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THE RADIATION ACCIDENT Al KJELLER. NORWAY 
SEPTEMBER 2. 1VB2 

On September 2, 1982 a radiation worker (J.L.) was exposed to 
Co-6u gamma-radiation at the Institute for Energy Technology tKjeller, 
Norway). He received an unknown radiation dose and died after 13 days. 
In connection with the accident The National institute of radiation 
Hygiene appointed a Committee with the following terms of reference: 

"to make use of different types of dose measurements 
and other available information in an attempt to 
determine the radiation dose involved in the accident". 

The committee consisted of: 
Assoc.Dir. Jon Flatby, The National Institute of Radiation Hygiene. 
Professor Thormod Henriksen, Institute of Physics.University of Os.lo 
Professor Herman Hast, The Norwegian Radium Hospital, Oslo 

Ne herewi • *> give the following report: 



1. A short description of the irradiation 
the accident. 

1.\ Layout and safety system. 

The gamma irradiation plant is located in building 
no.7, JEEP I, at the Institute for Energy 
Technology, at Kjeller near Oslo. The irradiation 
room is surrounded by thick concrete barriers. 
The control section is connected to the irradiation 
room by a narrow labyrinth entrance. The access to 
the maze and irradiation room is blocked by a 
grated door of steel. The source, a cobalt-60 
source, can be raised to various suitable positions 
for irradiation above the concrete floor. The 
position of the source is indicated by a digital 
display on the control panel. The display shows the 
number "0", and a green light appears on the panel, 
when the source is in a shielded position in the 
pit below the floor. Reference is made to Figure 1, 
which illustrates the design of the irradiation 
facility. 

The door from the control section is fitted with an 
interlock safety system. In the period before the 
accident on September 2, 1982 the safety system 
generally consisted of two independent components, 
namely: 

1) An electrical system acting magnetically on the 
locking bolt for the door and controlled by the 
position of the source in auch a way that 
opening of tha door should only be possible 
when the source is in th* shielded position. In 
this case the source position indicator on th* 
control table shows "0* and a greer signal 
light appears,both on the control table and at 
th* entrance of the staircase leading down to 
th* control room. 

2) Gaigar counter monitor, HA in Figur* I. This 
monitor,acting on th* tarn* door bolt a. 
mentioned above, keeps the door locked as long 
is it receives an oicposure rate above a certain 
minimum level. This level is exceeded when the 
lead plug of th* source it raised a few centi
metres above th* closed position, t«* Figure 1. 

hhen th* door it open, or not locked, th* elevator for rait
ing the source from th* shielded position can not be started. 
A more comprehensive description of this system and the 
operativ* procedures to be applied for railing th* source and 
starting th* irradiation will not b* given hare. 
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The following indications at the control panel show when 
radiation is on/off: 

The source position indicator gives a digital 
display of the position of the source with numbers 
0-25. The shielded position below the floor is in
dicated with "O" and a green signal light. 

An instrument with an analog display showing 
exposure rate and connected to the same radiation 
monitor MA, as that acting on the door bolt, 
mentioned under (2) above. 

An ionization chamber monitor, MB in Figure 1,for 
continuous registration of the radiation level in 
the irradiation room with an analog instrument at 
the control panel and a printer on the wall nearby. 
This printer gives directly the time periods 
during which the source has been in the irradiation 
mode, or in the shielded position, respectively. 
The monitor is battery operated. 

Mobile radiation monitors: There is at least one 
exposure rate meter and one alarm monitor available 
in the control room. According to the working 
instructions the personnel shall always carry one 
of these instruments when entering the corridor to 
the irradiation room. A small radioactive source 
for checking the instruments is located just inside 
the grated door. 

In the case of a defect in the conveyor system for the material 
to be sterilized, or upon activation by the fire alarm, the 
radiation source is automatically brought down into the 
shielded position, the green light appears on the control 
panel and at the entrance of the staircase, and the door can 
be opened. The main reason for the fatal accident was 
actually a failure in this function. 

The geiger counter monitor HA, mentioned under (2) above 
which is in one of the two interlock safety systems, had 
frequently shown functional difficulties. On May 25, 
1482 it had been dismantled for repair. From that date un-
till the accident on the following September 2. there was 
only one single interlock safety system connected to the 
door, namely that controlled by the geometrical position of 
the source, as explained under <1l. 

