
       
 
Dear Sir, 
 
REPORT ON FUKUSHIMA TYPE EVENTS 
The comments in this letter refer to the existing (defunct) and new 
(proposed) nuclear power station (NPS) at Bradwell Essex.   There is a 
second letter to follow, commenting on other critical facilities. 
 
1 BRADWELL NPS 
In summary, in 1884 a shallow earthquake, local magnitude about ML = 5 
occurred, centred near Mersea Island, with significant damage extending 
from Bradwell in the south to Colchester in the north. 
The damage is still visible in some of the structures left standing and is 
well described in contemporary newspapers, scientific proceedings, with 
subsequent historical & scientific publications up to the current date.   The 
intensity was about MSK = 8 and in my view equates to about 30%g 
centrally and roughly about 10%g to 20% g at Bradwell & Colchester. 
The earthquake is rated by BGS as the most damaging ever in UK 
recorded history.  My concerns & suggestions are:- 
 
2 Seismic shear plane in relation to site. 
The recent earthquake occurred along a shallow plane with a finite area 
(not yet located) and stopped where the applied stresses fell below the 
shear strength of the strata, or the strata became stronger.  The 
unsheared perimeter of the plane remains at a stress to strength ratio just 
insufficient to cause failure & might shear again at anytime.  One end of 
that plane is at or near the Bradwell NPS site. 
 
3 Changes in shear stress or strength. 
The stress (& strength) in strata can be varied by changes in ground 
water pressure.  Changing water levels were reported before & after the 
1884 quake (perhaps due to pumping, or dilation) & now water levels are 
rising, all causing current changes in stress and strength. 
 
4  Existing NPS structure. 
The existing structure was designed for about 10%g ( I believe) . The 
1884 dynamic forces at the NPS site were about 10%g to 20%g, and if 
the 1884 event was repeated, centred at the NPS site, 30%g could be 
expected.  Any of these recent conditions are sufficient to cause some 
collapse of the existing NPS structure together with damage to sea walls, 
bridges, services, sewers etc.  The combination of radioactive dust, local 
flooding, loss of services etc, would be a significant problem for the 
defunct NPS & neighbouring property.  Additionally a small tsunami could 
reasonably be predicted.  All of this bears some relation to the Fukushima 
case. 
 
5  New NPS structure. 
The new proposed reactors, ( & presumably all the associated structures) 
are ( I understand) based on a design operating basis earthquake (OBE) 
of 30%g.  This was apparently chosen as the worst which had previously 
been experienced anywhere in the UK.  This choice ignored the point that 



this worst occurrence was at or near Bradwell, just over 100 years 
previously, very recently in geological terms.  It is unusual & in my view 
negligent, to set the OBE for a reactor using an earthquake which had 
occurred at the same site very recently.  A significantly higher OBE would 
be appropriate, or the shear plane (wherever it is) could still be regarded 
as an active one, & construction avoided within close proximity (as AEC, 
NRC rules etc). 
 
6  Small Tsunami at Bradwell 
This is described in a number of contemporary articles in newspapers etc. 
I have not made a detailed study but examples are; heavy barges driven 
back against the wind, fishermen refusing to go out for several days; 
various accounts of the height of concurrent unusual surges.  There are 
too many varied sources for this to be discounted.  One early detailed 
scientific account (Profs Meldola & White of Imp.Coll. 1885) comments 
there was no record on distant tide gauges, but such tide gauges are 
often & necessarily severely damped to exclude wave action.  My personal 
suggestion for discussion, based on a variety of references, is an 0.5 to 
1m surge or wave. See Haslett & Bryant 2008. 
 
7  Stability of Sea Walls etc. 
Much of the Bradwell area is at or near high tide level and parts are 
subject to flooding.  The sea walls are often on over-consolidated clay or 
re-deposited clays & have poor stability, & are unlikely to survive a 20%g 
event without any breach. 
 
