
PSA Appl ica t ion for t h e Scram System 
of Romanian TftTGA Reactor 

Florica Laslau. Institute for Nuclear Research, Pitesti,Romania 
Gheorghe Negut, Institute for Nuclear Research, Pitesti,Romania 

Abstract: 
The paper i s dedicated to the f a u l t t ree ana lys is for the 

scram system of TRIGA-INR P i t e s t i r e ac to r . I t i s a b r ie f 
descr ip t ion of the scram system which involves mechanical, 
e l e c t r i c a l , instrumentat ion and control devices. The insuccess 
c r i t e r i a considered i s f a i l to drop 5 of 8 control rods . 

Fault t r ee was developed using immediate cause p r i n c i p l e . The 
r e l i a b i l i t y data base used i s developed in INR P i t e s t i based on the 
IAEA data a v a i l a b l e . The f a u l t t ree was analyzed by an o r ig ina l PC 
code developed for Romanian PSA program. 

1. Introduction 
The safety issues has taken a strong developments in the last 

years in our Institute. There are a PSA project for our future 
CANDU power plant, we try to work some studies applied to our 
reactor. As we know, there is an interest for this kind of studies 
for research reactors. 

In this paper is build a fault tree for our reactor scram 
circuit. There is a brief description of the scram circuit system, 
the fault tree description, the unavailability analysis.comparison 
with a similar study.It was used assumption of the human errors and 
common cause failure. The study is a present subject of 
Improvements. 

2. System description 
The INR Pitesti TRIGA reactor is a 14 MW steady state 

research reactor. Its scram system involve 8 square control and 
safety rods. The control rods are actuated by a electrical reverse 
motor and electromagnetic couple. Normally the magnet is energized 
and by scram signal the rods drop gravitationally in the core. 

The support systems for the scram circuit are: 
- instrumental a i r 
- c l a s s 1 power supply 
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A reactor protective action interrupts the magnet current and 
results in the immediate insertion of all rods under any of 
following conditions: 

1. 2 out of 3 high neutron flux on safety channels 
2. 1 out of 3 high fuel temperatures 
3. short period 
4. high voltage failure on safety channels 
5. 1 out of 2 external safety switches 
6. manual scram 

All scram conditions are automatically indicated by the 
annunciators. 
The reactor has three operation modes '• 

- natural convection 0-3 MW 
- low power 0-7 MW 
- high power 0-14 MW 

According with the operation mode the MODE SELECTOR key is set. In 
these operation modes the scram sets are adjusted accordingly. On 
the loss of power supply the reactor are scrammed by the signal. On 
the loss of the instrument air the reactor is scrammed due to the 
pool isolation valves. 

3. The scram circuit fault tree description "■{'' 
A fault tree is, fundamentally, a graphical representation of 

the logical combinations, of events that can lead to a predefined, 
unwanted top events. 

Our top event is the rods do not drop on a scram signal 
neither automatically, nor manually. The success criteria for our 
scram circuit is that 4 of-8 control rods drops. It was made the 
following assumptions: 

1- the failure criteria is that 5 of 8 control rods fail to 
drop. ; f' 2- when the reactor scram is required by the operator there 
were considered three types of failure: 

- control rods stuck 
- human operator errors 
- push button failed 

3- Insuccess of the scram action appears when no one of 
associated accident parameters don't generate drop rods signal. 

From of this point of view , for the channels of each 
parameter, all components were considered, from thf bi-stable 
switch of the magnet power supply to the transducer. The existence 
of redundant channels or redundant components in a channel involved 
an adequate modelation in the fault tree , using special "AND" 
gates (5/8, 2/3). There were used the following notations: 

-OMAN - unavailability of the scram circuit in normal mode 
-QOHE - unavailability due to human errors of omission to 

actuate manually the control rods when required 
-QB - unavailability of push button 
-QAOTO - unavailability of the scram circuit on scram signals 
-QBL - unavailability of the stucked rod 
-QBLCR - unavailability of the scram circuit due to 5 or more 

control rods blocked 
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-QBL - system unavai labi l i ty in AUTO mode for the scram relays 
-OBION - system unavailabil i ty due to lack of the scram 

s ignals 
-QFTEMP - system unavailabil i ty due to lack of high 

temperature alarm 
-QBIS - temperature loop bi-stable unavailabil ity 
-Qsia - fuel temperature loop unavailabil i ty 
TQSICJSP - reactor period unavailabil ity 
-Qsrosx - external scram unavailabil ity 
-QSIONF - neutron f lux channel unavailabil i ty 
-GBSPS - high voltage bi-stable unavailabil i ty 
-QHEC - scram se t t ing human error 

It can be written the equations: 

Q = OMAN * QACJTO 
QHAN = QOHE + 56QBL» + 28 QBL 6+QB 
QA.VT = 56QSL 5 + 28 QBL 8+ QBL +QSIQN 
QFTEMF = ( QBIS + Qeia ) 3 

QSIQIN = QFTEMP + QSP + QSIOEX + QHP + QSHS 
QSP = QBIST + QSIQSP 
QHP = 3 ( QBIST + QSIOHF ) 2 + ( QBIST + QSIOHF ) 
QSHS = QBSPS + QHEC 

Human errors considered were'-
1. scram rods actuation omission 
2. scram channels periodic testing errors 
3. scram threshold setting errors 
Was not considered omission human error of channels 

restauration after test or calibration, because, in this case, the 
reactor operation is not possible. 

It were not considered scrams from irradiation devices which 
are not in the fault tree scope. 

4. Quantitative and Qualitative Evaluation of Fault Tree 
Quantitative evaluations gives estimates of unreliability and 

unavailability of a system. 
Qualitative evaluation can show where and how common cause 

failure occur and lead to new insights into the failures modes of 
a system. 

From the fault tree, using an computer codes developed in our 
institute on a PC, will result minimal cut set. 

A minimal cut set is a minimal set of events, which if they 
occur simultaneously guarantee the occurrence of the top event. 

The data required for quantitative evaluation, are from IAEA 
and Ontario Hydro, due to lack of an TRIGA data base. 

Depending on the type of component , size and failure mode we 
assign the appropriate failure rates, repair times, mission times. 

For the test times we made the following assumption : 
- System components whose success criteria is two of three can 

be tested during reactor operation. Test period considered was 30 
days. 
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- The rest of the components are tested before an irradi 
campaign. The data used are conservative. 

Fpr the modeling of human errors there were considere. 
most unfavorable situation: 

1. - for manual scram omission error was considered 0.5, 
high value due to reactor operator stress during the acci 
short time to act. It was considered that this depends on 
knowledge rather than skill. 

2. - for human errors of the wrong settings and lack of 
the value considered was 0.1 for each one. 

It was considered the CCF common cause error of the 
simultaneous failure to drop of the control rods with a val 
3*10-9. 

5. Conclusions 
The dominant for this fault tree appeared to be this CC 

the human errors. This deserves a sensitivity analysis. 
If we do not considered CCF errors contribution, the 

system computed unavailability is : 
A = 1.25 * 10-7 

The failure rate is 1.087 * 10-2 ev/lOOOyr. 
The mean time between failures is 105 years. 
Taking in the account roads stuck common cause failure 

unavailability will increase with two magnitude orders: 
A = 3.02 * 10-s 

We considered this number still provide an reassuringly 
mean time between failures.' 

This value is within the limits accepted by similar s 
system studies, but is higher than the value obtained in a si 
way for University of Texas TRIGA reactor. The reason was the 
in our case of the human error and CCF. 
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