1.2. The accident September 2. 1982. 

A detailed record of the technical faults and human 
errors that caused the fatal accident is not the 
object of this report, and only a brief account 
is presented here. 

At 0336 hours on September 2, 19)2 the alarm was 
activated due to a stoppage in the conveyor 
installation. The engineer on duty at home decided 
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to postpone the correction until the beginning of 
working hours the same morning. The radiation 
source should automatically have been lowered to 
the shielded position, see previous section 1.1. 

Shortly after 0700 o'clock service technician J.L. 
arrived at the Institute, and switched off the 
alarm on the control panel. The source indicator 
on the control panel showed a green light I"source 
shielded") and J.L. opened the door and entered 
the irradiation room, switched off the compressed 
air for the conveyor system and, probably inspected 
the position of the cartons. His stay in the irra
diation room must have lasted several minutes. At 
0730 hours he was found sitting on the stairs out
side the plant, he was clearly sick. He had a previous 
history of coronary disease and as he complained of 
moderate cardiac pain, he was admitted to a hospital 
with the diagnosis: "Possible heart attack". 

Shortly afterwards, however, it was established 
that the source was not in the shielded position, 
but was in position 0.4. This was shown tt^ the 
digital indicator on the control panel, but in 
spite of this there was a green light signalling 
"source shielded" on the panel, and the electrical 
interlock system that should keep the door locked, 
did not function. The exposure rate instrument and 
the printer which were both connected to monitor 
MB, showed that the radiation was on. From the 
display of the printer it was evident that the 
radiation had been on continuously since the alarm 
was given early that morning and till after J.L.'s 
stay in the irradiation room. Thus, it became 
clear that a serious radiation accident had 
occurred. An estimation of the dose received by 
J.L. was not possible from a film-badge reading. 
It was not until several weeks later that 
estimations based on ESR spectroscopy on tablets 
worn by J. L. were available and these measurements 
indicated a maximum skin dose of around 40 Gy (4000 rad). 

J.L. died of radiation injuries in the morning of 
September IS, i.e. 13 days after the accidental 
exposjre. 

The causes for this regrettable accident can bt 
summarized as follows: 

A. Ttcmutu f mill , 

A 1. The electric poaitioning system for the cobalt 
source failed due to the faulty functioning of a 
micro- switch. The result was that the signal 
"source shielded" was given and the elevator that 
•hauld bring the source down to the shielded 
position stopped with the source in position 04, 
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i.e. well above the floor in a completely 
unshielded position. The faulty signal "source 
shielded" initiated the green light on the control 
panel and released the interlock system of the 
door. 

A 2. The absence of the geiger counter monitor MA. meant 
that the door interlock system, controlled by the 
exposure level in the irradiation room, was not 
operative in the period before and during the accident. 
If this system had been functioning, access to the 
irradiation room would have been prevented. 

Conclusion. 

There were generally two independent door interlock 
systems, one source position related and the other 
radiation related. The latter was dismantled for 
repair several months before the accident and not 
reinstalled. Thus, only one single interlock safety 
sytem remained, namely related to the source 
position, and that failed. 

B. Human errors. 

On or near the control panel an exposure rate meter 
and a printer, both connected to monitor HB (Figure I), 
showed that the radiation was on. The digital 
indicator for the source position displayed 
correctly the position of the source. 3. L. may 
probably have concentrated his attention solely 
on the green signal ('source shielded"I, at the 
entrance staircase and on the control oanel. 
ignoring the other indications. This would also rule 
out any reaction to the contradictory signals given. 

According to the instructions,at least one of the 
mobile radiation monitors should have been checked 
for proper function and carried by anyone entering 
the irradiation room. This seems not to have been 
carried out correctly. 

Conclusion: 

Hunar errors.i.e. nonobservation of working in
structions, are obviously one of the causes for 
this serious accident. However, to what extent 
correct human reactions should be a prerequisite 
for human safety, is questionable since a purely 
fail-safe technical safety system should have 
been possible. 

The reader is again referred to Figure 1.which 
shows the layout of the irradiation facility and the 
position of the source and source assembly. The 
source, which is cobalt-60. is charged in a system 
consisting of 25 horizontal tubes lying against 



each other in a vertical plane. The tubes are 50 cm 
long and 2 cm in diameter. The source system can 
be raised from the shielded position in the floor 
to various positions above the floor. According to 
information from the Institute for Energy 
Technology the activity in the tubes on September 
1, 1962 (the day before the accident) was as given 
in Table I. 

