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JC,CIDENTAL RADIATION EXCURSION AT THE OAK RIDGE 
Y-12 PLANT-II 

HEALTH PHYSICS ASPECTS OF THE ACCIDENT* 

J. D. McLENDON 

Union Carbide Nuclear Co. Y- 12 Plant 
Oak Ridge, Tennesseet 

(Received 5 November 1958) 

Abstract-The information presented here is one part of a series of four articles which 
collectively describe the accidental nuclear excursion which occurred June 16, 1958, in the 
Union Carbide Nuclear Company, Y-12 Plant at Oak Ridge, Tennessee. This discussion 
is submitted for publication in Health Physics, the official journal of the Health Physics Society 
in the interest of further dissemination of information concerning this unique event. 

INTRODUCTION 

( )x, J une 16, 1958, the first known accidental and 
,,,l<clleduled nuclear chain reaction to occur in 
;,I, industrial process facility took place in the 
[.‘llion Carbide Nuclear Company Y-12 facility 
~;,r the recovery of enriched uranium from fuel 
lill,rication scrap and other salvage. 

In an incident of this type, the hazard of first 
cclncern is not a high order nuclear explosion, 
I)ut instead the lethal radiation which accom- 
I).“lies the incident. Of secondary importance, 
I jilt of real concern to those who must combat 
111~ hazard, are the radiation after-effects. This 
tliscussion proposes to generally describe the 
c,onditions encountered during the course of the 
\.-I 2 incident and the health physics measures 
taken to evaluate and regain control of the area. 

BACKGROUND 

To best understand the Y-12 situation, 
(lis[inction should be made between chemical 
lll’c rcessing facilities for the preparation of “cold” 
~ll.iched uranium, which has relatively little 

* ‘L‘he information presented here was taken generously 
I1.0111 material gathered and prepared through the un- 
~~.ltish efforts of many peopl;, who contributed to the 
Ilrt’paration of report Y-1234. “Accidental Radiation 
l:ucursion at the ?-12 Plant”.’ 

L Union Carbide Nuclear Company, a Division of 
I.lkn Carbide Corporation Y-12 Plant. Contract No. 
\\-7405-eng-26 with the United States Atomic Energy 
(:I ~lllmission. 

radioactivity, and those designed to recover 
uranium from “hot” irradiated reactor fuel by 
separation from the highly radioactive fission 
products. In the latter case, protection must be 
routinely provided against the ever-present 
radiation hazard. Accordingly, such operations 
are shielded and controlled remotely. These 
requirements provide, in addition, a certain 
measure of protection against nuclear accidedt 
consequences. In the case of “cold” material, 
such as that handled in the Y-12 facility, the 
radiation problem is not acute; thus, the 
materials and equipment are accessible as a 
matter of routine. Personnel, in large numbers, 
frequent the area with relatively free access. 

For many years, a successful program of 
nuclear safety has been carried out in Y-12. 
This program, while obligated to the principle 
of preventing even a single nuclear excursion 
was, and remains, contingent upon human 
capabilities. Since safety is never absolute, the 
program assumed that a nuclear excursion could 
occur. Accordingly, plans were made to provide 
capabilities to detect and combat such an 
incident. This plan may be described as 
follows. 

1. Detection of incident and sounding of alarm 
Although physical damage could occur, one 

cannot depend upon fuming, boiling, explosion, 
or a blue glow or haze as the only means for 

21 



22 ACCIDENTAL. kmL4TION EXCURSION AT THE OAK RIDGE Y-12 PLANT-II 

detection of a nuckar reaction. Further, 
prompt action must b taken with a minimum 
of time lost to make decisions. Accordingly, 
y-sensitive radiation detectors have been in- 
stalled in all areas wherein potential criticality 
hazards exist. The manitor system in Building 
9212, the location of the incident, is composed 
of six permanendy-momted instruments, a siren 
system audible throughout the building, and an 
annunciator system w&h indicates the location 
of an activated monitor. Any one of the six 
monitors automatically actuates the alarm sirens 
when the dose rate at the instrument exceeds 
3 mr/hr. The utility ofsuch a system is the fact 
that the alarm so giveaindicates the presence of 
a radiation hazard and implements emergency 
action with a minimum of lost motion. It 
cannot predict a nuclear excursion, and thus is 
after-the-fact, but it may, through the establish- 
ment of a prompt alert, minimize subsequent 
personnel exposures. 

