performed on-line in the case of alarm conditions. The results from
the dispersion calculations are plotted as isodose contour lines in different blocks
relating to different levels of radiation exposure (Fig. 7). This graph can be overlaid
with a map and the checkpoints of an official accident surveying programme can be

190

SPRINGER
n Hammelburg

Poppenhausen

Û
Schweinfurt
Hassfurt

О

Gerolzhofen
— "ss/\V o lka ch

О

Rimpar

FIG. 7. Prognosis o f the inhalation dose in the vicinity o f an NPP: calculated examples o f a dispersion
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displayed as well. A comparison between calculated and measured values in the
vicinity is thus possible.
Further modes of displaying data are one-dimensional graphs with the possibil
ity of selecting time axes and radiation exposure as a function of the distance from
the plant in the case of radioactive releases.
The RMS also monitor the radioactive releases in the vicinities of NPPs includ
ing the following parameters:
— gamma dose rate;
— total beta aerosol activity concentration in air, directly;
— total beta aerosol activity concentration in air, delayed by 5 days.
The beta aerosol activity concentration is measured by a step filter device. The day
after Chernobyl, the direct measurements of the aerosols were very sensitive and
showed the accident.
Figures 8(a), (b) and (c) show the directly measured aerosol activity concentra
tions at the NPP sites in Bavaria after the accident in the USSR. One sees the much
higher radiation exposure in the southern part of Bavaria than in the northern.
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FIG. 8. Beta aerosol activity o f the surface layer f o r one week at: (a) Landshut; (b) Schweinfurt; (c)
Kahl.

Figure 9(a) shows the increase of the 131I activity in the exhaust air stack of the
NPP in the neighbourhood of Landshut recording the activity which was carried into
the interior of the plant by the air conditioning system and partly released again
through the exhaust air stack. Figure 9(b) shows the time dependence of the gamma
dose rate, and Fig. 9(c) the rainfall intensity at the Kahl site. Figure 9 emphasizes
the role of 131I as a key nuclide. Its release is expected in accidents with core
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damage and can be detected selectively. This detection should, therefore, become
part of the automatic early warning system.
The gamma dose rate, on the other hand, showed a significant increase only
after a rain shower (Fig. 9(b)) which led to a strong washout of radioactivity to the
ground. Thus, the gamma dose rate is an important parameter for determining the
external radiation exposure of man, but it is not appropriate as an early warning
indicator.
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In the case of a release of radioactive noble gases close to the detector, the
measurement of the dose rate might be suitable for the purpose of early warning.
Beyond all doubt, the RMS supplied important information after the Chernobyl
accident. But at the same time, necessary improvements and extensions were found
to be inevitable.
The requirements for improved RMS for radioactive releases are the following:
— early warning in the case of an increase of artificial radioactivity in the
atmosphere;
— measurements of the external radioactive exposure of man;
— measurements of the activity concentration of the surface layer in order to deter
mine the inhalation dose. The nuclide 131I should be identified in the detection
process because of its radiological importance for the thyroid. For the determi
nation of the other aerosol-bound artificial radionuclides, an integral measure
ment is considered to be sufficient;
— observation points of the above mentioned parameters distributed all over
Bavaria.
Summing up, the main characteristics of the RMS are:
— They compile and process data on the operational conditions of NPPs, on
releases of radioactive substances into atmosphere and water and on actual local
meteorological conditions.
— The data complement the routine supervision of the plant.
— They incorporate alarm devices and provide an early warning of possible mal
functions and accident situations.
— They calculate data on the radiation exposure of the environment during normal
operation and in the case of any unplanned release of radioactivity.
— They promptly enable the authorities to organize relief operations in the first
stages of an accident.
— Regular reports on the safety performance of the plants provide a factual base
for the current public discussion on the acceptability of nuclear power.
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AND EMERGENCY PREPAREDNESS
AT THE SWEDISH POWER PLANTS
L. HAMMAR, P. BYSTEDT, L. HÓGBERG, K. DAHLGREN
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Abstract
REGULATORY ASPECTS OF SEVERE ACCIDENT MITIGATION AND EMERGENCY
PREPAREDNESS AT THE SWEDISH NUCLEAR POWER PLANTS.
The paper covers some aspects on nuclear safety work in regard to mitigating the consequences
of severe reactor accidents. The implications for the Swedish Severe Accident Mitigation Programme,
scheduled for completion by 1988, are discussed. The need for preparations to be made for managing
severe reactor accident situations, supplemental to fundamental safety provisions aimed at preventing
such accidents, is discussed. It should be underlined that the built-in safety barriers require to be actively
defended when under attack. This concept of defence in depth for safety assurance is receiving increased
attention in nuclear safety. The case for strengthening the protection against releases in the event of
severe accidents, in regard to current safety assessments of the reactors and the present state of severe
accident research, is discussed in the perspective of the situation in Sweden. Significant and desirable
contribution to safety assurance was gained by certain reasonable retrofitting, suggesting that remaining
uncertainties in source term matters should rather be neutralized by engineered safety systems than
merely subjected to further research. Emergency preparedness, on the site as well as off the site, and
accident management are all issues subjected to intense review in Sweden, as forming essential parts
of the Severe Accident Mitigation Programme. The state of progress and the remaining questions are
highlighted. The issue of the human factor viewed as a resource, being exceedingly relevant in matters
concerning emergency preparedness and accident management, should be explored further. Those
concerned — engineers, operators, designers, as well as specialists in the behavioural sciences and tech
nology — need to be intimately involved in this field of research.

INTRODUCTION
In this paper some aspects of mitigation of severe reactor accidents will be
discussed which have influenced the course taken in Sweden in terms of the Severe
Accident Mitigation Programme, scheduled for completion by the end of 1988. The
aspects covered are given under the following subtitles:
— Defence in depth for safety assurance;
— Assessment of risk and potential consequences of accidents as a basis for actions
to enhance safety;
— Internal emergency preparedness and accident management;
— Off-site emergency preparedness.
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DEFENCE IN DEPTH FOR SAFETY ASSURANCE
The prevention of accidents is not the main subject of this presentation but
should be underlined in passing as the very basis of nuclear safety. Also, there is in
fact not really a line of demarcation between preventing accidents from at all occur
ring to preparing for stopping accidents from progressing and mitigating their
consequences.
Nuclear engineering has developed a tradition of dealing with safety at a high
level of priority. Nevertheless, there were recently a great deal of ‘lessons learned’,
particularly from the accidents in Three Mile Island and Chernobyl. It is now gener
ally realized that too much reliance was put, in the past, on engineered features for
coping with certain conceived ‘design basis accidents’ as providing the ultimate
protection, and that the complexity of residual threats to safety would have to be
taken into account. This was the case also after the breakthrough in safety analysis
formed by the Reactor Safety Study (WASH-1400) in 1975 [1]. The situation started
to change after the accident in Three Mile Island in 1979.
Furthermore, it is now realized that safety assurance is not something static.
The safety barriers have to be defended. While it is certainly essential to focus a
great deal of interest on containment performance, for example, as it constitutes the
last barrier in severe accident scenarios, containment management may deserve
greater attention. The idea behind this is that the performance of the containment
should not be challenged, and that various provisions for improved protection of the
containment — including but not limited to controlled pressure relief, when
feasible — in combination with active management of the accident may add more to
safety than exercising evaluations of the ultimate strength of the containment.
Practically, complete prevention of accidents — in their full range from minor
disturbances to catastrophic events — can of course not be achieved. Accordingly,
measures of mitigating any consequences have to be taken. In the first instance it is
a matter of protecting the availability of the nuclear plant systems, which is not only
a prerequisite for operational economy but at the same time the prime assurance for
the ultimate protection of the public and the environment. In the worst case the
protection of the latter becomes the prime concern.
This illustrates an essential feature of truly comforting safety assurance, i.e.
true in-depth defence of the safety hindering accidental courses of events possibly
leading to severe or catastrophic consequences.
Clearly, barriers like the ceramic fuel matrix, the fuel cladding, the reactor
containment etc. are only part of the defence in depth system. Another part are the
system features offering inherent safety, like negative temperature coefficient of
reactivity, or radioactive aerosol retention mechanisms when an emergency has deve
loped that far. At least equally important are finally the defensive features such as:
— At the initial level: high quality design, construction, operation, and
maintenance;
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— At some further depth: engineered redundancy and diversity;
— In the last resort: engineered emergency systems and emergency procedures for
mitigating radioactive releases and enabling stable conditions to be finally
reached.
The human factor needs to be recognized as an essential element in most of the
safety barriers provided, as increasingly recognized, not least in view of the accidents
in Three Mile Island and Chernobyl. Rather than just looking for ‘human errors’,
however, there is a case for improved utilization of the unique potentials and
resources actually offered by human participation for safety assurance. For strength
ening the defence in depth strategy, high quality education and training of the operat
ing staff, efficient adaptation of the engineering systems to suit human needs and
abilities, and truly advanced quality assurance management are essential factors.
‘Safety culture’ may also be referred to as another, somewhat intangible but
nevertheless real safety factor associated with human behaviour.
It is clearly very important that the human engineering issues are approached
in an intimate co-operation between those concerned — including operators, main
tenance engineers, designers of safety systems — and specialists in nuclear sciences,
technology and behavioural sciences. As it is well known that efficient co-operation
between specialists speaking various ‘languages’ can be difficult to achieve, those
responsible for the safety work are put to a real challenge in this regard.

ASSESSMENT OF RISK AND POTENTIAL CONSEQUENCES OF
ACCIDENTS AS A BASIS FOR ACTIONS TO ENHANCE SAFETY
Extensive research is being conducted in countries with leading positions in the
utilization of nuclear power, particularly in the United States of America, Canada,
Japan, France, the Federal Republic of Germany, and in the United Kingdom. Other
countries, like Sweden, apart from conducting limited national research programmes,
take active part in international programmes like the United States Nuclear Regula
tory Commission (USNRC) SFD programme, the French PHEBUS programme etc.
The purpose of all this research is to enable predictions of possibly conceived
accident sequences to be made, with a view to assess the risk to the public and to
the environment. The ultimate purpose would be to decide whether any further safety
measures are required in order to ensure acceptable safety.
Understandably, this whole process usually tends to become stuck in intricate
questions of how to define the safety goals (how safe is safe enough?), how to esti
mate cost effectiveness of additional safety measures, and how to improve the
computer codes so as to enable better and more realistic predictions of risk to be
made.
It appears that, although significant improvements in terms of accident preven
tion have resulted from probabilistic safety assessments conducted in many of the
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leading nuclear power countries, the general attitude remained for a long time rather
closed to admitting that severe accidents cannot be completely excluded and should
be prepared for in terms of mitigative procedures and systems. This attitude has
changed markedly as a result of the accidents in Three Mile Island and Chernobyl.
The strategy chosen in Sweden already in 1980, in regard to the Swedish reac
tors, was to set up a concrete programme for strengthening the protection of the
public and the environment in the event of a severe accident. As a first step, installa
tion of a filtered venting system was required for the Barsebaeck nuclear power plant
owing to its proximity to densely populated areas in Sweden and Denmark. Such a
system, FILTRA, was made operational by 1985. It was clear from the outset that
preventive and mitigative measures for the other Swedish nuclear power plants were
then required for implementation by 1988, at the latest.
The position taken in Sweden is reflected in the following statements:
— Cost-benefit evaluation of safety protection must take a wide range of societal
factors into account
Attempts to formally quantify cost effectiveness of additional engineered safety
features (in terms of cost per man-rem etc.) are likely to suffer from gross underesti
mation of the actual worth of the protection achieved. How, for example, to estimate
the worth to society of retaining — or gaining — public acceptance of nuclear power?
The guidelines of the Swedish Government, adopted by the Parliament in 1981,
rather state that the mitigative measures ought to be taken even i f they, in relation
to the risk reduction being achieved, involve a not unessential cost to the utilities.
— The reactor containments do provide good basic capabilities to withstand also

very severe accidents but need to be protected by additional measures for fully
adequate mitigation of the consequences of severe accidents.
The target set in Sweden in regard to mitigating the consequences of the most
severe reactor accidents, excluding exceedingly improbable events, corresponds to
a maximum release of 0.1 % of the total inventory of 134Cs and ,37Cs isotopes in a
1800 MW(th) core (assuming release of other isotopes to be equal or less, but
neglecting the noble gases). As this target was shown to be exceeded in certain risk
significant accident sequences, there was a clear case for strengthening the protection
against releases. The mitigative target of 0.1% referred to was confirmed as being
consistent with the fundamental aims of preventing extensive land contamination,
which would impede the use of large areas for long periods, as well as acute deaths
in radiation disease.
— Action should be taken on the basis of present knowledge to neutralize
unresolved source term uncertainties by absorbing them into the engineered
safety systems
The question must be asked: How much research is really needed before deci
sions on strengthening the safety can be made? The knowledge already available
should allow sensible and efficient mitigative measures to be taken.
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Another question is whether the remaining uncertainties in regard of detailed
source term phenomena really have significant impact on the total risk assessment,
as this has to consider all possible courses of possible accidents in an event tree
dependent on various accidental factors (as, for example, occasional temporary resto
ration of power during blackout) and largely unpredictable operator interventions
(causing, for example, unpredictable production of hydrogen on attempting to supply
water to the overheated core debris). In fact, the viewing of severe reactor accidents
in terms of more or less defined sequences of events could be misleading in the
ultimate safety assessment.
Even lengthy and extensive research may thus not help to fully resolve remain
ing uncertainties in regard of the various source term factors. An obvious alternative,
not to be unduly delayed, is to implement, on the basis of present knowledge,
obviously beneficial mitigative systems and procedures in order to neutralize the
uncertainties. For example, by providing for filtered containment venting there will
be less concern about resolving various uncertain factors challenging the performance
of the containment, or the detailed behaviour of the aerosols. By ensuring that core
melt will fall into water there is similarly less concern about the complex interactions
between core melt and concrete.

INTERNAL EMERGENCY PREPAREDNESS AND ACCIDENT
MANAGEMENT
The defence in depth principle requires, as pointed out, that the barriers are
defended, i.e. that every opportunity is taken by means of possible operator interven
tions during the course of an accident to help reach stable conditions.
It has to be pointed out that the possibilities and limitations of accident manage
ment in mitigating the consequences of severe accidents have, until recently, not been
adequately explored. For one thing, available accident analysis codes suffer from
lack of adequate treatment of operator interventions.
‘Accident management strategy’ — i.e. the principles constituting the basis for
applying certain schemes and procedures for accident management and making
certain provisions for emergency preparedness — is thus urgently required on the
research agenda.
In the Severe Accident Mitigation Programme under way in Sweden, scheduled
for completion by end of 1988, internal accident preparedness and accident manage
ment form an essential part. Completely revised instructions for accident manage
ment, emergency operating procedures (EOPs) are thus being prepared at the
Swedish utilities, working from the perspective of the plant status (‘symptoms’, ‘state
parameters’, ‘critical safety functions’) as signified by parameter values in relation
to set critical limits.
The EOPs are not concerned with events initial to and possibly having caused
the observed plant state, or with the sequence of events, but focus attention on just
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identifying and restoring, in prescribed order of priority, out of order plant states to
within the allowed range of the critical state parameters. The state oriented approach
also makes the EOPs more generally applicable, principally independent of whether
or not all particular types of accidents are foreseen in the instructions.
The point of departure in resorting to the EOPs would be when any one of the
safety barriers in the NPP is threatened, or actually lost, as indicated by the critical
state parameters. Checking of the critical parameters according to the EOPs would
be performed in all cases of scram actuation — or conditions which ought to have
caused scram.
The EOPs are aimed at covering all guidance needed in managing severe acci
dents up to reaching a stable final state with the damaged core covered with water
in a depressurized containment.
The procedures prescribed in the EOPs are generally to be skill based, rule
based and/or knowledge based when to be applied in short time (15 minutes),
medium time (60 minutes) or long term, respectively.
The EOPs are being developed separately by each one of the utilities while
keeping in contact with one another to exchange ideas. Slight differences between the
approaches exist because of necessary adaptation to local conditions and differences
between existing instruction systems, but the strategy is essentially similar.
A common approach has, for example, been taken by the utilities in deciding
that computer aid should not be relied on in situations calling for emergency operat
ing procedures to be applied. Printed EOPs are thus fundamental for guidance in such
situations.
In parallel with the development of the EOPs, operator training schemes are
being prepared as an essential part of completing the full programme for emergency
preparedness in 1988.
The Nuclear Power Inspectorate (SKI) is actively following the development at
the utilities and conducts a research programme to shed light on certain important
aspects to be covered in the final safety assessment of the proposed schemes. A team
of specialists, including utility representatives, has been contracted for the study,
being made on one selected nuclear power plant, Ringhals 1, for which nearly
completed EOPs are available for review. The programme aims at developing
methods for assessing accident management schemes in regard to feasibility and
completeness, and for identification of possible problems associated with certain
applications or situations such as undesired secondary effects, dangers associated
with inadvertent application etc.
Questions to be answered in the final safety assessment of the EOPs include in
particular:
— Practicability of proposed procedures in regard to human factor aspects, e.g.
balancing simplicity of the EOPs against comprehensiveness (degree of cover
age of all conceivable circumstances possibly requiring special treatment); level
of detail in the instructions (‘instructions’ versus ‘guidelines’); compulsory
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versus advisory nature of the emergency instructions; suitability of the format
to be used for the EOPs; the relation of EOPs to normal operating procedures
etc.
— Sensitivity to faulty, untimely or incomplete application of the EOPs, possibly
turning intended mitigation into degrading effects or even immediate danger
(e.g. recriticality).
— Possibilities, in certain situations, of degrading effect being caused by the oper
ator interventions although correctly performed according to the EOPs (a likely
and possibly acceptable consequence of the need to simplify the EOPs).
— Redundancy foreseen in the EOPs in regard to possible complications.
— Possibility of misinterpretations by incorrectly referring an observed ‘symptom
pattern’ — possibly similar in different situations — to a certain ‘accident
situation’.
— Possibility of misinterpretations in correctly interpreting the observed state but
mistakingly concluding on the actual course of events.
— Assessment of the completeness of the EOPs, i.e. the degree of coverage of
conceivable accident situations or complications which are not just neglected
because of low probability.
— Assurance that status information obtained in the control room or elsewhere by
the operating staff is correct and adequately complete. Availability of redundant
information.

