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Abstract: LOCA (Loss of coolant accident) resistant heat-shrinkable polymeric products are 
widely used for the connection of LV cables for class 1E systems inside the containment area 
of nuclear power plants. The paper/presentation describes the verification of a reformulated 
compound for these products, where certain components of the compound formulation had to 
be substituted. A qualification programme with this so-called reformulated compound was 
undertaken to proof the equivalency of the products to the products made out of the original 
compound. The basic elements of this requalification project were material qualification tests 
including accelerated aging tests according to the arrhenius method and type tests in 
accordance to IEEE 383, including flammability tests. The test results showed that the 
products made out of the reformulated compound were similar in fit, form and function to the 
original products.  
 
Additional tests have also proven higher application ranges for the heat-shrinkable tubings 
and the successful evaluation of a design for a medium voltage joint design for LOCA 
resistant application.   
 
 
1) Background 
 
In the year 1973 Raychem introduced the first flame retardant low voltage heatshrinkable 
cable accessories like extruded tubings and moulded breakouts and end caps for use in safety 
critical circuits and systems in the containment areas of Nuclear power plants. These products 
have been qualified to withstand a Loss of Coolant Accident (LOCA) taking into account 
almost all known LOCA temperature and pressure profiles of the world wide existing nuclear 
power plants. The qualification program was done in accordance to the standards IEEE 323 
and IEEE 383. 
 
Up to now standardized kits for low voltage cables like termination kits, breakout kits and 
splice kits (joints) are available. For higher voltage applications starting from 1 kV up to 15 
kV also a variety of products were qualified to withstand High Energy Line Break (HELB) or 
Main Steam Line Break (MSLB) conditions. These products are typically used as cable 
termination or as motor connection kits. In addition to this cable markers, various tapes for 
repair, maintenance and additional mechanical protection are available, too.  
 
2) Qualification of LOCA resistant cable accessories 
 
The qualification of the cable accessories for usage in Nuclear Power Plants is based on the 
world wide accepted IEEE 323 and IEEE 383 standards. Based on IEEE 383 each electrical 



equipment in the nuclear power plant can be classified as class 1E or non-class 1E equipment. 
A class 1E equipment is defined as an electrical equipment which is necessary for: 
 

- Emergency shutdown 
- Containment isolation 
- Reactor core cooling & heat removal 
- Preventing release of radioactive material 

 
To assure these functions the equipment, cables and cable accessories have to withstand 
several defined design basis events (DBE), which have to be defined by the responsible 
design institutes which are planning the Nuclear Power Plant. Typical DBEs can be 
earthquakes, High Energy Line Breaks (HELB) or a Loss of Coolant Accident (LOCA). With 
regard to cable accessories the most critical DBE is certainly the Loss of Coolant Accident 
(LOCA). For the qualification two cases have to be considered taking into account the ageing 
of the products:  
a) the accident can occur on the first day the power plant is in service, which requires the 
qualification of the new material last  
b) the accident can occur on the last day the power plant is in service, which requires the  
qualification of the aged product taking into account thermal ageing and radiation ageing.  
 
A full LOCA qualification therefore has to cover the following individual tests: 
 

- Simulation of ageing  
- Radiation exposure during lifetime 
- LOCA – Accident simulation with high radiation, temperature increase, increase of the 

environmental pressure, saturated steam conditions and chemical spray testing   
 
All parameters of these tests will normally be defined by the design institutes responsible for 
the construction of the nuclear reactor. Due to different reactor designs from different 
manufacturers these parameters can vary.  
 
Raychem´s approach since the beginning was to cover as much as possible design profiles and 
parameters to allow the usage in most of the Nuclear Power Plants that are in service world 
wide. By covering the different profiles with an additional safety margin the usage of the 
nuclear grade cable accessories also offer additional safety margins in case of an accident. 
The individual test phases and their related parameters are covered in the following 
subsections. 



 
2.1) Thermal ageing 
 
The qualification of the cable accessories should cover new materials as well as aged 
materials. It therefore should include the scenario that an accident can occur at the last day of 
the service life of a Nuclear Power Plant. The typical service life is given with 40 years, 
although newer designs are under development to be designed for a 60 years service life. As a 
service temperature for the Raychem products a temperature of 90°C was chosen, which 
represents normally the maximum conductor temperature of a power cable.  
 
Accelerated ageing of heatshrinkable cable accessories is done in accordance to the Arrhenius 
method (or Arrhenius plot). The material therefore will be aged at a temperature of 136°C and 
at least two further temperatures which are at least 10°C apart from 136 °C. The elongation 
performance of the material after a certain period of time will be controlled until a chosen end 
point of the mechanical property (typically retention of elongation at break) is reached.  
For the reformulated compound of the Raychem material the end point was selected to 30% 
retention of elongation. Figure 1 shows the retention of elongation versus time for 
temperatures of 136°C, 150 °C, 162°C and 175°C on the compound used for the Raychem 
WCSF tubing, where 4 different temperature values have been tested.  
 

