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SEARCH AND LOCALIZATION OF ORPHAN SOURCES
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SETTING THE PROBLEM

Radioactive sources are widely used in industry, medicine and research, and each State should
apply rules for their proper and safe management. Otherwise, the local authorities may have to
face one or more of the following situations:

- sources are misplaced or lost (with any malevolent intention);
- they are voluntarily dissimulated;
- they are the subject of illicit trafficking.

Usually, the sources in these situations are called "orphan sources".

If a State knows that orphan sources do exist on its territory, it must make the efforts
necessary to try to put them again under control. That means that actions must be taken to try
to search, locate, identify, transport and store them under conditions conforming to the IAEA
safety recommendations.

This paper will address only the detection and localization phases, which seem to be the most
difficult phases to organize; the remaining phases should be organized through the application
of technical standards.

Each State should organize its response to one or more of the situations just mentioned
according to the level of the problem it has to cope with, for safety reasons and also for
economic reasons.

This paper will offer advice in support of States wishing to define objectives and to establish
strategies on what to do, where to act and with what kinds of tools. Some comments will be
added about tools existing at the international level, and finally — by way of an example — a
brief description will be given of the operation carried out recently by a French team in the
Republic of Georgia under the auspices of the IAEA.

THE DEFINITION OF OBJECTIVES

Regaining control over orphan sources is the first major task of a State in the protection of the
population by preventing severe accidents leading to overexposure of unsuspecting
individuals; the second task protection of the environment.

Not all States have the same situation regarding orphan sources, and not all orphan sources
present the same hazards. There is no ideal response and each State must therefore decide
what its priorities will be. This political decision will require the following:
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- a knowledge, even incomplete, of the situation of the State as regards the scale of the
level of the problem;

- a clear idea of the State's objectives, which can be expressed by defining what has to
be detected.

For both, criteria and parameters must be established. Proposals are given as follows.

SITUATION OF A STATE

The situation of a State can be characterized from several parameters, among which should be
considered, at a minimum:

1. the potential number of orphan sources to be searched for in the country, assessed
partly on the following information:
- the number of potential users and potential facilities where sources could be used;
- the different radionuclides and the associated activities;
- the estimated number of imported radioactive sources;
- the sources declared as lost or stolen;

2. the number of persons (workers or inhabitants) who could be involved and potentially
overexposed;

3. the situation of neighbouring countries. If they do not have an efficient regulatory
infrastructure, they will not be able to prevent the entry of orphan sources and might
even induce incoming traffic.

Although these parameters will allow the situation to be assessed, not measured, they will give
a general idea of the size of the problem, from which a State should decide whether or not to
develop a strategy for coping with the problem.

This strategy requires that the objectives of the State be previously defined. These objectives
can be defined by different factors, among them:

- the nature and type of the sources to be detected;
- the amount of radioactive material entering from neighboring countries without

the knowledge of the regulatory authority and which must be intercepted, etc.

These objectives have to be balanced against the means which the State can deploy in order to
achieve them.

Depending on the chosen objectives, when the State establishes a strategy, it will have to
consider the budget to be made available for that purpose. It will have to take into account
factors such as the cost of the organization to be put in place, the cost of equipment, the
sensitivity of this equipment, its maintenance and the number of operators to be trained. Since
ideal situations, in which the necessary budget is available, are very rare, compromises will be
necessary.

It is from the consideration of all these factors that strategies for the detection of orphan
sources will be developed and assessed.
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The first step is to determine the types of sources to be covered by the strategy, i.e. to state the
minimum activity of the orphan sources to be included in a search or to define what has to be
detected.

WHAT TO DETECT

The analysis of the situation of the State, such as just described, should give an estimate of the
number, nature and types of orphan sources to be detected and of the radionuclides and
activities involved.

This information has to be processed in order to determine the risk that not searching for and
regaining control over orphan sources could mean for the health of the population and for the
environment. This risk has to be balanced against the acceptable costs of deletion and
therefore against the available budget.

The cost of a search operation is roughly an inverse function of the activity of the orphan
sources to be detected: the lower the activity to be detected, the higher the cost since the more
sensitive a detector is, the more it costs.

