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Abstract: Thirty to forty years ago engineers seriously began to address the challenges of 
understanding and mitigating the seismic risk to nuclear facilities in the UK. As new nuclear 
power plant construction again seems imminent, this paper considers why practices 
developed as they did. Furthermore the paper reviews certain of the relevant activities, 
identifying the successes, the failures, and the techniques that were retained too long: 
  

• The influence of the regulator on seismic hazard and on earthquake engineering 
• Site specific seismic hazard assessment 
• Ground motion recordings 
• Civil design standards 
• Seismic assessment and strengthening of existing facilities 
• Multi-disciplinary approach 
• Design basis 

As an example of potential improvements in the case of seismic hazard assessment, where 
site specific probabilistic studies have been compromised by the continued use of generic 
spectra and may have been tarnished by conservatism, new uniform risk spectra are 
presented. 
 
Introduction 
The early and mid-1980s were a period of intense activity and development for nuclear 
earthquake engineering in the UK. The first steps towards providing a robust determination of 
the seismic hazard for UK nuclear licensed sites were undertaken in the 1970s, with the 
aseismic design of new nuclear facilities effective from about 1980. The seismic assessment 
of existing non-seismically designed facilities commenced in the mid-1980s.  
 
Although new nuclear construction never ceased in the intervening years, there is today once 
again the prospect of new nuclear power plant construction, the last such UK project 
(Sizewell B) having commenced construction in 1987.  
 
Various papers related to the UK nuclear industry were presented at the Earthquake 
engineering in Britain Conference (Thomas Telford, 1985). Thirty years later nuclear 
earthquake engineers again meet, coincidentally once more in East Anglia. Thus, as a new 
generation of engineers takes the practice forward, it is appropriate to look at why the 
nuclear seismic specialisms developed in the UK as they did, and at what went well and what 
could have been done better. The paper attempts neither to document nor to review three or 
four decades of history, but rather to identify selectively the options that were open, technical 
issues that were resolved well, and those issues that could have been treated better. This 
scope includes matters whose treatment was once state of the art, but have not been 
adequately advanced subsequently. 
 
The matters covered in the paper are inevitably personal selections, and both the topics 
selected for discussion and the views concerning these matters are likely to be contentious. 
Over the last 30 years the author has variously been employed as a specialist seismic 
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contractor, as a nuclear safety regulator, as an employee of a major nuclear site licensee, 
and as an independent nuclear engineer. The perspective is different from varying 
viewpoints. 
 
 
The influence of the regulator on seismic hazard and on earthquake engineering 
The UK nuclear safety regulator - HM Nuclear Installations Inspectorate (HMNII), 
subsequently in 2014 subsumed into The Office for Nuclear Regulation (ONR) – has had 
both an intentional and perhaps an unintentional influence in our specialisms. 
 
There has been a huge growth in the internal guidance HMNII/ONR has given to its 
Inspectors concerning the assessment of safety cases. Safety Assessment Principles (SAPs) 
first appeared specific to power reactors, later joined by guidance specific to nuclear 
chemical plant, and since 1992 in a generalised form. Although the current SAPs (ONR, 
2014a) have expanded in length about 7-fold since 1979, the growth of other guidance for 
safety assessors has been far greater. 
 

Table 1. Safety Assessment Principles and related guidance 
Safety Assessment Principles Other guidance 

Edition Number of pages Detail Number of pages 
Power Reactors - 1979 31 Staff Notices and Staff 

Memoranda 
Estimated as less than 

5 pages relevant to 
safety assessment 

Chemical Plant - 1983 76 Staff Notices and Staff 
Memoranda 

Estimated as less than 
5 pages relevant to 
safety assessment 

Nuclear Plants - 1992 47 Drafting of Technical 
Assessment Guides 
commenced 1995 

 
Not estimated 

Nuclear Facilities – 
2006 First Edition 

139 Unknown number of 
Technical Assessment 

Guides 

Not estimated 

Nuclear Facilities – 
2006 Revision 1 2008 

140 Unknown number of 
Technical Assessment 

Guides 

Not estimated 

Nuclear Facilities - 
2014 

226 70 Technical 
Assessment Guides 

Estimated as 1000-
1500 pages 

The current version of a single Technical Assessment Guide - that for External Hazards 
(ONR, 2014b) - is by the imprecise metric of the number of pages only fractionally short of 
the total guidance available to HMNII’s safety assessors at the time of the first licensing of 
Sizewell B. There has been a growth of about two to three orders of magnitude in the internal 
guidance. The SAPs take account of Western European Nuclear Regulators' Association 
Reference Levels, and of IAEA Safety Fundamentals, so these are not additive to the 
guidance to ONR Inspectors, but ONR may also refer to IAEA and Safety Guides, NEA etc. 

