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THE RADIATION ACCIDENT AT INSTITUTE FOR ENERGY TECHNOLOGY 
SEPT. 19B2, SOME TECHNICAL CONSIDERATIONS. 

by 

Leiv Berteig and Jon Flatby 
National Institute of Radiation Hygiene, Norway 

The 2. sept 1983 the National Institute of Radiation Hygiene 
received a telephone call from the health physics division at 
Institute for Energy Technology with a notification that a 
radiation accident with overexposure of one person might have 
happened at the gamma irradiation plant. The assumption turned 
out to be true and this person died from the radiation injury 13 
days later. 

In this presentation reference will be made to the work of 
different groups and bodies in connection to the accident. The 
main content will, however, be the work of the National Institute 
of Radiation Hygiene in analyzing how and why this accident had 
happened, what h<A gone wrong and how similar accidents could be 
prevented in the future. 

TECHNICAL SPESIFICATION OF THE PLANT. 

The gamma irradiation plant is located in building no. 7, JEEP 1, 
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. Cobalt - 60, [ had 
at the time of the accident an activity of 2.43 PBq) can be raised 
to various positions for irradiation above the concrete floor. 

The grated steel door mentioned wtj supplied with an interlock 
safety system that should prevent moovements of the source from 
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compleetly shielded position if the door was not prominently 
locked and prevent entrance into the irradiation room when the 
source was not completely shielded. 

The safety interlock consisted of two partly independent systems. 

1 An electrical system acting magnetically on the locking bolt for 
tne door. A series of microswitches traced the position of the 
source and created the signals for source positions, red light, 
green light and retraction of the door bolt possible. 

2 A geiger counter monitor steering an aditional electrical signal 
for the locking bolt. The locking signal was given at a 
radiation level reached with the source some cm above completely 
shielded position and a retraction signal was given below this 
radiation level. 

Before start raising the source from complete shielded position, a 
sequences of control measures had to be taken. 

- the operator had to go into the irradiation room and turn a 
control key starting off a busser 

- the steel grated door had to be closed, barred and locked 

- the elevator control had to be unlocked with the same key as 
used inside the irradiation room 

The opevatur had got 20 sec. to complete these actions. These 
controls had no reverce functions. 

A number of indicators on source and radiation conditions were 
situated at the entrance of the coltrol room , in the control room 
and on the control panel. 

- a light display indicating source shilded or irradiation 
condition, green and red light respectively at the entrance of 
the staircace leading down to the control room. In addition 
source in loading position and source in top position were 
shown by display of different colours 
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- a light display on the control panel with the same indications 

- a light number display on the control desk showing source 
positions. "0" for completely shielded position 

- a rate meter on the control panel showing exposure rate in the 
labyrinth close to the irradiation room 

- a recorder on the wall above the control panel beside the steel 
grated door showing the same exposure rate 

A portable radiation monitor and an audible alarm monitor (pocket 
bleeper) were placed on the control desk for obligatory use when 
entering the irradiation room. Just inside the steel grated door a 
radioactive source for functional testing of the radiation 
monitors was placed. 

peration of the irradiation plant was organized with a commando 
line from the director of the institute through project leader, 
operation leader to operators and service technician. Duties and 
rules for the safe performance of work were laid down in 
instructions, generally and for each category of workers. 

Internal safety organizations with duties in connection with the 
plant were: 

• the health physics division 

- the subboard for safety in reactor operations and handling of 
radioactive matherials 

- the safety board for Institute for Energy Technology 

The national competent body in this respect is The National 
Institute for Radiation Hygiene 



THE ACCIDENT 

The main content of the first accident report from Institute for 
Eenergy Ttechnology is as follows: 

Sept. 7. 19BZ 

0338 
Operational alarm for the irradiation plant goes off due to 
failure in the convoier system. Operator on duty desides to wait 
until working hours with remedial actions. 

0707-0712 
Service technician arrives at the institute. 

0719 
Service technician switches off the operational alarm. This is 
registered in the institutes reseption room.The reseption officer 
phones to the irradiation plant and after a short waiting periode 
gets a "evrything's all right" from the service technician. 

0730 
Service technician is found sitting on ti\e steps outside the plant 
building, openly ill. He is immidietly taken to the institutes 
reseption building and ambulance is sent for. Under assumption 
heart attac the patient is brought by ambulance helicopter to 
hospital. 