If a State wishes to respect the BSS recommendations, it will have to detect all the potential
orphan sources on its territory, i.e. it will need a large number of very sensitive detectors
together with operators etc. and therefore a large budget, which is rarely available, even in
countries with a well developed infrastructure. So each State should decide on an acceptable
level of risk which will correspond to radionuclide activity values above which it should
provide the capabilities for guaranteeing detection.

Obviously, the sources of particular concern are those containing high levels of radioactivity
which have a potential for causing significant harm to persons in the short term. For other
sources, a State needs to base its decision on technical parameters for assessing the risk posed
by the various sources to be detected. Given such a problem, States may wish to establish
national systems of source categorization.

The need for such systems has also been recognized by the IAEA. A technical document
(TECDOC) "Categorization of radiation sources" has been issued and it classifies existing
sources according to five attributes:

- radiological properties;
- form of material;
- practice or conditions of use;
- exposure scenarios;
- end of life.

It gives, for identified practices or applications, the typical activities of radionuclides and
recommends control measures for sources in each category.

This TECDOC should be of a great use to the States wishing to cope with the danger posed by
orphan sources, offering information relevant, not only to the regaining of control over orphan
sources but also more widely, to the safe management of radioactive sources.
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THE STRATEGY OF DETECTION

An important factor to consider when developing a strategy for the detection of orphan
sources is the way the detection will actually be carried out.

They are two ways to search for orphan sources:

- the first is to try to detect and intercept them as they leave the location of the daily
use or to detect and intercept them as they arrive at the location of unapproved
storage, disposal or use (i.e. a scrap metal yard);

- the second is to try to intercept them between those two locations

Before starting the relevant tasks, it is necessary to determine the current situation, by trying at
least to identify and locate the existing sources.

There is not a known method to identify places where sources are likely to be, but the
potential uses of radioactive sources are well known, and are listed in various TECDOCs of
the IAEA. On the basis of these lists, a State should be able to develop a national inventory of
the potential locations of radioactive sources and to contact their operators or owners in order
to make them declare which sources they are operating or storing. Of particular interest are
hospitals, plants with industrial radiography equipment, melting plants, oil companies, food
processing plants, agricultural establishment, recycling plants and nuclear fuel cycle facilities.

The inventory should give the locations of sources, their number, their activities and the
radionuclides involved. It may reveal which sources are missing. Once the inventory as been
drawn up, the only way to organize the search is to use appropriate technical capabilities in
order to detect the orphan sources:

1. during unapproved removal from an area of use;
2. as they arrive at locations where their presence or transit could be a threat to the

population or the environment;
3. between the two kinds of locations referred in 1 and 2.

The detection capabilities appropriate to 1 and 2 could be described as "static detection"
capabilities as they are associated to fixed locations, while those appropriate to 3 " could be
qualified as "dynamic detection" capabilities as they are deployed at the various locations
where there might be a problem.

DETECTIONS CAPABILITIES

STATIC DETECTION
Where to detect

The problem of static detection is, on one hand, one of trying to organize a system which will
make it possible regain control over radioactive sources moving inside the country and, on the
other hand, one of trying to detect sources which could enter or leave the country by crossing
the border.
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The IAEA has made recommendations concerning regulatory infrastructures, methods and
tools to control radioactive sources. But a State could decide to take various othersactions
before establishing a complete regulatory infrastructure. The following considerations should
be born in mind by the authorities responsible for identifying where to try to detect orphan
sources.

A. Before establishing its own infrastructure for the control of sources, a State should
develop a national inventory of known existing radioactive sources in order to assess the
problem.

At the end of inventory development, the national authorities should know where sources are
or should be, and therefore the places where they have to take the appropriate action to:

(i) prevent the sources in the inventory from leaving their location of use without being
detected; and

(ii) locate the sources not included in the inventory.

B. When a radioactive source is no longer needed, the user may abandon it or dispose of it as
waste at a facility whose operator does not know that the waste is radioactive, hi such a
case, depending on its size and appearance, the radioactive source may enter a recycling
circuit with the risks of being incinerated or melted and then dispersed. Some well known
accidents have been caused in this way.