OFF-SITE EMERGENCY PREPAREDNESS
Since 1981 Swedish legislation prescribes an inner emergency planning zone
with a radius of 12-15 km from a nuclear power site and an outer indication zone
with a radius of about 50 km.
Within the inner zone, detailed provisions have been made for alerting the popu
lation in the event of an accident, using sirens and telephone alarms. Evacuation plans
have been prepared and information leaflets and iodine tablets distributed to each
household. Information leaflets have also been distributed to the farmers. A network
of permanent stations for radiation measurements, using thermoluminescent and pen
dosimeters, is provided in the inner zone.
In the outer zone, preparations have been made for radiation measurements to
be performed by mobile patrols.
The county administration has the executive responsibility for local off-site
emergency preparedness in co-operation with municipal authorities and the utility
operating the NPP. The utility is responsible for providing the county administration
with appropriate information in the event of a nuclear accident.
On a national level, off-site emergency planning is supervised by the National
Rescue Authority in co-operation with the National Institute of Radiation Protection
(SSI) and the SKI; the latter authorities providing expert advice in the event of a
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nuclear emergency. In the event of a nuclear emergency, the SSI is responsible for
co-ordinating the total assessment of the emergency situation, based on assessments
made by the SKI in technical matters and other separate assessments made by other
authorities (e.g. weather forecasting), and for giving advice to the county administra
tion in regard to radiation protection of the public.
Owing to unfortunate weather conditions, parts of Sweden received ground
contamination following the Chernobyl accident corresponding to as much as 1-2%
of the Chernobyl core content of iodine and caesium, i.e. the fallout was in the order
of one magnitude higher than the target source term for the filtered venting and other
systems for accident mitigation being installed at Swedish reactors. Hence, Swedish
nuclear emergency planning was unexpectedly put to a practical test from a source
far outside the country.
Already one week after the accident SKI and SSI jointly commissioned an
independent evaluation of the Swedish emergency response to Chernobyl. The final
report of that evaluation, lead by the Director General of the Swedish Board of Acci
dent Investigation, Goran Steen, has not yet been completed but some provisional
conclusions have already been made and acted upon:
— Preparedness for conducting radioactive ground contamination surveys is
needed, not only in the indication zones surrounding the nuclear sites, but all
over the country as significant local contamination may occur far from the
source. Reliable measurements are of prime importance for decisions on any
measures to be taken for protection of the public and for purposes of general
information. In countries like Sweden there are many radiation measurement
instruments around and any lack of organization of the radioactive monitoring
may flood the media with data of doubtful quality.
— Information preparedness must be strengthened. In particular, local experts,
such as X-ray and isotope laboratory technicians at local hospitals and local
health authorities, should be engaged in providing information in co-operation
with the central authorities such as the National Institute of Radiation
Protection.
— Improved procedures are needed for co-ordination of the decision making at the
central health, food, and radiation protection authorities in the event of a nuclear
accident as well as for communicating the decisions to the local authorities, the
farmers and to the general public. Also, the information departments of the
central authorities will join forces to provide a joint central information centre.
Such joint activities were improvised to a certain extent (joint press confer
ences) during the Chernobyl accident and the experiences were very favourable,
also in terms of media response.
So far, nothing has appeared to require changing the present emergency plan
ning zones around the Swedish NPPs. However, the nuclear emergency response
capabilities of all county administrations in Sweden will need certain upgrading in
terms of training, communication equipment, etc.
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Up to the present only four of the 24 counties in Sweden have prepared nuclear
emergency plans. In the future, nuclear emergency preparedness will cover all
Sweden with four counties, having NPPs, serving as regional co-ordination centres.
In addition, one county administration in the north of Sweden will be charged with
serving as a regional centre for nuclear emergency preparedness although no NPPs
are located in northern Sweden.
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Abstract — Résumé
RECENT DEVELOPMENTS IN AND PROSPECTS OF PWR DESIGN IN FRANCE
FROM THE POINT OF VIEW OF SAFETY AND RELIABILITY.
The paper describes recent developments in the French approach to safety and its prospects with
respect to the design and operation of pressurized water reactors. It emphasizes the advantage deriving
from a single facility design when it comes to improving the reliability of systems and reducing risks
due to human error; various examples of simplifications introduced in French reactors are given. Con
cern with simplification should not work to the detriment of the availability of safety functions. Thus,
a systematic examination is carried out to demonstrate that the system design adopted leads to a general
safety level which is satisfactory. Various examples are given to justify a two track safety design. An
analysis of the loss of redundant systems is presented. The operational safety developments are men
tioned; these relate to the training of personnel, feedback of operational experience and the introduction
of symptom based procedures. In addition to efforts at simplification and coherence, particular attention
has been paid to allowance for serious accidents involving core meltdown, and it is shown how the defi
nition of emergency plans is compatible with the serious accidents to be taken into account. The
prospects of development outlined emphasize the solid foundation represented by the present safety
philosophy. This foundation is the starting point for any future development which might take place,
possibly including allowance for serious accidents in design or the search for designs less sensitive to
situations of the second and third categories, and which must be based on an international consensus.
EVOLUTION RECENTE ET PERSPECTIVES DE LA CONCEPTION DES REP EN FRANCE
DU POINT DE VUE DE LA SURETE ET DE LA FIABILITE.
Ce mémoire présente les évolutions récentes de l’approche française de sûreté et ses perspectives
pour la conception et l’exploitation des réacteurs à eau sous pression. L’avantage tiré d’une conception
simple de l’installation pour améliorer la fiabilité des systèmes et réduire les risques d ’erreur humaine
est souligné; divers exemples de simplifications apportées dans les réacteurs français sont donnés. Le
souci de la simplification ne doit pas s’exercer au détriment de la disponibilité des fonctions de sûreté.
Aussi procède-t-on à un examen systématique pour montrer que la conception des systèmes ainsi adoptée
amène un niveau général de sûreté satisfaisant. Divers exemples sont donnés pour justifier une concep
tion de sûreté en deux trains. L’analyse de la perte des systèmes redondants est présentée. Les

205

206

VIGNON et al.

développements de la sûreté en exploitation sont rappelés: ils concernent la formation du personnel, le
retour d’expérience d ’exploitation et la mise en place des procédures par état. En sus de cet effort de
simplification et de cohérence, une attention particulière a été apportée à la prise en compte des accidents
graves avec fusion du cœur et on montre comment la définition des plans d ’urgence est compatible avec
les accidents graves à considérer. Les perspectives d ’évolution esquissées insistent sur la base solide
que constitue la présente philosophie de la sûreté. Cette base est le point de départ de toute évolution
future, qui pourrait éventuellement inclure la prise en compte des accidents graves dans la conception,
ou la recherche de conceptions moins sensibles aux situations de deuxième et troisième catégories, et
qui doit se faire sur la base d’un consensus international.

1.

INTRODUCTION

Dans une première partie, nous allons voir que le souci de simplicité dans la
conception des réacteurs à eau sous pression (REP) a toujours été présent à l’esprit
des concepteurs de centrales en France et tend à s’imposer comme un critère de base
dans les réflexions pour les futures tranches. Cette démarche a facilité la mise en
œuvre d ’une approche originale de sûreté dont les points essentiels sont exposés en
deuxième partie, et les retombées sur les exigences de conception des matériels
figurent dans la troisième partie.

2.

LE SOUCI DE SIMPLICITE DANS LA CONCEPTION

2.1. Principe de base
La simplicité dans la conception des systèmes a toujours été l’un des soucis
majeurs des concepteurs de centrales en France, en particulier pour les systèmes de
sûreté. Ceci est en effet un gage de fiabilité puisque la diminution du nombre de
composants qui en résulte, et en particulier d ’organes actifs, permet de réduire les
risques de panne ainsi que d’erreur humaine lors des interventions pour maintenance
ou pour mise en configuration de circuits (lignages).
Cette recherche de simplicité se retrouve également dans la prise en compte de
la conduite lors de la conception, par le choix d ’un degré d’automatisation et d ’une
interface homme-machine adaptée.
A l’heure actuelle où des réflexions sont en cours pour la définition des tranches
futures, l’application de manière encore plus systématique du principe de simplifica
tion a été retenue par Electricité de France (EDF).
2.2. Mise en œuvre
La mise en application du principe de simplicité des systèmes présenté ci-avant
a été effectuée en France pour les systèmes de sûreté des centrales existantes (paliers
1300 et 1400 MW en particulier) par:
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— le respect strict de la séparation des fonctions: un système, ou une partie de sys
tème, ne doit pas être conçu pour plusieurs fonctions compte tenu de l’augmentation
de risque qui résulte de la complexité associée;
— le choix d ’un niveau de redondance adapté: l’adoption d ’une redondance
d’ordre deux pour chaque système de sûreté a permis d ’obtenir une conception simple
qui facilite en outre la mise en œuvre d ’une stricte séparation physique et géogra
phique entre trains.
Un exemple particulièrement évocateur est celui de l’évacuation de la puissance
résiduelle du cœur du réacteur. Le refroidissement à l’arrêt du réacteur est assuré par
un système (RRA) dédié uniquement à cette fonction, un deuxième système (EAS:
aspersion de l’enceinte) étant dédié à la réfrigération de l ’enceinte de confinement et
un troisième (RIS) à l ’injection de sécurité du cœur. Cette stricte séparation des fonc
tions a permis:
— d’installer le circuit de réfrigération à l’arrêt dans l’enceinte de confinement et
donc d’en simplifier la conception en assurant au mieux la sûreté et le confinement
des produits radioactifs pendant les périodes d ’arrêt;
— d ’installer hors de l’enceinte de confinement les organes actifs des circuits d’in
jection de sécurité et d’aspersion de l’enceinte permettant des interventions de main
tenance sur ces systèmes à long terme après un accident;
— d’avoir en permanence, et dans tous les états de la tranche, des circuits de sau
vegarde disposés dans leur configuration d’intervention en cas d’occurrence d’une
situation accidentelle (ceci limite au maximum le nombre d’organes actifs à
manœuvrer pour assurer la fonction de sauvegarde).
On notera en outre que la simplification de la conduite accidentelle a été obtenue
par l ’automatisation du passage en recirculation des systèmes d ’aspersion de l’en
ceinte (EAS) et d’injection de sécurité du cœur (RIS).
D ’autres systèmes ont fait l’objet d ’une remise en cause globale:
a) Les circuits de traitem ent d ’effluents: Le procédé de traitement des effluents
primaires a été notablement simplifié: regroupement des fonctions évaporation et
dégazage, suppression des stockages intermédiaires, d ’où un gain d ’investissement
sur le circuit et le bâtiment et de bons espoirs que la fiabilité soit augmentée. Les
autres circuits de traitement d ’effluents n’ont pas subi d ’évolution notable.
b) Les ventilations des bâtiments nucléaires étaient jusqu’ici basées sur l’existence
d ’un réseau de soufflage et d’un réseau d ’extraction alimentant tous les locaux. L’îlot
nucléaire N4 est ventilé par transfert. On ne maintient une extraction que dans les
locaux présentant un risque de contamination élevé et un soufflage que dans les zones
d ’accès courant. Cette disposition supprime une partie notable des réseaux de ventila
tion et diminue donc les coûts d’investissement et d’exploitation tout en améliorant
la fiabilité.
Pour les tranches futures une réflexion est en court en vue d ’une augmentation
de l’automatisation de la conduite et de l’aide à l’opérateur.
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SIMPLICITE ET SURETE DES INSTALLATIONS

Il a cependant été jugé nécessaire de s’assurer que la conception simple adoptée
ne présentait pas une fiabilité inférieure à des systèmes dont la conception fait appel
à un plus grand nombre de matériels. C ’est pourquoi nous nous sommes tout
particulièrement assurés que:
— la disponibilité des systèmes reste acceptable dans la conception à deux trains,
y compris dans les situations de maintenance;
— les risques de défaillance totale de chaque système de sûreté redondant sont
suffisamment faibles pour être acceptables;
— les problèmes d ’exploitation sont correctement pris en compte dès la concep
tion, en particulier au niveau de la conduite en situation accidentelle.

3.1. Disponibilité des systèmes
3.1.1.

Principes de conception

La conception de base des systèmes est effectuée de manière déterministe et se
fonde essentiellement sur l’application du critère de défaillance unique qui est défini
en France par la règle fondamentale de sûreté n° 1.3.a. En particulier, la maintenance
des systèmes de sûreté est prise en compte en classant ces systèmes en deux familles:
— ceux qui ne peuvent être entretenus que pendant leur période de
fonctionnement,
— et ceux qui peuvent être entretenus en dehors de la période où ils peuvent être
amenés à fonctionner.
Dans le premier cas, on pallie la défaillance de l’autre voie, la première voie
étant en entretien, par l’une des dispositions suivantes:
— augmentation de la redondance des moyens actifs de chaque voie;
— existence et disponibilité d ’une diversification fonctionnelle permettant le
secours de la fonction, le système étant devenu indisponible;
— si la durée de l’entretien est suffisamment brève pour ne pas diminuer de façon
significative le niveau de sûreté de l ’installation, aucune mesure complémentaire
n’est prise.
Le dernier cas vise essentiellement les systèmes de sauvegarde et, notamment,
le système d’alimentation de secours des générateurs de vapeur pour lesquels on ne
cumule pas de défaillance unique à l’entretien, car ils peuvent être entretenus pendant
les périodes d ’arrêt à froid cuve ouverte.
3.1.2.

Vérification de la conception

La validité de cette démarche a été confirmée grâce à l’apport important
constitué par les études probabilistes en tant qu’aide à la conception.
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Compte tenu de la sensibilité des résultats des études probabilistes aux défauts
de mode commun, EDF a réalisé des études de comparaison entre différents types
de schémas de systèmes de sûreté présentant un nivau de redondance plus ou moins
élevé. A titre d’exemple, nous présentons en annexe l’une d ’entre elles relative à la
comparaison de deux systèmes d ’alimentation en eau de secours des générateurs de
vapeur.
Une retombée importante de ces études a été de montrer le poids important des
défaillances de mode commun et l ’intérêt de l’utilisation de la diversification (fonc
tionnelle, géographique, etc.) par rapport à une augmentation de la redondance des
circuits de sauvegarde.
U est donc intéressant à ce niveau de la réflexion de se demander si le coût élevé
investi dans la multiplication des moyens en choisissant d’augmenter le nombre de
matériels actifs est justifié et ne serait pas mieux placé dans d ’autres domaines.
3 .1 .3 .

Spécifications techniques d ’exploitation

De manière à établir des spécifications techniques d’exploitations cohérentes
permettant de faire face aux indisponibilités fortuites ou programmées, il est fait
usage d’études probabilistes. Celles-ci permettent de vérifier que le temps maximum
autorisé pour continuer d ’exploiter une tranche lorsqu’un matériel est indisponible
n’engendre pas un risque supplémentaire significatif du fait de cette indisponibilité.

3.2. Perte totale des systèmes de sûreté
3 .2 .1 .

Position du problèm e

Pour le palier 1300 MW, EDF a étudié la fiabilité des principaux systèmes
importants pour la sûreté. Ces études ont permis d ’apprécier l ’homogénéité de la fia
bilité de ces différents systèmes et de valider leur conception.
Cependant, ces analyses ont mis en évidence, d ’un point de vue essentiellement
qualitatif, des défaillances de cause commune potentielles. Par ailleurs, les probabi
lités de défaillance obtenues, bien que satisfaisantes, ne permettaient pas d ’exclure
totalement la prise en compte dans la conception de la défaillance simultanée de deux
voies redondantes d ’une même fonction.
Le besoin s’est donc fait sentir d ’une démarche complémentaire permettant de
garantir une conception homogène de la sûreté de la tranche. A cette fin, il convient
de vérifier que les séquences accidentelles non envisagées dans le dimensionnement
se situent de manière homogène, en termes de probabilités et de conséquences
radiologiques associées, avec les conditions de fonctionnement de dimensionnement.
De manière pratique, il a été retenu que, pour les séquences étudiées en utilisant
des hypothèses et des données réalistes, et notamment les probabilités réelles de
défaillance des matériels, la probabilité de fusion du cœur devait être inférieure à
10-7 par réacteur et par an.
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C ’est dans ces conditions qu’EDF et les autorités de sûreté ont défini des condi
tions de fonctionnement dites complémentaires décrites sous 4 ci-après. Elles
correspondent essentiellement à des séquences accidentelles mettant en défaut le cri
tère de défaillance unique (perte totale des systèmes de sûreté redondants) pour
lesquelles le respect de l’objectif probabiliste défini ci-avant, et donc le rejet de con
séquences inacceptables dans le domaine du risque résiduel, a été obtenu par la défi
nition de procédures de conduites adaptées et, lorsque nécessaire, par la mise en place
de matériels supplémentaires. Ces procédures, au nombre de quatre, sont les
suivantes:
— H l: perte totale de la source froide;
— H2: perte totale de l’eau alimentaire des générateurs de vapeur;
— H3: perte totale des alimentations électriques;
— H4: secours mutuel des circuits d ’injection de sécurité et d’aspersion de
l’enceinte.
Elles sont mises en œuvre sur l ’ensemble des tranches à eau sous pression
françaises.
En outre, bien que ne faisant pas l ’objet d’une procédure, des dispositions ont
été prises en ce qui concerne certains transitoires sans arrêt d’urgence (ATWS).

3.3. Optimisation de la conduite
Un effort tout particulier a été fourni en France pour optimiser la mise en œuvre
des systèmes de sûreté, conçus tels que décrits ci-avant, dans le cadre de la conduite
post-accidentelle. En effet, fidèle à une démarche qui consiste à privilégier la préven
tion avant la mise en œuvre, certes nécessaire, de moyens destinés à agir sur les
conséquences d ’un événement, EDF a développé une approche originale de la con
duite post-accidentelle de la tranche permettant une optimisation de la prévention de
la fusion du cœur: «l’approche par état».
La centrale telle que conçue, en tenant compte en particulier des conditions de
fonctionnement de dimensionnement et complémentaires, doit permettre d ’assurer en
toutes circonstances un refroidissement satisfaisant du cœur, et éviter en conséquence
toute fusion du cœur, à condition que les opérateurs soient effectivement en mesure
de comprendre le comportement du réacteur.
Mais l ’expérience montre qu’un accident réel est le résultat d ’une combinaison
d ’événements, peut être pas très graves pris individuellement, auxquels peuvent
s’ajouter des défaillances matérielles ou humaines simultanées ou étagées dans le
temps. Il est donc exclu que des procédures de conduite événementielles puissent
couvrir tous les cas possibles et que, de plus, on puisse totalement exclure une erreur
de diagnostic conduisant au choix de la procédure.
EDF a donc mis au point une procédure dite «Ul» basée sur une approche par
état de refroidissement de la chaudière, et pour laquelle l ’action des opérateurs se
fonde non sur une reconstitution des événements survenus antérieurement, mais sur
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l’identification de l’état physique de la chaudière et l ’inventaire des moyens disponi
bles pour refroidir le cœur. Cette procédure s’appuie sur la mesure de quelques
paramètres physiques représentatifs de ces états de refroidissement, dont l’écart de
température d ’eau chaude vis-à-vis de la température de saturation (marge à l’ébullition) est la plus significative.
La généralisation de «l’approche par état» est actuellement en cours de
développement et consiste en la suppression des procédures accidentelles de type
événementiel et leur remplacement par un jeu de procédures «par état» permettant une
conduite post-accidentelle adaptée à l’état réel du réacteur. Les nouvelles procédures
seront opérationnelles dès la mise en service des premières tranches du
palier N4.
La mise en œuvre de ce nouveau mode de conduite montre à l’évidence que,
compte tenu de la diversité des moyens prévus à la conception pour refroidir le cœur
et de leur gestion optimale grâce à l’approche par état, un accident de fusion du cœur
n’est pas dans le domaine du «plausible». Au-delà, on tombe dans le domaine des
accidents sévères hypothétiques qui sort du cadre de cette présentation.
On notera enfin que ces procédures sont rédigées en tenant compte de la
présence dans chaque centrale d ’un ingénieur de sécurité et radioprotection (ISR).
Cet ingénieur, appelé en salle de commande dès l’occurrence d’un arrêt d ’urgence
ou d ’une injection de sécurité, est chargé de prendre la responsabilité des installations
en situation incidentelle ou accidentelle ou pour tout événement non couvert par les
procédures. Il reçoit à cet effet une formation spécifique de longue durée. Il effectue
une surveillance et un diagnostic permanent lors de toute situation accidentelle.
L ’ISR, le chef de quart et son équipe sont tenus au strict respect de la répartition
des tâches définies dans les procédures, ce qui garantie l’indépendance indispensable
dans l’analyse des événements.
Une «redondance humaine» est ainsi assurée au niveau de la conduite
post-accidentelle.

4.

EVOLUTION DES REGLES DE CONCEPTION DES MATERIELS

4.1. Introduction
Nous venons de voir comment le souci de simplicité de la conception a été pris
en compte et l ’approche qui a été définie dans ce contexte permet d ’obtenir un bon
niveau de sûreté des installations dans leur ensemble. Nous allons maintenant
examiner comment les règles de conception des matériels ont évolué en France pour
être cohérentes avec cette approche, par le biais des règles de classement de sûreté
des matériels.
L ’objectif recherché lors de l’établissement d’un classement de sûreté est d ’ob
tenir une assurance suffisante quant à l ’aptitude et la disponibilité des systèmes et
matériels ayant à jouer un rôle dans la sûreté des réacteurs nucléaires.
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La répartition v é s équipements dans un certain nombre de classes, auxquelles
sont associées des exigences de conception, de réalisation et d’exploitation dont la
sévérité varie selon la fonction de sûreté à accomplir, doit permettre d ’assurer une
qualité adaptée à l ’importance des équipements pour la sûreté.
Nous avons vu précédemment que l’évolution de l’approche de sûreté a notam
ment conduit à prendre en compte des conditions de fonctionnement complémen
taires, ce qui s’est traduit par la mise en œuvre de matériels et de procédures
complémentaires permettant de réduire la probabilité de fusion du cœur, pour cha
cune de ces situations, à une valeur acceptable.
Cette démarche a conduit à définir des règles de conception pour des matériels
qui, jusqu’à présent, n’étaient pas nécessaires à la démonstration de la sûreté des
réacteurs. C’est ainsi qu’ont été définies de nouvelles classes d ’équipements adaptées
à ces nouvelles exigences.

