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Abstract - A study on criticality safety of fresh low and high enriched uranium (LEU and HEU) fuel 
elements, in the original metal containers (OMC) placed in the special metal protection 'cage' and in 
a designed wooden storage case (WSC), at the RB research reactor is carried out by using the 
well-known MCNPT M computer code. It is shown for the first time that these HEU and LEU fresh 
fuel elements, stored in the WSC or in the OMCs, are far away from criticality, even in a case of 
unexpected flooding of the storage by light water. 
 
 
Introduction 
 
 Beside natural metal U fuel elements, the LEU (2%, metal U) and HEU (80%, UO2 dispersed in 
Al) fuel elements in form of the annular cylindrical slugs, almost the same geometrical dimensions, 
are available at the RB reactor [1]. The average mass of nuclide U-235 in the LEU (7.45 g) and 
HEU slug (7.67 g) is the same within ± 2% error. Since the RB reactor operates as a critical 
assembly, all fuel elements are fresh and stored in the reactor hall in the original metal containers 
(OMC) or in an especial designed wooden storage case (WSC). For the reasons of the physical 
protection, the OMCs with the HEU are placed in the special metal protection 'cage'. Sometimes, 
the HEU can be placed, temporary, in the WSC, while the OMC can be filled by the LEU, so the 
mixed fuel configurations can be arranged. Horizontal cross section of the WSC and 3D view of the 
protection 'cage' with ten OMCs (diameter 30 cm, height 76 cm, each) are given at Figures 1 and 2, 
respectively.  

 The fuel manufacturer from the ex-USSR did 
not provide any (calculated of measured) 
information on criticality of the fresh fuel elements 
in the OMC during transport or storage in normal 
(air) or supposed accidental conditions (e.g., flooded by water). We believe that complex structure 
of fuel slug (Fig.3, dimensions in mm) and usage of polystyrene (Fig. 4) for fuel supporter ('layer') 
were the main reasons for that, because reactor design codes often cannot solve problems in 

 

 Fig.1. Horizontal cross section of the WSC  

 

 Fig.2. 3D View of the Protection Cage  
 for ten OMCs loaded with enriched fuel 



irregular structures filled by material with high diffusion coefficient. Twenty fuel slugs (either HEU or 
LEU) can be placed in one polystyrene layer. Up to five layers can be placed one above the other in 
the OMC. 

Calculation 
 
 Although the LEU fuel is used at the RB reactor since 1960, and the HEU fuel since 1976, the 
exact study on real criticality safety of these fresh fuel slugs in normal and assumed accidental 
conditions, was not carried out up to now, when the MCNP code is applied. Only estimated results, 
for assumed accidental conditions, were available [2]. 
 Since the MCNP code [3] can easily overcomes the complex geometry, the first part of the 
research was carried out to answer to the question: Is the free gas model suitable for the polystyrene 
because the appropriate scattering S(a,ß) model in thermal energy region is not available? In that 
study the scattering model for 'similar material', as it was suggested in the [4], was chosen for the 
calculation. As the 'similar material' in the MCNP's available TMCCS1 library with given S(a,ß) 
scattering laws, were selected: H2O, benzene ( C6H6 ) and polyethylene -[CH2]n-, because H-atom 
connection in their structure is 'similar' to organic structure of the polystyrene  -[-CH(C6H5)-CH2-]n- 
. The analysis, [5-6], has shown that differences in the effective multiplication factors (keff), due to 
application of the free gas model or the S(a,ß) model for 'similar material', were less than 7% in all 
cases, including imaginary cases when whole polystyrene is replaced in the calculations with water 
or polyethylene. Because the keff is far away from 1, these differences can be neglected and the free 
gas model or the S(a,ß) models for C6H6 and -[CH2]n- are used equally.  
 Geometry and compositions of the fuel slugs and storage materials are modeled in the MCNP 
code as close to real ones as possible. Only minor approximations are accepted. E.g., aluminum 
'star' of the fuel slug is homogenized with surrounding material (air or water), or some constructive 
details of the OMC, e.g. handles, are neglected. Density of the expanded polystyrene (0.0745 ± 
0.0025 g/cm3, p=68%) is determined as the average one from measuring mass and volume of ten 
random selected layers. Only real cases, determined by total number of fuel slugs (LEU: 708, HEU: 
985) available at the RB reactor are analyzed. For the supposed accidental cases, an infinite 
reflector is assumed, modelled in the MCNP by 30 cm thick layer of water at the top and all sides 
of the fuel array (the OMCs in the 'cage', or fuel elements in the WSC), except at the bottom of the 
array where the concrete layer (thick 30 cm) is supposed. Clean (only one type of fuel) and mixed 
(LEU and HEU fuel) configurations with the OMCs entirely loaded (100 fuel slugs each) are 
studied. 

