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REPLACEMENT FUEL SCOPING STUDIES FOR 
THE ANNULAR CORE RESEARCH REACTOR* 

K. Hays, L. Martin, and E. Parma 
Sandia National Laboratories 

INTRODUCTION 
Sandia National Laboratories Annular Core Research Reactor (ACRR) is undertaking a 

new mission for the Department of Energy: production of the radioisotope99Mo used in 

nuclear medicine applications. Isotope production is significantly different from previous 

programs conducted at the ACRR that typically required high intensity, short duration 

pulses.1 The current U02-BeO fuel will power the initial startup phase of the production 

program, and can perform exceptionally well for this mission. However, this type of fuel is 

no longer available, commercially or otherwise. 

This paper presents the results of some preliminary studies of commercially available 

fuels in order to determine: 

• if currently available fuel is suitable for use in a second generation core utilizing the 

same basic dimensions and geometric configuration as the current core, while 

operating only in the steady-state mode, 

• if the current control element configuration and control system could be utilized, and 
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• if an enrichment of 20% or less could be used to achieve the same basic coupling 

effects between the core and target region. 

Other criteria imposed on the core were: 

• that it have an excess reactivity of approximately $10 at an average core temperature 

of300K, and 

• that it be able to generate 400 kW in 19 of the 'Cintichem' targets described in 

Reference 1. 

METHODOLOGY AND RESULTS 
Using the Monte Carlo code MCNP 2 and a three-dimensional model, keff and power 

distributions were calculated. 

Three different fuel types were considered: UZr, UZrH1 6, and U3Si2-Alx with 2 3 5 U 

enrichment of 20%. For each fuel type, the following parameters were varied: 

• Uranium loading: 20, 30 and 45 w / 0 for UZr, 12 and 20 w / 0 for UZrH 1 6, and 45 and 

55.66 w / 0 for U3Si2-Alx (based on commercial availability), 

• Number of fuel elements: 129,177, and 231. 

The pitch, fuel element dimensions, cladding thickness and type, and target element 

geometry was maintained the same as that for the current fuel. The results of this 

analysis are presented in Table 1. Considering neutronic and power density 

calculations, the most suitable replacement fuel was UZr with 20% enrichment, 20 w/ o 
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uranium, and 231 elements. UZr exhibited the lowest first row power (where peaking 

occurs due to increased moderation between the target region and the first row), the 

lowest overall core power while still generating 400 kW in the target region (19 targets), 

and has sufficient excess reactivity. 

F uel J-ba d in g UN urn ber Fu e I M^fi wit i l l W\ rst Row Powe r iliGore Power: 

U 3Si 2-Al x 

45 177 1.00218 27.1 3.176 
231 1.04963 28.3 3.924 

55.66 177 1.03779 30.2 3.5 
231 1.07512 31.3 4.207 

UZr 
20 129 .88809 20 129 .88809 

177 1.005819 27.7 3.22 
231 1.044039 28 3.792 

30 129 0.926659 30 129 0.926659 
177 1.041593 30.644 3.436 
231 1.07471 36.44 4.194 

45 129 1.032537 32.75 3.021 
177 1.072132 34.00 3.714 
231 1.11 34.3 4.454 

UZrH 1 6 

20 129 1.21 49.14 5.138 
177 1.26 51.6 6.95 
231 1.30519 52.6 8.78 

12 129 1.13 41.99 4.475 

Table 1: Summary of Results for Fuel Selection Parameters 

3 



« * . 

SUMMARY 
These scoping studies indicate that there exists at least one, and possibly other, 

commercially available fuels that would be tractable as a replacement for the current 

U02-BeO fuel type. The UZr fuel at 20% enrichment and 20 w / o uranium appears to 

exhibit neutronic characteristics similar to the current core. However, further 

investigations will be required in order to make a final recommendation on the fuel. Other 

parameters to be quantified are reactivity effects associated with burnup, operating 

temperature, and fission product poisoning. Mechanical properties such as swelling, 

fission product retention, and gap closure must be examined more thoroughly. 

Other parameters to be investigated in further work include using different cladding 

materials, reducing fuel enrichment in peak radial locations, and increasing the uranium 

mass in the targets. 
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