4.2. Nouvelles règles de classement
L ’idée principale qui a prévalu lors de l’élaboration de ces règles de classement
a été l’obtention d ’une qualité des équipements particulièrement adaptée à leur fonc
tion. De manière à simplifier l ’exposé, nous n’examinerons que le cas des matériels
mécaniques pour lesquels on peut distinguer trois grandes catégories:
1) Les matériels nécessaires à la démonstration déterministe de base du respect des
objectifs fondamentaux de la sûreté, pour chaque incident ou accident de la liste
réglementaire des «conditions de fonctionnement de dimensionnement», sont classi
quement répartis en quatre classes de sû re té A chacune de ces classes de sûreté sont
associées des exigences enveloppes, notamment en matière d’exigences fonction
nelles et de qualification aux conditions de service et aux séismes.
2) Les équipements qui sont nécessaires à la démonstration du respect des objectifs
fondamentaux de la sûreté uniquement au titre des «conditions de fonctionnement
complémentaires» telles que définies sous 3.2 font l’objet d ’un classement particulier.
Les exigences associées sont définies cas par cas et de manière réaliste compte tenu
de l’analyse détaillée de leur fonctionnement dans toutes les procédures de conduite
où ils sont jugés indispensables et de la démonstration probabiliste associée.
3) Les autres équipements dont le mauvais fonctionnement peut avoir des consé
quences sur la sûreté ou dont le bon fonctionnement peut être nécessaire à long terme
pour assurer la sûreté de la tranche sont dits, «importants pour la sûreté — non classés»
(IPS-NC) et font l ’objet d ’exigences (règles de conception, essais périodiques, assu
rance de la qualité) permettant de garantir une qualité adaptée.
En conclusion, on notera donc le souci que nous avons d’effectuer une bonne
gradation des exigences en fonction de l ’importance du matériel pour la sûreté et
d ’éviter d ’avoir une cassure complète entre la conception des matériels classés et non
classés. Ceci permet d’obtenir une qualité des matériels particulièrement adaptée à
leur fonction.
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CONCLUSION

La simplicité de la conception des systèmes de sûreté complétée par la mise en
œuvre d’une approche originale de la sûreté a permis l’obtention d ’un haut niveau
de sûreté pour les centrales françaises. Des interrogations apparaissent tant en France
qu’à l’étranger sur l’opportunité d ’aller vers des systèmes plus passifs. Cette voie
nous semble peu satisfaisante car elle peut déboucher sur des systèmes beaucoup plus
complexes dont les gains vis-à-vis de la fiabilité ne semblent pas évidents, si même
ils existent. Une voie qui nous semble plus intéressante est la recherche d ’une concep
tion plus tolérante de la chaudière et des systèmes associés. On peut citer par exemple
rabaissement de la puissance linéique du combustible ou l’augmentation de la pres
sion de tarage des soupapes de générateur de vapeur à une valeur nettement
supérieure à la pression de fonctionnement des vannes de décharge à l’atmosphère,
de manière à éviter le fonctionnement en eau de ces soupapes dans les situations de
rupture de tubes de générateurs de vapeur. Il s’agit là d ’axes d’études possibles pour
améliorer encore le niveau de sûreté de nos centrales, notre opinion étant qu’il n’y
a pas lieu pour les réacteurs futurs de revoir fondamentalement l’approche de sûreté
française, mais qu’il faudrait plutôt évaluer le besoin d ’en systématiser l’application
en élargissant le domaine des situations accidentelles prises en compte à la
conception.

Annexe
COMPARAISON DE DEUX SCHEMAS D’ALIMENTATION
EN EAU DE SECOURS DES GENERATEURS DE VAPEUR

1.

Présentation de l’étude

Cette étude avait pour but de comparer un schéma d’alimentation en eau de
secours de 4 X 100% (schéma A) à un schéma de 8 X 50% (schéma B).
— Schéma A (fig. 1): les quatre pompes permettant d ’assurer quatre fois le débit
nécessaire en cas de perte du poste d’eau sont en fait deux turbopompes et deux
motopompes; l’entraînement des pompes est diversifié.
. — Schéma B (fig. 2): les huit pompes sont associées à deux systèmes séparés
(B,: 4 x 50% et B2: 4 x 50%).
Trois hypothèses ont été retenues sur ces systèmes:
a) Conception totalement diversifiée:
— schéma A: aucun défaut de cause commune entre motopompes et turbopompes,
mais défaut de cause commune d ’ordre 2 (entre les deux motopompes et entre les
deux turbopompes);
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FIG. 1. Alimentation en eau de secours: schéma A.

— schéma B: aucun défaut de cause commune entre les deux systèmes 4 x 50%,
mais des défauts de cause commune d ’ordre 4 dans chaque système.
b) Conception partiellement diversifiée:
— schéma A: défaut de cause commune entre motopompe et une turbopompe car les
pompes sont les mêmes;
— schéma B: défaut de cause commune entre B! et B2, d ’où la prise en compte de
modes communs d ’ordre 7.
c)
Conception non diversifiée
— schéma A: défaut de cause commune entre motopompes et turbopompes comme
entre motopompes;
— schéma B: défaut de cause commune entre B] et B2.

2.

Résultats

L ’étude de fiabilité a été réalisée pour une mission d ’une quinzaine d’heures et
a donné les résultats figurant au tableau I.

215

IAEA-CN-48/20

D ébit d'eau de secours: 8 X 50%

FIG. 2. Alimentation en eau de secours: schéma B.

TABLEAU I. FIABILITE DES SCHEMAS A ET B D’ALIMENTATION
EN EAU DE SECOURS
Probabilité d’échec de la mission
Hypothèses
Schéma A
Conception totalement diversifiée
Conception partiellement diversifiée
Conception non diversifiée

1,4 x HT7

Schéma G
2,5 à 8 x 1(Г8

9 x 10-6

5 x 10-6

4,2 x 10'5

2,4 x 10'5
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En comparant ces résultats, on peut en conclure que, compte tenu des incerti
tudes, il n’y a pas de différences significatives entre les deux schémas, à degré de
diversification égal.

3.

Conclusion

Cette étude, de même que d’autres études effectuées sur ce sujet, permet
d ’avancer les conclusions suivantes:
— les défaillances de mode commun ont un poids prépondérant dans la défiabilité
des systèmes;
— la multiplication du nombre de matériels actifs n’améliore pas la fiabilité du sys
tème auquel ils appartiennent de façon significative, compte tenu du poids prépon
dérant des défaillances de mode commun; en effet, les résultats de cette étude
permettent de vérifier que le schéma B (4 trains) a, au mieux, une fiabilité 4 fois
meilleure que le schéma A (2 trains), ce qui n’est pas significatif en matière de
fiabilité (facteur 4 à comparer au facteur 500 de la sensibilité des résultats aux
hypothèses);
— la diversification des systèmes est un des facteurs fondamentaux pour atteindre
un haut niveau de fiabilité;
— la sensibilité des résultats aux hypothèses de base est très grande.
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Abstract
SAFETY IMPROVEMENTS IN DESIGN AND OPERATION FOR CANDU NUCLEAR POWER
PLANTS.
Safety related design features embodied in CANDU nuclear power plants have evolved progres
sively since the construction of the first prototype unit in the 1950s. They have their origins in the les
sons learned from the NRX research reactor accident in 1952. Canadian regulatory requirements
together with operational policies and procedures have evolved in step with these improved design fea
tures. The paper discusses the basic directions which this evolutionary process is now taking or is
expected to take over the next several years. Before proceeding with this discussion, the basic Canadian
safety requirements are firstly summarized. This provides the reader with background regarding the
basic requirements underlying these evolutionary directions. The first improvement area discussed is
the increasingly comprehensive use of probabilistic analysis techniques as a powerful tool for the assess
ment of design adequacy and in providing plant operators with a more detailed insight into expected
plant behaviour under possible upset and accident conditions. The paper then describes advanced digital
computer applications in plant safety systems. These applications are being implemented in a progres
sive carefully planned manner to ensure that essential safety system reliability is not compromised. Sig
nificant benefits are anticipated in improved operability and avoidance of spurious safety system
actuation. The next section of the paper describes general improvements in the ‘man-machine interface’.
These are evolutionary in nature and build on the extensive experience gained in the application of on
line closed-loop computer control to CANDU reactors. A programme to reduce plant complexity is next
discussed. The objective is to reverse past trends towards increasing complexity which have adversely
affected plant operability. The final section briefly discusses the future role of safety related R and D
programmes in the achievement of improved designs.

1.

INTRODUCTION

Safety related design features embodied in CANDU NPPs have evolved
progressively since the construction of the first prototype unit in the 1950s. They had
their origins in the lessons learned from the NRX research reactor accident in 1952.
217
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In parallel, and stemming from the same early experience, Canadian operational poli
cies and procedures have evolved in step with these improved design features. Also,
and once again in parallel, Canadian regulatory requirements have progressively
evolved. These three evolutionary streams have been maintained closely in step
through effective interaction between the designers, the operators, and the regulators.
The direction of this overall evolution has been shaped by several domestic and inter
national factors, notably, operating experience, research and development
programmes, safety analysis programmes, and the developing world consensus
regarding appropriate nuclear safety standards and practices.
The Canadian approach to safety has, since the outset of the CANDU
programme involved the concept of defence in depth. In this respect, the approach
parallels that adopted in most other nuclear power programmes throughout the world.
It differs somewhat, however, in the degree to which complete separation is main
tained between the reactor control system and those systems dedicated solely to the
safety shutdown function. As in the case of the Chernobyl accident in 1986, the 1952
NRX accident involved a loss of reactor power control, coupled with a failure of the
reactor safety shutdown provisions, which led to an overpower transient and serious
damage to the reactor core. This, in turn, led to a significant radioactivity release to
the environment because this early reactor was not provided with a containment
system — typical of most reactors at the time. A key element leading to the accident
was a lack of separation between the reactor control system and the safety shutdown
provisions. This design weakness coupled with operator errors and equipment mal
functions proved fatal to the health of the reactor core but, fortunately, not to the
health of the operators or the general public.
In the following sections of this paper, we firstly summarize certain key require
ments of the Canadian approach to reactor safety which will influence future develop
ments. The paper then discusses, in some detail, evolutionary directions we are now
following or are likely to follow in the future in further enhancing the safety of
CANDU.

2.

BASIC CANADIAN SAFETY REQUIREMENTS

The Canadian approach to reactor safety embodies certain key requirements
which will have a major influence in determining ongoing developmental approaches.
These include:
(i) All plant systems are divided into two categories viz., those required for all nor
mal operations including expected plant upsets (termed the process systems) and
those required to mitigate serious accidents (termed the special safety systems).
(ii) The special safety systems must be independent from the process systems to the
maximum degree practicable. For example, the safety shutdown systems (two
such systems as noted in (iii) below) share no components whatsoever with the
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reactor control system, starting from the primary detection elements and
extending through to the final negative reactivity insertion devices.
(iii) Starting with the Bruce A units, all CANDU reactors have been fitted with two
diverse and totally independent safety shutdown systems as part of their comple
ment of special safety systems. Each safety shutdown system must be capable,
acting alone, of adequately coping with any process system failure. Diversity
between the two safety shutdown systems includes basic design configuration,
selection of system components, and physical location of system elements. In
this way, a high level of protection against common mode failure of both sys
tems is ensured. While initially adopted to preclude, on a probability basis,
positive reactivity excursions following major loss of coolant accidents, the
presence of the two safety shutdown systems provides an extremely high level
of protection against a full spectrum of possible accidents.
(iv) All active elements of the special safety systems must be testable at regular
intervals during reactor operation. As a result of this requirement, the systems
employ a ‘two out of three’ voting logic arrangement. This permits full testing
of each of the three channels in turn without overall system actuation.
(v) For licensing purposes, the safety evaluation of CANDU reactors must include
a systematic review of all possible process system failures to demonstrate the
adequacy of the special safety systems. Furthermore, this review must be
extended to include all such process failures combined with assumed failure to
operate of any one of the special safety systems.

3.

SAFETY IMPROVEMENTS

3.1. Probabilistic risk analyses
In common with trends in many other countries, we are now making extensive
use of probabilistic assessment techniques in the safety evaluation of CANDU reac
tors. This trend will continue. Application of these techniques has already proven to
be valuable in improving the systematic review of CANDU designs as called for in
requirement (v) noted above. The rigorous approach demanded in the application of
these techniques has identified a number of potential design weaknesses not previ
ously identified through the application of established deterministic design rules.
Furthermore, the results of these analyses have proven to be of significant benefit in
assessing and improving the adequacy of operating procedures, particularly with
respect to the handling of certain potential plant emergencies and accidents where
proper operator action would play an important mitigating role.
In Canada, at the present time, the application of these techniques to a fully
comprehensive probabilistic risk assessment (PRA) is still in the developmental phase
as is the possible establishment of a quantitative ‘safety goal’. While we have some
reservations regarding the uncertainties associated with absolute numbers generated
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from PRA studies, we do believe that the approach is useful in the relative sense of
comparing design alternatives and in identifying areas which may be major risk con
tributors. We also believe that the establishment of a quantitative safety goal could,
in time, lead to more rationally based detailed safety requirements governing both
design and operation of nuclear power plants. In Canada, the timing of the establish
ment of a quantitative safety goal is likely to be determined primarily by political
rather than technical processes.
Our current state of progress towards these objectives is exemplified by the
approach being taken in the licensing for operation of Ontario Hydro’s four unit
Darlington Generating Station which is currently under construction.
The study known as the Darlington Probabilistic Safety Evaluation (DPSE) was
initiated with the following principal objectives:
(a)
(b)
(c)

(d)

To provide a thorough safety design verification of the Darlington station;
To identify those initiating events and accident sequences that dominate public
safety and economic risk to the utility;
To provide a comprehensive and realistic information base for the preparation
of commissioning and operating procedures and for the training of personnel in
handling accident situations;
To provide those system reliability and event sequence assessments required as
part of the licensing process.

The study has employed methods which represent, and in some ways advance,
contemporary risk assessment technology, especially with respect to fault tree analy
sis and integration. System modelling has been exceptionally detailed and compre
hensive, and methods o f identifying and quantifying human interactions were
developed.

TABLE I. CHARACTERISTICS OF DESIGN PROBLEMS
IDENTIFIED BY THE DPSE STUDY

Number of design problems identified
(and changes made)

98

Functional breakdown of problems:

(%)
— Involves
— Involves
— Involves
— Involves
— Others

process control
process or equipment arrangement
equipment design
power supply allocation

74
12

4

6
4

IAEA-CN-48/64

221

TABLE II. OPERATOR RESPONSE GUIDELINES

Forced shutdown
Steam generator pressure decreasing
Reactor coolant pressure decreasing
Loss of reactor coolant inventory
Loss of reactor coolant inventory with emergency coolant injection
Steam generator level decreasing
Steam generator tube failure
Fuel channel flow reduction
Loss of unit normal service power
Loss of unit instrument air
Loss of service water system
Moderator system failures
Failures while on shutdown cooling

The consequence analysis covered a wide range of core damage scenarios, and
radiation dose to the public, both collectively and individually, was calculated as a
means of estimating the potential for public health effects. A method of estimating
on-site costs ensuing from such accidents was developed, and the results of this eco
nomic assessment show that the cost of replacement power dominates the on-site eco
nomic consequences.
One measure of the effectiveness of the detailed design review is the number
of design problems that have been uncovered. This indicates that the process followed
provided insights not yet available at the stage of the design when the problem was
identified. A characterization of the design changes that resulted from the DPSE
study is shown in Table I.
Another important objective of the DPSE study was to provide a comprehensive
information base to assist the preparation of commissioning and operating proce
dures. The DPSE final report will provide such a comprehensive information base
but, in addition, a document called ‘Operator Response Guidelines’ (ORGs) was also
prepared to assist in the preparation of the station’s Abnormal Incidents Manual. The
ORGs consisted of thirteen guidelines covering the topics listed in Table II.
Each guideline consists of a set of general objectives, relevant diagnostic infor
mation, detailed procedural flowcharts and a set of supplementary notes which pro
vide background information. The preparation of the ORGs also provided a detailed
review of the design-operator interface and led to several design improvements.
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3.2. Safety system design an d operation

While the use of digital computers for the closed loop control of many CANDU
process systems, including the reactor itself, has been our practice for many years,
their application to the special safety systems has only commenced with recent
designs. This introduction is being done in a carefully staged manner in the interests
of conservatism. Furthermore, requirements (i), (ii), (iii), and (iv), as discussed in
Section 2, are being fully satisfied at each stage of the evolution.
An early application of digital computers for safety systems involved the use of
small dedicated microprocessors for automatic trip setpoint conditioning in each of
the two reactor shutdown systems for the CANDU-600 units. This application has
proven to be very successful.
The trend to computerization of safety systems continued with the development
of the safety system monitoring computers (SSMCs) at Ontario Hydro’s four unit
Bruce A and В stations. The SSMCs was designed to increase the availability of the
safety systems by providing the operator with a convenient means of monitoring the
state of the safety systems and providing prompt indication of instrumentation
problems. By minimizing the elapsed time between the occurrence and detection of
an instrument failure, the SSMCs improve the availability of the special safety
systems.
The monitored safety systems at the Bruce A and В stations include both shut
down systems (SDS-1 and SDS-2), and the emergency coolant injection system
(ECI). For each reactor unit, the system consists of a monitoring computer optically
linked to nine intelligent multiplexers, one for each channel of each monitored safety
system. The computer CRT display, printer and control keyboard are located in the
control room adjacent to the operators desk.
Operating experience with the SSMCs indicate that they are extremely useful
in assisting the operator in performing the routine safety system tests necessary for
demonstrating acceptable safety system availability.
At Ontario Hydro’s Darlington station further advances in the development of
computerized safety systems are expected to yield significant advantages in terms of
the human factors contribution to safety:
— Incorporation of fully computerized shutdown systems.
— Adoption of microprocessor based digital programmable controllers to replace
relay logic hardware.
— Increased use of computer generated menu driven cathode ray tube (CRT) dis
plays to provide flow paths, component status, actual parameter values, trend
ing of critical values, etc.
Each reactor shutdown system employs seven independent dedicated com
puters. Three of these are channelized trip computers; another three are channelized
display/test computers; and the last is a single monitor computer for each shutdown
system.
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To ensure that the computerized shutdown systems will meet all functional
requirements, an extensive programme of verification/validation activities has been
undertaken. To ensure an objective process, the validation team members are selected
from individuals not involved with the software design and programming team. Vali
dation at the final level is carried out utilizing a separate microcomputer system
which treats the trip computers as a ‘black box’. This validation computer transmits
test signals to the trip computers, receives corresponding response signals, and com
pares them with expected results to determine a pass or failure for each test. During
this process, all trip computer software is adequately exercised such that no untested
codes reside in the software.
Building on the monitoring concepts introduced at Bruce and discussed earlier,
the Darlington design has taken the next step in the evolution of a computerized
‘operator companion’. In addition to computer driven displays and monitoring, the
design includes computer aided semi-automatic testing of the shutdown systems and
computer aided recalibration of the flux detectors. The procedure for executing these
functions resides in both of the shutdown system monitor computers.
Other benefits expected from the use of the trip computers are in the areas of:
— Increased flexibility, with easily incorporated power dependent setpoints and
more complex conditioning schemes. Late design changes should also be easily
incorporated.
— Increased high neutron power margin to trip, because of improved flux detector
calibration and compensation.
Turning to the adoption of microprocessor based digital programmable con
trollers to replace relay logic hardware, these special units have been developed by
Ontario Hydro. While these programmable controllers serve mainly as a relay logic
replacement, their digital processing capabilities are further utilized to provide far
greater information processing capabilities, with relatively simple changes to the soft
ware. For example, by incorporating them into a separate ECI test circuit at
Darlington, the operator is able to manipulate an extensive array of ECI related test
valves via keyboard control, as opposed to manual handswitches. The advantages of
this arrangement are very significant in terms of reduced hardware requirements and
reduced demands on the operator.
Introduction of these programmable controllers has paved the way for future
extensions of their capabilities especially in the areas of sequential testing and diag
nostics. For example, it is possible to read digital signals from several components,
process this information logically and then provide the operator with an assessment
of the current situation. From this position the next logical development would be the
provision of advice to the operator on remedial actions as further discussed in the
following section.
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3.3. M an -m achine interface

