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Mr M Weightman 
HM Chief Inspector of Nuclear Installations 
Health and Safety Executive 
5N1 Redgrave Court 
Merton Road 
Bootle 
Merseyside 
L20 7HS 

15 April 2011 

Dear Mr Weightman, 

Response to Call for Information 
Implications of the Fukushima Dai-ichi Nuclear Accident 

 

Thank you for the opportunity to contribute to your report on the implications for the UK 
nuclear industry of the recent and ongoing events at the Fukushima Dai-ichi nuclear power 
plant. 
 
Safety must remain the utmost priority. The nuclear sector is forward looking and there is a 
culture to share information and learn lessons from events such as those that followed the 
Tohoku seismic event and consequent tsunami on 11 March 2011. The conclusions and 
recommendations from your report will re-affirm or lead to an improvement in the nuclear 
safety arrangements for nuclear installations in the UK and Arup is therefore pleased to 
contribute to the report. 
 
The focus of Arup’s contribution to this review is in the areas of: 
 

1 Seismic and tsunami hazard assessment and design review: this letter summarises 
the work that Arup has carried out previously to review international nuclear 
building codes in the area of seismic design basis and recent work look at nuclear 
new build siting assessments.  The context of this contribution is focused around 
the methodology adopted to assess these hazards as part of the design basis and in 
beyond design basis design.  

2 Spent fuel management: this interim report looks at the events affecting the fuel 
pools and specifically those affecting Unit 4, which was shutdown to undergo 
maintenance at the time of the seismic event with its full core inventory stored in its 
fuel pool. 

 
Design and Engineering Substantiation 
 
From both a seismic and tsunami flooding perspective, the UK is at lower risk than Japan 
both in terms of frequency and severity of event. Nevertheless it is Arup’s view that there 
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are lessons to be learned that could be applied both to the design and assessment of new 
nuclear build and to the periodic safety review of existing licensed facilities in the UK. 
 
Whilst events at the Fukushima Dai-ichi plant are still ongoing and there is yet to be a 
formal report into the events that followed the Tohoku seismic event; what is clear is that 
there was a failure to meet some, or all, of the fundamental nuclear safety objectives of 
achieving safe reactor shutdown, adequate reactivity hold-down and sufficient post-trip 
cooling. This failure is likely to have been through the comprehensive failure of the safety 
systems that were in place to provide these functions. We know from the World Nuclear 
Organisation (http://www.world-nuclear.org/info/fukushima_accident_inf129.html) that 
the tsunami significantly over-topped sea defences, which had been designed for a design 
basis event of 5.7m height. Furthermore plant status reports available through the Japan 
Atomic Industrial Forum Inc. (www.jaif.or.jp/english) confirm the complete failure of 
reactor core cooling systems in Fukushima Dai-ichi Units 1, 2 and 3 and inadequate 
cooling to fuel stored in the spent fuel pool of Unit 4. 
 
In our initial review we have considered at a high level: 

1. the nuclear licensing regime in Japan; 
2. available data on seismic events and consequential significant tsunami events 

affecting Japanese coastal areas; 
3. The approach taken in Japan and the UK to identifying credible external hazards 

(including consequential hazards) and how these are addressed with the Design 
Basis and in beyond design basis incident and accident management scenarios; 

4. Lessons from the recent (January 2011) event in Christchurch, New Zealand. 
 
From this review we have identified gaps within the design basis, particularly in the areas 
of credible seismic hazards and consequential hazards, and in hazards analyses. These are 
discussed further in the next section. 
 
Designing for Seismic and Tsunami Events 
 
In 1996, Arup carried out a review on behalf of Nuclear Electric of seismic nuclear 
building codes adopted internationally. This review, which took into account the design 
basis for Sizewell B and a number of reference power stations in the US, France, Germany 
and Japan (including the more modern plant at Fukushima Dai-ini), informed the first 
Periodic Safety Review of the AGRs. The review concluded that UK practice adopted for 
Sizewell B was generally more stringent than that adopted in other areas of low seismicity 
such as Western Europe and the Eastern US; although international practice was 
converging towards the UK approach. In considering Japanese codes the review found 
that: 

