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1. INTRODUCTION

The technological problems of safety of nuclear installations are
treated by the Camnission in the frame of the Council Resolution of
22.07.75. 1In 1987, in its report CM(87)96 (1) the Commission reviewed
the implementation of this Resolution after around twelwve years.

The work was carried out mainly in the field of nuclear power plants
(NPPs), and particularly for those with Light Water Reactors (LWR)
(which generate a dominant part of electricity of nuclear origin in the
Commnity) and those with Liquid Metal Fast Breeder Reactors (IMFER)
(for which development and demonstration works are going on in the
Community). :

The actions undertaken by the Cammission in this field aimed mainly at
bringing out a consensus between the safety authorities, the power
plants designers and constructors and the electricity producers of the
member states on the objectives and methods used to assure and evaluate
the safety of IWR and IMFBER power plants at the design stage and during
their operation.

A first step in this field was the publication in 1981 (2) of a set of
fundamental and general safety principles for IWR power plants which
can also be applied to IMFBR.

Since that time, the experience acquired in the design and operation of
NPPs has increased as well as the understanding of camplex physical
phenomena as those occurring in accidental situvations. Both
technological progress and improved understanding allow the constant
improvement of plant safety.

The safety of a nuclear plant like the safety of any complex industrial
process depends on many factors throughout its existence arnd, most
particularly during its design and operation stages.

The developments recorded in the last few years have allowed to
systematize the analysis methods and to progress in the study of
accidents of very loww probability but whose consequences could be
severe. This allows to assess systematically the safety of NPPs by
means of proven methods.

Safety evaluation of NPPs was one of the areas identified in the last
chapter of the document CQM(81)519 as suitable for further
developments.

As a follow up, the present document gives a description of safety
objectives and methods used in the Commnity in the two particularly
important areas of design and operation for the IWR and the IMFBR
nuclear power plants.

1) CM(87)96
"'Dechno_logical Problems of Nuclear Safety"

2) CM(81)519
"Safety Principles for Light Water Reactor Nuclear Power Plants"
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2. SAFETY OBJECTIVES AND METHODS FOR THE DESIGN OF NUCLEAR POWER PLANTS
2.1. GENERALITIES

MNuclear safety is "the achievement of proper operating conditions,
prevention of accidents or mitigation of accident consequences,
resulting in protection of site personnel, the general public and the
environment from undue radiation hazards" (as defined in the safety
documents of the IAEA).

Consequently the safety of nuclear power plants is based on a
fundamental principle of radiation protection and implemented in
technological safety principles.

The 1link between the technological safety principles and the
.radiological ones has been recently emphasized by INSAG (3) in its
report on "Basic Safety Principles for NPPs".

In order to avoid radiation hazard fram operating NPPs and generate
electricity with minimm risk, the following three safety functions
must be fulfilled in all normal and accidental conditions:

— the miclear chain reaction must be controlled
— the heat fraom the core mist be removed
~ the radioactive fission products mast be confined in the plant

In view of the magnitude of the potential risk fram such installations
and hence the stringency of the measures to be taken in order to
achieve a satisfactory level of safety, designers are prampted to use
"methods" adapted to the status of the projects and to the state of
knowledge, such methods being inspired by the basic postulation: the
more serious are the oonsequences for the public of an accidental
event, the lower must be the probability of occurrence of such an
event.

Hence the two tactors on which the "methods" can have an influence are:

- prevention of an accident, or failing that, reduction in the
probability of its occurrence;

- limitation of the consequences of an accident that may occur in
spite of preventive measures, in other words mitigation.

Three ‘“methods" based on the principles set out above and of
canmplementary nature have been thus developed: the detemministic
method, the probabilistic method (those two methods usually closely
linked),and the systematic use of operating experience to bring out the
weak points of the plants and correct them to reduce the risk. It is
important to note that these different methods must always take account
of an "ALARP" concept (As Low As Reasonably Practicable) to lay down
limits to the safety measures, without which the installations would be
impossible to construct and operate, from both the technical and the
econcmical points of view.

3) INSAG: "International Nuclear Safety Advisory Group" to the IAEA
Director General
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This ALARP concept is implemented in each Member State, by the safety
authority in charge of controlling the NPPs at all stages of their life
starting with siting and including design, construction, camu.s51mmg
and operation.

