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ABSTRACT 

 
The report deals with the ISI-activities performed during almost 2 years trying to establish a full 
understanding of the defect situation of the core shroud support of the BWR-reactor Oskarshamn 2.  
 
 
BACKGROUND 
 
The core shroud support in Oskarshamn 2 is connected to the reactor vessel in the bottom of the down-
comer, see figure 1.  

   
Figure 1. Position of the core shroud support in Oskarshamn 2. 
 

All former ISI had been performed with a qualified visual technique from the down-
comer. But recent recalculations of the stress situation in the affected area revealed that it is more 
likely for a crack to start from the inside of the shroud support, and by that a visual inspection from the 
outside (down-comer side) will not be effective. Therefore, new ISI-equipment was developed and 
qualified ahead of the planned 2013 ISI-campaign, including both ET- and UT-techniques.  
 

Since it is almost impossible to reach the inside of the shroud support with any ISI-
manipulator, all measurements had to be performed from the outside (down-comer).  
 
THE CORE SHROUD SUPPORT – MATERIALS AND WELDS FOR INSPECTION 
 
The core shroud support consists of an Inc-600-plate (thickness 35 mm) welded with Inc-182 to a CS-
buttering on the vessel wall. The Inc-600-plate is then connected to a stainless steel plate above. The 
welds to be inspected are named MTS2.1a, MTS2.1b, MTS2.2 and RT6, see figure 2. 
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Figure 2. The welds in the core shroud support. 
 
 
ISI OF 2013 
 
An ISI-system had been developed and qualified ahead of the planned outage. As mentioned before it 
had to be operated in the bottom of the down comer, and was equipped with UT-technique for 
scanning of the inside surface, combined with ET-technique for scanning of the welds (surface) on the 
down comer side. 
 
The result of the 2013 ISI-campaign was  

• MTS 2.2 - One axial surface breaking defect on the inside 
• RT6 - Thirty defects. 

 
The defects in RT6 consisted of 

• 22 axial surface breaking defects on the inside 
• 3 circumferential surface breaking defects on the inside 
• 5 circumferential surface breaking defects on the outside  

 
All defects were length sized i.e. both start and stop positions were determined.  

 
The circumferential defects in RT6 together with the defect in MTS2.2 were all well 

below acceptable defect size for a ten year inspection interval, so these defects caused us no big 
concern. It should be noted that in Sweden it is allowed to continue operation with existing defects as 
long as it can be shown that there is enough safety margin until the next ISI-campaign. 
 

The problem was the axial defects in RT6. Worst case defect (no. 20) had a measured 
length of 40 mm. However, it was questionable if the length was measured within existing 
qualification (see below) and as no TWE-sizing was performed nor qualified the defects had to be 
treated as through wall. 
 

The damages were believed to be caused by weld defects and/or grinding. Defect 
growth was judged to be by IGSCC and IDSCC. 
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Weld RT6 consists of an Inconel buttering which is joined to an Inconel 600 plate with an Inconel 182 
weld. The Inconel buttering has been included in the heat treatment during manufacturing of the vessel 
which makes it insensitive for defect initiation.  However, for HAZ of the Inconel buttering there is a 
risk for initiation of defects. 
 

The inspection volume was the Inconel weld and 10 mm on either side (HAZ). At the 
time of the inspection, length sizing was qualified from HAZ of the Inconel 600 base material, through 
the Inconel weld and 10 mm down in the Inconel buttering, see figure 3. 
 

      
Figure 3. The weld RT6 

 
The inspection result indicated that some of the defects could extend outside the 

qualified length sizing interval i.e. further into the Inconel buttering than the originally qualified 10 
mm.  
 

The down-comer area ends at the bottom with a radius connecting the shroud support 
plate with the vessel wall. This radius showed not to be according to drawings and furthermore not 
constant over of the 360 degrees. Since the UT-transducer at its lowest position reached the upper part 
of this radius, it was essential to know the exact geometry at every defect location in order to study the 
beamways, and by that fully determine the location of the inside defect´s bottom tip (vertical defects). 
 

 
Figure 4. The UT-transducer at its lowest position according to drawings (nominal geometry) 
 
FURTHER DEVELOPMENT OF THE LENGTH MEASURING TECHNIQUE (2014) 
 



We had to find a method that could give us the exact geometry (=down comer radius profile) in all of 
the defect locations. A project was started together with our ISI-vendor, and our choice fell on a 
moulding technique, assisted by an ultrasonic transducer for positioning. In all inside crack positions a 
replica was taken on the corresponding position of the outer radius. By that, a CAD-assisted 
geometrical study could be performed showing the exact position of the transducer when detecting the 
bottom tip of every inside vertical crack, and as a result the crack length could be determined, see 
figure 5. 
 

