
International 
Nuclear INFCE/0EP./WG.8/93 
Fuel 
Cycle 
Evaluation 

US Enrichment Reduction Studies, 6/27/79 



INFCE WORKING GROUP 8 

ADVANCED FUEL CYCLES AND REACTOR CONCEPTS 

SUBGROUP C: 

RESEARCH REACTORS 

PROPOSED DRAFT PAPER 

U.S. ENRICHMENT REDUCTION STUDIES 

JUNE 27, 1979 



US Enrichment Reduction Studies [18] 

Introduction 

A major national program, the Reduced Enrichment Research and Test 
Reactor (RERTR) Program, is currently under way in the U.S., centered at 
the Argonne National Laboratory (ANL), to reduce the potential of research 
and test reactor fuels for increasing the proliferation of nuclear explosive 
devices. The main objective of the program is to provide the technical 
means by which the uranium enrichment to be used in these reactors can be 
reduced to less than 20Z without significant economic and performance 
penalties. The criteria, basis and goals of the program are consistent 
with the results of a number of case studies which have been performed as 
part of the program. 

General Evaluation 

Conversion to reduced enrichment fuel can normally be achieved within 
the RERTR criteria by increasing the uranium concentration in the fuel meat 
and/or by increasing the fuel meat volume fraction through fuel element 
redesign. The potential for conversion of any reactor to reduced enrichment 
must be assessed on an individual basis; however, to a first approximation, 
it will depend on the reactor type, on the current uranium concentration in 
the fuel meat, and on the power density. Accordingly, and assuming that 
1.6 g U/cm corresponds to the highest uranium concentration currently 
achievable in the meat of U-Al plate-type fuel elements, the approx.150 
research reactors in the world with power in excess of 10 kW and utilizing 
highly enriched uranium of U.S. origin may be subdivided into the five 
following categories to summarize their near-term conversion potential; 

(1) Plate-type rectors with power of not less than 15 MW. Of the 22 reactors 
in this category, all but about 5 have the potential for conversion to 
<45% enrichment. Several French reactors in this category are being 
considered for near-term conversion to <20% enrichment with Caramel 
fuel. 

(2) Plate-type reactors with rower of less that 15 MW but not less than 1 MW. 
Of the 54 reactors in this category, all but about 4 have the potential 
for near-term conversion to <45% enrichment, and about 25 can be converted 
to <20% enrichment. 

(3) TRIGA reactors of all power levels. It is anticipated that all but one 
of the 10 reactor in this category have the potential for near-term 
conversion to <20% enrichment. 

(4) Other reactor types with power of not less than 1 MW. The two reactors 
in this category have a potential for conversion to reduced enrichment, 
but cannot be converted in the near term because their unique rodded fuel 
configuration requires a high uranium concentration fabrication technique 
which has not yet been developed. 
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(5) Reactors of p late- type , or other type, with power of l e s s than 1 HW but 
not l e s s than 10KW. Because of the extremely low power density of many 
of these reactors , a redesign of the fuel elements may not present major 
technical d i f f i c u l t i e s * Some of the 60 or so reactors in t h i s category 
incorporate spec ia l design features that might make conversion t o <20Z 
enrichment more d i f f i cu l t* However, a l l of them have a potent ia l for 
near-term conversion t o <45% enrichment, and at l eas t two-thirds of them 
are convertible to <20Z enrichment. 

In the long term, with the assumption that a uranium concentration 
corresponding to 3*3 g U/cm can be achieved in U-Al plate-type fue l , 
more than 90Z of a l l the research reactors have the potent ia l for conver
sion to <20Z enrichment, with most of the remainder being convertible to 
<45Z enrichment* All the research reactors w i l l have the potential for 
long-term conversion t o <20Z enrichment i f fuels sui table for application 
in high-power-density research reactors can be developed with uranium 
concentrations in excess of 8 g U/cm . 

Specific Evaluations 

Category 1 . KUHFR 

The Kyoto University High Flux Reactor (KUHFR) i s a high power 
(30 MW), high performance research reactor scheduled to begin operation 
with HEU fuel a t the Kyoto Univeslty Research Reactor I n s t i t u t e (KURRI), 
Japan, in mid-1981* A jo int programme between ANL and KURRI to study 
a l ternat ives for use of fuel with reduced enrichment and high uranium 
density has been in progress s ince Hay, 1978. 

