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INTRODUCTION

High dose-rate levels were detected outdoors in the vicinity of a bunker used for storage of radiographic
sources in a plant which manufactures metallic products. The investigation revealed that radiation was due
to a buried sealed radiographic source, containing 28 GBq of 137Cs. A special republic radiological
emergency team removed the source in a carefully planned operation. There was no evidence for
overexposure of the population or of radiographic and other workers of the plant. The highest dose to the
recovery team was 50 uSv.

CHRONOLOGY OF EVENTS

March 15,1995

Republic health inspector was performing a routine annual control of radiation practices in a plant that
manufactures metallic products and performs its own radiography. During the visit he detected high dose
rates in the vicinity of a bunker used for storage of radiographic sources. He immediately notified
Ecological Laboratory with a Mobile Unit (Mobile Radiological Laboratory) which is responsible for field
measurements in radiological or nuclear emergencies in Slovenia.
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Fig. 1: In-situ gamma spectrum and dose rate during excavation.
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The emergency team confirmed high local dose rates: about 20 mSv/h at ground level and 1 mSv/h at one
metre above ground. In-situ gamma spectrometry showed that radiation was due to 137Cs (Fig. 1). A
plausible explanation was that a sealed source of unknown origin with the activity of several ten GBq was
buried in the soil. Since high radiation levels were measured only on a quite limited area there was no
immediate health hazard to the population or to the workers of the plant. Therefore there was no need for
quick and improvised removal of the source and it was decided to gather additional information and to
remove the source in a carefully planned action.

March 16,1995

Republic health inspector checked the inventory of sealed sources in Slovenia. He discovered that a
radiographic 137Cs was purchased by the plant under consideration in 1957 (activity 110 GBq). It was in
use till 1970 and was stored in the bunker after that. Since 1975 the source was unaccounted-for.

March 17,1995

Emergency team performed detailed measurements of radiation field around the "hot spot". The results
confirmed that the activity was about that of the unaccounted-for source. It was estimated that the source
was buried about 10 to 20 cm deep. Photos were taken to help in planning for the removal of the source.

March 18 - 22,1995

There was no need for an urgent removal of the source and emergency team carefully planned the action
to keep exposures as low as possible and to minimize the possibility of environmental contamination. The
duties of each member of the team were thoroughly defined, the equipment selected, the course and the
timing of the action determined. Special care was taken to the possibility that the capsule might have been
damaged what presented the possibility of environmental or personal contamination. The excavation was
planned in such a way as to minimize the possibility to damage the capsule in the course of the removal.
Special attention was paid to personal dosimetry.

March 23,1995

The sealed source was successfully removed according to the plan. The recovery team consisted of six
people: the leader, three members directly involved in recovery of the source, one for logging the operation
and one for performing in-situ gamma spectrometry. The whole operation took about one hour. The
majority of the time was spent for preparational tasks: reconfirmation of radiological situation, placements
of instruments, partial shielding of the "hot spot", removal of grass and dry branches. The excavation and
transfer of the capsule to lead container took about five minutes. The whole operation is reflected in the
time dependence of the dose rate measured by Reuter-Stokes ionization chamber located about 10 m from
the "hot" spot (Fig. 1). After the recovery operation the place was carefully inspected by in-situ gamma
spectrometry and no traces of contamination were found. The source was taken to the temporary republic
storage facility for low and intermediate radwaste in Reactor Centre Podgorica in Ljubljana.

April 4,1995

The integrity of the capsule was inspected visually in the hot cell at the TRIGA reactor. It was obvious that
the capsule was considerably corroded and it was decided to encapsule it additionally to prevent any
leakage in the future.

The activity of the source was determined by measuring the dose rates. The activity was found to be 28
GBq what is about 60% less than the declared value, taking into account radioactive decay.

April 6,1995

A meeting with radiographic workers of the plant was held to identify the possibility of their overexposure.
Their personal dose records were examined for the same reason. Chief republic health inspector requested
special medical examination for the radiographic workers employed after the unaccountancy period of the
isotope.