Thus, as well as developing a national inventory to identify the potential locations of
radioactive sources is developed, the State should develop an inventory of all places where
used sources could be disposed of (scrapyards, garbage tips, melting plants etc).

C. When radioactive sources are removed from their normal route they may stay within the
territory of the State or leave it without any criminal intention. However, traffickers may
try to import or export radioactive sources or move them within the territory of the State.
If the level of probability of illicit trafficking is significant and if the locations of the
potential border crossing points can be identified, it should be useful to consider the
detection possibilities. Not only road and rail border crossings should be considered, but
also railway stations, seaports and airports.

How to detect

When a complete regulatory infrastructure exists, administrative tools such as inventories
should be used to detect anomalies. However, technical detection through the use of
equipment is the only way to find lost or hidden radioactive sources before they can cause
serious accidents affecting the population or the environment.

The use of equipment is costly, so it is the responsibility of the State to analyse the situation
and balance the risk against investment in the light of the objectives.

When it has been decided to prevent radioactive sources from leaving a facility where they are
being used, the exit gate(s) should be equipped and/or strict procedures established for the
maintenance of permanent control. When a programme for detecting orphan sources has been
decided on, it is essential to try to detect them at places where they could be inadvertently
disposed of — scrapyards, melting plants, garbage tips etc. — and the entrance gates of such
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places should be equipped with appropriate detectors. The best method of static detection is
the use of fixed monitoring portals, with automatic detection when the alarm threshold is
exceeded, installed in appropriate locations, generally at check points of the traffic to be
monitored. The use of portable equipment is also acceptable, but it needs a full time operator.
The mixed use of fixed and portable equipment may be an efficient answer.

To support decision makers, the IAEA has organized a programme aimed at the detection of
orphan sources. Several TECDOCs are about to be issued, as well as a Safety Guide on
Preventing, Detecting and Responding to Illicit Trafficking in Radioactive Materials.
Moreover, an assessment programme for commercially available equipment (ITRAP) is under
way and the results are soon to be published.

DYNAMIC DETECTION

The problem

Static detection is for regaining control over orphan sources through the detection of
radionuclides as they pass fixed position detection. There are also cases, however, where
sources are disposed of unknown and may never be detected unless search actions are taken
with the help of mobile equipment. Such dynamic detection should be carried out in the
following situations:

- when the locations of unidentified radioactive sources are unknown;

- when identified radioactive sources have been misplaced or lost.

It is first necessary to determine the most likely locations.

Where to search

Search operations should be undertaken first at locations where radioactive material is
believed to be used or stored. The use of static detection equipment allows the detection of
radionuclides leaving such facilities but not the detection of radionuclides abandoned nearby
and/or inside the facility limits. To identify more precisely the places inside these facilities
which should be searched it may be useful -for example - to find out what parts of the facility
have been demolished and where the waste was sent, to consult older or retired staff members
who recall specific events, etc. To identify all other locations where a search operation might
be worthwhile, use should be made of information in documents such as:

- customs records relating to imported radioactive sources;
- suppliers' sales records;
- international co-operation agreements between hospitals, laboratories, universities,

etc.

Information from national agencies in charge of issuing licences for the use of or for dealing
in radioactive materials may also be useful.

To summarize, before a search operation starts there is a need to obtain, directly or indirectly,
information indicating where to carry it out. Some examples have been given, but each State
must consider its own situation when analysing the available information. The State should
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then prioritize the list of locations and decide on the capabilities necessary for achieving its
objectives.

Capabilities

The basic capability is a search team, which should be organized in the lights of the results of
previous analyses.

The number of team members should result from the number of locations to be investigated,
the programme established on the basis of priorities, and the period of time allowed for the
search. The training of the team members and the nature of the equipment (detectors and
dosimeters) should be adapted to the kinds of sources to be searched for and the associated
risks. It is useful to have search teams composed of, or at least headed by radiation specialists.
Administrative steps, e.g. the obtaining of clearances, should be taken to obtain legal authority
for the search. The mains factors to consider when establishing a search team are described in
TECDOCs issued by the IAEA.

MEDICAL DETECTION

In some cases, orphan sources have been found because doctors have identified specific
pathologies due to overexposure. That has happened only where the doctors have been
specially trained to recognize such conditions. State authorities should ensure that doctors
have received or will receive the necessary training.

