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This paper describes a systematic method for preparing emergency exercises for the training
of power station personnel in the establishment of internal and external communications and
the initiation of emergency measures in the case of beyond design basis accidents. The
exercises are planned over a period of time in such a way that a wide range of scenarios are
covered, keeping repetition to a minimum and the work for preparing the individual exercises
is reduced as far as possible.

According to the defense in depth concept there are four safety levels. These levels are shown
in Figure 1. This paper is only concerned with level 4, beyond-design-basis accidents.

Severe accident management scenarios (such as bleed and feed operation) and emergency
organizations have been established in nuclear power plants over the last decade in order to
reduce the environmental impacts of the accidents. 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 and Swiss
nuclear plant. 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.

Based on Colenco Power Engineering's wide experience in supporting NPPs on more than 40
occasions in the preparation of emergency exercises, an order was received from the German
Federal Office for Radiation Protection (BfS) to develop methods for systematic preparation,
execution and evaluation of emergency exercises.
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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. Colenco has developed a list of 26 typical training
tasks for different organizational units. Table 1 shows the 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 sever 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.

When preparing accident scenarios for NPPs, Colenco recommends 10 year cylcles for the
accident type (step 1) and the most important other event (step 2). Table 2 gives a typical
mixture of accident types over a ten-year period and Table 3 gives the types of accidents
leading to these scenarios.
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Table 1. Typical Training Tasks for Emergency Exercises

No

1

2
3
4
5

6
7
8

9

10
11
12
13

14

15
16

17

18

19

20

21

22
23
24
25

26

Title of Task

Formation of emergency commission

Formation of emergency teams
Evaluation of accident situation
Evaluation of conditions outside the plant
Decision on initiation of emergency alarm
for the public
Inform the authorities
Inform the public
Internal communication (processing of
incoming information)
Select relevant procedures, assemble
materials and equipment
Relocation into the remote control center
Involvement of external specialist
Symptom oriented measures
Initiate building evacuation, fire alarms,
etc.
Notification of the situation to the
emergency commission
Perform emergency measures
Measurement and evaluation of radioactive
releases
Measurement of dose rates in the
environment
Evaluation of the radiological conditions
within the plant
Perform radiological protection measures
within the plant
Criticality evaluation

Technical evaluation (mechanical and
electrical)

Mechanical and electrical repairs
Rescue operations and first aid
Fire fighting
Plant security exercises

Personnel access control

Emergency
Group
Emergency
commission

ditto
ditto
ditto
ditto

ditto
ditto
ditto

ditto

ditto
ditto

Operations
ditto

ditto

ditto
Health
physics

ditto

ditto

ditto

Nuclear
engineer
Mech. &

elec.
Engineer

ditto
Ambulance
Fire brigade

Security
guards

ditto

C/O*

c

0
c
0
c

c
c
c

0

0
0
c
0

c

c
0

0

0

0

0

0

0
0
0
0

0

C = compulsory for all emergency exercises.
O = optional
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Table 2. Ten Year Cycle for PWR Scenario Types

Year
Scenarios *

1
SB

2
RE

3
PB

4
SB +
RE

5
REF

6
RE

7
SB

8
3P

9
PB +
RE

10
vent

SB = secondary bleed and feed
RE = radioactive emissions
PB = primary bleed and feed
REF = refueling
3P = third party intervention
Vent = core melt accident with containment venting

Table 3. Types of Accidents leading to Accident Scenarios

Scenario
SB
PB

RE

SB + RE

PB + RE
Venting

REF

3P

Type of Accident
- Station blackout
- Failure of secondary bleed and feed
- Small LOCA with failure of high pressure injection
- SG tube rupture with steam line break and failure of steam line

isolation
- LOCA with failure of containment isolation
- LOCA in the annulus
- Secondary bleed and feed with failure of steam generator

tubes
- Primary bleed and feed with failure of containment isolation
- Failure of emergency core cooling and failure of primary bleed

and feed
- Failure of residual heat removal due to failure of components

or loss of coolant
- Unauthorized penetration into inner power station areas.