Table 1 

Distribution of activity of Co-60 September 1,1982. 

Tube Activity 
no. ci 
1 
2 990 
3 3380 
* 1110 
5 259 0 
6 
T 1350 
S 1670 
9 990 
10 10340 
11 
1? 1030 
13 2970 
14 1350 
15 2600 
16 1970 
17 990 
ia 
19 9650 
20 2110 
21 1350 
22 56(0 
23 2270 
24 990 
25 3(30 

Total 65720 Ci 

(2432 TBq) 

During th* acciJent tht aoure* was in poiition 0.4 (digital 
indicator on th* control panel, i** abov*). Thi« «want that 
th* lourct ma» conpl*t*ly unihi*ld*d with th* loweit tub* 
(no.25) 20 cm abov* th* floor. 

1.4. Exnotur* raft in th* irradiation raw». 

Exactly how lona tin* J.L. stay*d in th* irradiation 
roon ia not known. Thla quaation will b* dlacuat*d 
latar in th* report. Thar» ar* alio unc*rtainti*a 
aa to hit poaltiona and aovMantt in th* rooa. 
M* hav* ind«ntlfi*d 4 poaltiona being likely in 
defining hi» aovtawnti. 
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The positions are indicated with the letters A, B, 
C and D in Figure 2. At 0 J.L. had switched off 
the compressed air for the transport system. He 
then most likely walked into the room between 
the source and the conveyor system on one side and 
the concrete wall on the other, probably to position 
A to see whether one of the cartons had jammed. 
However, at position A there was nothing to do, 
since the stoppage in this case was due to a re
duction of the pressure in the pneurratic system. 

The exposure rates in A, 3, C, and D at different 
levels above the floor and with the source in the 
same position as during the accident (position O.t] 
have been measured by the Institute for Energy 
Technology (perspex dosimetry; T.Gravdal, S.Rustad] 
and by the National Institute of Radiation Hygiene 
(thermoluminescence dosimetry, T.Wehnil 
Some check calculations have also been carried out 
based on source geometry and the distribution of 
the activity in the source, as given in Table 1. 
(J.Flatby) Measurements and calculations agree 
fairly well, within around 10Z. Kn Table z the 
average values of perspex and TLD determinations, 
respectively, are presented. These values (+. app-
rox 10X1 give an approximate picture of the 
exposure conditions in the irradiation room during 
the accident. 

Position 6 is in the symmetry plane of the source 
assembly, as illustrated in Figure 2. The distance 
from the source is 1Z9 cm. This position is the 
most "critical" one as concerns exposure rate with 
about 12 R/s free in air at abdominal level for a 
standing person. 

Table 2. 

Exposure rates in the irradiation room. 

Position 

Exposure rat* in RVt 

Position 50cm above floor 100cm abovt floor 150cm above floor 

A 

a 
c 
0 

9.1 

13.7 

*.« 
3.t 

a.s 
12.0 

s.s 
3.2 

6.2 

S.I 

t.S 

J.1 
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%_._Medical report. 

J.L. , 65 years old, had been treated for some years for 
hypertension ar.d chest pain with Marevan IWarfarinl, Inderal 
(propranolol, chlorid) and Nitroglycerin. He was not aware 
of being exposed to radiation. After the exposure he felt 
sick and had moderate chest pain. He was examined by a 
doctor and hospitalized because of possibility for myocardial 
infarction. Some hours later it was recognized that he had 
been exposed to a considerable dose of radiation. He 
complained of nausea shortly after the exposure and during 
his stay in hospital. 
AS further examinations could not confirm the diagnosis of 
heart disease, the patient was transmitted to the Department 
of Haematology, Rikshospitalet, Oslo, for further observation 
and treatment of his radiation syndrome. 

The temperature and blood values the following days may be 
seen from Figure 3. Twenty-four hours after the radiation 
accident the lymfocyte count was 250/ul. On day T the 
granulocyte count was less than 200 and he was running a 
temperature. He received penicillin and gentamycin and 
later on ekvacillin, neomycin and mycostatin. He also 
had granulocyte transfusions on day 8,9 and 12. 

