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1. Introduction

To deal with the subject given to me, I shall first try to set the perspec-
tive of the international scene and this can be done only by going back to
the origin which is essentially a national scene.

I shall also optimize my talk towards regulatory practices and standards
(i.e. rules) and by this I mean safety requirements systematically esta-
blished or applied in parallel with licensing practices for specific site
acceptance, project construction and operation—approvals.

It should also be clear that furtheron I will deal essentially with techno-
logical practices and rules rather than with radiation protection standards
and also that I will focus on nuclear power plants of the industrially
developed type, i.e. essentially light water reactors (LHS's).

Finally, when speaking about activities going on on the international
platform, I will deal of course with the European Community—frame but also
with other internationally sponsored activities such as those of the IAEA,
and how these activities interconnect.

The opinions expressed in the present paper do not necessarily reflect
the views of the Commission of the European Communities.

2. Regulation and standardization; definitions

Kr. P. AILLERET in a paper dedicated to the significance and development
of Standardization in general (i.e. not confined to the nuclear area) has
rade a number of statements which in my view are largely valid, also in
the nuclear area. However the specifics of the nuclear developments have
been euch that some particularities have nevertheless to be introduced to
obtain a complete and true picture.

Some of the basic statements of Mr. AH.LERET are :
QUOTK
1) The only distinction between regulation and standardization is at the

level of the sanctions; there exist however boundaries and inter-
relationships between both.

2) It is possible to distinguish three areas of human activity according
to the degree of freedom :
a) the area of oblif̂ atory constraints
b) the area of reconmenda-tions
c) the area of uninfluenced decisions by companies and individuals»

Obligatory constraint by reflations (e.g. in France essentially decrees,
and government orders and particular laws) is justified whene\>r the struc-
ture which it sets up is more advantageous than the economic waste which it
involves. For example the obligation to stop at traffic lights on a cross-
road when the lights are red, even though it is clear that there is no
vehicle travelling along the other road, involves a waste of time and
petrol; but if a strict rule was not enforced there would be a considerable
increase in the number of accidents at crossroads•
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3) The boundary between regalation and pure standardization (so called
voluntary standardization) results in communication between these two
area's by way of reference to standards*

This method of reference to standards is used in particular by the
European Communities who themselves establish by "DIRECTIVES" (in the
conventional area) the constraints which the governments of Member
countries are required to impose, but leave the methods of measurement
and preferred rules of the art which will be accepted everywhere without
the need for justification, etc. to standards — provided these are har-
monized throughout the Community countries»

4) National standards in fact represent hindrances to trade whenever they
depart from standards in the rest of the world; they represent less
serious hindrances than standards established by government regulations«

5) Harmonization of regulations is much more difficult than harmonization
of industrial standards because governments are much less flexible in
harmonizing their points of view, which is understandable because the
texts concerned involve much greater constraints than those involved
in the international standards.

ETC) OF QUOTE

With regard to definitions. I find it hardly possible to make a clear-cut
distinction between a number of term3 used in nuclear regulation and in-
dustrial standardization because the national structures, practices and
languages have marked the terminology. Even within the single English
lanruafre there ar«; discrepant designations.

At the onset of the CEO activities, on which I will dwell 3omewhat later,
an effort was made to give clear definitions (in various languages) of
terms used in the nuclear practice such as (in English) :
Reflation, criterion, ruide» standard, specification; (code).
The only thins which might be said is that generally the mandatory
(obligatory) nature diminishes going along those terms, with a special
mention for the term "code" which could be qualified as a hybrid term
covering both a reflation and a standard.

3. The national scene
connexions

licensing, regulation, standardization and their

3.1. General background^

The licensing procedures in the various countries have developed — and
are continuing to develop - along different lines, depending on :

- the political and administrative structures and the laws applicable in
each country;

- the organizational characteristics of each country and its regions»

These procedures are the vehicle for the development and/or application
(arain with variations) of the technical practices and methods concerning
nuclear safety as well as the relevant safety requirements mostly spelled
out in regulations, criteria, guides, standards and code3 for site, plant
structures, systems and components which I will call in common "rules".
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At other occasions I have had the opportunity to deal with the licensing
procedures. Let me now deal only with the safety practices and "rules"
aspects, more specifically the regulatory aspect.

3.2. Technical Kethods and ̂ ^ S 8 "

Against a background of evolution over the last twenty years in a
rather wide range of safety analysis methods (e.g. M.C.A. concepts, succes-
sive barriers concepts, defense-in-depth concepts, deterministic approaches,
quantified probabilistic approaches), more specifically since 1965 and
initially in certain of the most advanced countries in the nuclear field,
systematic efforts to develop "rules" have been made.

How can the role to be played by these rules be defined ? The rules re-
present a systematic and disciplined codification of the engineering and,
simultaneously, a review of the lessons provided -by experience.

If these rules are applied by the industrial architect who designs and by
those who construct and operate the nuclear power station, they can con-
tribute to the confidence that the operator can have in the reliability,
the availability and the safety of the plant. In addition, they contribute
to decreasing the cost of design and of manufacture and to facilitating the
"planning" of manufacturing and construction.

This codified good practice (rules) provides the licensing authorities and
the safety and control organizations with a high degree of confidence that
the design basis and the performance requirements on the equipment on which
th<?y based their safety analysis and their approval will effectively be
achieved.

Rules can be evolved by a regulatory authority and/or associated safety
and control organizations, in which case they find expression in mandatory
(obligatory) requirements or indicative (quasi—mandatory) requirements. As
en example I would quote 10 CPR 50 as mandatory and the USKfiC regulatory
guides as indicative rules.

On the other hand, they may evolve on a voluntary basis, i.e., by a joint
effort on the part of experts of the electricity producers, industrial ar-
chitects and builders, and the licensing and regulatory authorities together
with the associated safety and control bodies (example : ANS, ANSI, ASTM,
ASVE, codes and standards)« They are then usually called industrial
"standards".

These rul«;3 varying in "status" may in substance cover the design of the
plant as a whole and its siting conditions, the structures (e.g., steel
pressure vessels and concrete structures such as safety containments),
systems or sub-assemblies (e.g., primary boundary, cooling systems, con—
taiiment spray systems, effluent gas treatment systems, reactor protection
systems, power supply systems) or components (tubing, pumps, \?lves, electro»
mechanical components, electronic components, etc.).

They may refer, at the same time or separately, to design, fabrication and
construction, assembly, testing and inspection, periodic inspection and
monitoring, normal operating conditions, transient behaviour, malfunctioning
or accident conditions.

.../...



- 4 -

Finally, the rales have to be adapted to take account of advances in tech-
nological knowledge (e.g., the results of safety research) and the evolution
of safety methods (e.g., the use of probabilistic methods of analysis)*
This means that they have to be periodically revised.

3.3. Review of developments in industrialized countries^ with brief examples

The review that follows is of necessity incomplete and will be largely
concerned with the reactor type which, in the Western countries at any rate,
is the mostly developed industrially, i.e., the light-water reactors (UiR).

To begin with, it should be pointed out that there are some countries which,
although they have themselves significantly developed nuclear energy, have
never felt the need to take any great trouble to formulate many "rules".
These countries are the United Kingdom and Canada. This can no doubt be
explained by an inherent pragmatism and empiricism, and by the evolution
in reactor tjv ÍS selected in those countries, namely, the GCR; the AGR;
the SGHWR; and the PTR of the CANDU type.

On the other hand, the two countries most advanced in the development of
rules are undoubtedly the USA (the homeland of the LWH) and the Federal
Republic of Germany. Annexes 1 and 2 give a review of the numerous bodies
in those two countries which play a part in drawing up rules of the various
types referred to earlier.

In all, there are some 3 000 persons in the United States who take an active
part in drawing up specifically nuclear rules, and about 6 000 who help in
preparing rules directly or indirectly connected with the nuclear sector.
(This covers rules of any kind, and therefore not just "technological"
rules). In the Federal Republic of Germany, there are probably 500 persons
working in about 50 committees or working parties engaged in th« development
of specifically nuclear rules (both aspects : technological and radiation
protection).

