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Sealed radioactive sources have been widely used for many decades in industry, medicine and
research. Although most countries have laid down a regulatory framework to control sealed
sources, there are still a number of uncertainties concerning management of historical 226Ra
alpha sources and the possibility of retrieving non-registered sources. Both these uncertainties
may represent high radiological risks for the population. In addition, management schemes
and practices implemented in different countries can be somewhat conflicting and create
problems for storage and disposal.

This study has been performed to consider the situation relating to the regulation and
management of spent sealed radioactive sources (SSRS) in the five central and Eastern
European (C&EE) countries that are currently being considered for early admission to the EU,
namely the Czech Republic, Estonia, Hungary, Poland and Slovenia.

The general aim of this study has been to acquire a thorough understanding of the
management of SSRS in the five countries, in order to recommend improvements in
management schemes and to establish whether the application of common disposal criteria
would be advantageous.

It has been important to understand the full life-cycle of sealed radioactive sources, from
manufacture through to disposal, and this was achieved by creating a questionnaire in the
form of a discussion guide. This was sent to an expert body (acting as a sub-contractor to
AEA Technology) in each country that had the responsibility of identifying appropriate
organisations involved in the manufacture, supply, use and disposal of sealed sources and
providing relevant information on the management of SSRS in their country. Following
completion of the questionnaire the information supplied was reviewed. Visits were then
made to the five countries to carry out interviews with a range of organisations, including
source manufacturers, users, regulators and waste management organisations in order to
extend the understanding of SSRS management in the country. A great deal of co-operation
was given by all of the organisations that were interviewed.

Visit reports were prepared and included in the project interim report (ref SSRS/P01, supplied
to the EC in November 2000). The information from the questionnaires and the visit reports,
together with supplementary, clarifying data from the sub-contractors have been used to
produce this Final Report for the project.

This report is structured in the following manner;  following the Introduction (Section 1),
there is description of current and proposed regulatory requirements in the EU, together with a
summarised comparison of the regulatory systems in C&EE countries with EU standards in
Section 2.

Sections 3 to 7 are dedicated to the situation in each of the five countries. Each of these
sections is similarly sub-divided to enable country-by-country and topic-by-topic comparison.
In each of Sections 3 to 7 there is an overview, description of the sealed source inventory,
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regulations, current management practices, retrieval of unregistered SSRS, conclusions and a
description of possible future technical assistance projects.

Section 8 brings together a summary of the situation in each country, with conclusions and
both country-specific and generic recommendations.

A common concern in the five countries and also in existing EU member states is the problem
of accidental inclusion of SSRS in consignments of scrap-metal. The detection of radioactive
material at entrances to scrap metal facilities and at national borders has therefore received
considerable attention in recent years. Practical issues regarding the detection of SSRS in
scrap metal are described in Appendix A.

The &]HFK�5HSXEOLF�has a large, well established market for sealed sources. Their regulation
and management is similar to many current EU Member States and is largely consistent with
EU requirements. Areas where improvements could be made include the current inability of
waste management organisations to send SSRS for disposal, discrepancies in the numbers of
licences and licence applications, the need for an environmental and safety assessment for the
Bratrstvi facility, review of the post closure safety assessment for the Hostim facility and
definitions of plans for the continued use of the Richard facility.

(VWRQLD has made considerable efforts, since independence, to establish a regulatory
framework based on EU requirements. The relatively small number of sealed sources in
Estonia has made it quite easy for the regulator to maintain control of the management of
SSRS. The major challenges for improving SSRS management relate to the legacy of the
former Soviet Union. These include improvements in implementing the regulatory structure,
updating the role of the local rescue services, incorporating the large 60Co sources into the
decommissioning plan for Paldiski, improving the environmental monitoring and assessment
of the Tammiku site, and improving conditions at Paldiski.

The regulation and management of SSRS in +XQJDU\ is well maintained to a level that is
largely consistent with current EU member states. The key areas where improvements can be
made are, assessing whether the long lived SSRS in the A-type vaults at Püspökszilágy should
be removed, clarifying the definition of sealed sources to avoid discrepancies in waste
management, conditioning and transfer of 226Ra SSRS that are currently in temporary storage,
decreasing the time taken to process licence applications, upgrading the waste treatment
building at Püspökszilágy and completing the current safety assessment for Püspökszilágy.

3RODQG has a large, well established market for sealed sources. Regulation and management is
similar to a number of current EU member states and largely consistent with EU
requirements. Areas for improvement include review of the risk assessment for the Rozan
repository, provision of a national storage service for high activity SSRS, performing safety
and environmental assessments of the SSRS chambers at Rozan, and identifying disposal
options for SSRS that cannot be disposed at Swierk.

6ORYHQLD regulates and manages SSRS to a level that is largely consistent with the current EU
member states. However, consideration should be given to reviewing the efficiency of having
two regulatory bodies involved with sealed sources, performing a safety assessment and
upgrading the Brinje facility, reconciling the differences and relationships between the four
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databases that include SSRS, evaluating the level of physical investigation of the waste at
Brinje, and including unique identification on manufactured sealed sources.