2. Evacuation of area 
In case of a monitir alarm, quick orderly 

evacuation by the rn& direct route away from 
the processing area is considered to be the best 
path for the majority of people to follow. In 
some cases, it may be possible to provide 
sufficiently flexible ekqcuation signals so that 
evacuation routes arc always away from the 
scene of a nuclear ma&on. In the subject case, 
however, the former procedure is used due to 
the complexity of the plant l.ayout, leaving to 
chance the possibility t&at any given evacuation 
path could pass closer IO the accident location. 
By prompt evacuation of the affected area to 
preselected assembly ations, control over the 
group is established incase of need for further 
action. 

3. Initial survey of arta ad personnel 
1-r survey meters ara maintained in pairs at 

three locations at the perimeter of the area of 
concern. Local emergency squads, trained in 
survey procedures and maintained routinely in 
all hazardous areas, assemble immediately upon 
monitor alarm. They collect the instruments 
provided and survey tbs assembly areas, moving 
personnel as net- to keep them in a 
radiation zone of less &an 5 mr/hr. These teams 

also check for gross personal contamination 
(>I r/hr) using the available portable surve\ 
instruments. Persons found to be contaminated 
should have their contaminated clothing re. 
moved immediately and should be sent tc, 
shower without delay. 

4. Screening of personnel for signiJicant exposures 
Upon verification of the occurrence of 2 

nuclear incident, evacuation of personnel prrh 
ceeds to selected secondary locations when 
survey teams monitor badges for indium foi! 
activation and check personal contamination 
further. As a matter of routine procedure. 
indium foils have been placed in all securin 
badges for the purpose of quick identification 
of those persons who may have been exposed to 
neutron radiation arising from a nuclear 
reaction. The intent of this procedure is tr, 
identify those cases of significant exposure. 
particularly any which may be serious or critical. 
Such cases may then be directed to the Medica! 
Dispensary for treatment and/or observation. 
Facilities for decontamination are available in 
these locations if needed. 

5. Follow-up area survey and rehabilitation 
As soon as feasible after activation of the plan1 

emergency plan, trained survey teams, which 
are made available locally and through pre- 
established mutual assistance plans with others. 
are dispatched to the radioactive area. Thesr 
teams monitor toward the reaction locatior. 
and establish boundary lines at 12.5 mr/hr and 
125 mr/hr. Simultaneously, efforts are made tcl 
determine the extent of environmental con- 
tamination by direct measurements and b! 
air-sampling. Areas found to be unaffected, 01 
within permissible limits, are released fol 
rehabilitation as the sunyeys progress. Continu. 
ing control is exercised over the area until th(’ 
radiation intensities permit access to the im- 
mediate area and suitable disposition is ma(lc 
of the source. 

CONDITIONS ENCOUNTERED AND 
MEASURES TAKEh’ FOLLOWING THE 

INCIDENT 
Preliminary surveys 

At approximately 2.05 p.m., June 16, 1958. 
sirens of the radiation monitoring systenl 



23 



24 
ACCIDENTAL 

R,\DIATIO
N 

EXCURSIO
N 

AT 
THE 

0.S 
RIDG

E 
y-12 

PLANT---II 

sounded the alarm
 

in I 
ing the building 

evacu, 
process supervisors, 

e( 
radiation 

survey 
m

eter 
by 

m
ultiple 

readings, 
m

ore 
than 

100 m
r/hr 

center, a distance 
shov 

from
 

the 
location 

of 
1 

Em
ergency 

Director, 
tim

e 
of 

the 
alarm

, 
em

ergency 
plan 

into 
c 

personnel 
from

 
prim

 
secondary 

control 
ten; 

further 
delay 

(see Figs. 
The 

local 
em

ergent) 
and 

north 
ends 

of 
readings 

of from
 

50 to 
sam

e period, 
radiation 

tory supervisors 
at the I 

laboratory, 
approxim

z 
accident 

scene, 
at 

firs 
up to w 1000 m

r/hr 
an 

500 m
r/hr. 