From the 6th day after the accident he had moderate diarrhoea 
with 2-3 loose, but not watery stools per day. There were no 
abnormalities of serum sodium, potassium or chloride. 

From day 7 he had high fewer in spite of granulocyte 
transfusions and optimal antibiotic treatment. Serum 
creatinine was 226 on day 11, 250 on day 12 and 416 on day 13. 
The diuresis was normal untill day 13, later on he had anuria. 
He died later the same day. 

The post mortem examination revealed pronounced interstitial 
oedema in the kidneys and furthermore hyaline eosinophilic 
tubular casts. The glands in the gastric mucosa, the ileum 
and the colon were atrophic. There was interstitial fibrosis 
in the myocardium and signs of a previous myocardial infarction. 

The rapid fall in lymphocytes, granulocytes and platelets 
indicated that he had been exposed to a considerable dose of 
radiation. Soon after the exposure he complained of nausea 
which persisted during the whole period of the hospitalisation. 
However, he had no vomiting. From day 6 he had moderate 
diarrhoea, but no watery or blood stools. He died on day 13, 
probably because of bone marrow failure and renal failure. 

3. The radiation dose received by J.L. 

In the first period after the accident in the mor
ning of September 2, 1912 there was no reliable 
estimation of the dose received by J.L.,who had 
worn a file) badge, but an assessment of the 
dose failed. The first tentative estimations of 
the dose were baaed on exposure rates (Table 2) 



and assumed times of residence in the irradiation 
room. According to later evidence these estimat
ions greatly underestimated the dose. 

Bregger and van der Hagen (The Norwegian Radium 
Hospital, Oslo, Norway» found large chromosome 
aberrations in lymphocytes from blood samples 
taken respectively 1 day and 5 days after the 
accident. The number of cells was, however, small, 
but the damage observed indicated a dose in the 
saturation range for this system (i.e.above 10 Gy) 

At first it seemed difficult to achieve any physi
cal determination of the dose. It was then sugg
ested that probably some of the things J.L. wore 
during the accident could be used as a dosemeter, 
such as buttons in his clothes, leather in the 
shoes, the rubies in his wrist watch, tablets he 
had in his trouser pocket, etc. Electron spin 
resonance IESR) and thermoluminescence dosimetry 
(TLD) were carried out in Norway, Germany and 
Denmark. The results are presented in the 
following sections. 

3.1. ESR-measurments in tablets worn by J.L. 

In his front trouser pocket J.L. carried a small, 
thin-walled metal box with the following tablets 
to be used in case of heart troubles: 

"Nitroglycerin",A-L (from Apothekernes Lab. 
Oslo, Norway I colour white, number:12. 

"Nitromex", (from Dumex, Denmark) colour 
yellow, number:35. 

These tablets contain mostly a variety of sugar, in 
which radicals are very stable. Unirradiated 
tablets of the same kind and manufacture were 
provided for dosimetric purposes. 

3.1.1. University of Oslo, Institute of Physics. 

Tablets were calibrated for exposures up to 10 kR 
at the irradiation plant where the accident took 
place. The tablets and reference TL-dosemeters 
were irradiated together in a plastic build up-
material. The TLO calibration h-4 beforehand been 
perforated in the standard laboratory at the National 
Institute of Radiation Hygiene, where the exposure 
rate in the Co-GO beam is exactly known. In all 
exposure assessments with TLO, the supralinearity, 
which starts around too R, was taken into account. 

The ESR Measurements were carried out by a group 
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at the University of Oslo and are published 
in a report from Institute of Physics, October 15, 
19B2 (Ref.1). The results will also be reported in 
a forthcoming issue of Health Physics (Ref.1) 

The exposures registered by the tablets were.accor-
ding to the report, the following (Table 3 ): 

Table 3 

Exposure in R 

Tablet Nitromex Nitroglycerin A/L 

With fading correction 3950 + 200 HQO + 200 

In tnese evaluations signal fading was taken into 
account by applying calibration samples stored 
after irradiation, so as to give the same "age" 
conditions for all tablets. 

Conversion of exposures to absorbed doses in soft 
tissue (water!, will be included in the final cal
culation of organ doses denuced from phantom mea
surements. 

