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Evaluation of Fuel Rod Models in TRACE and FRAPTRAN Design Codes 

 
Overview 
Fuel rod models are used to evaluate steady-state and transient behaviour of fuel 
rods. FRAPCON, FRAPTRAN, and TRACE are codes developed and maintained 
by the US NRC. Benchmarking codes against other codes and experimental data 
leads to increased accuracy and validation of models. Accurate but conservative 
simulations of reactors are required to evaluate current designs and to approve new reactor designs. 

Objectives 
Benchmark evaluation codes for hypothetical accident conditions leading to cladding deformation and 
rupture. Make recommendations on model and correlation improvement for TRACE and FRAPTRAN 
based on differences in outputs such as cladding hoop stress and temperature at rupture 

Approach 
 Large Break Loss of Coolant Accident, break in coolant system leads to drop in pressure and mass 

flow. Core subjected to SCRAM, leading to power decrease. Conditions could lead to cladding 
damage, and rupture. 

 Identification of parameters to make up transient scenario in TRACE and FRAPTRAN: mass flow, 
power, and pressure. Determined sixteen trials necessary for a code by code comparison. 

 Run FRAPCON-4 for burnup, coolant, and fuel rod data 

 FRAPTRAN-1.5: Modify input for transient conditions and read in data from the restart file 
generated by FRAPCON-4 

 TRACE V5.980: Modify input for transient conditions and manually input data generated by 
FRAPCON 

Outcomes 
 FRAPTRAN calculates a higher gap gas pressure than TRACE, both for the initial state, and 

through the transient period. This causes a 
difference in burst conditions, as the models 
use a thin-walled pressure vessel 
calculation: σhoop=Pr/t 

 FRAPTRAN models stress and strain for 
each node separately, which models 
ballooning more accurately. Specifically, 
this allows FRAPTRAN to calculate thinning 
of the cladding, leading to higher stresses, 
and eventually burst 

 TRACE uses linear correlations based on 
cladding temperature to model strain in the 
rod. Which means that TRACE doesn’t take 
into account changing material properties, 
outside of what properties are built into the 
correlations.  

 As soon as FRAPTRAN detects ballooning 
in any node, all other nodes stop any deformation calculations, and are locked in place. This leads 
to a slight jump in the data, but ultimately doesn't affect the burst condition. 


