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THE FRENCH-GERMAN SAFETY APPROACH FOR FUTURE PWRs

AND ITS SIGNIFICANCE FOR EPR LICENSING

W. Frisch/GRS

G. Gros/IPSN

1 Development of the Common Approach

The development of the common French-German safety approach for future PWRs

started in 1992 after a phase of preparation of about two years. The general approach

was issued in May 1993. It was accomplished on three working levels: the technical

safety organizations GRS (Gesellschaft fur Anlagen- und Reaktorsicherheit) and IPSN

(Institut de Protection et de Surete Nucleaire) developed the technical basis, advisory

groups GPR (Groupe Permanent charge des Reacteurs Nucleaires) and RSK

(Reaktorsicherheitskommission) developed common recommendations, and the

authorities BMU (Bundesministerium fur Naturschutz, Umwelt und Reaktorsicherheit)

and DSIN (Direction de la Surete des Installations Nucleaires) issued the common

safety approach. It contains safety objectives and general principles. The common

approach has been presented at the ARS'94 Conference IV.

Some important objectives and principles are briefly summarized in chapter 2 of this

paper as a basis for the understanding of the work performed recently within the fur-

ther development of the French-German safety approach. The results of this work are

described in chapter 3.

This approach has been further developed in order to advance in more detail in the

French-German harmonization process and to give the designer of the European

Pressurized Water Reactor (EPR) more guidance in his design development of the

,,Basic Design" to be completed in 1997. Priority items have been selected according

to the need for early decisions within the design process. Those items are:

- Integrity of the primary circuit (break preclusion concept)

- external hazards



- severe accidents (core melt) and their radiological consequences

- system design and use of PSA

More recently additional subjects have been treated:

- The need for research and development in the area of severe accidents,

especially low pressure core melt accidents, has been the subject of a

preliminary review.

- Several system design issues (single failure concept, common mode fail-

ures, redundancy, diversity etc.) have been treated within the general

safety concept.

- Special attention has been given to the secondary system overpressure

protection function.

These key subjects have been studied in detail by GRS and IPSN. Starting from a

technical basis (description of technical and physical conditions, present licensing

practices, knowledge derived from research and development results, etc.) common

positions of GRS and IPSN have been developed with respect to requirements, rec-

ommendations, comments and demand for further information. This work was the ba-

sis for a detailed treatment of the subjects within GPR and RSK in several joint meet-

ings. These activities resulted in GPR/RSK recommendations, adopted by DFD

(German-French Directorate of BMU and DSIN).

In France, the DFD advises and the GPR/RSK recommendations of 1994 were issued

by DSIN on February 13, 1995. In Germany the GPR/RSK recommendations have

been published under the title "Gemeinsame Empfehlungen von GPR und RSK fur

Sicherheitsanforderungen an zukiinftige Kernkraftwerke mit Druckwasserreaktor" in

the "Bundesanzeiger" on May 5, 1995.

2 Basis of the French-German Safety Approach

The basis for the development of the French-German safety approach is the first gen-

eral proposal published in 1993 as nGPR/RSK proposal for a common Safety Ap-



proach for Future Pressurized Water Reactors" 121, in this paper referred to as the

,,Common Safety Approach".

This Common Safety Approach contains general safety objectives and technical prin-

ciples for their realization. They are considered to be an important basis for the future

work.

The common opinion of the two groups of experts is that the significant improvement

aimed at for the next generation of PWRs (to be constructed at the very beginning of

the next century) can actually be obtained in the "evolutionary" way if due considera-

tion is given to the lessons learned from operating experience and from PSA, as well

as to the results of research, in particular on severe accidents.

Three important general safety objectives are mentioned here:

• A further reduction of the core melt frequency

• The "practical elimination" of accident situations which could lead to large

early releases of radioactive material. If those situations cannot be consid-

ered as physically impossible, provisions have to be taken to "design them

out".

• For low pressure core melt situations the design has to be such that the

associated maximum conceivable releases would necessitate only very

limited protective measures in area and time (no permanent relocation, no

need for emergency evacuation outside the immediate vicinity of the plant,

limited sheltering, no long-term restrictions in consumption of food).

