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A c r i t i c a l i t y  excursion occurred a t  the Oak Ridge C r i t i c a l  
Experiments Laboratory on Noveniber 10, 1961 as enriched uranium 
metal, neutron reflected and moderated by hydrogen, was being 
assembled, t is  estimated tha t  the energy yield was between 

property damage, 
and contained i n  the metal, decayed suf f ic ien t ly  overnight t o  
allow unhindered continuation of the experiment, The excursion 
was caused by a too  rapid approach of the two sections of uranium 
const i tut ing the  experiment. 

1015 and 101 d f i ss ions .  There w a s  no personnel exposure or 
Fission product contamination, both a i r  borne 

NOTICE 

This document contains information of a preliminary nature and was prepared 
primarily for internal use at the Oak Ridge National Laboratory. It i s  subiect 
t o  revision or correction and therefore does not represent a f inal report. The 
information i s  not to be abstracted, reprinted or otherwise given public dis- 
semination without the approval of the ORNL patent branch, Legal and Infar- 
mation Control Department. 



P LEGAL NOTICE 

T h i s  report was prepared as an account o f  Government sponsored work. Neither the United States, 

nor the Commission, nor any person act ing on behalf o f  the Commission: 

A. Makes any warranty or representation, expressed or implled, w i th  respect to  the accuracy, 

eport, or that the use of 
information, apparatus, method, or .  process d isc losed in th i s  report may not  in f r inge 

completeness, or usefulness of the information contained in t 

any 
pr ivate ly  owned r ights; or 

B. Assumes any l i ab i l i t i es  w l th  respect t o  the use 

any information,'apparatus, method, or process d i  
As  used in  the above, "person act ing on  

contractor of the Commlssion, or employe 

or contractor of the Commission, or employee of  

provides access to, any informotion pursuant t o  h i s  

or h i s  employment w i th  such contractor. 



Cr i t i ca l i t y  Excursion of November 10, 1961 

An unscheduled burst  of radiation w a s  produced during the course of 
some experiments i n  the Oak Ridge C r i t i c a l  Experiments Laboratory on 
November 10, 1961. If personnel radiation exposures resulted d i r ec t ly  from 
the burst  they were less  than 5 mrem and only insignificant amounts ( < 100 
mrem) were incurred by health physicists while subsequently making surveys 
of" the area, There was no property damage. Less than 1-1/2 hours working 
time was los t  after the incident and operations would have been resumed a t  
8 A. M. the  following day had it not been Saturday. 
br ief  review of the accident and of the measures taken t o  reduce the proba- 
b i l i t y  of i t s  recurrence a 

, 

The following i s  a 

The f i s s i l e  material concerned was EV 93% U235-enriched uranium which 
was neutron reflected and moderated by paraffin.  The mass of uranium was 
about 75 kg; i ts  configuration i s  not readily describable. The materials 
were divided in to  two par ts  and arranged on equipment, described recently 
by Rohrer e t  al.,' whereby one par t  was moved ver t ica l ly  upward, by a 
hydraulic piston acting through a magnetic coupling, t o  contact the other. 
The i n i t i a l  speed of approach of the par ts  was controlled by the a i r  
pressure applied t o  the hydraulic system. 
was effected a t  a preset separation by a switch operated by the moving 
member i t s e l f .  
adjustable a t  the equipment. This reduction i n  speed was effected by a 
valve, a l so  manually adjustable, i n  the hydraulic system. There was no 
method f o r  a l te r ing  the speed from the remote control point. 
ra te  of displacement was regulated by the action of the control switch, 
operating appropriate valves i n  the hydro-pneumatic system, f o r  time in t e r -  
vals commensurate with the s ta tus  of the experiment. 

A s tep  reduction of t h i s  speed 

The point at which th i s  s tep change occurred was manually 

The over-all 

During the experiment i n  discussion, the i n i t i a l ,  f a s t e r  speed was 
16 in./min and the t rans i t ion  t o  the slower speed occurred when the assembly 
par ts  were separated 1.94 in .  
movable section of the apparatus was underdesigned and did not follow the 
fast motion promptly. Closure w a s  correctly indicated by l i m i t  l i gh t s ,  

The device indicating the position of the 

The rate  of separation f o r  normal shutdown was, of course, greater  than 
the ra te  of closure and was a t  least 40 in./min. 
emergency shutdown was about 12 in./sec over the f irst  inch of t ravel ,  60 in./  
sec f o r  the next 9 in., and 10 in./sec f o r  the remainder of the downward 
stroke. 

