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ABSTRACT 

The 'HERBE' is new coupled fast-thermal core, designed in 1991, at the 'RB' reactor in the 'Vinca' Institute. It is used 
for verification of designed oriented computer codes developed in the Institute, training and sample irradiation in fast neutron 
field1. For the last purpose a vertical experimental channel (VCH) is placed in the central axis of the fast core. Neutron 
spectrum in the centre of the VCH is calculated in 44 energy groups. Space distributions of two energy group neutron flux 
in the 'HERBE' are measured using gold foils and converted into the neutron absorbed dose (in air and tissue) using group 
flux-dose conversion factors. Gamma absorption doses in the air in the centre of the VCH are measured using calibrated 
small ionisation chamber filled with air. Determined dose rates are related to the reactor power. The first preliminary 
irradiations of silicon diodes (designed for production of the neutron dosimeters) in the centre of the VCH of the 'HERBE' 
fast core are carried out in 1994 and 199S. This paper describes calculation methods and measurement techniques applied 
to determination of the irradiation performance and dosimetry characteristics of the 'HERBE' system. 
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1. 'HERBE' SYSTEM 

The fast core (200 mm diameter) of the 'HERBE' system is loaded with natural uranium fuel elements of the RB reactor. 
It is surrounded by a neutron filter and a neutron converter. The neutron filter zone (200/300 mm inside/outside diameters) 
contains a cadmium layer (1.6 mm thick) and the natural uranium fuel elements. Increase of the fast neutron flux is realized 
by the neutron converter zone (300/400 mm inside/outside diameters), filled with the 80% enriched UOj fuel elements. 
Thermal core is composed of the 8055 enriched UO, fuel elements placed in the 12.0 cm square lattice cell, moderated and 
reflected by heavy water. A vertical experimental channel (72/76 mm inside/outside diameters) is placed in the central axis 
of the system. Horizontal and vertical cross-sections of the 'HERBE' system are shown in Figures 1 and 2 respectively. 
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2. CALCULATIONS 

Bask nuclear and dosimetry characteristics of die 'HERBE' system arc determined by computer codes and verified in 
experiments. Several computer codes for calculating neutronic parameters of the 'HERBE' system are developed and installed 
at DEC VAX 8250 computer in the NET Laboratory. Programs TWENTY GRAND2 and TRITON3 were obtained from NEA 
Data Bank. A brief description of the developed computer programs and calculation of the 'HERBE' dosimetry characteristics 
follows. 'HERBE' cell parameters are determined by computer codes DENEB4 and VEGA5 in 44 energy groups and 
condensed to the 25 energy groups for AVERY* code or to the 4 or 2 energy macro-groups for global reactor calculation 
carried out by GALER7, TWENTY GRAND or TRITON codes. All developed computer codes are used for calculations 
of different parameters of coupled fast-thermal system 'HERBE', but they can be also applied to many other complex reactor 
configurations. Neutron spectra in the 'HERBE' system, calculated by the AVERY code, are shown in Figure 3. 

Program DENEB is a reactor cell design code for LWR 
and HWR calculations in cylindrical R-Z geometry. 
Primary data library is in 44 energy groups. The epithermal 
range down to 1 eV has 23 energy groups, 13 beings in the 
a U resonance range. For neutrons in the fast and in the 
unresolved resonance range the multi-group cross section 
data have been obtained from BNAB-78" library. For 
thermal neutrons, 20 energy groups with equal width in 
neutron velocity domain are used. Scattering matrices as 
functions of temperature, for hydrogen in water and 
deuterium in heavy water, are calculated using the well-
known model of Koppel and Young. The postprocessing 
module of DENEB generates macroscopic constants for 
reactor diffusion calculation. 

Program VEGA is developed for the calculation of 
spac&«nergy distribution of neutron flux and few group 
constants preparation in thermal reactor assembly with complex X-Y geometry and diagonal symmetry. The assembly is 
divided in square or quadrilateral regions. Some square regions can contain several concentric circular regions. Reflector 
or vacuum boundary conditions can be used. Some regions (usually fad elements with moderator and structural materials) 
can be homogenized into single material. Control and safety rods are not homogenized, but are calculated exactly in supercell 
model with one control rod and neighbouring fuel elements. 

Program AVERY calculates die kinetic parameters of coupled core systems using the model of Avery*. Kinetics of a 
coupled system is described by coupled kinetic equations, where some integral parameters are defined characterizing 
multiplication and prompt neutron lifetime in every core and interaction between cores. Direct and adjoint neutron fluxes 
are needed for the calculation of integral parameters. They are calculated by collision or transmission probability method 
in one dimensional cylindrical geometry, with axial leakage represented by axial buckling for each zone. Besides calculations 
of effective multiplication factor, space and energy distributions of neutron and adjoint flux and kinetic parameters, program 
AVERY prepares few group cross sections for global diffusion calculations. 