It should also be added that the awareness of the complexity of the
physical phenamena which play a role in nuclear plants has always been
the motivation of important theoretical and experimental studies which
lead to a better knowledge of the oonsexvative margins used for
prevention, and ‘of the exact nature of physical and rad.lologlcal
consequences of the accidents taken into account.

Finally, the importance of the luman factor is to be recognized.
‘Control of the quallty of design and construction by formal Qlallty

Assurance prooedures is requ.u:ed

2.2. DETERMINISTIC METHOD

2.2.1. Introduction

This method consists in setting up "a priori" a mumber of defense lines
between reactor core and environment and in applying the "defense in
depth” oconcept (as defined in CM(81)519) to wverify that they are able
to cope with the different normal and accident conditions; it is used
primarily at the design stage and necessitates the incorporation of
safety margins in thé structure design and of conservative factors in
the calculation of radiological consequences of accidents.

As far as, possible structures are designed and hecessary material
chosenmsuchamythat safety margins are inherent in the plant. .
This methcd analyses the barriers placed between the fuel and the
enviromment and lists the accident sitwations both of internal and
-extemalongmtobetakenmtoacoountmﬂ:edes:gn Anumbercf
barriers is foreseen in accordance to the ALARP principle.

The barriers between reactor fuel and environment are the nuclear fuel
cladding, the prnnaxypressurebourﬁaxycmtamulgtheooreamithe
cooiant, the reactor contaimment building. Barriers are also J.nstalled
in associated buildings where radicactive materials may be handled
and/or stored.

Design basis accidents covering different scenarios are selected in
order to prove the fulfillment of the fundamental safety functions
under different accidental situations. They are chosen in such a way
as to have an envelope character for a group of fault conditions- pf
smu.lar chaxacterlstlcs '

The "defense in depth" concept copes Wlth such situations as follows

- designing, constructing and operating the equipment in such a way as ’
to impart intrinsic strength to the installation;

- equipping the installation with control and protection systems

<. capable of restoring it to its nomal operating cornditions in all
cases of anticipated transients and incidents;



4 .
~ taking into acocount, despite the preventive measures referred to in
the two preceding points, of accidents that are presumed to be
possible and designing safety systems capable of mitigating the

consequences of such accidents and retuming the plant to safe
conditions.

2.2.2. The barriers

A large intermational consensus exists for the establishment of thege
barrlers and their objectives were already defined in the documa'xt
C(M(Bl)‘JlQ. _

- iheﬁ.mthamarcanpns&sthexetanungabllxtyofthefuelmtrix
and the fuel cladding. ’
It is essential to ensure the integrity of this barrier; therefo::e
reliable cooling of the core and reactivity control must be provided to
limit the fuel and cladding temperature during nonmal operatlm,
anti-ipated operational occurrences such as transients and in accmlent
conditions.
In- addition, reliable means must be provided to remove I&Blduil heat
after shut down to preserve the integrity of the fuel elements.™

"The second barrier is the primary pressure boundary: w:.thinthj.s
barrier the heat production and the heat excharnge take place.

This barrier prevents the escape of any radiocactive materials which ane
present in the cooling fluid. Loss of integrity of this barrier leads
to a loss of coolant, which in turn might lead to a failure of the fuel
cladding. Provisions are therefore necessary to. limit the consequeno%s
of the failure of the second baxr1er "

Due to the importance of this barrier the probablllty of failure mugt
be kept very low and, as a consequence, material, design, fabrlcathcn
arx:lconstructxonaretobeof highest quality, e.qg.: :

- made following speciflc validated codes and subject to Qn
extensive prograrme of quality assurance;
- . allowing in-service nxspectmn and ncm—destructlve testing.

A particiular attention is to be g.wen to the steam generators (when
applicable) to avoid as far as possible tube failure and tube nlptu;ge
pu':opagatlm

"The third barrier is constituted by the containment system. Its
function is to mugate the oonsequences of an escape of radioactive
materials fram the primary circuit and to limit the escape of these
materials into the enviyomment.”

- This barrier being the last between radioactive content of the core and
the public is designed to withstand a design basis accident. 'me
behaviour of the contaimment in case of a more severe accident .LS
presently being studied in the Cammunity.

The particular importance of this barrier has led to the need to venfy
its resistance not only to internal hazards, but also to external
hazards as will be seen in the following paragraphs.
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It should be noted that the barrier concept involves not only the
"barrier” itself, but also includes procedures and systems which are -
’necessary for the barrier to function satisfactorily. A good example of
this is the third barrier which ensures contaimment: this containment

is ensured, not only by the containment building, but also by mternal
‘structures as well as ventilation and filtration systems.