8  Ground Extension 
I have carried out research & published papers etc into ground 
movements and the effect on structures for shrinkable clays, fills, mining 
subsidence, & seismic motion, all of which have some similarities.  In 
particular I have studied (and measured) lateral movements and ground 
strains.  These are poorly understood and not accepted by all engineers. 
At Fukushima, there are videos of horizontal ground movement & cracks 
opening & closing, & at Colchester/Bradwell there are various 
contemporary accounts of similar but less severe ground movements.  
Structures at both sites show signs of lateral extension, as do almost all 
seismically damaged areas.  Often there are detailed records of extension 
damage to buried pipelines.  However I doubt whether any of the 
proposed UK NPS designs will make allowance for this, or at Bradwell in 
particular.  Although there may also be other reasons, I assume that 
many of the water leakage and contamination problems at Fukushima will 
be due to seismic extension, rather than vibration or shaking.  See 
Jackson,Culshaw,Raines,Cox 1995. 
 
9  Concurrent events. 
The point of the Fukushima study is to examine how an initial seismic 
event lead to concurrent dynamic structural and flood damage, 
exacerbated by radioactive release from adjacent damaged structures. 
A new NPS at Bradwell would have many parallels, especially if a 
marginally stronger seismic event (than 1884) was repeated (say 30%g). 
 
These would be concurrently:- 



-   significant structural damage to the defunct NPS with radioactive dust 
release etc & water release. 
-  semi-permanent loss of mains water & drainage. 
-  extensive flooding due to a minor say 1m tsunami & multiple failures of 
sea walls followed by high tide. 
-  dynamic failure of retaining walls, bridge abutments etc, pipe supports     
(none of which are currently seismically designed) 
-  loss of power at the new NPS (exceeding OBE etc) 
-  failure of supporting pipework, drainage etc related to the new reactor 
(due to ground extension or ground waves). 
-  possible safe shutdown problems, as at Fukushima, but depending on 
severity etc. 
 
9  Conclusion 
Bradwell is one of a very small number of UK areas where so many risks 
exist, mainly because of recent & comparatively severe seismicity.  Almost 
anywhere else in the UK would be less risky.  The reason for siting an NPS 
at Bradwell is for administrative convenience.  The area is largely empty 
because of the low lying nature of the land & the recent loss of major 
structures in the 1884 earthquake.  Both these are good reasons for not 
siting a new NPS there, as is the possibility of the combination of 
circumstances as at Fukushima.   By contrast there would be little against 
using the site for a conventional power station.    
 

 
 

 

  
 
Appendix     
9   Co-seismic & seismic ground displacements. 
Ground levels vary long term due to expansion or compression caused by 
geological processes.  Where motion occurs along shear planes either 
suddenly during earthquakes (seismic motion), or as creep between 
earthquakes (co-seismic motion) it can be detected vertically & 
horizontally by levelling & surveying.  Re-levelling between known precise 
survey stations with a historic record is routinely carried out in seismic 
areas such as Greece etc.  Similarly historic survey triangulation stations 
are resurveyed to determine the differential direction of land mass 
movement, & hence shear/fault zones can gradually be located. 
Other methods are satellite laser ranging (SLR) techniques where current 
horizontal motions can be detected to an accuracy of about 1mm so that 
the average yearly motion of significant points can be determined. 
Another technique is interferometry using synthetic aperture radar from a 
satellite (INSAR), which gives contour maps of changes in ground level 
over wide areas, now to 1mm accuracy, (by the European Space Agency 
etc).  All of these methods are currently applied in seismically active areas 
& could easily be applied to UK NPS areas such as Bradwell to see what if 
any ground movement & especially differential ground movement is 
occurring. 



Contacts are Ordnance Survey for UK levels & triangulation & historic 
records.  Prof J Jackson, Cambridge Univ. has written a number of papers 
on the results of SLR for seismic ground movements. SLR satellite 
systems are manufactured by EOS Canberra. 
 Dr C.Browitt ███████ has written papers on INSAR (for ESA) using 
radar results taken over a period of 20years, which may well include 
Bradwell & other NPS.  These surveys require a relatively long period of 
time to establish the pattern of movement.  Commercial work is being 
handled by Mr R Burren of Fugro NPA Ltd Edenbridge.  As far as I can tell 
none of these surveys have yet been done at Bradwell or other NPA sites. 
 