Program GALER is a four groups two dimensional diffusion program in R-Z geometry based on a variation of the well-
known Galerkin method. Coordinate functions are generated from one-dimensional slab and cylindrical etgenfunctions. 

3. MEASUREMENTS 

Verification of the neutron flux calculation by computer codes is carried out by measurement of the space neutron flux 
distribution in the 'HERBE' system (in a horizontal channel placed in the reactor at 61.0 cm from the core bottom) in two 
energy groups using thin gold (Au) foils (with and without radmiiun covers). Absolute activity of irradiated Au foils is 
determined by measuring 411.801 keV gamma-ray line by calibrated coaxial germanium (Ge) detector and evaluated using 
APOGEE10 computer code. Total error of measurement of two group neutron flux distribution is estimated at 5 % and includes: 
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Figure 3 Neutron spectra in the HERBE system 
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- counts statistical error: 0.6%, 
- uncertainty of '"Au cross-sections (ENDF/B-V library daU): 3 X, 
- uncertainty due to generation of the 44 energy group cross-sections: 3 %t and 
- error of the absolute activity measurements of the irradiated Au foils by the calibrated coaxial Ge detector: 3 % (1.96a). 

Results of measurements (index: metis) and calculation (index: calc) of neutron flux distribution in two energy groups 
(index: 1 = fast; 2 = thermal) in the 'HERBE* system are shown in Figure 4. Zones (1-7) marked at bottom of the Figure 
4. correspond to the radial regions of the 'HERBE' system described in Figure 2. Neutron flux calculated by GALER code 
is normalized so that calculated and measured average flux of thermal neutrons in the 'HERBE' thermal core are the same. 
This normalization gives satisfactory agreement for measured and calculated thermal neutron flux, but it is not the best for 
the epithermal neutron flux. Neutron absorption dose in air in the centre of the VCH is determined using calculate«! values 
of the 25 energy group neutron flux and corresponding absorption dose/neutron fluens conversion factors". Calculated 
neutron absorption and tissue equivalent dose rates are given in Figure 5. 
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Figure 4 Measured and calculated two group neutron flux 
radial distribution in the HERBE system 
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Figure 5 Neutron absorption and tissue equivalent dose rate 

Four energy group components of the neutron absorption dose rate in the centre of the VCH, determined by calculations 
and measurements of the neutron flux at 'HERBE' power at 8.S62 W are given in Table I. According to the measurements, 
a liner dependence of neutron absorption dose rate in function of the 'HERBE' power, in the centre of the VCH, is obtained. 

Absorbed gamma dose rate in the centre of the VCH and at the reactor tank edge is determined by using small volume 
(100 cm1) in-core ionisation chamber filled by air. It is calibrated (in a separate intercomparison experiment) using the RB 
reactor gamma dosimetry channel calibrated for gamma absorption dose rate in range from 1 pGy/h to 100 mGy/h. Measured 
gamma absorption dose rate in function of reactor power (P) is given in Figure 6 and can be approximated by a power 
function: 

dDy(P) 
it 

[mGy/h] = 24.13011"aw0012, P [W\ e[ 0.010, 100.0 J {« 

Preliminary irradiation of new developed silicon ("PIN") diodes designed for neutron dosimeters in the centre of the VCH 
of the 'HERBE' fast core are carried out in 1994 and 1995 for range of the neutron tissue equivalent dose from 0.10 to 
20 Sv. Neutron flux and spectrum perturbation by materials of the PIN diodes, during irradiation, are calculated using new 
ICM12 (Interface Current Method) computer code based on an assumption that placing of small samples (less than 1 % of 
VCH volume) into the VCH do not perturb input neutron current into the channel. This assumption is verified in earlier 
experiments performed for determination of static and kinetic parameters of the 'HERBE' system11'". 
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Table I Neutron absorption dose rate in the VCH centre 

Neutron energy 
[MeV] 

8 Iff1 - 10.5 10° 

4.65 Iff* - 8 Iff1 

4.65 Iff' - 4.65 Iff1 

1.0 Iff9 - 4.65 Iff' 

Total: 

Neutron absorption 
dose rate [Gy/h] 

1.2049 

1.9775 

0.1581 

0.000091 

3.3406 

mo-1] 

IX377WK«)™"" 

Figure 6 Gamma absorption dose rate 
in function of the HERBE power 

4. CONCLUSION 

Irradiation characteristics of the 'HERBE' system are determined by measurements and calculations of neutron and gamma 
absorption dose rates in the centre of the VCH and related to the reactor power as: 

D„ (in air) = 390 ± 20 mGy/h at 1 W, 
Dy (in air) = 24.1 ± 1.2 roGy/h at 1 W. 
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