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\o ACCIDENT AT WINDSCALE 

long controversy whether all those innumerable cr:lter.r 
wcrc formed by meteoric bombardmen t  or by volcanic 
act ion;  the  astrononiers want  to set up their telc- 
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trolled relcasc or Wigner encrgy, which is R roulinc 
;procedure in uranium-graphite p i l e s .  was being carried 

comings in organization. 'An operation for the con- 
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out at thc lime the accident occurred. A standard pile 
consists of a large block of graphite somewhat larger 
than a house, with hundreds of cylindrical holes passing 
from onc side to the other. parallel to the ground. 
Cartridgcs composcd of uranium and uranium oxide 
contained in a case of aluminium or zirconium alloy are 
insertea into the centre of the pile through the holes at 
one side, and, when expended, are  pushed out from the 
other by fresh cartridges similarly inserted. The sur- 
rounding graphite is known as the moderator and slows 
down the neutron emission from the uranium to a sui t -  
able Icvel. This results in some of the atoms of carbon 
becorning displaced from stable to unstable positions, 
thus increasing the internal energy of the graphite. E. P. 
Wigner" postulated that this would occur, and the 
phenomcnon is known as  the Wigner cflecl. The Wigner 
effect is progressive and can result in a sponiancous 
release of energy. This  occurred in the Windscale pile 
in 1952. Artificial heating of the graphite under con- 
trolled conditions causes a reversal of the Wigner erect,  
and this opcration. which had been successfully accom- 
plished on eight previous occasions, was in progress when 
the accident occurred. 

Controlled release of stored Wigner energy is accom- 
plished by shutting off the air cooling systems which are 
normally i n  operation and allowing the temperature of 
the pile i o  rise. The  progress of the operation is assessed 
by observaiion of the temperatures which are recorded 
by thermocouples, but on  this occasion, owing partly to 
lack of adequate knowledge of the Wigner elrect at  the 
time the pile was built, unduly high temperatures were 
being attained at points in the graphite where thermo- 
couples were not installed. The physicist in charge o l  
the operation, handicapped by insufficient data and in- 
adequate instructions for the procedure, repeated the 
heating process too soon and too quickly, causing failure 
of the uranium cartridges and oxidation of the uranium. 
On October 9 i t  was realized that the graphite tempera- 
ture readings were unusually high, and the cooler fans 

. were turned on intermittently. Early on the next day 
meters in the chimney recorded increased radioactivity, 
but the levels were considered to be within normal limits. 
The fans were turned on again, and again the measured 
radioactivity increased. As a result of these observa- 
tions thc operalors concluded that one or  more uranium 
cartridges had failed. Special apparatus is installed to 
assist in the detection of burst cartridges, but on this 
occasion the scanning gear was found to be jammed, 
allhough i t  had been recently repaired. It was necessary 
therefore to arrange for visual inspcction through the 
pile face, and four channels revealed cartridges at  red 
hcxt. I~cc;itrsc thc cartridgcs wcrc distorted by thc heat i t  
was not possible to eject them in the normal way through 
the opposite face of the graphite pile, and the fire was 
thercfore localized by removing a number of neighbour- 

' 

' Brix. m d  J . ,  1957. 2. 991.  
' .4rr iCm 01 W w d m d ~  h'o. 1 Pi/< on Orrobrr I O ,  H . M . S . O . .  G n d .  302, 1957. 

k c  summary in Jourual .I p. 1171. 
Wvncr. E. P..  quoicd by Burton. h l . ,  and Ncubcrl. T. ; J . ,  1. opppl. phyr.. 

1956, 11, 5 3 1 .  
' - U.5. Alonric h v  Comniirrron Rrporr .  C P. 387. 1942 

nrlt.  J .  R ~ ~ I , , , I  . 1955. suppi .  6. 

ing cartridges. Carbon dioxide foam was applied but 
failed to reduce the tcmperature, and i t  was decided 
then to use water to quench the fire. This  was begun 
at  8.55  a.m. on October 1 I ,  adequate nieasures having 
been taken to ensure the safety of the slaff, a/nd con- 
tinued for 24 hours, at  the end of which time the pile 
was cold. Although the Committee o l  Inquiry was un- 
able to endorse the conclusion that the observed tem- 
perature .recordings indicated the need for  a second 
heating, i t  agreed that both the instrumentation in the 
pile and the instructions to  the physicist were inade- 
quate. The Atomic Energy Authority has  accepted 
full  responsibility for the accident and is determined 
to do  all i t  can to avoid a similar occurrence else- 
where. 

As io the measures taken to deal with the conse- 
quences o l  the accident, the committee appointed by 
the Medical Research Council agreed that these were 
essentially right, and, once they were brought fully into 
play, were applied decisively and were adequate to pre- 
vent i l l  efiects. The  International Commission on 
Radiological Protection* ha; recommended a maximum 
permissible exposure for life fo r  any  fission products 
which may be inhaled of pc per C.C. For pro: 
longed exposure this value should be divided by 10, but 
for short  periods of exposure, similar to those occur- 
ring as  a result of this accident, may  be multiplied by 
10. I f  pc per C.C. is considered to be one unit, 
then the air contamination over the factory site from 
the afternoon of Ocfober I O  to midday October 1 1  
varied between 2 and 10 units. All measures neces- 
sary to safeguard the members of the emergency squad 
working on the damaged pile were taken, and  no cases 
of severe excessive exposure occurred. T h e  accepted 
permissible dose of radiation in any  13-week period is 
3 r. For  the relevant 13-week period including the 
accident the 3 r maximum was exceeded by only 14 
workers, and the highest recorded level was 4.66 r. 
These findings were checked and found to be accu- 
rate by personal emergency recording equipment used 
during the accident. I n  accordance with standard prac- 
tice these workmen have been removed from further 
radiation risk and will not resume until i t  is .safe to 
do  so. No worker was detained fo r  special treatment, 
and i n  only one case was there any difficulty in de- 
contaminating hands and heads of exposed persons. 
Suitable protection was provided for this ,workman 
when he returned to his home, and the decontamina- 
tion was completed next day. T h e  procedure is strict 
and the monitoring sensitive, so that n o  risk remains 
lor  this man or for the persons with whom he conies 
into cont;ict. 