The main body which coordinates the preparation of indicative (quasi-
mandatory) rules of a technological nature in the Federal Republic of
Germany is the Kerntechnischer Ausschuss (KTA). Up to a point these
rules are comparable with the Regulatory Guides drawn up by the USÍíRC. The
KTA may delegate its work to the other bodies (listed in Annex 2). In the
course of 1976, i.e. about 3-4 years after it was established, the KTA had
finalized 4 rules and had 41 in various stages of preparation (as compared to
2 finalized and 24 in preparation beginning 1975)» Annex 3 provides a
survey of the situation in 1976.

In comparison, the number of voluntary rules (standards) which have already
been laid down by the other bodies (DIN, AD Merkblätter, etc.) is much lar-
ger as it is the outcome of about ten years' work*

Though their efforts are relatively mode3t compared with the USA and the
FR Germany, more systematic attempts are being made to draw up rules by

(*) Only up to a point, as these rules are the outcome of a voluntary agree-
ment between licensing and regulatory authorities and the associated
safety bodies, operators and vendors; in this respect the role of the
KTA is more akin to that of ANSI in the United States.
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other countries such as France , Italy, the Hetherlands and the Scandinavian
countries; here, however, they are mostly of the mandatory—requirement or
indicative rule type, i.e., they are chiefly drawn up by the regulatory
authorities and safety bodies, usually in consultation with industry. In
some cases these rules are evolved in line with the characteristics of the
sites in the country in question (e.g., geological and seismic conditions,
external man-made or natural impact conditions **, population densities)«
Often, however, these rules are no more than revised versions of rules of
American origin - sometimes, but not necessarily, improvements on the
original (which in time is often still evolving).

To a great extent, these countries (and others such as Belgium, Luxembourg
and Spain) still adopt the method of applying the rules of the
country of origin for projects and plant of installations of imported design,
whether imported directly or under licence. It would be wrong, however, to
think that this practice is necessarily easy of application. It is necessary
to :

— keep constantly up to date with amendments to the rules;

— understand and interpret them correctly (language difficulties);

— correlate them with any "indigenous" rules that may exist;

— build in any requirements arising from special site characteristics;

— make a true assessment of any technical differences in relation to
the "reference plant".

4. The international scene ; development of rules (regulatory and industrial
standard:;'); harmonization of practices and rules; associated difficulties
and limitations

4.1. General

If we recognize the need to develop nuclear energy and the industries
associated with it, it is essential to evolve harmonized cross—frontier
approaches and techniques in nuclear health and safety matters (covering
both the technological and radiation protection aspects).

It is true to say that :

— there is no reason to allow the development of different overall levels of
safety to which individuals of different nationalities are exposed;

— in view of the growing international exchange of projects and technical
equipment (structures, systems, subassemblies and individual components),
disparities in the rules, i.e. in the regulatory requirements and in
industrial standards, constitute a barrier to industrial development and
energy production;

(») In France Bince recently has been set up a procedure in order to develop
a BO called general technical regulation (essentially directed by the
authorities, but with consultation of industry) at several (3) levels
of detail and also a compilation of (industrial) codes and standards
applied in the design and construction of NPP'S (which will be conduc-
ted by industry in relation with the authorities).

(«•) Such as neighbouring industrial activities and explosion hazards, air-
craft impact hazard, malicious damage hasard, flooding hazard.
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- the development of standardized methods to deal with safety problems and
their environmental implications for the design, fabrication and assembly
of equipment is bound to shorten lead times for the 8otting-up of nuclear
power stations, and speed up their putting into service«

The nature of the rules, and the way in which they have been developed at
national level (see 3.1) show that, whatever merits the systematic
approaches applied may have, the outcomci is a very complex situation which
is rendered all the more difficult in view of harmonization by the magni-
tude of the problem and by the national efforts dealing with it. Any
international attempt at harmonization which is not sufficiently selective
and judicious in the choice of options and priorities would - in my view
anyhow — fail to make any impact.

The three most noteworthy approaches — i.e. at least in the technological
area(leaving the radiation protection area, widely covered by the I.C.R.P.
and also within the EC, aside) — to the problem at international level are
those undertaken by the International Atomic Energy Agency (IAEA), the
International Standards Organization (ISO) (together with its sister or-
ganisation the International Electrotechnical Committee (IEC)), and the
European Communities (EC).

4.2. The IAEA (Nuclear Safety Standards programme; IJuSS-programne )

This work was started in 1974 and is geared to the needs of countries
in the process of industrial development. I shall not go into the details
of the programme and its ways of procedure which have been reported e.g.
at the international Salzburg conference (Kay 1977) *• Let me just in-
dicate that the purpose is to develop a set of safety recommendation3
(non-mandatory) based on national and international practices, rules and
standards under the form of so—called "Safety codes" and "Safety guides".
These recommendations are to set a standard frame of reference to which
especially developing countries can refer to in taking main decisions on
nuclear safety of nuclear power plants with thermal neutron reactors. They
can represent a substantial assistance in identifying problems and in es-
tablishing rcinimm requirements for safety and suggesting acceptable methode
to achieve them.

An updated list of the various "codes" and "guides" being worked at and
having reached different degrees of development through the complex ap-
proval system before publication by the IAEA (in the 4 official languages
of the Agency : English, French, Russian and Spanish) is given in
Annex 4. '

Despite the complex process of development of these codes and guides, one
can say that the work is progressing at a steady pace which is better than
was originally expected«

I believe there are several reasons for this progress :

l) although the end—product (recommendations to Member States) represent»
a common denominator of minimal requirements of limited practical use
in industrially developed countries in the nuclear area it provides
an excellent synthesis of commonly agreed basic practice, from which
one can further construct in a more detailed manner.

(*) Paper lAEA-CN-36/527
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2) Although the final approval of the end—product is at the regulatory
authorities level.in the process of elaboration of the documents,
industry experts (i.e. from the utilities ana. vendors) are also closely
associated in the work together with the regulatory bodies-experts;
this provides a good opportunity of a joint discussion in a systematic
way on specific subjects classified in a precise order and therefore
there is interest in the undertaking, furtheimore this safeguards suf-
ficiently the interest of the industries with respect to the international
market (especially towards developing countries).

3) The working procedures laid down — although necessarily somewhat cumber-
some — reinforce the systematic and efficient approach : e.g. scope
definition, collation of material by the technical secretariate, small
working group preparation of a 1st draft document (l to 2 weeks duration),
Technical Review Committee (TRC) - revisions (l week), SAG-revisions
(l week) written commenting etc..; especially the fact that the experts
are practically "locked up" until they produce an agreed text, is impor-
tant.

4) The technical secretariate back-up is adequate (sufficient and qualified
staffing).

In principle, it was agreed at the onset that the ZAEA-NuSS programme would
concern itself with rules covering the regulatory (mandatory oriented) as-
pects, whilst the ISO-Technical Committee 65 programme (see below) would
give its attention to rules covering the voluntary aspects (i.e. industrial'
standards). In practice though and because of the inherent safety oriented
requirements of the nuclear technology it has proven difficult, if not im-
possible, to keep a clear-cut distinction between the technical subjects
calling for mandatory rules and those that should be covered by rules
(standards) of the voluntary type. So interphase between the IAEA and
ISO/IEC programs is inevitable. This can be partly solved by applying the
system of reference to the standards (see section 2 of present report)»

4.3. The KO ^and^IEC^ £rogranmii!

Although not the prime object of the present paper - which is oriented
towards renilatory matters — it seems worthwhile to present in annex 5 *
survey of the subjects covered by Technical Committee 85 (Nuclear fiiergy)
and its subcommittees and working groups. Links exist with the work of
the I.E.C., in particular with TC 45 (Nuclear instrumentation). After an
interruption of several years, work was revived at the end of 1974, but
as in the past, it seems to be progressing at rather a slow pace.