In many respects the growth of guidance available to ONR has been welcome to the UK 
nuclear industry. Internal guidance to ONR Inspectors has reduced the vulnerability of 
decision making to the vagaries of individual inspectors, who are routinely redeployed to 
other duties during the course of a nuclear project, which may last a great many years. Lack 
of adequate handover together with the sanctity of “Inspector’s discretion” has been a 
constant source of frustration to the industry. 

Additionally a fragmentation of the industry since the mid-1990s has reduced the technical 
resource available within individual nuclear site licensees. Smaller nuclear facilities have 
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been brought into the licensing system. The reduction in in-house technical resource has 
been mitigated since the Fukushima accident by the UK Nuclear Industry Civil Engineering 
and External Hazards Group, which meets to discuss and to share information. More recently 
the participation of foreign designers of nuclear power plant in the Generic Design 
Assessment, and the acquisition of potential sites for future nuclear power stations by 
investors from overseas has created a need for non-UK engineers to understand the UK 
regulatory expectations.  Thus the wealth of ONR’s guidance is welcome. 

However, there is a detrimental effect. Only a very small proportion of the SAPs is mandatory 
– mainly Principles dealing with numerical targets and legal limits. Nor do the SAPs have the 
special legal status of an Approved Code of Practice. This is not widely understood, and 
even highly experienced UK nuclear earthquake engineers may be heard referring to an 
ONR “requirement” for a conservatively estimated 10-4 per annum estimate of the seismic 
hazard. A later section of this paper contends that the long-standing UK practice of 
conducting site specific seismic hazard studies with such an aim has at best been continued 
too long, and at worst was a terrible mistake in the first place. 

The false belief that ONR’s guidance to its Inspectors constitutes mandatory requirements for 
nuclear site licensees, or alternatively a failure - due either to limitations of technical resource 
or to an idleness to consider alternative approaches - has led a lack of innovation in many 
technical areas in the UK nuclear industry, including earthquake engineering. Even for 
situations not covered by ONR guidance there is a natural tendency to repeat previous ways 
of engineering execution as having been acceptable to the regulator in the past, and so likely 
to be acceptable again. This is a further cause of the failure of the UK nuclear industry to 
have advanced its practices. 

In the period up to the early to mid-1980s HMNII lacked significant seismic expertise 
amongst its staff, and together with the lack of internal guidance this encouraged innovation 
by the UK nuclear industry in seismic hazard assessment and in earthquake engineering at a 
time when both the Sizewell B station in Suffolk and the Thermal Oxide Reprocessing Plant 
at Sellafield - both very major projects - were being developed. 

The comparative subsequent lack of evolution in these subjects is doubtless partially due to 
an initial steep learning curve in what are now more mature technologies. However, great 
advances have since been made in seismic hazard assessment and in earthquake 
engineering for non-nuclear application, whereas nuclear use appears moribund. We risk 
losing the benefits of having a truly a non-prescriptive regulator. Failure to think 
independently of the safety regulator not only stifles innovation, but is also a failure of nuclear 
safety culture. 

Site specific seismic hazard assessment 
HMNII’s first SAPs in 1979 referred to a Safe Shut Down Earthquake that should be related 
to the most severe that might be expected to occur based on the best available seismological 
data for the location concerned. Sir Frank Layfield (1987) recommended a re-examination of 
HMNII SAPs and the CECB’s Design Safety Criteria and Guidelines to eliminate avoidable 
inconsistencies and to provide an explanation of justifiable differences between the 
requirements of the two organisations. As part of this reconciliation HMNII adopted the then 
P120 Principle: 

For natural hazards, the uncertainty of data may prevent reasonable prediction of 
events for frequencies less than once in 10 000 years. In these cases, plants should 
meet the requirements of P25 for a design basis event that conservatively has a 
predicted frequency of being exceeded no more than once in 10000 years. Plants 
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which cannot give rise to doses as high as those specified in P25 may be designed 
against more frequent, ie less onerous, events.  

