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ABSTRACT

First the sce:ao i s set with regard to the national licensing and regulatory
scenes and with regard to correlations between

- regulations and industrial standards
- national and international developments.

The purpose of harmonisation efforts and ongoing activities, especially within
the EC, are highlighted.

For the purpose of being sufficiently specific, three specific areas are
dealt with as examples, explaining how actual application of practices and crite-
ria in EC Member States correlate (or not) to one another including the points of
convergence and divergences : protection against aircraft crash, seismic effects,
protection against fuel handling accidents.

Conclusive remarks deal with the origin in and relative importance of
discrepancies in safety practices and criteria.



1. Ecenfr-Setting

1.1 The national scenes in the nuclear area
standard-setting and their connexions

licensing, regulation.

1) General ba£kjground_

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
is each country;

- the organizational characteristics of each country and i ts regions.

These procedures are the vehiole for the development and/or application
(again with variations) of the technical practices and methods concerning nuclear
safety as well as the relevant safety requirements mostly spelled out in regula-
tions, criteria, guides, standards and codes for site, plant structures, systems
and components which we will call in common "rules".

As long as there i s no sufficient politically structured unity in Europe
i t seems a vain exercise to optimize community efforts towards harmonizing legiB-?
lation and administrative procedures.

Therafore emphasis in community efforts has teen placed upon the techni-
cal, aspects, although the procedural aspects often correlate with the technical
aspects.

Therefore let us now deal with technical safety practices and "rules"
aspects, mora specifically the regulatory aspect.

2) Technical Methods and ^H1®8^

Agai:nst a background of evolution over the last twenty years in a rather
wide range of safety analysis methods (e.g. H.C.A. concepts, successive barriers
concepts, defenBe-in-dapth concepts, deterministic approaches, quantified proba-
bi l i s t ic approaches), more specifically since 1965 and init ial ly in certain of
the most advanced countries in the nuclear field, systematic efforts to develop
"rules" have been made.

How can the r61e to be played by these rules be defined ? The rules repre-
sent a systematic and disciplined codification of the engineering and, simulta-
neously, 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 contribute
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
tha design basis and the performance requirements on the equipment on which
thsy based tlieir safety analysis and their approval will effectively be achieved.
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Rulos can be evolved by a regulatory authority and/or associated safety
and control organizations, in which case they find expression in mandatory (obli-
gatory) requirements or indicative (quasi-mandatory) requirements. As example
one may quote 10 GPR 50, Atomgesetze, Ministerial decrees as mandatory and the
USHEC regulatory guides or KTA-Regeln developed by joint effort of authorities,
ut i l i t i es , find vendors however) 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 architects
and builders, and the licensing and regulatory authorities and/or the associated
safety and control bodies (example : ADS,ANSI, ASTM, ASME-codes and standards,
D.I.N. )• They are then usually called industrial "standards".

Such rules have to be adapted to take account of advances in technologi-
cal 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.

1,2 The international scene in the nuclear area : development of rules (regu-
latory and industrial standards); harmonization of practiceB and rules.

General

If the need to develop nuclear power i s recognized and the industries
associated with i t , i t seems essential to evolve harmonized cross-frontier ap-
proaches and techniques in nuclear health and safety matters (covering both the
technological and radiation protection aspects).

Indeed :

- there i s no reason to allow the development of different overall levels of
safety to which individuals of different Mtionalities are exposed ;

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

- the development of standardized methods to deal with safety problems and their
environmental implications for the design, fabrication and assembly of equip-
ment i s bound to shorten lead times for the setting-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 levol show that, whatever merits the systematic approaches applied may
have, the outcome i s a very complex situation which i s rendered all the more dif-
ficult in view of harmonization by the magnitude of the problem and by the natio-
nal efforts dealing with i t . Any international attempt at harmonization which i s
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 (but each with a different scope
and purpose ) - i . e . at least in the technological area (the radiation protection
araa i s widely covered by the I.C.R.P. and also within the EC ) - to the problem

*Basic Standards
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at international level are those undertaken by the International Atomic Energy
Agency (IAEA), the International Standards Organisation (ISO) (together with i t s
sister organization the International Electro-technical Committee (IEC)),and the
European Cotimunities (EC).

In particular, the harmonization efforts by the Commission of the European
Communities will be highlighted here.