The current reactor design consists of two separate cyl indrical 
cores which are moderated and cooled with l ight water and ref lected with 
heavy water. Each core i s 400 mm in diameter and the centerl ine separation 
i s 550 mm. Each core contains 6 inner fuel elements with 15 plates per 
element and 12 outer fuel elements with 17 plates per element. Each plate 
i s 1*4 mm thick and has a fuel meat thickness of 0.5 mm. The fuel meat 
cons i s t s of U-Al alloy containing 22 wt% U, 93% enriched ( 0.67 g U/cm ) . 
A burnable poison consist ing of a boron-aluminum alloy i s enclosed in the 
s ide plates of each fuel element. 

The i n i t i a l resu l t s of the joint ANL-KURRI study Indicate that the 
enrichment of the fuel used in the KUHFR can be reduced to 45% by u t i l i z i n g 
the maximum uranium concentration (1.6 g U/cm ', 42 wtZ U) that i s currently 
qual i f ied with powder metallurgy f u e l s . No changes in the current 0.45 mm 
clad thickness, and no apparent changes in the mechanical or hydraulic 
design of the reactor are required. With 45% enriched fue l , the thermal 
f lux in the central ref lector region between the cores i s reduced by l e s s 
than 5%, and that in the central t e s t hole i s reduced by about 3%. A 
comparison of react iv i ty changes with burnup depletion of U-235 and U-238 
Indicates that the fuel cycle length using 45Z enriched, high uranium density 
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fuel is longer than, or at least comparable with, that using 93Z enriched 
fuel with a conventional uranium density* The worth of burnable poison 
for the reference 93Z enriched design was calculated by both ANL and KURRI as 
-4.OX and -4.2Z, respectively* 

As a result of this study, plans have been developed by KURRI for 
conversion of the KUHFR from the current HEU fuel design with conventional 
uranium density to 45Z enriched fuel with 42 wtZ (1*6 g U/cra ). In 
support of these plans, joint ANL-KURRI activities are underway, involving 
critical experiments to be performed in the C-core of the Kyoto University 
Critical Assembly (KUCA) and burnup tests to be performed in the Oak Ridge 
Reactor (ORR) in the U.S. 

An initial study of the feasibility of using <20Z enriched uranium in 
the KUHFR has been performed by ANL only, without KURRI verification. The 
results indicate that using <20Z enriched uranium with 3.3 g U/cm ( 63 wtZ 
U) in powder metallurgy fuel, a clad thickness of 0.4 mm, and a fuel meat 
thickness of 0*6 mm (i.e., no change in the fuel plate thickness from the HEU 
reference fuel), the initial excess reactivity of the KUHFR core is only about 
0.8Z lower than in the current highly enriched reference design. In this 
case, the thermal flux in the central reflector region is reduced by about 7Z 
and that in the central test hole is reduced by less than 5%. 

No decision about converting the KUHFR to <20Z enrichment has been 
reached at KURRI; the feasibility of such conversion is to be addressed in the 
subsequent phases of the AWL-KURRI joint study. The ANL results indicate, 
however, that if demonstration and commercialization of the fuels under 
development as part of the REETR Program are successful it will be technically 
feasible to convert reactors like the KUHFR to <20% enrichment without change 
of the plate thickness and without significant detriment to performance and 
fuel cycle length. 

Category 2. FNR 

The Ford Nuclear Reactor (FNR) at the University of Michigan in the 
U.S. is a medium power (2 MW) research reactor which can be converted to use 
of <20% enriched fuel using current technology. A joint study between ANL 
and the University of Michigan has been in progress since September 1978 to 
study alternative fuel element designs for conversion of the FNR from fuel 
using HEU to fuel using <20% enriched uranium. 

The present FNR core contains 93Z enriched uranium in 30 standard 
elements, each with 18 plates. The fuel meat is 0.51 mm thick, with a 
uranium concentration corresponding to 0.43 g U/cm . One conversion study 
considered modifying the core so that (a) the uranium enrichment is 
reduced to 19.5!,, (b) the number of plates In each standard element is 
reduced to 17. (c) the fuel meat thickness is Increased to 0.89 mm, and 
(d) the uranium concentration in the fuel meat is Increased to correspond 
to 1.6 g U/cm3 (42 wtZ U). This study indicates for the modified core 
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unchanged initial reactivity, significantly extended fuel lifetime, minor 
power distribution changes, and negligible plutonium production* The total 
(thermal) neutron flux in the reduced enrichment reactor is reduced by 
10(20)2 at the core center and by less than 5(10)2 in the reflectors. The 
University of Michigan has decided to convert the FNR to the use of <202 
enrichment fuel. Efforts leading o fuel specifications, procurement, 
licensing, and conversion are in progress. 