The reasons for this are probably :

1) the fact that the IAEA-NuSS programme, despite the original intent not
to do so, overlaps into technical matters more akin to "industrial
standards" development;

2) the fact that industry feels sufficiently associated to the IAEA-NuSS
programme to have its interests safeguarded (see section 4*2.);

3) the working procedures which allow only for 1 or two-days periodic
meetings of WG'S, SC'S and TC*S, i.e. less man-power investment in the
standardization effort.
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As, in principle, the ISO (IBC) optimizes its efforts towards "industrial
standards" (as opposed to the IASA-NuSS programme optimized towards regula-
tory requirements), but as also interphase - as mentioned earlier - is
inevitable, the necessary connections and mutual representations on the
relevant committees and working groups are provided for.

4.4. The Earopean_Coa!munities_

A more systematic effort to achieve progressive harmonization of safety
practices and requirements for nuclear power plants, more specifically those
using light water reactors, was launched in 1973. A permanent working group
(WG No. 1) was set up for this purpose, on which the licensing (and regula-
tory) authorities and associated safety and control organizations are re-
presented on one hand, and the utilities and vendors on the other.

This permanent working group has set itself an order of priority for dealing
with the vari'-_3 subjects and has in the course of 1977 worked out a revised
working scheme for its second phase of work.

It should be reminded that the basic support, at the political level, for
these harmonization efforts are provided by the European Community Council
of Ministers Resolution on nuclear safety technology of July 22 1975 which
amongst others and in short :

— calls for a strengthening of effort at harmonization within the European
Community;

— requests the Member States to notify the Commission of any draft laws,
reflations or provisions of similar scope concerning the safety of
nuclear installations in order to enable the appropriate consultations to
be held at Community level at the initiative of the Commission;

— provides that, at the appropriate time, Community recommendations shall
be published (Article 124 of the Euratom Treaty) on those subjects which
lend themselves best to a harmonized approach.

Time does not allow to go into too much detail on these activities. Therefore
a very schematic survey is given of :

a) the tasks undertaken, in annex 6

b) the working methods applied, in annex 7

c) the progress of work on various subjects; in annex 8.

Special mention may be made of the subject of external (natural or man-oade)
hazards, as most of the studies and findings in this area are not only ap-
plicable for LWR'S, but also apply to other reactor types and to a certain
decree even to nuclear fuel cycle facilities«

For the sake of illustration and for those interested, I have also mad«
available — as a hand—out addendum to the present paper — a complementary
document summarizing the analysis made on national practices and rules
for three of the topics which were studied in detail, namely for :

1) Protection of NPP'S against seismic effects

2) Protection of NPP'S against aircraft crash

3) Safety related electrical power supply.

*••/•••
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At this point and as a side line, I mipht also mention that with regard to
normal effluents releases from nuclear power plants quite discrepant prac-
tical approaches of the basic principles (justification of exposure, com-
pliance with dose limits, optimization of radiological protection) subsist
in various countries. These differences have been outlined in detail in
tsy earlier paper at the Salzburg conference 1977 and I shall not dwell on it
further here. For the purpose of gradually aiming at a more uniform appli-
cation of the "as low as reasonably achievable" (A.L.A.R.A.) concept the
authorities responsible for authorising the discharge of radioactive effluents
are periodically convened.

Remaining for a short moment in the area of radiation protection, I also
would not be surprised that perhaps stimulated by the recent controversy
in the US on occupational dose exposures and their effects (the Manauso-
study and associated discussions) this problem would raquire a more serious
effort towards more harmonized approaches internationally.

I believe that - in general - with regard to the 'status of the work described
here it can be said :

1) although initially slow progress was nade, the 1st stage of work has al-
lowed the various parties involved to get better acquainted with the
detailed "how and why" of the different national practices and rule-making
processes and contents and to define systematically and also in detail —
for various topics already — the extent, and in some cases the reasons,
of existing convergency and divergency

2) it is to be hoped that —amonst others — in the second stage of work it
will be possible to lay down more precisely to what specific safety
requirements can be commonly agreed in detail and to mitigate the diver-
gent issues which may subsist.

With regard to the IAKA-NuSS programme and to a certain extent also the
ISO/TC 85 work, the CEC activities - as can be seen from annexes 6 through 8 —
have the necessary connections with the "code", "guide" and standards writing-
efforts there. This is further implemented by as—appropriate CEC represen-
tation on the most relevant IAEA—NuSS programme and ISO/TC 85 (subcommittees
and working groups.

As the CEC "in depth" efforts often goes further into technical detail, it
is likely that the IAEA—NuSS end products can in many instanoes be used as a
"substratum" on which can be further built. It is not to be precluded that
at certain occasions also here the reference to the standard method be
applied (see section 2 of present report).

4.5. The OBCIMJEA_

For completeness sake I should mention that in the frame of the Committee
on Safety of nuclear installations (CSNI) and more particularly its sub-
committee on licensing exists also an international platform through which
exchange of information on licensing and regulatory matters in general is
facilitated between OECD-member states.

Close connections and respective inputs are provided between NEA, IAEA
and CEC.
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5» Trends and conclusive remarks

Io With regard to the inherent safety aspects of different reactor designs
it seems in the nature of the business that utilities will tend to buy those
that appear to then the safest and the most reliable in operation and those
that will respond satisfactorily to the requirements imposed by the licensing
and regulatory authorities. In this respect certain utilities even will be
willing to spend more money to be satisfied. In fact the situation in this
case is not so different from that of buying a new car.

It is clear that, if these regulatory requirenents are significantly dif-
ferent from one country to another, this on one hand is difficult to ex-
plain to the public exposed to a certain riek and on the other hand puts
the respective vendors in front of varying situations. A difficulty in this
case is to define when a requirement becomes significantly different (from
the standpoint of health and safety and economically speaking).

The situation becomes, in my view, more pronounced when the'requirements
improved by the regulatory authorities relate not so much to the inherent
safety characteristics of a specific design as to the relationship between
plant and its envirorurent.i.e. the site characteristics (including external
impact hazards) and the related emergency planning provisions.

Although in many instances different levels of protection can be explained
or perhaps even justified on the basis of different site conditions (e.g.
6eismicity, aircraft traffic density, population density, etc.) and on the
basis of different overall socio-economic conditions, in other instances
this is not evident. In the latter case such variations in the level of
health and safety protection provided to the different groups of the publio
and variations in the economic penalties, may be more pronounced and there-
fore easier to define.

In ny opinion, an example of a dangerous tendency (in the sense of moving in
diverse directions) in this respect is for instance the following» Quantified
risk assessments of the WASH-1400—type will probably have as one of its '
byproducts the re—assessment of a number of regulatory requirements in design
and this may lead to discrepant appraisals and results in various countries.
However the effect towards divergence may become even more pronounced when
— as can be noticed already in certain countries — very low-probability—
.catastrophic type of accidents (i.e. class 9 accidents, accidents going
further than the so called Design basis accidents) are laconically (i.e.
without putting them into perspective) used to assess site-acceptability
and/or emergency planning. This may in turn reflect on supplementary
design provisions and requirements. This remark is made not at all to
diminish the usefulness for a number of purposes of risk analyses of the
type, on the contrary. It serves rather as a warning against excessive
applications which deviate from the original intend and scope of such studies,
tend to become irrealistic and furthermore discriminate nuclear versus
conventional hazardous installations, and may induce significant differences
in levels of protection of a public living in equivalent overall socio-
economic conditions.

2° A specific area which on the international scene will become, in my
view, of growing importance is that of assuring sufficient quality over plant
lifetime especially in developing countries importing nuclear plants from
abroad. It is clear that a serious mishap anywhere is a mishap everywhere.
The development of widely accepted quality assurance codes and guides on
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Q.A. certainly will serve a useful purpose, but it is the assurance that
they are actually implemented on the spot in an adequate manner whioh is
really determining. The transfer of technological knowledge alone does
not solve that problem«

3° Concluding I may say that I have in this tallc probably pointed at more
subsisting or developing problems than at ready—to-use solutions. Some of
the problems will not even be solved to-morrow, but more likely after
to-morrow. This is althemore_a reason to reinforce further our efforts
to move on common groundB through a sound combination of. systematic en-
deavour and pragmatism.
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Annex 1.