None of the five countries considered in this report have any plans to develop regional
disposal facilities and no specific common disposal criteria have been developed. All the
countries are, however, proceeding with their waste management plans, taking account (to
varying degrees) of ’high level’ International Standards and practices relating to acceptable
dose uptakes, environmental impact, etc. Such a situation is similar to that relating to the EU
member states, who also comply with EC Directives, IAEA Safety Series documents, etc., but
have not developed specific prescriptive disposal criteria for universal application across all
Member States.

In summary, generally the management and regulation of SSRS in the five countries is
performed well and in a similar manner to a number of current EU member states. Many of
the proposed improvements for waste management are included in the recommendations in
Sections 8.3 and 8.4. Implementation of these recommendations will serve to further improve
the situation and provide a long-term safe environment for the management of SSRS.
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Sealed radioactive sources have been widely used for many decades in industry, medicine and
research.  Although most countries have laid down a regulatory framework to control sealed
sources, there are still a number of uncertainties concerning management of historical
226Ra alpha sources, and the possibility of retrieving non-registered sources, which may both
represent high radiological risks for the population.  In addition, management schemes and
practices implemented in different countries can be somewhat conflicting and create problems
for storage or disposal.

A recent study(1) considered the situation in the current EU member states regarding the
regulation and management of spent sealed radioactive sources. The current study is being
undertaken with the objective of considering the situation relating to the regulation and
management of Spent Sealed Radiation Sources (SSRS) in the five central and Eastern
European countries currently being considered for early admission to the EU; i.e. Czech
Republic, Estonia, Hungary, Poland and Slovenia.

Sealed sources have a life cycle, which begins with manufacture and culminates in disposal.
Each source life cycle comprises a number of potential stages, which are identified in
Figure 1.1.

A source life cycle can involve individuals in the following key organisations: regulator,
manufacturer, Original Equipment Manufacturer (OEM), distributor, user (one or subsequent
users), waste management organisation, and operator of storage or disposal facility.  The large
number of organisations potentially involved and their interactions mean that source life
cycles tend to be complex and can be difficult to trace.

The fundamental issue for which protection is required, is the prevention of over-exposure of
individuals or groups throughout the entire life cycle of sealed sources.

The general aim of the current study was to, where necessary, propose improved management
schemes for disused sealed radioactive sources in the five central and eastern European
countries and establish whether common disposal criteria would be advantageous.

���� 6&23(

The study has covered all types of used and disused sealed sources which potentially
represent medium and high radiological risks; i.e. mainly 241Am (low energy gamma source),
226Ra, 60Co, 192Ir (radiography sources), 75Se (industrial radiography), 90Sr (industrial process
control), 252Cf (quality control in road construction, oil wells etc.) and 137Cs (see Table 1.1).



0DQDJHPHQW�RI�6SHQW�6HDOHG�5DGLRDFWLYH�6RXUFHV�LQ
&HQWUDO�DQG�(DVWHUQ�(XURSH

&RQWUDFW�%���������������0$5�&��²�)LQDO�5HSRUW

$($�7HFKQRORJ\����

The work has covered the following activities:

• Generation of inventory estimates for SSRS.

• Review of the different regulatory frameworks laid down in each of the countries.

• Analysis of the practices employed for the management of sealed sources throughout the
five Central and Eastern European countries, with the view to identifying possible gaps and
contradictions.  Particular attention has been paid to management of historical 226Ra
sources and SSRS in scrap metal.

• Generating proposals on how to retrieve non-registered disused sealed sources.

• Consideration of environmental assessment and safety studies planned or in progress.

• Making recommendations for improvements to the management systems in each of the
countries.

• Recommendations for EU Technical Assistance projects.

The study has taken into account data and information already available, in particular a
previous EC study(1).

���� (;$03/(6�2)�(48,30(17�&217$,1,1*�6($/('�5$',2$&7,9(�6285&(6

Although the equipment which may contain sources of interest in this study varies widely in
construction and application, a description of some of the main types of equipment is given
below.

������ 2LO�:HOO�/RJJLQJ

Sealed sources are commonly used in the oil industry for the measurement of pore sizes in
rock by neutron back-scattering (usually 241Am/Be sources).  The 241Am activity can be
740 GBq (20 Ci) per source.  Source capsules are held in source holders, typically 200mm
length x 50mm diameter.  The source holders are transported in Type A or B neutron shielded
containers.  These sources are regularly transported between facilities, and present no
significant transport difficulties.

������ ,QGXVWULDO�5DGLRJUDSK\�(TXLSPHQW
137Cs, 60Co and 192Ir have been widely used in industrial radiography, for the inspection of
pipework welds, etc. Most industrial radiography equipment consists of a source holder,
which may contain depleted uranium shielding, and one or more sealed sources.  The source
holder is normally also a transport container within the meaning of the international
regulations for the safe transport of radioactive material. While the majority of industrial
radiography source holders are relatively small, typically 20-30 kg, there are a number of
mobile designs which weigh several hundred kilograms, and may contain high activity
sources. Source activities of a few TBq are common in radiography.

������ ,QGXVWULDO�6WHULOLVDWLRQ

High energy gamma irradiators are used world-wide for a number of purposes, including
sterilisation of medical supplies and food irradiation.  These involve the use of arrays of very
high activity sources (average total activity per sterilisation unit, 40 PBq 60C0).  Large
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volumes of material are passed through the source beam.  Typically, these will be presented
on pallets carried past the source beam on a conveyor belt.