Sonic anxiety was felt by members of the public who. 
thought that the risk from inhalation of radioactive 
materials outside the works might be  significant. 
h4easurements made on  the hair and clothing of per- 
sons who cycled in the vicinity show that,  even i f  thcy 
neither washed nor  changed their clothes in ten days. 
the exposure would still have been negligible. As previ- 
ously stated in these columns,' the main potential hazard 
was from absorption of radioiodine. The  report con- 
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firnis this vicw and states thA[. except for thc need to 
check periodically the content o f  strontiuni-90 in the 
milk of catlle grazed on ccrtain speciiied arcas, no  risk 
exists f rom either radiostrontium or radiocaesium as 
B result of the accident. Having agreed that absorption 
of radioiodine constituted the main hazard, the coin- 
mittee has presented data  which indicate that n o  harm- A 
fol elfects are likely to result either to plant personnel e l e  
o r  to members of the public. A thyroid iodine survey h 
has been made among workers and among local inhabi- 
tants round the works. T h e  lntcrnalional Commission st 
on Radiological Protection recommended a level of  d 
0.1 pc for safe continuous and conslant activity in Ihe b 

among the staff is 0.5 p c  and among the local popula- 

produced so promptly a report which makes available 
to the public all the  relevant facts, and interprets thcni 
for us. 

LIGlSTNING SHOCK 

urrent is almost invariably fatal. 

adult thyroid, T h e  highest thyroid activity recorded r 

tion 0.25 pc in a child. These ]evcls are  well within 
the permissible level f o r  short exposure, which j s  

accepted as  ten times the recommended level of 0.1 ,,c 
for prolonged exposure. 

T h c  dccision to suspcnti dislrihution of milk from 

cwhlishcd tolcr:incc Tor r;iclioiodiiic in milk cxists, hut 
a limit of 0.39 pc per litrc for  milk given to infants had 
been suggested. The  first milk analyses revealed levels 
u p  to 0.8 p c  per litre, and milk distribution was stopped. 
After consultations between thc medical and physics 
experts i t  was agreed that milk from the area should 
not be consumcd until the Irvcls had decreased to not 
more than 0.1 pc per litrc. Examination o f  water, meat. 
eggs, and vegetables i n  the area revcaled that no hazxrd 

committee of the Medical Rescarch Council cxpressed 
the opinion that thc delay between recognition of t h c  brunt of the cur  
accident and the institution of an extensive and rapid currents can make th 
milk-sampling programme throughout the area of pas- dition of profound " 
sible risk was a weakness in the organization apparent of all nervous activ 
only' aflcr the event, and that the investigations h a d  a heavy electrical 
revealed certain gaps in scientific knowledge which without apparent se 

ences between the Windscale plant and the more modern 

construction for thc electricity authorities i n  other 

require early attention. 
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T h e  final section of the Report outlines the differ- 

jnstallations already working a t  Caldcr Hall 2nd under 

parts of the  country. The  new piles not only have 
better controlling equipment but operate at  a higher 
temperature. The  latter modification ~ z i l l  a l low 

release of much of the Wigner energy as  i t  is formed, 
SO that operations to release stored energy .will be re- 
quired less frequently. Moreover, i n  the newer piles 
failure of a fuel cartridge would be detected immedi- 
ately and the amount of radioactive m:j[t-rj;iI which 
could escape inlo Ihc ;itmosphcrc would bc too S n l a l (  

J 

lo constitute a hazard. I n  thc words ol Sir E d w l n  
Plowden, chairman of Ihc United Kingdom Atomic 
Energy Authority, this accident caused disturbance a n d  
anxiety 10 many. people, 
resulted o r  is likely 10 result f rom the episode, and , h e  
devotion to duty and prompt and efficient actions of  

No harm 10 any person hac, ' 

achesandparaesthesiaesecn? lo be the CommOneSleflcClS 

1 ~ ~ ~ h ~ ~ .  J. p. w.. E, ] , .  ,,,rd. J . .  1956. I .  n52. 
_ _ _  - 

all those concerned i n  dealing the deser,,c Wccks. A .  W.,and Alcxsiidcr,  L . , J .  #~!t/!tllr. /f.t'X.. 1939.21, 517. 
' f ' r ~ l ~ h i r d .  8 . .  Lunrr r .  1914. I .  1163.  

Lhe highest praise. We should be grateful, too, t o  t h e  ' Arden .  G .  P . .  Harrison. S .  t i . .  Li r lc r .  J . .  und Mnud,lcy. R . H . , B r i ( .  IWJ. J . .  
1956. 1. 1450. 

members of the various expert committees who ha \e  ' C r i l c h l c y .  k l . .  Lonrr r .  1934. 1 ,  69. 


