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1. Introduction

AOA (Axial Offset Anomaly) has been observed
during the long-term and high-power operation of
nuclear power plants, with a significant reduction of
power in the upper span of the fuel assembly [1]. The
distribution of AOA shows similarity to the distribution
of CRUD (Corrosion-Related Unidentified deposit),
which is a porous layer composed of several corrosion
products in the PWR conditions[2]. The source of
power shift is regarded as a boron hideout, which is
boron precipitation within the CRUD deposits in the
upper span of a fuel rod. It is necessary to predict the
boron hideout by coupling into the CRUD deposition,
so in this study, a new CRUD deposition and chemistry
model was developed, by discussing the long-term
behavior of CRUD and boron hideout for the assumed
simulation case during 3 cycles of operation.

2. Method

The multi-physics within the CRUD deposits on the
surface of the fuel rod in PWR conditions were
developed in MATLAB conditions, as shown in Figure
1. The wick-boiling structure of the CRUD which leads
to the different physical mechanisms of heat and mass
conservation was implemented and coupled with each
other. The chemistry within the CRUD deposits was
divided into two sub-models. The first model includes
the chemistry to determine the pH distribution within
the CRUD by coupling into the mass transfer
mechanism through the wick-boiling structure, such as
water radiolysis and ionization as well as boron and
lithium chemistry. The main characteristic of the
chemistry is that the reactions were considered through
the reaction Kinetics, with corresponding kinetics data.
The second sub-model predicted the solubility of the
species within the CRUD deposits based on the
simulated temperature and pH distribution, by being
separated from the mass transfer mechanism, with the
fact that almost reactions in the second sub-model are
not sensitive to the pH distribution. The list of the
chemical reactions is summarized as shown in Figure 2
and Figure 3.
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Figure 1. Summary of the model developed in this
study.
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Figure 2. List of chemical reactions used in the first
sub-model to estimate the pH distribution within the
CRUD deposits.
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Figure 3. List of chemical reactions used in the
second sub-model to estimate the solubility of nickel,
iron, boron, and lithium within the CRUD deposits.

The operation conditions such as cladding heat flux,
bulk coolant temperature, the turbulent kinetic energy of
the coolant, and bulk concentration of boron and lithium
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were selected from the Seabrook plants for Assembly
G70 of Unit 1 during Cycle 5, at the fuel height of 3 m
[3-5]. The history of the bulk boron and lithium
concentration was shown in Figure 4 [4]. The simulation
was conducted during 3 cycles with the assumption that
the operation conditions above are repeated for each
cycle.
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Figure 4. History of boron and lithium concentration
in the bulk coolant of Seabrook plant Unit 1 during
Cycle 5 [4].

3. Results and discussion

Figure 5 shows the mass of CRUD deposits and mass
of precipitated boron within the CRUD on the surface of
the fuel rod at the height of 3 m, where the maximum
CRUD deposits occur for the used case of the Seabrook
plant. It is predicted that with the used CRUD
conditions, the CRUD was deposited about 46.60 um at
the end of the first cycle, 59.42 um at the end of the
second cycle, and 64.45 pum at the end of the third cycle.
The mass of CRUD deposits leads to the increase of
concentrating tendency of soluble species within the
wick-boiling structure, so higher thickness means easier
boron precipitation. The model predicted that boron
precipitation was not occurred during the first cycle, due
to an insufficient amount of CRUD deposits. After the
first cycle, however, boron started to be precipitated
inside CRUD deposits, and at the end of the second
cycle, all of the boron existed in the soluble phase. In
the third cycle, otherwise, a significant amount of boron
existed as a precipitated phase during the entire third
cycle. Also, the figure shows that the CRUD thickness
below 40 um was not sufficient for boron precipitation
in the first cycle.

4. Summary

The amount of CRUD deposits is strongly dependent
on the operation conditions such as cladding heat flux
and bulk coolant temperature, as well as the
concentration of corrosion products. This leads to
various ranges of CRUD deposition along with each

condition. Change of the CRUD deposits is sensitive to
the start point of boron precipitation, so additional study
is necessary for validating the boron hideout.
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Figure 5. Mass of CRUD deposit and precipitated
boron within the CRUD during 3 cycles operation.

REFERENCES

[1] W.Y. Maeng, B.S. Choi, J.W. Na, Control of Crud and
Boron Deposition for AOA Prevention, Korea Atomic Energy
Research Institute, 2010.

[2] J. Deshon, PWR axial offset anomaly (AOA) guidelines,
revision 1, EPRI, Palo Alto, CA. 1008102 (2004).

[3] S. Seo, B. Park, S.J. Kim, H.C. Shin, S.J. Lee, M. Leeg, S.
Choi, BOTANI: High-fidelity Multiphysics Model for Boron
Chemistry in CRUD Deposits, Nucl. Eng. Technol. (2020).
https://doi.org/https://doi.org/10.1016/j.net.2020.11.008.

[4] B. Kendrick, V. Petrov, D. Walker, A. Manera, CILC
Studies with Comparative Analysis to Existing Plants, CASL-
U-2013-0224-000, Los Alamos National Laboratory, 2013.
[5] D.J. Walter, A High Fidelity Multiphysics Framework for
Modeling CRUD Deposition on PWR Fuel Rods., (2016).



