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Porzatek - V referatu smo prikazali raziskavo, v okvire kalweiowzanzidcovalidfuktorTIUOAMAIUCn vPod(orici 
izoblikovali specifično bazo podatkov. Zbrali smo podatke obruovaqja realctorja od i ^ 19S5 do 199a Rezaltat* raziskave 
dogodkov smo razdelili v dva glavni skupini. V prvo spadajo obratovalni podatki o komponentah, v drugo skupino pa 
spadajo zagoni oz. zaustavitve reaktorja. Podatke smo ovrednotili z modelom v časovnem prostor« te z modelom na 
zahtevo. Parametre modelov smo doloclH s UasKfao metodo. Opisane baze podatkov ao uporabne povsod, kjer so lahka 
posledice nezanesljivega delovanja sistemov velike. 

Abstract - The paper represent* specific data base formation for reactor TRIO A MASK U in Podgorica. Reactor operation 
data from year 1985 to 1990 wen collected. Two groups of collected data wen formed. The first group Includes 
components data and the second group covers data of reactor scrams. Time related and demand related models wen need 
for data evaluation. Parameters wen estimated by eJaufoal method. Similar data bane am useful everywhere when 
components unsvailsbilities may have severe drawback. 

1. Introduction 

Research reactors may be classified in the group of facilities where highly reliable 
operation is required. Whereas generic component reliability data bases for nuclear power 
plants alredy exist, they not seem to be available for research reactors to be used in 
relevant PSA studies. The need of these data leads to development of a specific data base. 

The project has been divided in two phases. The first phase covers generic and specific 
data collection. In die second phase the collected data were treated. 

The comparison of generic and specific data showed significant difference between 
generic and specific data and leads to a conclusion that a generic data based PSA has a 
limited credibility indicating mat there is a need to build a specific data base for research 
reactors. 

2. Reactor Description 

The TRIGA MARK II research reactor in Podgorica has been working since 1962. It 
has three major purposes: operator training, research involving neutrons and isotope 
production. 

Hie reactor has a large prompt negative coefficient. This means mat the reactivity is 
automatically reduced at an increased fuel temperature. The biggest hazard is the release 
of radioactivity to the environment. The probability of the occurrence of such event is 
extremely small. 

In the next paragraph a short description of reactor systems [1], which are mentioned 
later in the text follows. 
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Reactor Protection System 

The reactor protection 
system controls power 
supply to the control rod 
electro-magnets. It can be 
operated manually, or by 
a number of automatic 
signals. The reactor 
protection system exists of 
six channels. The first 
four channels contain 
signals which are 
generated by the reactor 
control channels, when Figure 1.* Reactor Protection System 
the measured values exceed the required ones. The additional two channels consist of main 
alarm and fuel temperature alarms. When any of these signals is activated, the K 308 coil 
power supply stops, and electro-magnet power supply is cut off. 

Primary Cwtot System 

In the reactor tank heat is released 
from the fission of uranium. The 
warm water in the.reactor tank is 
driven by a pump along a pipe to the 
heat exchanger where it cools and 
then back to the reactor tank. For the 
maintaning clean water serves a 
pump, a filter, a demineralizer, and 
a surface skimmer. Water is 
controled by conductivity, activity 
and temperature meters. 

Secondary Cwtant System 

Heat from the primary 
coolant system is removed 
by secondary coolant 
system. Water is pumped 
into the water tower, and 
from there it flows 
through tubing to the heat 
exchanger and off to the 
river Sava. The cooling 
water is controled by 
temperature and pressure 
meters. The flow from the 
water tower is also 
measured. 

c^GhC 
Figure 2: Primary Coolant System 

Figure 3: Secondary Coolant System 
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Emergency Water Supply 

the emergency water supply 
can be performed In two ways. 
The priority way is to start the 
motor operated pump, which 
pumps demineralized water 
from the water tank and injects 
it into the reactor tank. The 
second way is to open the valve 
on the exterior of the reactor 
building and to allow water to 
flow through a special tube 
which connects the water tower 
to die reactor tank. 

Reactor Hall Ventilation 

Uzaj 

Figure 4: Emergency Water Supply System 

Underpressure in die reactor hall and release of 
radioactivity to die environment is controled by 
reactor hall ventilation system. In the case of very 
high radioactivity at the measuring points (chimney, 
cooling water, dry cell, environment radioactivity) 
the central alarm is activated, reactor trips and the 
recirculation phase is initiated. A part of the 
radioactivity is removed by means of water 
spraying in room through which die air recirculates. 
The other part is removed through filter. 

3. Data Collection 

To familiarize better with reactor systems 
components die Failure Mode and Effect Analysis Figure 5; Reactor Hall Ventilation 
(FMEA) was performed. It includes data of 
component function, operating mode, failure mode, failure cause, consequence and 
estimated exposure time or number of cycles [2]. 