PORTOROŽ 95 403



SESSION VI PROCEEDINGS

RADIOLOGICAL CONSEQUENCES

A sealed source 137Cs with activity of 28 GBq produces a dose rate 2.3 mSv/h at one metre and several tens
Gy/h at "contact". A yearly dose limit of 1 mSv for a member of public is obtained in less than one hour
at one metre while local skin burns can be caused by carrying the source in pocket for about the same
period. It is obvious that the source could produce significant radiation exposure in unfavourable
conditions. Therefore, a thorough examination of possible past exposure of population and radiological
workers of the plant was made. The emergency team itself was in stringent dosimetric control during its
action.

1. Exposure of the population

The source was unaccounted-for since 1975 when it was last time reported to be stored in a container in
the bunker. During investigation it was not possible to find out when the source was removed from the
container and how it found its way to the vicinity of the bunker. However there is some evidence that it
happened in 1991. There is no evidence that after its removal the source has been likely to be present at
any other location. When found, the radiographic source was buried 10 to 20 cm deep in a deepening
which banks efficiently reduced the influence of the radiation to the adjacent area of about 100 m2. No
elevated radiation levels were measured at a public road beyond the fence of the plant. For these reasons
it is believed that no member of the public was exposed to radiation from radiographic source.

Another group of people which should be treated as members of the public are nonradiation workers of
the plant. In principle they could approach the "hot spot". But the relative remoteness and difficult access
to the place make it quite improbable that any of them could be exposed to radiation beyond the limits for
members of the public. However, some additional exposure cannot be excluded for some individuals from
this group.

2. Exposure of radiographic workers of the plant

In the period after the most probable moment of removal of the source from the bunker radiographic
workers reportedly seldom entered the area. Therefore, similar conclusions as those for nonradiation
workers of the plant are valid for them. However, the source has been physically removed by unidentified
individual(s). He (they) inevitably received some extra dose, though it could be masked by the professional
dose. The personal dose records do not show any exposure above professional dose limits.

3. Doses to emergency team

One of the main goals of the recovery operation was to prevent any unnecessary exposure of the team. The
protection measures were carefully planned and special attention was paid to personal dosimetry. Rather
inhomogeneous radiation fields were expected in the vicinity of the source. To access realistically the range
several TLDs were worn: on breast, hip, knee, in a shoe and on both hands. Individual "intervention" levels
were set in advance: the first alarm level was set to 1 mSv and the second one to 2 mSv - in case of
reaching the second level the member of the team should be exchanged by another member. Both levels
were controlled by electronic dosimeters.

Actually the exposures were much bellow the "intervention" levels, the highest "breast" dose being 46 uSv
and "hand" dose 270 uSv. The overall collective dose to the team (two measurement missions and recovery
operation) was 0.27 man.mSv.

PUBLIC AND MEDIA REACTIONS

Like any real or suspected radiological emergency the event aroused overreactions, fear and anxiety in
population and mass media. Immediately after the discovery of the source the public was informed about
the findings. Great uneasiness and anxiety was felt mostly in the nearby population (a town with more than
100 000 inhabitants). Even cases of hostile attitude toward particular workers of the plant were recorded.
During the course of the time there were frequent communications between mass media and Republic
Health Inspectorate and many technical questions were addressed directly to the headquarters of the
emergency team. The date of the recovery operation was not announced in media in order to prevent
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disturbances which might be caused by too numerous attendance. However the date was not kept secret
to those media that addressed directly to the emergency tern leader. The final action was thus attended by
the national TV and local newspaper. After the recovery of the source a joint report was released by
Republic Health Inspectorate and Ecological Laboratory with a Mobile Unit. The uneasiness in population
gradually settled down though the event triggered the suspicion of additional similar cases in other parts
of the country.

CONCLUSIONS

1. The negligence of internal control of radiographic sources in the plant and the lack of proper
administrative control by authorized organizations and authorities lead to a loss of control over a
radiographic source.

2. In 1982 the national Radiological Mobile Laboratory was established with the main goal to perform
field measurements and give advice to the authorities in case of nuclear or radiological emergency. The
existence of highly trained and skilled team proved to be of crucial importance during all phases which
followed the discovery of discarded radiographic source.

3. Because of lucky circumstances there was no exposure of the population. Additionally there is no
evidence of overexposure of the radiographic sources that might have been involved.

4. Careful planning and execution of the recovery operation resulted in very low exposure of the recovery
team.
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