1. Whilst Japanese codes adopted a different practice their lower S1 event implied 
ground motions greater than the UK design basis earthquake (DBE), but lower that 
the safe shutdown earthquake (SSE). The higher S2 event implied ground motions 
greater than the SSE. However the review found that input ground motions applied 
within the design bases for Japanese plants were often low: for Fukushima Dai-ini 
for example the S2 seismic event peak ground acceleration of 0.27g is not 
incomparable to the Safe Shutdown Earthquake basis for Sellafield of 0.25g (N.B. 
plant modifications at Fukushima in 2006 resulted in plant qualification to 0.48g. In 
2008 TEPCO upgraded its estimates of likely DBE ground motions to 600Gal – 
about 0.61g although it is not clear whether plant modifications had been put in 
place (http://www.world-nuclear.org/info/fukushima_accident_inf129.html)); 

http://www.world-nuclear.org/info/fukushima_accident_inf129.html
http://www.jaif.or.jp/english
http://www.world-nuclear.org/info/fukushima_accident_inf129.html)
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2. The Japanese approach to seismic design of buildings was purely deterministic; 
3. Load factors adopted in Japanese codes did not allow a margin for more extreme 

events. 
 
Whilst the Tohoku earthquake shows us the importance of considering the impact of 
extreme, beyond design basis events, it can be argued strongly that designing for such an 
event should not have been outwith the design basis. Peak ground accelerations  (PGA) in 
the event significantly in excess of 1.0g were measured on land in Miyagi and Fukushima 
prefectures and the S2 design basis for safety significant systems at Fukushima Dai-ichi 
was exceeded with a PGA of 0.56g recorded (http://www.world-
nuclear.org/info/fukushima_accident_inf129.html). Noting that this PGA is less than the 
0.60g in TEPCO’s 2008 DBE re-assessment (see above); it is not clear what the interim 
safety justification for continued operation of the plant, pending modifications, was in this 
instance. 
 
The north-eastern coast of Honshu has been the site of numerous earthquakes and tsunami.  
Prior to last month’s event four highly destructive tsunami and many smaller ones are 
referenced in the NOAA-NGDC database (http://www.ngdc.noaa.gov/hazard/tsu.shtml).  
These major events together with the latest data for the Tohoku event 
(http://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami#cite_note-
49) are given in the table below, which indicates that large tsunami wave heights have 
affected the region previously.  
 

Date Magnitude Deaths Max water height 
13/7/869 8.6 1000 ? 
2/12/1611 8.1 5000 25m 
16/6/1896 7.6 27000 38.2m 
3/3/1933 8.4 3000 29m 
11/3/2011 9.0 >13439 37.9m 

 
This data implies that wave heights in excess of the design basis for the sea defences at 
Fukushima Dai-ichi should not have been unexpected. Hazards involving a combination of 
seismic event and consequential significant tsunami must be considered within the design 
basis.  This is in contrast to UK seismic hazard practice which uses a probabilistic 
approach, with a target probability of exceedence of 10-4.   For many cases in Japan the 
probability of exceedence will be considerably smaller than 10-4.    
 
Following the 2007 Chuetsu earthquake, which affected the Kashiwazaki-Kariwa NPP, the 
IAEA review 
(http://www.nisa.meti.go.jp/english/internationalcooperation/iaeamissions/index.html) 
identified that a newly completed probabilistic estimate of seismic hazard was significantly 
greater than the deterministic hazard values previously used. The implication was that 
some upgrading based on probabilistic methods should be considered especially for older 
plants. TEPCO has only recently released details of systematic flood protection measures 
to be installed at Kashiwazaki-Kariwa, including tide barriers and water-tight doors. 
 
The Tohoku earthquake demonstrates the importance of considering the impact of extreme, 
beyond design basis events.  Current practice in the UK is to determine the design basis 
event (DBE) and demonstrate margins in excess of an arbitrary value of that is 40% greater 
than the DBE.  

http://www.world-nuclear.org/info/fukushima_accident_inf129.html
http://www.world-nuclear.org/info/fukushima_accident_inf129.html
http://www.ngdc.noaa.gov/hazard/tsu.shtml
http://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami#cite_note-49
http://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami#cite_note-49
http://www.nisa.meti.go.jp/english/internationalcooperation/iaeamissions/index.html
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The 2011 Christchurch event is probably even more relevant to the UK than the Tohoku 
earthquake.  The Christchurch event was at the upper range of expected UK magnitudes 
due to its shallow focus, which caused ground shaking significantly (>100% greater)  in 
excess of code levels (the largest known UK event was the magnitude 6.1ML 1931 Dogger 
Bank earthquake).  It is interesting to note that the 1993 Arup study on Seismic Hazard & 
Risk in the UK 
(http://www.nhbs.com/earthquake_hazard_and_risk_in_the_uk_tefno_9857.html) for the 
Department of the Environment indicated that the largest seismic risk in the UK to the built 
environment is from a direct hit from a very low probability extreme event.  A review of 
the design basis for UK plants should therefore be considered to confirm the 
appropriateness of including such events within the design basis on a case by case basis.  
 
