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ABSTRACT

Extensive technical and administrative measures are taken in the German nuclear power
plants in order to be able to perform effective on-site accident management in case that an
event actually occurs. Because of the “beyond-design-basis” character of these accidents,
there are no detailed regulations and guidelines for the development of emergency
preparedness in Germany. However, it has become common practice to perform at least one
emergency exercise per year in every German nuclear plant. Bundesamt für Strahlenschutz
has launched a project for the development of a manual for planning, co-ordination, and
assessment of on-site accident management exercises. The objective is to establish an
approach with a sound technical basis harmonized on federal level. The current status of this
project and further activities are described.

1 INTRODUCTION

In Germany, the emergency preparedness with respect to severe accidents (events
beyond the design basis) is directed to prevent any impacts on the environment and, if that is
no longer possible, to reduce these impacts [1]. This involves, on the one hand, measures
planned to be taken inside the nuclear power plant (on-site accident management) and, on the
other hand, measures planned to be taken outside of the plant (emergency preparedness).

Extensive technical and administrative measures are taken in the German nuclear power
plants in order to be able to perform effective on-site accident management in case that an
event actually occurs [2].

For pressurised water reactors (PWRs) the preventive measures are:
- secondary side bleed and feed,
- primary side bleed (pressure reduction) and feed,
and the mitigating measures:
- assured containment isolation,
- primary side bleed,
- filtered pressure relief of the containment vessel (venting),
- H2 countermeasures,
- supply-air filtering for the main control room.
Auxiliary measures supporting the preventive and mitigating measures in both PWRs

and in Boiling Water Reactors (BWRs) reactor types comprise:
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- emergency power supply from neighbouring plant unit (if applicable),
- sufficient capacity of the batteries,
- possibilities for a prompt restoration of the off-site power supply,
- an additional off-site power supply (underground cable),
- sampling system in the containment vessel.
Because of the “beyond-design-basis” character of these accidents, there are no detailed

regulations and guidelines for the development of emergency preparedness in Germany. Some
Federal States have set obligations to perform such preparedness exercises within the
licensing process. However, it has become common practice to perform at least one
emergency exercise per year in every German nuclear plant based on recommendations of the
German Reactor Safety Commission. These exercises are mainly for training in the following
areas:

• staff response to beyond-design-level basis accidents
• internal and external communication in connection with such accidents

In order to be a useful training tool, these exercises require the development of suitable
emergency scenarios.

Severe accident management measures can only be performed effectively if the
participating personnel and parties are properly qualified and prepared for this task.
Therefore, corresponding training exercises are of particular importance. The basic and
advanced training of the responsible shift personnel also involves auxiliary measures required
in the case of unforeseen events.

In addition, the accident management measures of the licensee are practised regularly at
the plant, in particular, in co-ordination with the on-site crisis management team. Likewise,
the procedures of disaster control are practised by the disaster control authority itself. This
will also include simulated accident situations in the plant performed together with the on-site
crisis management team. The extent of these training exercises range from simple alarm drills,
up to command post exercises, and on the complex scenarios involving the authorities and the
plant manufacturer. In recent years, realistic scenarios have increasingly been carried out
using plant simulators.

Bundesamt für Strahlenschutz has launched a project for the development of a manual
for planning, co-ordination, and assessment of on-site accident management exercises
described in more detail in the following section.

2 DEVELOPMENT OF MANUALS FOR EMERGENCY EXERCISES

The objective of the project is to establish an approach with a sound technical basis
harmonized on federal level. An important part of this project was to develop methods for
systematic preparation, performance evaluation of emergency exercises. In a first phase of the
project, Volume 1 of this manual has been developed and is shortly presented. Volume 1 is
restricted to suggestions for optimized exercises based on conventional event sheets.

Presently, the manual is extended in a second phase to comprise the application of full-
scope plant specific simulators. The recent progress in simulation technology has paved the
way for the extension of training to the beyond design basis regime. The current status of the
manual is provided below.

According to the above mentioned general requirements concerning ermergency
exercises at least one comprehensive exercise has to take place annually at each unit. The
crisis management as well as supporting teams necessary for the respective scenario take part
in the exercise. Beside this annual exercise there are modular drills like fire fighting, rescue of
injured persons or environmental surveillance. The shift personnel undergoes retraining with



601.3

Proceedings of the International Conference Nuclear Energy in Central Europe, Portorož, Slovenia, Sept. 10-13, 2001

recurrent simulator training among others. In this context symptom-orientated procedures and
to some extent beyond design basis scenarios are trained.