Log- books [3] and discusions with operator [4] were the specific data source. 
Data on reactor scrams, human errors and components operation were recorded in the 
working tables. After collection quantitative treatement of data followed. Reactor scrams 
were classified in three groups: manually initiated scrams, automatic scrams initiated by 
component failures and abnormal scrams (Table 1). As die most frequent abnormal scrams 
causes were found: loss of ac power, electrical surges and spurious alarms. 

During our data collection we did not find any human failure. In die log« books there 
are some errors which might be human errors but there was no written failure cause. Not 
before when we talked with operator we learned about some events connected with human 
errors. Generally these are not critical events but some of them show the possible ways 
to improve reactor control and safety. 

A quite frequent error was error of omission a step of a task. The reason may be die 
lack of concentration but not of knowledge. Most of these errors happend at night or early 
in die morning. At that time human stress level falls down and die probability to omit 
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some task or commit errors increases {5], [6], 

I Year 

1985 

1986 

1 1987 

I 1988 

I 1989 

I TOTAL 

Automatical 
scrams 

203 

128 

204 

147 

323 

1005 

fable i 

Manual 
scrams 

143 

141 

' 127 

152 

90 

653 
• Ust of Reactor. 

Abnormal 
scrams 

39 

45 

33 

29 

37 

183 
Scram Events 

All I 
scrams 1 

385 1 

314 I 

364 1 

328 

450 

1841 I 

We noticed some time errors with too early and too late switch on appropriate power 
range. Reactor scram followed. These errors were found in operators log- books and it 
is possible, that they are made during the operator training. 

Component data were classified in more groups: failures, maintenance, repairs and 
testing. Regarding collected data and our preliminary PSA analysis [1] we selected fifteen 
components for further analysis. These components are shown in Table 4. 

4. Data Treatment 

Three probability distributions were selected for further data analysis. These are 
exponential, binomial and chi- square distribution [7], [8]. 

Exponential distribution describes the time between independent events occuring at a 
constant failure rate. The exponential behaviour of components is described by following 
equations: 

M .-** X > 0, * * 0 

F(t) - l - J W - l - e -XI 

(D 

(2) 

where t is time 
X is constant failure rate > 
f(t) is the probability density function 
F(t) is the cumulative probability distribution function (unavailability) 
R(t) is the reliability function 

The binomial distribution describes a situation in which mere are only two outcomes, 
such as pass or fail, and the probability is the same for all trials. The equations are: 

An}' M -p'-a"- (3) 
n! • <JV"-n)! 

Fin) - £ N\ 
ti n! • (N-n)l 

• p* • qH"u (4) 
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where N is the number of all items 
n is the number of bad Hems 
p is the probability of selecting a bad hem 
q is the probability of selecting a good item 
f(x) is the probability density function 
F(x) is the cumulative distribution function 

The chi- square distribution is a family of distributions which variate from the 
exponential to the normal distribution.The probability density function is: 

M 1 
2 T&fi 

(5) 

where f is the number of degrees of freedom 
r(2t) is gamma function 

Component model Calculations 
formula 

Time related 
components 

Standby components 

Annunciated 
components 

Demand related 
components 

Test outage 

Maintenance outage 

XtT 
1 • X-T 

p - Xd 

/A 

Parameter definition 

X - failure rate 
t-time 

X,-faUure rate in standby 
r-time between two tests 

\-failure rate 
T-average time to return the 

component to the service 

^-probability of a failure at a 
demand 

/A 
1 + F'L. 

f.-frequency of tests 
Leverage duration of tests 

f„-average frequency of 
maintenance 

L_-average lenght of maintenance 

able 2: List of Component Models 

The selection of a component model depends of component operating mode, failure 
mode, design and available data. Two main groups of models are time related and demand 
related models. The demand related model is used to describe the failure of a component 
at the time of a demand for its use. Time related model can be standby or annunciated 
model. In the stand-by model it is assumed that the demand can occur with equal 
likelihood at any point in the time interval between two tests. Annunciated components 
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are those with immediately detected failures. Most of the components are periodically 
tested and some of them have maintenance requirements. All these possibilities "are 
included in different component models sistematically represented in the Table 2 [9]. 

As mentioned before, time related parameters were determined by exponential 
distribution. The confidence level is 90%, the tower and upper confidence limits are 95% 
and 5%. The formulas are in the Table 3* The assumption made for X' calculation is that 
the sample test terminated at the time of the last failure of device. The assumption for X" 
is mat the another failure was about to occur when test or data was determined. To give 
an overall confidence interval it is in practice to determine the lower confidence limit of 
X' and the upper confidence limit of X". 

Parameter 

v 

X" 

Xd 

Calculation 

n 

n+l 

n 

• 

Upper 
confidence limit 

A'-xV.(2«) 
2-n 

2ii+2 

X
2(2-n+2) 

2-N 

Lower 
confidence limit 

XV.(2«) 
2-n 

X'-X2.<2«+2) 

2w+2 

X2(2ti) 
2N 

Parameter definition 1 

X\X"-fajhire rates of 
time related models 

Vfailure rate of 
demand related 

models 
T.-estiraated ; 

exposure time 
n-number of failures 

(in time T J 
a-conftdence limit 

N-number of 
demands 

Table 3: Models Parameters Calculations 

A«fflnptiqns and Simplifications 

For components which did not fail during our research we assumed mat they are just 
about to fail. For demand related components we assumed that 0.5 failure occured. 