������ 0HGLFDO�%UDFK\WKHUDS\

Originally, brachytherapy techniques involved the use of individual needles or manual
afterloading.  Relatively low activity sources were used in these applications. However,
remote afterloading techniques were developed in the 1970s.  These techniques involve the
use of machines which can contain a large number of relatively low activity sources, but
which taken together represent a significant inventory stored in a single, relatively
transportable container.  An example of brachytherapy equipment is shown in Figure 1.2. This
type of equipment typically contains activities of up to 185 GBq (usually of 137Cs). Remote
afterloading equipment is used to arrange sources into an appropriate configuration and to
transfer them either pneumatically or on the end of a cable, into the patient applicator. 137Cs
has been widely used in this application, although 192Ir is now increasingly common.

������ 7HOHWKHUDS\

Teletherapy equipment usually consists of a “teletherapy head” mounted on a mechanism
which allows the position and orientation of the head to be adjusted in order to direct the
radiation beam.  The equipment is located in a shielded room, usually with interlocked doors
and a labyrinth entry.  It is operated from a control point outside the room, from which the
operator can view the patient, usually through a lead glass window, or by close-circuit TV.

The sealed source is mounted inside the teletherapy head, which usually contains several
hundred kilograms of high density shielding material.  The head incorporates a shutter
mechanism and beam collimating system.  The shield material may be lead, tungsten or
depleted uranium, in a steel shell.

Teletherapy equipment became available about 1951, and initially used 137Cs.  137Cs
continued to be used through the 1960s, but was gradually superseded by 60Co.

As 137Cs was replaced by 60Co, it became necessary, due to the shorter half-life, to replace
sources at regular intervals, usually every 5-7 years.  Teletherapy equipment was therefore
designed to allow the sources to be removed from the head and transferred to shielded
transport containers LQ�VLWX��rather than in a shielded cell.  An example of a 60Co unit is shown
in Figure 1.3.  60Co teletherapy heads can contain up to 15,000 Ci.

������ 5HVHDUFK�,UUDGLDWRUV

Research irradiators have been produced for both gamma and neutron irradiation.  There is no
standard design principle for irradiators used for research purposes, due to the range of
applications.  In many cases, research establishments have produced irradiators based on their
own designs.  There are however, two main design principles; those in which the source
position is fixed and those in which the source is moved to an exposed position.

Irradiators in which the source is moved out of its shielded position into an exposed position
are normally used for the irradiation of large samples.  These are typically based in a shielded
room or cell of considerable volume, into which samples are placed.  With the doors locked,
the source is then brought out of its shielding by a remote mechanism.  A system similar to
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that used in many industrial radiography applications (e.g. teleflex) is often used in these
irradiators.
An alternative approach is to hold the source in a fixed position and move the sample into
close proximity.  From the early 1960s, there was a considerable market for fixed source
irradiators.  A number of companies developed a range of products based on similar
principles, and some of these products are still sold today.  A typical fixed source irradiator
will have one or more sources positioned in the centre of a large, shielded source holder,
weighing perhaps a few tonnes.  A sample is then placed in a sample chamber.  The sample
chamber may then be moved into position, close to the source.  There may be a number of
sample locations, giving a range of radiation dose rates. An example of a fixed source
irradiator is shown in Figure 1.4. Research irradiators of this generic type may contain
100-200 TBq.

���� 0(7+2'2/2*<

The methodology adopted for this study covered four distinct phases:

• Phase 1: Preparation and completion of survey questionnaires
• Phase 2: Face to face interviews with country representatives
• Phase 3: Data analysis and evaluation
• Phase 4: Reporting

The initial phase of the study involved the preparation of questionnaires which were sent to
representatives in each country to provide information on the following:

• Size of market, types of activities performed, numbers of users.

• Inventory of sources in use, in storage and disposed of.

• Regulatory frame work and implementation.

• Management practices for SSRS.

• Details of sources lost from regulatory control and methods employed for recovery.

Following receipt of the completed questionnaires, a total of thirty-two face to face interviews
with representatives from a cross section of organisations involved in the sealed source life
cycle were undertaken in order to clarify issues contained within the questionnaire responses
and gain first hand experience of the procedures adopted within the different countries. The
organisations visited within the various countries are summarised in Table 1.2. Detailed
reports of interviews and other supporting information were provided in the interim progress
report to the current study(2).

Following the country visits, the data/information from the questionnaire responses and the
visits were evaluated, compared between the different countries and with EU standards. This
report presents the results of these evaluations and recommendations where improvements can
be made. The layout of this report, and in particular the comparative information given in the
Tables etc, has been designed to provide an easy comparison with information on current EU
member states gathered in the previous study(1).
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Original Equipment
Manufacturer

Accidental disposal
Malicious theft

Other deliberate illegal act

Bankruptcy/ liquidation
Equipment disposal

Premises move

Source is recognised
as having reached

life end

Source Manufacturer

Equipment  refurbished/
new source required

Sale of source

DisposalSubsequent User

First User

Authorised
Disposal/ Storage

Unauthorised
Disposal

Scrap Metal
Merchant

Source recognised Source not recognised

*

*  The source manufacturer or OEM
    may supply the source or instrument
    direct to the first user, or alternatives
    via an agent or distributor

