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1. Programme objectives

Ins aim of the Reactor Safety Research Programme is that of

helping to ensure in the best possible manner the protection

of the population when nuclear energy is used in a country so

densely populated as the Federal Republic of Germany.

The following good reasons are chiefly behind the fact that con-

siderable government promotion is still given to reactor safety

research despite the excellent standards already achieved in the

sector of accident prevention:

- the residual risk to the population of being injured as a

result of incidents is to remain low - even with the increasing

utilization of nuclear energy - in comparison with other risks

accepted by society which result from increasing civilization,

- the radiological burden placed on the staff engaged on main-

tenance and repairs is to be further reduced by improving the

design of nuclear facilities and by further developing tech-

nical aids,

- by acquiring yet more detailed knowledge of possible incidents

and the course they can be expected to take, selective pre-

cautions are to replace the extremely conservative protective

regulations governing the licensing procedure.



In order to attain these goals it is necessary to both explore

the safety margins of nuclear energy facilities still further

and to develop safety technology. In this connection,

special importance is accorded to activities with the aim of

quantifying the various risks entailed in the utilization of

nuclear energy. In order to quantify these risks, an analysis

must be made of the detailed structure of complex incidents. Such

a quantification process also highlights the weak points in the

safety system and at the same time enables an objective elucida-

tion to be made of the acceptability of the remaining risks.

2. Programme development

The following table shovis che expenditure on LWR reactor safety

research in DM million in the Federal Republic for the period

from 1969 up to 1977s

1969

5.0
1970

6.9

1971

16.3

19

34
72
.4

1973

37.3

1974

65-4

1975

85.8
1976

95-3

1977

approx
120

The rapidly expanding development of reactor safety research

from I97O onwards is clearly evident from the above.

The introduction and execution of the Reactor Safety Research

Programme were determined by the following impetuses:

In the Federal Republic, reactor manufacturers had completed

a German design improving on light water reactors, particular-

ly from t—s aspect of safety, with the result that accompany-

ing safety research activities were deemed necessary, oriented

In particular to the special characteristics of German

facilities.

In this connection, mention must be made of the emergency

core cooling system for pressurized water reactors, which

differs from similar facilities in other countries on account

of the varying injection rates and redundancies and particular-

ly on account of the simultaneous hot leg and cold leg in-

jection process for core flooding. Other examples are the



varying containment design for reactors of the pressurized

•water and boiling water types.

As a result of specific requirements and the special emphasis

on problems on the part of the German licensing authorities

impulses were given for the carrying out of specific studies

and developments which had either not been carried out before

in other countries or had been executed there on the basis of

other boundary conditions. The following can be named by way

of illustration:

+ Specific safety requirements for nuclear power stations

against pressure waves resulting from gas explosions,

airplane crashes, sabotage;

+ The extent of the accuracy with which the design margins

of containment and internal concrete structures have to

be demonstrated in the event of dynamic loads occurring

during loss-of-coolant accidents;

+ Extent, type and sensitivity of non-destructive repeated

proof tests carried out on reactor pressure vessels.

The situation in the Federal Republic with regard to suitable

sites is such that we are compelled to build nuclear power

stations in relatively densely-populated areas, too. In the

case of the BASF project the construction of a nuclear power

station in an urban area close to industry came for the first

time under discussion. In order to compensate for the dis-

advantages of the site, the need to knit the net of protection
was indicated

measures even closer/and also the necessity of quantifying

precisely the safety margins so far established. With this

project in mind, research was expanded to cover the phenomena

caused by a pressure vessel failure, too, and also the per-

formance of a further protective device specially designed to

avert the consequences of pressure vessel failure.

Finally, the Programme received additional impulses from

operational, incident and testing experience acquired from

German nuclear power plants.



The incident which occurred in the Wiirgassen nuclear power

station should be mentioned in this context, as it revealed

phenomena previously not fully known which are capable of

placing a strain on the pressure suppression system as a result

of pressure pulsations if the primary system relief valves are

operated and in the course of loss-of-coolant accidents.

In conclusion let me mention that, from the very outset, the

Programme has been so designed to include not only aspects of

design basis accidents in the licensing procedure, but also

hypothetical accidents. This is why investigations into core

melting were commenced at a very early stage, for example -

long before this problem attracted general attention during

the Rasmussen study.

3. A survey of programme priorities and results

Fig. 1 provides a survey of the structure and priorities of

the German Reactor Safety Research Programme.

It is not possible to give a detailed description of the pro-

gramme - which now comprises almost 200 individual projects -

within the time available for this paper. I can only briefly

highlight a few of the major problems and studies in this con-

nection.

The safety of primary system components

The prerequisites have been provided for a non-destructive re-

peated proof test on the entire reactor pressure vessel in-

cluding the full wall thickness and all surfaces as a result

of the development of remotely-controlled ultrasonic testing

systems and the considerably advanced development of other

testing systems, of manipulators and the automatization of the

test performance using process computers. Thus a major contri-

bution has been made towards reducing the failure probability

of reactor pressure vessels.



