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This project also enhances the current state of LOCA modeling in BISON [5] by developing a physics-
based model for predicting fuel relocation and dispersal calculations. Currently, no dispersal model
exists in the code. Developing fully validated macroscopic models of this process that are
mechanistically informed by computationally expensive mesoscale simulations will be valuable to
utilities and fuel vendors. These entities will greatly benefit from the developed capability, by
incorporating those computationally affordable models into their own simulation tools to accelerate the
qualification of novel fuel concepts. In the high burnup regime, these models will help the industry
understand how fuel relocation takes place and quantify the probability of dispersal into the primary
coolant system, which in turn will allow them to devise methodologies to mitigate or eliminate the
consequences associated with FFRD during a LOCA.

Figure 1: Schematic showing a fuel rod (left) prior to crumbling and fuel relocation and (b) post crumbling and
relocation [6].

2. RESEARCH PLAN
The proposed project can be distilled to the following six tasks:

Identify appropriate experiments from the literature:

22P1074-009FP INL/MIS-23-74169

FFRD dynamics are very sensitive 
to particle features, stress level, 
and burst opening geometry. 
High pressure suppresses the 
axial fuel relocation until the 
onset of clad rupture.

BACKGROUND: 
Reactor vendors seek economic benefits 
associated with increasing nuclear fuel 
service lifetime in the existing light-water 
reactors fleet. FFRD phenomena represent 
a major safety concern which still needs to 
be addressed. Formation of high burnup 
structure (HBS) in conjunction with LOCA 
can lead to relocating fuel to escape the 
fuel pin and get dispersed into the 
primary coolant system. 
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High-fidelity multiscale model development for accelerated fuel qualification for high discharge burnup
Finite element-informed, discrete element modeling of fuel fragmentation, relocation, and dispersal (FFRD) phenomena 
during a simulated loss of coolant accident (LOCA) 
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* FFRD schematic is adopted from Siefken, Int. Conf. on Structural Mechanics in Reactor Technology, 1983 

Radial structure effect

Burst opening shape

METHODS
1. BISON is used to simulate experimentally 

observed scenarios leading to FFRD.
2. BISON-informed Discrete Element Method 

is used to simulate FFRD dynamics and 
analyze controlling parameters.

RESULTS
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