2.2.3. The accidental situations

These situations can be classified in three classes:
" - design basis conditions
- internal hazards
- external hazards

2.2.3.1. Design basis conditions

These are the set of operational states and anticipated transients of
incidental or d&ccidental nature that are taken into account for
equlpnent and structural design; they can be classified accordmg to
dlffexent crlterxa

For the IWR, the document COM(81)519 final c1a551f1es those events,
according to their frequency:

a) Events (mta.onal cccurrences) with moderate f_;ggeng,‘gzi‘ of
which may occur in everv nuclear power plant several tires during -

plant life

Due to the presence of protective means in the plant, these events
do not escalate into sitwations where the prescribed yearly dose
limits (operatiocnal limits) are exceeded, although during short
periocds of time the normal exposure levels might be ‘exceeded.

Examples of postulated events are:

- Loss of normal feed water

- Partial loss of core coolant flow

~ Total loss of load and/or turbine trip
- Loss of off-site power

by Events or fault sequences which may occur durmq the life time crf
a particular plant.

Duetothepresmceof pmtectlvexreans mtheplant, theseevents
or fault sequences are not expected to escalate into s:.tlzatloqs
where external countemmeasures to protect the public are necessary
other than for instance on a precautionary basis a monitoring
programme (with respect to foodstuffs), although the pmcr:.bed
yearly dose limits for normal operation m:.ght be exceeded.

An example of postulated events is: .

- loss of primary reactor coolant from a small ruptured pipe cgf-

. such an extent as to prevent nomal reactor shut down and cool
down, assuming make up is provided by normal make up only. i
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Events or fault sequences not expected to occur during the
lifetime of a particular plant, but. whose occurrence is
nevertheless considered in the design. :

Due to the presence of protective means in the plant, these

events or fault sequences are not expected to escalate .mto
situations where extensive off-site countermeasures are neqm.u;ad
to protect the public.

An @cample of postulated events is: double ended break of a lange
pipe in the primary pressure boundary.

Such events or fault seguences are used e.q. for the deslgri of the
containment.

For IMFER those events have been classified according to the systats
affected and in particular: :

aj

by

c)

Core react_:ivity faults

- Incorrect withdrawal of absorbers
- Ejection of absorbers

Core loading errors

- Ingress of cold sodium to core

- Addition of moderator -

- Voiding by gas

- Variation of core configuration

General cooling accidents

Prmary pup failure or loss of power supply ’
~ Failure in operation of valves in primary coolant cn:cmts‘

~ Loss of primary sodium

- Leak in the intemmediate heat exchangers

- Failures in the main systems for removal of heat fmnthe
primary circuit

— Failure of core coolant supply structures

- Malfuriction of decay heat removal

Sub-assenbly faults

- Incorrect positioning of a sub—assenbly
- Inlet and outlet blockages in a sub-assembly
ILocal blockage or cooling defects within sub—assenblles
-~ Fuel pin failure :
- Wrapper failure ‘
- Damage propagation within sub-assembly and core

2.2.3.2. Internal hazards

In addition to the above-mentioned design basis conditions, internal
hazards which could lead to failure of safety systems (in particular
ocamon canse failures) have to be considered in the design of
containment building and same nearby auxiliary buildings. In this
context, the internal missiles, high energy piping ruptures, internal
floods and fires are taken into account.

e oay



2.2.3.3. External hazards

The external hazards, both natural and man-made, which are analyzed
and, when appropriate, taken into account in the design basis stud.l.es
- for NpPs mclude.

- events of natural origin: earthquakes, continental and coastal
floods, waves, extreme meteorological conditions.

- events caused by man-made activities: aircraft crashes, accidents

- arising from industrial activities and hazardous materials
-transport (explosions, fire, toxic gases).

- missile ejections e.g. fram possible turbo generator failure.

Such .external events are considered in either a deteministic mariner, ‘
or by probabilistic techniques as appropriate and following the
natlonal pxacuces

Another kind of éxternal hazard is sabotage. Measures are general].y
takenmtheMemberStatestopmtecttheNPPslmtttuspomtlsnot
treated at Commnity level. 4 2

2.2.4. Safetv systans

Reactor safety systems which initiate actions to px:vevent safety Lum.ts
being exceeded are designed by applying the single failure cntenm
They are hence redundant and capable of performing their function under
the various operating conditions considered for the design, account
being taken of one single failure. '

During reactor operation, situations do, however, arise in whi
redundancy can be reduced or lost, andrreasumes shouldbetakentocope
with them from the safety standpoint.

