
 

 
 
 
 
 
 

 
 
 
At two of the UK’s power stations the boiler closure units (BCUs) have a 

secondary retention system fitted to prevent ejection of the BCU in the 

unlikely event of failure of the primary retention system. The BCUs 

themselves are the largest pressure vessel opening in any of the currently 

operating stations, therefore structural integrity of the BCU is essential for 

continued safe operation. The secondary retention system comprises of a 

series of 12 segmented steel load transfer shoes (LTSs), which are designed 

to transfer the imposed load to a reinforced concrete back-up ring, located 

just above the BCU. Load is transferred to the back-up ring via the 12 LTSs.  

In normal operation with the primary retention system intact there should 

be no contact between BCU and the LTS.  This gap needs to be large enough 

to accommodate operational distortion (including effects from pressure, 

temperature, concrete shrinkage and creep) and small enough to minimise 

dynamic loading in the unlikely event of deployment. To engineer this gap 

within the required tolerances 48 shim blocks are placed beneath the LTS 

on the BCU top bearing ring. 

The safety case specifies a requirement for in-service monitoring of the LTS 

shim gap, via periodic measurement of all shim gaps as stated within the 

Maintenance Schedule.  

Our approach 
During a statutory outage on one of the 

reactors, checks revealed that the shim 

gap clearances were less than the 

specified limits. Some shims were found 

to have no measurable clearance at all. 

Therefore, work was undertaken to 

rectify shim clearances on plant and the 

structural integrity implications for all 

reactors investigated. EASL worked 

with the client to identify a cost 

effective solution to this operational 

challenge. EASL carried out finite 

element analysis (FEA) to determine 

the operational movements from 

pressure, temperature, concrete 

shrinkage and creep. The resulting 
movements were validated by 

measured displacements of the top 

surface of the BCU using monitoring 

instrumentation (LVDTs) from earlier 

operational periods.  
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Figure 1 Cross-section through the BCU 

By carefully reviewing the operational 

movements this work enabled a 

justification to be made for a reduction 

in the minimum shim gap clearance 

from 0.075” to 0.060”. This reduced 

minimum shim gap clearance has since 

been used in all inspections.  

Subsequent inspections again revealed 

clearances that had reduced since the 

previous outage with a significant 

number below the minimum tolerance 

value of 0.060”. A small number were 

found with zero clearance and were 

stuck. Extensive remedial work was 

carried out to restore all shim 

clearances to within tolerance and a 

thorough review of the associated shim 

clearance data for this reactor was 

reported, commitment was also made 

to collate and review historic shim gap 

data for the other three reactors. 

Owing to the challenging location of 

the plant (within a radiation controlled 

area with difficult physical access), it 

was not possible to fully inspect the 

structure for damage.  Hence FEA was 

used to determine the bounding loads 

imparted on the LTS and BCU 

assuming a zero shim gap, and then to 

assess their effects on the structural 

integrity of the parts.  It was confirmed 

that no significant damage could have 

accrued in the time at risk.  

A shortfall in the safety justification of 

the upper limit of shim gap clearance 

was also revealed. Lumped parameter 

mass-energy models were constructed 

for the BCU, the LTS, the back-up ring 

and the vessel tendons to assess the 

effect of impact loads for a range of 

shim gaps. These assessments were 

used to underpin the design and to 

justify an increase in the upper limit of 

shim gap clearance.  

 
Figure 2 Detail of BCU secondary retention system 
shoe arrangement 

Conclusion 
EASL’s thorough approach enabled the 

safe return to service of the station. 

Furthermore, it was shown that no 

significant damage occurred in the 

time at risk for any of the structural 

components.  Detailed analysis of the 

structural components and loading 

enabled justifications to be made to 

widen the tolerable range of shim gap 

clearance. 

Plant maintenance procedures were 

updated to improve the process for 

collecting the shim gap measurements 

and to prevent a recurrence of the 

difficulties that had led to below 

tolerance shim gaps. Providing future 

cost saving benefits. 

If you would like to discuss how EASL 

can help your business please get in 

touch. 