This change from deterministic expectation of the 1979 SAPs to a probabilistic approach to 
seismic hazard placed the UK well in advance of other nuclear countries, including until 
recently both France and Japan. However, the expectation for the seismic assessment to be 
conservative has long led to the question of “how conservative?” Furthermore the relaxation 
for less hazardous plants has rarely achieved implementation. 
 
In the early 1980s two companies, Soil Mechanics Ltd and Principia Mechanica Ltd (PML), 
separately made studies of UK seismicity for the UK nuclear industry. The first of these two 
studies concluded that for practical purposes the seismic hazard was constant throughout 
the UK; the second study concluded that there was some variation, leading to the 
recommendation that quantification of the seismic hazard needed to be carried out on a site 
specific basis. Since then, the UK nuclear industry has invariably carried out site specific 
seismic hazard studies - a notable success. 
 
The earliest site specific seismic hazard study for a UK nuclear site was carried out by PML 
in 1983 and presented as a horizontal Peak Ground Acceleration (PGA) in terms of 
probability of exceedance. A subsequent PML report for the same site using the same data 
and information with no new seismological, geological or tectonic information states that the 
hazard curves are “conservative best estimates, to meet the requirements of standard semi-
deterministic engineering design practice”, largely achieved through the use of an extended 
magnitude range, which increases with increasing return period. The same PML report gave 
confidence limits which may appear today very optimistic, as they relate only to the preferred 
model.   

The PML piecewise linear spectra (PML 1981) were ground breaking at their time, and 
represented a huge improvement over other broad-band spectra developed for other regions, 
such as RG 1.60 (Nuclear Regulatory Commission, 1973) for very low seismicity regions 
such as the UK. Although once State of the Art, and long regarded by HSE as representing 
Relevant Good Practice, the shortcomings have become increasingly obvious since an early 
critical review (British Nuclear Fuels Limited, 1989), and have now been thoroughly 
condemned (Bommer et al 2011): 

 
“The spectral shapes defined in PML (1981) for seismic design of nuclear facilities in 
the UK are clearly out of date in every respect”. 

The former Seismic Hazard Working Party (SHWP), which included the PML staff 
responsible for these earlier studies, carried out most of the subsequent UK nuclear site 
specific seismic assessments over the following decade. For these studies SHWP worked to 
a consistent set of procedures. As a positive this produced a consistent set of results; as a 
negative it failed to take account of some new data or to innovate. The SHWP work has its 
critics, but debate has not been aided by the lack of transparency or by the lack of 
publications by the then SHWP members. Even the British Earthquake Catalogue, which 
forms the basis of historical UK seismicity used by SHWP, was produced in only two copies, 
one of which may now be lost. 

The SHWP work was like the previous PML work State of the Art, at least initially. It 
anticipated the findings of the Senior Seismic Advisory Committee (SSHAC) in such matters 
as solicitation and use of expert judgement. Technically the only major shortcoming today - 
even twenty years after the last significant completed SHWP report - is the that the SHWP 
only used one ground motion prediction equation. 

However, there was an underlying and little documented problem in that SHWP followed the 
conservative bias to a probabilistic approach, introduced by PML in 1983. The extent of the 
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conservative bias was first seriously questioned following a study by BGS made for the UK 
implementation of Eurocode 8. This study showed that the UK had very low seismicity, such 
that seismic design would not be required for ordinary buildings. Using the same model but 
for a non-exceedance probability of 10-4 years, as envisaged by ONR, gave a PGA only one 
quarter of that found by the SHWP. This seems large to be attributed entirely to the 
difference between a seismic hazard mapping exercise, such as for the implementation of 
Eurocode 8, and a site specific study. The primary author of the BGS work, Dr Roger 
Musson, listed the conservatisms he believed existed in the SHWP work, together with their 
numerical contribution: 

• Use of the larger of two horizontal components; 

• Use of the Principia Mechanica Ltd 1982 ground motion model; 

• The method of conversion of earthquake magnitudes; 

• The choice of lower bound magnitude; 

• Assumption regarding re-activation of a local fault zone, and assigning potential 
earthquakes to it; 

• Maximum magnitude; 

• Assumed distribution of focal depths; 

• Assumption regarding local seismic zones. 