It 
is perhz 

that 
the building 

is or 
that 

the 
corridors 

and 
in an 

east-west 
direct 

assum
e that 

less attem
 

and west owing 
to Iacl 

bulky 
operating 

equ 
rross-walled 

and 
heavi 

and 
south. 

The 
radiation 

detect 
it 

clear 
that 

the 
incidc 

Building 
92 12 with 

the 
determ

ined. 
Continu 

outside of the perim
eter 

O
f up to 50 m

r/hr 
for 

a 
after 

which 
tim

e 
the 

m
r/hr . 

S1ln’eY of environ 
and der 

Radiation 
surveys we 

tn obtain 
an 

overall 
e 

\\‘ithin 
an 

hour 
afte: 

dctcrm
ined 

that 
there 

O
r SigUkant 

contam
in 

etCr fencing, 
which 

fox 
“hieh 

Building 
92 12 

‘PProknately 
800 ft 

x 
m

arked 
off as the initia 
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sounded the alarm in Building 92 12, implement- 
ing the building evacuation plan. Immediately, 
process supervisors, equipped with emergency 
radiation survey meters detected, and confirmed 
by multiple readings, radiation intensities of 
more than 100 mr/hr at the building control 
center, a distance shown later to be about 350 ft 
from the location of the accident. The Plant 
Emergency Director, who was present at the 
time of the alarm, acted to put the plant 
emergency plan into effect, thus evacuation of 
personnel from primary assembly points to 
secondary control centers proceeded with little 
further delay (see Figs. 1 and 2 for locations). 

The local emergency squad surveyed the west 
and north ends of the building, observing 
readings of from 50 to 100 mr/hr. During this 
same period, radiation was detected by labora- 
tory supenrisors at the north end of the analytical 
laboratory, approximately 400 ft east of the 
accident scene, at first fluctuating in intensity 
up to w 1000 mr/hr and shortly thereafter up to 
500 mr/hr. It is perhaps significant to observe 
that the building is oriented in such a manner 
that the corridors and operating areas extend 
in an east-west direction. It is reasonable to 
assume that less attenuation occurs to the east 
and west owing to lack of walls and absence of 
bulky operating equipment. The area is 
cross-walled and heavily equipped to the north 
and south. 

The radiation detected up to this point made 
it clear that the incident had occurred within 
Building 92 12 with the precise location yet to be 
determined. Continuing surveys along the 
outside of the perimeter fence recorded readings 
of up to 50 mr/hr for a period of about 20 min, 
after which time the levels dropped to 5-10 
mr/hr , 

SNrvey of environs and detection of released activity 
Radiation surveys were made of the plant area 

to obtain an overall evaluation of conditions. 
‘Win an hour after the incident, it was 
determined that there was no direct radiation 
Or significant contamination outside the perim- 
eter fencing which forms the security area in 
lvhich BuilcLng 9212 is located. This area, 
apProximately 800 ft x 1000 f&was subsequently 
marked off as the initial delimitation area. 

Efforts were made to survey the environs and 
detect the release, or subsequent fallout of fission 
product activity. High-volume air samplers 
were set up outdoors at five locations ranging 
from -700 ft to ~3000 ft dowmvind from the 
accident. Sampling was not begun until about 
50 min after the incident and 20 min after the 
ventilation supply and exhaust fans for the area 
involved had been cut off. The samples, 
obtained by drawing air through \1’hatman 
no. 41 filters, were counted for a- and j3-;I 
activity. 

These samples indicated a maximum concen- 
tration of 2.5 x lo-” &cm3 ,6-v activity as of 
the time of collection. This is well below the 
10eg ,uc/cm3 permissible level of air-borne ’ 
activity suggested by the National Committee 
on Radiation Protection.(i) As would be 
expected, no significant air-borne a-contamina- 
tion was detected. 