3.1.2. Gesellschaft fur Strahlen-und Umweltforschung, 
m.b.H. Hunchen. 

Or.phil Dieter F.Regulla, Institut fur Strahlen-
schutz, Gesellschaft fur Strahlen-und Umweltfor
schung, m.b.H. Hunchen wai contacted, and he was 
kind enough to consider the dosimetric problems 
related to the accident. Tablets worn by J.L 
and unirradiated tablets for calibration purposes, 
were supplied to him, and ESR measurements were 
carried out. The calibration was directly in the 
cobalt-GO beam in the above given institute, and 
not via TLD as in Norway. The measurements gave 
the following results: 

Table 4 

Absorbed dose to soft 
tissue in Gy (rad) 

Tablet Nitromex Nitroglycerin 

without fading correction 40 (4000) 36 (3600) 

With fading correction 44 (44001 4S U500I 



Dr. phil. Regulla has submitted the above given 
results in a private communication, dated December 
2, 1982, to the Group preparing this report (Ref.2). 

TLD - measurements. 

At Ris* National Laboratory, Denmark, the application 
of TL-Oosimetry was carried out by Or.Benny 
Majborn. J.L.'s wrist watch contained syntetic 
rubies, and these, with similar unirradiated 
jewels, were used in the measurements. It turned 
out that only 3 of 11 jewels were sensitive enough 
to give a reliable response. The values derived 
from the measurements were as follows, Table 5. 

Jewel Absorbed dose 
no in Gy in soft tissue 

~~i ii7i 
2 16.1 
3 11.9 

Mean value H.it 2.9 

The uncertainty is given as 2 standard deviations. 

Th* investigation is presented in a report from 
Ris* National Laboratory, January 13.1983. 
(Ref.31. 

Discussion of results presented under sections 
3.1. and 3.2. 

There is a good agr**a*nt in the ESR dose 
estimations carried out in Oslo and Hunchen, 
respectively. 

The conclusion to be drawn is that the exposure at 
th* position of the tablets, i.e. in J.L.'s front 
nock.t was around tnoo «. Th* uncertainty in this 
estimation is probably 10-151. 
Th* «xposur* to J.L.'s wrist watch is estimated 
to * value around 1600 R (corresponding to a soft 
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tissue dose around 15 Gy] according to the TLD 
measurements. If both values, the pocket value of 
4000 R and the wrist watch value of 1600 R, are 
genuine, it is certainly difficult to give a 
resonable explanation of this difference without 
resorting to very special assumptions as to J.L.'s 
movements and positions in the irradiation room. 

For the estimation of body doses the Group has 
decided to apply the value derived from the ESR 
measurements as a referrence value, i.e. 4000 R at 
the position of the lower abdomen. 

4. Phantom measurements. 

In order to achieve on approximate idea of body 
doses in connection with the accident, it was 
decided that some phantom measurements in the 
irradiation room should be carried out. There are 
however, great uncertainties as to how such measure
ments should be arranged in order to produce the most 
"realistic" results. Actually, very many positions 
of the phantom could be chosen, possibly also 
positions for which the phantom is lying on the 
floor, situations with the phantom rotating,etc. 
To carry out such a comprehensive project would 
be nearly impracticable, and hardly worthwhile. 

Measurements were performed with the phantom stand
ing in position B, see Figure 2. The phantom is 
an anthropomorphic phantom of type Alderson Rando. 
It has a height of 1 m and comprises the head,trunk 
and upper parti of the thighs. The phantom is 
placed on a stand 79 cm high, and positioned with 
the front against the source, as illustrated in 
Figure 2. The phantom consists of 36 slices, thus 
making it possible to apply internal dosemeters. 
TL dosemeters were used in the measurements. Cali
bration was carried out at the National Institute 
of Radiation Hygiene for exposures up to to kR, 
whereby supralinearity was taken into account. 

The following i series of measurements were carried 
out: 
November 3, 1902: The phantom was loaded with 

43 dosemeters and irradiated to 
about 2900 R external exposure 
at the pocket position. 

January 13, 1903: The measurements were carried 
out in two independent sets, 
namely: 
(1) for raising of the source • 
source in position as during 
accident * lowering of the 
source, and 
12) only for raising and lower
ing of the source. 
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Each time (0 dosemeters were 
applied in the same positions in 
the phantom. Subtraction (1)-(2) 
represents the exposures corrected 
for the up-and down movements 
of the radiation source. The 
phantom was irradiated to 
3000 R external exposure at the 
pocket position. 

