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4 H + + SDAT transient simulations are shown below. Transient simulations were performed for a partial
S tab J I J ty Cr J ter a control rod withdrawal, introducing a positive reactivity insertion of 0.1etr. Each simulation
utilized a different pair of (ar, am). These pairs were carefully chosen to lie near the boundary of a
stability region, allowing for an assessment of system behavior near the stability limits. For
demonstration purposes, pairs of (af, om) at the boundary of each stability region were simulated.
The change 1n power for each reactor configuration 1s provided:

Introduction

The analytical stability criteria were developed via a transfer function approach between
perturbations in the neutron population (or power level) and reactivity insertions for the
separate fuel and moderator regions, considering closed-loop feedback of the neutron
population. A block diagram representation of the closed-loop transfer function is provided:

All reactor systems require accurate modeling predictions to maintain safe operation, but
flowing-fuel reactors, such as molten salt reactors (MSRs), present unique challenges in
stability analysis:
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be checked with reactor simulation models (such as the SDAT), to verify the expected
behavior of the reactor during transients. The first transfer function computes the change in neutron population given a change in )
reactivity. This function was derived using the PKEs, with a few additional terms to account =
The purpose of this work is to provide a summary of a stability evaluation of a thermal- for the loss and reentry of DNPs passing through the loop. The second transfer function = ==F1]
spectrum MSR though two complementary methods; first through analytical stability represents feedback via the temperature coefficients of reactivity and computes the i
calculations, followed by transient simulations to verify the theoretical predictions. reactivity insertion given a change in neutron population. This transfer function is based on L
two differential equations governing heat transfer between the fuel and moderator regions. P _
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. The reactor of interest was a thermal-spectrum MSR operating at 8MW:n. The Based on closed-loop stability criteria, the product of the two transfer functions must be
reactor’s design and kinetic parameters, and thermophysical properties were fed into greater than -1. This relation can be simplified to form an inequality that must be satisfied for
the Stability Criteria. the system to be stable at all power levels. 5 -
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. SDAT was then employed to verify the theoretical predictions by analyzing the power A l
excursions following reactivity insertion transients, utilizing the fuel and moderator M —__
temperature reactivity coefficients generated from the stability model. i
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were obtained, as shown below 1n the plot. The stability of each region depends on specific -
combinations of a values. The green line corresponds to the inequality above.
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SDAT is a cc?mputatlc?nal framework developegl for the dynamic analysis of ad.vanced reactor S o0 CO n C u S | o n s a n Ac n OW e ge m e nts
systems, with a particular focus on MSRs. Designed to support safety evaluations and -
emerging research topics, SDAT integrates physics-based models to assess reactor stability, ‘" .
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