 

 Fig.3 Vertical cross section of the HEU/LEU fuel slug 
 

 Fig.4. Polystyrene 'layer' in the OMC 



 The 'cage' with the OMCs is a square array of the OMCs with lattice pitch (a=46 cm) 
determined by construction. The WSC is modelled as an irregularly filled square array of fuel 
elements with lattice pitch of 11.0/√2 cm. The BMCCS1 (based on ENDF/B-III,-IV, ENDL85), 
TESTLIBA (based on ENDF/B-VI and ENDL85/90) and TMCCS1 libraries are used for neutron 
cross sections. Initial neutron source is selected in each fuel slug. The calculation is carried out (after 
15 initial ones) with 1000 neutron histories per cycle until the relative statistical error (1s) of the keff 
has not become less than 1%. (app. 260 active cycles). The results for keff, for normal ('in air') and 
assumed accidental ('in water') conditions, are given in Table I (for the OMCs) and, together with 
the neutron fission lifetime lfiss, in Table II (for the WSC). The 1s statistical errors are given. 
 
 Table I. The keff [10-5] for arrays of the OMCs filled with fresh LEU or HEU fuel slugs 

  Case  HEU  LEU 

 7 OMCs in air (as close as possible, a=43.5 cm)  a  6312 ± 27 

10 OMCs in air (as close as possible, a=43.5 cm)  2295 ± 26  b 

 7 OMCs in water (as close as possible, a=43.5 cm)  a  34146 ± 145 

10 OMCs in water (as close as possible, a=43.5 cm)  36945 ± 141  b 

10 OMCs in 'cage' in air (a=46.0 cm)  3320 ± 27  b 

10 OMCs in 'cage' in water  33854 ± 95  32559 ± 76b 

10 OMCs in 'cage' in air (7xLEU + 3xHEU)  6906 ± 26 

10 OMCs in 'cage' in water (7xLEU + 3xHEU)  33394 ± 94 

 Notes: a = not calculated;  b = impossible case at the RB reactor 
 
 Table II. The keff i lfiss for WSC at RB reactor 

 Fuel configuration in the WSC  keff  lfiss [µs] 

 58(80%) in air   0.01660 ± 0.00031  151.77 ± 3.55 

 58(80%) in water  0.51374 ± 0.00130  138.99 ± 0.41 

 40(2%) in air  0.04612 ± 0.00019  25.87 ± 1.06 

 40(2%) in water  0.45577 ± 0.00104  127.21 ± 0.39 

 58(80%) + 26(2%) in air   0.03572 ± 0.00024  50.99 ± 1.85 

 58(80%) + 26(2%) in water  0.51816 ± 0.00117  138.48 ± 0.43 

 40(2%) + 44(80%) in air   0.05029 ± 0.00026  47.75 ± 1.53 

 40(2%) + 44(80%) in water  0.49287 ± 0.00116  132.63 ± 0.43 

  The first column of the Table II gives the total number of fuel elements and slug enrichment 
(in brackets). Each fuel element is an aluminium tube (ID/OD 41/43 mm) filled with 17 fuel slugs (of 
the same enrichment) placed one above the other. E.g., a mixed composition with 58 fuel elements 
with HEU fuel slugs and 26 fuel elements with LEU fuel slugs, marked as: '58(80%) + 26(2%)', is 
shown in Fig. 1. The cases shown in Table II are selected as compositions of the fuel elements in the 
WSC with highest reactivities. 
 It could be seen, from the Tables I and II, that effective multiplication factor of the fission systems 
studied is much less than 1, and only during assumed accidental conditions it can reach 'higher' 



values between 0.33 and 0.52. Influence of usage of different scattering laws or material cross 
sections from different evaluated nuclear data files is also analyzed and estimated to be maximum of 
the total 10% in calculated keff. Including estimated uncertainties of all other assumptions and 
approximations (e.g., errors or unknown nuclide concentrations of low detectable impurities in 
material compositions) the total uncertainties of each calculated keff can be estimated at the total 
value of 15% of the keff with 95% probability. This relatively high uncertainty still offers high margin 
for nuclear criticality since the keff values of the fission systems studied are far away from 1. 
 
 
Conclusion 
 
  It is shown, for the first time by using the MCNP computer code, that the HEU and LEU fresh 
fuel elements, stored in the wooden storage case (WSC) or in ten original metal containers (OMC) 
in the protection cage in the RB reactor hall, are far away from criticality, even during an assumed 
unexpected flooding of the storage by light water. 
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