Thése situations are:

- ncn—availability of eqmpmmt because of maintenance or repair
work, resulting in situations in which redundancy is reduced H
—_mm/mmdefaﬂures,wlﬁchcanresultmﬂug
similtanecus loss of supposedly independent systems, including ﬂyze
—,tot‘alloesofaredumlam:systen nomattervmattheredmxianc?
- may be. .

2.2.4.1. Nof_l—availability of equipment

Non-availability of equipment may be either planned (maintenance) or
the result of a breakdown. There are several ways of coping with
situstions of this type by measures taken at the design stage or during
operation: .

4

a) At the design stage, the system’s degree of redundancy can be
.« increased so as to allow necessary repair work to be carried ocut
s during operation without loosing the required redundancy.
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Increasing a safety system’s redundancy, i.e. adding, in parallel,
camponents capable of performing the same function (pumps, valves,
etc...), decreases the probability of failure of that system. No
intemational consensus has yet been reached, however, on the
advantage gained, in the case of a given system, by increasing
redundancy of the systems.

. Indeed, the limited advantages gained fram such an increase can be
offset by the increasing complexity of the installation.

Other methods are hence sametimes épplied in order to increase the
reliability of such systems:

-. equipment diversification and physical separation to avoid
camron mode failures.
- mutual assistance between several existing systems.

i , :
These methods, of course, also have their drawbacks e.g. less
nudeperxienoebetweensysbemsmtheseoaxdexample. ,

b) Adequateoperatmgnxlescanbelalddownsuchthat, in the event of
non-availability of safety eqmpnent, the safety level is not
significantly reduced in comparison with the case of full equipment
availability. Such rules could include the requirement to return to
a safe shutdown state within a limited period of time.

In coping with non-availability of equipment, a choice can thus be
made from an econaomic 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 and the assurance that can be obtained that
operators will camply with them.

2.2.4.2. Camon cause and comon mode failures

Taking account of the impact of external and internal events on safety
systems is an indispensable adjunct to redundancy; single failures o'r
equipment outages can also be coped with by a redundant design.
Redm'dancy,rmver does not always help to overcame cammon
failures in identical subsystems or failures due to cammon causes 11]{@
external or internal impacts. Indeed, fire, floods, earthquakes, froqt
and other such hazards are potaenta.ally capable of causing total system
losses. Prevention of such losses is done by means of physical Qr

geographlcal separation of systems, diversification, ea.rthqwake—procf
design, independence of electrical power sources, etc.

2243 Totalsvstenloss

In addition to the above mentioned precautions, a requirement is more
and more often introduced: to study the effects of total loss of
certain vital systems, such as heat sink, steam generator feedwater
system, electricity supply systems, etc., and reduce their consequenceg
by means of procedures or structural measures as far as is reasonably
practicable.



2.2.5. Conclusion

The adoption of consistent sets of design and operating conditions is
of utmost importance to ensure safety and this has been achieved in all
Member: States.

The deterministic method is used in all the Member States to design the
NPPs with the same basic hypothesis and concepts and with some
differences stemming from their implementation (in particular as
concerns  the "ALARP" concept) and fram different technological
practices. This has led to differences in some areas : containment
systems and protection against external hazards, and methods applied to
design the safety systems (redundancy, diversification, physical
separation, mitigation of cammon cause failures). _

- One should also rote that the analysis of the consequences of the total |

loss. Of safety systems or other technical supports (electrical power = -

supplies for example) lead to d.LfferJ.ng positions th.ch would bameflt
from further in depth camparison in the future

It is llkely that more attention will have to be given to beyoncl ces:.gn _

basis measures. Therefore, it would be appropriate to. study in deprth

the following areas:

-~ safety margins allowing structures and systems (and more
particularly the containment) to survive beyond design basis
acc.Ldents '

- 'measunes available to assist operators in accidental s:.tuatlms

2.3. PROBABILISTIC METHOD

2.3.1. Introduction -

'Ihe probablhstlc approach has been increasingly used over the last 10
years as a oamplementary tool for designing and licensing, so that
nowadays all countries carry out sane studies in all the head.mgs (j,}
to (v).

’Husnethod is used in its more general form as p:d:ab:.lxstlcsafet;}y
assessment”, to verify overall safety conszstency and calculate the
overall rlsk occasionally by ocomparing . it with that of crtl'nr '
indulstrial activities.