*

)LJXUH�����7\SLFDO�6RXUFH�/LIH�&\FOH
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7DEOH������0HGLXP�DQG�+LJK�5LVN�6HDOHG�6RXUFHV�&RYHUHG�E\�6WXG\

Source Type Uses Purchasers Disposal Typical
Activity
Range

Typical
Working Life

241Am
Low Energy
Photon

Process Control (mainly steel thickness
gauging) equipment, also x-ray fluorescence
analysis (field and lab based) and other
experimental uses (rare)

Mainly OEMs Local or return to
OEM

37MBq to
200GBq

15 - 25 years

241Am/Be OWL Down hole oil well logging, on oil exploration
rigs (more usual in Europe) and on dry land.
Also other down hole geological logging

Inspection
companies,
specialising in
well logging

Local (but
opportunities to
dispose are non-
existent)

37GBq to
740GBq

10 to 20 years

241Am/Be Smaller Am/Be for road thickness
measurement and experimental use (less
common)

Mainly OEMs Local (but
opportunities to
dispose are rare)

37MBq to
20GBq

15 to 25 years

60Co radiography High energy radiography of thick metals NDT companies Return to
manufacturer

37GBq to
8TBq

5 to 15 years

60Co gauging Process Control in petro-chemical, chemical,
coal and other (industrial) processes.  Some
experimental uses

OEMs and
universities

Local 370MBq to
20GBq

5 to 15 years



0DQDJHPHQW�RI�6SHQW�6HDOHG�5DGLRDFWLYH�6RXUFHV�LQ
&HQWUDO�DQG�(DVWHUQ�(XURSH

&RQWUDFW�%���������������0$5�&��²�)LQDO�5HSRUW

$($�7HFKQRORJ\����

Source Type Uses Purchasers Disposal Typical
Activity
Range

Typical
Working Life

60Co industrial
sterilisation

Purification and sterilisation of food, spices,
sewage.  Inhibition of sprouting in vegetables,
genetic mutation in plants.  Colour
modification of gemstones

Sterilisation plants Return to
manufacturer or
new source
supplier

74TBq to
2PBq

3 to 10 years

192Ir radiography General radiography of pipes, welds etc.
Often in portable equipment, used “in the
field”.

NDT companies Return to
manufacturer

37GBq to
8TBq

2 to 12 months

137Cs industrial Process control gauging in chemical plants,
bulk liquid and solids handling, fill level in
bottling/canning.  Calibration of dosimeters

Mainly OEMs Local or return to
OEM

370MBq to
100 GBq

10 to 20 years

137Cs medical Brachytherapy by insertion into body cavities
or tissues either manually or by machine.
Historically used for superficial external beam
treatment of cancer (multi hundred/kilo curie
sources)

Hospitals for
manual, OEMs for
machine
applications

Local for manual,
exchange by OEM
for machines

370MBq to
8GBq

5 to 15 years

226Ra Currently only used for manufacture of
gamma and neutron dose calibration
standards.  Historical uses include
Brachytherpay, external beam treatment of
cancers, process control gauging, lightening
prevention and dosimeter calibration

Historically:
Governments,
industrial
companies,
hospitals, labs

Local (But
opportunities to
dispose are non-
existent) or return
to owner
(government)

1µg to 1g 10 to 50 years
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Source Type Uses Purchasers Disposal Typical
Activity
Range

Typical
Working Life

75Se Industrial radiography NDT companies Return to
manufacturer

1.11 TBq 1 year

90Sr Industrial process control Mainly OEMs
Local or return to
OEM

37-185 MBq 5-15 years

252Cf Quality Control in road construction, oil wells,
logging etc.

OEMs and oil
companies Local or return to

OEM

0.2 MBq-4
GBq

Up to 15 years
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7DEOH������5HVSRQGHQWV�IRU�)DFH�WR�)DFH�'LVFXVVLRQV

Country Name of Organisation and interviewees Type of Organisation
Czech Republic 1. Radioactive Waste Repository Authority (RAWRA/ SÚRAO) V. Duda, 

 L. Nachmilner and M. Kucerka
2. State Office for Nuclear Safety (SÚJB). Karel Jindrich, Ivana Zachariasova

 and Jan Horyna
���1XFOHDU�5HVHDUFK�,QVWLWXWH� Hå��-LUL�6ORYDN��$OH�/DFLRN�DQG�$QWRQLQ�9RNDO
4. Isotrend. Mr Voricek
5. Lecebne Lazne Jachymov (Joachimstal Spa). Dr. Hana Hornatova
6. Faculty Hospital Bulovka

Radwaste Management

Regulator
Radwaste Management
Importer/Distributor/Radwaste
Management
User
User

Estonia 1. Estonian Radioactive Waste Management Establishment (ALARA). Henno 
 Putnik, Dr. Enn Realo and Mart Varvas

2. Estonian Radiation Protection Centre (ERPC/EKK). Juhan Kalam, 
 Toomas Kööp and Elle Tanner

3. Estonian Rescue Board. Pep Solo and Boris Kuznetsov
4. Estonian Cancer Centre (ECC). Dr Karl Kanne and Vladimir Stserbakov
5. Metrosert Ltd. ÚVaher

Radwaste Management

Regulator
User and Regulatory Support
User
User

Hungary 1. National Research Institute for Radiology. László Juhász and
 Ann-Marie Motoc