Institution» responsible for development of technical rules in the united States

ORGANIZATIONS

American National Standards Institute (ANSI)

(Criteria - standards)

Note : l) Does not lay down its own rules; coordinates the work

of the various member organizations and ensures that

the rules drawn up by these organizations are accepted

at national level

2) A number of the rules issued by ANSI may be recogni-

zed by the Nuclear Regulatory Commission (NRC).

American Nuclear Society (ANS) (criteria, standards)

American Society of Mechanical Engineers (ASKE)
(Codes and standards)

I'ote : A number of the requirements may be recognized by the NRC

Acerjcan Society for Testing and Materials (ASTM) (Standards)

American Society of Non-Destructive Testing (ASNT)(Standards)

American Society of Civil Engineers (ASCE) (Standards)

American Society of Chemical Engineers (ASChE) (Standards)

American Welding Society (AWS) (Standards)

Institute of Electrical and Electronics Engineers (IEEE)

(Standards)

Institute of Nuclear Materials Management (INHM) (Standards)

Nuclear Regulatory Commission (NRC) (rules, regulation,

regulatory guides, criteria, guides)

Department of Energy (D.O.E.) - Energy Research and

Development Administration (ERDA) (Standards)

Note : The rules laid down refer to procedures for DOE-EREA

plant, equipment and materials.

Environmental Protection Agency (EPA) (rules, regulations,

criteria, guides)

Kandatory
requirements
or indica—
tive rules

(x)

(X)

X

(x)

X

Rules of
a volun-
tary natu-
re

X

X

X

X

X
X

X

X
X

X

X

Of a "technological" nature and related to the nuclear eector either directly or
indirectly.
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Institutions responsible for developing technical
Germany.

rules in the Federal Republic of

ORGAHI2ÄTIOHS

Arbeitsgemeinschaft Druckbehälter (AD) (AD Merkblätter)
(AD specification sheets)

Berufsçenossenschaften (BO) (Uhfallverhinderungsvorschriften
und Richtlinien) (Accident prevention and guidelines)

Deutscher Damfkesselausschuss (DM) (Technische Regeln
Dampfkessel)(Technical rules for steam generators)

Deutsche Elektrotechnische Kommission (IKE)

Verband Deutscher Elektrotechnischer (VDE)(VDE specifi-
cations) (VDS Bestimmungen)

Deutscher Normenausschuss (DNA(DN Normen) (UJA(DIN
Standards)
Normenausschuss Kerntechnik im Deutschen Normenaus—
echusF (NKe) (IN Normen)(DIN-Standards)

Leitstelle der TÜV (Beschlüsse - advices)

Vereinigung der technischen tfberwachungsvereine e.v.
(Vd.TfJv)(Sheets listing materials and other speci-
fi cat i onn)

Bundesministerium des Innern (BMl)(Safety-criteria)

Institut für Reaktorsicherheit der Technischen Über-
wachungsvereine e.V. (IRS) (Sicherheitstechnische
Regeln und Richtlinien)(Safety rules and guidelines)

Kerntechnischer Ausschuss (IOTA) (Sdcherheitstechnische
Regeln) (Safety rules)

Reaktor-SicherheitskommieBion (RBK) (Leitlinien)
(Guidelines)

Kote : The technical rules which have the most wide-
spread binding effect (in practice not from
a legal point of view) are the criteria and
rules drawn up in the frame of the BMI and
the KTA

Mandatory
requirements
or indica-
ting rules

X

X

X

X

Rules of
a volun-
tary natu-
re

X

X

X

X

X

X

X

X

X

(x)

• Of a "technological" nature and related to the nuclear sector either directly or
indirectly.
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Oberblick Ober das Regelprogramm des KTA

Im Jahre 1976

Regel-Nr.

1201

1401

1404

1501

1502

! 1503

1504
1

1

[

. 210t
i
í

i

t

2102

2201

j

1

1

1 •

Í

Thema

Anforderungen an das Betriebshandbuch

Allgomoine Gesichtspunkte für die Quali-
tätssicherung

Methoden der r'oKumentation beim Bau
und Botrieb von Kernkraftwerken

Ortsfestes System zur Überwachung von
Ortsdosisleistungen innerhalb von Kern-
kraftwerken

Überwachung der Radioaktivität in der
Raumluft von Kernkraftwerken

Messung gasförmiger und aerosolgebun-
dener radioaktiver Stoffe zur Überwa-
chung der radioaktiven Ableitungen

Messung flüssiger radioaktiver Stoffe zur
Überwachung der radioaktiven Ableitun-
gen*

Brand- und Explosionsschutz In Kern-
w.ittwerken

TI.MI 1' Grundsätze des Brand- und Ex-
plosionsschulzes

Toil 2: Brand- und Explosionsschutz an
baulichen Anlagen

Teil 3: Brand- und Explosionsschutz an
maschinen- und elektrotechnischen An-
lagen

Flucht- und Rettungswege in Kernkraft-
werken

Auslegung von Kernkraftwerken gegen
seismische Einwirkungen

Toil 1' Grundn.it/o

Toil 2 1: Kcnndnton seismischer Erre-
gung, soismoloqischo Konndnton

Teil 2.2: Kenndaten seismischer Erre-
gung, baugrunddynamische Kenndaten

Toil 3: Auslegung der baulichen Anlagen

Teil 4: Bcmossung der maschinen- und
elektrotechnischen Anlagen; Funktions-
prüfung

Auftragnehmer

VGB

TOVRhld.

T0V Rhld.

VdTOV

NKe

KTA-Unter-
ausschuS

KTA-Unter-
ausschuB

VGB

NBau

VGB

BBC

IRS
IfG

BGR

NBau

IRS

Obleute

Gutmann/RWE

Deckera/TOVRhtd.

NN
m

Tcchemer/TOVRhtd.

Vogt/KFA

Jacquemfn/MAQS NW

Franzen/IRS

Jeschor/GKM

Bub/KBt

Ooll/PREAG

Börner/BBC

Bork/IRS
Schnelder/lfG

Wüstenhagen/BGR

Klein/PREAG

Schulz/IRS

Beert»)-
tungsstand

VB

REV

VB

RE

REV

REV

REV

VB

va

VB

VB

R
VB

VB

REV

VB



Regel-Nr.

2201

2202

2203

3101

3102

3103

3104

3105

3201

3202

3301

3401

3402

Thema

Teil 5: Seismische Instrumentierung

Teil 6: Maßnahmen nach Erdbeben

Lastannahmen bei der Auslegung von
Knrnkrnfiwerkcn gogen die außoren Ein-
wirkungen Flug/oug.-ibalurz und Gaswol-
kcnoxplosion

Domo'.tung von Stnhlbetonbautoilen von
Kernkraftwerken gcgon die äußeren Ein-
Wirkungen Flugzeugbsturz und Gaswol-
kenonpiosion (bei vorgegebenen Lastan-
nahmen)

Auslegung der ^eaktorkerne von Druck-
und Siedewasserreaktoren

Auslegung der Reaktorkerrtíí von gasge-
kühlten Hochtcmperaturreakpren

Abschaltsysteme von Lelci'twasaerraak-
toren

Rechnerische und exporimenteflø £rm>.
lun<] <tor Abschaltfoaklivitât

Rc.iktivitätsanfordorungen an die Stell-
si-ibo von Lnichtwasserreaktoren

Komponenten des PrimãrkreiMa von
Leichtwasserreaktoren

Teil 1. Werkstoffe
Teil 2' Auslegung. Konstruktion
und Berechnung
Teil 3 Herstellung und Prüfung
Teil 4: Betrieb und Prüfung

Sicherheitstechnische Anforderungen an
nukleare Kreisläufe mit Leichtwasserre-
aktoren •

Nachwarmeabtuhr aus dem Reaktorkern
bei Kernkraftwerken mit Leichtwasser-
reaktoren

Reaktorsicherheitsbehälter aus Staht (bei
vorgegebenen Belastungsannahmef))

Tot 1 Werkstoffe
Teil 2- Auslegung. Konstruktion
und Berechnung
Toil 3 Herstellung und Prüfung
Teil 4: Betriebliche Überwachung

Schleusen rm Reaktorsicherheitsbehälter
von Kernkraftwerken — Personanschleu-
•en

Auftragnehmer

IRS

KWU

IRS

NK«

KWU

HRB

NK»

NK»

NK»

AD-Verbande

KTA-Unter-
ausschuS

NK«

AO-V«rUnd«

NK»

Oblaut»

Kaestle/IRS

van Gülpen/KWU

Jungclaus/iRS

Wõlfel/lfBt

Wolff/RWE

Vollmer/HRB

Hennings/BBR

Grün/KWU

Noll/HEW

Schlüter/VOEh
Mainzer/FDBR

Meyer/TÜVRhld.
Ellmer/VAK

Stöbel/TOV Rhld.

