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ABSTRACT

Atomized U-Mo fuel has shown good performance from the results of previous out-of-pile
tests and post-irradiation examinations. A qualification program of rod type U-Mo fuel is
in progress and the fuel will be irradiated in HANARO. 6 gU/cm3 U-7Mo, U-8M0, and U-
9Mo are considered in this program. The laboratory test results of porosity, mechanical
property, thermal conductivity, and thermal compatibility test are discussed in this paper.
In parallel with this qualification program, the feasibility study on the core conversion from
the present U3Si fuel to U-Mo in HANARO will be initiated to provide technical bases for
the policy making. Several options of core conversion for HANARO are proposed and
each option will be addressed briefly in terms of the operation policy, fuel management,
and licensing of HANARO.

1. Introduction

HANARO has been in operation to meet the national demand on high performance neutron source
since 1995. U3S1-AI LEU dispersion fuel is used in HANARO. An on-site spent fuel storage pool in
HANARO has a capacity to accommodate spent fuels to be produced for 20 years. Even though the
spent fuel management policy on HANARO has not been determined yet, a ship back to the U.S.A.
has been considered as an option. The fact that the uranium silicide fuel is very hard to reprocess
limits the HANARO's lifetime operability, in case that the ship back program is closed as planned.

Considering the situation to develop high-density LEU fuels for research reactors, KAERI made a
success in manufacturing high quality uranium powder, U-Mo. using the centrifugal atomization.
From the evaluation of reprocessing ability it has been shown that the U-Mo fuel can be reprocessed
[1]. Since US ship back program is limited to 2006 and several new research reactors are planning
worldwide, a qualification of high performance reprocessable U-Mo fuel is demanding very much.
Based on this situation, a qualification program of rod type U-Mo fuel in HANARO has been initiated.
The range of Mo composition in the test fuel is from 6 to 10 w/o. The high-density U-Mo of 6 gU/cm3

is primarily considered in the test, and the U-8M0 fuel equivalent and compatible to the present
HANARO fuel will be also included in the test fuel assembly. U-Mo fuel powder, elements, and
assemblies will be made and manufactured for this program at KAERI.

The feasibility investigation for the core conversion from U3Si to U-Mo fuel will be initiated in a
timely manner not only to provide technical basis for the policy making, but also to fulfill the
requirements of spent fuel management and fuel localization policy for HANARO.



2. U-Mo Fuel Qualification Program

The Mo from 6 to 10 w/o is considered for the qualification tests and U-8M0 is selected for the
preliminary analysis of the irradiation test in HANARO. A density of 6 gU/cm3 is chosen as a
qualification target, which is about twice of HANARO fuel density. 3.15 gU/cm3. The fuel volume
fraction of 6 gU/cm3 U-8M0 is 37.6 v/o. HANARO has two types of fuel assemblies, a 36-element
hexagonal assembly (H fuel) and an 18-element circular assembly (C fuel). Irradiation holes are
located in two regions; inner core holes (CT, IR1 and IR2) for H fuel and outer core holes (OR3-6) for
C fuel as shown in Fig 1. In order to reduce power peaking within a fuel assembly, fuel elements with
a reduced meat diameter are introduced in the outer ring of H fuel. The diameter of a standard fuel
meat is 0.635 cm and that of the reduced fuel meat is 0.549 cm.

For this fuel qualification, samples of extruded fuel meats with 10, 30, 40, and 50 v/o of fuel volume
percent for U-6M0, U-8M0, and U-lOMo are prepared. Tensile tests are performed both at room
temperature and at 150 °C. 0.2% yield strength, ultimate tensile strength, total elongation, and
reduction in area are measured for the comminuted and atomized fuel powder samples. The thermal
diffusivities of these samples are measured in longitudinal and transverse directions at KRISS (Korea
Research Institute of Standard and Science) to obtain conductivities in the temperature range from
room temperature to 500°C. A thermal compatibility study is performed on out-of-pile swelling
including the measurement of reaction rate of fuel particle with Al matrix, and thermal stability of the
y-phase between 400°C and 550°C. The reaction layer thickness is measured after annealing 5v/o and
45v/o U-lOMo dispersion fuel at 500°C for up to 10 hr. Higher loading U-Mo fuel shows much lower
growth rate of the interaction layer. As-atomized and heat-treated 5v/o U-lOMo fuels are compared in
thermal interaction after annealing at 500°C for up to 500 hr, resulting that the heat-treated U-Mo fuel
shows a slower growth rate.

