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Abstract

EMERGENCY RESPONSE ACTIVITIES AND THE COLLECTION OF DAMAGED
RADIATION DEVICES IN THE WAR AREAS OF CROATIA.

Several kinds of devices containing sources of ionizing radiation had been in use in the areas
of Croatia which were affected by the recent war, principally in industrial and medical applications.
The greater share of these devices was constituted by 151 radioactive lightning conductors with a
maximum individual activity of 19.5 GBq and some 8300 smoke detectors. In the destruction caused
by the war, some of these devices were damaged, destroyed or lost. The actions undertaken to
retrieve them and their sources are described, as well as the experience gained and lessons learned.
The importance of a well organized national regulatory system is underscored as a precondition for
the efficient identification and safe recovery of radiation sources lying amidst the ruins in the area
affected by the war. The experience gained in these actions may be applicable to similar situations
caused by natural disasters such as earthquakes, floods, hurricanes, etc. and of particular interest to
regulatory authorities for the drawing up of emergency preparedness plans.

1. INTRODUCTION

Emergency response activities for incidents with various kinds of radiation sources
are usually planned by the competent national authorities. For this purpose, action plans are
made, individuals trained, the required equipment for intervention prepared and radiological
monitoring measures arranged. For the most part, these planned activities are meant to
respond to possible radiological emergencies in nuclear power plants, research reactors, the
transport of radioactive materials and the various technologies used in the nuclear fuel cycle.
However, there are other kinds of radiological accidents, of an unusual nature or a lesser
degree of likelihood, for which emergency response activities are often not planned; natural
disasters (such as earthquakes, volcanic eruptions, floods, etc.) belong to this category.

The recent war in Croatia and Bosnia and Herzegovina introduced the need for
another radiological emergency response, as thousands of devices containing different kinds
of radiation sources were destroyed, damaged or lost in the areas affected by the conflict.
After the cessation of hostilities, these devices represented a great radiological danger in large
areas where the population had started to repair their homes left in ruins and war torn public
buildings. To illustrate the scope of the problem, in Croatia alone — aside from the various
sources of radiation used in medicine and industry — there were as many as 151 radioactive
lightning conductors with a maximum individual activity of 19.5 GBq and close to 8300
smoke detectors using ionizing radiation [1,2].

2. EMERGENCY RESPONSE ACTIONS

Almost half of the Croatian territory was affected by war from July 1991 until
September 1995. Keeping in mind that the radioactive lightning conductors used in Croatia
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have a radioactivity reaching at times up to several hundred millicuries per source, the dose
rate from one of the damaged devices can be in the whereabouts of 300 millirem/hour
measured at a distance of 1 m from the top of a lightning conductor containing europium-
152,154, and some 200 mrem/h for a lightning conductor containing cobalt-60.

During the war, these long lightning conductors, which contained radioactive sources
and the upper ends of which were open, had in some cases been damaged and/or bent in such
a way that radiation became directed at people in dwellings or at their workplaces. While the
fighting had been under way, many towns and settlements with a large number of installed
radioactive conductors had sustained heavy mortar shelling and air raids. Many conductors
had been partially dislocated, damaged by constant mortar shelling, or buried under fallen
buildings. As a result, workers or volunteers cleaning up the area and even scrap merchants
were in danger of being exposed to these radioactive sources. The potential dose derived from
these radioactive conductors was5 therefore, relatively high and this problem — relative to the
other radiation sources affected by this war — required priority attention.

As soon as the shooting came to an end in some areas affected by the hostilities, the
Croatian authorities initiated radiological response actions with two principal objectives: (i)
to ascertain that the radiation sources were at the locations determined in the work permits as
registered by the regulatory authority, and (ii) to identify and collect all damaged radiation
sources. Since a well organized system of registry and licensing of radiation sources was in
place, it was possible even in wartime to find all the displaced, damaged or destroyed
radioactive lightning conductors within the territory controlled by the Croatian government.
Devices containing sources that had only been displaced but not damaged were returned to
their original sites whenever possible, others were moved to a temporary storage facility for
spent radiation sources and responsibility for them was assumed by the regulatory authority.