The 15% or so “conservatism” associated with the definition of components is a simple 
matter concerning current practice. The current author is not a seismologist and is not 
competent to comment on the remaining “conservatisms”. However, as a regulator he was 
not significantly aware that SHWP deliberately included a conservative bias in its decisions, 
even when producing a best estimate or 50% percentile assessment. The very few remaining 
active members of the former SHWP justify this conservative bias as mainly necessary to 
justify to the regulator and to provide robustness against new data. However, as this bias 
does not seem to have been formally included by SHWP as an explicit procedure, it may not 
have fully evident to SHWP’s nuclear clients. It appears that the SHWP studies, while 
intended as being probabilistic, were tainted by choosing conservative assumptions.  

This is not intended as a criticism of SHWP; the regulator’s internal guidance recommended 
a conservative estimate of the 10-4 hazard. In effect the industry assigned the decision as to 
the level of conservatism required to the SHWP. This gave experts in seismic hazard a major 
role in determining the level of nuclear safety required. This is properly a decision for nuclear 
safety experts, both within the nuclear site licensee and within the regulator. A true 
probabilistic seismic hazard assessment is required, not one with a conservative bias.  

Whereas adoption of the generic PML piecewise liner spectrum uses just the best estimate 
PGA from PML/SHWP site specific hazard studies, site specific spectra may use the hazard 
at all 40 structural response frequencies, and optionally also the full range of confidence 
levels, in the case of uniform risk spectra at all frequencies of non-exceedance, this data all 
having been determined by SHWP. One may well doubt the expense of undertaking a site 
specific seismic hazard assessment, only to discard most of the data determined. 

Two of the many candidate approaches to a better means of specifying the seismic hazard 
are: 

1. To seek a mean 10-5 per annum non-exceedance seismic hazard assessment; I 
discussed this possibility within ONR in early 2010, and it is the practice in Finland 
(STUK 2001). It has the merit of being simple, and giving greater clarity as to what is 
expected. 

2. To derive from uniform seismic hazard seismic response spectra the uniform risk 
spectra to meet specified performance targets. This has the merit of being logical, of 
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facilitating the computation of residual risk, and of directly providing a graded hazard 
proportionate to the importance of individual facilities or of individual safety systems 
and components. 

Both candidate spectra suffer from a failure to consider the influence of high extremes above 
the median value, although this may easily be corrected. Examples of uniform risk spectra 
are given in Figure 1, using data from uniform hazard spectra reported by the SHWP, and 
which therefore retain the unwanted conservatism previously discussed. The uniform hazard 
spectra used in this analysis are not consistent with the SHWP PGA hazard curve because 
the attenuation relationships used by PML/SHWP have not been updated to be compatible 
with the GMPE used in SHWP’s derivation of uniform hazard spectra. The uniform hazard 
spectra offer a good opportunity to address the issue of proportionality, rather than current 
UK practice of almost invariably adopting a 10-4 per annum non-exceedance hazard, even for 
facilities with off-site consequences far less than that of a NPP.  

 
 
Figure 1. PML (1983) hard ground spectrum scaled to 0.25g and uniform risk response spectra for the 
same site derived from SHWP uniform hazard spectra for the same UK nuclear site 
 
The uniform risk spectra presented in Figure 1 have been derived following the fundamental 
method (Kennedy 2007) rather than codified method in ASCE/SEI 43-05 due to limitations in 
the data and due to the greater understanding thus achieved. Although both horizontal and 
vertical response spectra were produced by PML/SHWP, some of the structural analysis 
software at the time (eg SAP IV) did not allow separate vertical and horizontal spectra to be 
applied, and it has been common practice since to apply two thirds of the horizontal 
spectrum as the vertical response spectrum. This is now known to be potentially 
unconservative, as well as representing disgarding a further 50% of the data. 
 