Some indication of air-borne contamination 
released to the atmosphere may be obtained 
from inspection of two continuously recording 
/l-r air monitors which were located as shown 
in the sketch below. These monitors are 
Geiger-Muller tube instruments measuring and 
recording the 8-7 emission from particulates 
collected from an air stream on a fixed filter 
paper. The tubes are surrounded by the filter 
and are shielded by 14 in. of lead. 

Accident Site 
Bldg. 9212 

-3000 ft 4-----l 
Site 2 

Wl400 ft 
Bldg. 9207 

General wind direction 

Site 1 
Bldg. 9204- 1 

Both instruments detected the initial direct 
. . . P . . 
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FIG. 3. Monitor chart, 
Building 9207 (site 2). 

following observations are made from inspection 
of the charts from these instruments (see Figs. 
3 and 41. 

(1) 

(2) 

(3) 

(4) 

, 
The level of initial direct radiation 
recorded at site 1 was higher than that 
observed at site 2 because of the distances 
involved. 
The air-borne contamination, however, 
reached site 2 much sooner (10 min vs. 
~45 min) and in higher concentrations 
(considerably more than a factor of 3), 
since it was directly downwind. 
Because of the short half-lives of many of 
the fission products (<2 hr) and the 
relatively short length of exposure of any 
persons to the contaminated atmosphere, 
the concentrations detected constituted 
no acute hazard. 
Considering the favorable conditions of 
wind velocity and direction existing at the 
time and the levels of concentration 
detected, it can be stated, with a high 
degree of confidence, that no significant 
concentrations of these activities reached 
any nearby populated areas. 

Surveys were made of the parking lots along the 
north side of the plant site, these lots being 
located generally east and west of the accident 
area. Spot checks were made on the ground, 

FIG. 4. Monitor chart, 
Building 9204-l (site 1). 

paved areas and automobiles. No evidence of 
p-y contamination was detected and the auto- 
mobiles were consequently released. 

Survey of accident site and rehabilitation of area 
Within 1; hr after the excursion, teams of 

health physicists began approximating the site 
of the incident by a series of perimeter radiation 
surveys. The radiation and contamination 
levels encountered were quite low, ranging 
from 0.2 mr/hr at the boundary of the primarj 
delimitation arc to 10 mr/hr at distances of 
approximately 200 ft from the drum. Although 
some spillage of materials had occurred in a felq 
areas due to unattended operating equipment, 
no serious contamination levels were encoun 
tered. Boundary limits were adjusted to permit 
employes to re-enter all areas except those 
within the secondary delimitation boundar! 
(~350 ft x 400 ft) shown in Fig. 1. 

Some 3 hr after the incident, an emergent! 
team undertook a cursory survey of the salvage 
area in which the reaction had occurred. The 
radiation dose rate itself at the southwest door 
of this area, a distance of approximately 100 Ii 
from the drum, was 60 mr/hr. When the meI1 
emerged, after being in this location for aborlt 
10 min, the cannisters of their gas masks read 
from 10 to 15 mr/hr, indicating that significant 

concentrations of air-born 
existed in the area. Radi 
direct and by air-samplin; 
the zone proximate to 
Within a few hours, it was 
restriction boundaries to tl 
the tertiary delimitation al 
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concentrat ions of air-borne contamination still 
existed in the area. Radiation measurements,  
direct and  by air-sampling, were cont inued in 
the zone proximate to the accident area. 
W ithin a  few hours, it was possible to relax the 
restriction boundar ies to that area indicated as 
the tertiary delimitation area in Fig. 1. 

Control stations, manned by health physicists 
and  stocked with the necessary items of pro- 
tective equipment,  were set up  in the hallways 
to prevent unauthor ized entry into this restricted 
area. Authorized persons were permitted to 
enter the controlled zone only in teams of two or 
more. Each team carried at least two radiation 
survey instruments. Required protective equip- 
ment included coveralls, shoe covers, stocking 
caps, rubber gloves, and  either an  MSA “Ah 
Service” mask with an  ultra-filter or a  U.S. 
Army assault mask M-9 with an  M-11 
canister. Each person wore direct-reading 
pocket dosimeters and  a  film badge and  each 
was surveyed for personal contamination upon 
return from the controlled zone. 

