Nuclear Reactor Safety (LWRS)
INn the 21st Century
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Total . =10'9Ci oder =3-10°°Bq

Isotope T4 Ci Bq

H-3 12,4 a 4-10° 1-10">
Kr-85 10,7 a 6:10° 2-10'6
1-129 1,6:10’a 3 1-10"
-131 8d 8-10’ 3-10'8
1-133 21h 2-108 6-10'8
Cs-134 21a 1-10’ 4-10"7
Cs-137 30a 1-107 3-10"7

Radioactivity-inventory at reactor core
(1300 MWe, 40,000 MWd/t)






Safety Design Principles (LWRs)

negative doppler coeffcient
negative coolant void coefficient
safe control and shut down by
neutron poison rods or borated water
leak before rupture criterion

safety valves

emergency power supply (diesel
generators, gas turbines batteries)
emergency cooling systems
emergency feedwater systems
principles of redundancy and
diversity

aerosol filters

barrier system against radioactivity
release

outer containment barrier



Probabllistic Risk Analysis
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Action Reference dose Lower Reference Upper Reference
value [mSv] value [mSv]
Remain in house Effective dose through inhalation 5 50
sheltering and external radiation
Lung and each individual organ 50 250
Evacuation Effective dose through inhalation 100 500
and external radiation
Lung and individual organ 300 1500
Relocation Effective dose through inhalation 50 250
and external radiation
Food ban Effective equivalent dose by ingestion 5 50

over 1 year

Reference dose values for initiation of protection and countermeasures
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Amendment of GERMAN ATOMIC LAW (1994)

Future Fission reactors can only obtain a
license for construction and operation , if
they are built such that also ...

severe accidents (core melt) do not lead
to catastrophes or protection measures
(evacuation, relocation) of the population
outside the nuclear plant.



Radiological Objectives

In case of severe accidents: only very limited protection measures
- limited sheltering only .
- no evacuation outside the immediate vicinity of the plant
- no permanent relocation

- no long-term restrictions in food consumption



Largest radioactivity releases
after containment failure

caused by

- steam explosion
- large hydrogen detonation
- high pressure core melt through

- containment bypass (pipes)

(These phenomena were assumed in
Probabilistic Risk Analysis

to lead to containment failures)



Coating of
previously
molten material

oh bypass region
interior surfaces

Upper grid
damage

—1— Cavity

: — Loose core debris
—— Crust

7 PI‘GViOUﬂY molten
4 material

Lower plenum
debris

Ablatad incore

' instrument guide

DCS0w 9486/LP



_50 T

0 90

100 150 200 250
TIME [ms]

300 350 400 450 500




Result Analysis

High pressure melt through

- present structures around reactor
pressure vessel hold 100 bar

internal pressure

- structures can be reinforced to hold

155 bar internal pressure

- 2 high pressure safety valves can

be opened within %2 h

(TMI-2 core did not melt through)
(High pressure coolant pipe could falil

because of high steam temperatures)
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BERDA

Behaviour of the Reactor Pressure Vessel Head
during a Postulated Steam Explosion

Investigation Program
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COMB3D verification (1)

Large scale experiments performed in RUT facility near Moscow (FZK,
CEA, partly NRC), H,-air, H,-air-steam

- Total length 62 m

- Total volume 480 m3

- First channel with obstacles

- Second part without obstacles
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Inner Refueling Water Storage Tank
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