INTERNATIONAL ASSISTANCE

An operation aimed at regaining control over radioactive sources needs a structure,
equipment, trained staff and finances. When a State cannot cope with an event, the IAEA can
act as a link between it and a State able to provide assistance. The Assistance Convention was
established for this purpose.

To organize provision of assistance to a requesting State the IAEA is setting up an emergency
response network (ERNET). This network will be composed of teams of experts from
Member States, approved by the IAEA, who could be proposed for responding to requests for
assistance made under the terms of the Assistance Convention.

SURVEY IN THE REPUBLIC OF GEORGIA

The IAEA has been monitoring the radiological situation in the Republic of Georgia for
several years, especially since the LILO accident, in which border guards were overexposed to
radiation from abandoned sources.

The Georgian Ministry of the Environment has begun cleaning up the territory with the help
of the IAEA, which has organized training courses and provided equipment through its
technical co-operation programme.

During a search carried out by the Georgian authorities, four strontium sources (among many
others) were found The activity of each was around 1 500 TBq (40 000 Ci). The IAEA
supported this recovery. Then, in addition, the IAEA provided advice on how to deal with four
other similar sources. The whereabouts of these sources were known, but they were not
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accessible before the spring because of bad weather conditions. Eventually, the four source
containers were found empty. According to the high potential for causing serious harm and the
uncertainty about the whereabouts of the missing sources, the Republic of Georgia requested
the IAEA to support a search. The IAEA itself requested the assistance of Member States.

Meetings in preparation for the search were held in the Republic of Georgia and in Vienna, to
explore the situation and to develop a strategy planning. The Georgian authorities demarcated
an area where they wished the search to be performed. However, the budget was not sufficient
to enable this large area to be searched with the necessary detection system (equipment and
personnel).

As a compromise, the French participants proposed a strategy based on searching in the more
heavily populated zones within the envisaged search area. In the light of the sensitivity of the
detection system offered for this operation and the period of time where the detection system
was to be available, the populated zones to be surveyed, and the exposure level accepted by
the Georgian authorities, a compromise was reached about the level of activity above which
the population was not to be overexposed. The strategy was accepted by the IAEA and the
Republic of Georgia.

The French search team used an airborne gamma mapping system called HELESTUC installed
on a helicopter provided by the Georgian authorities. The helicopter flight parameters were
fixed in accordance with the terms of the compromise. The data (spectrum and position) were
recorded in flight and processed after landing. The results of the flights of a given day were
provided the same day, in the form of a map, to the IAEA representative heading the mission.
The maps on which the results could be easily seen allowed decisions to be taken about the
next day's activities.

During the operation, the helicopter flew 81 hours with the detection system, 1200 km2 were
investigated, and a caesium source of around 100 MBq (2.5 Ci) was detected in a populated
area near the city of Poti. The Georgian team in charge of the recovery of the source took care
of it with the limited capabilities existing locally.

The situation in the Republic of Georgia is typical: a number of orphan sources are known to
exist, but their whereabouts are unknown and the existence of others is suspected. Action was
taken to try to locate sources on the basis of information about their potential uses and many
have found. The limited capabilities of this country led to a request for IAEA advice and
assistance. The results of the operation have proved its usefulness: following a strategy
appropriate to the problem, enabled the detection of a source which could have caused serious
harm and the verification that the population had not been overexposed.

CONCLUSION

The control of all radioactive materials should be a major and permanent concern of every
State. In the past, several accidents resulting in death occurred because of orphan sources. The
necessary actions are to be undertaken by each State which would have to face to such a
problem and would like to regain the control of such sources.

This paper has outlined some of the steps which should be taken in order to detect and
localize orphan sources. Two of them are of great importance for any State wishing to resolve
the orphan source problem. The first one is to analyse the situation and the second is to
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establish a strategy before taking action. It is the responsibility of the State itself to work on
the first step; but for the second it can draw on the advice of IAEA specialists with experience
gained from a variety of situations. The specialists also advise the State on the objectives it
may wish to achieve and the necessary compromises between those objectives and the budget
available for that purpose.

The survey carried out in the Republic of Georgia is a good example of what can be done.
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