Hurtebaus/KWU

Schlütor/VDEh
Mainzer/FDBR

Peter/RWTOV
Schmldt/KKN

Kobar/KWU

Bearboi-
tungsstand

RE

VB

VB

VB

REV

REV

REV

REV

REV

REV

REV

VB

REV

R



Rogo! Nr.

3403

3404

3405

3406

3407

3501

! 3502

3S03

3601

3002

f 3603

3604

3701

3901

3902

3904

Thema

Kabeldurchführungen im Reaktorsicher-
heilsbchälter

Abschließung des Stcherheitsbehitte»

Verfahren zur Leckratenprüfung des
Sicriurhoitsbohällors eus Stahl

Messung und Begrenzung jer Konzen-
tration von Wasserstoff im Sicherheitsbe-
halter

Rohrdurchfuhrungen Im Reaktorsicher-
hcitsbchalter

Reaktorschutzsystem und Überwachung
von Sicherheitseinrichtungen

Stòrfall-lnstrumentierung

Eignungsprüfung von Elektronikkarten

Liiftungstechnische Anlagen In Kernkraft-
werken

l.Tjotung und Handhabung von Brenn-
elrmmttcn in Kornkraltworkon

Behandlung von kontaminiertem Wasser
in Kernkraftwerken

Lagerung und Handhabung von radioak-
tiven Stollen (mit Ausnahme von Brenn-
elementen) in Kernkraftwerken

Notstromversorgung in Kernkraftwerken

Teil 1: Übergeordnete Anforderungen

Teil 2: Erzeugungsanlagen mit
Dieselaggregaten

Teil 3 Erzcugiingsanlagcn mit Akkumula-
toren und Ladeeinrichtungen
Teil 4 Erzcugungsanlagen mit
Gicichstrom-Wochselsirom-Umformern

Teil S Schalt- und Vortellungs-
nnl.-Kjon

Alarmanlagen. Personensuchanlagen und
Fcrnmoldcverbindungen in und von
Kernkra'twcrken

Hebezeuge in kerntechnischen Anlagen

Anordnung. Aufbau und Einrichtung der
Kraftwerkswarte und Notsteuerstelle In
Kernkraftwerken

Auftragnehmer

NKe

NK«

NKe

KWU

NK«

NKe

IRS

KWU

NKe

VGB

NKe

VGB

NK«

VGB

KTA-Unter- •
ausschuB

VGB

Obleute

Hausinger/Jena-Schott

Orlh/KWU

Engel/TOV Bay.

Eigenwillig/KWU

Hàhnel/IRS

Stute/IRS

Bachner/IRS

Bachmanr.'KV«!

Schikarski/GfK

Bodege/VEW

Hepp/PREAG

Mayr/KWO

Bor»t/KWU

Böger/KWO

Lindackers/TOVRnld.

NN

Bearboi-
tungssland

R

REV

REV

Rogolarbolt
bis 1977 zu-
rückgestellt

REV

RE

VB

VB

REV

REV

REV

REV

REV

RE

R

VB

VB - Vorbericht
REV --• Regelentwurf In Vorbereitung

RE •• Regelentwurf (Gründruck)
R - Regel (WeiBdruck)



The -titlttof the documents published or in preparation within the IAEA program-

me for establishing Codes of Practice and Safety Guides for Nuclear Power Plants

are listed below * :

GOVERNMENTAL ORGANIZATION

CODS OP PRACTICE ON GOVERNMENTAL ORGANIZATION FOR THE REGULATION OP

NUCLEAR POWER PLANTS

Safety Guides :

SC-G1 Qual i f i cat ions and Training o f the Regulatory Body Staf f

Information t o be Submitted in Support of Licensing ApplicationsSC-C2

SG-O3

SG-G4

SG-G6

SG-G8

The Conduct of Regulatory Review and Assessement During the
Licensing Process

Inspection and Enforcement by the Regulatory Body

Emergency Preparedness of Public Authorities

Licences for Nuclear Power Plante

SITING

CODE OP PRACTICE ON SAFETY IN NUCLEAR POWER PLANT SITING

Safety Guides :

SG-S1 Earthquakes and Associated Topics for Nuclear Power Plant Siting

Seismic Analysis and Testing of Nuclear Power Plant.;

Atmospheric Dispersion in Nuclear Power Plant Siting

SG-S2

SO-S3

SG-S4 Site Selection and Evaluation for Nuclear Power Plants with respect
to Population Distribution

SG-S5 Man—Induced Events Related to Nuclear Power Plant Siting

SG-S6 Hydrologies! Dispersion of Radioactive Material as Applied to

Nuclear Power Plant Siting

SG-S7 ftydrogeology Applied to Nuclear Power Plant Siting

SG-S9 Site Survey for Nuclear Power Plants

The t i t l e s of the documents in preparation are tentative
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SG-SIOA Design Basis Floods for Nuclear Power Plants on River Sites

SC-S1OB Design Basis Floods for Nuclear Power Plants on Coastal Sites

SG-S11 Meteorology - Ertrem Meteorological Conditions in Nuclear Power
Plant - Siting

DESIGN

CODE OF PRACTICE ON DESIGN FOR SAFETY OF NUCLEAR POWER PLANTS

Safety Guides :

SG-D1 Safety Functions and Component Classification for SWR, FKR and PTR

Fire Protection in Nuclear Power Plants

Protection Systems and Related Features in Nuclear Power Plants

SG-D2

SG-D3

SG-D4 Protection against Internally Generated Missiles and their
Secondary Effects in Nuclear Power Plants

SG-D5 Man-Induced Events

SG-D6 Ultimate Heat Sink and Directly Associated Heat Transport System(s)

SG— D7 Safety Related Electrical Power Systems

SG-D8 Instrumentation and Control

SG-D9 Design Aspects of Radiological Protection During Operational States

SG— D10 Fuel Handling and Storage Systems in Nuclear Power Plants

OPERATION

CODE OF PRACTICE ON SAFETY IN OPERATION OF NUCLEAR POWER PLANTS
(including Commissioning and Decommissioning)

Safety Guides :

SG-O1 Staffing, Recruitment,Training and Authorization of Operating
Personnel

SG-02 In-Service Inspection

SG-03 Operational Limits and Conditions

SG—04 Commissioning Procedures

SC-05 Operational Aspects of Radiological Protection

SG-06 Emergency Arrangements of the Operating Organization

SG-07 Maintenance of Nuclear Power Plants

SG-08 Testing Important Systems and Components
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QPALITT ASSTOMCB

CODE OF PRACTICE OIT QUALITY ASSURANCE POR SAFETT TS KUCLEAR POWER PLAWT3

Safety Guides :

SG-QAl Quality Assurance Programme Preparation for Unclear Power Plants

SG-QA2 Quality Assurance Record System

SG-QA3 Quality Assurance for Procurement of Items and Services for Nuclear
Power Plants •

SC-QA4 Quality Assurance During Site Construction of Nuclear Power Plants

SG-QA5 Quality Assurance for Operation of Kuclear Power Plants

SG-QA6 Quality Assurance for Design of Kuclear Power Plants

SG-QA7 Quality Assurance Organization

SG-QA8 Quality Assurance of Manufacture of Items for Nuclear Power Plants

SG-QA1O Quality Assurance Auditing for Nuclear Power Plants

SG-QAl1 Quality Assurance for Fuel and Fuel Cladding Design Manufacture
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ISO/TC 85 (Nuclear Energy)

Relevant Subcommittees and Working Groups.