The analysed components are visually checked at every reactor start. In five years mere 
were 1841 scrams. The estimate of 23.8 hours time between teste was made. Component 
unavailability due to the test was not included in the component model because these tests 
do not affect component availability. 

Components repair times are estimated from operator log- books, however they are not 
exact repair times. Heat exchanger and flowmeter repair times were resumed by literature 
U2J. 

All components are annunciated components. It is assumed that operator checks 
equipment action and the outputs of the instruments and that he detects the failure in 
approximately one hour. 

All failures are detected during component running. However, this is not the reason to 
say mat in the standby any failure occurs. This is an effect of components testing during 
reactor operation. We assumed that in the standby 0.5 failure occurs. 

The estimated parameters and their confidence limits are in Table 4 [10}. The 
comparison of generic [11), [12] and specific data showed significant difference 
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between generic and specific data and leads to a conclusion that a generic data based PSA 
has a limited credibility. The comparison also shows that the estimation of parameters of 
components which did not tail during our observation was not good enough because of 
too short time of observation. 

Component identification 

compensated ion 
dumber {LOG) 

uncompensated ion 
chamber (VAR) 

compensated ion 
chamber (START) 

fuel temperature meter 

control rod position 
indicator 

rod drive mechanism 

LOG channel recorder 

* - , « * 

radiation monitor 

mechanism for water 
level regulation 

water tower pump 

argon (exhaust) fan 

heat exchanger 

flowmeter 

motor operated mixing 
flaps 

• — — fable 4; Jl 

Failure rate in 
operation 
IKTM/h) 

50 
(2.6-237.2) 

50 
(2.6 - 237.2) 

39.2 
(2.0 - 186.0) 

50 
(2.6 - 237.2) 

100 
(17.8 - 314.8) 

50 
(2.6 - 237.2) 

50 
(149.8) 

50 
(2.6 - 237.2) 

45.9 
(16.3 - 144.5) 

22.9 
(1.2 - 108.6) 

125 
(6.4 - 593) 

250 
(98.5-525.6) 

50 
(149.8) 

50 
(149.8) 

50 
(2.6 - 237.2) 

'esearch Reactor 

Demand related 
failure rate 

[10*l/dJ 

543.1 
(27.9-2576.8) 

543.1 
(27.9-2576.8) 

543.1 
07.9 - 2576.8) 

-

271.6 
(1.1-2122.5) 

543.1 
(27.9 - 2576.8) 

271.6 
(1.1-2122.5) 

271.6 
(1.1-2122.5) 

mponents Failure A 

Failure rate in 
standby 
P0*l/h] 

23.0 
(0.1 -179.7) 

23.0 
(0.1 * 179.7) 

27.3 
(0.1-213.3) 

23.0 
(0.1-179:7) 

23.0 
(0.1 - 179,7) 

23.0 
(0.1 * 179.7) 

23.0 1 
(0.1 -179.7) 1 

23.0 
(0.1 -179.7) 

22.9 
(1.2 -108.6) 

14.0 
(0.06-109.4) 

23.0 
(0.1 -179.7) 

23.0 
(0.1 - 179.7) 

23.0 
(0.1 -179.7) 

23.0 
(0.1 -179.7) 

jates 
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5. Summary 

The paper represents specific data base formation for TRIGA MARK II research reactor 
in Podgorica. Specific data on reactor scrams, components operation and human errors 
were collected. The data of fifteen components are estimated by classical method. The 
comparision of specific and generic data showed that there is a great need to build a 
specific data base for research reactors. 

It is expected to use the specific data for existing PSA of TRIGA MARK II reactor 
reevaluation and optimisation of its operation. 
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Answers to questions from the audience 

1. What kind of human errors did you collect from the operators? 

We collected all data that operators could give us. 
In the literature [5] we found categories of incorrect human outputs divided in two broad 

categories: -errors of omission 
- errors of »mission. 

We did not find any failure of omission of entire task. Errors of omission of a step in 
a task are more frequent. We found an error where the operator forgot to open a manual 
valve before starting the reactor. Very often error of omission is mat operator forgets to 
block the alarm which causes reactor scram but this is not a very dramatic failure. 

We noticed some time errors with too early and too late switching on to appropriate 
power range. Reactor scram followed. These errors were found in operators log- books 
and it is possible, that they were made during initial operator training. 

Two events were associated with errors of comission. The first one happend when 
instruments detected that the water tower was empty. In the second case die PVC pipe was 
loosly fastened because of provisory made ion exchanger bypass due to maintenance. 
Failure was detected due to no coolant signal. In both cases operator did not believe this 
can be true. 

First Meeting of die Nuclear Society of Slovenia. Bovec 11.-12.6.1992 