1.3 The Commission of European Communities

A systematic effort to achieve progressive harmonization of safety prac-
tices and requirements for nuclear power plants, more specifically for light
water reactors, was launched in 1973* A permanent working group on "Safety metho-
dologies, criteria., standards, etc." (W<3 N° l) was set up for this purpose, in
which the licensing (and regulatory) authorities and associated safety and control
organizations are represented on one hand and the u t i l i t i e s and vendors on the
other.

The basic support, at the political level, for these harmonization efforts
was provided by the European Community Council of Ministers Resolution on nuclear
safety technology of 22 July 1975 ( l ) which amongst others and in short :

- calls for an effective cooperation and for a strengthening of effort at harmo-
nization of safety requirements and criteria within the European Community;

- requests the member states to notify the Commission of any draft laws, regula-
tions or provisions of similar scope concerning the safety of nuclear installa-
tions 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
issued Oirticle 124 of the BURATQM Treaty*) ett those subjects which lend them-
selves bcist to a harmonized approach.

The main tasks of Working Group N° 1 can roughly be summarized as follows :

. Dialogue, discussion, identification and exchange of information and
documentation on safety methodology, criteria, codeB and standards and
siiecific LWR safety problems applicable and/or under development in the
vsirious member countries.

. Identification of divergencies, similarities, common requirements,
reasons for divergencies and establishment of synthesis reports in
view of the elaboration of recommendations in areas and on items of
common interest and considered mature for that purpose.

It i s also worthwhile to note that working group members participate in
the consultation on drafts of internationally established codes and guides, espe-
cially those: within the IAEA-KUSS program.

The working group has set i t se l f an order of priority for dealing with
the various subjects axa has in the course of 1977 worked out a revised working

*) Title III, Chapter I, Section III, Article 124 of the Treaty establishing the
European Atomic Energy Community.
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scheme for its 2nd phase of work, which was started in the beginning of 1978.

The terms of reference of Working Group N° 1 were adapted to the revised
work programme by the insertion of the provision that the next stage should
start with the selective formulation, according to necessity and in an agreed
order of priority, of recommendations within the meaning of Article 124 of the
Kuratom Treaty.

The subjects which the working group handled to the present time can be
classified in the following main sections :

- fundamental concepts

.- hypothesis and methods of analysis concerning the safety of the HPP
as a whole

- safety specifications for systems and components.

Before any detailed recommendations (Article 124 of the EUR Treaty) are
prepared, a 3e<iuence of the range of recommendations will be prepared. First
priority was given to the general safety principles recommendation which i s ac-
tually underlay.

It i s now considered by the authorities that recommendations should be
concerned with safety philosophy rather than design detail.
Arising from this, the development of recommendations l i e s mainly in the hands
of the safety authorities within Working Group 1° 1 in consultation with the uti-
l i t i e s and vendors.

Afte? the elaboration of a general safety principles recommendation,
specific topf.cs, for which progress in comparative scrutiny has been sufficient
in the area of protection against external* and internal events may be amenable
to recommendations.

The Ehree-Mile Island eventB will undoubtedly influence some of the ap-
proaches takon in the Working Group B° 1 activities.

The overall subjects which were covered by the Working Group until the
present time are presented in table I (Appendix).

Out of the numerous subjects dealt with as outlined in this table, we
have picked on three in which noticeable progress was made in understanding the
various position taken and in delineating as clearly as possible the convergences
ani divergencies in approaches, namely for :

- protection against one man-made external effect, i .e . aircraft crash

- protection against a natural external effect, i . e . seismic effects

- protection against an internally originated accident conditions, i . e .
fuel handling accidents.
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2 . Protection of Nuclear Power Plants against Aircraft Crash

2.1 General safety cr i ter ia of EC-member countries mention the need to
protect nuclear power plants against aircraft crash. Specific guides to th is
respect are under development and discussed amongst the experts of the EC-coun-
t r ies in view of harmonization of presently applied practices.

context

2.2

In particular the following considerations are important in this
•
- to minimize the risk of aircraft crash on nuclear power plants

- ta define exclusion areas around airports and

- ta prohibit flying in the vicinity of nuclear plants.

