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Axial Depletion Behavior of Gd-155 and Gd-157 in an i-SMR Core Considering 

Coolant Temperature Gradients

CONCLUSION

METHODOLOGY

• Axial coolant temperature gradient significantly affects the depletion of Gd-155 

and Gd-157.

• Compared with the uniform coolant temperature case, the non-uniform case showed 

lower overall gadolinium depletion, mainly because gadolinium in the lower axial 

region burned less.

• These findings highlight the need to consider axial thermal-hydraulic conditions, 

and future work will examine whether reversing the fuel rod orientation or 

modifying the axial gadolinium loading pattern can improve depletion balance.
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INTRODUCTION

ACKNOWLEDGMENT

◆ i-SMR(innovative Small Modular Reactor)

RESULT

✓ Core, Steam Generator, Pressurizer, and Primary Coolant System are integrated 

into a single Pressure Vessel.

✓ Compact core geometry and strong thermal hydraulic coupling in i-SMR results 

in axial and radial variations in neutron moderation and spectrum.

✓ Compared to large pressurized water reactors, i-SMR typically operates with 

shorter fuel assemblies and lower coolant flow rates, leading to relatively 

steep axial coolant temperature gradients.

✓ Gadolinium-bearing fuel is used in i-SMRs to control excess reactivity and 

improve power distribution, but the depletion of Gd-155 and Gd-157 is highly 

sensitive to local neutron spectrum and moderation conditions.

◆Core Modeling
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• i-SMR use relatively high gadolinium loading to control excess reactivity without 

relying on soluble boron.

• Because Gd-155 and Gd-157 absorption cross-sections are highly spectrum-

dependent, temperature-driven coolant density changes can produce non-uniform 

depletion of these isotopes.

• Therefore, this study investigates the axial depletion behavior of Gd-155 and Gd-

157, focusing on segment-wise burnout to clarify how the axial moderation profile 

affects local burnable absorber depletion.

Table I. Assigned Coolant Temperature for each segment

◆Coolant Temperature Distribution 

✓ Linear axial temperature gradient.

✓ Temperature rise (ΔT) of 35 K was applied 

between the core inlet (lower core) and outlet 

(upper core).

✓ 35 K change induces a continuous decrease in 

coolant density toward the upper regions.

✓ Density 0.753g/cm3 to 0.675g/cm3.

Fig. 2. i-SMR Core Radial and Axial View

✓ 69 fuel assemblies categorized into four distinct types (A01, A02, A04, and A05).

✓ Non-control rod condition.

✓ Active core height of 240 cm discretized into 24 axial nodes at 10 cm intervals.

✓ Lower 210 cm consists of Gd₂O₃–UO₂ fuel, while the upper 30 cm consists of 

lower-enriched UO₂ fuel.

Fig. 1. i-SMR Radial Quarter-Core Loading Pattern

◆ keff

✓ Code: Serpent 2

✓ Library: ENDF/B-VII.1

✓ Burnup: 2 years / 20 MWD/kgU

✓ Cycle: 5,000,000 nps / 100 active 

cycles / 40 inactive cycles 

⇒ keff < 10 pcm

◆Gadolinium Depletion

✓ The analysis was performed at the 1st, 5th, 9th, 13th, 17th, and 21st axial nodes 

corresponding to the Gd-containing fuel layers.

✓ To further examine this behavior, the changes in the overall gadolinium atomic 

density was conducted.

◆Axial Power Distribution

✓ Non-uniform depletion ⇒ Axial 

power distribution change.

✓ BOC: Lack of gadolinium fuel ⇒ 

Tilted toward upper core.

✓ MOC: Restores the local reactivity 

⇒ Cosine shape.

✓ EOC: Clearer cosine shape.

Fig. 3. keff change through depletion cycle

Fig. 4. Gd-155 Atomic Density changes through depletion cycle Fig. 5. Gd-157 Atomic Density changes through depletion cycle

Fig. 6. Total Gd-155 Atomic Density changes through depletion cycle Fig. 7. Total Gd-157 Atomic Density changes through depletion cycle

Fig. 8. BOC, MOC, EOC Axial Power Distribution
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