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ABSTRACT 
 

The international experience has shown that the external events could be an important 
contributor to plant/ reactor risk. For this reason such events have to be included in the PSA 
studies. In the context of PSA for nuclear facilities, external events are defined as events 
originating from outside the plant, but with the potential to create an initiating event at the plant. 
To support plant safety assessment, PSA can be used to find methods for identification of 
vulnerable features of the plant and to suggest modifications in order to mitigate the impact of 
external events or the producing of initiating events. For that purpose, probabilistic assessment of 
area events concerning fire and flooding risk and impact is necessary. 

Due to the relatively large power level amongst research reactors, the approach to safety 
analysis of Romanian 14 MW TRIGA benefits from an ongoing PSA project. In this context, 
treatment of external events should be considered. 
The specific tasks proposed for the complete evaluation of area event analysis are: 

- Identify the rooms important for facility safety 
- Determine a relative area event risk index for these rooms and a relative area event 

impact index if the event occurs 
- Evaluate the rooms specific area event frequency 
- Determine the rooms contribution to reactor hazard state frequencies 
- Analyze power supply and room dependencies of safety components (as pumps, motor 

operated valves). 
The fire risk analysis methodology is based on Berry’s method [1]. This approach provides a 

systematic procedure to carry out a relative index of different rooms. The factors, which affect the 
fire probability, are: personal presence in the room, number and type of ignition sources, type and 
area of combustibles, fuel available in the room, fuel location, and ventilation. 

The flooding risk analysis is based on the amount of piping in the room. For accuracy of the 
information regarding piping a facility walk-about is necessary. In case of flooding risk analysis 
some factors contributed to the flooding event: flow index, length index, size index, pressure 
index, all related to pipes. The flooding impact index takes into account the drainage and 
vulnerability of the index. 
With all above information the room specific area event frequency is calculated for each type of 
area event separately. 
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1 INTRODUCTION 

 
The international experience has shown that the external events could be an important contributor 
to plant/ reactor risk. For this reason such events have to be included in the PSA studies. In the 
context of PSA for nuclear facilities, external events are defined as events originating from outside 
the plant, but with the potential to create an initiating event at the plant. To support plant safety 
assessment, PSA can be used to find methods for identification of vulnerable features of the plant 
and to suggest modifications in order to mitigate the impact of external events or the producing of 
initiating events.  
The paper presents the methodology used in the analysis of area event index (for fire and flooding 
events) and its application in case of  PSA analysis for TRIGA SSR 14 MW reactor. Details 
regarding specific tasks proposed for the complete evaluation of area event analysis for TRIGA 14 
MW reactor PSA are given in the paper. Some information regarding forms, which contain rooms’ 
information in case of, external events are given in the paper, also. 
The fire risk analysis methodology is based on Berry’s method [1]. This approach provides a 
systematic procedure to carry out a relative index of different rooms. The factors, which affect the 
fire probability, are: personal presence in the room, number and type of ignition sources, type and 
area of combustibles, fuel available in the room, fuel location, and ventilation. 
The flooding risk analysis is based on the amount of piping in the room. For accuracy of the 
information regarding piping a facility walk-about is necessary. In case of flooding risk analysis 
some factors contributed to the flooding event: flow index, length index, size index, pressure 
index, all related to pipes. The flooding impact index takes into account the drainage and 
vulnerability of the index. 
The room specific area event frequency is calculated for each type of area event separately. 
 
 
2  METHODOLOGICAL BACKGROUND 

 
Information regarding calculation of area event indexes (fire and flooding events) as well as 
formula for calculation of area event frequency is briefly described below. 
 
2.1  Fire Index Method 

 
In the calculation of fire index risk some information regarding ignition, propagation, detection 
and suppression are necessary. Berry’s method is used for index analysis. The final result consists 
in a list of relative probabilities in case of fire for different rooms. The factors influencing fire 
probability are: 
- type and number of ignition sources 
- presence of personnel in the room/compartment 
- type of combustibles 
- ignition material available in the room safety components  
- ventilation conditions 
Once the fire event appeared, the method supposes that, with the probability given by fire index 
analysis, all the components from the respective area are considered as destroyed. 

