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INTRODUCTION  

Modeling of nuclear fuel cladding behavior during a Loss of Coolant accident (LOCA) is a principal 

requirement in reactor safety analysis. Former safety criteria were obtained from experiments during the 

1970's, conducted mainly with fresh fuels. Changes in modern fuel design, introduction of new cladding 

materials and motivation towards higher burn-ups have generated a need to re-examine safety criteria and 

their continued validity. This led to the growing development of both experiments and simulations meant to 

address this need. The Halden IFA-650 [1] series of experiments for example, beginning in the early 2000's 

have clearly shown that existing criteria and experimental data are insufficient for the growing demand for 

higher burn-ups. 

In JHR material testing reactor, which is currently under construction, one significant experimental device is 

the LORELEI testing device. The objective is to examine the LOCA sequence influence on: thermo-

mechanical behavior of the fuel clad, possible fuel relocation, corrosion at high temperature, oxidation, 

hydriding and resulted clad embrittment. The device is a single rod closed loop system placed on a 

displacement device inside a defined channel in the reflector. Several operational constrains on the device, 

as required by the reactor operational philosophy resulted quite a few challenges in the design. Constrains 

as: pre experimental re-irradiation phase under thermo-syphonic flow, application of active insulation to 

simulate the surrounding fuel, application of tensile force during refolding simulation, controlling the 

experiment with non-direct temperature measurement, etc. requires sophisticated solutions. The main 

objective of the conceptual design was to remove the uncertainties of those challenging requirements. The 

current presentation describes the approach applied defining the concept of the device, using sophisticated 

design combined with computational and experimental tools. 

 

Operational requirement 

The objective of the LORELEI testing device is to simulate thermo-mechanical behaviour of one LWR rod 

in the following aspects:  

 Ballooning and clad burst with possible fuel relocation inside and outside the rod 

 Corrosion at high temperature, oxidation, hydriding and resulting clad embrittlement 

 Quenching and post-quench behaviour (mechanical strength) 

 Radiological consequences : Fission products source term 

  

Motivations: 

 Testing of new cladding material. 

 New fuel (UO2, MOX, additives,..) 

 High Burn-Up effect on the cladding material (corrosion and hydriding due to normal operation) 

 Investigation of LOCA phenomenology (fuel relocation, possible coupling between fuel and clad 

behaviour, etc.) 

 

 



The LOCA sequence realization is according to the plot in Fig. 1.  

 
Figure 1: The sequence of the LOCA test. 

 

The experimental device that accomplishes the sequence in Fig. 1 is under development in ROTEM 

industries. The conceptual design is shown in figure 2.  

Among the major challenges in the roadmap toward the design are: Developing a high power and high 

temperature heating element, realization of a thermo-syphonic heat removal system, non-direct temperature 

measurement, compliance with nuclear safety regulation and more. 

The current presentation describes the conceptual design of the experimental device. 
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Figure 2: Conceptual design of the experimental device. 
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