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ABSTRACT

The 'RB' is zero power heavy water critical
assembly designed in 1958. in Yugoslavia. The
reactor operated using natural metal uranium, 2%
enriched metal uranium, and 80% enriched V02 fuel
of Soviet origin. A study of design of fast
neutron fields began in 1976 and three fast
neutron fields were designed up to 1983: the
external neutron converter, the experimental fuel
channel and the internal neutron converter, as the
first step to fast-thermal coupled system. The
preliminary design characteristics of the HERBE -
a new fast - thermal core at the RB reactor are

shown in this paper.

INTRODUCTION

The RB reactor was designed in 1958 as an
unreflected zero power heavy water - natural
uranium critical assembly. Nuclear material was
bought in Soviet Union, but complete design of
the reactor was done in Yugoslavia. During last
30 years of the reactor operation, the 2% enriched
metal uranium fuel and 80% UO^ fuel of Soviet
origin were obtained and used in the reactor core.

Modifications of the reactor control, safety
and dosimetry systems (done in 1959-1960, 1976,
1986 and 1988) converted the RB critical assembly
to the experimental reactor with 1 W nominal
power, normally operated up to 50 W and in special
occasions up to 10 kW.

A study of the fast neutron fields of the RB
reactor began in 1975 when new fuel, 80% enriched
U0-, dispersed in aluminum,^become available. The
external neutron converter* (ENC) was designed in
1976, the experimental fuel channel (EFC) was
made in 1982 and the first version of coupled
fast-thermal system (CFTS-1) acting really as an
internal neutron converter was designed in 1983.

New computer codes were developed and
application of the adequate experimental methods
was adopted at the designed fast neutrons fields.

THE CFTS-1, THE FIRST VERSION

The 80% enriched uranium dioxide fuel of
Soviet origin is obtained in 1975. The new fuel
elements have the same geometrical shape and the
mass of uranium isotope 235 (7.7 g) as the 2%
enriched uranium fuel elements used at the RA and
RB reactors in Vinca from 1959. The fuel elements
are designed as cylindrical segments of 2 mm thick
annulus of fuel material covered with 1 mm
aluminum cladding. Inside diameter of the fuel
layer is 31 mm and the fuel outside diameter is 35
mm. The length of the fuel layer is 96 mm, and the
length of the fuel element is 112.5 mm.

A very wide spectrum of cell and reactor
experiments, mainly with thermal and epithermal
neutrons using high enriched fuel, was performed
at the RB reactor until the end of 1978, when the
RA reactor was loaded with the first mixed fuel
core. At the same period the ENC was designed and
examined at the RB reactor. The EFC was designed
and examined in 1982-1983.

A feasibility study of coupled fast thermal
system at the RB reactor using existing nuclear
fuel and required minimum reactor modification
started in 1981 and resulted (at the end of 1983)
in realization of the first version: the CFTS-1,
which acts as in-core neutron converter. The main
reason for the CFTS-1 realization was testing of
the applied theoretical methods and developed and
used computer codes.

All calculation for the CFTS-1 design were
performed using numerical codes developed in
Nuclear Engineering Laboratory. The well-known
coupled fast thermal reactors, as ZPR - V , STEK.
and STARK , were thorough studied before the CFTS-
1 design at the RB reactor has been initiated.

The basic requirements for the CFTS-1 design
were set as following:
a. the CFTS-1 must be formed using existing RB

fuel elements with minimum possible
modifications of the RB reactor systems;

b. the RB operation with CFTS-1 must be safely
with existing control and safety systems of the
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reactor;
c. the CFTS-1 fast core should have the highest

possible ratio of the fast to the thermal
fissions, and

d. the thermal core kinetics parameters of the
CFTS-1 should be dominate and determine
kinetics behavior of the whole CFTS-1 at the
RB reactor.

The CFTS-1 fast zone (without moderator) was
designed as an 80% enriched fuel elements annulus
(inner/outer diameter 200/300 mm) surrounded with
blanket made of two layers of the natural uranium
fuel elements in separate aluminum tanks. A
central air hole (with diameter 200 mm and height
1250 mm) is designed for irradiation purpose.

The CFTS-1 thermal zone is the RB thermal
core of 2% and 80% enriched fuel elements in
square lattice pitch of 120 mm (inner/outer
diameter 540/1220 mm) surrounded with heavy water
reflector.