2. Hungarian Atomic Energy Authority.  Akos Peto
3. State Public Health and Medical Officers’ Services.  Kamila Ozoray
4. National Institute of Oncology.  Geza Varjas
5. Institute of Isotopes Co Ltd.  Mihaly Lakatos, Lazlo Falvi and

 Erzsebet Faigl Birkas
6. IZINTA.  Mihaly Kramer and Ivan Nadasi
7. KBF KFI UNIO and AGMI Rt.  Skrek Matyas
8. Public Agency for Radioactive Waste Management.  Janos Kasza,

 Peter Ormai and Fritz Andreas

Research Institute
Regulator
Regulator
User
Research Institute / Producer of isotopes /
Importer / Exporter
Importer / Exporter
OEM and user
Radwaste Management
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&RXQWU\ 1DPH�RI�2UJDQLVDWLRQ�DQG�LQWHUYLHZHHV 7\SH�RI�2UJDQLVDWLRQ

Poland 1. Institute of Atomic Energy – Radioactive Waste Management Department 
 (ZDUOP).  Wodimierz Tomczak

2. National Atomic Energy Agency (NAEA/PAA). Janusz Wlodarski
3. Central Laboratory for Radiological Protection (CLOR) Roman Tanczyk
4. Polatom. Krzysztof Banko and Iliana Chwalinska
5. RTA Sp z.o.o. Jolanta Naniewicz
6. Oncology Centre, Warsaw. Alicja Walczak, Jerzy Tolwlininski,

 Wojciech Stoklosiwski and Barbara Gwiazdowska

Radwaste Management

Regulator
Regulatory Support
Manufacturer
Importer/Distributor
User

Slovenia 1. Agencija Radioaktivne Odpadke.  Dr. Irene Mele,  Marija Fabjan and  Bojan
 Hertl

���+HDOWK�,QVSHFWRUDWH�RI�WKH�5HSXEOLF�RI�6ORYHQLD���'U��7RPDå�âXWHM�DQG�
 Anton Percic

3. Zavod Za Varstvo Pri Delu (ZVD).  Mirian Kanduç and Sergej Omladic
4. Slovenian Nuclear Safety Administration.  Leopold Vrankar,

 Marjan Levstek and  Maksimiljan Pecnik
���7KH�-RåHI�6WHIDQ�,QVWLWXWH���3HWHU�6WHJQDU�DQG�0DWMDå�5DYQLN
6. Team Trade.  Darko Tomšic
7. IMP Promont Kontroler.  Ferdinand Ucman

Radwaste  Management.
Regulator.
User and approved ‘expert’ organisation.
Regulator
Research organisation
User (Non Destructive Testing)
Importer/Exporter
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5HTXLUHPHQWV�IRU�6HDOHG�5DGLRDFWLYH
6RXUFHV

���� (8523($1�81,21�/(*,6/$7,21�$33/<,1*�72�6($/('�6285&(6

There are a few existing legal instruments that include in their scope of application the
issue of sealed sources. These include legislation applying to all sources of ionising
radiation, and some legislation applying specifically to sealed sources. In addition, in
response to a growing desire to prevent or mitigate the consequences of accidents
involving sources, further legislation is being proposed.

������ 7KH�(85$720�7UHDW\

The EURATOM Treaty is the legal basis for legislative action at the EU level in the field
of radiation protection. This Treaty obliges the European Union Member States to issue
appropriate legislation in order to protect workers and the general public against the
dangers arising from ionising radiation. Chapter III of the Treaty, entitled “Health and
Safety” states in its Article 30 that “Basic standards shall be laid down within the EU for
the protection of the health of workers and general public against the dangers arising for
ionising radiation”.

In addressing this requirement, Council Directive 96/29/EURATOM(3), lays down Basic
Safety Standards (BSS) designed for the protection of workers and the general public
against the dangers of ionising radiation without unduly limiting the beneficial use of
practices that give rise to radiation exposure. First issued in 1959, the BSS have been
regularly up-dated and revised, taking into account the most recent scientific
developments and findings. The last version was adopted in 1996.

One of the main provisions sets up a system of reporting and authorisation obligation for
all practices involving hazards arising from ionising radiation: production, processing,
handling, use, holding, storage, transport and disposal of radioactive substances. Article 4
of Directive 96/29/EURATOM stipulates that each Member State shall require prior
authorisation for certain practices, including the use of radioactive sources for industrial
radiography, or processing of products, or exposure of persons for medical treatment.
Moreover, the Directive includes new requirements for this obligation, such as for import
and export from and into the EU. In relation to illicit traffic, this modification is of
importance, as import and export are now legally treated in the same way as transport,
holding, use, etc.

Information and training on health risks and radiation protection are organised for
exposed workers, apprentices and students handling sources.  Over time, improvements
have been made in this area, providing better control of activities involving hazard from
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ionising radiation but, as yet, no specific provision has been introduced concerning
management or loss of sealed sources.

Finally, Article 8 of Council Directive 97/43/EURATOM of 30 June 1997(4) stipulates
that "Member States shall take such steps as they may consider necessary with a view to
avoiding unnecessary proliferation of radiological equipment". This article also requires
that "an up-to-date inventory of radiological equipment for each radiological installation
is available to the competent authorities". These provisions are in line with the need to
reduce the number of disused sources that are stored at users’ premises. They also support
the concept of improving the traceability of radiation sources. However, these provisions
are limited in application to sources used in the medical sector.

