
Superintending Inspector 
Health and Safety Executive 
Nuclear Safety directorate 
3.1 Redgrave Court 
Merton Road 
Bootle 
Merseyside 
L20 7HS 

Hinkley Point B 

Our R d  LF/AB/BW 
Unique No: IHPB 50684N 
Your Ref: HPB HPB 71 O3OR 2"* June 2006 

BRITISH ENERGY GENERATION LIMITED 
I-IINKLEY POINT B POWER STATION, BRIDGWATER 
"A REVISED SAFETY CASE FOR THE GRAPHITE CORE: INSPECTION 
AND MONITORING PROPOSALS FOR 2005-2008" MAY 2005, NPlSC 7147 
ADDENDUM 2 REVISION 000 

Thank you for your comments on the assessment of the above safety case for the 
graphite cores at Hinkley Point B and Hunterston B. You have raised several issues 
and asked several questions. We would welcome an opportunity to discuss the issues 
with you in more detail and ill contact you to arrange a suitable 
date for meeting. We have oints we would raise under each 
issue. 

Issue 1. Based on current graphite case you judge that there is a needjor more 
jkequent inspection ofthe graphite core 

Response: You recognise in your comment that the position is changed by the recent 
graphite core safety case (NSC/06/2187), and you have yet to form your view on the 
enhancements to the safety case. 

In our discussion with you we would like to emphasise which elements of the safety 
case that have been kept the same: 

0 Calculation of the conservative on-set of kcyway root cracking (2010) 
0 Time to reach 30% keyway root cracked bricks (additional 5 years) 
0 Assu~nption that bricks which crack will prompt double crack 

Comprehensive and bounding modelling of core distortion 
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0 Assumption that all doubly cracked bricks are aligned and that there is a 
global sideways force to move the channels to the maximum bound 

0 Bounding principles of the core inspection 
0 Confidence that not all bricks will prompt double crack 

And those where improvements have been made: 
0 

0 Reduced threat from bore cracking (from observation of the core) 
0 Demonstration that 30% doubly cracked bricks gives equivalent distortion to 

that presented in the previous case (90% singly, 10% doubly cracked bricks) 
0 Improved monitoring of the core particularly the analysis of fuel grab load 

trace which should detect doubly cracked bricks which have sheared or 
separated and hence be a lead indicator of the degradation of core 
functionality. 

0 Demonstration that there is no cliff edge in failure of the control rods to insert. 

The recent case has added considerable margin to that presented last year and more 
importantly has enabled two key elements to change 

(a) the inspection level has been set at 30% cracked bricks (assuming the bricks 
prompt double crack which is very conservative) compared to the 10% used in 
the last case. Thus a more representative level can be set for inspection in 
2006 - a target of <5% cracking to 99.9% confidence 

(b) the progression from 5%-30% doubly cracked bricks is considerably longer 
than the time from 0%-10% used in the case last year. 

'l'liis margin within h c  case has ill 
current sct of I'criodic Shukluwns 
'I'he rcquircmcnt to inspcc~ i n  a co - - 
that there is increased &k of keyway root cracking during such an operating 
condition. 

Issue 2: You judge that there is a need to develop inspection techniques capable of 
defectingpurt through cmcks. Until szich capability has been demonstrated and 
implementedyou judge it is reasonablypmcticnble to undertake CBMU on every 
channels insaected bv TV. You ask for nroaosals for d . .  

(U) CBMU of each juelled for inspection commencing at the 
periodic shutdo alternatively provide a robust jtrstiJicntion 
exnlainina whv we is not reasonablv aracticable to do so 

(b) &v the Gabi l i f y  of core inspection may be enhanced such that part through 
thickness cracks may be detected and sized 

Response 
For (a) a full ALARP assessment needs to consider benefits and dis-benefits of any 
proposed option, and we attach the ALARP assess~ncnt that has been carried out. 
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To define the benefit of additional inspection, it is necessary to consider the likelihood 
ofpartial cracks arising and the safety implications of such partial cracks. 

There has been considerable discussion in the previous safety cases of the behaviour 
of bore cracking and that it is judged that such cracking is probably not full thickness. 
It is assumed in these cases that such cracking has developed through to full thickness 
which is conservative. Bore cracking will be discounted from further discussion. 

Keyway root cracking is expecpd to initiate when the tensile stress at the keyway root 
is greater than the critical failure stress. There are two components to the intcrnal 
stress - shrinkage stress and thermal stress and thcsc are approximately equal in 
magnitude. The maximum thermal stress arises during a cold shutdown. The reactor 
takes -l !h weeks to reach the coldest temperatures from thc time of the trip. Thus the 
thermal stress takes a time to increase. In such a circumstance the crack will initiate 
when the critical stress value has been reached, and there in then addition stress to 
drive the crack forward irrespective of the stress tield. 

At the initiation of the crack in effectively a cylinder, there is a stress gradient to drive 
the crack from the keyway towards the brick bore. Several assessments have taken 
place and there is no indication that the crack will arrest. It is likely that there would 
be additional thermal stress above the energy to initiate the stress to ensure that the 
crack would be driven full thickness. Thus, it is judged that the most likely outcome 
that all single keyway root cracks would propagate to full thickness and fill1 height, 
and the likelihood of their being un-revealed partial thichess cracks is low. 