Safety analyses performed showed that the RB
reactor can operate safely with developed CFTS-1
as fast neutron converter without any modification
of the existing control and safety systems. There
were no need for additional safety rods acting,
upon the fast zone, but for safety precautions the
moderator leaking detector is placed in external
CFTS-1 tank and connected to the existing safety
system of the RB reactor. Its purpose is to
shutdown the reactor in case of leaking heavy
water into fast zone.

All requirements, a. - d., except c. were
satisfied. A central air hole had to be designed
due to insufficient number of highly enriched fuel
elements at the RB reactor. So designed the CFTS-
1 acts as fast neutron converter inside the RB
reactor. There were no asymptotic neutron spectra
in fuel in fast zone. Calculation showed that only
2.51% of total fissions are occurred in the fast
neutron core, and 78.19% in the thermal core.

Determination of the fast neutron spectra
and other relevant characteristics of the realized
CFTS-1 were the main experiments performed at the
RB reactor in last few years. Parallel, the new
computer programs for the reactor calculations and
experimental data evaluations were developed in
Nuclear Engineering Laboratory in Vinca.

HERBE - NEW COUPLED FAST THERMAL CORE

New analyzes of a real coupled fast thermal
system at RB reactor are under progress now. This
modification of the RB reactor represents a
continuation of the examinations and realizations
of the fast neutron fields at the RB reactor,
especially CFTS-1. The new coupled system should
has a central fast core designed from the existing
RB fuel elements with real asymptotic fast neutron
spectrum inside center of the fast core. It is
expected that it will start operation during 1990.

A first study of the HERBE at the RB reactor
has began in beginning of 1988. The HERBE should
has a fast core designed of natural uranium or 80%
UO^ fuel in the RB reactor center surrounded with
a neutron filter and a neutron converter. A
thermal neutron core will surround the fast zone
as a driver. This new design conception was
adopted from Soviet's coupled system BTS-A .

A design demands were set as for previously
designed CFTS-1, except that demand c. was
modified in requirement to achieve a fast neutron
asymptotic spectrum in the center of the fast
core. Although the optimal core composition should
demand the fast core with almost 40 cm radius, the
requirements for minimum RB reactor modifications
were fundamental for decision.

Any modifications at the RB reactor with a
diameter of 80 cm wide fast zone in the reactor's
tank (diameter 200 cm) would demand completely
reconstruction of the RB reactor's top cover at
which two safety rods, one control rod and on-line
automatic heavy water levelmeter should be
displaced to the edges of the reactor tank. The
new fuel supporters in the reactor tank should be
designed too.

These were the reasons that lead to try to
meet demands for the HERBE using experience and
available three aluminum tanks from the CFTS-l
fast core design. At the same time, due to
possibility to use additional 80% enriched fuel
segments, the two version of the HERBE are
analyzed.

The HERBE-1 fast core should be designed from
natural uranium fuel elements of the RB reactor
placed in the cylindrical aluminum tank (diameter
20 cm), as tight as possible. The HERBE-2 fast
core should be formed in the same aluminum tank as
HERBE-1, but with 80% enriched UO^ fuel elements
of the RB reactor.

The HERBE fast core will be surrounded with
neutron filter designed from thermal neutron
absorbing material in a narrow zone and natural
uranium buffer zone. The BISCO Co. (U.S.A.)
RA0STOP material and a few materials with B^C were
examined in calculations as possible materials for
the neutron filter. The exact composition and with
of the neutron filter zone depends of desired
neutron spectrum in the fast zone. The neutron
filter zone and natural uranium buffer zone are
designed in the same separate cylindrical aluminum
tank (inner/outer diameter 20.2/30.2 cm).

The RB 80% enriched U0 7 fuel elements are
used as the neutron converter surrounding the
neutron filter zone in the separate cylindrical
aluminum tank in which the HERBE fast zone is
placed (inner/outer diameter 30.2/40.6 cm). There
is no heavy water in the fast zone.
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The HERBE thermal core is based on the RB
reactor core with square lattice pitch of 12 cm
with 80% UO^ fuel elements moderated and reflected
with heavy water. The inner moderator of heavy
water, width 7 cm, surrounds the fast core.

The RB reactor thermal core and HERBE fast
core cell parameters were calculated using VESNA
computer code. The HERBE reactor criticality
calculation are done using modified 2D RZ
diffusion TWENTY GRAND computer code, and one-
dimensional, a tnultigroup, collision probability
computer code AVERY , based at Avery model of
coupled systems.

