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Motivation and goals

• LABGENE’s licensing process
• Presentation of a case in which PSA are used in the 

design process, considering a risk acceptance 
criteria

• Estimate the risk associated to the operation: apply 
the method for the detailed fire modeling presented 
by USNRC in NUREG/CR-6850

• Definition of design requirements: establish the 
reliability characteristics for the fire detection and 
suppression systems in two I&C electrical panel 
rooms
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Plant description

• 48MWth two-loop 
PWR (in design 
phase)

• Steel containment, 
surrounded by a 
water pool used as 
shielding and 
ultimate heat sink

• A confinement 
building houses the 
steel containment 
and a secondary 
system with two 
turbo-generators 



55Fire PSA University of São Paulo
Naval Architecture and Ocean Engineering 

Fire PSA Methodology
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Relevant Features of the 
Compartment

• The compartments to be analyzed were defined in the 
initial PSA – during the Fire PRA Plant Partitioning 

• I&C Electrical Panel Rooms A and B are redundant, 
with identical functions (control of security systems) 
and characteristics (with small differences between 
them)

• These compartments were characterized with respect 
to: 

o height, width and length
o type of wall construction and thickness
o ventilation
o drainage
o obstacles in the ceiling, and
o fire detection and suppression systems
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Fire Detection and Suppression 
Features in the Compartment
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Fire Ignition Sources
• Fixed sources of ignition:

• Panels, cables and junction boxes
• Ignition of the panels occurs in its upper 

part
• Fires that start relatively small and grow 

over a period of time

• Transient sources of ignition:
• A solvent spillage was considered 
• It was considered a poll formation
• Positioned next to the panels associated 

to the highest CCDP in each PAU
• The frequency of ignition of transients 

was calculated as 5.93E-05/yr
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Secondary 
Combustibles

• Internal equipment to the electrical 
panels, cables and junction boxes 

• Equipment internal to the panel will 
only combust when the fire starts 
inside the panel itself

• The cables inside/outside the panels 
are fire resistant  (maintain 
combustion only when immersed in 
the flame).

• The cables outside the panels are 
protected by a ceramic fiber blanket, 
preventing contact of the cable with 
the flame from the burning of the 
electric panels and transient fuels (for 
a very high HRR, the propagation for 
all fuels in the room is considered).

• The PRM used to represent the 
behavior of the plant in the event 
of a fire was proposed as part of 
the initial Fire PSA and was not 
changed

• The target sets have been 
identified and characterized by 
considering the components, 
cables and equipment which are 
part of the PRM and which may 
fail due to the spread of the fire 
from the ignition sources

• The location of components and 
cables inside the compartments 
was considered

Target Sets
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Fire Scenarios

• The equipment associated with the initial fire source (in case of panel) is failed, 
independently of the reaction of the firefighting systems, at the instant of 
ignition

• The fixed gaseous suppression system, once acting, interrupts the process of 
fire evolution, being sufficient to reach the effective fire control

• The equipment affected in each scenario was defined as a function of the fire 
simulations (they were performed to estimate the elapsed time between the 
ignition and the temperature increase of the target sets, up to 65°C) – since 
they are affected one by one as the fire progresses.

• Thus, each postulated fire scenario is characterized by the position and type of 
the ignition source (panel or transient), by the fire intensity (defined by the HRR 
profile), by the group of affected equipment, and by the interval at which 
suppression occurs (or does not occur)

• CFD software: the version 5.5.3a of the Fire Dynamics Simulator (FDS) was 
used to model fire growth and propagation



1111Fire PSA University of São Paulo
Naval Architecture and Ocean Engineering 

Fire Growth and Propagation 
Analysis
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Fire Detection and Suppression 
Analysis



1313Fire PSA University of São Paulo
Naval Architecture and Ocean Engineering 

Suppression Probability and 
Scenario Frequency
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FIRE SYSTEMS RELIABILITY 
SPECIFICATION
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Conclusions

• Based on the method for the detailed fire modeling 
presented by USNRC in NUREG/CR-6850, a 
probabilistic model was developed and fed with data 
from simulations performed in a CFD model, and the 
CCDP obtained from the PRM of the Fire PSA for the 
plant

• It was possible to develop a probabilistic model to 
assist in the specification of the fire fighting systems 
for the I&C rooms

• This probabilistic model also can be used to 
compose the Fire PSA of the plant
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Thank you


