
 
he Loss Of Coolant Accident (LOCA) is one of 
the most considered accidental scenario in 

nuclear power plant design [1]. It occurs after a break 
of the primary circuit, which leads to a strong 
pressure decrease inducing an overheating of the full 
cladding. The oxidation due to water steam and high 
temperature undermines the claddings and can lead 
to their burst with the release of fission products [2]. 
To simulate such accident, the Light-water One Rod 
Equipment for LOCA Experimental Investigations 
(LORELEI) test device will be implemented in the 
Jules Horowitz research reactor at the CEA 
Cadarache centre [3]. It will allow the study of full 
claddings behaviours under such conditions [4]. The 
cladding surface temperature monitoring is essential 
in this experiment; it allows linking the burst 
conditions with the temperature. However, this 
measurement needs to be non-invasive in order to 
minimize the perturbation and avoiding any change 
of the burst conditions, which exclude the use of 
thermocouples. In this case, the Pyrometry based 
temperature measurement techniques presents a 
suitable solution [5].    

The aim of this work is to develop a non-contact 
temperature measurement technique allowing the 
monitoring of the full cladding temperature during a 
LOCA. In order to achieve that, we developed an 
infrared optical multispectral pyrometry-based 
system. This technique presents a good solution 
allowing to reach the required temperature range, 
accuracy and acquisition speed (700-1200 °C, >10 
°C and >10 Hz, respectively). The multispectral 
analysis allows us to measure both emissivity and 
temperature by using a calibrated black body source 
as a reference. The device transfer function is 
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obtained by a direct comparison between the 
theoretical black body spectrum and one measured 
on the black body source. The emissivity is 
considered quite flat on our working spectral range 
(1-1.6 µm) as it was demonstrated in previous works 
[6].    

However, a main issue of this technique is the optical 
system weakness to the reactor core extremes 
conditions during the accident (high temperature, 
radiation flux and hydrogen emission) [7]. Indeed, 
the multispectral pyrometry measurement is very 
sensitive to the system spectral losses variations, 
which can be produced by the Radiation Induced 
Attenuation (RIA) due to the high gamma and 
neutron fluxes [8]. In order to avoid such issue, we 
used radiation-hardened materials such as diamond 
and pure silica glass [9]. The choice of these 
materials is based on the CEA expertise in 
developing optical devices for harsh environment. 
However, the device prototype has to be tested under 
those new extreme conditions in order to be qualified 
before its integration in the LORELEI device. 

In this paper, we study the water steam influence on 
the temperature measurement using a prototype of 
the IR multispectral pyrometer on the EDGAR 
facility of the CEA (Figure 1.a and b.). The EDGAR 
facility allows the cladding ohmic heating up to 
1200°C, with a temperature monitoring using an 
internal thermocouple in addition to a commercial 
optical monochromatic pyrometer [10]. The 
atmosphere can be switched from air to water vapor 
using a steam generator.  This allows to validate the 
reliability of the system under the reactor accidental 
atmosphere where high steam flows are expected. 
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Figure 1.a Experimental setup for steam effect testing on the 
temperature measurement by IR pyrometry, b. Pictures of 

EDGAR test facility 

The steam flows affect the measurement accuracy by 
introducing additional spectral losses to the signal 
acquisition chain; this attenuation will induce an 
important disturbance in a spectral band at about 1.38 
µm, which will decrease the temperature 
measurement accuracy. In order to avoid such issue, 
this absorption band was removed from the tested 
spectral range; in this case, the measurements are 
performed on a [1-1.3 µm] spectral range. 

The measured temperatures in air and steam 
environments using IR pyrometry are reported in 
Figure 2. 

Figure 2. Temperature values measured in air (black marks) and 
steam (red marks) environments compared to internal thermo-

couple values (red dash line) on Zircaloy-4 cladding 

In both cases, the temperature is estimated with a 
good accuracy compare to the TC values, using the 
multispectral pyrometry in an adapted spectral range. 

The uncertainty of the system remains less than 1% 
for both air and steam environments. 
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