In the past the comprehensive emergency exercise was usually performed on the basis
of so-called event-sheets. These event-sheets present the essential information and the
relevant parameters of the pre-planned event sequence. The event-sheets are prepared on the
basis of former accident analyses or with the help of simulator runs.

Beside this conventional exercise type with event-sheets presented by the exercise co-
ordinator there is the simulator-assisted type. A major prerequisite for a broader application of
this type of exercise is the availability of plant-specific simulators with a capability to
simulate preventive accident measures in the beyond design basis range.

2.1 Development of scenario for emergency exercises

One of the results of this work was the development of a systematic approach to the
preparation of emergency scenarios. The procedure consists of the following steps:

Step 1 Determine the type of accident for the scenario
The type of accident is determined by the severe accident management measures that

are to be trained in the emergency exercise. For example, bleed and feed scenarios require a
total loss of feedwater situation which could occur as a result of a station blackout accident.

Step 2 Define the root causes and a course of events that leads to the type of
accident selected

When determining the course of events, consideration must be given to the emergency
groups to be trained in the emergency exercise. For example, contaminated personnel or
radioactive effluents could be included when health physics staff are to be trained. Therefore,
a modular structure of scenarios is recommended whereas a module is a determined group of
single actions, which are expected from the personnel as reaction to the respective crisis
situation. A list of 26 typical training tasks for different organizational units has been
developed. Table 1 shows selected tasks to be performed by the various organizations
involved in the exercise and indicates which tasks must be performed in every exercise and
which are optional depending on the scenario. This is not a chronological list of the order in
which the tasks have to be performed. It has proved to be very useful in the development of
the scenarios.

Step 3 Develop a sequence of steps for the exercise which represent a logical flow
of the events selected under step 2 and which lead to the type of accident
selected under Step 1

One of the greatest problems in developing scenarios for emergency exercises is the
fact, that due to the high degree of safety and redundancy it is difficult to find a course of
events which leads to severe accidents. This problem can be overcome by assuming, that
selected safety related components are undergoing maintenance prior to the emergency
exercise coupled with violation of regulations or that hazardous fires or flooding occur during
the course of the accident. Also, common-mode failures and external impacts may lead to the
simultaneous failure of redundant safety equipment. However, the assumptions made which
lead to these accident scenarios for training purposes have an extremely low likelihood of
occurring in practice. This can result in staff frustration, especially when it is assumed that
regulations are violated or that safety equipment, which has been carefully operated, well
maintained and frequently tested is assumed to fail for some unlikely reason. However, this
has to be accepted by the trainees since the specific purpose of the exercises is to train for
situations which are beyond the design basis of the plant.



601.4

Proceedings of the International Conference Nuclear Energy in Central Europe, Portorož, Slovenia, Sept. 10-13, 2001

No Title of Task Emergency
Group

C/O

1 Formation of emergency commission Emergency
commission

C

2 Formation of emergency teams ditto O
3 Evaluation of accident situation ditto C
4 Inform the authorities ditto C
5 Inform the public ditto C
6 Symptom oriented measures Operations C
7 Initiate building evacuation, fire alarms,

etc.
ditto O

8 Perform emergency measures ditto C
9 Measurement and evaluation of

radioactive releases
Health
physics

O

10 Technical evaluation (mechanical and
electrical)

Mech. &
elec.

Engineer
ditto

O

11 Rescue operations and first aid Ambulance O
12 Fire fighting Fire brigade O
13 Plant security exercises Security

guards
O

C = Compulsory for all emergency exercises
O = Optional

Table 1. Selection of typical training tasks for emergency exercises

2.2 Simulator-assisted emergency exercises

As quite a number of new plant-specific full-scope simulators is only available since
about 3 years, for German  nuclear power plants there have been performed very few
simulator-assisted exercises in the part. In context with a project funded by the Federal
government a few simulator-assisted exercises have been performed with various  nuclear
power plants with the aim to derive recommendations for the planning, co-ordination and
evaluation of plant internal emergency exercises. Some more generic findings are presented in
the following.

The crisis organisation may consist of only one centralised control management with
supporting personnel at its disposal or of several control teams, in particular

- the main control team,
- the operation control team,
- the radiological control team,
- the service control team.
In both cases the necessary functions like
- overall crisis management,
- plant status analysis and decision on countermeasures,
- radiological/physical/chemical surveillance,
- services for mechanical/electrical systems,
- information of authorities and of the public,
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- other services (e.g. fire fighting, security).
The co-operation between the participating groups is managed as shown in Fig. 1. In the

very beginning of the exercise the shift at the simulator contacts the  nuclear power plant
control room e.g. for the initiation of internal alarms and informs the operation stand-by
manager. After the establishment of the crisis management team the main communication
takes place between the simulator control room and the crisis management team. At that time
liaison persons in the simulator control room enter upon the communication and relieve the
simulator shift. Necessary services are then requested by the crisis team.