In addition to those specific aspects of this subject discussed in Section 3.2 with
respect to safety systems design, major evolutionary changes are foreseen in the
general area of what is commonly referred to as the ‘man-machine interface’. Cer
tainly the Three Mile Island and Chernobyl accidents have focused broad interna
tional interest in this subject because of the key role played by operator errors.
In the case of the CANDU system, these changes will be evolutionary rather
than revolutionary because we have already established a well proven basis in the use
of on-line, closed-loop digital computer control of major plant systems, including the
reactor itself. The first such application was in Ontario Hydro’s Pickering A units
which came into service in 1971-1973. Since that time, newer CANDU units have
retained this basic digital computer control approach augmented by progressively
improved CRT based displays of plant system status information. As a result,
CANDU plant operators have already been relieved of many routine ‘hands-on’ con
trol duties and are therefore better able to devote their attention to the auditing of
system status information.
What directions will future developments take? These will be staged as follows:
(i) For the newest CANDU units currently under construction (Ontario Hydro’s
Darlington station), and in addition to specific features discussed in Section 3.2,
further improvements are being made in the display of plant status information
to the operators to assist in the ready assimilation of such information. This
thrust will be continued for subsequent CANDUs such as the new CANDU-300
of Atomic Energy of Canada Limited.
(ii) As a next step, we will be incorporating parameter trend prediction capabilities.
In simple terms, this will provide the operator with foresight as to trends in
developing situations and the time-scale relevant to these trends. In this way,
he will be assisted in the determination of appropriate corrective action.
(iii) Following step (ii), the system will be extended to allow the operator to input
proposed corrective action sequences with the system then analysing and dis
playing the predicted consequences of the proposed corrective actions. This off
line ‘try it and see’ simulation capability will obviously be of great benefit in
avoiding serious operator errors.
(iv) As a next logical step in development, the system will be augmented with sig
nificant ‘artificial intelligence’ capability. This capability will be used to analyse
developing plant situations and then to recommend appropriate corrective
actions to the operator.
(v) As a final step, the system can be closed-looped, i.e. the system will automati
cally implement the appropriate corrective actions with the operator performing
purely an audit role of the operation.
Note that while the foregoing describes the planned programme in terms of dis
crete stages, there will, in practice, be some overlap in work between the stages.
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On first sight, the foregoing approach might appear to be rather radical and
futuristic. We believe that this is not, in fact, the case. The reason for this belief is
that we have already moved to stage (v) in the control of the reactor itself. In the case
of CANDU, reactor startup, power manoeuvring, flux shape control, compensation
for refuelling transients, etc., are all handled within the digital computer control sys
tems. Hence, we are simply moving to extend this methodology across much of the
plant.
We do recognize, however, that this evolution will take a number of years and
much careful design, development and proof testing. Nevertheless, we believe that
this investment will pay rich dividends in reducing the likelihood and possible
adverse consequences of operator errors.

3.4. Plant complexity
As is widely recognized, NPPs have, in general, tended to become increasingly
complex as compared to early commercial plant designs. This trend also applies in
the case of CANDU plants. There are a number of reasons for this, not the least of
which has been the accommodation of cascading regulatory requirements. Too often,
these additional requirements have been met in a ‘patchwork’, add-on manner, often
because they have been imposed while plants have been in the latter stages of design
and/or under construction. Complexity has been an inevitable result.
Given that the rate of promulgation of new licensing requirements appears to
be slowing in the international community, and in Canada, we believe that considera
ble scope for simplification not only exists but can be realized in our new CANDU
designs. This will be aided by progress we are making with the Canadian regulatory
authority the Atomic Energy Control Board in establishing detailed agreements
regarding licensing requirements at the preconstruction licence stage. This simplifi
cation will not only reduce plant capital costs but will, we believe, lead to plants
which are easier to operate and, hence, safer.
From the foregoing comments, it should not be construed that cascading regula
tory requirements have been the sole cause of increasing complexity. In the case of
CANDU, and we believe other reactor systems, complexity has also resulted from
inappropriate design decisions. With the benefit of hindsight and operating
experience, we now need to carefully re-evaluate such design decisions and to evolve
less complex design approaches.
Why is this subject of significance to improved safety? We believe that simplifi
cation can lead directly to improved safety through:
— A reduction in the number of components subject to failure;
— Easing of the burden on plant operators in determining the true nature of upset
and accident situations;
— Facilitation of operator training.
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3.5. The role o f safety R an d D

In common with other reactor systems in many countries, CANDU continues
to be supported by an extensive safety related R and D programme. For the future,
we see this programme being primarily directed to further improving our understand
ing of basic phenomena involved in accident scenarios. We believe that this improved
understanding can lead to a reduction in the level of conservatism in design which
lack of detailed information has, in the past, necessitated. Not only can this lead to
significant plant cost reductions, but it can lead to designs better optimized to deal
with such accidents.
Such R and D programmes include post-LOCA fuel behaviour, fission product
release and transport into containment, thermosiphon cooling with partial coolant
inventories, fuel and fuel channel behaviour in combined LOCA and failure of emer
gency core cooling scenarios, fission product behaviour within containment, and
hydrogen combustion within containment.

4.

CONCLUSIONS

In this paper we have outlined a number of the directions which we foresee
being taken in the ongoing evolution of the CANDU system and which we believe
will enhance the already high level of safety achieved in its design and operation.
These directions build on past experience and on well established Canadian safety
principles and approaches. Recognition of the vitally important role which plant oper
ators ultimately play in achieving a high level of safety has had a major influence in
shaping these directions. We seek to assist the plant operators, not only directly at
the ‘man-machine interface’, but through provision of plants which:
— are inherently simpler to operate
— are more thoroughly understood in terms of their behaviour under normal and
abnormal conditions
— are optimally designed to cater to a wide spectrum of potential upset and acci
dent conditions.
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Abstract
SAFETY APPROACHES IN HAZARDOUS NON-NUCLEAR INDUSTRIES AND THEIR RELA
TION TO NUCLEAR SAFETY.
Several industries present major accident hazards: nuclear, chemical, explosive, natural gas, and
the various forms of transportation of their product and waste. Natural events present similar or greater
potential for disaster. When the sizes and likelihoods of the accidents in question are compared there
is often found to be a large gap between the public perception and political acceptability of the hazards
in question, and their relative real significance or probability. A variety of regulatory agencies have
developed, in the United Kingdom and elsewhere, to control such hazards. These are influenced by
political and public perceptions as much as by rational factors including risk estimates, technological
capabilities and industry characteristics. In the nuclear industry, very large resources are devoted to
safety, and control regimes enter in detail into design and operation of plant. Other industries are more
flexibly controlled. The UK chemical industry uses a variety of techniques including simple hazard
identification, engineering codes and standards, HAZOP, event and fault-tree analysis, consequence or
risk quantification. The multistage safety acceptance procedures used by a few chemical companies are
similar in concept to the stages of the licensing procedure used in the UK for nuclear power stations.
UK regulatory regimes for the nuclear and chemical industry are compared. The advantages and
disadvantages of licensing are discussed. The need for sample inspection is noted. The question of
performance targets is considered. The role of probabilistic safety assessment (PSA) is currently under
scrutiny. PSA is a useful tool, which enables comparisons to be made between levels of safety
achievable by different means or in different situations. It assumes assurance of reasonable standards
of operation and care. It may seem attractive as a basis for regulatory control, but it should be applied
only as an aid to judgement. An example is given of the use by the Health and Safety Executive of
quantitative risk criteria for advice on the siting of buildings near chemical major hazards. The presenta
tion of risk information to the public is discussed. The Health and Safety Commission’s general policy
on access to information is described. The authority of a soundly based and respected national regulatory
body is an essential basis for risk acceptability in modem political conditions. As industries change their
boundaries and electronic processing and new substances spread similar techniques over wide areas, a
more unified approach to safety regulation slowly becomes inevitable. It is important that differences
between types of hazards and industries nonetheless be respected. The growth of public concern with
the consequences of industrial activity is increasingly an international phenomenon. The same process
can create risk to the worker, risk of a major accident involving local populations, and pollution. At
some stage, national agencies controlling these three elements on a unified basis may well emerge.
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Introduction: Perception and Reality

In the UK, road accidents kill about 5000 people a
year, but few cases arouse any more than a purely local
interest and the level of satisfaction as to public
precautions is considerable.
In contrast, a modest
release of radioactivity or even a deviation from normal
operation in a nuclear installation is widely reported,
even though no one is significantly affected. An
explosion in a chemical works killing one or two people
will excite interest, but the annual toll of accidents in
the construction or engineering industries is not much
noticed.
It is not just the size of an accident that
determines public concern. Social scientists have
developed increasingly sophisticated analyses of the
determining factors.
Developing from Chauncey Starr's
basic subdivision into voluntary/involuntary hazard (1),
and Farmer's codification of aversion to large-scale
accidents (2), many other factors have been proposed.
Particularly significant is the 'familiarity/dread'
rating, which seems quite closely correlated to
low-tech/high-tech industries. Another obvious
subdivision is natural/man-made. Nuclear hazards always
fare badly in analyses of perception.
One way of looking at the matter would be to consider
hazards as falling into three categories, viz (a) those
that are controlled by the individual as part of his daily
life; (b) naturally occurring hazards; (c) what we might
call "societally managed risks".
Clearly, either (a) or
(b) might be escalated into (c), as in the case of the
barrier built ten years ago across the Thames which
protects central London from the consequence of freak
tides, but which redistributes the effects so that
downstream areas, formerly safe, would be subject to
inundation.
The redistributive effect is the main characteristic
of the "societally managed risk". There may be
redistribution in three senses; first the risk may be
transferred from one sector of society to another as in
the case of the Thames barrier; second, one risk may be
substituted for another.
(Thus for example, acceptance of
the nuclear risk reduces the possible ecological hazards
from the burning of fossil fuels, or acceptance of the
chemical or radiological risks may substantially increase
life expectancy in very many ways.) And third, risk may
be redistributed through time. Strangely enough, perhaps,
there is often a human preference to accept risk in the
present rather than in the future, or for a future
generation.
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Preference between one form of risk and another is
not to be dismissed as "irrational". There is nothing
illogical, for example, about not wishing to die of
cancer.
Such preferences may indeed depend upon concealed
value - systems, sometimes of a religious or
quasi-religious kind. After all there are those who
believe that it is wrong to intervene in physical illness.
Some of the evidence presented to the Sizewell Inquiry in
the UK seemed to depend on a view that any form of
man-made interference with biological tissue, through
radiation, was in itself wrong even though no harm might
be discernible.
For these reasons, the societally managed risks
represent a deeply political problem, involving in
particular the transfer of risks and benefits from one
social group to another, and politically managed
interference with individual value - and ethical systems. As with other political questions, it can only
be resolved through the political organs of the state; and
it carries the difficulty that the contestants often
become more concerned to achieve a particular result than
with the factual basis of the issues. Intervening in such
a maelstrom, even the traditional authority of science
risks serious damage to itself, and sometimes justly so
when scientists fail to grasp the political or ethical
strands in the debate.
What contribution in these conditions can the expert
make? Is it possible to construct a factual framework for
the political determination? What part can numbers play?
And what is the role of regulatory bodies, national and
international, bearing in mind that these are themselves
functioning parts of the body politic itself? I shall try
to deal with these questions as I go along.
One obvious function for expertise is to ensure that
benefits are as clearly present in the public mind as
risks. The delicacy of this task may be deduced from the
length and complexity of the Sizewell PWR Inquiry or the
Canvey Island Methane Terminal Inquiry in the UK.
It is
essential that the technical and economic facts be
considered in full, with due acknowledgement of
uncertainty, but the final decision will and must be
political.
The fact of political significance applies more or
less to all large-scale hazards. Recent examples include
asbestos, and cast-iron gas mains. Of course, less
exciting hazards also require control in a civilised
society and considerable resources are devoted to them.
However, standard setting for the low-key hazards may be
achieved without undue controversy by negotiation between
the parties concerned, namely employers, employees and
regulators.
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I go on to discuss the ways in which certain
large-scale hazards are regulated in the UK. There are
substantial differences between control regimes. Many
types of hazard are controlled by the Health and Safety
Executive, but for historical reasons some are dealt with
by other bodies. I shall refer frequently to "major
hazards", using this term to mean any man-made hazard
which has the potential to cause large-scale injury and
loss of life from a single brief event, including the
public as well as the workforce.

Regulation of Major Hazards
The major hazards may include a wide variety of
cases: nuclear installations, large chemical works, bulk
storage and handling of fuel gases or liquids, explosives
installations, hazardous substances in transit, dams,
transport of people (buses, trains, ships, aircraft),
buildings, threatened by fire or collapse, spoil-tips, and
others.
In the UK most of these are regulated under the
Health and Safety at Work Act and subsidiary legislation.
This requires companies to ensure that persons including
the public shall not be exposed to risks to their health
and safety from activities at work, in so far as is
reasonably practicable.
The basis for achieving social and industrial
consensus is the Health and Safety Commission, which
advises Ministers of requirements for legislation, and
then oversees its implementation. The Commission contains
representatives from Industry, Trade Unions and Local
Authorities.
The Commission may appoint Advisory
Committees on particular hazards, with members
representing industry, trade unions and other interested
parties, or acting as independent experts.
Its basic
function is to define in detail the standards of safety to
which industry is expected to operate.
The right arm of the Commission is the Health and
Safety Executive (HSE), which besides advising the
Commission on all matters inspects workplaces and enforces
the legislation, carries out various activities to promote
safety. HSE includes HM Agricultural Inspectorate, HM
Explosives Inspectorate, HM Factory Inspectorate, HM Mines
and Quarries Inspectorate and HM Nuclear Installations
Inspectorate. HSE also has Technical and Research
Divisions, a Medical Division and a medical field force
and Policy Divisions. A diagram of the system is shown in
Figure 1.
The arrangement of a permanent Health and Safety
Commission, independent of Government from day to day,
with independent Advisory Committees, all in close contact
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FIG. 1. Safety regulation: Health and Safety Executive functions.

with a unified Health and Safety Executive, is a
powerful and widely respected system for legitimisation of
the control of major hazards. To pressure-groups in a
hurry, it may of course appear cumbersome, cautious and
part of the establishment.
It may occasionally be
necessary to seek a broader legitimisation, through major
public inquiries such as those for Sizewell В or Canvey
Island. Here, it is usually HSE rather than the
Commission which gives evidence, acting as an expert
advisor on the measures taken to regulate the risks. HSE
may also advise on the actual levels of the risks and
strongly influence their acceptability or otherwise, from
the viewpoint of an independent national body which is
expert in risk assessment.
Nuclear and Chemical Control
Nuclear and chemical hazards are differently
controlled in the UK (and elsewhere), reflecting the
different organisations of the industries and the
development of public and political concern at different
stages in their maturity.
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The nuclear industry consists of a very small number
of sophisticated companies, so that communication in
detail is relatively easy. Also, the public hazard aspect
has been recognised since the earliest days of the
industry.
It is for a combination of these reasons that
it is possible to give consideration to the setting of
safety goals, or overall safety targets, valid for the
industry as a whole.
The chemical industry on the other hand consists of a
much wider spread of company types, and analogous risks
can be created by many whose use of hazardous substances
is ancillary to their main business. A typical example of
the last is a factory which uses LPG in bulk as a fuel„
This means that HSE deal with companies of all levels of
sophistication.
In many cases, the hazardous elements
have developed or grown piecemeal or may only slowly have
been appreciated, so that establishments may be sited near
large populations or with little attempt at proper site
layout. An essential part of control is to utilise the
land-use planning system so as to prevent existing
problems growing or new ones being created; and in giving
advice to planning authorities HSE are increasingly making
estimates not only of hazards, but of risk. That is to
say, we are beginning to move, in our advice and in our
research, from a "consequence-based" to a "risk-based"
system of estimation, enabling planning authorities to
work to closer margins and resulting in the sterilisation
of less land.
Both nuclear and chemical hazards are subject to the
general requirements of the Health and Safety at Work Act.
But in addition, nuclear installations are licensed by the
Nuclear Installations Inspectorate under specific
legislation. The chemical installations are also subject
to a package of specific legislation, including the
implementation of the European Community post-Seveso
Directive on the Control of Industrial Major Accident
Hazards (3), but a deliberate decision has been made not
to impose a licensing regime.
Licensing
The arguments for and against licensing
were explored by the Advisory Committee on Major Hazards,
which was appointed in the UK following the Flixborough
disaster (1974) and much of whose thinking was later
instrumental in the Seveso directive.
In brief, the
Committee pointed out that whereas licensing would
normally require a more rigorous proof of safe operation
from the licensee, it might also dilute his commitment by
seeming to transfer some part of his responsibility to
the regulator.
Certainly licensing brings about a very complex
relationship between the operator and the regulator.

If
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he is to avoid a contingent responsibility as well as a
confusion of function, the regulator must avoid entering
the province of the designer or the operator. He must
state so far as he can the grounds on which he can be
satisfied, and on the whole proceed by indicating
questions, and then his satisfaction or otherwise, rather
than by proposing specific courses of action.
It would be
possible to avoid a kind of "constructive collusion" by
imposing very rigid conditions e.g. of design; but this
in turn could impede technological development even in the
safety field itself.
Such dilemmas are implicit in all forms of safety
regulation, not just of licensing; but the closeness of
the relationship and the complete dependence of the
licensee demands an accuracy of management and a technical
competence on the regulator's part that are in practice
very hard to achieve, particularly if excessive delay and
an unnecessary bidding-up of the safety requirement is to
be avoided.
It raises in acute form the question what
objective standards of cost, tolerable risk, or benefit
can be raised to determine when the licensor should
accept that he is satisfied.
Strangely enough, licensing regimes are often welcome
to operators, since the possession of a licence tends to
exclude competition. There can, too, be an appearance (or
even a reality) of conspiracy between the regulator and
the industry, which may tend to compromise the public
perception of safety itself.
For all these reasons,
licensing is an approach not to be undertaken lightly, and
the licensor is under a special obligation to justify his
standards and his methods to the public, and to maintain
their confidence.
For the very large 'top tier' chemical installations,
the Seveso (CIMAH) Regulations require the manufacturer to
submit a written safety report to HSE. This achieves some
of the objectives of licensing, namely to force the
manufacturer to confront his hazards and to satisfy
himself as to precautions. There is no formal obligation
on HSE to endorse the safety report but it must of course
be scrutinised and this scrutiny may give rise to further
questions or to rectification, inspection and demands for
improvement.
It is not completely clear that such a
process is distinguishable by the public from "approval"
or even from licensing.
Certainly, there is an element of
discomfort for the regulator arising from his partly
undefined involvement or responsibility, and the wide
potential scope of his activity.
Whether there is licensing or not, the employer in
charge of an installation in the UK continues to carry the
full legal responsibility. The extent of the difference
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TABLE 1. CURRENT ALLOCATION OF HSE INSPECTOR RESOURCES
JUNE 1987
Major Hazard

Nuclear (includes
power stations,
fuel production,
reprocessing,
research reactors;
but not routine
emissions)

Chemical (includes
major process
works, LPG bulk
stores, chlorine
for water
treatment,
ammonium nitrate
fertiliser etc) .