The first and second objectives are in line with the present safety concept. The third

objective characterizes the development of a safety philosophy in the sense of an

extension of "defense-in-depth" principles by adding an additional level of defense.

The technical principles derived from this safety objective ask for new technical solu-

tions going beyond those which are presently implemented in operating plants for risk

reduction (accident management measures).

In addition to the general safety objectives the Common Safety Approach also con-

tains important safety principles which essentially support an "evolutionary" develop-

ment. A few are mentioned here:



- Enhancement of the "defense-in-depth" principle (barriers, levels of pro-

tection)

- Deterministic design basis, supplemented by the use of probabilistic meth-

ods

- Use of experience feedback from plant operation in both countries.

The Common Safety Approach goes into more detail by treating technical principles

derived from the general safety objectives. Details can be taken from the original

document 111 or a conference paper hi.

This Common Safety Approach has been used by the industry as one basis for the

development of the EPR design concept. Details of this concept have been given to

GRS and IPSN (EPR Conceptual Safety Features Review File). Within an iterative

process the further development of common French-German recommendations of

1994 has considered this EPR safety concept, especially with respect to complete-

ness and feasibility of the new recommendations.

3 Further Development of the French-German Safety Approach

On the basis of the Common Safety Approach the further development proceeded

according to the procedure described in chapter 1 for the following key safety issues.

3.1 Integrity of the primary circuit

Considering the state of technology, it appears feasible to design and operate future

PWRs so as to exclude the complete guillotine break of a main coolant line.

This ,,break preclusion" approach, already adopted in Germany, will essentially allow

to reduce the number of whip restraint devices as compared to current French prac-

tice allowing to improve the accessibility and inspectability of each point of the lines.

GPR/RSK underline that the use of a "break preclusion" concept implies provisions for

efficient primary leak detection and thorough in-service inspection. Proposals in this

respect are required from the designer.



This evolution was deemed acceptable for the French side, considering operating ex-

perience and international practice on the one hand and the extensive improvements

of the containment function for future nuclear power plants on the other hand.

To provide extra margin in the design, GPR/RSK recommend to size the safety injec-

tion system and the reactor containment building for the complete guillotine rupture of

a main primary coolant line.

On the German side, a modification to its own practice was also admitted: on the ba-

sis of defense-in-depth considerations, the German side accepted to include the com-

bination of a safe shutdown earthquake and a primary break in the design basis for

some structures and equipment, in conformity with the current French practice.

Under these conditions, GPR/RSK admit that the loads to be considered for the de-

sign of the internal structures in the reactor vessel and of the structures in the con-

tainment building could be limited to those resulting from a break equivalent to the

complete guillotine rupture of the largest pipe connected to a main coolant line (surge

line).

3.2 External hazards

The development of a common approach with respect to external hazards (earth-

quake, explosions, air craft crash) was not easy because of two facts:

Firstly, the present practice is different in France and Germany. Secondly, loads from

external events are site dependent, and as the load functions recommended in the

safety approach should apply to basically site independent standard designs, they

should be specified such that the majority of sites is covered. Excessively strong re-

quirements derived from a few potential sites with extreme conditions should not be

placed on a standard design in order to avoid unnecessary measures and cost. Within

a licensing process site dependent aspects have to be treated anyhow. GPR and

RSK have agreed on load functions for earthquake, explosions and aircraft crashes.

More details are already published elsewhere /3/.



3.3 General system design and use of PSA

This item has been treated continuously with increasing degree of detail, starting al-

ready within the common safety approach of 1993. The common aspects are summa-

rized here. Some more details are described in chapters 3.4 and 3.5.

The design should be made on a deterministic basis, supplemented by the use of

probabilistic methods. Generally speaking, quantitative probabilistic targets are not to

be seen as requirements; they are essentially meant to be orientation values for

checking and evaluating the design.

A probabilistic safety assessment must be carried out from the design stage to sup-

port the choice of design options. Particular attention has to be paid to the possibilities

of multiple failures stemming from a single cause and human error possibilities. The

use of validated data is also essential, not only for systems, but also for human inter-

ventions, including diagnosis and maintenance.