It was shown that criticality of the alone
fast core is far away from 1 and that the fast
and thermal core are strongly coupled according
to of Avery's parameters. Heavy water critical
level in thermal zone is determined as 1050 mm +
50 mm by calculation with numerical codes
mentioned above. The safety calculations are under
progress and it is expected that they will
certificate demands for safe operation of the
HERBE without modification of the RB control and
safety systems.

In any case a new safety trip is designed
with a detector of heavy water leaking in the
external Al tank of the fast zone.

A horizontal cross section of the HERBE fast
zone (version #1 and #2) and horizontal cross
section of the HERBE system at the RB reactor are
shown in the Figure 1. Preliminary designed
characteristics of the HERBE-1 core, compared with
reactor STARK and previously designed CFTS-1
characteristics, are shown in Table 1.

CONCLUSION

The HERBE-1 fast-thermal coupled system is
designed using existing nuclear fuel at the RB
reactor. All design demands were fulfilled. The
actual operation of the HERBE-1 will began in
1990, after the safety analyses were completed.

The further improvement in the HERBE system
is plan to design the fast core from square UO2
fuel elements to avoid high dilution in the fast
core. It will open new field of the RB operation
as coupled fast-thermal system.
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HERBE-1 FAST CDRE HERBE-2 FAST CDRE
O RB NATURAL URANIUM FUEL ELEMENT
O RB ENRICHED URANIUM FUEL ELEMENT

SAFETY RDDS IN THERMAL CDRE O CDhTTRDL RDD IN THERMAL CDRE

F I G . l . HERBE HORIZONTAL CROSS-SECTION
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TABLE 1. HERBE-1 PRELIMINARY DESIGNED PARAMETERS

PARAMETER

1. Fast Core
1.1. outer radius (cm)
1.2. volume fraction (%)

2. Fast Core Blanket

SNEAK7

18.9

65.53 JJ\
26.90 Al̂ C

(Neutron Filter & Converter)
2.1 outer radius (cm)

2.2. volume fraction (%)

3. Fast Zone Nuclear
Charac t e ris tics

^•FZ

V.J2
Xj2 (ms)
ln (ms)
1. (ms)

alpha^

4. Thermal Core
4.1 inner radius (cm)
4.2. outer radius (cm)
4.3. material

composition

4.4 reflector
radial central
radial outer
axial bottom

5. Thermal Zone Nuclear
Characteristics

k22

121 (ms)
122 Cms)
1, (ms)

alpna^

6. System
critical height (cm)
neutron lifetime (ms)

23.9

5U
!

>3

r

0.72 f%
99.28 23€

1
0.7610
0.1316
0.06755
0.00793
0.02147
0.411

30.5
46.0

15.40 %(vol
(enr.=20%)
35.96 %(vol

48.64 %(vol

d = 6.6 cm
d = 40 cm

-

0.8330
0.3023
0.1012
0.1226
0.1190
0.589

70.0
0.0789

*0

) u3o5

) HJ3

) graphit

SBTS-14

15.0
9.3 UO, (enr.=80%)

23.8 Al
66.9 air

20.3

62.5 U (enr.=O.72%)
10.4 Al
27.1 air

0.1571
0.4523
0.1526
0.209
0.0796
0.149
0.214

27.0
60.6

28 RB fuel elements
U02 (enr.=80%)
36 RB fuel elements
metal U (enr.=2%)
moderator D y0
(0.76% mol H^O)
lattice pitch 12 cm

d = 6.4 cm
d = 39.6 cm
d = 10 cm

0.8505
0.5363
0.171
0.525
0.517
0.7856

122.0
0.365

HERBE-1

10.0
50.5 U (natural)
10.4 Al
39.1 air

B - filter: 11.5
U - filter: 15.1
U - converter: 20.3
B - filter: B,C 100
U - filter: U 41.0
(enr.=nat.) Al 9.3

air 49.
U-converter: UO, 8.
(enr.=80%) Al 24.

air 67.

0.1936
0.271
0.154
0.064
0.032
0.0551
0.123

27.0
55.8

52 RB fuel elements
U02 (enr.=80%)

moderator D^O
(1.55% mol HoO)
lattice pitch 12 cm

d = 6.4 cm
d = 44.2 cm
d = 10 cm

0.8981
0.5014
0.469
0.521
0.515
0.877

105.0
0.341

7
3
3
4
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