Studies on the fracture safety of primary coolant system

components were carried out with the objective of establishing

the safety relevance of cracks in the heat affected zone of

welds and in the base metal in connection with embrittled

materials. The effect of the decisive factors was successfully

identified and new knowledge was acquired on how to improve

materials, manufacturing processes, process testing and measures

to ensure quality. This knowledge will be put to good use in

preventing the dangerous accumulation of unfavourable con-

ditions.

Core emergency cooling

The tests we have carried out - particularly those involving

an electrically-heated bundle containing 3^0 fuel rods of the

original size for use under PWR conditions and two parallel

bundles containing 49 rods for use under BWR conditions have

confirmed that adequate cooling of the fuel elements is

possible after a coolant loss. If half the volume of the

available flooding water is fed into both the hot and cold

legs, the flooding time is reduced in comparison with the time

required when the entire volume of flooding water is fed into

the cold leg.

Containment

Pilot experiments carried out in a linear 1 : 4 scaled-down

?WR dry full pressure containment have demonstrated that the

methods employed in the licensing procedure in order to determine

the maximum containment pressure and the pressure differentials

between internal concrete structures in containment are on the

safe side.

Experimental studies carried out on BWR pressure suppression

systems led to the identification of dynamic loads on the wet-

well resulting from condensation effects. These loads were

accompanied by complicated interactions between the thermo-

hydraulic effects and structural responses, which will have to

be given careful consideration when planning the design.



Core melting

Special mention should be made of theoretical and experimental

studies carried out on important individual phenomena, e.g.

•with regard to the concrete melt-through following the melting

of the reactor pressure vessel, to establish the possibility

of steam explosions and the release of gas from concrete and

molten material. The results obtained give rise to the ex-

pectation that all the processes which can lead up to contain-

ment damage require considerably more time than has been

assumed to date.

External effects

In order to further optimize the measures taken to protect

nuclear facilities in the event of airplane crashes, instru-

mented concrete blocs 36 square metres in size are bombarded

with instrumented major projectiles from a gas cannon. Initial

experiments are now in progress and the results will be evaluated

•without delay.

4. Survey of future priorities

The following are to be named as priorities under reactor safety

research in the near future:

Risk study

Similar to the Rasmussen report and under the leadership of

Professor Birkhofer, an analysis is being undertaken to as-

certain the risk entailed in LWR utilization. The analysis is

being carried out on the Biblis B 1300 MW PWR of the KWU for

typical site conditions in the Federal Republic.



L
HDR Programme

This is a comprehensive research programme being carried out

on the decommissioned 100 MW HDR experimental reactor and com-

prises non-nuclear experiments

- on plant response to simulated seismic loading,

- on the structural load of primary system components and

containment in the event of loss-of-coolant incidents,

- on the reliability of the available non-destructive proof

tests for primary circuit components,

- concerning the safety margins of the reactor pressure vessel

under degraded conditions.

By using large dimensional components - to a large extent original

of the HDR facility and by bringing about both operational and

also extreme loads, these experiments provide the unique op-

portunity of gaining extrapolation points for the analytical

approaches established on a smaller experimental scale for

describing incident phenomena and for calculating the strain

and structural behaviour of systems and components.

Emergency cooling

The further emergency core-cooling experiments under way are

concentrated oil the refill and flooding phase, the emphasis

being on the processes taking place within the core and upper

plenum.

Safety of components

A further contribution towards achieving the safety of com-

ponents is planned with a research and development programme

borne to an equal extent by both government and industry. For

the time being, funds amounting to approximately DM 50 million

have been appropriated for this purpose. The aims of the pro-

gramme are as follovrs:



the provision of detailed knowledge on all those mechanisms

which can lead to damage as a result of quality-reducing in-

fluences ,

the establishment of basic principles for the quantification

of the fracture safety of reactor components, and the further

development of fracture safety concepts,

the further optimization of pressure vessel technology and

testing techniques in order to avoid quality-reducing in-

fluences as f3r as possible, and in order to be able to at

least detect them at an early stage.

International cooperation

International cooperation in the field of reactor safety research

is intensive to a degree found in hardly any other sector.

Above and beyond the mere exchange of results, complementary

priorities are also established to an increasing extent under

various national programmes and systematic safety measures and

controls, of a manifold nature, particularly in the case of

results of major importance, are introduced, all this being made

possible by the bilateral and multilateral activities in progress.

The Federal Republic of Germany both welcomes and supports this

development and is prepared to make its research results ac-

cessible for international cooperation carried out on a broad

scale. We hope that we will thus be able to make some contri-

bution towards fulfilling our joint task - namely, that of

ensuring optimal safety for the operation of nuclear power

stations throughout the world.



Kain Structure of German LWR-Enfety Research Program
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