Probabilistic objectives can be used as guidance in order to determine the most suit-

able combination of redundancy and diversity for the safety systems. It is recom-

mended that a target value for the core melt frequency of 10'® per year could be used

for internal events (both power states and shutdown states) with due consideration of

the associated uncertainties.

Some accident sequences (see second safety objective of chapter 2) have to be

,,practically eliminated". This may put very high reliability requirements on some safety

systems. Example: In order to "practically eliminate" high pressure core melt se-

quences (pressure vessel melt through at system pressures higher than 15-20 bar), it

is necessary that the following systems or functions are sufficiently reliable:

- Secondary heat removal (including, as appropriate, independent start-up

and shutdown systems, increased water reserve in each steam generator,

secondary bleed and feed),

- Primary circuit overpressurization protection and depressurization system

(the use of specific valves to transfer high pressure core melt to low pres-

sure core melt sequences should be investigated),



- Shutdown systems (sufficient diversification of components of the reactor

scram system and provisions to ensure a boration function to reach a safe

state in the case of anticipated transients without scram),

- Residual heat removal function (an adequate reliability could be achieved

through the implementation of a residual heat removal system with two

trains inside the reactor containment building, backed up by the low head

safety injection system),

- Electrical power supplies (due to common mode failure possibilities, the

designer has to investigate the use of specific power sources for functions

such as ultimate decay heat removal, maintaining primary pump seals leak

tightness or instrumentation required to bring and keep the reactor in a

safe shutdown).

For those systems or functions sufficient redundancy and diversity has to be provided.

It is underlined that the unavailability of a redundant safety system consisting of iden-

tical trains probably cannot be demonstrated to be less than 10"4 per demand

(because of uncertainties due to potential common cause failures).

3.4 Specific systems design issues

On the basis of the Common Safety Approach and upon more detailed discussions,

including the consideration of previous experience and especially system reliabilities

and failure probabilities, agreement has been reached between GPR and RSK on

several detailed technical safety principles. Some of them are mentioned here:

- for frequent initiating events, the reliability requirement on a safety function

is such that two diverse systems might be necessary,

- for those safety systems required during ail reactor states, including shut-

down states, the designer has to combine the single failure criterion with

the scheduled maintenance, taking into account the required capacity of

the corresponding safety function during this maintenance,

- for the components of safety systems, maximum repair times have to be

precised; for that purpose, probabilistic studies could be used, taking into

account the orientation values already defined for the core melt frequency

targets due to internal events with due consideration of the associated un-



certainties. Maximum repair times must also be consistent with the

"practical elimination" of accident situations which would lead to large early

releases.

Special emphasis is put on the secondary side heat removal and the associated

emergency power supply. It has to be demonstrated with very high confidence that

accident sequences originating from a complete loss of secondary side heat removal

and potentially leading to high pressure core melt are "practically eliminated".

GPR/RSK recognize that this objective can be achieved by the new EPR approach for

emergency power (four Diesel generators + two small Diesel generators connected to

two trains of the four-train emergency feed-water system) if sufficient provisions are

taken against common cause failures and long term grid failures.

3.5 Secondary side overpressure protection

A careful evaluation of the secondary side overpressure protection function was nec-

essary at an early time within the design development because the designer proposed

a solution with a valve capacity which is significantly lower than in previous French

and German plants. However, the previously higher capacity was not necessary for

safety reasons but in fulfillment of conventional boiler rules. The new approach of the

designer takes into account the reactor scram as a pressure reducing measure.

Some of the recent GPR/RSK recommendations With respect to this subject are:

GPR/RSK agree that the reactor trip could be taken into account as a pressure re-

ducing measure, which would allow to reduce the overall discharge capacity. This ap-

proach could be used for the reference incidents and accidents. GPR/RSK emphasize

that anticipated transients without scram (ATWS) have to be coped with. The designer

has to study the most penalizing transient in this field with respect to pressure in-

crease on the primary side and on the secondary side, taking into account the dura-

tions of the transients, which depend on the effectiveness of the boration system.