Regulation

Licensing

Number
of Sites
27

General
1,626 total
Regulations
(about 200
under HSWA.
large
Advice on
1top-tier1)
siting under
Planning law.

Inspectoryears per
year
105

About 80

(Note: In both cases, HSE Inspection will include some
non-major hazard aspects such as occupational hygiene of
workforce).

between the resources involved in the two types of system
may be seen from table 1 - though there is no doubt that
continuing implementation of the Seveso directive will
result in due course in an augmentation of the resources
devoted to that area.
Approaches to Assessment
In the case of both industries there is a basic
reliance on tried and tested engineering standards of
design. This ensures that individual components, and
relatively basic systems, are likely to be reliable.
However, complex or novel systems and particularly those
with sensitive processes may require more detailed
assessment, following some sort of analysis which
identifies interactions and multiple-cause pathways to
system failure. The nuclear industry has put very large
resources into assessment, including considerable emphasis
on formal logic-tree analysis to back up the engineering
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standards and judgement. The Safety Assessment Principles
of the N11 (4) now under revision are an example of a
systematic statement of the safety requirement for an
installation.
In the chemical industry there is considerable
discrimination at an early stage in assessment to try to
select for detailed attention only the matters which
appear to be most significant . Simplified methods have
been developed to facilitate this selection. This may
arise in part from the chemical engineer's view of systems
as a series of unit operations connected by flows of
material and energy. The mechanical and control
components are there to allow these flows to progress
efficiently and safely. The simplified approaches are
intended to concentrate attention on the most significant
parts of a system, which can then be analysed in more
depth. A particular feature in the chemical industry
approach is the Hazard and Operability Study (HAZOP),
which provides a systematic analysis of the causes and
effects of deviations in flows of materials and energy.
If the effects are substantial, a more detailed analysis
of the cause may be done, including fault-tree or other
formal logic analysis, possibly with quantification of
frequencies and consequences to see whether more effort
needs to be applied (5).
This approach in the chemical industry has
attractions.
It is sufficiently systematic if applied
thoroughly.
However, it is necessary to check that it
covers where appropriate such causes as external impacts,
poor mechanical design, escalation etc. Also, it is often
applied only to parts of the plant which are judged by the
engineers to be significant. Thus it may not be
exhaustive. A checklist is given for chemical plants in
the Second Report of the Advisory Committee on Major
Hazards(6).
For a complex large new project, there may well be a
multi-stage assessment and acceptance procedure.
In UK
nuclear regulation, the stages in the design process
(which may begin with a generic assessment) culminate in a
pre-construction safety assessment and review which
permits the design to be seen by the regulator as a whole
following the safety assessment of its various aspects;
and adjusted if necessary. This requirement follows not
only from common-sense but from the legal requirement that
the overall risks should be reduced to the lowest level
reasonably practicable and from the need to optimize the
whole design from that point of view.
In the chemical industry, large companies may have
their own internal procedure, with HSE inspectors involved
in consultations but not usually in formal approval. A
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NUCLEAR POWER
STATION
(Required by HMNII)

Decision in Principle

MAJOR CHEMICAL PLANT
(Example of Industry Internal Procedures)
Project Stage

Assessment

Exploratory Concepts

Identify hazards
Research hazards
Accept crite ria

Preliminary Econom ic Assessm ent
Pre-Construction
Safety Report

I

D efinition*

Basic fault-tree (to
iden tify control needs).

Design;
Procurement

HAZOP of detailed
P and I

Pre-Commissioning
Safety Report
C om m issioning
Schedule

C onstruction

Check im plem entation
of design.
HAZOP m odifications.
Pre-commissioning
plant inspection.

Consents: Stages of
C om m issioning

Com m issioning

P ost-com m issioning
review

Operation

Record o f safety
Check m o dification s

C onsents: Stages of
C onstruction

I

I
C om m issioning
I

Report

Operation
Approvals:
M o dification s of licence
Biennial
Shut-Down/inspection
Approval: to start up

FIG. 2. Multistage safety review procedures.
* In both cases planning permission is requiredfor the use of thefavoured site, and Health and Safety
Executive (HSE) will be consulted by the Planning Authority. HSE will check the characteristics of
population density around a nuclear site, against basic siting rules. For chemical plants, a risk assess
ment may be required by the Planning Authority acting under the advice of HSE.

comparison is given in Figure 2 of the procedures for a
nuclear power station and large development in a major
chemical company (7). The similarities are close.
However not all large chemical developments are done by
sophisticated companies.
Fortunately, these are usually
the less complex types of plant, even though the risk
potential may be great; so the suppliers may be able to
use fairly standard systems whose analysis requires little
effort and is part of the turnkey contract.
The focus for safety management within the firm is of
course crucial. Usually the legal and operational
requirement rests firmly on the plant manager and his
direct line superiors.
Since the plant manager is also
responsible for production, a tension is set up which must
be resolved in one or a number of ways, which must
certainly include systems for inspection and examination
of critical aspects of operation, and which may also
involve a committee structure including a representative
of a company central safety organisation, independent of
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the production management line below Board level. There
will also usually be Trade Union representation, as well
as engineers and other specialists.
Such systems can however lead to divided
responsibility. The recent audit carried out by the HSE
on the Sellafield plant expressed itself as not entirely
satisfied with the balance between the "authoritative
advisory role" adopted by the safety committees and the
central responsibility of line managers for safety; and
chose to reassert the latter. The report went on to say
that
"Management may tend to react rather than lead and
shelter behind committee opinions and execution of
paper procedures rather than to take clear management
decisions on real problems".
It is not common for the company safety organisation
in the UK chemical industry to appoint its own inspectors
on any formal basis, but there may be arrangements for
periodical safety audits carried out jointly by the
company safety organisation and local plant management.
Also, the local management would be able to seek a review
of a particular aspect on request.
By contrast, the CEGB
and SSEB appoint their own nuclear safety inspectors whose
function mirrors in some respects that of the HSE's
Inspectorates. There is little doubt that in both
industries the role of the safety audit, which is able to
take a comprehensive view of a system, a plant or a
particular function will increase, as a simple consequence
of greater complexity and the consequent inherent threat
of concealed imbalance.
One aspect of this that demands particular attention
is the system for checking plant modification - a subject
which came into particular prominence following the
Flixborough disaster (8).
One of the principal tasks of
the nuclear site safety committee created under all UK
nuclear licenses is to consider the safety implication of
proposed modifications, which are classified according to
their significance.
Those with major safety implications
also require approval by the Nuclear Inspectorate.
Arrangements in chemical installations are not
codified so specifically, and may well differ from company
to company, but an important aspect of HSE inspection of
chemical plant will always be the arrangement for control
of modifications; and the proposed UK regulations for
pressure systems provide for periodic checks by competent
persons at arm's length from the operator, and the
specification by them of future arrangements for
inspection.
For the EC directive on "top tier" chemical
sites, regulations require the statutory written report to
be amended for each major modification.
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Within the chemical industry, there is use of
techniques such as HAZOP which are capable of ensuring
that the upstream and downstream effects of a modification
are thoroughly assessed; and there will be software
consequences where processes are electronically
controlled.
An important development is the growing awareness by
commercial insurance companies of the potential losses
from major hazards. There have been several incidents
which have caused property losses in excess of £100m.
This is leading to consideration of predictive methods for
the probabilities as well as potential consequences of
very large accidents. HSE has for some time been
considering the extent to which insurance and safety
interests coincide, to see whether there is scope for
mutual reinforcement and transfer of assessment
technology. We need to be aware that the prime concern of
insurers is property loss and compensation for injury, and
indeed that an insurer not only has the option to refuse
the risk but if he does not, he may well, under market
pressures, choose to fix the premium in the case of remote
risks on the basis of historical or general judgements.
These considerations presently limit the usefulness of the
insurance market in contributing to the control of risk
and may at some future stage raise important questions for
the regulators of the market, particularly if refusal of
risk gains ground.
Probabilistic Safety Assessment (PSA)
While the application of sound engineering practice
remains the basic defence, there is considerable interest
in the use of formal analysis and quantification of risk
for major hazards. The use of such methods requires care
both in the execution and in the application of the
results. For complex systems, or novel designs, or
low-probability combinations of events, there will be
large uncertainties in the results. The decision-maker
who is used to the close approximations of financial
budgeting, or even the fair approximations of economic
forecasting, will be faced with order-of-magnitude
uncertainties.
HSE regards Probabilistic Safety Assessment
(otherwise known as Quantified Risk Assessment, QRA, in
the Chemical Industry) as a tool to aid decision-making.
Like all tools, it is only useful in particular
circumstances. An important application is to help define
the level of satisfaction and confidence about particular
aspects of a design that may render it unnecessary to
apply further engineering judgement or to undertake
further measures of risk reduction. Used in this way, the
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numbers emerging from PSA can provide a kind of "inner
structure" to the discussion between the regulator and
operator without ever getting to the point where they are
the final determinant; and they may in future help to
structure the public debate about the tolerability of
risks from nuclear or chemical plant.
A further important application of PSA is in
balancing the safety performance of the plant as a
whole, e.g. in providing comparators for the safety
performance of different aspects, and indicating regions
for improvement or for the beneficial "swapping" of risk
margins. This may in principle occur at the
preconstruction safety review stage of a new plant, but
equally in considering the standards of safety of an older
plant.
In the latter case, even though there may be
considerable doubt about margins of redundancy in the
existing design, the structure offered by a PSA can still
help identify areas where greater consistency can be
achieved, and thereby help to optimise the overall safety
performance.
Such a technique is being employed in the UK
in connection with the long-term review of the Magnox
Power Stations.
There are nevertheless some dangers resident in the
use of PSA, resulting from the false sense of precision
conveyed by numbers. There is for example always the
possibility that the "numerate" quality of PSA may attract
other numbers to it, so that for example a facile use of
cost benefit techniques can be based upon it - with a
consequent risk of multiplying error. That is not to
denigrate either PSA or CBA - both are important tools so
long as their limitations are recognised.
A second danger lies in the identity of numbers ; in
fact, a number representing an acceptable risk in one
industry has no necessary significance in the case of
another. There is, as I have pointed out earlier, no
direct correspondence between different kind of hazards or
between the social benefits for which each is a proxy, or
between the way the public may legitimately perceive two
different hazards.
It is not possible or politically
sustainable to "read across" a set of risk criteria from
one industry to another, interesting, and from some points
of view important, as the comparison may be; and great
practical damage could result from an incomplete attempt
to do so.
Finally, PSA represents a temptation to the regulator
which he must resist. He must use the tool, and not allow
the tool to use him. He must not forget the virtues of
redundancy and of conservatism in estimation, the
uncertainty of reliability data, or when all the numbers
have been gathered in, the human factor.
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In the application of PSA to top tier chemical
hazards, HSE guidance suggests that quantification of
residual risk levels may be a convenient way to
demonstrate that safety provisions are adequate; and
certainly, sets of purely qualitative allegations or even
analyses cannot be regarded as a sufficient basis for any
safety case. But quantification requires to be supported
by a thorough discussion of the management system, design,
quality assurance, operation, modification procedures etc
to show that assumptions built into the quantification are
justified.
The regulator needs to check moreover the
quality of operation - which in turn often says something
about the operator's competence to make his claims.
For nuclear installations, HMNII's Safety Assessment
Principles provide for the use of PSA in safety cases.
It
is essential that the plant design follows good
engineering practice, and that the PSA is clearly
competent and conservative. Then the attainment of
criterion safety levels can be accepted as a demonstration
that a particular system is safe enough not to require
further detailed review. The Layfield Report into the
Sizewell PWR enquiry endorsed the basic reliance on sound
engineering with PSA as a useful supporting tool.
Human factors. Recently, following Chernobyl, TMI
and other major incidents, particular attention has been
drawn to the significance of human factors for PSA.
It is
necessary to consider the extent to which any analysis
includes human error and possible recovery, either
explicitly in the logic trees or implicitly in sub-system
or component failure-rates. Both accidental and
deliberate damaging acts might be considered.
There seems
to be useful scope for re-examining the historical records
to see the extent to which evident human error caused
major accidents; and perhaps to categorise examples. The
question is open as to the extent to which human error
itself can be analysed and quantified, or at least its
generic types recognised.
We are exploring these avenues in HSE.
PSA could be
a valuable tool for assessing the consequences of failures
due to human error, and for revealing the sensitivity of a
system to such failures. The correct course may be to use
PSA to assess the residual risk from a plant which is
assumed to be operated in reasonable compliance with
standards and regulation. If then it is shown that the
potential consequences of error are very large, there may
be a need to reduce the extent of the system's dependence
on human action, e.g. through introducing a higher degree
of automation.
A partial assessment may be done to compare two
similar options for a sub-system. Most of the assumptions
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for the assessment of both options will be the same, so
the uncertainties will be similar.
In any case, it is the
relative rather than the absolute results which are of
interest here.
Some of these points are illustrated in the following
example of the use by HSE of quantified risk assessment.
Note that this relates to siting advice, which in some
respects rather a different matter from regulation
measures on-site.
Control of Developments near Major Hazards
In the UK, the policy for the siting of nuclear power
stations relative to nearby populations has always
depended on the type of installation, and then in order to
maintain the characteristics of the site, developments
nearby both industrial and domestic, have been controlled.
HSE also advises land-use planning authorities about the
siting of new chemical major hazards and about development
of land near existing major hazards. We have developed a
basic quantified risk assessment approach specifically
for this last purpose (9). We use best-estimate
assumptions wherever possible, but with a tendency to
conservatism if the basis for best-estimate is very weak.
Overall, the results represent a 'cautious best-estimate1
of the risks from a typical standard of operation of the
particular type of plant.
In using the assessment results, we are developing
criteria which take account of the nature of the approach
and the questions to which it is applied. We take the
view that fairly stringent criteria are reasonable for
the consideration of public safety. Thus criteria for
individual risk might lie near the "trivial" end of the
suggestions of the Royal Society Study Group on Risk
Assessment (10). Our approach to societal risk is still
being considered.
Note that the relatively simple basic approach used
here might be inappropriate for a different problem, for
example the judgement of the safety adequacy of a novel
design for a complex high-hazard plant.
For such a case
it might be necessary to probe very deeply into the
specific safety provisions and interactions. Also, any
criteria might well be different from those mentioned
above.
Public Presentation of Risk Information
Public concern with the consequences of industrial
activity is a public and increasingly an international
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phenomenon.
It is important to realise that the public as
a whole takes a robust view of risk provided that it can
perceive benefits, has confidence in the general systems
applied for its protection, and is addressed in open and
sensitive terms. The British public at least is not
easily moved by comparisons between numbers and by
mathematical formulae, and is on the whole content to
leave such matters to experts provided that they are
visible and seem sensible and that the number of accidents
remain acceptably low.
It is in my view a great mistake
to suppose that the public as a whole can be "educated"
about risk - if they could be, there would not be such
popular support for formula 1 motor racing, or crossing
the Atlantic in hot air balloons or indeed, for making
war.
Nevertheless, the public requires certain forms of
assurance, and it is largely the responsibility of the
safety regulator and of industry (including trades
unions) to supply these.
In the first place, nothing is to be gained by
suggesting publicly that there is no risk attached to
particular forms of activity. Chernobyl, Bhopal and the
Sandoz Rhine incident speak a different message.
In any
case, it is not true. On the contrary, what most of the
public require is to see and hear occasionally from those
who create or protect against risks that they know exist,
as to the protective and emergency measures being
undertaken on their behalf.
The Health and Safety Commission in the UK have
discussed at length what information it is right for
companies to make available, bearing in mind their
reasonable entitlement to keep the precise details of
their processes confidential.
They have produced a policy
document (11). Its main conclusion is that the primary
duty to provide information about particular installations
should lie on industry because of the greater immediacy of
the information it can provide. This approach has been
accepted by the Confederation of British Industry, who
have published guidelines and by the Chemical Industries
Association which has done much to support and encourage
its members to take a positive attitude to the information
of the public.
For its part, HSE has accepted the
obligation to keep public registers of notified chemical
hazards and to provide any information at our disposal to
avert immediate hazard. We have for many years published
statistics on accidents, nuclear incidents etc; and will
in future do so for pesticides incidents. On the whole,
our experience and that of the chemical industry has been
that the publication of information has not produced any
substantial public reaction and has probably done
something to improve confidence.
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The regulatory body must however support the general
activity by rendering itself open to public anxiety about
specific matters, investigating individual complaints,
answering questions¡ publishing reports and being seen to
take action against offenders. There is no doubt that the
volume of questions from individuals is rising.
Last year
our public information service answered more than 50,000
telephone enquiries from the public and distributed nearly
4 million leaflets giving simple answers to the most
frequently asked questions.
There is of course more than
one public. There are specialised publics which require
to be satisfied in greater depth, and which often express
their desire for satisfaction in a highly political way.
It is not easy for a regulator - or indeed an industry to devote sufficient resources to such publics.
One
technique for achieving satisfaction is of course the
public inquiry; and though its recommendations and its
length did not please everyone, the Sizewell Inquiry had
the great merit of offering for public examination every
detail of the argument for and against nuclear power
generation.
One of the recommendations of the Sizewell Inquiry
enjoins the HSE to publish for discussion its views on the
tolerability of risk. The word "tolerability" rather than
the more usual "acceptability" is interesting and without
doubt carefully chosen.
It is intended, no doubt to
elicit answers and a discussion about the outer limits
of acceptable risk, i.e. what is not acceptable; and it is
a word with political and emotive overtones rather than
those of polite discussion among coteries of experts.
The time may be ripe for us to attempt this task, and
indeed we must do so, reducing the arguments so far as
possible to simple terms suitable to public discussion,
and showing how the expert can help by providing a
structure for judgement about matters that are essentially
political. The report of the RSSG (11) provides a useful
starting-point with its three-zone approach for individual
risk (trivial/may be justifiable/must be reduced). The
question of societal risk is harder.
I must conclude by saying a few words about the merit of
an integrated approach to industrial safety regulation,
based on our experience of it in the UK.
As industry advances and grows more complex, as man
becomes divorced from close and continuous contact with
many industrial processes, so it is the process itself,
the substances that feed into it and the
and means that control it that assume centrality.
This
has long been apparent in the nuclear industry - it is now
increasingly so in others. Problems - of noise,
transport, dangerous substances and feedstocks, electronic
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control, the potential effects of fire, are no longer
specialised to particular industries but are found in many
or most, and the increased scale of operation produces
increased consequences for the public. The same process
creates a risk to workers, the risk of an accident
affecting the locality, and a stream of liquid, solid or
gaseous waste; and its control needs to be unified from
all those points of view. That control can only be
asserted, whether by the firm or by the regulator, inside
the plant, where the process itself and the major
concentrations of substances are found. Increasingly too,
and for many reasons, that control must be exerted on
lines agreed internationally.
Who can gain comfort or confidence from the
multiplicity of national and international organisations
now engaged in regulation, standard-making and discussion,
and the constant competition for a corner in what is
clearly a growing business? Our own approach to these
matters in the UK is very far from perfect, and by no
means totally unified; but I believe that it possesses
features that may be of some future interest to those who
have been patient enough to follow the course of my
argument.
Conclusions
The following conclusions are drawn:(a)

The industrial sources of major hazards with
potential to affect the public are increasing in
number, are becoming in some cases international
in scale and are now attracting significant
public attention.

(b) The standards for their regulation are now a
matter of public and international concern and
the questions involved extend not only to the
actual techniques of regulation, but also to
questions of tolerability of risks of different
kinds, and to the integrity and status of the
regulator.
(c)

The issues involved are both highly technical
and intensely political. Only the political
organs of the state are capable of determining
what, and which, risks are tolerable; but the
judgement needs to be so far as possible
rational and therefore technically informed.