There has been a communication failure between seismic hazard specialists, nuclear site 
licensees, and the safety regulator. The UK nuclear industry has paid a high price for this 
breakdown in understanding. It may be expressed to a layman by the question as to why 
some generic designs for nuclear power plant intended for global deployment, ie to places 
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with a much higher seismicity than the UK, are challenged by site specific studies in a 
country of low or very low seismicity such as the UK. 
 
Ground motion recordings 
It would be invidious, and a breach of commercial confidentiality, to list the number of 
occasions on which were lost the opportunity to acquire ground motion data in the UK due to 
a recording instrument being switched off, had a flat battery or recently been withdrawn from 
service. This is one of the matters we could have done better. 
 
Civil design standards 
Both Heysham II and Torness AGR NPP had been subject to an element of seismic design. 
Would the then BS civil design standards been developed as seismic standards, had a 
British designed Advanced Gas Cooled Reactor, as first proposed, or as a British designed 
Steam Generating Heavy Water Reactor, as later announced before the 1980 decision for a 
USA designed Pressurized Water Reactor? 
 
As it is, the seismic design of the civil element of UK nuclear facilities was, and remains, 
heavily influenced by the adoption by the then CEGB of the Standardized Nuclear Unit 
Power Plant System (SNUPPS) design from the USA for Sizewell B. Derivatives of the 
CEGB Anglicised USA design methodology remain in place to this day, characterised by 
using BS design standards for normal loads and USA design standards for seismic loads. 
The American Institute for Steel Construction, the American Concrete Institute (ACI), and the 
American Society of Mechanical Engineers have maintained design standards that are both 
specific to nuclear application and considered seismic actions. In contrast the sole BS civil 
design standard for nuclear facilities is that for pre-stressed concrete pressure vessels and 
does not take account of seismic actions. Dependence on these USA design standards has 
continued, notwithstanding long known issues regarding materials, and a suspicion that a 
dearth of nuclear development in the USA for over two decades has until recently stifled 
evolution of design methodologies. 
 
Some UK use of USA design standards has been a token citement, rather than specific as 
the CEGB had been in identifying which parts of USA standards were being adopted. A good 
approach to a design standard is either to adopt it in totality, or more usually to clearly 
identify those parts which are to be adopted or are not to be adopted. At a time when ACI 
349 specifically excluded the use of Ground Granulated Blast Furnace Slag, which was 
typically used in the UK nuclear industry to replace around 40% of the cement, the adoption 
on one nuclear licensed site of ACI 349 in totality led to an awkward question from HMNII. 
 
American Society of Civil Engineers (ASCE) Standard 4 “Seismic Analysis of Safety-related 
nuclear structures” in its 1986 edition was limited in scope to the assessment of existing 
facilities. It was used for that purpose in the UK from a late draft of mid-1986 onwards, but 
not widely used for new structures until the 1998 edition, which widened the scope to new 
facilities. It was not widely known in the UK that ASCE had drafted ASCE4-86 as an analysis 
standard for both existing and new nuclear structures, and that the limitation in scope was 
due to minor NRC reservations. The constraint was of little import in the USA where 
negligible new nuclear construction was taking place. The UK could have used ASCE-4 more 
widely, and with such experience actively contributed to the revision to ASCE 4-98.  
 
The structural Eurocodes either exclude nuclear structures from their scope of application, or 
state that additional measures may be required. The origins of this exclusion lie in the 
Euratom Treaty and in the former exclusion of nuclear safety from the viries of the European 
Commission. Personal communications with leading participants in the development of 
Eurocodes also elicited the response that the people involved considered that they 
themselves lacked the necessary experience. At the SECED/BNES Symposium on 26 May 
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2004 I had suggested that the UK nuclear industry consider whether it might produce “Non-
Contradictory Confirmation Information” (an annex in Eurocode speak) to extend the scope 
of the Eurocodes to nuclear facilities, at that time specifically excluded from the scope of the 
Eurocodes. It became clear that ‘nuclearisation’ of the Eurocodes would be close to writing a 
new standard, a conclusion also reached by VTT under contract to the Finnish nuclear safety 
regulator. EDF has however achieved something like this within the ETC document specific 
to the EPR. Recent CEN/TC 250 documents concerning development of the Eurocodes 
make no reference to nuclear application, although in the longer term a CEN workshop 
proposed by AFCEN I is seeking to harmonize existing AFCEN Standards at a European 
level. 
 