The major concern in this qualification test is whether thinner rod can be extruded in order to keep the
peak temperature below the operational limit. As a preliminary analysis, the linear powers of 6
gU/cm3 U-8M0 fuels with various meat diameters at different irradiation sites are calculated using
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Fig. 1 Plan View of HANARO Core and Reflector
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MCNP4B [2]. The linear power is quite high at CT for 22 MW of reactor power even though the meat
diameter is reduced to 0.5 cm. The irradiation site is moved out to OR4 in the analysis and the linear
power with the diameter of 0.5 cm becomes appropriate compared to the operational limit of current
HANARO fuel. The peak temperature, however, is estimated to be higher than that of previous
irradiation experiments at ATR [3]. A theoretical conductivity is used in the temperature calculation.
The detail calculations with a measured conductivity will be followed.

The qualification tests will be carried out in two different manners and full-length fuel elements will
be used in both. In the first test, 12 fuel elements, which are three rods of each of HANARO
equivalent U-8M0 and 6 gU/cm3 U-7Mo, U-8M0, and U-9Mo, will be assembled in each of two
irradiation test assemblies with the same geometry of the HANARO fuel assembly. Test fuel
assemblies will be irradiated up to 40% and 70% burnup in average, respectively. The post-irradiation
examination will be performed with 40% burnup fuel at the end of 2002. In the second test, the target
burnup of a candidate U-Mo fuel for HANARO is 50 % in average. The DU assembly will be used
for the out-of-pile tests of endurance and vibration.

The irradiation test plan and the safety evaluation report for this irradiation test should be submitted to
the Safety Review Committee for the approval of the test fuel loading. The irradiation test plan
includes the test objective, schedule, test conditions, the PIE plan, the fuel manufacturing process, fuel
specifications, and quality assurance documents. The safety evaluation report comprises the out-of-
pile test results on thermo-mechanics and vibration, fulfillment of the HANARO operational
requirements, and the safety analysis results.

3. Core Conversion Program

In parallel with the qualification program of U-Mo, the feasibility study for the core conversion from
the present U3Si-Al fuel to U-Mo fuel will be initiated. Through this study, the cost & benefit will be
assessed in terms of the fuel economics, the amount of the spent fuel assemblies, and the effect on the
neutrons available to the users. To use the high-density U-Mo fuel in HANARO, the excess reactivity
should be controlled without changing the present regulating and safety systems. In addition, the
power distribution should be below the operational limit determined by the fuel centerline
temperature. Further, the limiting MCHFR is needed to be considered the same as the present
HANARO fuel.

The U-Mo fuel equivalent to the current HANARO fuel with minimum modification is considered as a
first option. This option requires less effort for implementation and licensing approval, but does not
have the benefits of using high-density U-Mo fuel, which have to be proven through this qualification
program. The second option is the insertion of absorber rods in the outer ring of a fuel assembly for
excess reactivity control. In order to avoid the excessive overpower in the fuel elements without major
modification of the cooling system, however, the reactor operation power level should be reduced
accordingly. Flux level downgrading would be another disadvantage. The third option is to increase
the number of fuel elements with reduced fuel meat; a 36-element to a 60-element assembly and an
18-element to a 36-element assembly. The number of fuel assemblies would be decreased accordingly
and the remaining sites could be used as irradiation holes. But this option greatly depends on the
fabrication capability of the reduced size of the fuel elements and the mechanical characteristics of the
assemblies. The geometry of the proposed fuel assembly should not be less resistant to the flow
induced vibration in the core than the present one.

Two kinds of core conversion procedure will be investigated. The first procedure is to convert the
present core step by step with the U-Mo fuels. The characteristics of the transient core from UsSi to
U-Mo fuel and equilibrium core will be analyzed and their thermal margins will be evaluated. At the
initial stage of equilibrium core, the remaining fresh U3Si fuels will be loaded until they are used up.
The second procedure is total replacement of U3Si-Al fuels with U-Mo fuels. This procedure would
be beneficial in respect that design characteristics can be simply confirmed through the commissioning
tests. In both cases, the licensing documents including revised SAR will be prepared accordingly.
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4. Conclusions

The out-of-pile tests for the qualification of atomized rod type U-Mo fuel are in progress. The full-
length fuel elements will be irradiated based on the experience of the atomized U3Si fuel tests in
HANARO and previous U-Mo irradiation test results such as RERTR-3 in ATR. The HANARO fuel
design criteria and NUREG-1313 are reviewed to support the establishment of a U-Mo qualification
program. A few options for HANARO core conversion with atomized U-Mo fuel are proposed and
evaluated brief!v.
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