ISO/TC 85/SC 1

SC l/WO 1

SC l/ad hoc Group 1

SC l/ad hoc Group 2

SC l/ad hoc Group 3

ISO/TC 8V5C 2

SC g/WO 1

SC 2/WG g

SC g/WO 4

SC g/WC •?

SC 2/WG 6

SC g/WG 7

SC g/ad hoc Group 1

ISO/TC 85/SC 3

SC 3/WG 3

SC 3/WG 6

SC 3/WG 7

SC 3/WG 8

SC 3/WG 9

ISO/TC 85/SC 4

SC 4/WO 1

SC 4/WG 4

SC 4/WO 5

SC 4/WG 6

-Terminology. definitions, unite and symbols

-Definitions

-Development of a fissile material symbol

—Graphic symbols for reactors

—Alarm signals

-Radiation protection

-Moans of sampling and extracting radioactive contamina-
tion for samples of air and water

-Photographic dosimeters and reference radiation

-Apparatus for gamma radiography

-Materials and devices for protection against X, gamma,
beta and Neutron radiations, and equipment for remote
manipulation of radioactive materials

-Individual equipment for protection against contamina-
tion

—Thermo—luminescent dosimetry

-Evaluation of decontamination of facilities

—Power reactor technology

-Containment structures

-Pressure boundaries of primary circuits

-Seismic and other hazards considerations

-Quality assurance in the design, manufacturing of equip-
ment, construction, operation, and maintenance of nu-
clear power plants

-Reliability data.

-Radioactive source«

-Sealed sources

-Methods of detection of defects in packaging

-Leak test methods

-Containment and packaging
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ISO/TC 85/SC 5 -Nuclear fuel technology

Situation as at the beginning of 1976 with regard to the SC 5 ad hoc Groups

-Nuclear fuel manufacturing

-Nuclear fuel reprocessing

-Nuclear fuel transportation and storage

—Radioactive waste management

—Nuclear safety and safeguards aspects

Note : In the meantime the SC 5 ad hoc Groups have been replaced ty the follo-
wing Working Groups :

SC

SC

SC

SC

SC

•j/ad

Vad

?/«*
Vad

•p/ad

hoc

hoc

hoc

hoc

hoc

Group

Group

^i*OUp

Group

Group

1

2

3

4

SC5/WG 1

SC5/WO 2

SC5/WG 3

SC5/WG 4

SC5/WG 5

SC5/WG 6

SC5/W0 7

—Measurement techniques for chemical and isotopic ana-
lysis of UCv and ÜP,

-Measurement techniques for physical properties of U0_
powder and pellets

—Measurement methods for input determination and end
products of reprocessing plants and code of good prac-
tice for end products specification

—Standardization for transport container for UF<-

-Standardization of measurement methods for the characte-
rization of solid and solidified waste

-Standardization of performance requirements and testing
procedures for criticality detection and alarm equipment

—Standard model for calculating environmental exposuroa
from gaseous effluents.
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The following overall tasks are undertaken or considered by the Working Croup

1. Exchange of information on applied safety rules, criteria, codes and stan-

dards; working towards a certain degree of harmonization by mutual information«

2. Identification of the general safety criteria, codes and standards and

the approaches to specific LVfR safety problems applicable and/or under

development in the various member countries.

3« Classification and statement of the areas of divergence and those of common

requirements.

4* Identification of the reason of differences (administrative, industrial,

geographic, etc.); suggestion of formulations to overcome the litigious

pointe.

5. Evaluation of priority - issues to be considered.

6. Consultation on drafts of national rules, criteria, codes etc. in EC member

countries.

7. Consultation on drafts of internationally established codes and guides,

specifically IAEA-NUSS.

8. Examination of the necessity of uniform rules,criteria, codes, standards etc.

and the respective range of applicability,

J>. Examination of codes, guides and standards etc. elaborated by international

organizations with regard to their applicability in EC member countries

including subsequent necessary amendments and / or additions.

10.Elaboration of recommendations (art.124 EURATOM Treaty) on items of common

interest and considered mature for that purpose.
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Working methods of the Working Group»

To acconplish its tasks the Working Group applies the following methods i

1. Replies to questionnaires on specially selected items in order of priority.

2. Oral discussion of questions and problems, which are of interest to members

of the working group

3. Ad hoc subgroup meetings on special subjects, synthesis reports etc.

4. Establishment of synthesis reports on the basis of the replies to the question-

naires and the discussions in the meetings.

:.. Supporting study contracts with experts, institutions etc.

5. Consultation on drafts of national rules,criteria, codes and standard» in

EC member countries

7. Consultation on drafts of IAEA-BUSS codes and guides
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Survey of Horfcing Group activities progress

EXTERNAL HAZARDS

Protection of KPPe against aircraft crash

Protection of NPPs against external explosions including flammable vapou* clouds

Protection of KPPs against earthquakes

Protection of BPPs against floods

INTERNAL HAZARDS

LOCA-ECCS

j -Mechanical and thermal hydraulio affects
1 -Reference accident assumptions and radiological consequences

: Spectrum of steamline breaks inside and outside containment

! -PVfR stealine break outside containment

j -FWR steamline break inside containment

! -BWR steamline break outside containment
i
\ Turbine missiles
i
j Coolant pump flywheel integrity

1

DONE

X

X

UNDERWAY

X

X

X

X

X

X

•

SCHEDULED REMARK

Synthesis
report sta
ge reached

Synthesis
report sts*
ge reached

r



Fuel handling accident

Anticipated transients without scram (ATWS)

METHODOLOGY

Quantitative methods applied in preparation and assessment of Safety Reports

(frequency of event or risk concept)

Comparison of practices (safety reports) with regard to fault and accident

conditions that determine the design of NPPs

SAFSrr DESIGN AND OPERATIONAL PROVISIONS

Classification of safety function systems and components of PWR

General design criteria

Quality assurance (comparison of Q.A* requirements)

Reactor coolant pressure boundary

(Correlation study on criteria, codes etc« for primary boundary)

Overpressure protection of primary oircuit

Inservice inspection

Reactor vessel internals '

Reactor protection systems and control (feasibility study)

Containment structure and engineering safeguards

(Kathods and procedures applied in containment leak testing)

DONE UNDERWAY

X

X

X

X

X

X

X

X

SCHEDULED j REKARK

X

X

X

X

X

provisional1

suspended

'done sat the
-•vnthaaia r»
'port stag« -

r



Protection of NPPs against loss of electric power supply
(emergency power supply)

Fuel storage and handling systems

Ventilation system

Control room

Reactor core concepts and physios

Radioactive waste treatment systems

Service water systems and ultimate heat sink

! Fire protection

Technical safety aspects of decommissioning

SITING AND EMERGENCY PLANNING

i Site suitability criteria, densely populated areas «to.

INCIDENTS REPORTING REQUIREMENTS AND SYSTEMS

DONE

X

UNDERWAY

X

X

X

SCHEDULED

X 
X 

X 
X 

X 
X 

X

REMARK

r



Consultation on criteria, standards, codes ete»

- Consultation on national criteria, standards eto.

- Information on national programmes for development of criteria, codes, eto*

Consultation on IAEA codes and guides

Consultation on documents transmitted by the Member countries to the CSC in the fra-
me of the Council Resolution of 22 July 1975 on the technological problems of

| nuclear safety - Artiole 6

i Setting-up of an updated "Catalogue and classification of technical safety standards,
rules and regulations for nuclear power reactors and nuclear fuel cycle facilities".

! Survey of licensing procedures for the construction and operation of nuclear plants
{ in the various Community countries
]
i Survey of licensing procedure» in certain non-member countries
!

ONGOING

X

X

X

X

X

HEKARK

1 German law
1 Danish law,
2 German orders

(Verordnung)
regularly updated SUR
5849 Bi (2nd version)

1st report EUR 5284
2nd report EUR 5966

report EOR 5225
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ADDENDUM (HANDOUT)

The following 1s an addendum serving as Illustration to section 4.4.
of the Paper.