 
Figure 1:  Arrhenius ageing - Retention of elongation vs. time on the WCSF 

compound 
 
 



Based on these results it is possible to generate the arrhenius plot shown in Figure 2. It shows 
the time to reach the 30% retention of elongation as a function of the temperature, which is 
given by the reciprocal value in 1/K. All four determined values will describe a straight line 
which is extrapolated and which crosses the 40 years service criteria above a temperature of 
90°C . According to Figure 2 the reformulated WCSF will remain 30% retention of 
elongation at 98°C after 40 years.  
 
In the next step the curve will be shifted in parallel (Curve B) to cross the time to reach 30% 
retention of elongation at 40 years and at a temperature of 90°C. While doing this the same 
heat of activation will be assumed. Curve B can now be used to select a reasonable time and 
temperature for the accelerated ageing test which is done prior to the LOCA test. The selected 
time should be at least 100 hours. For the reformulated WCSF compound the temperature was 
selected to 150°C with a duration of 836 hours. A slightly different value was determined for 
the compound used for moulded products. 
 
 

 
Figure 2:  Time to retention of elongation vs. 1/temperature in K for the WCSF  
 compound 

 
In a first step the accelerated ageing test was performed on selected applications after having 
been verified electrically.  
 



Typical sample constructions are shown in Figure 3 and Figure 4: 

 
 

Figure 3: In-Line Splice with crimp connector  
 

 
 Figure 4: In-Line Splice with bolted connector  
 
 
2.2) Radiation ageing 
 
Besides the thermal ageing the radiation ageing of the material has to be considered. The 
material in the containment will experience continuous radiation during its lifetime which will 
age the material in addition to the thermal ageing.  
 



A value of 50 Mrads of gamma radiation is required according to IEEE 383 with a dose rate 
of < 1Mrad/hour and was tested on the application samples with a Co60 source.  
 
2.3) Accident Simulation (LOCA) 
 
The simulation of the LOCA accident must be divided into 2 steps : In a first step the high 
radiation inside the containment needs to be simulated. In a second step the temperature 
profile and pressure profile will be applied to the test samples simultaneously. During the high 
temperature and pressure phase saturated steam conditions will apply and an acid chemical 
solution will be sprayed on the test samples.  
 
The accident dose of radiation was chosen to 150 Mrad + 10% resulting in 165 Mrad for the 
reformulated material used for the nuclear grade cable accessories. This radiation was applied 
to new samples and aged samples, which already experienced the radiation ageing and 
thermal ageing. 
 
After this the selected test samples were put into a pressure vessel (Picture 5) and have been 
tested according to the selected temperature and pressure profiles while energized at 600 V 
AC.  
 

 
 
Figure 5:  Pressure vessel to simulate the LOCA temperature and pressure profile 

conditions 
 



The temperature and pressure profiles used for the qualification of the Raychem nuclear grade 
cable accessories is given in figure 6 and figure 7.    
 
 

 
 

Figure 6: Temperature Profile for the qualification of the WCSF compound 
  
 
The temperature profile as well as the pressure profile shows a double peak profile with 
temperatures up to 218°C and a maximum value for the pressures of about 0,83 MPa (8.3 bar) 
above the atmospheric pressure.  
 
The shown temperature and pressure profile was selected to cover almost all existing 
temperature and pressure profiles required by the different nuclear power plants all over the 
world.   
 
During the simulation of the LOCA accident the samples were subjected to saturated steam 
conditions and applied with a chemical solution containing Boron, Hydrazine, Trisodium 
phosphate buffer with a pH-value of 10.5.  



   
Figure 7: Pressure Profile for the qualification of the Heatshrinkable Accessories 

 
 
2.4) Verification tests 
 
The cable / cable accessories should function throughout the exposure to the environmental 
extremes within the specified electrical parameters, which requests an insulation resistance 
test at 5kV DC and an AC withstand voltage of 80V/mil of cable insulation thickness. Before 
and after the LOCA test the cables / cable accessories should be straightened and recoiled 
around a mandrel with a diameter of approximately 20 times (before LOCA) and 40 times 
(after LOCA) the overall cable diameter.  They should also be immersed in tap water at room 
temperature. While still immersed they should again pass a voltage withstand test with a 
defined insulation resistance value. 



 
2.5) Flame test 
 
Flame tests according to IEEE 383 / IEEE 1202 were performed to demonstrate that the 
cables / cable accessories as single unit and in bundles do not propagate fire even if the outer 
covering and insulation have been destroyed in the area of flame impingement. A bundle of 
cable of 2.5 m is tested for 20 minutes and chalking of the cable shall not occur for more than 
1.5 m of the cable. While no cable accessory design will have a length of 2.5 m, cable 
samples with and without cable accessories were chosen, which have shown that the cable 
accessory does not negatively affect the flame propagation of the flame retardant cable. 
 
3.0) Test results and conclusion 
 
Form 1999 to 2004 Raychem reformulated heatshrinkable cable accessories were successfully 
requalified in LOCA qualifications according to IEEE 323 and IEEE 383 and have shown the 
equivalency in fit form and function to the products tested about 20 years ago. Further to this, 
certain design parameters could be improved to qualify a shorter sealing length and a wider 
use range of the extruded tubings used for splicing applications.   
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