
41 

NUCLEAR SAFETY EXPERIENCES OF THE RESEARCH REACTORS 
AT BORIS KIDRIČ INSTITUTE 

M.Pešić (IBK. Yugoslavia) 
S.Cupać (IBK, Yugoslavia) 

D.Stefanovid, CIBK, Yugoslavia) 

INTRODUCTION 

Although the nuclear power was introduced recently in Yugoslavia 
with NPP KR5KO (connected to the grid in 1982.), nearly thirty years of 
wide experiences in nuclear safety is acquired at Boris KidriĆ Institute 
during operation of research reactors RA and RB. 

Reactor RB is an unshielded, zero power reactor, constructed in 
1955. in as an actually bare critical natural uranium- heavy water 
system Ml. It was the first nuclear reactor designed in Yugoslavia and 
based on the national plan of development of nuclear energy [1,2,3.141. 

Reactor RA is a 6.5 № heavy water research reactor designed in 
1956. in USSR. Construction of the Yugoslav RA reactor started in 1957. 
and the ' reactor began operation in 1959. as one of the research 
reactors with better characteristics in the world at that time 
[4,5.6,141. 

The main improvements in general and particularly nuclear safety 
both of the reactors in the past 30 years are given in this paper. These 
progressions are results of long experience acquired in reactor 
operation, maintenance, testing, development and application of newer 
safety criteria. The newer safety criteria have demanded improvements in 
the technical characteristics and in the acftninistrative regulation 
domains both of the reactors. 

RB REACTOR 

The reactor became critical in May 1958. A serious accident in 
which 6 people of the staff were heavily irradiated, one of them 
fatally, happened after a few months of operation. There w^re no 
significant damages on the fuel elements. Only a very small parts of the 
natural uranium fuel surfaces in aluminum cladding were swollen. The 
total energy developed during the accident was estimated to be 80 MU 
C71. The accident occurred during an subcritical experiment performed 
with the aim to determine the magnitude of the spontaneous neutron 
source in the reactor. The irradiated personnel were in the reactor hall 
during reactor operation when the accident happened, because the 
control room construction has not been finished. 

Inexperience, lack of the operation and administrative rules and 
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breaking of technical safety thresholds were focused to be the main 
reasons of the famous VINČA accident after a specially performed 
experiment at the RB reactor in April 1960 181 by experts of IAEA. 

After that the reactor was completely modified. The new control, 
safety and dosimetry systems were built for improving the operational 
and safety characteristice. The core was adjusted for using the new 2X 
enriched metal uranium fuel of Soviet origin [91. The first safety 
reports and regulation rules were written in period 1961/62 [10,11,121. 

The main mod if i cat fon of fthe control system included addition of 
2 linear and 2 logarithmic DC neutron channels and a new heavy water 
I eve[meter working in on-line regime. The new control rod for automatic 
power control is built at the reactor top. 

The dosimetry system included neutron and gamma radiation dose 
measurement In the reactor hall and the control room and gamma radiation 
monitoring inside of the reactor bui vising. 

The new safety system has been designed including 12 different 
safety thresholds (higher increasing power over nominal power level 
operation, the reactor period less than minimum period, higher increase 
of heavy water level over the critical level, electricity power fail 
etc.) acting upon logic rule ONE of TWO. The safety characteristics of 
the RB reactor with 2% enriched metal uranium fuel were determined by 
neutron kinetics and temperature.distribution space independent models 
in the accidental analysis performed on the analog computer in Boris 
Kidric Institute - Vinca 

These mod ifi cat i one converted the RB critical assembly to become 
a flexible experimental reactor with 1 W nominal power, operating 
during the last 26 years usually from 10 mW up to 50 W, and In the 
special occasions at 'very high power' up to 6 kW, only short time. 

The RB reactor operated safely using 2% enriched metal uranium 
and natural metal uranium fuel in period 1962-1976. Over 300 different 
reactor cores were formed and exalrnined in the re&ctor. The RB reactor 
reached the criticalIty almost 3000 times. The Isotopic composition of 
the heavy water was up-graded in 1970 and currently is 98.65 x. 

New BOX enriched uranium dioxide fuel of Soviet origin was 
obtained in 1976, and the safety report was updated in 1978. The old 
start-up channels were replaced by new ones in 1977. Calculations 
performed by new computer codes CIS! sHowed that the reactor is quite 
safe with the existing control and safety systems (301. 

