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ABSTRACT 

Among the various efforts to improve operational safety of nuclear facilities, the systematic 
collection, evaluation and feedback of operational experience are considered valuable and effective. Such 
a system enables all safety related events to be analyzed, root causes determined and corrective and 
preventive actions implemented to avoid repeat events or new events rooted in the same causes. A method 
established upon probability safety assessment called probabilistic precursor event analysis, is analyzed 
by investigating different actions led to the source destruction accident in Tehran Research Reactor 
(TRR). The events and conditions before the accident are reviewed to find the precursors of the accident. 

For the above accident a scenario is developed, and chain events ending up to the accident 
(WHAT) and causal factors leading to events are identified. These causal factors and other available 
information and data are analyzed to determine the way that accident happened (HOW). Subsequently, 
the causes of the accident (WHY) are identified and discussed. Finally, appropriative corrective measures 
identified as the result of this analysis to preventing the similar accidents and these corrective effects are 
showed numerically using PSA method.  

Keywords: Reactor safety, Precursor analysis, Probabilistic Safety Assessment (PSA), Deterministic 
event analysis. 

1. INTRODUCTION 

The happened accidents can be used as an important source of advantageous lessons for decrease 
of future accidents probability. The Accident Sequence Precursor (ASP) program considers an event with 
a conditional core damage probability greater than 1e-06 to be a precursor [1]. Detailed study of nuclear 
accidents are done for finding and dissolving the facilities drawbacks and therefore prevention of 
occurring similar accidents such and Tree Mile Island, Chernobyl, Goiania and Fukushima [1-6]. 
Precursor events are operational events that may constitute important elements of accident sequences 
potentially leading to unacceptable consequences. The most commonly used definitions of unacceptable 
consequences are core damage, beyond design conditions or unacceptable release of radioactive material 
to the environment [7]. 

The efficient feedback of operating experience is a valuable source of information for improving 
the safety and reliability of nuclear installation. It is therefore essential to collect information on abnormal 
events. The operating experience is analyzed to obtain a complete understanding of an event and of its 
safety implications. Corrective or improvement measures may then be developed, prioritized and 
implemented if considered appropriate. In precursor analysis a re-analysis of the PSA is performed under 
the condition that the operational event has occurred. On this basis new conditional probabilities of 
accident sequences are calculated [7]. 

TRR is an open pool light water reactor with nominal power of 5 MW. Its standard fuel elements 
composed of U3O8Al dispersed on Al-6061 matrix and Control Fuel Elements composed of Ag-In-Cd 
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with 80, 15, 5 weight percent respectively [8, 9]. Pu-Be neutron source was used in TRR for startup, the 
customary way in starting up was removing neutron source after criticality and two increasing power 
stage. In the morning shift of 13th Dec 2008, reactor started as daily plan. It brought up to 3 MW and after 
15 minutes a set of radiation detectors detect high radiations over the normal set points and cause the 
automatic shutdown system to shut the reactor down. Leaving the source for a long time in the irritation 
box with a high neutron flux and low cooling capacity causes the source to be overheated, partially 
melted and fused to the base plate of the box. After that, when it was tried to remove the source, both the 
basket base and the source were deformed and segments from the base and the wall were cut off. 

 The neutron source accident has been analyzed according to the procedures suggested in relevant 
IAEA publication [7]. This procedure involve understanding the event, identify causes, important factors 
and develop the context of the event in terms of the PSA perspective, mapping the event and its 
implications to the PSA model, estimated failure probabilities, determine potential recovery actions, 
model recoveries and finally interpretation, conclusions, insights and corrective measures. 

2. BRIEF DESCRIPTION OF THE EVENT 

In the morning shift of 13th Dec 2008 during reactor start up, Pu-Be source was inadvertently 
exposed to a high neutron flux resulting from beyond allowable power due to operator error and shift 
supervisor ignorance. The thermal power of reactor was at 3 MW for 15 minutes while the source was 
erroneously kept inside the core. Because of high thermal power produced and poor thermal conductivity, 
the source shield was damaged. Following the damage of source, the reactor was scrammed due to (high 
radiation level inside the core) detectors signal. Area monitoring stations (outside the reactor) and 
radiation detectors (inside the reactor building) indicated high value of radiation. After reactor shut down, 
the damaged neutron source was removed and reactor secured. It was found then that a part of source 
basket base was stuck to the irradiation box. The damaged basket and the source were then put into a big 
shielded container [10].  

3. ANALYSIS THE ACCIDENT 

3.1. Precursor event review analysis 

Plant was normally started for the weekly utilization plan; radioisotopes production, sample 
activation and experiment at the peak power of 4 MW.  
General survey of reactor conditions such as equipment and system deviations, failures and 
unavailabilities, operating staff behavior, actions, deviations and errors, especially actions not covered by 
procedures and training, status of related procedures, whether they were adequate, inappropriate or even 
missing, favorable events, systems which worked successfully, fast detection, successful recoveries, 
conditions or events of interest which occurred or were identified for some time period before and after 
the incident are done to be sure that hidden complications are not left unaccounted for in the analysis and 
concluded that all equipment and systems were available with no deviations and failures. 
The deterministic event analysis is presented in Fig. 1 and Fig. 2 in the form of an event and causal 
factors chart. There are not interested conditions or events which were occurred or identified for this 
period and unaccounted in the analysis. 