Results of phantom measurements. Organ doses. 

The mean whole body dose. 

An approximate value of the mean exposure within 
each phantom slice was calculated by means of the 
measured exposures snd attenuation data for cobalt-GO 
gamma radiation in soft tissue (water). The weight 
of each slice was determined and finally the mean 
whole body dose. A conversion factor rad^R=0.96 
was applied. 

For pocket exposure : «000 R 

Mean whole body dose : 22.5Gy •. ZSy 
(2250rad ± 20Qrad) 

Mean bone marrow dose. 

A relatively great number of the dosemetera were po
sitioned in or near the bone structure, particular
ly along the spine. The mean bone marrow dose 
was assessed by means of the measured exposures 
and the distribution of the red bone marrow, as 
given In Publication 23 from the International Com
mission on Radiological Protection (ICRP). table 31. 
Again, the conversion factor rad/R>0.*S was used. 

For pocket exposure : 4000 R 

Mean bone marrow dose : 21 Sy «. 2 Sy 

moorsd ± 200rad) 

oose to region of tnt brain. 

For pocket exposure : 4000 R 



Frontal section of brain : 15 - 20 Gy 

(1500-2000rad) 

Mean dose to brain : H Sy ^ 1.5 Gy 

(HOOrad ± 150rad) 

Other dose values. 

For pocket exposure : (000 R 

Dose to the lower gastro
intestinal tract : 15Gy - 35Gy 

(I500rad - SSOOrad) 

Discussion. 

The radiation doses given above are all based on a 
"reference value" of 1000 R on the lower abdomen, i. 
•t the position of a front pocket of J.L.'s 
trousers. The exposure value estimated by means of 
the jewels in his wrist watch, is. as we saw, much 
lower, namely around 1600 R. If this exposure 
shoulo be regarded as approximately representative 
as a "reference value", all doses had to be reduced 
to 402 of those given. 

The measurements were carried out with the phantom 
in position B in the irradiation room. Correspon
ding measurements could have been carried out for 
other positions in the room, for instance the posi
tions A, C and D. The relative dose distribution 
would be somewhat mori even with the greater 
diatance from the source. Within the practical 
possibilities in the irradiation room this effect -
would be relatively small. Our application of the 
reference value «000 R is however, bated on the 
aatuuption of a person standing facing against 
the source. 

The time for J.L.'s stay in position S would be 
about I minutes. In positon A around ».5 minutes 
and in position C 13 minutes. Position 0 and the 
nearby area must be excluded as positions for s 
nearly permanent stay. 

If J.I. had had hit back turned to the source 
and all dotes ttill were normalized to the tame 
abdominal expoture UfOO Rl. the orgtn dotet 
would be about threefold. The time for hit stay in 
position I would then be II minutes, end in other 
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of the mentioned positions the time would be still 
longer. We can rule out this possibility; it is 
both against a reasonable working procedure and the 
time factor. 

The organ changes, which were observed in 
haematologic tissues at autopsy, agree with the 
damage caused by a supralethal radiation dose. 
According to the clinical picture and the autopsy 
findings he did not develop a real gastrointestinal 
syndrome. This might possibly have been expected 
after doses as estimated in this report. 

6.0 Summary. 

On September 2, 1982 a 65 years old man, J.L., 
accidentally was exposed to a heavy dose of gamma 
radiation, in a plant for sterilization by radia
tion. 

He developed a pronounced acute radiation syndrome. 
The leukocyte counts rapidly diminished to low 
values, and extensive chromosome injuries could be 
demonstrated in cultured lymphocytes. He was 
hospitalized in an isolated room, and received 
large doses of antibiotics, and transfusions with 
leukocytes, platelets and blood. 
He died anuric on the 13.day. 

In the first period after the accident there was no 
reliable estimation of the dose received by J.L. 
Dosimetric mtttiods based on electron spin resonance 
and thtrmoLuminescence were applied on things J.L. 
wore during the accident. The dosimetric results 
are presented in the report along with a shor.. 
description of the irradiation plant and the 
accident. The estimated whole body dose is 22.5 Gy 
i 2 €y. 
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