Regulatory practices and standards:
the internat ional seene and Its trends

W. VIMCK



1. Protection of Nuclear Power Plants against Seismic Effects

It 1s state of the art to protect nuclear power plants against seismic
effects. Most countries of the European Communities base their anti-
seismic design parameters on specific US earthquake characteristics.
There are however important discrepancies in the basic data-reported
on the two continents as well as in their design application.

This contribution is based on an inventory of the applied national
practices, and the existing regulation and guidelines and special
attention is given to the divergencies for the definition and
determination of the reference earthquakes, which are determined
either by semistatistical methods or by fault and area activity
analysis. Two different Intensities of earthquakes are considered
for the design of nuclear power plants. The first, more severe,
earthquake is associated with the safe shut-down of the nuclear
power plant, while the second 1s associated with its reliable operation.

In European countries the definitions of the reference earthquakes are
largely analogous to definitions in the US Federal Regulations but
expressed in a different way, i.e.
- the Safe Shutdown Earthquake <SSE> and
- the Operating Basis Earthquake (OBE).

In case a Safe Shutdown Earthquake happens, the nuclear power plant must
be designed in such'a way to be shut down under safe conditions. Since
the SSE is near to the maximum earthquake potential at a site, it has a
very low probability of occurrence during the life of nucleaç plant_,
facilities. Estimates of such probabilities vary between 10 to 10
at a plant site during the lifetime of nuclear power plants. Obviously
such small probability estimates cannot be based on any current statistical
data but are rather based on very subjective judgements considering
geological features as a function of the distance between the focus of the
seismic motion and the plant site.

Unlike the SSE, which is an extremely low probability event, statistical
data are available to estimate the OBE intensity in the US cs well as in
European countries covering a time period between 100 and 200 years. For
this reason a statistically based evaluation of the probability of
earthquakes expected In a 30-40 years' period seems to be possible for
an OBE seismic event.

In the US and in most European countries the current procedures for the
determination of the safe shut-down earthquake (SSE) base the SSE on the
most severe historical earthquakes observed within 200 miles or 320 km
distance from the site of a nuclear power plant, in Germany the determina-
tion of the SSE is based on observations within 200 km.

41th minor exceptions, the deterministic approach is generally applied
for the investigation of reactor sites. For sites where magnitudes are
available, a similar approach may be adopted by making use of
acceleration vs. epicentral distance attenuation curves.
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An alternative to the deterministic approach 1s the probabilistic concept.
The probabilistic approach estimates the rate of recurrence at the site of
seismic events, and then determines the SSE or OBE with a predetermined
recurrence rate on which the design of a nuclear power plant is based.
While the probabilistic approach may provide the engineer and the
seismologist with additional quantitative insight into the safety aspects
of the plant design, it is not yet fully accepted in the licensing
procedure, at least not in most European countries.

Seismic risk analysis must not be considered as an earthquake forecasting
tool, but as a statistical evaluation and modelling of the observed
earthquake history of a region and the observed relationships between
various parameters. It allows to extrapolate the observations from a
limited time period (say 200 - 300 years) to time periods relevant for
safety purposes by assuming that the past is representative for the
future.

This discussion ieads to the conclusion that because of the extremely low
return period of the safe shut-down earthquake (SSE) the existing
statistical data may not be sufficient to base a probabilistic seismic
analysis on them. The operating basis earthquake is defined in relation
to earthquakes which occuired and could be determined by the probabilistic
analysis since its recurrence period compares with the period for which a
reasonably complete sample of data is available (return periods of about
50 years are imaginable in most European countries). Nevertheless, the
operating basis earthquake is in most countries (with some exceptions)
made dependent on the safe shut-down earthouake which should in our
view be revised. For this reason the OBE rather than the SSE should be the
independent variable used in determining the earthquake design requirements.
It may be defined on a probabilistic approach while the SSE should be
related to OBE and defined by a deterministic approach.

In European countries different national catalogues of micro- and macro-
seismic data are established which are very different in presentation.
Since seismic effects are tied to the regional seismotectonic system and
not confined to areas within national borderlines international cooperation
in this field is a necessity. A joint study was performed by the BENELUX
countries, Germany and Switzerland to compile a series of seismic maps,
giving an insight in the maximum intensity that at any locality of the
region may be reached (ISOSEISMAL lines). The map is based upon the local
trend and intensity of tectonic structures. Ground conditions have so far
not been considered which means that for any site additional local studies
have to be performed before a complete risk analysis is possible.

It may at a later stage be possible to join France and Italy to this
activity.

As long as these investigations are not finalized European countries (and
especially Germany) rely on earthquake data from California, especially on
data concerning response spectra and time histories, without knowing if
such unmodified data are applicable as input functions in the design
calculation for nuclear power plants in Europe.
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Among the great number of earthquake parameters as are magnitude, intensity,
peak-acceleration, -velocity and -displacement, earthquake intensity is
probably the best related parameter to what engineers want to know at.-jut
the destructiveness of an earthquake. It is also the only information
available about historical events and is therefore of considerable
Importance in seismic risk evaluation. It is always given in a relation
acceleration versus intensity.

For design purposes the assumption is made that seismic waves basically
approximate a sustained simple harmonic motion. Under this assumption the
Neumann correlation which gives the relationship between the modified
Mercai li intensity, the wave period, and the ground acceleration is applied
in most countries (US as well as European countries). The French apply the
acceleration versus intensity relationship according to the European
Macroseismic Intensity Scale. While in the US a whole spectrum of wave
periods (from 0,33 to 6,0 sec) - in function of the type of foundation
(soil, bed-rock) »nd the distance of the epicenter - are considered, the
European countries base their investigations to shorter wave periods
(approximately 0,3 sec).

The horizontal ground acceleration values of the Neumann correlation may
either be given as mean values without indicating a possible scattering,
or in a scattering band which for the different intensities has overlapping
acceleration values (e.g. for modified Mercalli intensity 9, the ground ,
acceleration may be 264 (cm/sec ) as it is US practice or 150-300 (cm/sec )
as it is German practice).*)

As far as the relationship of horizontal to vertical acceleration is
concerned an US study of the data for various classes of traces gave
values of the range from 0,4 to 0,72 depending on the acceleration level,
the focal distance, and the type of site (if rock or alluvium). On the
basis of these data a value of 2/3 as ratio from vertical to horizontal
acceleration is proposed. This suggestion is followed by most European
countries with the exception of Germany where a vertical acceleration of
50 % of the horizontal acceleration is assumed since the vertical
acceleration component is only of importance if the epicenter is of long
distance from the site. The geoLogical and tectonic system in Germany are
such that important ground motions are observed only close to epicenters
where the horizontal component of the accleration is of most importance.

*) It is of interest to know that the German practice is based on the
publication "Earthquakes and Nuclear Power Plants Design"
Report ORNL-NSIC 28, July 1970.



The local geological aspects and especially the influence of soil (as e.g.
soil instabilities caused by soil liquefaction, different consolidation,
fissuring etc..) are considered in the European countries when defining
the maximum earthquake acceleration response spectra. The investigation
of the local geological aspect and in particular of possible- soil-
structure interaction effects is performed either by theoretical or ex-
perimental analysis (or by both). According to the information obtained
In France the influence of the soil is simulated in experiments by means
of a spring-system of variable stiffness. The location of a proposed site
is also studied in relation to (active) surface faults.

Numerical calculations were made for more than 220 sites in Germany
distributed regularly over an area of 160 000 square km. From the results
earthquake risk maps have been drawn which give isolines of annual «
probabilities frr earthquake acceleration values between 100 and 300 cm/sec ,
of 4,0 x 10 per year to 1,4 x 10 per year respectively.

2. Protection of Nuclear Power Plants against Aircraft Crash

General safety criteria of most member countries of the European
Communities and the US mention the need to protect nuclear power plants
against man-induced events and especially against aircraft crash accidents.
Specific guides to this respect are under development and discussed within
the before-mentioned European working group in view of a harmonization of
presently applied practices.

In particular the following considerations are important in this context:
to minimize the risk of aircraft crash on nuclear power plants,
to define exclusion areas around airports and
to generally prohibit flying in the vicinity of plants.