To give an idea of the variety of exercises that can be developed using this technique, a
selection of the exercise titles that have been used by Colenco over the past 10 years is given
in the Table 4.

It can be seen from the list that there is a great variety of scenario possibilities, even though
Colenco has managed to avoid having to use external events up until now.

A great deal of importance is attached to the evaluation of the exercises. The following is a
brief résumé of the steps taken to ensure that the results are properly reported and that the
lessons learned are reflected in procedures and operating instructions.

Immediately on completion of the exercise a discussion is held between the leading
people involved. The power station staff report on the quality of the exercise instructions,
the problems that arose and how they were solved and recommendations for
improvements. The exercise coordinator and the observers report on the difference
between the planned and actual course of the exercise, the observed shortcomings and
problems and give recommendations for improvements. The emergency commission
leader and the exercise coordinator then give an initial overall evaluation of the exercise.
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All documentation produced during the exercise is collected an made available for the
final report. First of all a draft report is produced, discussed with the involved parties and
is then issued as a final report which covers the following subjects:
• comparison of the estimated times for the tasks with the actual time taken
• quality of the teamwork
• quality of the communication
• quality of the documentation and reporting during the exercise
• quality and suitability of the technical support equipment
• identification of any changes to equipment, procedures or instructions necessary and

dates for completion of the changes

Table 4. A Selection of the Exercises Developed by Colenco Power Engineering

Title

Steam Generator (SG) Tube Rupture with Failure of
SG Isolation
Loss of River Cooling Water due to Dam Failure

Total Loss of Feedwater Supply due to Sabotage
within the Plant
Unauthorized Action on the Site with Attempted
Entry into Secure Buildings
Spurious Operation of Pressurizer Safety Valves and
Failure of Containment Isolation
Leak in the Pressure Suppression Pool and failure of
Emergency Diesels
Spurious Trip of Main Feedwater Pumps

Cable Fire at the Main Feedwater Pumps with
Failure of Pressure Relief
Service Water Line Break with Failure of RHR
System during Shutdown
Failure of Differential Pressure Line in the Annulus
combined with an Injured Person
Steam Line Break with Failure of Steam Line
Isolation
Spurious Opening of Pressurizer Safety Valve with
Failure of Containment Isolation
Fire and Loss of Reactor Coolant in the Auxiliary
Building
Rupture of a Pipe on the Steam Separator of the Re-
heater with Failure of Containment Isolation
Fire at a Charging Pump wit Activity Release

Plant and
Type
Unterweser
PWR
Beznau
PWR
Grafenrheinfeld
PWR
Brockdorf
PWR
Brockdorf
PWR
Philippsburg
BWR
Grafenrheinfeld
PWR
Brunsbiittel
BWR
Beznau
PWR
Obrigheim
PWR
Gundremmingen
BWR
Emsland
PWR
Biblis
BWR
Isar 1
PWR
Grafenrheinfeld
PWR

Year of
Exercise
2000

2000

1999

1999

1997

1997

1996

1996

1995

1994

1994

1993

1992

1991

1990
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So far, these exercises have proved to be a useful means of training cooperation between
different organizational units of the NPP staff. Generally it has been found that the operations,
the health physics staff, the fire brigade, etc. initiate appropriate corrective action within the
required time. This is especially the case when the scenario is such that the criteria for
accident management measures are quite clear.

In order to test the capabilities of the emergency commission, the scenarios should be such
that there are alternative solutions to cope with a given situation. The exercises are also a
useful check on the criteria, as to whether or not an accident management measure should be
applied, are sufficiently clear. Furthermore, it has been shown that keeping the authorities and
the public informed absorbs a great deal of the commission's working capacity. There are a
few methods by which the amount of this work can be reduced considerably; for example,
techniques which allow employees of a lower management level, without special knowledge of
the plant, have been introduced by Colenco with considerable success.


