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The probabilistic safety assessment for Istanbul Technical University (ITU) TRIGA Mark-II reactor is
performed. Qualitative analysis, which includes fault and event trees and quantitative analysis which
includes the collection of data for basic events, determination of minimal cut sets, calculation of
quantitative values of top events, sensitivity analysis and importance measures, uncertainty analysis
and radiation release from fuel elements are considered.

INTRODUCTION

Probabilistic Safety Assessment (PSA) or Probabilistic Risk Assessment (PRA) as called in
the States, is a technique for the safety analysis of nuclear power plants similar to the
deterministic analysis. Unlike to deterministic analysis, where no consideration on the
probabilistic nature of a mitigating fault conditions are given, the probabilistic approach
examines the functions of safety systems and the probability of the events initiating the
accidents leading to a core meltdown.

Probabilistic risk assessment methods were first applied in 1975 by NRC during the Reactor
Safety Study1. Since then probabilistic safety assessment has been used for safety analysis as
a complement to deterministic analysis and required by many licensing authorities throughout
the world.

Probabilistic safety assessment technique is also applied to research reactors2. Based on this
document, the probabilistic safety assessment of two TRIGA reactors one in Vienna3 and one
in Ljubljana4 were performed.

ITU TRIGA Mark-II

ITU TRIGA Mark-II reactor is a standard pulsing research reactor that became critical in
March 11, 1979. It is the 54th TRIGA Reactor around the world. In this probabilistic safety
assessment calculations the reactor tank, reactor core, fuel-moderator elements, fuel element
storage racks and control rods and drives are considered along with the experimental and
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irradiation facilities, namely, pneumatic transfer system, central thimble, beam tubes and
thermal column. The control systems, steady-state mode channels, wide-range logarithmic
power channel, wide range linear power channel, linear power safety channels, fuel
temperature channels and pulse mode operation channels are also analysed in this work. The
reactor water system composed of primary cooling system, nitrogen-16 diffuser, secondary
cooling system, purification system and ventilation system are also investigated.

QUALITATIVE ANALYSIS

For the probabilistic safety assessment of ITU TRIGA Mark-II, two events are chosen as the
top events. Radioactive release into the hall of the reactor building is considered as a
dangerous event for the staff and the students of the institute. The other event, which is
dangerous for the public, is the release of radioactive gases outside the reactor building due to
the failure of the ventilation system. Unlike the general Level I probabilistic safety assessment
analysis of nuclear power plants, in this work, core melt-down is not chosen as the top event
due to large negative temperature and expansion coefficients of TRIGA fuel.

The fault tree for the radioactive release into the hall is composed of gamma release into the
hall, fuel element transfer cask failure, reactivity accidents, release from fuel, release from
sources other than fuel, loss of coolant accident, release from experiments, N16 and Ar41

releases and resin release. Each event in turn is analysed in detail by constructing the fault tree
specific for that particular event. Combining these fault trees the final fault tree for the first
major event is constructed.

Similar analysis is performed for the radioactive gas release outside the reactor building. The
causes for such a release, gas release from the reactor, Ar41 release, due to the fact that there is
no Argon filter in the reactor, and gas release from subsystems are considered.

Also the fault trees for scram failures both manual and automatic controls are constructed
along with the event trees.

QUANTITATIVE ANALYSIS

In this analysis it is assumed that components had failed completely and they are defined as
on-line non-repair components since these components can only be repaired after the reactor
operation. It is also assumed that while the reactor is not operating, the components'
availabilities are 1. It is further assumed that the reactor operates 156 hours annually based on
the operating experience gained by ITU.

PSAPACK V4.35 is used to determine the minimal cut sets, to analyze the importance of
minimal cut sets and to calculate the uncertainty in system unavailability. Data for basic
events like earthquakes, aeroplane crashes and explosions are taken into account. The
probabilistic seismic hazard analysis is performed according to IAEA standards6. Aeroplane
crash probability for ITU campus area, where the reactor is sited, is calculated from data that
is obtained from international and national aviation organisations. Explosions are not
considered important due to the distance of the reactor site to the sea and land routes for oil
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tankers. All basic events that lead to chemical damage of fuel elements were neglected due to
their very low occurrence probability. Nevertheless, it is accepted that salty water could be
discharged to the pool once in a lifetime of the reactor. Similarly, leakages of water from the
beam tubes are not considered probable but leakage from instruments and meters are taken
into account.

Minimal cut sets of the first top event according to unavailabilities up to the third order are
included in the analysis. The failure rate for radiation release into the hall of the reactor is
0.0157 per year when the reactor operates 156 hours in a year. When the reactor operates 208
hours a year, the system unavailability becomes 0.088. The failure rate for radioactive release
outside the reactor building, is calculated to be 0.008 per year when the reactor operates for
156 hours in a year. When the reactor operates 208 hours a year, the system unavailability
becomes 0.03.

Sensitivity analysis and importance measures are also performed. For yearly operation of 156
hours, the uncertainty in the system unavailability becomes 0.012.

CONCLUSIONS

The quantitative analysis showed that the frequency of radioactive release to the reactor hall is
0.0157 per year and is considered high. It is also shown that the coolant leakage from primary
or secondary coolant loops are the most probable failures. Since the components of these
loops are not very reliable and there is no redundancy in ITU TRIGA Mark-II reactor, failures
of such components make the failure rate of the first top event high. The release of radioactive
gases outside the reactor building is very important since there is no Ar41 filter at the reactor.
The frequency of this event is 0.008 per year but in case of a worst case accident scenario the
calculated radiation dose outside the reactor building is always smaller than the permitted
limits.
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