GPR/RSK also stress that the relief and safety valves have to be qualified for all fluid

conditions which could occur during their use.
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The necessary discharge capacity has to be estimated in connection with the reactor

trip availability; specific pressure limits have to be fulfilled depending on the frequen-

cies of the postulated conditions. A global capacity of 100 % of the steam flow by an

adequate combination of steam relief valves and steam safety valves could be judged

necessary. (The designer had initially proposed a capacity of 75 % of nominal steam

flow, but the design has been changed recently to 100 %.)

3.6 Severe accident considerations

According to the third general safety objective mentioned in chapter 2, low pressure

core melt situations have to be coped with and the corresponding radioactive releases

have to be limited. This implies the investigation of various phenomena and the de-

velopment of a strategy from which the relevant design criteria can be derived. The

main goal of this strategy is to identify those phenomena and conditions which have to

be considered in the design of the containment and those which have to be eliminated

by design.

Some of these issues are presented here in more detail.

Concerning the aspects of energy release from hydrogen reactions the position

adopted by GPR/RSK is that the design must cope with a hydrogen production corre-

sponding to the complete reaction of the fuel clad zirconium with water. However, it

can be assumed that this amount of hydrogen is not instantaneously generated and

released into the reactor building, but as a function of time to be estimated for repre-

sentative core melt accident sequences.

Catalytic recombiners can be used to limit concentration of hydrogen in the reactor

building, provided the efficiency of such equipment is clearly demonstrated under core

melt accident conditions.

The volume of the reactor building and the mitigation means provided must be such

as to prevent any possibility of a global hydrogen detonation. Local high concentra-

tions of hydrogen must also be prevented as far as possible by the design of the in-

ternal structures of the reactor building; when it will not be possible to demonstrate

that the hydrogen local concentration remains below 10 %, specific measures will

have to be implemented, such as "inertization", or reinforced walls.



The adjunction of an internal "liner" seems advisable to GPR/RSK as it would provide

additional margins with respect to containment leak tightness, especially considering

specific phenomena such as a fast local hydrogen deflagration.

Concerning the ex-vessel molten core cooling, the strategy adopted is to spread the

molten core over a large area before flooding it with water. However, GPR/RSK un-

derline that the validation of such a strategy would require extensive research and de-

velopment work.

A particularly important subject, which has to be mainly covered by experiments, is the

spreading of molten core material outside the pressure vessel, considering different

scenarios of meltthrough. Both temporary solidification and crust formation can disturb

the spreading and cooling of the molten core material.

Specific provisions have also to be implemented to ensure that the reactor building

basement would remain leak-tight in order to prevent contamination of soil and

ground-water.

With respect to containment heat removal, GPR/RSK emphasize the fact that this

function must be ensured without a containment venting device. In addition, adequate

provisions should be foreseen to obtain a short term reduction of the containment

pressure.

GPR/RSK underline that the designer has to assess the advantages and the draw-

backs of different technical solutions, considering that a containment heat removal

system with a radioactive fluid recirculation outside the containment requires the con-

sideration of possible failures of the corresponding pipes and the associated radio-

logical consequences; therefore, a leak-tight compartment outside the containment

would be necessary for those systems.

Furthermore, the system for ultimate containment heat removal should be subdivided

into at least two trains. As a design requirement, the system should be capable of

maintaining the containment pressure below its design pressure after a time period to

be specified, with the assumption that one train becomes unavailable.

The objective of the limitation of radioactive releases implies a substantial improve-

ment of the containment function, considering the different possible failures of this

_ _ _ _



function during core melt situations. This improvement can be achieved through the

use of a double wall containment concept, and an annulus between the inner and

outer walls being maintained at a subatmospheric pressure in order to collect the re-

leases of all possible leaks through the inner wall and to filter them before they are

released to the environment via the stack.

All possible leak paths from inside the containment building to the environment have

to be controlled so as to ensure a filtered release via the stack; the designer has to

propose specific devices for the collection of possible leakages associated with the

different types of penetrations.

The design pressure and temperature of the containment inner wall must be such as

to allow a grace period of at least 12 hours without containment heat removal and to

ensure its integrity and leaktightness even after the global deflagration of the maxi-

mum amount of hydrogen which could be contained in the containment building in the

course of low pressure core melt accidents.