Where the probability or the consequences of an aircraft crash that would
affect the safety of the plant is sufficiently low the plants are not
usually designed against a crash. Where the probability is not sufficiently
low, either the plant is designed against the crash or an alternate site is
selected.

If the probability of a crash at the site is less than 10 per year, which
is considered to be an acceptable criterion, no further analysis need be
made. If the probability is about or greater than 10 per year and the
resulting release of radioactivity could exceed acceptable limits then a
detailed evaluation is made.

It is general practice in European countries that a detailed probabilistic
evaluation 1s made if the preliminary evaluation shows that the probability
of occurrence will be greater than 10 per year.

The probability of crashing for each type of aircraft considered is
usually given in events per year per plant. A practical approach is to
make first the analysis for the aircraft with the greatest potential conse-
quences of a crash. In that case it is not considered necessary to make
detailed analyses for crashes of other types of aircrafts.
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For the .-valuation of the probability assumptions are to be made about
accidental crashes which can cause severe consequences, about the angle of
Impact (10° or 45° is sometimes assumed) and about the target *) area of
the plant (figures of 10,000 m. up to 26,000 m have been used depending
on the plant and the angle of the impact).

In Germany and the Netherlands crash probabilities of 10 per year and
per target area of 10.000 m are considered (for military aircrafts)
which leads to the consequence that every nuclear power plant is to be
protected against aircraft crash. This is also the case in Belgium but
independently of any probabilistic considerations. So far only ,io the
United Kingdom lower crash probabilities are considered (7 . 10 per~
year and 26 000 m ) for MRCA **) and 1,5 . 10 per year per 26 000 nr
for civil aircrafts); In Italy the authorities are discussing values
between these two extremes.

Safety authorities in France are of the opinion, which is similar to the
situation in US, that cases where probabilistic considerations are used to
determine the accidents, which have to be taken into consideration for
the design of nuclear installations (and that is in particular the case
for certain external impacts), the limit value under which event
families leading-to Inacceptable consequences may be neglected is of
the order of 10 per year per plant and per event family. This value
may be increased for certain event families, if it can be shown that the
probabilistic calculations were done in a sufficiently pessimistic way.

In addition, safety authorities consider, as global objective that the
sum of the probabilities of all events, which lead to inacceptable
consequences, should be maximum 10 per year and per plant.
The application of these considerations to the risk due to air traffic is
now studied on a general basis, in particular as regards the number of
event families to be considered and the pessimism of the calculation
methods used.

The US as well as France calculate the mentioned probability by multiplying
the crash probability with the conditional probability of structural
damage. So for each site the crash probability is calculated and by
protective measures the conditional probability of structural damage is
reduced so far that the product of both probability values is below a
certain acceptable time.

As far as the siting of nuclear power plants in near airfield areas is
concerned, the precautions taken in European countries and in the United
States seem to be very similar. Exclusion areas are normally defined
being circles of 8 - 10 km around airports. Only in the Netherlands the
exclusion area is a rectangle of 4 x 12 km, the starting and landing
strip being the long axis of this rectangle.

*) target area * area taken to represent a nuclear power plant with
respect to a crashing aircraft.

••) MRCA = Hulti Role Combat Aircraft.'
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Low flying of any kind of military as well as c iv i l aircrafts in the
vicinity of nuclear power plants is prohibited in most countries. In
some European countries i t was observed in the past that nuclear power
plants were used as an approach target for military training. Meanwhile
arrangements were made with the mil i tary authorities to route low level
training act iv i t ies in sufficient distance (several km) away from
nuclear plant sites (Similar arrangements as in the US where this
distance was agreed to be 5 miles).

In those European countries in which as a consequence of probabilistic
considerations it was decided to protect every nuclear power plant
against aircraft crash (Belgium, Germany, the Netherlands and the UK)
certain types of airplanes are used as reference planes for defining
the load-time functions for designing the plant structures.

In Germany and the Netherlands nuclear power plants are designed to
resist the impact of an aircraft with a weight of 2 . 10 N crashing at
a soeed of 215 m/s (Phantom RF-A E has the characteristics mentioned).
In the UK a weight of 2,5 . 10 N is considered (HRCA). This load
function wi l l cover a wide range-of military and c iv i l a ircrafts. The
impact area is assumed to be 7 m (compared to c iv i l aircrafts with
Impact velocities of 100 m/s and impact areas of 18 - 37 ra - depending
en the surface 1f f la t or spherical).

Parts of the a i rc ra f t , as e.g. engines, wings etc. can become secondary
missiles as a result of the crash. (The load resulting from a mil i tary
aircraft engine being 1,8 . 1 0 N at an impact velocity of 100 m/s and
an impact area of about 1,5 m). In the design against aircraft crash
these loads are combined with secondary loads, plant malfunction,
debris e t c . ) .

3. Safety reldted electr ical power supply

A number of safety related systems must be supplied with electrical power
during a l l operational states of the power plant and under a l l design
basis events. This electr ic power supply shall have a re l i ab i l i t y
corresponding with the requirements of the safety systems to be supplied.
In the USA a number of guides on electr ic power supply exist , in some EC
member states guides are in development. The information given below is
based mainly on current practice.

Genera^_status_iin_djfferent_çountr2es

The present situation is as follows:

France applies US rules supplemented by requirements from national
authorities; grid connections are considered in the safety review.

In the F.R. Germany the safety review by authorities considers only the
emergency power supply and the distribution system; grid connections are
outside the scope of that review, only on-site power supply is rel ied
upon.
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Italy: same approach as in Germany, nevertheless some information on the
grid is supplied.

Belgium: US rules have served as a reference for the plants in operation;
in the future US rules will be mandatory; moreover protection against
external accidents is required.

In the United Kingdom the station design as a whole is subjected to
appraisal by the licensing authority. The basis of the appraisal is the
series of safety reports submitted to the licensing authorities at various
stages of the project. Each of these reports contains a section dealing
with the main and auxiliary electrical systems.

It may be mentioned that the International Atomic Energy Agency (IAEA) is
developing a safety guide - more particularly for guidance to developing
countries - on "Emergency Electrical Systems".

The design of safety related systems and of their on site power supply is
based on the assumption of a total loss of external power and, as a
minimum, of a failure to operate of one active component (either pump,
valve or emergency generator).

In some countries additional requirements are put on the safety related
power system and generators. For instance in the F.R. Germany and the
United Kingdom a generator out of service for maintenance has to be
considered. In addition some countries take into consideration a complete
loss of emergency generators and provide a further auxiliary system with
its own power supply (bunker-system) to remove heat for a certain time
under certain reactor conditions. In some countries these are started
automatically in others these are started manually.

In particular in PWR stations in the FR Germany a bunker emergency system
with power supply (A x 50 X Diesel) takes over heat removal-in case of
loss of emergency power system by external cause. BWR emergency systems
are protected sufficiently against external hazards, no bunker system is
needed here.

Following are some points of similarity and divergence in this arrangement:

For Belgium, France, Italy and F.R. Germany in case of grid failure the
nuclear reactor and turbogenerator remain in operation and supply energy
to auxiliaries in order to be ready for fast start up (island operation).
In the United Kingdom in case of grid failure the nuclear reactor is
tripped automatically, gasturbine generators are used to provide power
supply to auxiliaries.

In all EC member countries in the case of reactor shutdown, a full load
disconnector between generator and grid enables power supply to auxiliaries
to be taken from the grid. This is different from US practice, where in
most cases such a disconnector is not foreseen, furt heron in all EC member
countries the change over from normal supply to on site supply is done by
automatic means.
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These analyses are performed in all EC member countries as supplementary
studies and 1n some of these countries they are required by licensing
authorities.

This item needs particular attention. In the developed countries nuclear
power stations have been introduced to large grids, which can easily accept
large size units. Situation in developing countries can however be rather
different. Power systems here are soft in nature and small in size. Such
grids are characterized by frequent voltage and frequency fluctuations.
They may have their influence on the reliability of safety related power
supply. In this regard a practice as applied by F.R. Germany - where no
reliance 1s placed on external power supply - seems to be preferable.


