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 7/09/2014:  
– Authorized inspecting organization (AIO) observed a bending 

located above the opening for the material air lock 

  Licensee carried out several actions in order to: 
– Determine the exact geometry and the origin of the buckling 

– Verify the welds of the liner and the presence of concrete right 
behind the buckled carbon steel liner 

– Verify the (non)existence of a similar phenomenon on other 
Belgian nuclear reactors 

– Evaluate the impact of the buckling on the reactor operation 

INTRODUCTION 

From REVE 1-14-20 
From REVE 1-14-20 

From REVE 1-14-20 

From TIS1/4NT/0320140/000/00 

 30/01/2015: 
– Bel V started  a safety assessment 



HISTORIC INFORMATION 

 

D=42m 

H=62m 

t=0,70m 

From TIS1/4NT/0320140/000/00 From RS §3.8.2 of the concerned unit 



HISTORIC INFORMATION 

 Design of the concerned unit 
– Loads considered (primary containment) 

 Construction of the concerned unit 
– Carbon steel liner used as a lost formwork 

 Regarding CONFINEMENT safety function 
– Carbon steel liner: “tightness” safety function 

– Pre-stressed reinforced concrete: “structural” safety function 

 Both are key elements when talking about nuclear safety 
 



EXPERIENCE FEEDBACK 

 Early 2015: 
– Bel V checked the existence of similar events worldwide and in 

Belgium 

 International return of experience: bending reported had a 
maximal surface of around 1 m² 

 National experience: local deformation (bending 1m long and 
50 cm to 60 cm high) of the carbon steel liner observed in its 
lower part (1992) 

 

 



TECHNICAL ANALYSIS 

 Bel V carried out a safety assessment to evaluate: 
– the upholding of the tightness safety function  

(and so the upholding of the bending) in accidental conditions 

– the upholding of the structural safety function of the  
pre-stressed reinforced concrete primary containment in 
accidental conditions 

 Determine causes / origin 

 Evolving phenomenon 

 



TECHNICAL ANALYSIS - HISTORICAL 

 7/09/2004:  
– Bending observed by AIO at the same location 

– Noted "acceptable with remarks“ 

– Curving of 30 cm 

– No trace of further actions or evaluation 

 2014 
– Curving of 14 cm 

 2015 
– Bel V asked a 3D scan 

 No progression between 2014 and 2015 
 



TECHNICAL ANALYSIS - CAUSES 

 Thrust of the fresh concrete on the non-supported carbon 
steel liner used as formwork 

 Fatigue phenomenon caused by the thermal loads?  

 Defect in the pre-stressed reinforced concrete primary 
containment ? 

 Bel V asked the Licensee to carry out necessary inspections  
    and investigations 

 



 Inspections: 
– magnetic controls of the liner  6mm thickness 

– ultrasonic tests of the welds  presence and thicknesses  

 Calculations: 
– Calculation note  no breakage neither of anchors nor of the 

welds between the anchors and the liner  

– Finite element analysis  sufficient strength of the buckled liner 
in different conditions 

 Tests 
– 3D scans in September 2014 and June 2015  no progression 

– Global type A pressure test in 2005 and 2016  tightness OK 

 

TECHNICAL ANALYSIS – TIGHTNESS SAFETY 
FUNCTION 

From TIS1/4NT/0320140/000/01 



 Inspections 
– Several drillings 

 2 drillings inside of the bending through the carbon steel liner 
with extraction of concrete cores 

– Visual inspection 

 two different material compositions (compact cementitious 
compound and conventional concrete) 

 The two cores did not show any gravel nest. 

– Chemical analysis 

 Tests / Measures 
– Post tension evolution  

 

TECHNICAL ANALYSIS – STRUCTURAL SAFETY 
FUNCTION 



CONCLUSIONS 

 On 7/09/2014: Bending (2.7 m wide, 1.9 m high, maximum 
curving of 14 cm) was observed on the liner of the primary 
containment 

 National and international literature did not show similar 
reported bendings 

 

 



CONCLUSIONS 

 Bel V carried out a safety assessment: 
– Upholding of the tightness safety function of the liner  

(and so the upholding of the buckling) in accidental conditions: 

 Global type A pressure test in 2005 and 2016  

 Ultrasonic tests on the welds in 2015  

 Magnetic controls of the liner in 2015 

 Finite elements calculation of the liner 

 3D scan of the liner in 2014, in 2015 and in 2016 

– Bel V concluded that the tightness safety function is ensured 

 

 



CONCLUSIONS 

 Bel V carried out a safety assessment: 
– Upholding of the structural safety function of primary 

containment in accidental conditions by demonstrating no 
damage on the primary containment: 

 Two drillings inside of the buckling through the carbon steel 
liner 

 Post-tensioning losses were checked 

– Bel V concluded that the structural safety function is ensured 
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