It i5 also applied in certain countries to validate measures mtended
to reduce the effects of certain failures (for example, total failure
of redundant systems) and assign reliability objectives to same
camponents important to safety.

This method is also used as a design procedure in order to take care of
certain hazards external to the installations (aircraft crashes, _
explosions, etc...): consequences of those hazards are eva}.uated'
‘together with theJ.r probability of occurrence and, if necessary, extra
'.°'pmtect1m means are :mcorporated If the probability of such an event
is sufficiently low this event is not taken into account in the des:.gn.

J
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With the application of the probabilistic method, quahtatlve and/or
quantitative probabilistic safety objectlv% have been introduced by
some . Mamber States authorities in addition to the e'nst.Lng
determjnistic safety requirements. Setting such cbjectives is another
exanmple of application of the ALARP principle cited above:. However,
because of same specific limitations of the prcbabilistic method (e.g.
data uncertainties, difficulty in quantifying the human operator’s role
in accidents, the magnitude of common-mode failures that could be
caused by fire or flooding, etc...), these safety cbjectives have
generally not been made mandatory. '

The use of probablllsuc studies can be subd1v1ded into several
interrelated headings:
(68 Reliability analyses - including -effects of nedundancy
diversity, segregation, camon mode failures, and
factors; L

. (ii) Consistency of overall design’ - including caimon caqse
effects and systems interaction; and ' - i

(iii)External hazards.
(iv) Feedback of operating data
(V) Risk analysis.

2. 3 2. Rellabllltv analyses

Most. ommtrles use reliability analyses to confirm the grounds used by
the deésigner for choosing certain deteministic targets. In th:i,s
respect the rellablllty technique has proved to be a substantial he},p
to the des:.gner in pruviding .

— the proof of a sufficiently low probability of failure of a safeg,,y
system; ,

- the ev:.dence of possible weak points in the safety system; = '
and allowing

- the systematic examination of the safety measures for cop:.ng m:,h
md1v1dual accident sequences,

- the detemmination of check intervals and admissible repair tJ.mes
- of camponents of the safety systems.

2.3.3. ConsiStencv of overall design

Research into the reliability of all the important safety systems of a
NPP allows the designer to appreciate the intemmal oonslstency of the
different safety systems and to justify their design. It is one of the
vays to identify potential scurces of camon mode failures, as well as
undesirable systems interactions which may degrade the overall safety
of the plant. .
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2.3.4. BExternal hazards

In many countries probabilistic analyses are used to assist in
quantifying the effects of external hazards on the design. The
treatment of external hazards of human origin (e.q. aircraft crashes,
industrial envirorment) is more straightforward than the treatment of
natural external hazards (e.g. earthquakes, high winds). In the former
case there is usually same representative historical data and the
possible consequences are known, although the calculations may not be
very accurate. However, in the latter case there is often little
representative historical evidence and the likely consequences of very
improbable events may be difficult to predict. This often leads to the
inclusion of conservative margins in the probabilistic estimate.

2.3.5. Feedback of operating data

For the application of probabilistic techniques, data based on
operational experience (e.g. camponent failure rates) are necessary.
This is an area of increasing importance where co-operation of
utilities and designers is vital in order to provide as large a data
base as possible.

2.3.6. Risk analysis

The major use of probabilistic techniques is in probabilistic risk
assessments (PRA) carried out during the preparation, and subsequent
confirmation, of the safety case for a NPP. It is usual to divide FRA
into three levels: level 1 is the identification of all the ways in
which the plant can malfunction in such a manner as to lead to
potential releases of radicactive products from the core together with
estimates of the frequency of those fault sequences; level 2 is the
categorization of those emissions in terms of size and frequency taking
account of containment performance; level 3 is the calculation of the
consequences in termms of population exposure and related consequences.

Although the impetus to use PRA arose fram the general desire to
evaluate the overall risk fram the plant (e.g. in termms of cumulative
probability distributions of late cancer deaths), the main benefits to
safety come from the application of level 1 PRAs. The progression of
level 2 and level 3 PRAs is encumbered by calculational uncertainties
and difficulties of interpreting the significance of the results.
Although progress has been made in understanding the sources of
uncertainty in PRAs, same problems persist e.g. the impossibility of
finding all possible fault sequences and the associated phenamena with
a valid verified approach, the handling of comon mode failures,
external hazards and human factors.