 
2.2 Flooding Index Method 

 
In case of flooding event the risk analysis depends on pipes amount available in the analyzed 
room. The factors influencing risk index in case of flooding are: 
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Index due to flooding: if exist equipment in normal operation and flow in the   pipes located in the 
analyzed room (YES: index = 1, NO: index = 0.1) 
Index for length: pipe length (>100m, index = 1; <100m, index = 0.5; pipe doesn’t exist, index = 
0.1) 
Index for size: pressure existing in pipes (>10 bars, index = 1; <10 bars, index = 0.5; unpresurized 
pipes, index = 0.1). 
In case of flooding event appearance all the vulnerable components located in respective area are 
considered as destroyed. 
The impact due to flooding event has the impact index: 
Drainage index: if the flooding event can be avoided through draining, for YES, index = 0.1, for 
NO, index = 1 
Vulnerability index; if component is vulnerable in case of flooding event, index = 0.1, otherwise 
index = 1. 
 
2.3  Area Event Frequency Calculation 
 
Area event index gives a relative estimation of criticity degree of the room. The area event 
frequency, f(x)i is calculated separately for each type of area event using formula: 
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where f(x) is the global frequency for event (fire or flooding) and I(x)I  is specific index (I) of room 
(i) for event x. 
Due to lack of previous events at TRIGA SSR 14 MW reactor in case of fire or flooding, some 
conservative assumptions for generic global frequencies were used. Global frequency in case of 
fire was considered as being 0.1 event/year and 0.01 event/year in case of flooding event. 

 
3.  WORK PERFORMED FOR TRIGA SSR 14 MW REACTOR 

 
Analysis of area events for TRIGA SSR 14 MW started in June 2005 with the following stages 
performed: 
- Room identification – selection of rooms is based on the safety equipment room can 

accommodate and on the evaluated likeliness of initiating events generated from inside the 
room. 

- Inspection of equipment/ installation and mapping of compartments/rooms. Every room is 
visited and all the information is introduced into a form necessary in the calculation of area 
event index. The form contains information regarding the description of the room and the 
connection with the neighboring rooms. All the rooms including mechanical or electrical 
components are inspected. 

- Filling the forms with room information and then calculation of area event index from the 
standpoint of consequences. 

- Calculation of room frequency for all the reactor building’s rooms and selection of the rooms 
with impact on reactor safety 
 

The items including in the rooms’ form are: 
 Identificator: 

o  Room number 
o  Name of the room 
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o  Building 
o  Level 

 Name of the system whose components belong to 
 Components located in the room  
 Personnel in the room (all the time, much of the time, a third of the time, between 

shifts, rarely) 
 Information regarding arrangement inside the room 

o  Distance between components in the same room 
o  Separation between components (if walls or cubicles exist) 
o  Information regarding rooms doors (if automatic, tightness), walls, floor and 

ceiling  (consistency) 
o If extinguisher exists? 
o If fire detector exists? 
o If the room can be drained in case of flooding event? 
o If there is alarm in case of flooding? 
o Information regarding components as: 

 Reservoirs/ pipes 
 Pressurized (information about length, number of weldings, 

number of elbows, pipe pressure) 
 Non-pressurized (information about length, number of 

weldings, number of elbows) 
 Mechanical equipment inside the room 
 Electrical equipment inside the room 

 Connection with the other rooms (contains information about the tunnels, passages to 
the other rooms, air inlets, penetrations) 

 Information regarding environment (radiations, vibrations, dust or revolving 
equipment) 

 Information about ventilation (cooling and warming temperature, humidity, 
maximum concentration of gases)  

 Information regarding components survival in case of fire or flooding, if the 
radiations can enter in the room) 

 Information about emergency procedures in case of external events (operator’s 
response time, possibility to identify components after event’s appearance) 

 
4.  RESULTS 
 
The results of the area events evaluation with the consideration of room frequencies are shown in 
the Table 1(taken from [2]) 
The information in the table corresponds to the rooms containing safety components for TRIGA 
SSR 14 MW Reactor.  
Representations of frequencies for safety rooms in case of fire and flooding events is shown in 
figure 1 and 2 respectively. As expected, in case of fire event, the highest room frequency is for 
the Electrical unit 6kV rooms with 0.0275 event/year, followed by Batteries room frequency 
(0.011event/year) and Electrical unit 0.4kV room frequency (0.009event/year). In case of a 
flooding event, Reactor hall and Control room have the highest frequencies (both with 0.0045 
event/year).  
The final list of area events with its corresponding frequency are then transferred to the accident 
sequence analysis, for final evaluation of contribution to core melt/damage state. 
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5.  CONCLUSIONS  
 