The reluctance to adopt the full Performance Based Engineering approach and displacement 
based analysis and design methods as a part of nuclear design practice is a significant 
discrepancy between current nuclear practice and the conventional design methods that are 
available. Nuclear Regulatory Commission (2001) fails to explain why this should be so. 
 
In summary the widespread use of multiple suites of design standards looks set to continue 
for a while yet. 
 
Seismic assessment and strengthening of existing facilities 
The seismic assessment of existing nuclear facilities has been a more difficult issue than 
new design, being both non-codified, and deviating from the seismic margin studies of the 
USA in that UK nuclear facilities for the most part had no seismic design basis at all. 
Between 1985 and 1990 PML made innovative displacement based seismic assessments of 
about 80 safety related nuclear facilities at a major nuclear site for emergency planning 
purposes under the inspirational guidance of Bob Kennedy. The study used seismic margin 
methodologies, took full account of the reduction in seismic demand due to structural 
softening, and assessed plant by seismic walkdown. However, the technology was neither 
widely disseminated nor adopted. The issue became incorporated into a regulatory 
requirement for Periodic Safety Reviews (PSRs), for which a requirement was a comparison 
with modern standards. This drove the industry into adopting a design type approach, which 
shed little light on safety shortfalls. The PSR requirement was strictly answered by means 
that generated great volumes of data having little value, but acquired at great expense. 
 
The safety regulator was complicit in this through asking a closed question concerning 
minimum acceptable seismic capacity. Risk was not addressed. Thus the PSR - itself an 
innovative approach to regulation, and now very widely adopted globally - stifled innovation 
in the case of seismic assessment of existing facilities in the UK. 
 
The progress in strengthening, rather than merely analysing, UK nuclear facilities against 
seismic action was probably more rapid than in the USA. 
 
A very tangible benefit unexpectedly emerged when post 9/11 there was an urgent 
requirement to consider the vulnerability of nuclear facilities to terrorism. Many of the 
physical plant modifications, such as additional cooling water systems, implemented under 
the PSR as seismic improvements, materially contributed to resilience against malicious 
acts, when Vital Area assessments of nuclear facilities were made. This observation is 
compatible with the author’s belief that engineers engaged on safety critical systems should 
have a broad awareness of a wide range of hazards in preference to an in-depth knowledge 
of a single hazard. Systems designed against a hazard should have resilience against other 
hazards, including those not anticipated at the time. It is not always so, and the author was 
critical of a seismically vulnerable unreinforced masonry wall adjacent to safety related 
electrical equipment at Bradwell NPP, and was promptly informed that the masonry wall had 
only been completed the preceding week as a fire barrier! 
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Multi-disciplinary approach 
This conference is organized by the Society of Earthquake and Civil Engineering Dynamics. 
SECED is an Associated Society of the Institution of Civil Engineers (ICE) and is sponsored 
by the Institution of Mechanical Engineers, the Institution of Structural Engineers and The 
Geological Society. SECED is civil engineer led, but at least in its committee structure 
incorporates representation from some of the other relevant disciplines. 
 
The engineering in safeguarding a bridge or a dam against the effects of earthquakes, or of 
preventing collapse of buildings such as to injure or kill occupants can readily be identified as 
primarily civil engineering. This is less readily so when it is the safety of a nuclear facility that 
is the objective. The safety systems that may be required to deliver a safety function 
following, or even during a seismic event, include, but are by no means limited to civil 
engineering components, such as containment. 
 
The author observes that seismic nuclear engineering has been regarded in the UK as being 
led and to varying degrees primarily or even the sole responsibility of civil engineers. In 
HMNII the Site Inspectors and the Project Inspectors would routinely raise a work instruction 
for evaluation of a seismic safety case solely on a civil engineering inspector. This can be 
seen by examining the topic reports produced by ONR in its Generic Design Assessment of 
nuclear power plants. Nor is the seismic issue handled significantly differently in Nuclear Site 
Licensees or their contractors. 
 