(d) It is important that international and national
discussion should not be conducted upon a
presumption that there is an identity about
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risk, such that a single standard can cover all
forms of hazard. Questions of possible
perception and differences between hazards, as
also differences between the benefits achievable
from running particular risks, render such an
approach irrational. Similarly, techniques of
control and of regulation may legitimately
differ from hazard to hazard and industry to
industry.
(e)

Nonetheless standards have to be formed and the
processes of national and international
discussion will and should promote norms and
common approaches.

(f)

One such norm may in future have to concern the
identity, even integrity, of the regulator. A
practical principle which may determine the
future shape of things is that an identical
industrial process is the origin of hazards to
workers, possible major accidents affecting
populations, and streams of waste affecting the
environment more generally.

The point of origin and control is within the
industrial perimeter and must direct itself to the
systems and attitudes of management as well as the
processes employed; within such perimeters, too,
are stored the major concentrations of dangerous
substances in our community.
It will prove
increasingly difficult to deal with these matters
piecemeal ; and this in turn may in future lead to
unified regulatory authorities for industry, perhaps
partly resembling those in place in the UK.
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Abstract
DETERMINISTIC VERSUS PROBABILISTIC BASED SAFETY AND LICENSING DECISIONS
WITH PARTICULAR EMPHASIS ON SEVERE LOW PROBABILITY EVENTS.
The formal licensing process of NPPs has been based, in the nuclear community generally, on
deterministic rules and criteria, related to specific accidents, single failures, diversity and redundancy.
The evolution of the probabilistic safety assessment (PSA) had only a slight impact on the organization
of the licensing process until the accident of Three Mile Island (TMI) when the PSA was understood
only as a supporting tool for the deterministic process without a life of its own. However, the time after
the TMI accident has meant a significant development and progress as concerns the utilization of the
PSA methodology in the licensing and regulation of NPPs. Now after the accident in Chernobyl, several
countries are considering the use of the probabilistic approach as an essential part of the licensing
process. Besides, an extensive international interest is also focused on the question of probabilistic safety
criteria (PSC). Various PSC approaches have been developed and proposed, including objectives or
limits for individual or societal risks, plant level criteria for core melt and performance of safety
functions and systems, as well as principles for using cost-benefit based criteria. Because of the different
national conditions, objectives and opinions, it is foreseen that the time is not yet ripe for establishing
common international standards on PSC. However, in spite of different preferences and approaches to
PSC, it is felt that the extensive interest in safety criteria will serve as a tool to defend the plants against,
or mitigate, the possible severe NPP accidents. In the paper, fundamentals of deterministic analyses and
PSAs are presented, ample references to the national practices are made and an outlook on the near term
applications of probabilistic and deterministic safety assessment is given. The role of the PSA in the
Finnish licensing scheme is described in some detail, because it seems that in many ways the Finnish
practice reflects the applications adopted generally in the whole nuclear community.

1.

INTRODUCTION

An inevitable question in conjunction with safety decision making is ‘How safe
is safe enough?’. This phrase involves the implication that safety is a measurable
quantity. One way to deal with this question is the use of the ‘as low as reasonably
achievable’ (ALARA) principle, which, however, leaves room for different interpre
tations. As long as the deterministic principles were prevailing in decision making,
the question of uncertainty was not a basic problem.
249
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The publication of the Reactor Safety Study (WASH-1400) in 1975, however,
raised a question about the uncertainties involved in decision making. At first, the
criticism was mainly focused on the unreliable estimation methods used in
WASH-1400. The finding of WASH-1400, that beyond design basis accidents are a
major contribution to the risk of NPPs, directed attention to the uncertainty of
decision making itself. It became obvious that the strength of probabilistic safety
analysis (PSA) lies to a great extent in the qualitative insights gained rather than the
quantitative insights.
The accident at Three Mile Island 2 (TMI-2) in 1979 triggered the second exten
sive development of PSA methodology with the result that PSA became a supporting
tool of the licensing and regulation of NPPs in several countries. Later on the evolu
tion of PSA gave rise also to the development of probabilistic safety objectives. The
accident at Chernobyl gave a new incentive to the implementation of PSA. This
accident made the nuclear community understand that evaluation of measures taken
against severe accidents through use of PSA methods will play an important part in
consistent safety decision making.

2.

THE DETERMINISTIC PRINCIPLES IN THE LICENSING AND
REGULATION OF NPPs

2.1. The basic concepts
The basic requirement for the design of an NPP is that safe operation in normal
conditions could be ensured and the plant could cope with all anticipated transient and
postulated accident conditions (probability is 1), provided that the associated safety
systems function at least at the minimum capacity planned.
This entails a defence in depth concept, which means that the prevention of the
release of radioactive substances into the environment is implemented by means of
several independent barriers. The defence in depth concept encompasses the
following requirements:
— Integrity of fuel cladding shall be ensured in all anticipated operational and tran
sient conditions;
— Integrity of the reactor coolant system shall be ensured;
— Adequate cooling of reactor core shall be ensured even in postulated accident
conditions;
— Integrity of the reactor containment shall be maintained even in postulated
accident conditions.
The set of anticipated transients and postulated accidents is chosen in such a way
that the events, as far as possible, represent a great variety of transient and accident
conditions of different severity and nature. Examples of these events are, for
instance, the loss of coolant, loss of off-site power, uncontrolled rod withdrawal or
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drop, transients requiring reactor scram and anticipated transients with scram
(ATWS) events.
The safety systems shall be constructed using high quality design, taking into
account the need for redundancy, need for separation of redundancies and systems,
diversity, fail safe requirements and technical specifications, which define the
frequency of surveillance testing and the limiting conditions for operation.
The number of redundancies is usually based on the single failure criterion, i.e.
no single equipment failure shall cause loss of system function, even though one
redundancy would be under maintenance at the same time.

2.2. Transient and accident analyses
The transient and accident analyses form a significant part of the deterministic
procedure. The purpose of these analyses is to ascertain that the deterministic prin
ciples are correctly applied. In other words, the operation of the plant, the releases
of radioactive substances into the environment and the radiation exposures are studied
for the postulated accident conditions used as the design basis. The analyses are based
on the deterministic assumptions of the failures and the capacity of system functions.
Justification of the feasibility of the design of the systems and safety functions sup
poses that the following matters are ensured:
— Reactor core and its cooling system do not contain such features that enhance
the effects of transients or accidents;
— The safety systems carry out the required functions;
— The automatic actuation of the safety systems takes place in proper conditions
and at the right moment;
— The postulated events cannot result in loads or conditions that probably lead to
additional damages impairing the situation;
— Doses received from releases into the environment are confined by suitable
systems.

2.3. Conservative approach
A characteristic feature of the deterministic process is the abundant safety
margin, which includes the following:
— It is assumed that the safety systems may fail but provide the minimum level
of performance needed;
— Parameters constituting the calculation method are chosen from the worst end
of the uncertainty band (e.g. 95% percentile);
— The shortages of the analysis models are compensated by conservative
assumptions.
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Because of the large safety margins used, the analyses usually do not illustrate
correctly the likely progress and the environmental consequences of the transients
and accidents. If the anticipated transients or postulated accidents can result in the
releases of radioactive substances, the doses received from the releases shall be calcu
lated. Typical of such events to be analysed could be the loss of reactor coolant and
a gradual leak out of the containment, a steam generator tube rupture or a leak in the
steam line outside the containment (BWRs).

2.4. Severe accidents
Recently, much attention has been paid to severe accidents. The deterministic
analysis of these accidents is usually focused on strength and integrity analyses of the
containment and the performance of the containment systems.
The analyses are performed for events that are the worst in regard to the
integrity of the containment. Such events are, for example:
— Station blackout;
— Total loss of feedwater;
— Loss of coolant accidents (LOCAs) without emergency core cooling injection;
— LOCAs without recirculation phase of emergency core cooling.
Events in which the containment isolation fails are seldom treated in conjunction
with these analyses. Due to the deterministic assumptions, the analyses give limited
information on the total risks of the plant operations.
The quantitative evaluation of the total risk of the plant, working out guidance
for transient and emergency situations, plant site evaluation and the planning for
emergency response of the environment, presumes a full scope PSA, the coverage
and methods of which are partly different from those used in the deterministic
analyses.

3.

PROBABILISTIC SAFETY ASSESSMENT (PSA)

3.1. Definitions and scope of PSA [1, 2]
The PSA is a general concept, which means a probabilistic safety analysis in
whatever scope.
Probabilistic risk assessment (PRA) means a full scope probabilistic safety
analysis, involving an assessment of the impact of the releases of radioactive
substances on the environment, property and man.
Depending on the objective of the study, probabilistic safety analyses can be
performed at any stage of the plant life and at any level of scope, ranging from system
level unavailability analyses to full scope PRAs. The definition of PRA is as follows:
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“ PRA is an analysis that identifies and delineates the combinations of
events that, if they occur, will lead to a severe accident (i.e. core melt), esti
mates the frequency of occurrence for each combination, and then estimates the
consequences. As practiced in the field of nuclear power, PRAs focus on core
damage accidents, since they pose the greatest potential risk to the public.
The PRA integrates into a uniform methodology the relevant information
about plant design, operating practices, operating history, component
reliability, human reliability, the physical progression of core melt accidents,
and potential environmental and health effects in a realistic manner. It uses both
logic models and physical models. The logic models depict the combination of
events that could result in a core damage accident and can be used to determine
the frequencies associated with each combination. The physical models depict
the progression of the resulting accidents and the damage” [1].
A full scope PSA can be divided into three distinct levels. A level 1 PSA
analyses the accident sequences that could lead to a core melt. A level 2 PSA
provides, furthermore, an analysis of the physical processes of the accident and the
response of the containment. It estimates the time and mode of a containment failure
and the amount of radioactive substances that could be released into the environment.
A level 3 PSA analyses the transport of radioactive materials through the environ
ment and assesses public health and the economic consequences of a potential
accident.
An analysis of external events, such as plant fires, internal and external floods
and earthquakes etc. may be included in any of the three levels of PSA.

3.2. The state of the art of PSA [1]
Since the Rasmussen pilot study (WASH-1400), the PSA has in many respects
become adult, but the basic models are still very similar. The modelling of the plant
is still based on event trees and fault trees. Even though the present models depict
the real operation and behaviour of the plant more completely than WASH-1400, the
models usually still contain conservative assumptions.
The qualitative systems analyses, however, are relatively far advanced.
As regards the human actions, a considerably high level of modelling has been
achieved. Failure to follow written procedure can be quantified fairly precisely, but
improvements are still needed to reduce the quantification errors of misdiagnosis.
The database of components is fairly good and, for the most part, quite small
statistical uncertainties occur (small for electronic, a bit larger for mechanical compo
nents). However, the database of common cause events and low frequency external,
partly internal, initiating events is poor.
The most uncertain area of PSA is the evaluation of source terms. Due to the
lack of knowledge in the analysis of the progression of a core melt, transport of radio
nuclides and containment performance, it has not been possible to quantify these
phenomena reliably.
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The credibility of the quantifications of consequences, instead, is fairly high,
given a source term and meteorology. Such stochastic factors as effect and direction
of wind, rain, humidity and the implementation of evacuation may have a fairly
strong impact on the consequences.
A major part of the probability estimates of core melts ranges from 10~3/a to
10“5/a and the respective uncertainty is a factor 6-10 above and below the best
estimate.
The uncertainties included in the evaluation of source terms and the accidents
induced by external events are still much more than one order of magnitude above
and below the best estimate.
4.

EVOLUTION OF THE USE OF PSA IN SAFETY DECISION MAKING

4.1. Milestones in the introduction of PSA
The reliability analysis technique was originally developed and implemented for
the needs of space, war and electronic technologies as early as the 1950s. In the
1960s, the probabilistic approach was in a narrow sense applied to nuclear safety in
Canada and the United States of America and, at the beginning of the 1970s, system
reliability analyses were also introduced in some other countries. However, two
significant milestones had to be passed before PSA was extensively introduced into
safety decision making concerning NPPs. The first of those, the publication of
WASH-1400 in 1975, triggered an interest in accidents beyond design basis
accidents. However, due to the critical comments on the uncertainties inherent in the
numerical estimates in WASH-1400 and, partly due to the misunderstanding of the
review of the Lewis Committee, the TMI-2 accident brought about the extensive use
of PSA in the regulation of NPPs.
The TMI-2 accident verified in a tangible way that the beyond design basis
accidents are an important contributor to the risk of NPPs.
Very soon after the TMI-2 accident, the United States Nuclear Regulatory
Commission (NRC) initiated extensive PSA research and application programmes as
well as the development of safety goals.
As part of these programmes, about 30 PSAs have been completed or are under
way in the United States of America. The number of full scope PSAs is over 10 and
is increasing all the time.
During the rapid implementation of PSA in the United States of America, the
lower level PSAs were introduced in several European countries that have nuclear
programmes. Only the Federal Republic of Germany performed a full scope PSA,
the Deutsche Risikostudie, issued in 1979. Some other countries such as Finland,
France, Sweden, and the United Kingdom have supported their nuclear programmes
by system reliability analyses since the beginning of the 1970s. As mentioned
previously, Canada introduced probabilistic methods as early as the 1960s to
complement the formal deterministic licensing process.
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4.2. The present use of PSA in national licensing and regulatory processes

In the United States of America, the NRC’s current licensing procedure is
mainly deterministic. However, probabilistic safety criteria (PSC) have been applied
by the NRC to the review process both for safety systems and safety functions. These
criteria are not legal requirements for a utility, but used by the NRC only for
comparison with the deterministic criteria and to justify if the reliability of the
systems needs to be improved. The safety systems and functions examined by
probabilistic methods are:
— Auxiliary feedwater systems (PWR);
— Reactor shutdown systems (ATWS rule, BWR);
— DC power supplies (PWR and BWR);
— Decay heat removal function (selected plants);
— AC electrical power.
As regards the licensing of new plant designs, the NRC’s policy statements
require that a plant specific PSA shall be accomplished before new designs are
acceptable.
In the regulatory use, the PSAs have today several applications, e.g. they
discuss weaknesses in plant designs, both plant specific and generic, provide relative
important measures and prioritize the safety issues (help to direct resources in a
proper way).
Massive PSA programmes have been conducted by the NRC since the TMI-2
accident. Several truncated WASH-1400 type PSAs, that analyse only selected
accident sequences concentrating mainly on containment analyses, were performed
in connection with the Reactor Safety Study Application Program (RSSMAP). The
Interim Reliability Evaluation Program (IREP) contained five PSAs, which were
principally concerned with the probability of core melt with no detailed review of
containment analysis.
The National Reliability Evaluation Program (NREP) was an extension of IREP
and contained several utility sponsored and conducted PSAs. NREP became a part
of the Integrated Safety Assessment Programme which is an effort to combine the
deterministic and probabilistic safety examinations for older US plants.
Besides these programmes, the Accidents Sequence Evaluation Program
(ASEP) provides a broad insight into plants grouped according to equal design
features. ASEP describes the accident sequence likelihood characteristics, discusses
the dominant contributors to the sequences, the core damage and also the success of
containment in a given core damage.
ASEP will be used as an input to the Severe Accident Risk Reduction Program,
which will provide a basis for evaluating accident prevention and mitigation concepts
as well as for performing value impact assessments.
All these NRC programmes form a part of a newer evolution of nuclear safety
induced by TMI-2 (excluding RSSMAP) and are based on the probabilistic review
method [3-8].
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In Canada, the probabilistic principles have been used to support the nuclear
programmes as far back as the early 1960s. Even though the formal licensing process
has been deterministic, PSA has been used as a design tool. The earlier design goals
were defined in terms of the consequence/frequency spectrum of ‘acceptable’ events.
The ‘acceptable’ events were postulated single/dual system failures, the frequencies
of which were restricted by design targets. Later on, several proposals were made
in Canada for the development of safety goals based on the dose-frequency limit-line
concept. So far, none of them has been formally approved, but deterministic criteria,
complemented by probabilistic dose limits and reliability targets, 10~3 or less, for
safety systems, are used as a design goal. Several probabilistic design reviews have
been performed for Canadian plants. These reviews consist of fault trees and event
sequences for classes of failures and a method called the safety design matrix [9, 10].
In France, the NPPs are officially designed using these deterministic techniques
and the ‘defence in depth’ principle. No probabilistic safety goals are used in the
design of new plants or in backfitting existing plants. The safety authority, however,
has set a general probabilistic objective as follows:
The design bases for a pressurized water reactor should be such that the global
probability for unacceptable radiological consequences is not higher than 10'6/a.
Demonstration is not required. The PSAs are performed only to a limited extent to
support the deterministic approach.
The safety system/function level probabilistic assessments are performed in the
design phases of the plants, to evaluate the design alternatives and to ensure a good
level of safety of the front line and support systems. The PSA methods are used also
in the analysis of technical specifications and limiting conditions for operation. In
these cases a numerical safety objective is used [9, 11, 12].
PSA has no official role in the licensing process of NPPs in the Federal
Republic o f Germany, but in practice reliability analyses are currently required due
to a verification of the design criteria called ‘balanced design’. Reliability analyses
are performed for the emergency core cooling for several LOCA break sizes,
secondary heat removal for some transient events, the containment isolation system
and reactor shutdown and protection systems. However, the quantitative results are
not the main objective. The primary targets are the identification of the weak points
and optimization, as regards a balanced safety design. The concept of ‘balanced
design’ was implemented after the completion of the risk study made in the Federal
Republic of Germany. In addition to phase В of this risk study, some plant specific
studies in the field of severe accidents issues are under way.
No numerical goal, so far, has been stated in terms of system reliability or core
damage [2, 9, 11, 13].
In the United Kingdom, the official licensing requirements are deterministic.
However, the probabilistic methods have an extensive use in the design of the UK
plants. The Central Electricity Generating Board utility has set forth probabilistic
safety guidelines for design purposes such as:
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— Total probability for core melt with containment failure < 10'6 per
reactor-year;
— Any single accident sequence giving rise to an uncontrolled release to be
< 10~7 per reactor-year.
In addition to the sequence level design targets, some lower level targets have
been set forth for initiating events and safety systems as follows:
— Protection system unreliability 10~3/demand;
— Common cause failure lower limit approximately 10'5/demand;
— Earthquake induced failure of shutdown system will be < 10_3/demand.
None of these probabilistic targets are intended as absolute criteria, but as a
design guidance for ensuring a reasonable level of safety for plant operation.
A full scope PSA has been carried out recently (the Sizewell ‘B’ study). See also
Refs [9, 11, 14, 15].
In Sweden, the licensing of NPPs has been based on deterministic rules and
requirements. However, extensive PSA programmes are used in regulation of
operating NPPs.
In the context of the Swedish reliability evaluation programmes (ASAR),
level 1 PSAs are required for each plant. This programme was initiated in 1981 and,
up to now, about 10 PSA studies have been completed. The Swedish utilities are
responsible for carrying out the ASAR analyses and the Swedish Nuclear Power
Inspectorate (SKI) for reviewing the reports.
Emphasis is placed on the insights gained from the use of reliability engineering
as a tool rather than on the quantitative risk estimates in the Swedish approach to
nuclear safety. Therefore, a very cautious approach is taken on the use of quantitative
safety goals in decision making.
A new programme called super-ASAR has been initiated. It makes comparisons
between existing PSAs and plant differences and gives insight into the uncertainties
[9, 11, 15, 16].
In addition to those mentioned above, several countries operating NPPs use
PSA as an unofficial regulatory tool. At least Argentina, Belgium, Brazil, China,
Italy, the Republic of Korea, the Netherlands, Spain, Switzerland, Taiwan (China)
and Yugoslavia have applied or are applying PSAs of various levels for ensuring the
safety of their NPPs [9, 11].
In the field of hazardous non-nuclear industries, in Denmark, Finland, France,
the Federal Republic of Germany, the Netherlands, Norway, Sweden and the United
Kingdom extensive PSAs have been applied either voluntarily or on behalf of regula
tory authorities. So far, only the Netherlands has, as far as is known, established a
safety goal in terms of quantitative risk estimates concerning the hazardous non
nuclear industries. In Denmark, PSA guidelines for this purpose are under develop
ment [11, 14].
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DETERMINISTIC VERSUS PROBABILISTIC ANALYSIS IN SAFETY
DECISION MAKING