The ra te  of separation upon 

1. E. R. Rohrer e t  a l . ,  "Neutron Physics Division Annual Progress Report f o r  
Period. Ending September 1, 1961," ORNL-3193, p. 168. 
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The time required f o r  collapse of the current t o  the magnet supporting 
the lower (movable) section of the assembly following the receipt of a 
s ignal  from the sc in t i l l a t i on  detector was the order of 1 msec. The time 
required f o r  the magnet t o  disengage was Y 50 msec. 
additional delay i n  the safety action was incurred during the increase i n  
s ignal  strength t o  tha t  required f o r  actuation of the safety c i rcu i t .  

In t h i s  se r ies  of experiments, which was t o  be terminated by the one 

An unknown but small 

i n  question, the reac t iv i ty  of the system was incrementally changed by adding 
more uni ts  of uranium, o r  more moderator or ref lector .  

f b l i e s  had been subcr i t ica l ,  The f i n a l  a l te ra t ion  was the  addition of a large 
ref lector .  

All previous assem- 

The usual "blue glow" was observed as the assembly became c r i t i c a l .  

Tests a f t e r  the incident showed the system t o  be delayed c r i t i c a l  when 
the two sections were separated 2.7 in .  and tha t ,  i n  t h i s  region, the sensi-  
t i v i t y  of the system was $8.6/in. 
achieved when the approach was s t i l l  a t  the higher speed which corresponded 
t o  a rate of increase i n  reac t iv i ty  of $2.3/sec. 
the  magnet disengaged ( ry 100 msec after the detector signaled a high level)  
the reac t iv i ty  had decreased $5. 
first inch of t r ave l  was - $100/sec. 

It i s  obvious t h a t  delayed c r i t i c a l  was 

F i f t y  milliseconds a f t e r  

The average rate of decrease over the 

Air borne fission-product contamination i n  the t e s t  c e l l  t h a t  evolved 
from the uncoated uranium was estimated' t o  be between 2 x 10-7 and 1 x lom6 
~ c / c c  (1.5 mc, maximum, t o t a l  contamination) 30 min after the release. 
a i r  contamination was zero a t  the t i m e  of the next convenient observation 
15 hr  later. 

The 

The $hj.nyu.- appearance of the uranium and the absence of alpha-particle 
contamination within the area were evidence that no uranium oxidation had 
occurred. 
70°C since there w a s  no indication tha t  the paraffin i n  contact with the 
m e t a l  had melted. 

The surface temperature of the uranium had remained below about 

It i s  interest ing t o  note tha t  the delayed gamma-radiation f i e l d  20 f t  
f romthe  source decreased three orders of magnitude during the in te rva l  
between 2 min and 1 hr  a f t e r  the activation and that the f i e l d  a t  the surface 
of the uranium was as much as 10 r/hr at  19 hr ,  
~ 

2. T. J. Burnett, ORNL Health Physics Division, personal communication. 
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The energy release could not be evaluated d i r ec t ly  because of the 
impracticabili ty of destructive sampling and analysis and the comple 

fast ( 7 1 kev) neutrons was estimated from the activation of components 
of a threshold detector although there i s  a t  least a fac tor  of two un- 
cer ta inty i n  this value due t o  the low activation. 
which may amount t o  as much as Z5$, was made f o r  a c t i v i t y  i n  the  detector 
result ing from neutrons back-scattered from the w a l l  on which the detector 
was mounted. The a c t i v i t i e s  i n  thermal and epicadmium neutron detectors 
s imilar ly  located were too low f o r  measurement.3 
threshold detector was, however, such tha t  the f a s t  neutron exposure is  an 
approximate measure of the source even though the assembly was par t ly  en- 
closed i n  a thick neutron ref lector  a t  the t i m e  o energy emission. On 

undetermined power dis t r ibut ion within the assembly. A yield of 10 l?? 

Further, no correction, 

The location of the 

these bases the  yield is estimated a t  1015 t o  10 2 f iss ions.  