Most Member States recognise the importance of PRA and continue to
develop it; few of them incorporate it in the formal licensing
procedures.

2.3.7. The use of PRA techniques in setting quantified safety
obijectives ‘

The task of quantifying safety objectives is difficult for various
reasons, the most important of which is the uncertainty of the data
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used in the PRA calculations.

‘Nevertheless in same oountries great emphasis is placed on the
develomment of safety cbjectives for the individual and for the society
-as part of the process by which regulatory authorities and electrical
‘utilities could provide a oonsistent basis for decision making on
- safety.

2.3.8. Conclusion

The development and use of the prcobabilistic approach is becaming
‘important within Member States, mainly as a complementary tool to the
traditional deterministic approach.

The Camuission is promoting the sharing between Members States of
experience gained fram its use in plant design, safety reviews and risk
analysis (and in the associated field of safety objectives).
Intercamparison exercises are also organized.

2.4. SYSTEMATIC USE OF OPERATING EXPERTENCE

2.4.1. Introduction

The deterministic and probabilistic methods are constantly being
improved as knowledge is continuously expanded through reporting and
analysis 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 unremitting drive to improve safety.

There is now a wealth of world-wide experience available fram roughly
4000 reactor.years of operation over a 30-year period and from the
Research and Development programmes set up in order to better
understand the observed and anticipated phenomena. Individual plants
and research facilities become scurces of valuable information for many
other plants in variocus oountries. At the same time, all parties
involved in the protection of public health and safety - plant
operating organisations, vendors and safety regulators benefit fram the
accumulated scientific and technological knowledge.

Moreover the lessons learned fram the analysis of severe accidents i.e.
™I and Chernobyl are taken into consideration for present and future
plants.

2.4.2. Reporting and analysis of potential accident precursors

Syst:enatlc 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 e.q.,
cammon  cause scram unavailabilities, power grid outages, steam
generator tube failures and feedwater pipe problems in PWRs, relief
pipe and pressure - suppression pool problems in BARs.
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There is also a general consensus on large-scale and timely dlssexmna
tion of information on abnormal occurrences as a contrlbutlm bo
accident preventlon

2.4.3. Analysis of severe accidents

The conclusions reached after the ™I accident, which were recently
confirmed through the analysn.s of the Chernobyl accident, show that, no
matter how well a reactor is designed and operated, a severe acczdent
can never be totally ruled out. In this situation the ultimate reactor
- containment may even be submitted to loadings greater than the de51gn
value.

That amances even more theresearchworkmmmtlymx:lermfonthe
ultimate behav;.our of containment systems, the cooling of molten cores
arxithedefmltlmofsourcetems The aim of this research is to
achieve a still better understahd.mg of the phenameria associated witk.
' 'sevére accidents sothatmeasun—:scanbetakentoprotectthepubl;LcirJ
' such extreme conditions. 3

i

Ehese ‘measures concern: ,i;

. the protection of the integrity of the containment by add:.ta.onqi

systens and,
- the direct protection of the public by specific erengency plans and
prpoedux&s.

™I and CHERNOBYL severe accidents have underlined the impourtance q;f
the contaimnment as the ultimate barrier between the r.adJ.oactlve
inventory of the core and the environment, the necessity for mpmnqg
the . interface between man-machine (instrumentation, operatu}g
procedu.res ergmuny) and for allowing the operators to play the,gr
essential role in post—acc1dental management, avoiding diagnosis errors
lead_mg to worse plant conditions, and the importance of the
"mitigation" of accidents consequences (e.g. safety actions ¢to
safequard the containment). 1

On the other hand, highlights have been placed by those accidents ¢n
the benefits to be gained from emergency planning organization and
- training for operating personnel to gain a "safety culture” amablmg
them to drastically decrease the probability of severe accidents.

2.4.4. Backfitting of operatmq plants and design mnprovarents for new
plants as a result of operating experlence _ L\,
Backfitting ‘means a modification to plant deSJ.gn acoond.mg to or

required by::

- d_Lscrepancy between des;.gned and real plant, due for instance to
abnormal agmg of canponents, or

- evolution in safety requirements, which can lead either to ade.t.Lonal
features, e.q. for protection against extermal cammon cause events,
or to a simpler design with higher quality materials, as is the case
for the reactor coolant .circuit supporting system, or
- operating incidents or accidents, new findings or developments, wh.xch
reveal that additional precautions against damage are needed for
keeping the operational rlsk at a reasonably low level.