������ 6KLSPHQW�RI�UDGLRDFWLYH�ZDVWH�DQG�UDGLRDFWLYH�VXEVWDQFHV

In order to be able to supervise shipments of radioactive waste throughout the EU, the
competent authorities of the individual Member States (MS) need prior information
concerning all such shipments. Council Directive 92/3/EURATOM(5) specifies a system
of supervision and control (authorisation and notification) for the shipment of radioactive
waste between individual Member States and into and out of the EU.  (Radioactive waste,
as defined in Article 2, means “…any material which contains or is contaminated by
radionuclides and for which no use is foreseen”.)

Article 6 stipulates that any such shipment can be refused or have conditions attached if it
does not comply with the national, EU, or international transport legislation.  But Article
13 of Directive 92/3/EURATOM stipulates that, in the case of a sealed source being
returned by its user to the supplier in another country, its shipment does not fall within the
scope of the Directive (i.e. spent sealed radioactive sources are exempt from the
authorisation and notification requirements of 92/3/EURATOM).

The removal of border controls inside the EU as from 1 January 1993 deprived the
competent authorities of information previously received through those controls on
shipment of radioactive substances. A system was needed to maintain the same level of
information as before. This system is now provided by Council Regulation 93/1493 on the
shipment of radioactive substances between Member States(6).  The regulation temporarily
applied to shipment of radioactive waste, pending the full implementation of Directive
92/3/EURATOM.

A holder of sealed sources, who intends to carry out a shipment of these, shall obtain a
prior written declaration by the consignee.  This declaration must show that the consignee
has complied, in the Member State of destination, with all applicable provisions
implementing the requirements on justification and prior authorisation set out by the
Basic Safety Standards Directive.   It must also show compliance with relevant national
requirements for safe storage, use or disposal of that class of sources.  The declaration
shall be made by means of the standard documents set out in an annex to the Regulation.
Therefore, Council Regulation (EURATOM) No. 93/1493 established a system of prior
declaration for shipments of sealed sources between Member States.

However, with regard to sealed sources produced in non-EU countries and imported into
the EU, there is a loophole in the current EU regulations, which enables users to import
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sealed sources without being obliged to notify the relevant competent authorities of their
own country.

������ 7UHDW\�RI�WKH�(XURSHDQ�&RPPXQLW\

In the framework of EU environmental legislation, general legislation on waste has been
established. This legislation specifies the requirements of Article 174 of the EC Treaty to
preserve, protect and improve the quality of the environment and to protect human health
with regard to possible hazardous impacts from waste.

The general rules applying to waste management are laid down by Council Directive
75/442/EEC of 15 July 1975 on waste(7), as amended by Directive 91/156/EEC(8).

,QWHU�DOLD, the Member States have to adopt the necessary measures to ensure that waste is
being reclaimed or eliminated without endangering public health and without creating any
risks for the environment and/or human life.

The Member States have to appoint competent authorities entrusted with the task of
drawing up waste management plans. These plans concern the types of waste to be
disposed of or reclaimed, the appropriate locations and installations for waste elimination,
the persons authorised to carry out waste management, and the estimated operating costs.
The companies responsible for waste collection and elimination need a special licence.
The companies responsible for waste collection and transport, or responsible for
monitoring its reclamation or elimination on behalf of a third party, are required to
register with the competent authorities. These companies are also subject to regular
inspections. In conformity with the “polluter pays principle”, the owner of waste is
required to finance its disposal when it is brought to a collector. However, there are
circumstances in which the previous owner(s), or the manufacturer of the waste-
generating product, may be required to pay.

The amended basic framework directive on waste applies in principle to radioactive waste
insofar as it is not already covered by other legislation. (This “other legislation” is to be
interpreted as meaning EU legislation.)

As described above, only some rather limited aspects, e.g. prior authorisation, of spent
sealed sources are included in the EURATOM Basic Safety Standards Directive.
Therefore, sealed sources are not expressly covered by other legislation, and the EU waste
legislation applies in principle.

Nevertheless, radioactive materials have not been included in the relevant lists defining
waste as hazardous and so the particular current requirements, which are defined in
addition to these general rules for hazardous waste, in Council Directive 91/689/EEC of
12 December 1991 on hazardous waste(9), do not apply.

With regard to the landfill of waste, Council Directive 1999/31/EC(10) of 26 April 1999
lays down requirements for the construction, operation and after-care of landfill waste
sites, including provisions for the characterisation of wastes acceptable at landfill sites.
With regard to classification of landfill sites, it only distinguishes between “landfill for
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hazardous waste”, “landfill for non-hazardous waste”, and “landfill for inert waste”
(Article 4).  It does not contain  specific requirements for radioactive waste.

���� &217(17�2)�3266,%/(�1(:�(8�/(*,6/$7,21

Growing awareness of the radiological and economic problems that could arise from
misuse of medium- or high-activity sealed radioactive sources has led the European
Commission to consider additional legislation. The following subjects are being
FRQVLGHUHG for EU action(11).

