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                                              ABSTRACT 

Brief description of WWR-M5 thin-walled fuel elements and review of possible 
improvement of parameters for reactor type WWR-M and WWR-SM during 
transition from fuel elements HEU and LEU WWR-M2 to LEU WWR-M5 is 
presented.    

 
 
1. MAIN FEATURES OF WWR-M5 FUEL 
 
An increasing of research scope at the WWR-M reactor set the reactor engineers a task to increase the 
reactor’s productivity, i.e. to raise the neutron flux in experimental channels. Reactor was designed 
for 10 MW power. Created at the end of 1950s, domestic fuel assemblies consisting of tubular 
seamless fuel elements had significant thermophysical margin, which allowed to increase the reactor 
power systematically even at the first years of its operation. By 1966, the steady-state reactor power 
was raised to 16 MW. A test increasing of power even to 18 MW took place. The thermal and 
hydraulic research [1, 2] performed in 1970s has allowed to draw the conclusions that the possibilities 
of further increase the reactor’s specific power by using of fuel assemblies of the WWR-M2 type 
have already been exhausted. The maximal fuel element clad temperature has already reached the 
saturation temperature; and although the margin to the critical thermal load was still sufficiently large 
(> 2,5), any further increase of power and, consequently,  the neutron flux density, in this case,  
caused the appearance of nucleate boiling on the fuel element surface. Therefore, opportunities to 
increase the specific thermal power by means of changing fuel element design have been investigated. 

For the WWR-M reactor conditions, the optimal combinations of the fuel elements thickness and the 
gap between them have been determined for various number of the fuel elements in the fuel assembly 
by the conservation of elementary cell dimensions, i.e. without changing the design of support plate 
and the beryllium reflector [3,4]. The final choice was the 6-element assembly with the fuel element 
thickness of 1.25 mm and the gap of 1.5 mm. The overall dimensions of cell boundary have remained 
as same as WWR-M2 

The new type of fuel element provided an increase of the specific heat-transfer surface by 1.8 times, 
that under some decreasing of coolant velocity , gave the gain in the specific thermal power by 1.5 
times while conservation of previous limitation on the fuel element clad temperature.  
The stem design of the fuel assemley provides equal cooling velocity of all fuel elements and record 
specific heat-transfer surface in the core equals to 6.6 1/cm is achieved.  

We began with about  the same uranium loading as WWR-M2 fuel. Later on the fuel loading was 
almost increased twice as much. It reduced the fuel component of operational expenses and raised the 
multiplication factor of the active core.  
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                                                Fig. 1 WWR-M5 assembly and elements. 
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After going over to the WWR-M5 the reactor power was increased up to 18 MW in spite of the 
reduction of the number of fuel assemblies in the core from ≈ 200 to ≈ 130. The increase of the total 
and specific reactor power was accompanied by the neutron flux growth in the experimental channels. 
Besides that the additional experimental devices were placed in the released core cells. The 
experimental device loaded practically every second core cells.  

In the process of transition to fuel assembles of the WWR-M5 type, its comprehensive tests were 
performed up to operation under spiking specific loads up to 900 kW/l, that is a record for fuel 
elements of pool-type research reactors [5]. 

Seamless tubular fuel elements enable to shape a reactor core without loss of volume for structural 
components. Covers of fuel assemblies for fuel rods and side plates of fuel plate assemblies 
substantially reduce useful volume of reactor core, thus reducing neutron fluxes applicable for 
experiment. 

Only two types of reactor cores are known, which are free from structural components, namely: 
reactor cores loaded with tubular fuel elements and reactor cores consisting of a mono type block, 
fabricated from fuel plates. The first type includes multi-purpose reactors, for example: WWR-М, 
IRT, IVV-2M and the second type: research beam reactors ILL and FRMII. The latter two are solely 
intended for extraction of high-density neutron beams and have no irradiation devices within reactor 
core. In both types, specific heat-emitting surface of fuel elements and reactor core as a whole match 
with each other. 

 
2. WWR-M5 FUEL ASSEMBLIES FOR WWR-M and WWR-SM REACTORS 
CONVERSION  
 
We compared reactor cores for reactor type WWR-М during application of LEU WWR-M2 and 
WWR-M5 fuel elements. The calculations were performed under the MCNP-4C code. Simplified 
burnup model with one stable fission product was used. Possible burnup in discharge fuel is equal 
about 55-60 % in both cases. 

For LEU WWR-M5 based on uranium dioxide we used uranium density in the matrix approximately 
3g/cm3. For LEU on UМo basis - approximately 5.5 g/cm3. Geometry of fuel elements in both cases 
preserved: thickness of nuclear fuel layer   0.39 mm and cladding 0.43 mm. Therefore, fuel assemble 
loading by U-235 for active layer height 500mm was approximated to 42 and 72 g. Certain increase 
of loading is possible after an increase of fuel layer thickness due to reduction of cladding thickness. 
Application of uranium dioxide in WWR-M5 fuel elements gives only heat- emitting advantages , 
e.g., factor of non-uniformity of energy release  KV may be increased from 3 to 5. Heat-emitting 
advantages can hardly repay increased fuel expenses during transition from 3 to 6 fuel elements 
assembly.  

Application of UМo in WWR-M5 fuel elements enables to increase the volume of experimental 
devices within reactor core. For example, we present charts of probable loading for WWR-M reactor 
core with WWR-M2 and WWR-M5 fuel elements (fig.2 and3). 

Evidently, transition for UМo of WWR-M5 fuel element doubles the number of channels for 
radiation within reactor core. This calculation is made as an example of opportunities only, which 
may be achieved during application of WWR-M5 fuel elements. As far as other reactors and other 
tasks are concerned, loading will be different, but in all cases UMo-based WWR-M5 will give 
noticeable advantage vs UO2-based HEU and LEU WWR-M2 fuel elements in all cases with equal 
reactivity margin.  

Development of LEU WWR-М5 fuel elements to replace WWR-M2 enables to improve the quality 
of reactors in Budapest and Kiev vs. existing HEU WWR-M2 fuel elements. 
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       Fig.2. WWR-M core configuration for LEU    
       WWR-M2 fuel assemblies with UO2 fuel. 
              Uranium density 3,1 g/cm3 

 

 

Fig. 3. WWR-M core configuration for LEU 
WWR-M5 fuel assemblies with U-Mo fuel 
Uranium density 5.45 g/cm3 
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3. SUMMARY  
 
During transition of general-purpose reactors (WWR-M type) to LEU with simultaneous expansion of 
their experimental opportunities, the most advantageous is a fuel assembly, which combines high 
specific loading of uranium-235 with high specific surface of heat release. To the great extent, LEU 
WWR-M5 modification on the basis of high-density fuel is the most preferable. To manufacture such 
fuel assembly there is no requirement to conduct basically new technology. Required fuel density for 
uranium will not exceed 5.5 g/cm3.  
 
Authors express gratitude to Y.V.Petrov, A.N.Erykalov and M.S.Onegin for offered publications 
dealing with issues for possible reduction of enrichment in fuel of WWR-M reactor. 
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