0B00 Research leader and operator arrive simultanously at the 
plant. They are aware of that service technician has been sent to 
hospital. Research leadei notices that the source indicator is 
showing green light: "Source shielded", and that the door leading 
to the irradiation room is "wide open". He advances the door 
leading to the irradiation room with a radiation monitor and finds 
a high radiation level. Research leder and production leader 
conclude that service technician might have been inside the 
irradiation room and thus been highly exposed to radiation. 
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Operation leader and health physics representative are sent for 
and protective measures at the plant is taken. 

0840 
The acting group for emergency at the plant is complete, and 
status for plant conditions is taken. 

• dose recorder: irradiation continously on since 2130 the 
previous day 

- source condition: green light, source shielded 

- Source lovel indicator: Qt, the whole source above floor level 

- radiation monitors in working condition 

The radiation source is brought to shielded posision. 

09 15 
Two radiation protection officers go to the hospital in question 
where they give information that the patient may have been exposed 
to gamma radiation. 

Project leader informs the director, and the institute's safety 
leder is summoned to the plant where the institute's emergency 
team is assambled. During inspection of the irradiation room it is 
found that a relief valve for pressurised air is opened, and that 
the service technician therfore must have been inside the room 
with the source 46 cm above floor level. Nothing else could be 
seen touched. 

1015 
The patient's film dosimeter is developed and blackening beyond 
measuring range is found. 

1200 
Information is sent to the hospital that the patient has received 
a high radiation dose from gamma radiation. 
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Information calls in accordance with tn« emergency plan are made 

to the following institutions and bodies. 

- Police 

- Labour inspectorate 

- National Institute of Radiation Hygiene 

In addition the following bodies are informed: 

- Department of oil and industry 

- State atom inspectorate 

Sept.3. 

Inspection of the plant is made by National Institute of 

Radiation Hygiene and State labour inspectorate. 

Sept. 4. 

Police make their observations and Institute for Energy Technology 

starts the research prog ram. 

The National Institute for Radiation Hygiene as national radiation 

protection inspectorate had to look seriously into the causes why 

this accident had happened. It was also very important at an early 

stage to determine the doses received by the technician. 

As the film badge failed to give dosimetric answer. Our institute 

on Sept. 7. appointed a scientific committee with vice director 

Jon Flatby as a chairman to investigate the problem. 

As possible dosemoters the committee had personal effects which 

the technician had carried on his body the fatal day. 

Dose determination was made with ESR at UNIVERSITY OF OSLO 

and at GESELLSHAFT FUR STRAHLEN- UNO UMWELTFORSCHUNG MBH MUNCHEN 

on different materials. The results were reported in: 

UNIVERSITY OF OSLO. INSTITUTE OF PHYSICS REPORT SERIES ISSN 

0332-5571 by Einar Sagstuen, Håkon Theisen and Thormod Henriksen 
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GESELLSHAFT FUR STRAHLEN- UND UMWELTFORSCHUNG MBH MUNCHEN. letter 

from Dr.D. F. Regulla 

Dose determination was also made by TLD at RISØ NATIONAL 

LABORATORY. Report was given in Risa - I - 113 by Benny Majborn. 

Cromosome analyzes from the deceased was made by NORSK HYDROS 

INSTITUTT FOR KREFTFORSKNING. GENETISK AVD. and UNIVERSITY OF OSLO 

INSTITUTT FOR MEDISINSK GENETIKK. 

Restricted report with evaluation of the findings was given by 

Dr. A. Brøgger and Dr. C.B. van der Hagen. 

The scientific committee appointed has evaluated the reported 

doses and the clinical evaluation compared with extencive dose 

measurements and movement analyses made at the plant. Report from 

this work will be published in the near future. 

The Institute for Energy Technology went through an extentive 

analyses of the irradiation plant's construction, maintenence and 

utilization, and of the administrative organization with commando 

lines, responcibilities and duties. During this work there was a 

full cooperation between The Instituite for Energy Technology and 

The National Institute for Radiation Hygiene. 

The National Institute of Radiation Hygiene looked into the 

construction of the safety interlocking system in the light of THE 

SINGLE FAILURE CRITERION. Even if this criterion should be well 

known to many of you, it will be summarized in the following: 

SAFETY SYSTEM AND COMPONENET FAILURE. 