The limitation of radiological consequences of low pressure core melt accidents is

specified in general terms in the third safety objective of chapter 2. The numerous as-

pects of the required analyses and assumptions have been treated in detail, sup-

ported by analyses performed by GRS and IPSN. More details are presented in /4/.

3.7 Need for research and development related to severe accidents

As the ,,Common Safety Approach" favours a concept with an .evolutionary" nuclear

steam supply system and additional safety features in order to cope with core melt

accidents, the efforts necessary in research and development are also concentrated

on this area. R&D work is necessary for those phenomena which have to be

..practically eliminated" and those which have to be coped with. The main subjects to

be considered are:

- high pressure core melt sequences

- steam explosion (in- and ex-vessel)

- in-vessel behaviour of molten core material

- hydrogen management
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- core melt spreading and coolability

- containment heat removal.

For each of these subjects relevant phenomena have been identified and the experi-

mental status has been reviewed. It turned out that many experiments which have al-

ready been performed (e. g. to verify the behaviour of existing plants during hypo-

thetical core melt accidents with mitigative accident management measures), can be

used to verify models necessary to analyze severe accident sequences for future

PWRs. It has also been recognized that further experiments - partly in already existing

experimental facilities - are necessary. The priorities for these experiments have been

defined according to the time when the results are needed. Those experiments which

are an essential basis for key conceptual choices for the basic design, have the high-

est priority; those which are needed for confirmation of analyses have a lower priority.

Examples for high priority experiments are core melt spreading and behaviour of pro-

tective layers in the spreading compartment. A large number of experimental facilities

and their experimental programs playing an important role in the area of severe acci-

dents have been investigated. Some of the important facilities are:

- ANAIS and BILLEAU (CEA Grenoble) and PREMIX and QUEOS (FZK,

Germany): steam explosion phenomena

- VULCANO (CEA Cadarache), CORINE (CEA Grenoble), COMAS

(Siempelcamp, Germany) and KATS (FZK, Germany): core melt spreading

- CIRMAT (Siemens/Research Institute in St. Petersburg, Russia): protective

layer behaviour

- CORA (FZK, Germany): chemical reactions of molten fuel

- PHEBUS (IPSN, Cadarache): core degradation and fission product be-

haviour

- RUT (Kurchatov Institute, Russia): hydrogen combustion.
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4 Future Work

The further development of the French-German Safety Approach is continuously go-

ing on with respect to the more detailed treatment of subjects already covered and

also the elaboration of new issues.

An important issue recently reviewed is the design against internal hazards. Due to

the consequent geographical separation of redundant safety grade systems, a good

design basis against common cause failures due to internal hazards is given. Rec-

ommendations are related to additional issues such as completeness of assumptions

on initiators and the balance between preventive and mitigative measures. The rec-

ommendations refer to a variety of internal hazards, including the failure of pressure

retaining components, flooding, fire, explosions, missiles and drop of loads.

With respect to system design and safety analysis, the topics general safety require-

ments, system classification, probabilistic safety assessment and ECC safety injection

mode analysis are being treated now.

For severe accidents, important subjects will be studied in the near future: reactor

coolant system depressurization, hydrogen production and control, core melt stabili-

sation, containment heat removal and containment structural behaviour.

Additional subjects which have not been treated in detail yet, but are considered im-

portant in the future development, are man-machine interface, digital I&C, core de-

sign, and radioactive waste reduction.

Within the French-German harmonization process the present period is characterized

by the development of a common approach on technical grounds. The common view

is expressed in GPR/RSK recommendations and gives guidance to the designer for

the development of the EPR basic design. This common approach is extremely im-

portant, however, it requires another step which is the implantation of this approach

into both national regulatory processes. Existing national laws, regulations and li-

censing practices are different in both countries. This has to be taken into account

when preparing the basis for the licensing of the EPR in France and Germany. This

may result in different procedures in both countries, however, it is expected that the

common approach achieved on technical grounds can be applied despite of proce-

dural differences.
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