• Traceability of sources
• Importation of sealed sources from countries outside the EU
• Worker awareness
• Liability for long-term storage or disposal
• Liability in the event of users’ bankruptcy or failure
• Amnesty for holders of sources lost from regulatory control
• Detection of lost sources
 
 A number of specific suggestions have been included in a proposal for a possible Council
Directive on the control and follow-up of sealed radioactive sources. Specific attention
has been paid in these suggestions to sources of medium and high activity. Although a
formal definition of such sources has not yet been agreed, it is likely to include, among
others, irradiators, teletherapy and industrial radiography sources. The suggestions
include, but are not restricted to, those described below:
 

• The location of each source should be known to the competent authorities and to the
authorised user, from the moment it is manufactured in, or imported into the EU until
the moment it is transferred to a recognised installation for its long term storage,
disposal, or exportation from the EU.

 

• Competent authorities should establish and permanently update one or more registers
of the location and transfer of sources within, to and from their territory.

 

• Prior authorisation of manufacturers, suppliers and users of sources should include a
waste management plan and appropriate quality assurance arrangements.

 

• Users should transfer a source to a recognised installation or to the supplier as soon as
it is no longer used and, in any case, before the integrity of the source can no longer
be ensured.

 

• Member States should ensure that specialist technical advice and assistance is
promptly available in the event that suspected sources are identified by persons who
are not normally involved in operations subject to radiation protection requirements.
The primary aim of advice and assistance should be the radiation protection of
workers and members of the public, and the safety of the source.
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• There should be a regime of liability in the case of damage caused by sources. Such a
regime should provide a fund to cover remediation and disposal costs in the event that
the manufacturer, supplier or user of the source is not identified.

 

• Member States should encourage the establishment of controls aimed at detecting
“orphan” sources in places where they are typically encountered, such as large metal
scrap yards, major metal recycling installations, and significant nodal transit points,
such as customs posts.

���� &203$5,621�2)�5(*8/$725<�6<67(06�,1�&(175$/�$1'�($67
(8523($1�&28175,(6�:,7+�(8523($1�81,21�67$1'$5'6

The legal instruments that currently apply in EU Member States are outlined in the
sections above. A number of additional desirable attributes of a regulatory system, which
aim to improve control of sealed sources, are also identified. Although most of these
additional attributes are already applied in many individual Member States, it is possible
that they may also be included in future EU legislation.

The regulatory systems in the countries included in this study have been compared with
existing EU legislative requirements and with the further desirable attributes discussed
above. A summary of each country’s degree of compliance with these requirements and
attributes is shown in Table 2.1 and discussed in individual country sub-sections 3.6, 4.6,
5.6, 6.6 and 7.6.
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.H\�&RPSRQHQWV�RI�([LVWLQJ�&RPPXQLW\�/HJLVODWLRQ

Does the state aim to comply with the requirements of Article 30
of EURATOM Treaty (including Council Directive
96/29/EURATOM)?

Y Y Y Y Y

Is there an authorisation and reporting obligation for all relevant
stages in the life cycle, i.e. production, processing, handling, use,
holding, storage, transport (including import and export) and
disposal?

Y Y Y Y Y

Are steps taken to avoid unnecessary proliferation of radiological
equipment?

Y N Y Y Y

Is there a system of prior declaration for shipments of sealed
sources, according to the principles of Council Regulation
(EURATOM) 1493/93?

Y Y Y Y Y

$GGLWLRQDO�0DQDJHPHQW�0HFKDQLVPV

Are the locations of sealed sources known to the competent
authorities?

Y Y Y Y Y

Does the competent authority operate a register of the locations
and transfers of sealed sources?

Y Y Y Y Y

Is prompt disposal of disused sources enforced? N Y Y N N

Do users have access to recognised installations for long term
storage or disposal for all types of source?

P1 Y Y P Y/N

Is there a regime of liability to pay for long term storage and/or
disposal of orphan sources?

Y Y Y Y Y

Do significant nodal transit points (e.g. customs posts) have
controls for detection of radiation sources?

Y Y Y2 Y Y

Does regulator communicate with metal recycling industry? Y Y Y Y Y

                                                
1 P=Partial
2 Under construction.
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Table A summarises the market activity relating to sealed sources in the Czech Republic.
There are source manufacturers (for 241Am, 241Am/Be, 60Co, 137Cs, 192Ir and 85Kr sources)
and recycling organisations (241Am, 60Co and 137Cs sources recycled) in the Czech
Republic. In 1998, there were 6200 facilities holding licences related to the use of SRS,
although following regulatory changes in 1997, only 500 have so far renewed their
licences. Only four organisations use “Very Significant” sources (See Section 3.3 and
Table 3.2). There are also some original equipment manufacturers based in the Czech
Republic and some OEMs based outside the country sell equipment into the country. One
major waste management organisation operates within the country for the storage and
disposal of SSRS. This organisation receives waste that has been prepared in accordance
with its acceptance requirements. Collection and preparation of radioactive waste for
consignment to this organisation is provided as a service by five commercial companies.
However, only two of these have a significant involvement in management of disused
sealed sources.

���� ,19(1725<

Tables B and 3.1 summarise the inventory of SRS’s within the Czech Republic. The State
Office for Nuclear Safety (SUJB) holds a national register (database) of workplaces
which handle radioactive materials (including sealed sources). The waste management
organisation, RAWRA, holds records relating to radioactive waste generators including
the numbers of sealed sources held (i.e. future radioactive waste liabilities). Users report
inventory changes to SUJB.

