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1. Introduction 

With regard to emergencies involving radioactivity the principle aim of both 
the nuclear power plant management and the regulatory authorities is to 
prevent incidents (any plant state deviating from normal operation) and, 
should these occur, to confine their effects to the plant. It should be possible 
to achieve this aim through constructional and operational safeguards. 
Analysis has shown that the majority of expected incidents are associated 
with zero or a very low release of radioactive materials to the environment. 
Nevertheless, an accident (any incident with the possibility of a significant 
release of radioactive materials) with radiological effects outside the plant 
cannot be completely ruled out. Emergency measures to protect the public in 
the vicinity of the plant must be prepared for such an eventuality. 

The basic principles of emergency planning and preparedness in Switzerland 
are described in the federal concept paper "Concept for Emergency Protection 
in the Vicinity of Nuclear Power Plants, January 2006" [1]. The 
responsibilities of the major organizations involved in the management of a 
radiological emergency are as follows: 

- Emergency planning in the preparation phase is coordinated by the Federal 
Commission for NBC-Protection. Also involved in the preparations are all 
relevant federal, regional and local authorities as well as the nuclear 
power plants. 

- In an accident situation, the nuclear power plant staff is responsible for 
the detection and assessment of the accident, for the implementation of 
on-site countermeasures and for the immediate and continuous 
transmission of relevant information to the authorities. 

- The Swiss Federal Nuclear Safety Inspectorate is responsible for assessing 
the adequacy of the on-site countermeasures implemented by the nuclear 
power plant staff and for advising the National Emergency Operations 
Center with respect to potential off-site radiological consequences to the 
public. 

- The National Emergency Operations Center is responsible for the 
transmission of warning and alerting orders to the regional and local 
authorities and also for initial countermeasures for the protection of the 
public. 

Starting from its first publication in 1977, the federal concept has undergone 
three major changes, motivated partially by new insights in the progression of 
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severe accidents in nuclear power plants as well as by lessons learned from 
emergency exercises.  

Results from probabilistic safety studies have been used for off-site 
emergency planning in Switzerland since the late 1970's, when severe accident 
source terms were first defined based on the Reactor Safety Study WASH-
1400. The federal concept of 1977 introduced the Swiss emergency planning 
zones. Based on the assumption that 100 % of the noble gases and about 10 % 
of the halogens and important aerosols would be released, the zones were 
defined in such a way that acute external doses above 1 Sv would only be 
possible within the first zone: 

- Zone 1 comprises the area around a nuclear power plant in which acute 
danger to the population could arise during an accident, such that 
immediate protective measures are required. Depending on the rated 
power of the nuclear power plant, Zone 1 extends to a radius of about 3 -
 5 km. Zone borders follow local community borders. 

- Zone 2 adjoins Zone 1. It encloses an area with an outer radius of 20 km 
and is divided into six overlapping 120º-sectors. The wind situation 
permitting, alerting of the public can be performed in sectors; in uncertain 
weather situations the whole of Zone 2 may be alerted. Zone borders 
follow local community borders. 

- The rest of Switzerland is referred to as Zone 3. Measures to protect the 
public in Zone 3 during the passage of the plume are generally not 
expected to be necessary. It is assumed that any protective measures 
required can be implemented without detailed pre-planning. 

Based on the civil protection sirens already installed in each community, a 
system for early warning of the public was installed. Technical and 
radiological criteria for alerting the public were defined for each nuclear 
power plant. 

In the 1980's many plant-specific studies of accident progression and core 
damage were carried out, essentially for the two larger nuclear power plants. 
The revision of the federal concept published in 1991 introduced a single 
reference source term for emergency planning: 100 % of the noble gases and 
about 1 % of the halogens and important aerosols were assumed to be 
released. Furthermore, assessments of the resulting doses to the public for 
average and unfavorable weather conditions were performed. The planning 
zones were left unchanged. 

In the early 1990's filtered containment venting systems were installed in all 
nuclear power plants in Switzerland. For the first time full-scope plant-
specific probabilistic safety analyses were performed. The frequency and 
severity of source terms resulting from a broad spectrum of core melt 
accidents were estimated. As a result, the federal concept was revised in 
1998. The new concept did not change the definition of the emergency 
planning zones or the timing requirements for alerting the public, but 
introduced three representative types of accidents (reference scenarios) to be 
used for emergency planning: 
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- Scenario without core damage: The accidents are characterized by a short 
or non-existent pre-phase and a rather small release of radioactive 
materials. Radiological consequences in the cloud-phase are limited to a 
downwind distance of about 5 km from the plant. No significant 
consequences are expected in the ground-phase. 