10  Fill Embankments 
Fill embankments, if not heavily compacted, can be sensitive to small 
earthquakes.  The mechanism is complicated & known as ‘collapse 
settlement’ & is related to liquefaction, but without a fully saturated soil. 
I wrote a PhD thesis on the general collapse mechanism (in 1970) & have 
since noted in the literature a small number of otherwise stable dams & 
embankments which seem to have failed within hours of minor seismic 
events.  The Japanese probably have most experience of this.  However 
Carsington Dam collapsed shortly after heavy rain & about a 2-4%g 
tremor. (See ICE Proceedings, Discussion on Carsington).  I can explain 
the mechanism in more detail & it is by no means proven, however it is 
certainly a real possibility.  I do not know how much fill was used at 
Bradwell NPS, but there may be some consequence. 
 
11 Contamination & Exclusion Zones 
After a nuclear accident, a circular exclusion zone is often defined.  
Subsequently measurements of contamination are used to define a more 
specific area in the form of one or more plumes.  As an example, if the 
contaminated plumes for Chernobyl are overlaid on Bradwell, they would 
reach well into London.  The point is that apart from being much the most 
susceptible site for Fukushima type problems, Bradwell is also the one 
with the worst consequential damages. 
 
12  Public Consultation 
Prior to Fukushima there was a written public consultation for Bradwell 
NPS, at which I tried to raise the problem of concurrent seismic damage 
to both the old and new NPS and flooding etc.  This was largely ignored 
and the earthquake was dismissed as ‘a few chimney pots and tiles’.  The 
written consultation questions were framed in such a way as to prevent 
the association of possible consequences.  I believe this kind of partial 
management of responses is counter productive, defeating the purpose of 
consultation. 
 
13  Contours of seismic intensity at Bradwell 
There are various maps showing the historic seismic damage and hence 
estimated contours of intensity or g forces.  I believe some of these 
relationships are slightly doubtful because there can be no evidence from 
the estuary areas, & this tends to skew the contours on the far, Bradwell, 
side of the estuary.  Similarly the general area had a low population, & 
relatively few masonry structures to act as damage reference points. 
 



14  Defra & Halcrow reports on the Tsunami 
A recent Halcrow report on Bradwell NPS flooding risk said that there was 
no possibility of a tsunami.  Since there had already been a small tsunami 
I queried this and was told by Halcrow that they were reporting using 
instructions from Defra (Reports in 2005 & 2006), and this was vaguely 
explained in the small print.  I believe this was slightly corrected later on 
by BERR.  The point is that while Defra is free to produce reports which 
maybe wrong, it seems seriously misleading to then force their opinions 
on to specialist Engineers so as to subsequently give the opinions an 
unwarranted credibility. 
 
15  Fitness to comment 
I have about 40years experience in research & design of earthworks, 
roads, & foundations for critical structures including seismic design, with 
various published papers.  Early on I helped resolve foundation problems 
at Oldbury NPS and then settlement measurements at Dungeness NPS.  I 
later worked on foundations for various oil platforms, large LNG tanks & 
more recently the waste process, store, & shelter etc at Chernobyl, & the 
store at Dounreay.  The most recent was a brief review for Hinkley Point.  
Much of the later work (10years) was as Principal Geotechnical Engineer 
for Taylor Woodrow. 
My interest in Bradwell arose from teaching seismic foundation design to 
post graduate Engineers at the University of Westminster.  Bradwell was 
the only example of existing seismic damage local to London, & I used old 
(& new) photographs to illustrate the design problem, and Bradwell NPS 
(then active) to demonstrate the siting problem.  I gradually accumulated 
lecture material & still have copies of the Haining book, the Meldola & 
White Report etc. These are available for copying if you cannot obtain 
library copies. However I have not yet read all of the Musson BGS 
geological reports.  My comments are based on my own professional civil 
engineering and geological experience and my studies of structural 
damage in relation to ground movement in a variety of circumstances & 
locations. 
I firmly believe a new NPS at Bradwell is a serious error of judgement.  I 
also believe that the planning procedures so far followed have obscured 
the problems rather than quantify & resolve them. 
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