Fig. 1: Co-operation between participating groups

Emergency exercises have already been performed for many years and many
weaknesses have been eliminated. Nevertheless, there are a few generic findings resulting in
most cases from the simulator-assisted type of exercise performance [5]. There are three
essential differences between simulator-assisted exercises and exercises based on event-
sheets, namely:

- Every process information must be taken from the instrumentation and is not
presented on paper (event-sheets) with already selected parameters.

- The reaction to the simulated scenario is time-consuming and needs good co-
ordination. Declarations of intended actions are easier and faster.

- The event sequence is simulated in real time and wrong or untimely reactions show
very soon their negative consequences.
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The following topics which in many cases need attention have been noticed: excessive
charge of single persons, support of the radiological control team, visualization of information
to the crisis team, status reports, information sheets for control teams, and evaluation of
exercise results.

3 FUTURE ACTIVITIES

Three further projects are launched, based on the results of the previous projects.
Main aspects of the first project is to detail requirements regarding the exercise moduls,

to give recommendations to selection of scenarios and type of exercises, recommendation for
the preparation e.g. of exercise documents, check lists and master sheets and to propose
frequency of exercises. Final goal of this project is to provide a uniform federal catalogue to
harmonize the requirements on plant-internal accident management exercises as a basis for
elaborating a German regulatory recommendation taking into account experiences in Canada,
USA, Switzerland and discussions at IAEA and OECD.

In a second project, the manuals to perform AM exercises and, in particular, the
catalogue of scenarios, is planned to be applied by a nuclear power plant as a reference plant
to check and – if necessary – to modify the manuals to ensure an effective exercise
performance.

Up to now, the emergency exercises are limited to safety aspects. In a further project, it
will be investigated how to include the aspects of security in such exercises.

4 CONCLUDING REMARKS

In Germany, emergency preparedness is an important area in nuclear safety. A variety
of measures has been developed plant internally to prevent core damage and to mitigate ist
consequences as well as for off-site disaster control.

On-site accident management has been introduced as a fourth line of defense in the
defense-in-depth concept. A substantial number of technical measures like filtered
containment venting, bleed and feed procedures, and additional and diverse power sources
have been implemented in the operating nuclear power plants which contribute to reduce
residual risk to the environment. As the most recent achievement in this field, the
implementation of passive autocatalytic  recombiners has been initiated and is carried out
now. This measures is counteracting potential threats of hydrogen explosions to containment,
building and component integrity

As a further on-site activity, the required measures for accident management training
are harmonized by the development of exercise manuals. A first volume of this manual has
been completed. It is devoted to exercises using conventional event sheets. A second phase is
underway forcing the application of full-scope simulators to exercises. The performed
simulator-assisted exercises show that this type of exercises offer an extension of the
spectrum of training measures. Simulator-assisted exercises are a very efficient kind of plant
internal emergency exercises, in particular when the co-operation between the crisis team and
shift shall be trained. If other training modules are the main exercise aim, the conventional
exercise type (with event sheets) is suitable. Furthermore the conventional exercise type must
be used when the chosen exercise scenario exceeds the simulation limits of the simulator.

A significant activity presently carried out is the implementation of a crisis centre of the
Federal Government.

Considering the significant damage potential of nuclear power plants, emergency
preparedness at a high technical and organisational level is indispensable. The consequences
of this insight have lead to considerable efforts in Germany to achieve this goal. In the past,
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on-site measures were dominated by technical implementations. In the future, there might be
a shift towards making these measures as available as possible, e.g. by improved training and
exercises.

There are decisions that have to be taken in an actual emergency situation under
difficult constraints in terms of available time and possibly lack of information on the exact
plant status. Other regulatory decisions can be taken beforehand based on analyses such as the
adequacy of the licensees’ emergency planning and preparedness [6]. This points to the fact
that in both cases the event sequence in the plant is likely to be, in most cases, decisive. The
separation between on-site and off-site actions that is frequently applied in terms of
responsibilities and exercises should not lead to interface problems in an actual emergency.
The information flow between these areas should be well established.

On international level, it is common sense [7] that the future severe accident and risk
assessment research needs to be focused towards addressing those issues that will help
increase the confidence in the viability of the various severe accident management actions,
and the use of risk-based insights for regulatory decision-making, including development of a
technically sound basis for PSA applications to regulatory and safety decision-making
process.

Another very important aspect is communication across the different interfaces, firstly
between on-site and off-site forces and secondly between the different responsibilities at the
local, the state, and the federal level.
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