- Scenario with core damage and correct functioning of the containment and 
the filtered venting system: The accidents are characterized by a quite 
long pre-phase and a filtered release of radioactivity via the stack. 
Nevertheless, protective measures during the cloud-phase could become 
necessary for downwind distances of up to about 20 km from the plant. 
Limited radiological consequences are expected in the ground-phase, 
because iodine and aerosols are essentially retained in the filters. 

- Scenario with core damage where the containment and/or the filtered 
venting system fail: The accidents are characterized by an intermediate to 
long pre-phase and a non-filtered release of radioactivity from the 
containment. Protective measures during the cloud-phase could become 
necessary for downwind distances of up to 20 km or more. Significant long-
term radiological consequences are expected in the ground-phase. 

Since 1998 the plant-specific probabilistic safety analyses for all Swiss nuclear 
power plants have been updated, leading to revised source terms. This is 
reflected in the most recent federal concept, where accident source terms are 
provided for the reference scenarios. 

2. Reference Scenarios and Accident Source Terms 

Switzerland has five nuclear power plants located at four different sites. 
These units can be grouped into two generations (rated thermal power about 
1000 MWth, operation commenced around 1970 and rated thermal power about 
3000 MWth, operation commenced around 1980) and into two construction 
lines (boiling water and pressurized water reactors). All units are equipped 
with filtered containment venting systems.  

The general accepted opinion in Switzerland is that off-site emergency 
planning should, as far as possible, be established upon realistic and 
reasonable assumptions regarding accident progression. Preparation for an 
emergency situation should be based on a limited number of typical accident 
scenarios, which take into account the most probable accident sequences that 
could lead to significant radiological consequences. For emergency planning 
different types of accident scenarios are needed to ensure that the emergency 
organization can fulfill its duty in an accident situation. However, for each 
nuclear power plant there are many possible accident sequences; a specific 
planning for each plant and each sequence is not feasible. Therefore, the 
postulated reference scenarios are generic and the corresponding source terms 
should apply to all Swiss nuclear power plants, regardless of plant type, 
power and location.  

The accident scenarios are used primarily for training, emergency exercises 
and planning of protective measures within the emergency planning zones 1+2 
and parts of zone 3. To avoid wastage of resources, the level of detail in 



- 4 - 

emergency planning should correspond roughly to the frequency of occurrence. 
A level of protection similar to other technical and natural threats should be 
provided. Accident sequences with a very low frequency of occurrence and 
with large potential off-site radiological consequences are not explicitly 
included. However, emergency protection based on the reference scenarios 
would in many cases still allow mitigation of off-site consequences even for 
these worst-case accidents. Furthermore, the following situations are 
excluded from general emergency planning: 

- Terrorist attacks or war: For such scenarios other contingency plans exist. 

- Very severe earthquakes: Nuclear power plants are constructed to 
withstand earthquakes with magnitudes where other civil infrastructures 
(buildings, roads, sirens) will be heavily damaged. The conventional 
problems to be solved in such a situation far outweigh the radiological 
problems. 

Using the most recent information available from plant-specific assessments, 
the following reference accident source terms have been defined: 

- Scenario without core damage: A typical sequence is a loss-of-coolant 
accident with containment leakage (design-basis accident). The release to 
the environment begins immediately after the start of the accident; the 
release duration is at least 8 hours. The amount of radioactivity released 
is 1×1016 Bq of noble gases, 1×1012 Bq of iodines and 1×1011 Bq of aerosols. 

 Due to a large leak in the piping of the primary system the reactor 
depressurizes rapidly and as a consequence the cladding of about 10 % of 
the fuel pins becomes defective. Noble gases and other volatile substances 
are released into the containment, which is isolated and leaks at design-
basis rates to the secondary containment. About 50 % of the radioactive 
substances are transported via the standby gas treatment system to the 
stack and then released to the environment. The decontamination factors 
of the filters are 1 for noble gases, 100 for elemental iodines and 1000 for 
aerosols. The unfiltered part of the release to the environment is assumed 
to occur at ground level. 

