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Introduction

B ESFR-SIMPLE (2022-2026) is an EU-funded project aiming to improve the
safety of the European Sodium Fast Reactor through innovative monitoring,
power level flexibility and experimental research.

m A 360 MW(th) Small Modular Reactor based on the European Sodium Fast
Reactor (ESFR) design is studied within the project.

B Benchmark results obtained by SIMMER show good agreement with those of
other partners and indicate no fuel pin failure for ULOF or UTOP cases with
reactivity insertions up to 1.14 $.

B A higher reactivity insertion (1.5 $) may induce sodium boiling, leading to power
oscillations, core melting, and re-criticality due to fuel relocation.
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The SIMMER-III, -IV code
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Core configuration of ESFR-SIMPLE, SMR
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ULOF Benchmark Results

B Flow coast down with halving time ~ 10s, asymptotic flow rate ~ 12 %

B ULOF simulated at KIT with SIMMER, also with a system code, SIM-SFR
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Major reactivity feedbacks, such as
Doppler, coolant density,
thermal core and CRDL expansion,

are taken into account in both codes

For example:

Doppler constant computed with
SIMMER (1500-1800 K): -582 pcm
Sodium void worth

in the upper plenum: -1386 pcm
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UTOP-1.14% Benchmark Results

B Reactivity insertion of 400 pcm (1.14 $), linearly over 10 s.
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Local fuel melting is observed
In SIMMER results.

SIM-SFR does not simulate
fuel melting

This is the reason for

the fuel temperature discrepancy.

ULOF, UTOP-1.14 also simulated by other ESFR-SIMPLE partners, the results are consistent to those of KIT
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UTOP-1.5% Simulation with SIMMER: Results

B Reactivity insertion of 1.50 $, linearly within 10 s.
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UTOP-1.5% Simulation Results
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M Power oscillations caused by
successive boiling and flooding

W Power and boiling are anti-phased

B Mechanism: delay in heat transport
from fuel to boiling regions

M Oscillation period: 2 sec

B Such oscillations were observed in
ULOF of a larger SFR, where the
period is about 10 s:

CHEN, X.-N. et al., Numerical studies of
power oscillation induced by sodium boiling in
ESFR after ULOF transient, Ann. Nucl.

Energy 183 (2023)



UTOP-1.5% Simulation Results
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The power oscillations evolve into a power excursion, ultimately leading to core
melting and degradation. The figures above illustrate the sequence of events from
o cladding failure to core degradation and fuel discharge. AIT
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Conclusions

B ULOF and UTOP-1.14%: KIT results consistent to those obtained by other partners
® ULOF: does not leading to fuel pin failure or core degradation.

B UTOP after introduction of 1.14%: no severe accident is observed, showing the
robustness of the system after a limited reactivity increase

B UTOP after introduction of 1.5% may lead to sodium boiling and power oscillations,
eventual core melting and degradation.

- Sodium boiling and flooding oscillations in the upper core part and above, with a period of about
2 s, in antiphase with power and reactivity variations

- The mechanism is similar to that in the large ESFR design after ULOF
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Thank you for your attention
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