It should be emphasized that there was not any type of device to show the source situation in the 
core. TRR is operating over 40 years and the most important relevant documents concerning to how 
correctly use the start-up source was the logbook and operators experience.   

All of the radiation detectors which should detect any type of radiation and air monitoring systems 
which should detect radioactive materials released beyond the set points and emergency shutdown system 
were worked successfully and shut the reactor down as planned. The reactor supervisor finally realized 
the situation and removed the source even not on time. Although procedures and instructions were 
inadequate, but operators were trained enough to safely start the reactor up to the required power using 
Pu-Be start up source. Rush hours of early mornings and too many assignments loaded on operators were 
impressive on operator’s errors. This would apply to the supervisors too. 
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Fig. 1. Event and causal factors chart For Tehran Research Reactor 
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Fig. 2. Event and causal factors chart For Tehran Research Reactor 

 
Fig. 3. Legend for figures 1 and 2 

As can be seem from Fig. 1 and Fig. 2, some different factor incorporate to each other caused to 
source destruction accident in TRR.  

3.2. Mapping of the precursor on the PSA, logic representation 

The compilation of a comprehensive initiating list of Postulated Initiating Events (PIEs) is an 
important and adequate analysis of the reactor response to disturbances in process variables, to 
malfunctions or failures of equipment, to human factors, to external events and to special internal events. 
The selected initiating events should be assigned to one of the following categories, or grouped in some 
other manner consistent with the type of reactor under study [11]. 
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a) Loss of electric power supplies; 
b) Insertion of excess reactivity; 
c) Loss of flow; 
d) Loss of coolant; 
e) Erroneous handling or failure of equipment; 
f) Special internal events; 
g) External events; 
h) Human errors. 
For our study in this accident erroneous handling is chosen as an initiating event.  

remain source 
in core

Supervisor 
error

Operator 
error

workplace Alarm lackprocedureworkplace Alarm lackprocedure
 

Fig. 4. Fault tree for remain source in the core 
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Fig. 5. Fault tree for source destruction in the core 

 

3.3. Quantification 

The event tree and fault tree for all initial events surveyed and calculated and the core damage 
probability for those scenarios which have noticeable probability are shown in Fig. 4 and Fig. 5. The used 
demand per year is 20 for convert the failure rate probability form per demand to per year [12]. 
The failure rate probabilities used in this section are shown in Table 1. 
 

Table 1. Failure rates used in this survey 

Event Frequencies (#/d) References 

(mishandling the source) Operator error 1.0e-02 [13] 

(Increase reactor power) Supervisor error 1.0e-02 [13] 

Start-up source alarm 17.43e-04 [13] 

Sensor 5.1e-03 [14] 

Relay 3.0e-04 [14] 

Transmitter 4.56e-05 [15] 
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3.3.1. Initial evaluation 

According to the preceding fault trees, the core damage probability considering problems that 
caused to the core damage and their corresponding frequencies given in Table 1, as can be seen from Fig. 
6 would be 1.0-06. 

 
Fig. 6. The modified event tree for TRR accident 

3.3.2. Corrective measures 

For safe operation of any facility, some aspects must be noticed. In our case that is a nuclear 
reactor, respecting to these conditions is of more importance. 
The most important factor for well operation and maintenance of a reactor is its personnel, then notice to 
the personnel conditions such as financial, moral, update and upgrade their knowledge is necessary. Also 
different personnel roles determination for avoid from duty interferences seems necessary. 

Further human factor, the use of more safety tools and mechanism could help to enhance safety, 
for example use of Am-Be for neutron source or use of signals and detectors to alarm for the case of 
remaining of source in core. 

The models and assumptions used for the preliminary quantification were discussed and refined in 
the light of the information gained from the extended investigation after the preliminary assessment. This 
included the refinement of the startup source procedure, modification and design of a device to detect the 
source position and timing for the startup source insertion and removal. 

 
Fig. 7. The modified event tree for TRR accident 
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The final answer with considering one of the above corrective measures was obtained and shown 
in the above event tree. It must be noticed that after the mentioned refinements, the core damage 
probability reduces to 5.446e-09 as can be shown in Fig. 7. 

 

4. Results and conclusion 
Methodological aspects of precursor analysis, specifically human actions, are analyzed by 

investigating human actions led to the source destruction accident in Tehran Research Reactor. The 
events and conditions before the accident are reviewed to find the precursors of the accident.  

In the analysis, human errors were found to have the most important role in this accident and the 
important impact of human and organization factors were emphasized. Some other parameters such as 
inadequate safety culture in the reactor, inadequate safety trainings and manuals and lack of some alarm 
devices were also addressed as precursor condition leading to the improper performance of the operation 
personnel and management. Some corrective measures such as adding appropriate alarm and modification 
of related procedures were done to increase reactor safety and this modification effects studied 
numerically using probabilistic safety analysis. It was found that the core damage probability reduces 
from 1.0e-06 to 5.446e-09 after doing necessary modifications. 
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