Probabilistic considerations

In 3ome countries the probability of crashing for each type of aircraft
is evaluated separately for each site and in dependence of this probability a
decision is taken on design of the plant against such a crash. Generally these
countries dofine that for each unit the probability of inacceptable release is
less than a certain limit. These countries calculate the mentioned probability
by multiplying the crash probability with the conditional probability of structu-
ral damage. So for each site the crash probability is calculated and by protec-
tive measures the conditional probability of structural damage is reduced so far
that the product of both probability values is below the limit. In other coun-̂
tries all nuclear power plants have to be designed against the effects of crash
of certain types of airplanes, e.g. by protection of structures against penetra-
tion and/or by physical separation of diverse safety equipment. In most coun-.
tries no general backfitting requirements exist.

2.3 Sit:'ing (with regard to aircraft crash protection)

The:?e are no important differences in siting policy between B.C.member
countries* In all countries exclusion zones of 8-10 Km from airports are pre-
scribed or recommended. This exclusion zone exists also in countries, where all
nuclear powor plants have to be designed against aircraft crash in view of the
risk of failure of the protection.

2-4 Arrangements with airforce and civil aviation

In most E.C.member countries there i s general agreement with airforce
and civil aviation not to fly close to nuclear power plants* In particular i t
hiis to be ai/oided that nuclear power plants are used as an approach target*
Attention iu now paid to the question of beaconing of nuclear power plants.

2.5 Connequencas for plant design

In those European countries in which as a consequence of probabilistic
considerations i t was decided to protect every nuclear power plant against a i r -
craft crash 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 2.1CT H crashing at a speed
of 215 m/s (Phantom HP 4 E has the characteristics mentioned).
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In the UK a weight of 2,5 . Mr N i s considered (MRCA). This load function
will cover a wide2range of military and civil aircrafts . The impact area i s
assumed to be 7 m (compared to civil2aircrafts with impact velocities of
100 m/s and impact areas of 18 - 37 m - depending on the surface i f flat or
spherical).

Par-i;a of the aircraft, as e.g. engines, wings e t c . can become secondary
missiles as a result of the crash. (The load resulting from a military aircraft
engine being; 1,8 . 10 N at an impact velocity of 100 m/s and an impact area of
about 1,5 m ) . In tho design against aircraft crash these loads are combined
with secondary loads, plant malfunction, debris, etc .

As far as the computation methods applied are concerned they are in
general more or less based on penetration experiments of projectiles in concrete,
most of which were perforated to investigate the penetration of bullets and bombs
into reinforced concrete target slabs. Thua the results may not be directly
applicable to the design of nuclear power plants against aircraft crash. This
was the ?eaEion that in France other correlations and formulas were developed.

A comparative study of calculation methods for the resistance of s truc-
tures against penetration and for the overall s tabi l i ty of structures i s recom-
mended in view of a harmonization of the practice in th i s field.

3 . Projection of Buclear Power PlantB against Seismic Effects

The effects of seismicity, as they are observed in European countries
may, under certain circumstances, lead to significant nuclear hazards, so that
every effort must be undertaken to protect nuclear power plants against such
abnormal natural hazards. This i s necessary not only in countries with high
seismicity, but also in regions with medium or even low seismicity.

Consequently, i t i s necessary to ide'ntify those structures, systems
and components of a nuclear power plant which must be designed to maintain thei r
safety related function under the maximum potential seismic load, and to define
the methodology which must be followed to ensure an acceptable earthquake res i s -
tant design.

For this reason i t was considered worthwhile to discuss the problems of
protection of nuclear power plants against seismic effects within the European
Working Group on "Safety of Water Cooled Reactors - Methodology, Codes and
Standards" (Working Group N6 l ) .

Most Member States of the European Communities base their anti-seismic
3£.fety and dasign concept and even specific design parameters on the current
concept of the USA which has been developed with respect to the specific charac-
te r i s t i c s of the seismicity of North America. There are, however, important
discrepancies between the two continents in the seismological and geological
conditions as well as in the general design demands.

This i s why many European countries realise now that they have to develop
their own spacific safety concepts adapted to the typical seismological and geo-
logical conditions in the respective countries.
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The work perfomed within the activities of Working Group F 1 i s
"based on an inventory of the' applied national practices, the existing specifi-
cations, regulations, and guidelines applied in the design, construction, and
safety asseusment of structures, systems and components to withstand potential
earthquake offects. These specifications and guidelines are compared with
those for the USA and Japan and due notice i s taken of the work performed within
other international organisations as are ISO and IAEA, Points of agreement were
identified <ind divergencies discussed in particular with reference to the US
practice.