As an emergency preparedness plan for such cases did not exist in the country, the
regulatory authority elaborated an ad hoc emergency response plan. Since neither prior
examples of response actions along these lines nor specific international recommendations
had been available, the Croatian authorities based their action plan on general emergency
response principles as formulated by the International Atomic Energy Agency [3] and by
certain other ad hoc actions undertaken as a response to specific radiation accidents. In this
regard, the experience gained by the Brazilian authorities in the radiological accident in
Goiania was found to be very useful [4].

Because of the reasonably good registration and licensing practices in Croatia, it was
possible to handle this accident intervention efficiently and safely. An overview of the
radioactive sources that had been affected by the war and were collected and saved is
provided in Table I.

On this occasion, the National Regulatory authority requested the Croatian Hazardous
Waste Management Agency (APO) to act promptly in order to identify, collect and safely
store all damaged radiation sources from the war-affected areas. The APO team which
proceeded to collect the radioactive sources lying under the rubble of fallen buildings
followed the procedures outlined below:

a) to identify destroyed or damaged radiation sources on the basis of the National
Registry of Radiation Source Users;

b) to control possible radioactive contamination around the sites where radiation sources
were installed;

* 100rem=l Sv.
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c) to create emergency teams to safely collect these radiation sources with the assistance,
whenever possible, of professionals put at the disposal of the teams by the source
owner;

d) to organize the safe transport under wartime conditions — sometimes even from the
front line itself—of these sources to storage facilities;

e) to maintain radiation protection control (dose rate, contamination, etc.) of each saved
source prior to its storage or servicing for further use.

TABLE I. STATUS OF RADIATION SOURCES IN THE WAR AREAS OF
CROATIA

Kind of nuclear
application

Ionizing smoke detectors

Lightning conductors

Nuclear applications in
medicine

Nuclear applications in
industry

Sources
existing

8298

151

17

103

Sources
collected
(stored)

1710

60

0

18

Sources burnt
out or lost

1180

0

0

24

Table I shows the sources identified and collected. However, unlike radiation sources
for medical applications, a large number of smoke detectors were missing. It was determined
that more than 1000 radioactive smoke detectors were either burnt out in fires or totally
destroyed in bombardments.

Fortunately, all radioactive lightning conductors as well as most of the radiation
sources used in industry and medicine were found and, whenever necessary, collected and
stored. It can be stated that only 1000 radioactive consumer products or so (mostly smoke
detectors) were lost. In addition, 24 Cs-137 sources, applied in gauge meters at the hydrated
alumina plant in Obrovac (which had been occupied for a period of five years), have not been
found and are presumed to have been purposefully removed. At any rate, no radioactive
contamination has been detected until now in the investigated area.

3. LESSONS LEARNED AND CONCLUSION

Several lessons were learned from this experience. Specifically, the experience
showed the need for a detailed national emergency preparedness plan for prompt and efficient
action during an earthquake, strong storm, or even military attack, when a large number of
radiation sources can be buried under the ruins of fallen buildings. Special measures should
be taken to keep damaged radiation sources out of the hands of scrap merchants, who might
unwillingly spread radioactivity throughout steelworks.

Another experience gained during this exercise is that a good system for recording
radiation sources may provide some guarantee that radiation sources will be located following
unusual circumstances. The identification and safe retrieval of the radiation sources found in
the rubble of the war areas of Croatia were possible because of a well organized regulatory
effort which extended to the registration of sources. It is suggested that a strong and efficient
regulatory regime will facilitate emergency response activities in exceptional cases.
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Significantly, the Croatian experience showed that an organized and prompt response
to such an event has not only safety, but also economic implications. A successfully
performed restoration of radiation sources is a prerequisite for a country's economic renewal:
e.g. the presence of workers involved in reconstruction of buildings cannot be allowed before
a site is inspected and any buried radiation sources are removed.

Because of the war, the emergency response team was often not able to contact local
professionals responsible for the safety of these radiation sources; this further complicated the
restoration of damaged sources.

All the practices carried out in this case are also applicable to other situations caused
by natural disasters such as earthquakes, floods, and hurricanes and can serve as a guidance
for regulatory authorities in the drawing up of emergency preparedness plans. The efficient
handling of these situations requires competent emergency teams which can act promptly.
Therefore, in small non-nuclear power countries, it is necessary that the regulatory authority
establish an efficient and technically well qualified service organization capable of reacting
appropriately. International assistance and exchange of experiences seems to be essential in
such cases.
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