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I. Introduction

KAERI(Xorea Atornic Energy Research Institute) completed the system performance tests
for the HANARO(Hi-flux Advanced Neutron Application Research Reactor) on December,
1994. Its initial criticality was achieved on February 8, 1995 A variety of the reactor physics
experiments were performed in parallel with configuring the first cycle core and now
HANARO is in the third cycle operation. The in-core fuel management in HANARO is
performed on the following strategy[l]:

1) the cycle length of the equilibrium core is at least 4 week PDs.
2) the maximum linear heat generation rate should be within the design limit.
3) the reactor should have shutdown margin of 1%,Jklh at inimum.
4) the available thermal flux should satisfy the users' requirements.

This paper presents the fuel management practice in HANARO. Section II briefly
describes the design feature of the HANARO and the method of analysis follows in section
III and Section IV describes In-core fuel management practice and the conclusion is remarked
in the final section.

IL Brief Description of the HANARO

The HANARO is a tank-in-pool type reactor of MW power and is now operated at its
third cycle. The fuel meat is 19.75% USi-Al. The fuel elements are clustered into the fuel
assemblies. Two types of fuel assemblies are loaded in HANARO: H-type having 36
elements in hexagonal array and C-type having 18 elements in circular array.

The reactor core is separated from the reflector through the reactor inner shell. The
core like a honeycomb inside the reactor inner shell is cooled and moderated by H20. The
core has 31 flow tubes; 23 hexagonal and circular. Eight circular flow tubes in core has
rooms for accepting 45 mm thick cylinder of natural hafnium to regulate or shutdown the
reactor. There are reserved additional eight circular flow tubes srounding the reactor inner
shell near the core to increase core excess reactivity by fuel loading and to irradiate the
targets especially requiring the high epi-thermal neutrons.

In the reflector tank, total of 25 vertical holes with different sizes are arranged in
reasonable positions, and 7 tangential beam tubes are horizontally allocated in optimal
orientation.
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III. Method of Analyses

To design the HANARO, KAERI itself set up HANAFMS (HANARO Nuclear Analyses

and Fuel Management System). The major component of HANAFMS is WIMS/D4[21 and

BOLD-VENTURE[31 and several auxiliary codes such as REGAV-K, WIMPAK, MAPHEX,

HEXSHUF support the system. The VffMS nuclear data library was processed using

NJOY[41 mainly with ENDF/B-IV and partly with ENDF/B-V. And then the WIMS with its

library was benchmarked by comparing some key parameters such as criticality and reaction

rate ratios against internationally authorized and recommended critical experiments. The test

result for criticality shows 100303 ± 000519. The reaction rate ratios are also in good

agreement with the experimental values[5]. By modelling the local structures of the reactor

constituents, the macroscopic cross sections are generated and tabulated as a function of

operating condition such as burnup, reactor power, fuel moderator temperature, moderator

density, reflector density and temperature, reflector impurity, etc. Based on the macroscopic

cross sections, the BOLD-VENTURE was used to predict the core criticality, flux power

distribution in fuel assemblies, the reaction rates in the target materials, the detector

responses. To simulate the neutronics properties of the HANARO, 3-dimensional H-Z model

was adopted. The full core is divided into 253 x 253 x 4 grid and each fuel element is

described by a single node. This give us the pin power history during depletion.

To validate and verify the HANAFMS prior to applying to the practical design work, the

uncertainties of the HANAFMS were analyzed against the results from MCNP4 full core

model, which treats the HANARO structure as real as possible[6]. Through this comparison,

HANAFMS ensured the prediction capability with reasonable accuracy[7].

IV. In-core fuel management practice with HANAFMS

The major objective of nuclear fuel management lies in ascertaining the reactor safety and

performance characteristics along with fuel bumup such as the power distribution of the fuel

and excess reactivity, control capability. Based on above objective, the loading patter is

searched and analysed with the HANAFMS. The HANAFMS was benchmarked for criticality

calculation with 14 critical experiments. The criticality experiments were performed in the

course of construction of the first cycle core. The calculation result is 1002112 ± 003099 for

the 14 critical experiments[81. The power distribution calculation is important to verify the

reactor safety. It was compared with the gamma scanning data of 16 H-type fuel assemblies.

The fuel assemblies were irradiated in the core for 17 hours at 150kW. The relative power

for the fuel assemblies which was calculated by the HANAFMS compared with experimental

results. The deviation was less than 6. Fig.1 shows the operation history of HANARO until

the end of its second cycle. The first cycle was operated 35.72 PD at 1MW. The second

cycle has 3 sub cycles, called 21 22 23 cycle. Each cycle was operated 42.74 FPD at

15MW, 22.86 FPD at 22MW, 18.23 FPD at 22MW. The citicality calculation of the

HANAFMS along with fuel burnup was validated with experiment at BOC of the each cycle.

The criticality was calculated for the critical control rod position which was measured at

the BOC of 21 22 23 cycle. The result shows 1005922 ± 0000794. The calculation of the

control rod worth is very important to verify excess reactivity and shutdown margin. The

four control rods of the HANARO move individually keeping same height in operation but we
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Fig. I The operation history of the HANARO

applied the rod swapping method to measure the control rod worth. While two rods are fixed

at a designated position, the other two rods are moved in different direction to keep the

reactor critical. Fig. 2 shows the measured and calculated control rod worth by the rod

swapping method at BOC of the second cycle. From ts result, we can produce the control

rod worth curve wich will be used in interpreting the other reactivity worth.
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Fig. 2 The control rod worth by calculation and experiment
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V. Conclusion

The HANARO is a newly bom research reactor in the world. Various kinds of reactor

physics tests and experiments have been carried out. To support those experimental
activities and to predict the safe operation of the HANARO, the core follow up calculation
using HANAFMS is always simulated along with the cycle operation. Up to now, the
HANAFMS shows good predictability, but it has some problems. In operation, various test
materials and targets for irradiation are loaded in the core. Sometimes they have complex
geometry. VIMSID-4 has a restriction to model in detail to produce cross section data of

them. So, we have a plan to use HELIOS[91 to produce the cross section data because
HELIOS has a capability to model the irradiation targets regardless of geometry. Since the
VENTURE is a finite-difference diffusion theory code and its HANARO model is too large, it
can not forsee the neutron behavior in strong absorber or high scattering medium and takes
too much time to predict the neutronics behavior of the HANARO. Therefore some
adjustments or fudging in cross section is needed to predict the CAR worth more accurately
and we endeavor to implement a new time saving system by adopting the nodal method as a

core analyser.
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