14

In addition to the continuing supervision of safety performance by both

the plant owner and the authorities as well as plant reexannnauqns

following a major accident like ™MI, there is a legal basis in mst

Member States for performmg periodic safety reassessments of operating

plants. This consists in a systematic comparison of plant design w;th

the existing safety requirements, which may differ from the orlgmal

design base. ‘

To what extent the identified non-conformities have to be corrected is

a practical problem for which pragmatic solutions are sought, mostly on

a case-by-case basis, taking account of such factors as: ‘

- experience with incidents and difficulties;

~ cost/benefit oconsiderations, which lead to a ranking of the emrlsaqed
modifications acocording to their relative merit for safety; g

- possible adaptation of test and maintenance procedures; ‘

- new operating procedures to cope with incidents; .

- significance of the envisaged modifications in reducing the overall
nuclear risk.

“xamples of backfitting resulting from operating experience are
numerous . Theyxrostlyconcemtlwresxdtnlheatramval systems and
their electrical supplies, the reactor coolant system J.ntegnty, posk-
accident qualification of equipment and containment suxvi val in case q)f
severe acc.tdents

It is gezmlly agreed that improvements to the safety of old plant,s
have to be applied in such a way as to take account of bbth the
increased safety and the extra costs of modifications and productien
losses. .

Moreover, there should be no undesirable consequences of modifications,
e.g. increased system camplexity or important exposure of plant
personnel to radiation. ;

Should it turn out however that backfitting of a spec;flc plant {s
necessary, as opposed to desirable, but at the same time is considered
too costly, then there is no alternative left but to shut this plaﬁt
down. , :

2.4.5. Conclusion '

The systematic use of experience gained from daily operatlm and from
the in-depth analysis of incidents and accidents is an .i.trportax;’t
contribution to the safety of NPPs, allowing improvements in design of
new plants as well as in systems and operatlm of existing plants.
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. SAFETY OBJECTIVES AND METHOD IN NPPs OPERATTON

3.1. INTRODUCTION

Management of operation is very important to assuring nuclear safety.
The lessons leamed from analysis of past incidents and ‘accidents have
.increased the consciousness of the importance of the following factors:
early detect:.gn of faults, man-machine interface, man-man
camprehension, ergonamy, personnel training and safety culture.

These various subjects are to be addressed both for normal operation
conditions - from cold shut down to full power, including transients
progranmed or due to incidents - for design basis accidents situations
and for sxtuatlons leading up to severe accidents.

As far as the general safety rules are concerned, safety is treated,
. fram the operation point of v1ew, in a similar way, in the Member
States. .

3. 2 GENERAL OPERATING RULES

'me general operating rules, which requlre the approval of the natlonal'
safety authorJ.t:Les, include in particular:

- techm.cal operating specifications,

- general mattexrs relating to operating procedures,

- the measures to be taken in the event of incidents or accidents,
- periodiCal test programmes for systems of safety significance.

3 3 TECHNICAL OPERATIIG SP]I!IFICATIOI\!S

'IVechmcal cperatzng spec:.flcatlons define the technical rules to be
carplled with during different states of normal operation of the plant.

They - spec1fy the safety limits of the parameters taken into
- oconsideration at the design stage, which may not be exceeded.:

- mlpose the pxotectlm t}mholds of essentlal pmtectum
systems, which trigger an autamatic response so as to ensu,;:e
that the safety limits are not overridden.

- specify the functional limits for start—-up, power operatlm and
shut-down of a power plant L

élaydomthemeasurestobetakenmtheevmtofnq;—
. availability of one or more equipments or systems or in the
case of abnormal changes in a parameter of safety s:Lgm.fJ.cancg,
for examgle time limit for a unit to remain in a given state
- before returm.ng to what is deemed to be the safest state.

'lTechmcal specifications are drawn up on the bas.Ls of detenmnlstlc
criteria and with the assistance of probabilistic assessments, makJ.ng
use of the available reliability data for main components.

These documents are’ very detalled and neoessarlly differ fram one plant

to another (
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3.4. ORGANIZATION OF OPERATING EXPERIEM)E FEEDBACK

The aim in organizing opexat.mg experience feedback is to reduce the
frequency of incidents in order to reduce the safety unpllcatlons and
to avoid unnecessary shut downs. The main objective is the
identification of incidents, precursors of more serious accidents, in
order to define and apply the necessary corrective measures before
these accidents occur.

