
2.4 TRAINING COURSES FOR THE STAFF OF THE NUCLEAR POWER STATION KRSKO 
CONDUCTED AT THE TRIGA REACTOR CENTER IN LJUBLJANA, G. Pregl and 
M. Najzer, (University of Ljubljana, J. Stefan Institute, 
Ljubljana, Yugoslavia) 

1. Intr oduc ti on 

The importance of the human factor for safe and 
reliable operation of nuclear power plants is well reco
gnized. Consequently a great attention is paid to the 
training of the nuclear power plant operation staff. 
There exist many rather different training schemes 
which can all be succesfull if they are well pragrammed 
and carried out. Taking into account our specific condi
tions the training programme for the Nuclear Power 
Plant Krsko was devided in two modules: i) fundamentals 
of nuclear engineering and ii) specialized training 
according to duties candidates are supposed to take at 
the power station. The first module, called also basic 
training, was organized by J.Stefan Institute at the 
TRIGA Reactor Center while the second module was given 
by the supplier. Only the basic training is described 
in this presentation. 

2. Why basic training at the TRIGA Reactor Center 

Among many possibilities, the training at the sup
plier's training center and the training at the TRIGA 
Reactor Center were most seriously analysed. The decision 
for the latter was made on the following reasons: 
1. It was recognized that the research staff working 

at the TRIGA Reactor Center and supported by the Uni
versities of Ljubljana, Zagreb and Beograd as well as 
with the user's own staff is able to organize and carry 
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out the training. 
2. The TRIGA reactor itself was considered an 

excellent training facility. It is simple and flexible 
and can be easily learned. Demonstrations of theore
tical principles is thus possible without memorizing 
so much technical details. 

3. The ability of training organization was demonstrated 
by two short review courses conducted for the user's 
management still before the start up of the plant con
struction. 

4. It was recognized that the available candidates will 
be mostly unable to follow condensed supplier's 
courses due to i)on the average bad knowledge of 
english especially with respect to technical jargon 
and ii) on the average deficient basic education in 
the field of nuclear sciences. 

5. Additional demands on the abilities of the plant ope
rational staff are put up by the lack of tradition and 
experience due to the fact that the intended nuclear 
power plant is the first one in the State. A good and 
firm knowledge of theoretical principles was considered 
to be of prime importance with respect to these requi
rements. It was believed that the basic training at a 
research reactor which can be rather flexibly adjusted 
to the candidates abilities is superior to the training 
offered by the supplier. 

6. Summing up all costs for preparing and conducting 
the courses the price for training at home was found 
to be lower. 
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3. The training program 

3.1. Classroom lesson and seminars 

The list of classroom lessons and seminars is gi
ven in Table I. The topic titles are selfexplanatory. 
The subject scope was kept at a basic or even informati
ve level. The main intention was to give the student clear 
presentation of important principles not only of the 
reactor theory but also of operational procedures,health 
physics, exposure and contamination control, reactor instru
mentation and reactor safety. Slovene textbooks were issued 
for each topic. English terminology was given in parallel 
with the Slovene throughout all these materials. Students 
were also encouraged to use english textbooks. 

3.2. Laboratory experiments 

The classroom lessons were strongly supported by 
laboratory experiments. They were divided into four 
groups: 
i) Atomic and nuclear physics and nuclear instrumentation. 

These experiments, nine all together, covered description, 
operation and handling of all important reactor 
nuclear instrumentation as well as some basic physical 
concepts such as radiation attenuation, radioactive 
decay and activation. They were performed individually 
or in groups of two students. 

ii) Practical operation of the TRIGA Mark II reactor. 
These experiments, four alltogether, included testing 
and calibration of the reactor instrumentation, checking 
reactor systems before the start up, reactor start up 
and shut down, manual and automatic operation at power 
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and learning the emergency procedures. The main 
aim of these experiments was to give the trainee 
practical reactor operation experience as well as 
to make him clear the effects of such important 
operations as the adding or the removing reacti
vity by the use of control rods. Experiments were 
performed individually or in groups of up to three 
students. 

iii) Reactor physics and operation. This topic was cove
red by 14 experiments. Measurements were made of many 
important quantities such as different reactivity co
efficients, neutron importance function, reactor pe
riod, neutron flux distribution etc. Experimentally 
were demonstrated some very important reactor core 
properties such as subcritical multiplication, delayed 
neutron emission, xenon poisoning effects, the respon
se to different reactivity changes in different power 
ranges etc. Further two calibrations were made: 
control rod and reactor power calibration. But the 
most illustrative of all experiments was probably the 
critical experiment. Besides a few experiments, where 
the whole group of about twenty students was engaged, 
all were performed in groups of five to six students. 

iv) Radiation protection. Four experiments, which cove
red the personal dosimetry, nuclear radiation survey, 
variation of the radiation dose with the distance from 
the source and decontamination procedure, were perfor
med in groups of' five to six trainees. 

Laboratory experiments were guited by the lecturer. 
Students were given also a manual containing theoretical 
introduction and explanation, description of the experi-
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mental set-up and the experimental procedure, the 
discussion questions and an example of the student 
results. Most experiments lasted from two to three 
hours. In addition each experiment was preceded by 
an introductory session. 

The duration of the whole course is rated for four 
to six months depending on the candidates education. 

4. Experience gained through courses already held 

Until now two courses have been conducted. The first 
one assembled 14 graduated engineers and one technician. 
It lasted 19 weeks. In spite of all our efforts a few 
candidates were found unable to master the subject and 
their knowledge unsufficient for the specialized training 
in USA. Among successful students four were sent to the 
Vestinghouse training center in Zion on specialized 
reactor operation training. All did the job; three obtained 
NRC Senior Reactor Operator and one Reactor Operator li
cense. Same students attended other specialized courses 
in.USA and all returned with very good records. The second 
course assembled 22 candidates mostly engineers and techni
cians. This course lasted 5 months plus 1 month of the 
PWR systems description. Again only a few candidates were 
unseccessful. 

Though successful the specialized training at the 
manufacturer was not troublefree. Most difficulties were 
encountered by thouse attending reactor operators training. 
First of all they found very hard to understand and learn 
the technical jargon. Though many general terms 
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were given during the basic course most of technical 
details remained unexplained. The next complaint 
concerned the description of systems. During the spe
cialized training they learned mainly description and 
functioning of the components so it was very difficult 
to grasp from a large amount of details the whole pictu
re of the system. Further minor corrections with regard 
to the scope and presentation of some topics were suggested. 
These remarks were taken into account for the second 
course. The main modification was the addition of a se
ries of lessons on PWR systems description lasting one 
month. These lectures were given by the user's staff at 
the user's headquarters in Krsko. 
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Table I 

Classroom lessons and seminars 

Lessons Seminars 

1. Introductory Mathematics 
and Physics 

2. Atomic and Nuclear Physics 
3. Reactor Physics-Steady State 
4. Reactor Physics-Kinetics 
5. Reactor Instrumentation and 

Control 
6. Reactor Materials 
7. Thermal-Hydraulic Analysis 

of Reactor Core 
8. Nuclear Fuel and its Cycle 
9. Reactor Systems 

10. Reactor Safety 
11. PWR Water Chemistry 
12. Radiation Protection 
13. Description and Operation 

of the TRIGA Mark II Reactor 15 

15 10 
35 15 
20 10 
40 15 

35 10 
15 4 

40 10 
12 4 
12 3 
12 3 
12 3 
30 10 

293 102 
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