Civil engineers are more accustomed to considering several external hazards, including wind 
and flood, than their colleagues in other engineering disciplines. However, the role of 
mechanical, electrical and other engineering disciplines is too often to receive a floor motion 
specification and to use it, with no input in the foregoing process. 
 
The failure to manage effectively the seismic interface between engineers of civil and of 
other disciplines appears more often to have commercial rather than technical origins. 
 
Design basis 
Even today UK nuclear engineers appear pre-occupied with a design basis seismic hazard, 
as a Design Basis Event, say at 10-4 per annum non-exceedance. Such an event is merely 
one point on the hazard curve. 
 
One frequently encounters engineers concerned about an utilisation in excess of unity in 
some minor structural member, while little if any consideration is given to the potential 
catastrophic consequences of a seismic event greater than the design basis. This is a failure 
to see the wood for the trees; it is myopia. There is an implied belief that Beyond Design 
Basis events are Beyond Designer events, ie that the designer has no responsibility for the 
consequences of events he has not considered in his design. Lord Hobhouse has ruled that 
Acts of God: 

A. involve no human agency; 
B. are not realistically possible to guard against; 
C. are due directly and exclusively to natural causes; 
D. could not have been prevented by any amount of foresight, plans, and care. 

 
Criteria B and D above apply scant limitation to the human ability to prevent Acts of God. 
 
A consequence of common UK nuclear seismic design procedures is that the residual 
seismic risk is not actually known, despite some of the relevant numerical targets within the 
ONR’s SAPs being the few parts that are mandatory. Some 45% of the risk for seismically 
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induced radiological releases for currently designed UK nuclear facilities may come from 
Beyond Basis Events. 
 
The negative experiences of Ronan Point, the Oklahoma City Bombing, controversially, the 
World Trade Centre, the nuclear accident at Fukushima, and the positive experiences of the 
19th century Albert Dock against a 500lb second war bomb, the 9/11 impact on the Pentagon, 
of the lives saved by Anderson shelters during the London blitz – to name but a few – show 
why earthquake engineering risk and engineering towards a resilient world should consider 
beyond design basis events. 
 
Conclusions 
Seismic hazard assessment and earthquake engineering for nuclear facilities in the UK 
progressed rapidly in the 1980s and in some areas even became world leading. Some 
opportunities were missed, and some specialisms, notably seismic hazard assessment, 
where the practice was once State of the Art, have become moribund. The author, a long 
time employee of HMNII, takes no pleasure in deducing that the nuclear safety regulator has 
contributed to this poor comparison with non-nuclear practice 
 
New NPP development, just as the in the 1980s, needs to progress the Art. 
 
REFERENCES 
 

BNFL (1989) Seismic Ground Motion Specification for BNFL. SZR/1.130. Re-issued as 
B&C/Generic/93/04.  

Bommer, J J, M Papaspiliou, W Price (2011) Earthquake response spectra for seismic 
design of nuclear power plants in the UK. Nuclear Engineering and Design 241 (2011) 968-
977. 

Kennedy RP (2007) Performance-Goal based (Risk Informed) Approach for Establishing the 
SSE Site Specific Response Spectrum for Future Nuclear Power Plants. SMiRT 19, Toronto. 

Layfield F (1987) Sizewell B Public Inquiry: Report, Stationery Office Books. 

Nuclear Regulatory Commission (1973) Design response spectra for seismic design of 
nuclear power plants. Reg Guide 1.60. 
 
Nuclear Regulatory Commission (2001) Assessment of the Relevance of Displacement 
Based Design Methods/Criteria to Nuclear Power Plants. NUREG/CR-6719. 

Office for Nuclear Regulation (2014) Safety Assessment Principles for Nuclear Facilities. 

Office for Nuclear Regulation (2014b): External Hazards NS-TAST-GD-013 

Principia Mechanica Limited (1981) Seismic Ground motions for UK design. PML report No 
64/81. 

STUK – Radiation and Nuclear Safety Authority (2001). Seismic events at nuclear power 
plants. YVL 2.6. 

Thomas Telford (1985) Earthquake engineering in Britain Proceedings of a conference 
organized by the Institution of Civil Engineers and the Society of Earthquake and Civil 
Engineering Dynamics, held at the University of East Anglia, 18-19 April 1985. 