The events are collected in databases, in each country, and selected
events are submitted for incorporation in international databases and
at JRC Ispra in order to allow sharing of information and in depth
analysis of these events for the benefit of all participants. .

3.5. OPERATION UNDFR NORMAI, CONDITIONS

The situation is nearly the same in the Member States. At present,
there is a tendency to relieve operating staff fram manual, routine
control functions by the provision of operator aids like highly
automated systems. In particular the importance of the man-machine
interface is stressed (control room organization, alarms
management...). ' '

3.6. OPERATION UNDER INCIDENT AND ACCIDENT CONDITIONS

It is of utmost importance to have suitable procedures dealing with
incidents and accidents. One  important point is the contrel room
arrangements: currently no operator action for -instance is foreseen
during the first period of time after a deélgn basis accident (about 20
to 30 minutes, on average, according to the different de:—ugns), ard a
computerised information system pr%entmg concise . information
regarding plant safety conditions is foreseen.

Another point is to take appropr:.ate measures to mitigate the
consequences of severe accidents: the prime objective being to ensu:ce
containment integrity. L
Conitainment wventing and filtering is being studied and for )
cointries implemented. The hardware measures are supplemented by

appmprlate procedures and training programmes.
3.7. EMERGENCY PLANS

Each nuclear s;.te ought to have an emergency plan, in which the pne-
planned actions of the utility are described. The main goals of t.he,ge
actloxis are:

1. to alert the authorities in the event of -a miclear acc:.dent to
allow them to implement the extemal emergency plan including
information to the public and the local amd national emergency
centres (as appropriate). s

. . 4

2. to set up the utility emergency organization in order to:

" - help the control room staff in the management of the accident .
- implement on-site and off-site radiological measurements E
- inform the authorities on the development of the accident.

3. to ensure the protection of workers.
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3.8. PERSONNEL TRAINING

The operator role is essential for a safe operation of the plants.
Very high qualification must be assured and maintained continuously and -
precautions are to be taken against lowering of attention durmg long
operating periods mthout an incident. ~

Consequently, the operator tra_i_njng both for normal operation and
operation .under fault conditions is of great safety significance and
systematic training programmes using simulators are very important. ‘

Indeed, past experience has shown that a serious accident invariably
has a "human factor" camponent, even if its origin lies in an equipment
failure or an external event. . The events at TMI and Chernobyl provide
anple demonstration of this fact. Moreover when one considers not
accidents but. only incidents or even production losses, the human
factor has a major involvement, varying from 30 to 60% dependmg on the
type of event in question.

In the great majority of cases, appropriate staff training orJ.ented
towards the situations encountered would have enabled these incidents
to be avoided. Training is therefore of utmost importance and
priority. . .

Nuclear power stations are complex installations, and one can expect
satisfactory performance from the people responsible for their
operation only if they have in depth knowledge of how these.
installations are functioning. The traihing of personnel therefore
necessarily involves the acquisition of basic knowledge followed by
practical eéxperience and familiarization with the various mechanisms

governing operation of the plant. Regular retraining is also needed to
maintain and update the operator qualifications.

i
"

‘ Specxallzed simulator: ‘training is necessary, being regarded in mqny

respects as more profitable than training on the plant itsclf. The
sirulator enables the trainees to cope with disturbed sltuatlons they

" would encounter only rarely in actual operation, for instance after

start-up testing.
3.9. CONCLUSTON - 3

Safe operatmn of NPPs requires campliance w:.th well defined and
approved technical operating specification, existence of operating
procedures for normal and accidental oconditions, organization §of
operating experience feedback and first of all, qualified and
adequately trained operators having always safety in the fore—front of
their planm_ng for act:.on '

Y
}r
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4. GENFRAL QONCIUSION

The safety of NPPs is assured by methods allowing to fulfill safety
objectives. Three basic methods were described for safe design and the
importance of a correct management of operation was stressed.

These objectives and methods are at present the subject of a consensus
between the actors - authorities, manufacturers, utilities - in qll

Member Countries. In the implementation of the ALARP concept and jn-

the importance given to probabilistic assessments differences exlst,
mainly due to the speed at which new technologies are adopted in ﬂie
different countries.

Finally, the safety of NPPs cannot be oonsidered as sanething that jis
aoguired once and for all following acceptance of a glven design.
Rather, safety is a living concept whose maintenance requires perpetual

vigilance and exploitation of experience taking account ofv

technological progress and msearch results.

-