As a basis for design two different reference earthquakes are defined;
the first more severe earthquake (the safe shutdown earthquake SSE *) i s asso-
ciated with the safe shutdown of nuclear power plant, while the second (the ope-
rating basisi earthquake OBE *) i s associated with i t s reliable operation. The
procedures applicable and actually in use for establishing the reference earth-
quakes for t\ given site are the deterministic approach as well as the probabilis-
t i c approach. Both approaches rely on subjective judgements based on seismologi-
cal and geological experience.

The SSE i s based upon an evaluation of the maximum earthquake potential
considering the regional and local subsurface material. It i s the earthquake
which produces the maximum vibratory ground motion for which those structures,
systems and components are designed to remain functional and to assure :

(a) The integrity of the reactor coolant pressure boundary,

(b) the capability of shutting down the reactor and maintaining i t in
a safe Bhut-down condition, or

(c) the capability of preventing or mitigating the consequences of acci-
dents which could,result in potential offsite exposures comparable
to the BBC guideline exposures of 10 CFR 100.

Since the SSE i s related to the maximum earthquake potential at the site,
i t has a low probability of occurrence during the l i fe time of a nuclear power
plant. Nevertheless, in moet European countries the OBE i s determined in depen-
dence of the SSE assuming that the maximum vibratory ground acceleration of the
QBE Bhall he at least one-half of the maximum vibratory ground acceleration of
the SSE.

Only according to French practice the larger reference earthquake which
ia called "Sdisme HajorS de S^curitS SMS" i s determined by adding a certain
safety margin to the intensity of the smaller reference earthquake which i s named
"Sfiisme Maxtnal SLstoriquement Vraisemblable SMHV" (Maximum Plausible Historical
Earthquake). The safety margin applied i s usually one degree of the macroseismic
intensity measured with the MSK-scale.

according to US definitions
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At present, preference i s given to the deterministic approach in the
evaluation of both, the SSE and OEB, although the assessment of the OBB with
statistical and probabilistic methods on the basis of available data in Europe
appears feasible.

At n recent discussion under experts collaborating with working group
H° 1 i t cam* out that for the definition of the lower level earthquake no agree-
ment at all seems to be possible on a deterministic basis, there may, however,
be a chance to agree on a probabilistic basiB.

4. Protection of Nuclear Power Plants against fuel handling accidents

A comparison of the different methods and procedures applied by European
countries, in the analysis of the fuel handling accident was performed within
the activities of Working Group H° 1 in order to investigate convergences and
divergencies in safety assessments. It can be demonstrated that existing diffe-
rences in the assumptions of the basic conditions (as are decay time, or mode of
operation) are only of minor importance. The assessment of a fuel drop i s in
al l European countries based on the damage of al l fuel rods (of one fuel element)*
However, here appears to be a tendency at least on some European countries to
assume that only the fuel rods of an outer array be damaged. This was also assu-
med for the evaluation of the radiological consequences of a German nuclear power
plant. Alsc the basic assumptions concerning the quantity of fission products
released from the fission gas plenum to the pool water differ from country to #
country, with the most conservative assumption in the US Regulatory Guide 1.25 «
More realistic assumptions used in France or Germany are based on experimental
results of iodine release (organic and inorganic) less than 10 % down to 1 %»

Minor differences are observed also with regard to the decontamination
MO ^agftyity release to pool water \

ac or n a o ^ i v i ty release to building atmosphere
there again the assumptions published in the US Regulatory Guide 1.25 being extre-
mely conservative.

Off-site radiological consequences of the accident are limited by the
construction of the storage building and the fi lter equipment of this building.
In the USA these f i l ters obviously are not mandatory. They are, however, provi-
ded in all European countries, also in those which apply the US rules and guides
in general.

The design of the fuel handling devices have in a l l nuclear power plants
the same objective : to avoid the fuel handling accident. The fuel handling
transfer machines are designed to preclude mishandling, the designed safety fea-
lures being as follows :

- Lifting of the fuel assembly i s not possible until the grips are addi-
tionally locked mechanically.
This locking mechanism must be redundant and diversified.

(according to RG 1.25 the assumed releases are as follows

noble gases
Kr-85
Iodine

10 <fo
30 #
10 %
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- Lifting and travailing motions must be preelusive, the relevant
locking mechanism being either positive or redundant.