5.1. Differences and similarities between PSA and deterministic analysis
Are the deterministic safety criteria completely deterministic? The answer is no.
First of all the setting of deterministic criteria was based on probability estimates. For
instance, in choosing the original design basis accident, the large break LOCA was
adopted instead of a break in the reactor vessel, because its frequency was assessed
to be far higher than the frequency of a vessel break.
Similarly, the single failure criterion was also based on probabilistic inference.
Deterministic designs had their own probabilistic arguments, although they were not
based on as strict statistical evaluations as modem PSAs. However, in almost each
point of deterministic design the fault frequencies had to be considered. However,
only two probabilities are used, 0 and 1; ‘non-likely’, ‘likely’.
What is the basic difference between deterministic and probabilistic procedures?
In rough terms: deterministic design deals with a plant as distinct parts and approves
each part ensuring that all physical/functional and structural requirements are met.
It approves the wholeness, if all parts (components and systems) are approved. In
terms of deterministic ‘risk’ evaluation: ‘wholeness is a summation of parts’.
PSA can deal with the plant as a whole, i.e. simulates the reality in all details.
It examines each part, joins the parts into functions and the functions to each other.
In terms of probabilistic risk assessment: ‘wholeness is bigger than a summation of
parts’ (dependences, common cause failures, systems interactions).
5.2. Decision making under uncertainty
In reality, deterministic and probabilistic approaches are in principle pursuing
a safe design basically by very similar means. A major difference between the proce
dures is that the deterministic technique is not able to reveal the uncertainties always
inherent in the human design. In the sense of risks, the design and licensing of reactor
plants require decision making about uncertainties, and PSA has an inherent skill to
reveal these uncertainties. In its task to reveal uncertainties, PSA has its assets and
liabilities, but in comparison with the deterministic method, PSA is superior in evalu
ating both the balance of safety systems (relative uncertainty) and the absolute risk
spectrum (absolute uncertainty).
Very often PSA is criticized because of the large uncertainties involved. One
can even think that PSA would be of value only if the uncertainties inherent in PSA
could be eliminated. This may make sense if the uncertainties meant are e.g. lack of
knowledge in relation to physical phenomena, inconsistency in modelling or in defini
tions and a non-existent database. But the merits of PSA lie in the effort to evaluate
the uncertainties involved in many factors such as large variations inherent in
initiating events, component failures, human errors and dependences. In a statistical
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sense, precision is necessary in revealing the true deviation of random variables. The
presentation of point values and central estimates is a bias.
5.3. Importance of PSA to reactor safety
PSA is important to reactor safety, because human sense is not able to delineate
in a reliable way the quantity of rare events and related consequences. Instead it tends
to outline, specify and analyse matters in a qualitative way.
A major advantage is the insight it provides into important aspects of an NPP
design and operation with respect to significant accident sequences.
The basic purpose of PSA is to extend the safety analysis beyond the design
basis accidents so as to cover the realm of core melt accidents, including accident
scenarios arising from multiple equipment failures and human errors.
Some of the objectives and primary values of PSA are as follows [17]:
— To provide a broader and more realistic inquiry into plant vulnerability to
severe accidents than that required in licensing safety analyses;
— To acquaint owners, operators and the authorities with the character, variety
and importance of these vulnerabilities;
— To identify features of design or operation that warrant improvement;
— To provide a frame of reference to a better understanding and interpretation of
the lessons learned from the operating reactors;
— To provide a plant specific evaluation tool for estimating the risk reduction
value of alterations in design or operation.
Another use of PSAs is obtaining the numerical risk estimates. These estimates
are of value especially when one is comparing the importance of different contribu
tors to the core melt frequency or to the off-site consequences, prioritizing safety
issues, or making value-impact analyses.
5.4. Can PSA substitute the deterministic analysis?
To some extent the deterministic and probabilistic analyses overlap. In regard
to the design of the plant, it can be said that the deterministic rules are necessary to
ease the design work. Deterministic procedure forms a necessary framework for the
plant designer and makes the constructor understand what has to be done. Within this
framework, PSA tackles and reveals safety issues for optimizing and balancing the
design.
Figure 1 outlines the scope of liabilities of deterministic and probabilistic
procedures.
The area on the right (Fig. 1) called the ‘grey area’ concerns more complex
risks, such as dependences between systems and components, common mode
failures, system interactions, etc. This area is found to be important from the risk
point of view and may require the use of probabilistic review methods.
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Issues th a t could be d ea lt w ith
o n ly in a d e te rm in is tic way

Issues th a t could be dealt w ith
b o th in a d e te rm in is tic w ay and
a p ro b a b ilis tic w ay

Issues th a t co u ld be d e a lt w ith
o n ly in a p ro b a b ilis tic w ay (grey area)

F IG . 1.

The scope o f d e te rm in istic an d p ro b a b ilis tic analyses.

A sensible approach to safety decisions of NPPs presupposes that the pre
liminary design and dimensioning are performed according to deterministic rules,
and the allocation of the unavailabilities to the systems and functions and the optimi
zation and balancing of the systems are performed by PSA.

6.

FUTURE DIRECTIONS IN THE USE OF PSA

6.1. Development and use of probabilistic safety criteria
A progressive interest in safety goals after the TMI-2 accident was a logical con
sequence of the discovery that the plant specific beyond design basis accidents are
the dominant contributors to the risk of NPPs. However, the regulatory bodies have
been cautious in applying the numerical estimates to decision making, because the
results are subjected to fairly large uncertainties. The relative use of PSA, however,
gave new impetus to the question ‘How safe is safe enough?’ In 1982, the NRC
initiated the development of safety goals and after a two year trial period, these goals
and objectives were revised. The present form of the quantitative safety objectives
is as follows [8]:
— The risk to one individual in the vicinity of an NPP of prompt fatality that might
result from reactor accidents should not exceed one-tenth of one per cent (0.1%)
of the sum of prompt fatality risks resulting from other accidents to which
members of the US population are generally exposed;
— The risk to the population in the area near to an NPP of cancer fatalities that
might result from NPP operation should not exceed one-tenth of one per cent
(0.1%) of the sum of cancer fatality risks resulting from all other causes;
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— Consistent with the traditional defence in depth approach and the accident miti
gation philosophy requiring reliable performance of containment systems, the
overall mean frequency of a large release of radioactive materials into the
environment from a reactor accident should be less than 1 in 1 000 000 per year
of reactor operation.
The NRC’s Safety Goal Evaluation Program has been a major effort with the
purpose of making PSA methods more useful to the regulatory users. The safety goals
are expected to be officially implemented by the NRC by 1987.
In Europe, the International Atomic Energy Agency (IAEA) has made great
efforts towards developing PSC. Two technical committee meetings were convened
by the IAEA in 1986-1987. Also in the context of the Committee on the Safety of
Nuclear Installations of the OECD some efforts have been made towards the evalua
tion of safety criteria. Besides, the Commission of European Communities is
sponsoring activities in this field.
The surveys made so far on PSC show that several European countries have
unofficially used a variety of numerical radiological targets as the design basis. A
favourite approach is a limit curve of risk expressed by annual frequency and
individual dose received [14, 18]. For example such a risk criterion has been estab
lished in Argentina.
The provisional risk criteria, set forth in the Netherlands, comprise both nuclear
and other hazardous activities. The risk criteria are given as a double frequency
versus fatality curve. The risks above the upper bound are too high to be acceptable,
the risks under the lower bound are acceptable and the risks in between are to be
considered using the ALARA principle. The Netherlands’ approach presupposes that
a full scope PSC is used for the safety decision making [9, 19, 20].
At the moment, several countries are considering lower level safety objectives,
such as a criterion for core damage or criterion for safety systems/functions. PSC at
safety system/function level might offer some advantages not present in higher level
criteria, such as:
— PSC at safety function level give specific guidance for utilities to design the
safety functions. Criteria of this sort also imply rather prescriptive licensing
policy by the authorities;
— The statistical uncertainties concerning compliance with the criteria can be
reduced in some cases drastically, because the safety function probabilities do
not contain the usually large uncertainties of the initiating events;
— PSC at plant level are aimed at aiding both the designer and the licensing
authorities, who often have shortage of time in the review process.
It is evident that the PSC of various levels will come to play an important part
in the licensing already in the near term plant applications. It is also quite easy to
predict that the comparisons between nuclear and non-nuclear activities will be
increased significantly in the near future, as soon as the potential risks of non-nuclear
hazardous technologies become better realized by the public.
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6.2. The use of PSA in licensing and regulatory activities

At the moment, the use of PSA is officially or unofficially required or
encouraged by regulatory bodies in many countries. A typical use of PSA is the
optimization of plant design or operation as well as priorization and resolving of
special safety issues. Usually, no guidance is given on how PSA is to be performed
to be acceptable and no compliance with safety criteria is required. Until now, the
great uncertainties in the assessment of containment performance have depressed the
more extensive use of PSA in licensing and regulation. Today, the development of
containment analysis is, however, progressing well and the uncertainties are better
known [21]. When the NRC’s MELCOR code becomes available, it will help us to
understand more thoroughly the uncertainties inherent in the analysis of accident
progression and containment response. The more reliable information of uncertain
ties and the existence of PSC will promote significantly the regulatory process. The
most important matter, however, might be to incorporate the PSA formally in the
licensing process and regulation (living PSA).
It is self-evident that PSA will also have an increasing use in the analysis of
technical specifications and in limiting conditions for operation and in plant manage
ment in general.

7.

A NEW FINNISH LICENSING PROCESS AS AN EXAMPLE OF A
MORE GENERAL EVOLUTION IN THE NUCLEAR COMMUNITY [22]

7.1. The recent evolution of the licensing process
From the very beginning of the Finnish nuclear era, in the early 1970s, the
PSAs have had an informal position in licensing. These assessments have provided
an independent review of the NPP systems. Besides the system reliability analyses,
one of the units, Loviisa 1 was subjected to mini-PSA up to level 2 in 1972-1975
dealing only with the large break LOCA. Even though the numerical reliability
estimates have played only a supporting part in the licensing process, the PSA has
more emphasis in the regulation of NPPs. Accordingly, the Finnish licensing
authority has required the utilities to perform PSA studies up to level 2 for the
operating plants. The level 1 parts of the studies are expected to be ready in the
beginning of 1988.
If any new NPPs are constructed in Finland, the PSA approach will play, along
with deterministic criteria, an essential role in the licensing process. In any case, the
PSA does not replace the deterministic safety analyses but both methods are used side
by side so that they complement each other.
The deterministic guidelines will be used to regulate the design of the plant so
that the safety systems operating at the minimum acceptable level of performance can
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cope with the prefixed, postulated accidents. In all cases it is assumed that the con
tainment systems are functioning as required. Accordingly, the deterministic criteria
and the related accident analyses are also used to ensure that in case of the anticipated
transients and the postulated or severe accidents, the effective dose to an unprotected
human being, in the critical group, does not exceed the fixed limits. In general, the
ALARA principle is to be used, which means that compliance with the dose limits
above is not an argument to neglect any cost effective improvements that significantly
decrease the dose to the public.
From the standpoint of the licensing authority, the PSA should be like a thread
running through the design and construction of the plants to ensure well balanced
safety structures and to minimize the need for unnecessary modifications after the
operating permit has been granted.
The PSA is to be used in dealing with low probability events involving the unac
ceptable performance of safety systems or containment. Accordingly, the PSA is
closely connected to the design, construction and operating phases of NPPs. In the
licensing, a prerequisite for the issuance of the construction permit is that the miniPSA has been completed. After the construction permit has been granted, a level 2
PSA study dealing with internal events must be completed before the operating
licence can be issued.
In spite of an extensive international interest in the higher level PSC, no fixed
acceptance standard is set forth in Finland in terms of the public risk or the prob
ability of a core damage. Instead, the licensing authority sets forth numerical reliabil
ity objectives for the most important safety functions, the unreliabilities of which
shall remain below set limits.
7.2. The probabilistic safety analyses required in the licensing process
7.2.1. Mini-PSA
A prerequisite set by the authorities for the issuance of the construction permit
is that a mini-PSA has been completed, its purpose being the prevention of
unbalanced design.
The mini-PSA comprises the analyses relating to PSA level 1. It is based on the
design concept from the preliminary design phase of the power plant and only on the
most important initiating events.
The purpose of the mini-PSA is to ensure that unbalanced design can be
prevented before the final design is settled. Mini-PSA of this kind is not to determine
the final risk level of the plant, but to reveal the interconnections and interactions
between the front line, support and surrogate safety systems, as well as any weak
points and common causes of failures. In achieving this purpose, the qualitative PSA
methods have an essential role.
Because the mini-PSA is carried out during design, many system designs have
not yet been completed. Therefore the analysis of the reliability of systems can
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TABLE I. TIMING OF THE PROBABILISTIC SAFETY ASSESSMENT (PSA)
AT THE DESIGN, CONSTRUCTION AND COMMISSIONING PHASES
D ecisio n in p rin c ip le on the con struction o f a n u cle a r p o w e r p la n t

Mini-PSA started
A p p lic a tio n fo r a co n struction p e rm it

Mini-PSA completed and submitted to STUK for review
C onstruction p e rm it

PSA Level 1 and concise Level 2 started
Review of PSA Level 1 and concise Level 2 started in STUK
Supplementation of PSA Level 2 started
A p p lic a tio n fo r an o p eratin g licence

Review of PSA Level 1 and concise Level 2 finished in STUK
The power company provides STUK with the supplemented PSA Level 2
Review of PSA Level 2 finished in STUK
Conclusions
O perating licence (inspections before the load ing p e rm it)
C om m ercial operation

Assessment of an operating plant.

concentrate on the most important components and functions with respect to each
system and system interaction. It is also important that in terms of probabilities the
non-designed systems will receive design objectives that are low enough. They deter
mine for their part the minimum reliability of the safety functions and the probability
of the most significant accident sequences.
The above mentioned objectives of the design act as a guide for the designer
and help to avoid incorrect operational dependences, to select reliable key
components and to accomplish high quality design from the standpoint of reliability.
7.2.2. Probabilistic safety analyses
Immediately after the construction permit has been granted, the PSA level 1 is
commenced, which also includes the bypass chains of the containment. The level 1
analysis is supplemented with a concise level 2 analysis.
The contents of the PSA level 1 and the concise level 2 required by STUK are
based on a design concept that has received a construction permit or on a subsequent
concept approved by STUK.
Immediately after the completion of the PSA level 1 and the concise level 2, the
PSA is supplemented with full scale level 2.
Table I gives an outline of the timing of the PSA during the design, construction
and commissioning of an NPP.
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7.2.3.

Updating the PSA

The power company is required to update the PSA during the design and
construction phases always, if the design concept is substantially changed. In
addition, it is required that the operators of the plant continuously supplement,
follow, analyse and maintain the database on operating experience and safety related
systems, and update the PSA to correspond with the operating experience, as far as
substantial deviations from the earlier database are detected during operation.
Thus, the PSA provides a tool for controlling and regulating the safety of an
NPP all through its service life. It is a tool for both the management of an NPP and
the regulatory authority, and it helps the decision makers to approach safety problems
in a subjective way. For instance, if there are some disagreements concerning the
safety of the plant, the PSA will make it possible to solve the problem on the basis
of real operating experience.

TABLE П. DESIGN OBJECTIVES FOR THE RELIABILITY
OF SAFETY FUNCTIONS
Safety function

Probability of failure/
requirement

Making the reactor subcritical

1СГ5

Isolation of the containment
(includes pipelines that are
part of the reactor coolant
system or directly connected
to the open space inside the
containment and penetrate the
containment)

10“3

Supply of feedwater when the
off-site power is lost or the
main feedwater system has
failed (all loops)

10-4

Operation of emergency core
cooling, including long term
recirculation, in the case of
a small reactor coolant leak

10^

Rapid reactor pressure reduction
and long term cooling of the
condensation pool inside the
containment (BWR)

1СИ
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7.2.4. Interim numerical design objectives for the reliability o f safety functions

The prevention and mitigation of accidents in PWR and BWR type reactor
plants are essentially based on the sufficient operability of certain primary safety
functions.
To ensure the high reliability of the most important safety functions, it is
required that their unreliability be below the design objectives, at least with a
confidence of 90% (see Table II).
The probability of failure for these safety functions is calculated using a data
base, which contains analysed data on the operating experiences of similar plants. If
such a database is not available, a generic database is utilized. To determine the
confidence limits for the reliability data one can either use the Bayesian method or
classical methods.
The regulatory authority also controls that the power company maintains an
acceptable standard of safety during operation. When necessary, the power company
must be able to demonstrate this by means of PSA methods.
7.3. Utilization of the results of PSA
To avoid severe reactor accidents and to mitigate their consequences, the results
of PSA shall be utilized in the following matters relating to the training of operating
personnel and to the operation of the plant.
— The operating personnel shall familiarize themselves with severe accidents by
means of the scenarios found and described by PSA.
— The licensee must prepare instructions for preventing severe reactor accidents
and for mitigating their consequences. If there exist some alternative actions,
these shall also be included.
— Simulator models must be developed and applied to those accident sequences
that are important due to their probabilities and releases into the environment.
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RADIATION PROTECTION AND SAFETY OF
NUCLEAR INSTALLATIONS INTERFACE PROBLEMS
D. BENINSON
Comisión Nacional de Energía Atómica,
Buenos Aires, Argentina
Abstract
RADIATION PROTECTION AND SAFETY OF NUCLEAR INSTALLATIONS — INTERFACE
PROBLEMS.
The basis of present radiation protection is the system of dose limitation, which deals with ‘nor
mal’ situations where radiation exposures do occur and their sources are under control. As such the
system gives no guidance to develop criteria for the design of safety features or for planning operation,
inspection and maintenance procedures, all of them tending to reduce the probability of accidents leading
to radiation exposures. However, it should be recognized that even in a situation where radiation
exposures do occur, the subsequent occurrence of detrimental biological effects is probabilistic. The aim
of radiation protection is therefore the restriction of risk. On the other hand, accidents can be considered
random events with probabilities, depending on the level of safety features, leading to radiation
exposures. Regarding eventual radiation effects from potential accidents one deals, therefore, with a
situation of second order stochasticity involving probabilities of detrimental biological effects. It is,
therefore, conceptually possible to use the underlying philosophy of the system of dose limitation as a
basis for establishing criteria for safety requirements. The paper discusses the application of the limita
tion of risk involved in ‘criterion curves’, safety goals and reliability criteria as one of the main inter
faces between radiation protection and quantitative nuclear safety. Several problems of trade-off are also
important areas of interface. Maintenance and inspection are planned with the aim of reducing accidental
risk, but can involve increased occupational exposures to radiation. The paper discusses the problem
as a case involving exposures and potential exposures, occupational risk and public risk. Other typical
trade-offs involve shifting exposures between occupational groups or between workers and the public.
These problems of interface are particular cases of decision making, which in radiation protection is
typified by the optimization requirement of the system of dose limitation. Difficult conceptual problems
are involved in extending the use of optimization to the case of probabilistic exposures. The paper exa
mines these difficulties which become increasingly complicated for low probability-high consequence
situations. The use of expectation values becdmes invalid in such situations and also the possibility of
high doses (beyond the range of stochastic linearity) requires special consideration. Different tools of
decision analysis theory are mentioned as possible aids for the application of the optimization
requirement.

1.