- Scenario with core damage and correct functioning of the containment and 
the filtered venting system: A typical sequence is a core melt accident with 
filtered containment venting. The main release to the environment is via 
the filtered venting system and the stack. Release starts 6 hours after 
accident initiation; the release duration is 2 hours. The amount of 
radioactivity released is 3×1018 Bq of noble gases, 1×1014 Bq of iodines and 
1×1013 Bq of aerosols. 

 The accident sequence could be as follows: an initiating event followed by 
a number of system failures leads to a temporary degradation of the core 
cooling capability of the plant. After a while, recovery takes place, but 
partial core damage occurs. Radioactive material is transported from the 
primary system to the containment. An operator initiates the filtered 
venting system due to pressure build-up or hydrogen concentration in the 
containment. The decontamination factors for the filtered venting system 
are 1 for noble gases, 100 for elemental iodines and 1000 for aerosols. 



- 5 - 

- Scenario with core damage where the containment and/or the filtered 
venting system fail: A typical sequence is a core melt accident with 
excessive containment leakage and no filtered containment venting. The 
main release to the environment occurs at ground level and starts about 6 
hours after accident initiation; the release duration is 2 hours. The 
amount of radioactivity released is 3×1018 Bq of noble gases, 1×1015 Bq of 
iodines and 1×1015 Bq of aerosols. 

 Initially the accident sequence is similar to the venting scenario. However, 
the filtered venting system is not available and the containment starts to 
leak at a rate about 30 times higher than the design-basis leakage rate. 
About 1/3 of the radioactivity is released to the environment through the 
stack and 2/3 as leakages of the secondary containment at ground level. 
The standby gas treatment system is assumed to be unavailable, so all 
releases to the environment are unfiltered. 

The accident source terms were chosen so that a large amount of possible 
accident sequences would be covered and so that the cumulative frequency for 
rapidly progressing accidents and sequences with large releases - that are not 
covered by the reference scenarios - would not exceed about 1×10-6 per year. 
This has been confirmed by comparing with results from plant-specific 
probabilistic safety analyses.  

3. Radiological Consequences 

The primary objective of emergency protective measures for the vicinity of 
nuclear power plants is to prevent acute radiation sickness resulting from an 
accidental release of radioactive materials. Emergency protection also aims 
to minimize the incidence of delayed radiation effects and genetic effects.  

In Switzerland protective measures for the public are based on the "Concept of 
Emergency Reference Levels of Dose" quoted in the "Federal Ordinance on the 
Emergency Organization during Increased Radioactivity" [2]. The concept 
describes which protective measures are to be adopted for a particular 
expected radiation dose. Lower and upper dose intervention levels are 
specified for each countermeasure. No actions are necessary if the dose is 
below the lower intervention level. Protective measures may be taken into 
consideration if the dose is between the lower and upper intervention level. 
Under most circumstances protective measures should be implemented if the 
dose is above the upper intervention level.  

Because of the solid construction of Swiss houses and the high availability of 
fallout-shelters, sheltering in houses, cellars or fallout-shelters offers 
sufficient protection against cloudshine and is therefore considered the most 
important protective measure in the cloud-phase of an accident. In order to 
prevent infiltration of radioactive materials, windows and outer doors should 
be closed. Evacuation may be taken into consideration during the pre-phase of 
an accident, if a release of radioactive materials is not to be expected during 
the evacuation. The lower and upper intervention levels for external radiation 
and inhalation are 1 mSv and 10 mSv for staying in houses, 10 mSv and 
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100 mSv for staying in cellars or fallout-shelters and 100 mSv and 500 mSv for 
evacuation. 

Iodine-tablets can significantly reduce the radiation dose to the thyroid gland, 
which results from the inhalation of radioactive iodine. Because iodine-tablets 
offer no protection against external radiation, they should always be taken in 
connection with sheltering. The lower and upper intervention levels for taking 
iodine-tablets are 30 mSv and 300 mSv thyroid dose. 

Protective measures in the ground-phase are applied according to the actually 
measured radiological situation in the environment. Major protective 
measures are: stay inside houses, evacuation after cloud passage, access 
restriction to certain areas, restriction of foodstuffs, countermeasures in 
agriculture, decontamination and medical support. The lower and upper 
intervention levels for restriction of foodstuffs are 1 mSv and 20 mSv. 