There has been one assessment when two cracks are initiated from the opposite side 
of the brick at the same time. Only with perfectly equal properties do both cracks fail 
to reach the brick bore. This is judged to be an unlikely situation. 

Even if the crack did not propagate to the brick bore it is unclear what the safety 
consequence could be. In a previous safety case (RACSC 2, NPISC 7147), the core 
distortion with 100% singly cracked bricks was shown as tolerable. If every brick 
developcd a partial crack and this crack developed to full thickness during operation 
(due to internal or external stress) there are no safety consequences that have not 
already been considcred. 

The likclihood of a single partial crack developing a prompt second crack is 
negligible from the range of mechanisms previously discussed. The time to delaycd 
secondary cracking is several years, and hence therc is little threat from undetected 
partial cracks even if they arisc. 
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Finally, there is a proposal to inspect a minimum of 13 channels with CBMU during 
each periodic shutdown with additional inspection required of any channels which are 
revealed by TV inspection to have a full length axial crack. This inspection will be 
sufficient to determine that cracking is less than 1% at 90% confidence and 5% at 
99.9% confidence. Hence there is already sufficient evidence available to mitigate 
such a threat which is perceived low risk. 

Therefore, by considering the likelihood, the safety consequences and that inspection 
of 13 channels is already taking place, we judge that there is not a significant benefit 
in an additional 5 channels of CBMU inspection. 

However, although the safety case defines a minimum range of inspection it also 
requires that an ALARF' assessment is required at each periodic shutdown. These 
have been completed and are attached. 

It has been concluded that for is ALAW to carry out additional CBMU 
inspections up to a total of 18 channels. 

We would like to take the opportunity to discuss these assessments with you in detail. 

In response to (b) we intend to carry out a range of improvements to the graphite core 
inspection capability of the AGRs and a proposal is going through internal process to 
secure the appropriate funds. These include a whole range of options and we would 
like to take the opportunity to discuss the proposals with you. We include the option 
to develop the capability for partial crack detection. 

Issue 3: Plcase~~resentproposalsforfu~'~her modelling to ensure that predictions qf 
core displacement, for a given conJguration of cracked bricks, are insensitive to time 
that the cracked brick configuration occurs. 

We are in the process prioritising this work in this financial year. We will discuss the 
work programme with you at our proposed meeting. Within this programme there is 
the intention to investigate core distortion beyond the current lifetimes (201 1 for 
HPBIHNB) and we will need to address the modelling requirements. In the simple 
sense thcre are six areas we wish to address 

(a) Proportion of doubly cracked bricks that are aligned 
(b) Driving force to gcnerate core distortion 
(c) Channcl profiles derived from the core distortion 
(d) Brick and keylkeyway geometry during differing periods of operation 
(e) Realistic proportions of singly and doubly cracked bricks (with correct 

modelling of singly cracked brick kcying system) 
(Q Definition of thc Withstand Capability of the core distortion. 

In parallel to these assessments we are putting together an experimental programme to 
measure distortion on a % scale model of the core. This model (to include doubly 

have representative brick and key gcometry. 
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Issue 4: Before start-up of reactor 3, following its periodic shutdown i n m p l e a s e  
presentproposalsfor the development of an appropriate safely margin between the 
actual core and component condition and the currently defined limit ofthe safety case 
in terms offrequency of cracked bricks. Your expectation is that this should include 
as a minimum: a review of the uncertainties in inpul data and errors between model 
predictions and rig validation. 

We will discuss the margin within the most recent safety case with you before start-up 
of Reactor 3. There is already a large margin within the safety case and we believe 
that there is a misunderstanding in the difference between model predictions and rig 
validation and how this translates to deployment of the model in the safety case. 

The inspection level has been set at 30% cracking with margin to the fraction that 
would doubly crack. We will need to explore the potential ratio of single to double 
cracking. Further, the whole core modelling which is shown to be tolerant to 30% 
double cracking (Or 90% single and 10% double cracking) has a large margin within 
the methodology that includes: 

a co-operative horizontal core driving force to all the bricks to reach a bounding 
distortion, 
the alignment of the double cracks within any channel 
a very restrictive set of channel shapes that the control rod and stringer are 
assessed against 
recognition that very few channels reach the maximum bounding distortion. 

On that basis, it should not be necessary to add a further margin between 30% 
cracking from CCCA and 30% double cracking from whole core modelling. 

Issue 5: You judge there is apressing need for a Material Test Reactor experiment to 
obtain materials data, including dimensional change, irradiation creep behaviour and 
mechanical properties at high weight loss that bounds anyjijiltzrre operating condition. 

We note your comment and desire to cngage in discussion to cnsure that the 
experiments are optimised to give maximum benefit. We are in full agreement to 
engage in such discussion. 

We are in the process of deining and refining the scope of the proposed experiments. 
We will discuss the dctails as they emerge and in particular the outcome from thc July 
2006 Engineering Review Group. 

We are collecting together the information for internal briefing on the need for and 
benefits of an MTR. In developing an MTR proposed programme, we will show 
when data could become available. 

We also intend to get several independent assessments of our proposals. 
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I enclose our ALARP assessment of the graphite core inspections proposed for the R3 - .  
inspection in 2006. If you have further comment 
before the Level 4 meeting in June please contac 

Enc: 