The UK’s risk from tsunami is even lower than from seismic events.  The principal 
tsunamigenic earthquake sources are distant and other volcanic or landslide sources are 
negligible.  Possible “extreme” events such as a meteor strike in the North Atlantic are 
generally discounted from a regulatory perspective on the basis that such an event is too 
low a probability to be considered, compared with other more probable earthquake and 
volcanic sources. 
 
Spent Fuel Management 
 
One of the significant problems at Fukushima was the loss of water in the spent fuel pool 
resulting in overheating and potential fuel damage (www.jaif.or.jp/english). Unit 4, which 
was undergoing maintenance, had its full core inventory stored in its fuel pool, in addition 
to other assemblies such that its fuel pool contained some 1331 fuel assemblies (or more 
than double the full core inventory). Units 3, 5 and 6 also each had more fuel assemblies 
stored in their respective fuel pool than each reactor’s full fuel inventory. It should be 
noted here that the GE BWR fuel pool design allows for up to 5x reactor inventory to be 
stored in the fuel pool at any one time. 
 
It is Arup’s view that there is a clear risk reduction strategy in minimising the number of 
fuel assemblies present on site, or if this is not practicable to ensure storage on site in the 
most benign (least risk) environment. Dry cask spent fuel storage systems have been in use 
since the 1980s in a number of countries to store irradiated fuel that has been cooled 
sufficiently. Spent fuel storage casks are robust structures and are designed to prevent 
criticality and to maintain containment and shielding even in the event of accidents 
including tsunami and flood, aircraft crash, seismic events, and missiles due to 
tornado. Spent fuel is inherently better protected in casks than in ponds from a 
technical/protection point of view.  
 
Spent fuel strategies are relevant in the UK for existing operational facilities, for new 
plants, for fuel storage and reprocessing and for MoD facilities and we would recommend 
further work be carried out in this area to look at optimising storage arrangements to 
minimise the risk from external hazards at UK nuclear licensed sites. 
 
Conclusions and Recommendations 
 
A brief review of the Tohoku seismic event and consequent tsunami on 11 March 2011 and 
their effects on the Fukushima Dai-ichi nuclear power plant have suggested that there is a 
significant shortfall in the deterministic seismic assessment of this plant and no 

http://www.nhbs.com/earthquake_hazard_and_risk_in_the_uk_tefno_9857.html
http://www.jaif.or.jp/english
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probabilistic assessment.  Documented events, including those that have occurred 
relatively recently (in the last 100 years), significantly exceeded the design basis for the 
plant. 
 
The recent seismic event in Christchurch, New Zealand resulted in ground shaking 
significantly in excess of code levels. Such shallow focus, local seismic events are also 
outside the UK design basis for nuclear facilities and it is therefore recommended that a 
review of the seismic design basis for UK licensed sites be reviewed. 
 
Fuel storage in spent fuel ponds is not the lowest risk state and whilst this is required to 
ensure cooling and shielding whilst decay heat reduces sufficiently, proactive fuel 
management strategies should be in place to transfer fuel to more benign storage as soon as 
practicable. Further work is required to identify current strategies and improvements at 
nuclear facilities in the UK. 
 
Further Work 
 
In our final report we will enhance this report by: 
 

 Reviewing and providing commentary on the official report findings into the events 
at Fukushima Dai-ichi; 

 Considering the design basis for seismic and tsunami events at UK facilities; 
 Reviewing the lessons learned from the 2011 Christchurch event and its impact on 

events that should be included within the seismic design basis; 
 Report on a review into fuel storage and management strategies at nuclear facilities 

in the UK and provide a series of recommendations for implementing clear 
radiological risk management strategies in respect of long-term fuel storage. 

 
 

 
Yours faithfully, 

 
 
Simon Barber 
Nuclear Business Leader 
  
cc 

 




