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1. Introduction

• Importance of Burnable Poisons (BPs):
o Control key design parameters in PWRs: pin power peaking, core excess 

reactivity, and moderator temperature coefficient.

• Current Challenges:
o Existing BP designs (IFBA, Erbia, gadolinia, and WABA) perform well for 

18-month cycles but struggle with high excess reactivity in extended 24-
month cycles.

o Common drawbacks include rapid depletion, weak excess reactivity control, 
and high power peaking.



1. Introduction

• Development of New BP Designs:
o Focused on suppressing initial excess reactivity, maintaining a flat burnup 

profile, and reducing residual isotopes.

• Previous Study Insights:
o Double Tube Burnable Poison (DTBP) concept introduced for better control 

of absorbent depletion speed.

• Focus of Current Study:
o Testing the DTBP design under extreme conditions of high excess reactivity 

and neutron leakage, using 9.90 w/o HALEU fuel.

o Aims to evaluate DTBP’s potential to overcome conventional BP drawbacks 
in long-operating cycle SMRs with low soluble boron operation



2. Reference Design and Computational Codes

• SMART Reactor Design:
o A compact advanced PWR with a power output of 100 MWe.

o 17×17 Westinghouse-type fuel assembly.

o Active height: 200 cm.

o Applications: power production and seawater desalination.

• Reference Design Adaptation:
o Adapted to use High-Assay Low-Enriched Uranium (HALEU) fuel.

o Presents challenges due to increased excess reactivity and neutron 
leakage.

• Codes Used:
o DeCART2D and MASTER for core and assembly calculations.



3. Design Goals for SMART Reactor

• Design Parameters:
o Max. fuel enrichment: 9.90 w/o.

o Min. cycle operating length: 3.5 EFPY.

o Max. CBC: <350 ppm.

o Max. 2D power peaking factor: 1.59.

o Max. 3D power peaking factor: 2.6.

o Moderator temperature coefficient (MTC): 0 ~ -80 pcm/℃

• Challenge for Conventional BP Designs:
o These conditions are difficult for conventional BP designs to meet. 



4. DTBP Design Concepts

• DTBP-Wet and DTBP-Dry Configurations:
o DTBP-Wet (Fig. 1): water hole design for coolant.

o DTBP-Dry (Fig. 2): ZIRLO rod replacing the water hole, enabling loading in 
fuel rod positions.

• Materials Used:
o Gd2O3 and natural boron in the outer and inner tubes, respectively.

FIG. 1. DTBP-Wet design FIG. 2. DTBP-Dry design



5. Optimizing k-Infinite Letdown Curve Procedures

• Two-Step Process to Flatten k-Infinite Letdown Curve:
1. Step 1: Flattening at End of Cycle (EOC):
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FIG. 3. Comparison of k-infinite letdown curve for different DTBP cases with different Gd2O3 concentrations

o Achieved by increasing Gd₂O₃ 
concentration.

o Gradual reduction in k-infinite at 
BOC and MOC due to 
gadolinium's self-shielding effect.

o Flat curve at EOC due to 
gadolinium depletion in the outer 
tube and boron's effect in the 
inner tube.

o 100% Gd₂O₃ concentration case 
chosen as it met design goals 
with the lowest k-infinite value 
and a positive margin.



5. Optimizing k-Infinite Letdown Curve Procedures

• Two-Step Process to Flatten k-Infinite Letdown Curve:
2. Step 2: Flattening at BOC and MOC:

o Combining DTBP with Erbia in 
the same fuel assembly (Fig. 4).

o Results in an almost flat k-infinite 
letdown curve at around 1.05, 
slightly lower than the 100% 
Gd₂O₃ DTBP case.

o Slow depletion of erbium 
contributes to flattening the curve 
at a low k-infinite value.
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6. Results & Discussion: CBC Comparison

• Comparison of CBC (Fig. 5):
o DTBP-Wet&Dry + Erbia core significantly reduces CBC.

o Achieves an extended cycle length of 1295 EFPD (Effective Full Power 
Days).
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Fig. 5. Comparison of CBC for Reference, and DTBP-Wet&Dry + Erbia cores



6. Results & Discussion: MTC Comparison

• Comparison of MTC (Fig. 6):
o DTBP-Wet&Dry + Erbia core exhibits a lower MTC, ensuring stable 

operation within design limits.
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Fig. 6. Comparison of MTC for Reference, and DTBP-Wet&Dry + Erbia cores



6. Results & Discussion: Power Peaking Factors

• 2D (Fq-XY) and 3D (Fq-XYZ) Power Peaking (Figs. 7 & 8):
o DTBP-Wet&Dry + Erbia core shows acceptable values for both 2D and 3D 

power peaking factors, staying within design limits.
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7. Conclusion

• The DTBP design with Gd2O3 and Erbia provides improved 
performance for extended SMR cycles.

• Achieves extended operation with lower CBC and controlled power 
peaking.

• Future work could optimize the absorber material for even better 
results.
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