Development of the fast neutron fields at the RB reactor using 
new BOX enriched uranium dioxide fuel started at the same time. This 
research resulted in construction of the external neutron converter ENC 
<1976., И 6 П , experimental fuel channel EFC (1932., (171) and finally 
reactor modification for a coupled fast - thermal system (the first 
stage CFTS-1, 1983., 1181). The new computer codes for reactor lattice 

13- i 



41 

ana core calculations [19,20,211 ana the appropriate experimental 
methods were developed simultaneously. 

The external neutron converter - ENC transforms the RB thermal 
neutron leakage flux Into a fast fission neutron flux, it is constructed 
as an aluminum box (dimensions 1116 mm x 1120 trm x 76 mn) beside the RB 
core filled with 560 segments of the RB BOX enriched uranium dioxide 
fuel elements (4.312 kg of U-235). The external aluminum plate of the 
ENC is covered with a cadmium sheet to eliminate thermal neutrons In the 
converted spectrum. A special RB core is designed to .optimize the ENC 
flux output dependent of the RB reactor power. 

The characteristics of the ENC are very carefully examined 
(22,231. The principal advantages of the ENC are easy accessibility to 
the large experimental space and the possibility of the fast neutron 
spećtrum down-shifting using screens of various materials. The 
shortcoming of the ENC ie the low intensity of the fast neutron flux, 
which is particularly relevant to irradiation experiments. 

Due to its very low effective multiplication factor and due to 
its position outside of the RB core, the ENC has no effects on safety 
and operation characteristics of the RB reactor, but the relevant 
theoretical analysis were performed by computer codes before the ENC 
realization. It has been shown that ENC-RB coupling can be completely 
controlled by the existing RB control system in the same way as in the 
case without the ENC. The ENC shuts down automatically after the RB 
reactor operation has been terminated. The radiation fields in the RB 
building are not essentially disturbed during the ENC-RB operation. 
Finally, the quantity of the energy generated in the ENC insignificantly 
increases its temperature. The new operating instructions (241 and 
regulatory rules [251 have been written and approved by the Safety 
Comnittee of the Boris Kidric Institute. 

The intensity of the fast neutron field has been up-graded in 
1982 when the experimental fuel channel - EFC was constructed, The EFC 
was formed of 10 modified BOX enriched uranium dioxide fuel segments in 
a standard fuel channel of the RB reactor, but without heavy water 
moderator surrounding the fuel. A hew RB core was designed in order to 
increase epithermal neutron flux around the EFC. Fast neutron flux of 
higher intensity than outside the ENC resulted from smaller experimental 
space (diameter 25 rmt, height 1200 mm) and softening of the fast neutron 
spectrum. 

The safety analysis performed by computer codes showed that the 
RB reactor operation with the EFC is safe, without any need for control 
or safety systems modifications. 

Almost simultaneously, in 1981., a feasibility study of coupled 
fast - thermal system at the RB reactor (CFTS) began. It was based on 
the know-how acquired througn the work performed at the ENC and the EFC 
and the theoretical methods and numerical codes for fast neutron fields 
developed at the Nuclear Engineering Laboratory in Vinca. 
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The goal was the realization of the CFTS at the RB reactor using 
existing nuclear fuel with minimum reactor system modification. Its 
first step was achieved at the end of 1983. Th« first version of the 
coupled fast - thermal system, CFTS-1, acting as In-core neutron 
converter, which le completely controlled by th* existing RB reactor 
control and safety systems has been completed and studied (261. 

The main reason for the CFTS-i construction was testing of the 
applied theoretical methods and the developed and used .computer codes. 
The fast zone (without heavy water moderator) of the CFTS-1 was designed 
as an annulus of the SOX enriched uraniun dioxide fuel elements 
(inner/outer diameters: 200/300 mn) inside of the blanket zone (external 
diameter 400 mm) made of the two layers of the natural metal uranium 
fuel elements in separate aluminum tank, inside the fast zone there is 
a central air hole (diameter 200 inn, height 1250 mm) for irradiation 
purpose. The thermal CFTS-1 zone has a thin inner radial heavy water 
reflector, heavy water thermal core of the 2X and SOX enriched fuel 
elements in square lattice pitch of 120 rrm (Inner/outer diameter 
640/1220 гттл), outer radial (outer diameter 2000 inn) and bottom axial 
(height 200 inn) heavy water reflector. 