In order to prevent the spread of air-borne 
contamination from the controlled zone to other 
parts of the building, a  small fan, which 
exhausted through a  CWS filter, was turned on, 
thus maintaining the area under  negat ive 
pressure. 

A cadmium scroll was inserted into the drum 
by manipulation of a  IO ft pipe, which was 
adapted for the purpose.  This action provided 
positive assurance of nuclear safety and  per- 
mitted a  more detailed survey of the area. Such 
a  survey was undertaken with the following 
results being recorded about  9  hr after the 
excursion : 

I 
Approximate posit ion ; Reading* 

, (WI 

20 ft east of drum 1.1 
12 ft east of drum 4.7 
8 ft east of drum 9.8 

12  ft west of drum 3.6 
8 ft west of drum 8.0 

12 ft north of drum I 1 3.6 
8 ft north of drum 9.8 
2  ft north of drum 81.0 

“W ipes” or “smears” of the floor near  the drum 
indicated that surface contamination had  been 
conf ined to the immediate vicinity of the drum. 
The highest activity detected on  these smears 
was 250  mrad/hr, direct reading from the smear 
itself, and  16,000 d/m per 100cm2 a-contamina- 
tion. Normal a-contamination usually ranges 
from 500-1000 d/m per lOOcm*. The fact that 
the active solution was conf ined to the drum 
itself was fortunate since widespread contamina- 
tion would undoubtedly have seriously 
hampered reoccupat ion and  rehabilitation of 
the area. 

The drum of poisoned solution was al lowed 
to sit intact until the morning of the second day 
following the accident. During this time, 
additional activity measurements of the drum 
were made.  Some indication of the decay of 
radioactivity is shown below: 

Date 

June 16  

June 17  

June 18  

/ 

I 
Time 1  Reading Position 

/ ($4 1  
I  

10.32 p.m. 

10.30 a.m. 

10.00 a.m. 

81 
I 
iat 24 in., 

middle of drum 
100 lat 3  in., 

/ middle of drum 
48 (at 3  in., 

! middle of drum 

After the immediate nuclear hazard had  been 
disposed of by the addit ion of cadmium, the 
problem of removing the highly radioactive 
solution from the operat ingareawasapproached.  
It was decided to install “safe” tankage in 
an  available radiographic cell some 200  ft east 
of the drum location and  to vacuum transfer the 
solution via stainless steel tubing into this system, 
where it would be  al lowed to decay prior to 
reprocessing. Monitoring services were provided 
during the preparat ion for transfer of the 
solution to the shielded safe storage vessel. 

* All readings were taken with an ionization chamber 
instrument (cutie pie) approximately 3 ft above the floor 
with the exception of the last reading. The reading 
2 ft from the drum was made at a height above the floor 
of approximately one-half the height of the drum. 
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Dosimeters, worn by persons installing the 
vacuum transfer line indicated that no persons 
received any appreciable y-dose (i.e. less than 
300 mr) while making these preparations. 

On June 18, vacuum transfer of the solution 
from the drum to the safe containers was begun. 
Radiation intensities, a few inches from the line, 
varied from 50 mr/hr to 80 mr/hr during transfer 
of the solution. During flushing of the drum and 
line with water, the radiation intensity dropped 
from 38 mr/hr during the first 5 gal flushing to 
5 mr/hr during the second 5 gal flushing. 
Following this action, the following conditions 
were noted : 

Empty line at exterior surface: 1 mr/hr 
Top of empty drum; exterior surface: 5 r/hr 
Near bottom of drum, exterior surface: 30 r/hr 

(due to sludge in drum) 

After the active solution had been successfully 
transferred to shielded safe storage and the drum 
removed from the area, the boundaries of the 
control area were moved in to encompass only 
the operating wing itself (~50 ft x 400 ft). 
Contamination surveys and air samples were 
continued. By early afternoon of 18 June, 
approximately 2 days post-accident, it was 
determined that the exhaust ventilation fans 
could be turned on without significantly 
contaminating the surrounding areas. Sub- 
sequent air samples were well within permissible 
levels; personnel were then allowed to enter the 
accident area without respiratory protection. 