A comparison of the radiation field attendant t o  th i s  release a t  a 
point some 20  f t  d i s tan t  over the i n i t i a l  40-min period t o  t h a t  result ing 
from recently and purposely produced bursts  of energy of measured magni- 
tude from the Health Physics Research Reactor gives a yield not incon- 
s i s t en t  with the  above estimate. Admittedly the conditions of the two 
measurements are d i f fe ren t  because of the re la t ive  locations of source and 
detector and the absence of neutron re f lec tor  and moderator i n  the reactor 
tests. 
evaluate the yield from estimated personnel exposures incurred during t h i s  
excursion and those result ing from similar excursions of known s i z e  purpose- 
l y  generated i n  the later program has been unsuccessful because of un- 
cer ta in t ies  and inconsistencies i n  measurements of the quantit ies of radi-  
a t ion  encountered. The e ,s t imted exposures were of the order of 1 mrem. 
Ind'cations f r o m t h i s  comparison, however, do s e t  the yield a t  l e s s  than 

Even order of magnitude agreement may be fortuitous.  An attempt t o  

10 li f i ss ions ,  

The energy from l0l6 f i ss ions  would raise the average temperature of 
the uranium about 35 Co assuming no losses. 

The time intervals  and rates  of change i n  reac t iv i ty  show tha t  a 
0.12-in. displacement of the lower section of the assembly i n  435 m e c  is  
required t o  go from delayed t o  prompt c r i t i c a l .  
t o  w h a t  i s  believed necessary f o r  instrument response. 
observations, such as the temperature pattern, raise some doubt t ha t  the 
assembly reached prompt c r i t i c a l .  

This t i m e  is  long compared 
Th i s  and other 

. \  
The previous accident most similar t o  t h i s  one has been described by 

Stratton4 and occurred a t  Los Alamos i n  1952 with equipment called JEMIMA. 

3 .  D. M. Davis, ORNL Health Physics Division, personal communication. 
4, W, R e  Stratton, "Proceedings of the Karlsruhe Symposium on Cr i t i ca l i t y  

Control," European Nuclear Energy Agency, 1961, p. 500. 
G. C. Mallary e t  al. ,  "Neutron Burst from a Cylindrical Untamped Oy 
Assembly," LA-1477, July 22, 1952. 

c 

See a l so  V 
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The greatest  dissimilarities are  tha t  the uranium i n  the Los Alamos assembly 
had neither moderator nor re f lec tor  and the instrument response time was 
300 mec,  about s i x  t i m e s  t ha t  i n  the present case. In the e a r l i e r  experi- 
ment about 90 kg of U235, i n  two sections, were being brought together a t  a 
rate of $2 t o  @/set when delayed c r i t i c a l  and, 
were exceeded. 
were produced i n  the i n i t i a l  power spike and the remainder i n  the equi- 
librium-power plateau which ensued during the  re la t ive ly  long t i m e  required 
f o r  the safety system t o  ac t .  As i n  the present case there was no evidence 
of metal oxidation. 

ossibly, prompt c r i t i c a l  
f i s s ions  of which 1015 The observed yield w a s  1.5 x 

It is obvious tha t ,  i n  the present instance, the ra te  of approach of 
the two par ts  of the assembly was too fast and that the operational radi- 
ation-detecting instrumentation was too sluggish owing, perhaps, t o  the 
thick neutron ref lector  surrounding the uranium. 
described above functioned properly. 
errors  i n  judgement by those performing the experiment. 

The safety c i r cu i t s  
The occurrence was the resu l t  of 

The remedial measures t o  be effected pr ior  t o  subsequent use of the 
apparatus include the ins ta l la t ion  of an improved position indicator and 

made a par t  of the pre-experiment equipment check-out. 
. the  adoption of a procedure whereby measurement of closure speeds w i l l  be 
) 

L It is  pointed out that, although occurrences of the kind reported here 
are not t o  be taken l ight ly ,  they should not be considered en t i r e ly  unex- 
pected i n  the wide var ie ty  of short-range experiments performed i n  the non- 
reactor development studies which consti tute a major par t  of the program of 
the Oak Ridge C r i t i c a l  Experiments Laboratory. 
adequate shielding was provided i n  the design of the laboratory more than a 
decade ago. O f  i n t e re s t  i s  the  f a c t  that during the two-week period follow- 
ing t h i s  occurrence and again i n  ear ly  January 1962 pulses of radiation 10 
t o  100 times greater  than th i s  one were routinely produced i n  the same 
laboratory area during the proof-testing of the  Health Physics Research 
React or 

It is  f o r  th i s  reason tha t  

. b  
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