Definition of single failure: 

A single failure is an event which results in the los* of 

capability of a component to perform its intended function. 

Multiple failures resulting from a single event are considered to 

be a single failure 



RULE OF SINGLE FAILURE 

Def. A system is defined as the whole of the means (wether 
materials or otherwise) which combine to fulfil the same function. 

Oef. A system is considered as being designed to withstand a 
single failure if its function remains intact following tne 
failure of a component in the system. 

Rule. 
ALL SYSTEMS HAVING BEARING ON SAFETY MUST BE CAPABLE OF 
WITHSTANDING A SINGLE FAILURE. 

DESIGN PRINCIPLES TO SATISFY THE SINGLE rAILURE CRITERION 

As a means of satisfying the single failure criterion in 
particular and of reducing the propability of failure of essencial 
systems in general four components which are aimed at redusing the 
propability of component failure should be incorporated. They are: 

1 REDUNDANCY - which refers to the replication of systems or 
components to provide excess capability for 
fulfilling an essencial function. 

2 INDEPENDENCE - which requires that the functioning of one 
system does not rely in any way upon the 
functioning of another given system. 

3 SEGREGATION - which means the physical separation of 
systems performing a common function to 
reduse the propability of concurrent losses 
from a common external source. 

t DIVERSITY - which means the protection of systems and 
components performing the same task from 
common made failure, by having them differ 
from each other in design, operation, 
manufacturer, etc. 
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The safety interlocking system as described 
this precentation did, fully intact, partly 
failure criterion. WGek points we r e: 

Door lock 

The door lock for the steel grated door was a common component 
for both the positional and the radiation interlock system. A 
failure in the door lock could thus disrupt the safety 
interlocking function. The signal for door locked was given by 
bolt spring released and not by the position of the bolt. Failure 
in the functioning of the lock was thus difficult to detect. 

Radiation interlocking system 

This system was working only with the source elevated to a sertain 
level above completely shielded position. Below this level it had 
to be regarded as out of function. 

Positional interlocking system 

Microswitches signalling the different positions of source 
elevation were apt to fail from dust accumulation, propably. The 
combination of signals from the microswitches was at one position 
only one step different from the signal for source completely 
shielded. Failure in one microswitch gave source shielded signal 
and released the barring of the door lock even though the 
positional display showed source in an elevated position. This 
failure could be seen by comparing instrument and light display. 
However, positive failure signal was not given. 

General 

Safety signals and operational signals were not segregated and 
wore not arranged for optimal attention. No aequensial control 
operations were needei before unlocking the steel grated door for 
entering of the irradiation room. 

At the time of the accident the monitor for the radiation 

in the beginning of 
satisfy the single 
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interlock system was taken out for maintenence and this system wa s 
taken out of action. The microswitch mentioned abowe failed and it 
was technically possible to unlock the steel grated door and enter 
the irradiation room with the source in unshielded position. 

Lot us now go back to the accident itself. The technician arrives 
at the plant. Alarm is on and the display at the staircase 
entrance shows green light, source shielded. He fetches his 
operational key and enters the control room where also GREEN LIGHT 
SOURCE SHIELDED springs into the eye. He turns off the alarm 
and unlock the door with the prescribed use of controls. It is 
important to get the plant running so why bother with monitors. 
After all. the safety system is failsafe even "idiot proof". 

- And that's it -

The conditions set forth by The National Institute of Radiation 
Hygiene for restarting of the utilization of the irradiation plant 
were fully accepted by the Institute for Energy Technology's 
safety board and even extended as to administrative control and 
redundancy of the safety interlock system. The main technical 
requirement s were: 

- The safety interloc * system shall satisfy the single failure 
criterion 

- The component signals shall be generated from component acting, 
not activated 

- There shall be positive signals for components failing 

- A sequences of manual control operations on system intact 
shall be needed before unlocking the door is made possible 

- Lay out of control panel with safety display and operational 
display shall be rearranged in cooperation with a work 
psycologist 

THE MAIN LESSON FROM THIS ACCIDENT IS THAT SAFETY DURING ORDINARY 
WORK SHOULD MAKE ALLOWANCE FOR UNINTENTIONAL HUMAN ERROR. 