INTRODUCTION

Radiation protection considerations as well as nuclear safety criteria are fun
damental in the design and operation of nuclear installations. The aim of both is basi
cally the protection of man against potential hazards due to these installations.
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Historically, while radiation protection dealt mainly with the restriction of radi
ation doses incurred by workers and members of the public from the normal operationn of the installations, nuclear safety dealt basically with the prevention of
accidents leading to radiation exposures and their mitigation.
Obviously, both disciplines have as one of their foundations the knowledge
about the effects of radiation exposures, and the evolution of this knowledge is
expected to influence the criteria underlying decisions both in protection and safety.
The purpose of this paper is to review how developments of the radiation pro
tection philosophy and the recent trends of the probabilistic safety analysis and efforts
towards quantification of safety goals may lead to a coherent approach in situations
where there are interfaces between radiation protection and safety requirements.
While the author is involved with the work of the International Commission on
Radiological Protection (ICRP), it should be noted that the materials presented in this
paper do not represent necessarily the position of the ICRP.

2.

INTERFACE PROBLEMS

Interface problems arise when trade-offs of risk are involved. The protection
options available to reduce a given radiological risk such as public or occupational
doses from normal operations may have other consequences, such as the influence
over the reliability of safety systems. On the other hand, the options may actually
involve trade-off of risk between, for example, routine operation and accidental situa
tions (e.g. inspection visits) or between operation doses and maintenance doses.
These problems were not apparent in the days when radiation protection was
really based on the concept of the ‘threshold and safety factor’. Protection under the
limit was considered to be absolute, and the limit was used to design and to plan oper
ations. Safety requirements could be planned independently, as long as dose limits
would be respected.
The identification and mainly the quantification of stochastic effects had a very
pronounced influence on the philosophy of radiation protection. For radiation protec
tion purposes it is assumed that there is a proportional relationship between dose and
the probability of stochastic effect within the relevant range of doses.
A consequence of the assumption of proportionality is that protection is no
longer taken to be absolute. A radiation source implies always some ‘detriment’
(expectation of harmful stochastic effects in the exposed population groups).
A most important requirement of present radiation protection is optimization
(keeping doses ‘as low as reasonably achievable’ (ALARA), economic and social
factors being taken into account) [1, 2]; it is not sufficient to respect dose limits when
planning for safety. As a result interface problems arise and trade-offs must be
considered.
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These interface trade-offs are usually solved ‘by experience’. Both the develop
ments in radiation protection and the increasing trend of risk quantification in nuclear
safety can provide a conceptual basis for dealing with the trade-offs.

3.

INDIVIDUAL RISK LIMITATION IN RELATION TO PROBABILISTIC
EVENTS

The system of dose limitation recommended by the ICRP [1] deals with ‘nor
mal’ situations where radiation exposures do occur. The system as such gives no
guidance on design criteria for features reducing the probability of accidents leading
to radiation exposures. However, the underlying philosophy of the system can be
used for such purposes.
It should be recognized that even in a situation where an exposure has actually
occurred, the subsequent occurrence of detrimental biological effects is probabilistic.
For radiation protection purposes, the probability of stochastic effects, namely fatal
cancer and serious genetic effects, is taken to be in the order of 10~2 per sievert of
effective dose equivalent [1,3]. One basic objective of the system of dose limitation
(individual dose limitation) is therefore to restrict individual risk. Risk means here
the probability, due to the exposure, of incurring a fatal cancer or a serious hereditary
effect, the latter assumed to have the same weight as death.
Accidents may lead to several types of consequences, such as acute death, other
non-stochastic radiation effects, stochastic effects, invalidation of use of land, etc.
Dealing with individual risk, and taking as a gross first simplification that non
stochastic death is equivalent to stochastic death (and serious hereditary effects) and
that non-fatal non-stochastic effects are of secondary importance, one can equate
risks from normal exposures with risks from potential accidental exposures.
For random accidental events, the risk depends on the probability of occurrence
of the event and on the resulting dose in individuals, for example, receiving the
highest dose. Regarding radiation effects one deals, therefore, with effects of second
order stochasticity. For example, the probability of death (risk) of a member of the
public due to a given potential disruptive event can be expressed as R = Pi P2,
where R is the ‘risk’, P! is the probability of occurrence of the event which would
result in radiation dose to the member of the public under consideration, and P2 is
the conditional probability of death given that dose.
If several potential events are taken to be possible the risk R defined in the
previous paragraph becomes:

R = E Pi, P*
i

It should be realized that all P2i are proportional to dose at the lower doses (where
only stochastic effects are possible) but increase steeply with whole body dose at
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values above 2 Gy due to acute non-stochastic effects, reaching the value of one for
doses above 6 Gy.
The assessment of the risk, as defined here, requires that probabilities be
assigned at least to the disruptive events that are expected to cause significant
exposures if they occur. Event tree and fault tree analyses have been extensively used
for this purpose, not only in the nuclear industry but also in several other fields, for
example petroleum extraction and industry.
Regarding the limitation of individual risk, there is no inherent reason to limit
the risk due to probabilistic events to the same level as that implied by the dose upper
bound set for a particular source, especially if such an upper bound was established
specifically for normal operations. Nevertheless, if it is assumed that the purpose is
to restrict the risk, to that order of magnitude, for members of the public it should
correspond to annual values of 10'6 to 10~5. For example, selecting an annual value
of 10“6, the design of safety features should be such that

Ç P„ P2i < io-6
i

Obviously, actual implementation of this approach would involve different difficul
ties for different types of installations. The greatest difficulties would be expected in
very complicated installations such as nuclear power reactors, due to the large variety
of phenomenologies involved. However, the trend is toward quantification of safety
and of safety goals, and limitation of the individual risk as suggested above can
become one of such goals.
In a very simple way the criterion has already been used. If several disruptive
event sequences are considered, for example of the order of magnitude of ten, then
on the average their individual risk contribution should not exceed a value
R¡ = 10~7 in a year. The ‘acceptable’ probability of occurrence of a sequence giving
dose H¡ would be < 10"7/10~2 Sv'-H ; in the region of dose where only stochastic
effects can occur. At higher dose values the ‘acceptable’ probability of occurrence
would be < 10'7/f(H¡), where f(H¡) is a non-linear function of dose which becomes
1 at high doses. The annual probability of accidental sequences yielding non
stochastic lethal doses should not exceed, in such a case, the order of 10'7.
The procedure described above for applying individual dose limitation to
probabilistic events has been expressed as ‘criterion curves’ for the case of high level
waste repositories [4] and for nuclear safety [5].

4.

ISSUES RELATING TO THE CONTROL OF DETRIMENT

‘Detriment’, in radiation protection, is a measure of the expected harm caused
by a radiation situation, a source or a practice. Optimization of protection is the basic
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requirement dealing with control of detriment in normal situations. This requirement
implies that the detriment from a radiation source should be reduced by protective
measures to a value such that further reductions become less important than the addi
tional efforts required.
ICRP Publication 37 [2] presents the basic principles of optimization, explains
its use as a decision tool, discusses the criteria involved in the requirement and
describes the conceptual basis and the techniques of cost-benefit procedures for
optimization.
It should be noted that cost-benefit optimization, while treated extensively in
the publication, is certainly not the only procedure to comply with the requirement
of optimization of protection. In fact, optimization is the reasonable selection of the
best protection option. The optimization procedures range from simple common
sense and ‘good practice’, to the use of elaborated decision analysis aids, one of
which being the differential cost-benefit analysis.
Very difficult conceptual problems are involved in the possible application of
the optimization requirement to the case of ‘probabilistic exposures’, namely
exposures that would result from random disruptive events. This is due to several
reasons.
It has been proposed to use expectation values to relate them to the health com
ponent of the detriment and, in particular, to use the expectation of collective dose.
If a possible accidental sequence with a low probability P¡ causes a collective dose
S¡, the expectation value is S¡ = P¡ S¡. However, the inherent uncertainty of the
expectation could be large, the standard deviation being S¡/Vp ¡ . Thus, the use of
the expectation values (implicit in cost-benefit optimization) would be invalid in the
case of the contributions of low probability, high consequence situations [6]. This is
the well known ‘zero-infinity’ problem [7, 8]. Furthermore, even the use of collec
tive doses would be precluded if high doses, beyond the range of stochastic linearity,
are possible.
Another basic problem is the importance of other (non-health) effects, such as
land contamination above pre-established values, which in some cases could become
dominant features of the potential accident under consideration. The extent and
impact of countermeasures, used to restrict risk to health, are also ‘effects’ of the
incident to be considered. It should be noted that the introduction of countermeasures
is also an example of trade-off between consequences.
Several techniques for optimization of radiation protection, other than costbenefit analysis, have been used or are being developed. The ICRP has a Task Group
developing a prospective publication on the subject.
It should be stressed that in all optimization methods there are explicit or
implicit assumptions and social judgements involved in the optimal decision. With the
purpose of establishing a possible general procedure for optimization, applicable both
to ‘normal’ exposure situations and to probabilistic exposures from random disrup
tive events, the use of the basic tools of decision theory has been explored by the
author [9] and is summarized in Ref. [10].
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Introductory statement by the Chairman
During the first part of this meeting, we will hear and discuss three papers, and
then move on to a round-table discussion on operational safety in the 1990s. The three
papers describe present day approaches to safety. Before thinking about the future,
it seems appropriate to analyse the current state of affairs.
The first thing we shall be called upon to do is to cast our glance a bit further
afield, namely, towards the safety of non-nuclear installations, an approach which is
often recommended to enable us better to understand our own situation. The speaker
on this subject is highly qualified in the field: he is the Director of the Health and
Safety Executive in the United Kingdom, which has won an outstanding reputation
throughout the world by its analysis, over five years ago, of the safety of the installa
tions at Canvey Island. In his presentation, Mr. Rimington will focus — quite rightly,
in my opinion — on the fact that the objective of safety officials must be not only
to satisfy themselves that a plant is safe enough, but to satisfy the public on that score
as well. In the aftermath of Chernobyl and Basel, public opinion in Europe in
particular is especially sensitive to the risk of industrial accidents, and our safety
related endeavours must take due account of this.
The subject of the second paper is probabilistic safety assessment (PSA). It
might be recalled that this method of analysis was launched by another resident of
the United Kingdom, Dr. Reginald Farmer, here in Vienna in 1967 during an
International Atomic Energy Agency (IAEA) conference. The method had its
moment of glory a few years later, with the publication in 1975 of the famous report
labelled ‘WASH-1400’, prepared in the United States of America under the direction
of Professor Rasmussen. The first objective was to convince the politicians and the
public at large of the safety of NPPs, but in my opinion it was not achieved: instead,
the controversy raised by the résumé of the report, intended primarily for politicians,
has overshadowed any contributions the probabilistic method might have made to
safety. It was not until 1979, with the accident at Three Mile Island, that the method
275
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was finally used in safety analysis. The presentation by Mr. Vuorinen of Finland will
show us what probabilistic analysis can offer not only as a supplement to the
traditional deterministic approach, but also in respect of licensing procedures.
The final speaker will remind us, quite rightly, that providing radiation protec
tion for workers, the environment and the public at large is ultimately the most
important consideration in the wake of an accident. Mr. Beninson, who is currently
President of the International Commission on Radiological Protection, is well
qualified to share with us his views on the application to safety procedures of methods
which have proved effective in radiation protection. The subject was discussed a year
or two ago in Paris at an OECD Nuclear Energy Agency conference in which the
IAEA participated. The use of probability in both fields, safety and radiation protec
tion, gives them a common language and, by and large, a common basis. We all
realize, I think, that when one is dealing with severe accidents having a very low
probability of occurrence, which are the prime focus of safety activities, the inter
facing difficulties are formidable — as Mr. Beninson will tell us.
I shall now end these introductory remarks and give the floor to the first
speaker.

Main points of the presentations and discussion
Mr. Rimington noted the special situation in the United Kingdom, where a
single body, the Health and Safety Executive, is responsible for monitoring and
regulating the safety of nuclear and non-nuclear industrial plants. This is logical to
the extent that all these plants pose risks which are not disproportionately large; but
the licensing procedures are quite different, the system for non-nuclear industries
being much more flexible. There are objective reasons for this difference in treatment
involving, among other things, the distribution of nuclear facilities. Recent European
regulations, including the ‘post-Seveso Directive’, require non-nuclear plants to com
ply with a safety reporting procedure, and so with time the two regulatory systems
may converge. Nevertheless, Mr. Rimington believes that the quantified risk criteria
applied in the nuclear industry cannot be transposed to the non-nuclear industry —
nor is this what the public, highly sensitized to the dangers of radioactivity as it is,
would want. While the public cannot easily be taught the risk concept it does need
to have confidence in the whole range of regulatory provisions which ensure its
protection.
M r. Vuorinen recalled that before Three Mile Island, probabilistic methods
had had little impact on plant safety; since the accident, however, PSAs and
probabilistic risk analyses (PRAs) have become much more common. They make it
possible to distinguish the weak points and unknown factors which may not be rev
ealed by deterministic studies and to take non-design-basis accidents into account.
They are not to be viewed as an alternative to deterministic methods, which remain
the foundation for the design safety of existing plants, but rather as a supplement
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which may help to deal with specific problems while simultaneously serving as a par
tial substitute for the classic regulatory approach. Among other examples,
Mr. Vuorinen referred to the reliability targets set by Finnish regulation for a number
of functions important to safety.
Mr. Beninson demonstrated that the application of the ALARA (as low as
reasonably achievable) principle to radiation protection has brought about a delicate
interplay between radiation protection and safety which was not so meaningful when
projects could simply rely on dose limits that were both necessary and sufficient.
Today, it is necessary to go further, and this raises the problem of coherence between
risk analysis for normal operation and the analysis of risk for accident conditions. It
is fairly easy to develop a coherent overall approach for radioactive waste storage,
but for NPPs, the remote contingency of very serious accidents, which involve high
doses of radiation but are extremely unlikely to occur, creates its own set of
problems. During the discussion, Mr. Beninson pointed out that similar approaches
can be devised, and have in fact been considered, for toxic chemicals. As regards
the very weak doses of radiation which the population receives, he acknowledges that
below a certain level the risk is negligible for individuals, but points out that on the
collective plane — since we cannot reject the ‘linear hypothesis’ out of hand — there
are some problems.
Chairman’s summing-up
These papers and the discussion on them have left me with a very favourable
impression of the current situation. There is no longer an ideological quarrel between
the ‘conservatives’, who hold to deterministic safety methods, and the ‘progressives’,
who will only accept the probabilistic approach, nor between radiation protection
specialists and safety specialists. Everyone agrees that the methods are comple
mentary and should be used in concert to improve safety. Similarly, it is no longer
common, in the field of nuclear safety, to claim that more rigorous criteria are
required than for non-nuclear industries: rather, the approach now is to apply
research done in both fields. Since one of the main thrusts of our activities must be
to foster public confidence in the safety system as a whole, it is reassuring to note
that nuclear safety is opening up to new technology and to external stimuli.
This brings us naturally to the second part of our meeting, a round-table dis
cussion on safety prospects for the 1990s.
Chairman’s introduction to the round-table discussion
In considering the evolution of nuclear safety over the past forty years, it seems
to me we can distinguish roughly four periods, of ten years each. First there was ‘pre
history’, when safety was not yet a concern in its own right — independent of
development, that is. I remember that at the first two Geneva Conferences, in 1955
and 1958, not a single meeting was devoted exclusively to safety. Subsequently,
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stress was placed on design safety and the publication of safety criteria. The third
period marked the importance of quality in fabrication and construction. Finally,
after Three Mile Island, operational safety was given priority, and that situation has
not changed to date.
What technical considerations will be relevant to safety over the next ten years?
One thing seems certain: Chernobyl has once and for all given safety a distinctively
international character. Now, as never before, an accident anywhere is an accident
which concerns us all. The participants in this round-table discussion are particularly
well qualified to give us their views on the technical concerns which will prevail in
the next ten years.
The presentations will follow a logical sequence. We will start with the actual
situation, in other words, operational experience and the use that has been made of
it. This will naturally bring us back to design and the progress which may be expected
in that area, and to reflect on the human factor, the importance of which we all know
full well. Third, despite the fact that efforts are being made to prevent accidents, the
problem of handling the consequences of an accident — should it nevertheless occur
— remains a real one, and we will discuss it. The final presentation will touch on
the international implications in the light of the particularly important work done by
the IAEA.
I will now give the floor to the participants in this round-table discussion, and
then open the meeting to general debate.

Main points of the presentations and discussion
M r. Denton stressed the importance of a feedback of experience which would
enable us to improve nuclear safety through more effective avoidance of the abnormal
situations that might degenerate into accidents. Despite the efforts made so far both
domestically, by the States that have nuclear power, and on the international level,
there is still a lot to be done, even if only at the basic level, in each NPP. The sub
sequent discussion did indeed show that all too often the operators of a plant are not
really alert to what is going on in the plant and have insufficient outside contact. The
IAEA’s Operational Safety Review Team (OSART) programme (visits to nuclear
sites by teams of experts) is certainly an ideal means of promoting more contact.
M r. Brooks said he did not believe that a ‘revolution’ in NPP design would
take place in the years to come, but thought that there would be a continuous evolu
tion through which greater emphasis would be placed on passive, ‘intrinsic’ safety
measures as opposed to the active systems currently being used. In his view, one of
the focuses would be the improvement of the man-machine interface, a process
which has already begun but which must be pursued in three directions: increasing
the machine’s ability to accommodate the more common transients without bringing
the safety systems into play; enhancing operational automation; and giving the
operator an adequate view of the critical parameters.
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All of the participants agreed that efforts must be made in these three directions.
It also seemed to be a commonly held view that over the next few years, one should
not expect to see entirely new designs with clearly superior safety features. The very
idea of an ‘intrinsically safe reactor’ should not be advanced to the public as an
argument, as that might.have a negative after-effect and even block progress in
respect of safety; existing power stations were deemed to be based on a reasonably
safe design. Many speakers thought progress would be made, but many speakers
thought that the advances would be incorporated into existing power stations.
Mr. Rosen said it was only when a large market for new power stations opened up
that revolutionary designs would emerge, and that would not happen tomorrow.
M r. Abagyan said three approaches could be used to improve the performance
of operators confronted with an accident: training, with the systematic use of simula
tors, particularly ‘transparent’ models which enable the operator better to
comprehend the system’s functioning; improvement of the man-machine interface
(an objective already mentioned during the meeting), where one can see the opportu
nities for computerization; and finally, wider provision of computerized assistance
to operators, including the use of artificial intelligence.
The discussion on this topic revealed that there is no contradiction between the
generally recognized need to simplify NPPs which have perhaps become too complex
and the introduction of highly sophisticated and computerized control mechanisms
which, in fact, make the task of operators easier and thus simplify the operation of
the plant. Computerized machinery might also improve the relationship of operators
with machines in countries which have invested less heavily in industrial technology.
M r. Schenk showed how, in an unexpected accident situation, the operators of
an NPP could respond in ways that would enable them to control the situation and
prevent it from degenerating into an irreversible catastrophe. All countries are now
installing last resort emergency systems, which represent progress in the protection
of the public without raising any doubts about the fundamental safety of the plants.
During the discussion, a number of problems connected with severe accidents were
brought up, including the ‘source term’ question and PSAs. As regards the source
term, many participants said they thought the systems for guaranteeing containment
integrity which were incorporated in many plants would make it possible to avoid any
premature, large scale releases of radioactivity. PSAs were viewed by all the par
ticipants as being of great technical interest, even if the public at large was unlikely
ever really to understand them. Mr. Abagyan said that work was under way in the
Soviet Union on probabilistic safety analyses and that the initial results might be
available two years from now.
M r. Rosen sketched an outline of the IAEA’s international activities which
dovetailed with the technical priorities defined during the round-table discussion. The
increasing number of requests for OSARTs revealed that everyone had understood
their usefulness as a means of ensuring outside contacts and intensifying exchanges
of information. The evolution of the ASSET (significant incident analysis)

280

PANEL DISCUSSION

programme was also indicative of the attitude of operators, who wished to find ways
of learning from abnormal operating events to improve safety.
Finally, the Chairman anticipated an upsurge of international co-operation
among NPP operators as a result of the meeting (to be held in Paris on 5 and
6 October 1987) of 120 high level representatives of nuclear electricity generating
utilities. Such immediate forms of co-operation should help to achieve progress, in
direct operational terms, in the exchange of all types of information relevant to
safety.
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