Decontamination of the area proceeded as 
the area was released by the investigating 
authorities. Routine monitoring and smear 
surveys were made to help direct and evaluate 
the decontamination efforts. On 23 June, 1 
week after the accident, all facilities were 
returned to normal operations. 

SURVEY OF PERSONNEL FOR 
RADIATION EXPOSURES 

Since 1955, strips of indium foil (approxi- 
mately 1 g each) have been included in the 
security badges of all employees at Y-12. The 
purpose of these foils is to provide a quick 
positive means for segregating employees who 
receive a significant radiation dose in the course 
of a nuclear reaction. This determination is 

accomplished by the measurement of ,!?- and 
y-radiations from the radioactive InIls isotope 
which is produced by neutron irradiation of the 
stable InL16 isotope in the foil. 

Following assembly of personnel at the two 
secondary control centers, checking for neutron 
activation of the indium foil in their badges 
and for evidence of personal contamination was 
undertaken. Those persons whose badges gave 
evidence of possible high neutron doses were 
directed to the dispensary for further tests and 
medical attention. As a result of this process, 
twelve persons out of approximately 1200 
surveyed were sent to the dispensary within 
2 hr after the incident. The maximum reading 
observed during these checks was 60 mr/hr. 
In the five most significant cases, badge readings 
exceeded 20 mr/hr 2 hr after exposure. 

the distribution of fission 
rnvirons was limited SO that r 
rations were encountered in th 
seriousness of the incident \va 
fact that no physical violence 
the reaction. Rehabilitation 
rrsumption of activities we1 
minimum amount of time. I 
segregation of all seriously-e 
was accomplished with rear 
In this respect, the use of i 
identification medium \vas 
successful. 

In order to insure that exposure cases had not 
been overlooked, badges were collected at the 
gates when personnel were released and each 
badge was subsequently processed. In the 
course of these and the prior badge checks. 
about 4500 activity readings were made. 

Those persons who were sent to the dispensar! 
were checked for personal contamination, inter- 
viewed briefly, and their badges rechecked. 
Individuals showing evidence of /? and y hod! 
contamination were scrubbed at the dispensary 
decontamination facility with soap and water 
and mild acids. 

No attempt will be made to further describe 
the details of the evaluation of personnel 
exposures since this information will be treated 
more fully in other parts of this series. Suffice 
it to say that the’ use of indium foil in the 
security badges made possible the early identifi- 
cation of empIoyees who had been in thr 
immediate vicinity of the reaction and facilitated 
their segregation from unexposed employees. ;I 
possible unmanageable flood of employees to the 
dispensary was thereby forestalled. 

SUMMARY 
The Y-12 critical incident was unique alld 

began suddenly. Of particular note is the far1 
that the radioactive solution which comprised 
the reactor fuel was well contained within tllc 
reactor vessel, thus no extensive decontaminatinfi 
of persons or facilities was required. Further. 



the distribution of fission products to the 
environs was limited so that no serious compli- 
cations were encountered in the plant area. The 
seriousness of the incident was lessened by the 
fact that no physical violence was involved in 
the reaction. Rehabilitation of the area and 
resumption of activities were possible in a 
minimum amount of time. Identification and 

It should not be inferred that the conditions 
encountered in this incident are characteristic 
of the consequences to be expected as a result of 
future nuclear accidents. Rather, in view of a 
number of unique, fortunate circumstances 
which reduced the Y-12 problem significantly, 
it is reasonable to assume that consequences in 
other cases could be much more severe. 

segregation of all seriously-exposed personnel 
KU accomplished with reasonable dispatch. 1 
In this respect, the use of indium foil as an 
identification medium \vas proven to be 
successful. 
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