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GRS-Results Level 1 PRA, German NPP GKN-II, Full Power
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1.7x10-65.0x10-6„Point Value“*

7.3x102.1x1095% Fractile
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Structure and Levels of a PRA for Nuclear Power Plants

Plant response to initiating
events

Frequency of core
damage (CDF)Level 1

• includes accident management measures

Physical effects, containment Frequency and amount of Physical effects, containment
response radionuclides released

(source term, PDF)Level 2

Athmospheric dispersion, 
potential and expected doses,

Frequency and quantities
of environmental and
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potential and expected doses, 
dose-effect/risk relation

of environmental and 
health effectsLevel 3



Simplified Event Tree for Source Term Characterization

� � � , � � � � � � � � � 	 � � � � � � � � � � � � - � � � � � �

� � �

� � � , � � � � � � � � � 	 � � � � � � � � � � � � � � � � - � � � � � � � 	 � 	 �  	 �


 �  	 � 	 � �

� � �

� � � 
 �  	 � 	 � �

� � � � � � 	� � � � � � 	

� � 	 � � � 	   � � 	

� � � � � � 	

�  ! " $

�  " &

�  ! " "

� � �

� �

� �

� �

� �
� � � 	 . � � �

� � � � � � 	

� � � 	

� � 	 � � � 	   � � 	

� � � � � � 	

� � � � � � � �

� � 	 � � � 	   � � 	

� � � � � � 	

� � � �  � � � � � � �

� � � � � � 	 � � �

� � � � � � 
 � � �  

� � � � � � � � � � � � � � �

� 	 � 	 �  	
�  ! #

�  ! " &

�  ! (

�  ! )

� � �

� �

� � �

� �

� �

�  � � � � � � �

� � � � � � 	 � � �

� � � � � � 
 � � �  

� � � � � � � � � � � �

� 	 � 	 �  	

� �

� � � � � � � � 	 � �


 � � �  

�  ! '

�  ! $

�  ! *

� � �

� �

� � �

� �

� �

� � � � �

� � 	 � � � 	   � � 	

� � � � � � 	

� � 	 � �

� � � � �  � � �

� � � � � 	 � �

� � � � �  � � �

� � �

�  ! %

�  ! +

� � �

� �

� �

� �

�  ! *

Spring 2012 4Safety of Nuclear Power Plants

� � � � � � � � 	 � �


 � � �  

� �

�  ! "

�  ! $



Level 2: Severe Accident Containment Phenomena and Release Paths
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Containment Pressure in Case of Core Melt Accident (1/2)
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Containment Pressure in Case of Core Melt Accident (2/2)
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Aerosol Concentration in the Containment Athmosphere as
Function of Time

Comparison of calculated airborne time-dependent aerosol 
concentration with experimental results
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Selected Release Categories and Source Term Values

Release Category, 
D i ti d

Release Characteristics Release Fractions of Core 
Inventory

D ti W i E H i htDescription and 
Frequency Release 

starts [hrs]

Duration

[hrs]

Warning 
time
[hrs]

Energy

[MBTu/hr]

Height

[m]
Xe-Kr I Cs-Rb Ba-Sr

UK-1 
Containment 
bypass 1 3 0 0.3 10 9(-1) 7(-1) 5(-1) 6(-2)bypass
2.4 (-9)

( ) ( ) ( ) ( )

UK-2 
Early containment 
failure
Steam explosion

1 0.5 0 20 10 9(-1) 7(-1) 4(-1) 5(-2)
Steam explosion 
4.0 (-10)
UK-5 
Late containment 
failure Vaporisation
release

8 0.5 4 20 10 1 (0) 6(-2) 3(-1) 4(-2)

8.0 (-9)
UK-6 
Late containment 
failure
No vaporisation
release

12 0.5 8 20 10 9(-1) 9(-3) 2(-1) 2(-2)
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release 
4.2 (-9)

Note: 1 Btu/hr = 0.29 watts; 2.4(-9) means 2.4 x 10-9 per reactor year



GRS PRA Level 2 : GKN-II

Correlation of initiating events with release categoriesCorrelation of initiating events with release categories
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Level 3: Procedure for the Assessment of Consequences

 Modeling of the distribution and duration the isotopes stay in the Modeling of the distribution and duration the isotopes stay in the 
atmosphere;

 Identification of the potential radiation dose due to external radiation, 
then identification of the realistic radiation dose considering protectionthen identification of the realistic radiation dose considering protection 
measures like staying in buildings, evacuation, and late relocation;

 Identification of the radiation dose due to internal radiation considering 
the prohibition of food and preventive measures (protection of thethe prohibition of food and preventive measures (protection of the 
thyroid through iodine pills);

 Deriving the individual fatal risk;
 Identification of the exposition of the population and of the collective Identification of the exposition of the population and of the collective 

dose under consideration of population density, deriving the collective 
fatal risk.
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Modelling Atmospheric Transport by Turbulent Diffusion
(Gaussian Distribution)
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Modelling of Release and Atmospheric Transport

C: concentration
Q: puff-release term
σx,y,z : diffusion parameters
t t t ti
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t: transport time



Stability Classes: Shape of Plume and Temperature Profile (black: adiabatic)y p p ( )

non-stable

neutral

stable
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Atmospheric Dispersion Phenomena and Exposure Pathways

inversion lid
height dependent
wind velocity

inversion lid
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wind velocity

inversion lid
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wind velocity

rainatmospheric turbulence

wash-outd
plume rise

wind velocity

rainatmospheric turbulence

wash-outd
plume rise

wind velocity

rainatmospheric turbulence

wash-outd
plume rise

wind velocity

wash-outdry
deposition

iodine,
(hot) gases, aerosols

wash-outdry
deposition

iodine,
(hot) gases, aerosols

wash-outdry
deposition

iodine,
(hot) gases, aerosols

irradiation inhalation
ingestion

nuclear power 
station
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ingestion

nuclear power 
station
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ingestion
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irradiation shielding

g

irradiation shielding

g

irradiation shielding

g



E th f t l ti ft t h i lExposure paths from source to population after atmospheric release 
of radionuclides

Inhalation

AtmosphereRelease
Transport

Inhalation

Dermal Uptake PopulationHazardous
Incident

Deposition
Resuspension

WaterSoil

Nourishments Ingestion
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Source term
(release 
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* Permanent stay (exposure) in the open assumed



Exposure to Radioactivity: Basic terms and unitsExposure to Radioactivity: Basic terms and units
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Longterm effects of dose radiation (linear dose-effect relationship)Longterm effects of dose radiation (linear dose effect relationship)
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Individual Mortality Risks from Potential Degraded Core Accidents at y g
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Distance from Reactor, km
1 101 102 103

10-14



Frequency-Consequence Curve for early FatalitiesFrequency Consequence Curve for early Fatalities

EPR and EFR technologies in four countries as defined in the NEEDS technology 
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g gy
set; generic source term and 6 release categories; dose-acute effect- relationship 
with 0.2 – 0.5 threshold value 
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Frequency Consequence Curve for Latent FatalitiesFrequency-Consequence Curve for Latent Fatalities

EPR and EFR in four countries as defined in the NEEDS technology set; generic 
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gy ; g
source term and 6 release categories; linear dose-stochastic risk- relationship
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