- Travelling motion must be impossible until a prescribed minimum
lifting height has been achieved.

An important difference exists in some European countries (especially
Germany, France and Belgium) where the fuel handling machine must be protected
against external events (e.g. earthquakes, airplane crash, explosion pressure
waves).

The effects of such external events are analysed locally and the relevant
structural components are so designed as to preclude fuel handling accident due
to external events.

Other important divergencies exist with respect to the hypothetical fuel
cask drop inside the storage building. These divergencies result from the diffe-
rent location of the fuel storage pool either within the containment as in German
plants, or outside the containment in a separate fuel storage building as in US,
French or Belgian plants. In older German plants the fuel cask i s lowered directly
into the spent fuel pool. In US, French and Belgian plants there are three diffe-
rent pools, the storage pool, the decontamination pool, and the loading pool (with-
out fuel elements).
All this applies primarily to existing power stations, whereas the differences
appear to be eliminated in German power stations under construction or planned
where a separate fuel cask pool i s foreseen within the containment next to the
fuel storage pool.

5. Conclusive Remarks

Very often discrepant evolution can be noted, especially in the technolo-
gical area (lutHiere are also examples in the radiation protection area : e.g.
present tendences with regard to application of publication 26 of ICBP and with
regard to l inits for professionnallyexposed). They result from :

a) different vendor's engineering knowhow and inventiveness, as influen-
ced by national licensing and regulatory requirements and by their
clients (the uti l i t ies) interests;

b) fzom requirements imposed by the licensing and regulatory bodies that
refer mainly to the relationship between the plant and i t s environment,
i . e . the site-dependant characteristics (including external impact
hazards : seismic effects, gas-cloud explosions, aircraft crash, floo-
ding, acts of sabotage) and the related emergency planning provisions.

It is clear that, i f the regulatory requirements are significantly diffe-
rent from one another, this on one hand i s difficult to explain to the public ex-
poiied to a certain risk and on the other hand puts the respective vendors in
front of varying situations in an international market.

Admittedly i t i s not easy to define when a requirement becomes significan-
t ly different (from the standpoint of health and safety and economically speaking)
but efforts in assessing this on a quantitative basis (including the notions of
risk and cost-effectiveness) merit more attention.

- 9 -



Also in many instances different levels of protection can be explained,
or perhaps even .justified on the basis of different site-conditions (e.g. seis-
micity, aircraft traffic density, population density, etc . ) and on the basis of
o'verall socio-economic conditions, but there are instances where this i s not evi-
dent.

It i s submitted for consideration that an important factor to be consi-
dered in the future is the respective situation of nuclear versus conventional
major hazards industries.

However both these two latter connected considerations go beyond the sco-
pe of the present paper.

The opinion expressed in the present paper do not necessarily reflect
the views of the Commission of the European Communities.
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TABLE: I

SURVEY OP WORKING GROUP H° 1 ACTIVITIES.

QenaralB

General safety principles and a sequence of recommendations

Quantitative methods applied i n preparation and assessment of Safety Reports
(frequency of event or r isk concept)

Contents of nafety reports
(Comparison of practices with regard to fault and accident conditions that deter-
mine the desf.gn of SPPs)

External hazards

Protection of NPPa against aircraft crash

Protection of HPPs against industrial environment hazards (external explosion
including fltimmable vapour clouds)

Protection of KPPs against seismic ef fects

Protection of BPPs against f loods.

Internal haacrds

LOCA-ECCS

- Mechanical and thermal hydraulic e f fec t s

- Referanee accident assumptions and radiological consequences

Spectrum of steamline breaks inside and outside containment

Turbine miss i les

Coolant pump flywheel in tegr i ty

Fuel handling accident

Anticipated transients without scram (ATMS)

Safety. Design and Operational Provisions

General design cr i ter ia

Quality assurance during operation (comparison of Q.A. requirements)

Reactor coolant pressure boundary
(Correlation study on c r i t e r i a , codes e t c . for primary boundary)
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Overpressure protection of primary circuit

Inservice inspection of primary pressure boundary

Reactor protection systems and control (correlation study on practices and
criteria) •

Containment structure and engineering safeguards
(Hethoda and procedures applied in containment leak testing)

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

Fire protection

Siting and Emergency Planning

- Site suitability criteria, densely populated areas etc.

- Emergency planning technical input data (practices, trends)

Incidenta reporting Requirements and Systems
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