The analysis of area events described in the paper is for the first time applied in case of TRIGA 
SSR 14 MW research reactor. 
Due to lack of specific data for TRIGA SSR reactor in case of fire or flooding, some 
conservative assumption were used (global frequency f(x) in case of fire was considered as being 
0.1 event/year and 0.01 event/year in case of flooding event), which are leading to uncertainties.  
The development of area events evaluation for TRIGA SSR 14 MW in scope of PSA will 
continue with analysis of power supply and room dependencies of safety components.  
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Table 1. Room frequencies from safety stand point 
 

Room 
number 
camera 

Level 
(m) Room Components located in the room 

Systems whose 
components are found in 

the room 
Fire index 

Fire room 
frequency 

(event/year) 

Flooding 
index 

Flooding 
room 

frequency 
(event/year) 

007  -12,20 Ventilation unit nr. 4 Electrical panel, active carbon filters, pipes Ventilation system 
 

0.00001978 
 

0.000021236 
 

0.025  0.000113

008 -18,00 Primary cooling pumps Main pumps, valves, pipes Primary circuit 0.00028832 0.000309409 0.025 0.000113 

013  -8,20 Ventilation unit nr. 5 Power supply connection, piping, water 
pipe Ventilation system 

 
0.00001978 

 

 
0.000021236 

 
0.025  0.000113

102  -4,00 Batteries   Batteries Electrical system 0.01060509 0.011380805 0.0005 0.0000022 
 

 

104  -4,00 Batteries ventilation  Ventilation system 0.000158576 0.000170175 0.0005 
 

0.0000022 
 

114  -4,00 Electrical unit 0,4kV Invertors Electrical system 0.000158054 0.000169615 0.0005 
 

0.0000022 
 

116  -5,50 Ventilation unit nr. 1 Command and command panels, vent ducts Ventilation system 0.000019756 
 

0.000021201 
 

0.005 
 

0.0000225 
 

118  -5,75 Heat exchangers Heat exchangers, pipes Primary circuit 0.00028832 0.000309409 0.025 0.000113 

125 -6,00 Ventilation unit nr. 2 Command and command panels, vent ducts Ventilation system 
 

0.00001978 
 

 
0.000021236 

 
0.005 

 
0.0000225 
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126 -6,00 Ventilation unit nr. 3 Command and command panels, vent ducts Ventilation system 
 

0.00001978 
 

 
0.000021236 

 
0.005 

 
0.0000225 

 

128  -6,00
Reactor auxiliary 

installation – control-
command room 

Control and command panels for 
purification and ventilation 

Ventilation and 
purification systems 

 
0.007152125 

 

 
0.007675272 

 
0.0005 

 
0.0000022 

 

129     -6,00 Purification and 
ventilation components Filters and pipes Ventilation and 

purification systems 0.000223448 0.000239792 0.025
 

0.000113 
 

133   -6,00 Purification pumps Pumps, valves, pipes 
 Purification system 0.000223448 0.000239792 0.0125 0.000053 

201      0,00 Reactor hall Reactor pool, crane bridge 
 

Reactor core and cooling 
system 0.000028545 0.0000306331 1

 
0.004503 

 

217     0,00 Control room Command and command panels, vent 
ducts 

Control and 
instrumentation systems 

 
0.00545285 

 

 
0.005832852 

 
1 0.004503

220 0,00 Electrical unit 0,4 kV 
TP5.1 and TP5.2 (electrical power supply 

panels) 
 

Electrical system 0.008657216 0.009290453 0.0005 0.000022 

223 +5,20 Ventilation unit nr. 7 Command and command panels, vent 
ducts Ventilation system 0.000019788 0.000021236 0.005 

 
0.0000225 

 

Another 
building 0,00 Electrical unit 6 kV Electrical components 

 Electrical system 
 

0.0256256 
 

 
0.0275 

 
0.0005 

 
0.0000022 

 

Another 
building 0,00 Electrical unit 6 KV TP5.3  (electrical power supply panels) Electrical system 0.0256256 0.0275 0.0005 

 
0.0000022 

 
TOTAL - Represents rooms with  safety function impact 

 0.08458               0.0907 2.161          0.0097 

-  Represents rooms with no safety function impact 
 0.00859               0.0093 0.0595        0.0003 

FREQUENCY (event/year)        0.09317                0.1       2.2205         0.01 
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Figure1. Room frequencies in case of fire  

 
 

 
 
Figure 2. Room frequencies in case of flooding
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