Very tnorough safety analysis was performed for possible 
accidents during the operation of the RB reactor as a coupled system. It 
ha6 Deen shown that the operation of tne RB as the CFTS is completely 
safe if the existing co'ntroi and safety systems operate properly. There 
was no need for additional safety rods acting upon the fast zone, but 
for safety precautions the moderator billing detector is placed in the 
external CFTS tank and conhected to the safety system. The safety system 
of the RB reactor can quickly and safely shut-down the reactor during 
the most probable accidents. Neither the system components nor the 
reactor stuff will be exposed t6 higher doses during serious accidents 
(18.241. Besides that, the R8 control system is modernized by adding 
one linear and one logarithmic neutron current channel, which were 
connected )n the safety system 12?i. 

All the modifications at the RB reactor regarding the CFTS were 
approved by the Boris Kidri£ institute Safety Committee, an independent 
authority body. A new safety report of the Rb reactor nas been prepared 
[261 and the new operating instructions have been written (291. 
According to the newest Yugoslav nuclear safety law, the new RS safety 
report is now in preparation. 

Further step in development of the fast neutron fields at the RB 
reactor is realization of the reijl CFTS for which the analysis are under 
progress. The new coupled system will have central fast core of the BOX 
enriched uranium dioxide plates if> which the asymptotic neutron space 
distribution is expected (311:, It will be surrounded with natural 
uranium converter/buffer zone and r6 reactor thermal core driver. At the 
same time, installation of the new control system and connection to the 
DEC VAX 8250 computer will be done doofi. 
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RA REACTOR 

The safety characteristics of the RA reactor were based on USSR 
safety philosophy before 1960 [41, but during construction of the 
Yugoslav RA reactor the first safety improvement was done by built in 
period meter w:th safety threshold. According to the Soviet project, the 
only safety threshold during start-up was the power increasing threshold 
set 20* over the determined power. With new period meter in the safety 
system the total safety of the RA reactor was increased, especially 
during start-up, and the operation procedures during start-up for the 
staff are made easier (6,13,331. 

The first years of operation showed unexpectedly high increase 
in activity of heavy water primary cooling/moderating system. The Co-60 
was detected in measurements, but the source was not unveiled until 1963 
when the RA operation stopped. The design failure was detected during 
the heavy water pumps repair, with the help of the Soviet experts. The 
bearings of the shafts of the heavy water pumps were made of Stetlite, a 
steel alloy with high content of cobalt [321. The heavy water system was 
successfully decontaminated by heavy water distillation and using 
appropriate chemical solutions. The bearings were replaced. The 
operation staff has received high radiation doses during decontamination 
and repair, but until today, the activity of the heavy water system is 
sti 11 high. 

Vibration in the pipelines of the heavy water system were 
detected during later operation (1966). The design speeds of the heavy 
water pumps were 3000 rpm and 1500 rpm, with heavy water flows 350 m V h 
and 250 m3/h, respectively. According to the original RA project, for 
nominal 6,5 MW power operation, the speed of the pumps was 3000 rpm. 
Possibility was analyzed to decrease the speed at the lower designed 
value without nominal power reduction because of relatively high 
vibrations in the pipelines. The theoretical and experimental research 
showed that the 2X enriched me^al uranium fuel elements cooling would be 
quite safe with the new speed (341. Beside reduction of the vibration, 
the pumps maintenance time was reduced also, during staff had received 
high doses. 

Other improvements are done concerning in-core fuel management 
which was improved in sense of higher irradiation and stationary power 
distribution achievement, which was necessary after reduction of primary 
coolant flow. The RA reactor used 2X enriched metal uranium fuel 
segments (length 110 nm, diameter 31/37 mm, 1 mm thick aluminum 
cladding) of Soviet origin. These segments offer wide possibilities for 
in-core fuel management (471 which yas applied to attain almost flat 
power space distribution and uniform irradiation distribution. The flat 
power distribution was very favorable after reducing of the heavy water 
flow, so that possible power peaks in some parts of the core are avoided 
(351, and fuel burn-up is uniform. 

After the replacement of the bearings of the shafts of the heavy 
water pumps the RA operated until 1979 without kny bigger problems (361. 
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New 80X enriched uranium dioxide fuel of Soviet origin having same 
dimensions as the 2% metal uranium fuel is obtained in 1976. Theoretical 
and experimental analysis were done for safety determination 137,38.391 
and for replacing gradually the 2X enriched fuel with the BOX enriched 
one in tne RA core 140,45,46). All steps and safety analysis were 
approved by the Safety Committee of the Boris Kidrič institute. 

