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1. Introduction

There have been active studies on developing
accident tolerant fuel (ATF) since the Fukushima
disaster in 2011 [1,2]. One of the primary concepts of
ATF is to replace traditional cladding made of Zr-based
alloy (so-called “Zircaloy”) with SiC-based materials.
Another promising concept is the chromium coated
zirconium based alloy cladding ATF (Cr-coated ATF)
[3]. The preliminary difference between current nuclear
fuel [4] and ATFs in terms of assembly depletion [5]
was demonstrated in a previous paper.

This study used nTRACER to examine the impact of
Cr coating thickness in the 2D APR1400 core [6].
Multiplication factor (k-eff), MTC, and burnup
calculations were carried out, and the results were
examined, in order to compare the impact of Cr-coat
thickness.

2. Methodology
2.1 APR1400 2D Core

Fig. 1 shows the APR1400 core’s 2D configuration
[4]. There were three types of assemblies for different
Uranium enrichment. Since it is a 2D core, the effect
along the axial direction is not taken into account. To
improve the reliability of the comparison, the 2D core
model was made as close to the specific shape and
material of the fuel pin, fuel assembly, barrel, reflector,
assembly gap, and so on as possible.
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Fig. 1. APR1400 2D core configuration.

2.2 Sensitivity Study of Cr Coating Thickness

As shown in Fig. 2, Cr-coated fuel rods are
manufactured by applying a thin Cr coating to the
existing Zircaloy cladding. For the sensitivity study, the
thickness of the Cr-coat was taken into account
differently. The considered thicknesses were 13, 15, 17
and 20 pm.

Additionally, because the results of the analysis may
differ depending on the temperature condition or
soluble boron concentration of the core, sensitivity
calculations were performed under CZP, HZP, HFP,
and different soluble boron concentration conditions,
respectively.
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Fig. 2. Schematic of Cr-coated fuel rod.

Table I shows the calculation cases considered in the
sensitivity study.

Table I. Sensitivity Study Cases with Different Thickness

SB Conc. 0 ppm 1000 ppm 2000 ppm
Temp. Cz |Hz | HF | ¢z | HZ | HF | CZ | HZ | HF
Condition
k-eff (0] (0} (0] (0] (0] (0] (0] (0] (0]
Power

Distribibution. | © | © | ©[O0 ] oo ]o]o/|o

MTC X X X (6] (6] (6] X X X

Burnup HFP Depletion Calculation (Critical Boron Search)

3. Calculation Results and Assessments

The sensitivity calculation was performed in
accordance with Table 1. The ray condition for
nTRACER calculation is set to 0.05/16/4 (Ray
Spacing/Azimuthal Angle/Polar Angle).
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3.1 k-eff & Power Distribution

First, steady-state calculations for  various
temperatures and soluble boron conditions were
performed. difference between 13 pm and base
condition, which is the current fuel rod only without
ATF is shown in Table II. Tables I1I~V show the other
results from 15 to 20 um.

Table II. Reactivity Difference between 13 pm and Base

Category 0 ppm 1000 ppm 2000 ppm
CZP (pcm) 465 275 179
HZP (pcm) 482 335 242
HFP (pcm) 194 332 241

Table III. Reactivity Difference between 15 um and Base

Category 0 ppm 1000 ppm 2000 ppm
CZP (pcm) 537 318 206
HZP (pcm) 556 386 279
HFP (pcm) 268 383 278

Table IV. Reactivity Difference between 17 um and Base

Category 0 ppm 1000 ppm 2000 ppm
CZP (pcm) 608 360 234
HZP (pcm) 630 437 317
HFP (pcm) 341 434 316

Table V. Reactivity Difference between 20 pm and Base

Category 0 ppm 1000 ppm 2000 ppm
CZP (pcm) 715 423 274
HZP (pcm) 741 514 373
HFP (pcm) 451 511 371

In the case of power distribution, the effect of the Cr-
coat thickness was most strongly related to the error.
Figures 3~6 depict the power distribution error for each
thickness. The HFP, 1000 ppm, was used as the
calculation condition in Fig. 3.
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Fig. 3. Power distribution error, 13 pm.
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Fig. 4. Power distribution error, 15 um.
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Fig. 5. Power distribution error, 17 um.
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Fig. 6. Power distribution error, 20 pm.

3.2MTC

In the next step, a different temperature condition
was used to obtain the MTC. For each condition, the
difference in base temperature was SK. Table VI shows
the MTC values for each power condition. The
thickness made no discernible difference.

Table VI. MTC for each Cr-coat thickness

Category CZPp HZP HFP
13 pm -0.06 -1.19 -1.25
15 pm -0.06 -1.19 -1.25
17 pm -0.06 -1.21 -1.25
20 pm -0.06 -1.20 -1.26

* MTC, pem/K

3.3 Depletion Calculation

Finally, the burnup effect was compared for each
burnup step, as well as the cycle length at EOC. The
difference and relative difference between the base
condition and the others is shown in Table VII. The
cycle length was slightly reduced as a result of the Cr-
coat thickness.

Table VII. Cycle Length for each Cr-coat thickness

Category 13 um 15 um 17 pm 20 pum
Cycle -9 -11 -12 -14
Length | (-2.0%) | (-2.3%) (-2.6) (-3.1%)

* Cycle Length, days
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Fig. 7. Burnup effect comparison results for each Cr-coat thickness.

4. Conclusion

For the 2D APR 1400 core, sensitivity calculations
were performed for each Cr-coat thickness. The
comparison of the values k-eff, power distribution,
MTC, and cycle length confirmed that the ATF had no
effect on the core.
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