The radiological consequences of the reference scenarios were calculated 
according to the Guideline R-41 "Calculation of  Radiation Exposures in the 
Vicinity of Nuclear Installations due to Emissions of Radioactive Materials" 
[3], using a set of six typical weather situations (stable, neutral and unstable 
conditions, with and without rainfall). The calculated values were averaged 
using a weight of 30 % for each dry weather condition and a weight of 3.3 % 
for each wet weather condition. Weather conditions have a significant 
influence on the calculated consequences and can easily encompass two orders 
of magnitude or more. 

Table 1 summarizes the basic characteristics of the reference scenarios and 
accident source terms and gives corresponding doses for external radiation 
and inhalation in the cloud-phase and external radiation and ingestion in the 
ground-phase. The values quoted are for downwind distances of 4 km and 
20 km respectively and for average weather conditions, without any 
protective measures being taken into account. 

Further results of expected radiological consequences are presented in 
Figures 1-3 for the reference scenarios with core damage. Figure 1 compares 
the doses for external radiation in the cloud-phase as a function of distance 
and weather condition. Figure 2 compares the doses for external radiation in 
the ground-phase, assuming an integration time of one year. Figure 3 
compares the thyroid doses for a 1-year-old child, due to inhalation of the 
radioactive cloud.  

The radiological consequences of the reference scenarios with core damage 
can be summed up as follows: 

- Scenario with core damage and correct functioning of the containment and 
the filtered venting system: Due to the large amount of noble gases 
released to the environment, external doses exceeding 1 mSv in the cloud-
phase are possible - under adverse weather conditions - for downwind 
distances up to about 100 km. External cloud doses exceeding 10 mSv, and 
thus making protective measures necessary, are essentially restricted to 
the zones 1+2 (average weather conditions). With respect to inhalation, 
doses exceeding 1 mSv or thyroid doses exceeding 30 mSv are only possible 
within zone 1. This is because iodine and aerosols are largely retained in 
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the filters of the containment venting system. Furthermore, external 
radiation doses exceeding 1 mSv in the first year are only expected to 
occur within the zone 1. Restriction of foodstuffs is limited to zones 1+2. 

- Scenario with core damage where the containment and/or the filtered 
venting system fail: External doses exceeding 1 mSv in the cloud-phase are 
possible for downwind distances up to about 100 km. External cloud doses 
exceeding 10 mSv, and thus making protective measures necessary, are 
restricted to the zones 1+2 (average weather conditions). With respect to 
inhalation, doses exceeding 1 mSv or thyroid doses exceeding 30 mSv are 
only expected to occur within zones 1+2. Inhalation doses exceeding 
10 mSv or thyroid doses exceeding 300 mSv are restricted to zone 1. Due 
to the relatively large amount of iodines and aerosols released to the 
environment, external radiation doses exceeding 1 mSv in the first year 
are possible for downwind distances of 20 km or more. However, external 
doses exceeding 10 mSv are only expected for distances up to about 
10 km. Contamination of foodstuffs is expected to be a problem also in 
zone 3. 

4. Conclusion 

For the purpose of emergency planning and preparedness, realistic reference 
scenarios and corresponding accident source terms have been defined on the 
basis of common plant features. Three types of representative reference 
scenarios encompass the accident sequences expected to be the most 
probable. Accident source terms are assumed to be identical for all Swiss 
nuclear power plants, although the plants differ in reactor type and power. 

Plant-specific probabilistic safety analyses were used to justify the reference 
scenarios and the postulated accident source terms. From the full spectrum of 
release categories available, those categories were selected which would be 
covered by the releases and time frames assumed in the reference scenarios. 
For each nuclear power plant, the cumulative frequency of accident sequences 
not covered by the reference scenarios was determined. It was found that the 
cumulative frequency for such accident sequences does not exceed about 1×10-

6 per year. 

The Swiss Federal Nuclear Safety Inspectorate concludes that the postulated 
accident source terms for the reference scenarios are consistent with the 
current international approach in emergency planning, where one should 
concentrate on the most probable accident sequences. 
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Table 1: Characteristics of Reference Scenarios for Emergency Protection 

in the Vicinity of Nuclear Power Plants in Switzerland 
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Figure 1: Effective Dose from External Radiation in the Cloud-Phase 

for the Reference Scenarios with Core Damage 
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Figure 2: Effective Dose from External Radiation in the Ground-Phase 

for the Reference Scenarios with Core Damage 

 

 



- 12 - 

Figure 3: Thyroid Dose from Inhalation of the Cloud 

for the Reference Scenarios with Core Damage 

 

 