Certain deposits on the claddings of the hign-enricned fuel were 
detected, during fuel exchange in the RA mixed 2X-80X core in 1979. 
There were no detected operation problems except for smal I coolant 
temperature increase at the output from the few fuel channels. The RA 
reactor operation is stopped. Detailed research of the possible reasons 
for these deposits showed that the existing heavy water distillation 
system has not been usćd as often a's it was proposed in the original RA 
project 1411. That changed the chemical composition of the heavy water 
coolant resulting in the creation of the deposits. The heavy water 
distillation system is used according to the project and new ion-
exchanging column is added in the system before RA reactor started 
operation again with clear BOX enriched fuel in core In 1981. It is 
expected that it is possible to keep thfe heavy water purity at the high 
level avoiding the deposits creation with modifications mentioned above. 

When the reactors RA and RB yerfe built, in the period 1957-19S9. 
there were no law regulations in Yugoslavia about design and operation 
of nuclear facilities. The RA reictor is built according to Soviet 
nuclear laws of that time. During past years tne new laws and 
regulations were passed. According to the laws, a new emergency cooling 
system (421, which was not designed In USSR project has to be build in 
at the RA reactor. A ventilation system nas to be extended with new 
filters [431. 

The emiergencV tooling System was not predicted in the origin 
Soviet RA project and its iat^r design and construction made a lot of 
difficulties regarding its outMne and design. According to the maximum 
designed accident, the cooling of fuel elements Is significantly depend 
on the break of the hot leg or cold Ifeg of the primary coolant pipeline. 

) 
The fuel elements lose their coolant very quickly during break 

at the inlet cooling pipeline, and there no possibility for adding new 
coolant. But, the heavy water moderator in the reactor tank is quite 
enough to bring out the generated fenergy, received mainly by radiation 
from the fuel. The moderator flows out very slowly from the reactor 
tank, and in the same time there at-e possibilities for its addition. 
These conclusions are results of the theoretical and experimental 
research done at the RA reactor. 

During break of the outlet pipeline, moderator drains out 
quickly from the reactor tank, but the cootant goes out slowly with 
possibility for adding new coolant in tne fuel channels. The cooling of 
fuel elements is sufficient enough for removal of the generated heat. 
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These different possibilities of the fuel elements cooling, 
dependent on the accident development, made necessary application of 
two different actions of the emergency cooling system reducing its 
reliability of the action, on account ̂ increasing its possibility of the 
correct fuel element cooling. The emergency cooling system takes 
coolant from a separate heavy water tank or, in an extreme case. light 
water from the upper shield of the core. 

According to the original Soviet project, the ventilation sVstdm 
had two fundamental tasks: necessary subpressure distribution in the 
reactor building and achievement of a necessary number of the air 
exchanges in the offices. Actually it was a protection system tor the 
people in the RA building. The environmental protection is done only 
with a high exhausting -pipe, dispersing air contamination to a 
permissible concentrations. 

This environmental protection Is enough in nortrtal operation 
conditions, but during the possible accidents the air contamination is 
high and a new iodine filters are bijilt in, kccording t<3 the new 
nuclear laws. During normal power operation they đre isolated in the 
helium atmosphere and they will be connected to the ventilation system 
in the case of accident. 

The RA reactor began operation without a safety report. The 
first Safety report was written in 1963 (33) according to the Soviet 
nuclear law regulations. That report was updated first in 1966 when the 
coolant pump speed was reduced [34], and after that in 19B0 when the 
operation with SOX enriched fuel started (38,393. After the 
modifications mentioned above, a new safety report of the RA reactor was 
prepared and approved by the Safety Committee of the Boris Kidric 
Institute (441 to respond to ndw Vugoslav law regulations demands. The 
RA nominal power is reduced td 4.2 Ш, according td the newest safety 
analysis* It is expected that the safety report will be confirmed by a 
Government nuclear regulation body during 1988, when reactor RA will 
start operation again. 

CONCLUSION 

A review of the main improvements in safety of the Boris Kidrič 
Institute research heavy water RA and RB reactors is presented. All the 
most important operating and safety problems, including the accident at 
the RB reactor, during past 30 years are shown. The resulting 
modifications in the reactors systems for safety improvements are 
underlined. The changes in safety philosophy and design according to 
the new nuclear regulations are indicated. 

It is expected that the 30 years of the safety experience during 
almost continuous operation of both reactors are a solid basis for the 
safe operation of the RA and RB reactors till the end of this century. 
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