   
Figure 5. Defect no. 20 with actual down comer geometry obtained by moulding, see grey part. 

 
As a result of this study we concluded that some of the ISI-measured defect lengths 

extended outside the qualified area, and thereby we started a new project aiming to extend the existing 
qualification. The test pieces were modified with new and longer defects, the procedure was revised 
according to this and including the profile modelling and CAD-assisted evaluation of beamways. The 
documents were reviewed and accepted by the qualification body, SQC. The qualified area for length 
measuring now was extended all the way down to the bottom of the Inc-buttering. 

 
When running the data obtained during the ISI through the developed length measuring 

system we concluded that the length of two defects had to be changed (defect no. 5 and 20). We found 
them both longer than first estimated. Defect no. 20, already the longest defect, now increased from 40 
to 62 mm, and with tolerances added it reached 82 mm. With no depth measurement qualified we had 
to treat this defect as through wall, according to the Swedish regulations. When calculating fracture 
mechanics on the situation surrounding this defect we did not meet all the criteria for safety margins, 
but we considered the situation satisfactory for an application to the authority, SSM. This was sent in 
August 2014, and we applied for permission to operate until next outage and then perform a new ISI. 
 
 
DEVELOPMENT OF TWE-SIZING TECHNIQUE 

 
While SSM reviewed the application, parallel work was started with the aim to TWE size the axial 
defects. A new open test piece was manufactured and a pre-study was performed with promising 
results. The technique used was a diffraction technique with the aid of profile modelling. 
 

The OKG requirement was TWE sizing of defects in the interval of 15 to 30 mm in 
depth. Tolerance for TWE sizing within the interval was set to ± 3,0 mm. A new qualification of 
procedure and personnel were performed with a successful result. In 2015 all axial defects were TWE- 
sized. No defects were deeper than the qualified interval, and the results are presented in table 1. 
 



 

 
Table1. Result of TWE-sizing for all axial defects in weld RT6 
 

Defect no. 20 had the longest measured length (62 mm) and had a measured depth of 
16,2 mm. Tolerances were added for fracture mechanics analysis and a conservative defect extension 
of 19,2 x 82 mm (h x l) was used for the analysis. Furthermore defect no. 20 also had the lowest Y-
position i.e. is closer to the reactor wall than any other of the detected defects. 
 

Defect no. 28 had the deepest measured depth (26,6 mm) and had a measured length of 
30 mm. Tolerances were added for fracture mechanics analysis and a conservative defect extension of 
29,6 x50 mm (h x l) was used as an input to the analysis.  
 

Fracture mechanic calculations were then performed including the result from TWA-
sizing, and the result showed that we now fulfilled all the safety margin criteria. This new information 
was sent to SSM.  
 
 
VISUAL INSPECTION FROM INSIDE RT6 
 
As mentioned before, it is very difficult to access the inside of the core shroud support for ISI-
activities. Nevertheless, a cable-held camera was lowered from the refueling bridge all the way down 
to the reactor bottom, and maneuvered to a position under the plate hindering the direct access to the 
area next to the CSS inside. The camera then was tilted upwards, and from a distance of 1,3 meters the 
inside of the CSS became visible, see figure 6. With a high risk of getting the camera stuck in a 
vulnerable position, all the positions for axial cracks were inspected. 
 
 
 
 



   
 
Figure 6. Visual inspection of the inside of the shroud support 
    
 

It should be noted that this visual inspection was not intended to verify the results of the 
UT-inspection from the down comer side, but it showed that all visible defects were axial, and there 
were no evidence of defects propagating down into the carbon steel buttering. Another thing to bear in 
mind is that IDSCC-cracks are known to be tight and therefore hard to see with visual techniques 
(especially on this long distance). An example of pictures obtained is shown in figure 7. 
 

   
 

Figure 7. Visual inspection, defect no. 26 
 

Of the original 25 defects detected by UT, a total of 17 could be verified with the visual 
technique from the inside.  
 

 

 

 

 

 

EPILOGUE 

 



In an extra board meeting on October 14, 2015, the owners of OKGs made the decision not to restart 
Oskarshamn 2. The decision was made solely based on market economy reasons and was not at any 
point connected to the found defects in RT6-weld of the core shroud support.  
 

The core shroud support project lasted for more than 2 years and included 
manufacturing and modifications of lots of test pieces, developing of both ET- and UT-equipment and 
in this case supported by molding technique. OKG would like to highlight the very close and good 
cooperation we had during the whole campaign with the ISI-laboratory, WesDyne Sweden AB, and 
the qualification body, SQC.    
 