Around 6200 sources are in use in the Czech Republic, excluding about 143400 minor
sources which do not present significant radiological protection issues but which do give
rise to radioactive waste (99.7% of these minor sources are smoke detectors).

There are four facilities in the Czech Republic which are licensed to use “Very
Significant” sealed sources.  Artim Praha operates a food irradiator, Bioster Veverska
Bityska operates a medical sterilisation plant, Cesio Praha and Isotrend handle major
quantities of radioactive substances. Apart from these facilities, there were approximately
6200 facilities handling sealed sources and over 320 facilities handling unsealed simple,
significant or very significant radionuclide radiation sources on record in 1998.

There is no central storage facility for SSRS in the Czech Republic. Around 500 sources
which cannot be consigned to the disposal facility are stored at users’ premises.

It is not possible to estimate the exact number of sources disposed of in the Czech
Republic. Around 28g of Ra is known to have been disposed at the Bratrstvi site, and
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other sealed sources were consigned to the Richard repository. Table B gives an estimate
of the WRWDO�DFWLYLWLHV of SSRS disposed of within the Czech Republic, excluding around
1016 Bq of  60Co consigned to potentially retrievable storage tubes at the Richard
repository.

���� 5(*8/$7,216

The Regulations and Regulators responsible for their implementation within the Czech
Republic are summarised in Tables C and D. The existing regulatory framework for
sealed radioactive sources is based on the Atomic Act (Law No. 18/1997 Coll.), 1997.

Tables E-G provide a simple summary of the principles of the Regulations, Regulator
philosophy, regulatory controls applied to the management of SRS throughout the
different stages in the life cycle and the compliance monitoring undertaken.

The SUJB is a governmental body, headed by a chairman who is appointed by the
government of the Czech Republic. The SUJB is the regulatory body responsible for
governmental administration and supervision in the fields of uses of nuclear energy and
ionising radiation and of radiation protection. The authorities and responsibilities of the
SUJB, as laid down by Act No. 18/1997 on Peaceful Uses of Nuclear Energy and Ionising
Radiation (Atomic Act) include, but are not limited to:

• State supervision of nuclear safety of nuclear facilities, nuclear items, physical
protection of nuclear facilities, radiation protection, and emergency preparedness of
nuclear facilities and workplaces handling ionising radiation sources.

 

• Licensing of activities, including siting and operation of workplaces handling Very
Significant ionising radiation sources, for the handling of ionising radiation sources
and radioactive wastes, transportation of nuclear and other radioactive material.

 

• Reviewing and approving documentation relating to nuclear safety and radiation
protection, including operation, physical protection, emergency rules for transport,
emergency plans for workplaces.

 

• Specifying conditions for radiation protection and personnel handling sources,
specifying emergency preparedness requirements.

 

• Monitoring status of exposure of public and personnel handling sources.
 

• Maintaining a national system of nuclear materials accountancy and control, national
record keeping systems for licensees, selected import/export items, ionising radiation
sources and exposure of the public and personnel handling ionising radiation sources.

The SUJB was formed in 1993, and its responsibilities were considerably extended as a
result of the Atomic Act in 1997. Prior to 1993, sealed sources were regulated by the
Atomic Energy Commission, which was set up in the 1960’s and combined a regulatory
function with a function of building and operating reactors. Prior to 1995, licences for the
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use of sealed sources were issued by the Ministry of Health, Radiohygiene Office. In
1995, the Radiohygiene Office was merged with SUJB. Prior to the Atomic Act 1997, the
main legislation was Management of Radiation Protection (Regulation 59, 1972).
The SUJB is divided into three sections;  the Nuclear Safety Section, the Radiation
Protection Section, the Management and Technical Support Section, plus an Independent
Emergency Preparedness Department. The regulation of activities involving sealed
sources is the responsibility of the Radiation Protection Section, which includes a
Department of Sources and Nuclear Power, Department of Regulation of Exposure,
Department of Environmental and Wastes Management and an independent Division for
Licensing. The SUJB employed 40 nuclear safety and 45 radiation protection inspectors
in 1998, based at central headquarters in Prague, seven regional centres and two local
offices on the sites of nuclear power plants (NPPs Dukovany and Temelin).

The primary legislation relating to the use of sealed radioactive sources is the Atomic Act.
Subsidiary Legislation is issued by the SUJB following review by various government
departments.

Ionising radiation sources are divided into five classes, in accordance with Regulation
No. 184/1997 of the State Office for Nuclear Safety on Radiation Protection
Requirements, issued in accordance with the Atomic Law. The classification takes
account of the extent of possible endangerment of human health and the environment. A
summary of the five classes is given in Table 3.2. The higher the source class, the more
stringent and extensive are the requirements for radiation protection. Supervisory
activities are primarily aimed at the potentially most hazardous sources, for which
inspections are more frequent, extensive and detailed.

The classification of sealed sources is based on multiples of exemption limits (activity,
Bq), given in Annex I Table 1 of regulation 184. These figures are themselves taken
directly from Table I-I in International Basic Safety Standards for Protection against
Ionizing Radiation and for the Safety of Radiation Sources(12). Data for the most common
radionuclides used in sealed sources are given in Table 3.3.

One requirement of the Atomic Law was that licence holders should apply for new
licences within five years. Many old licence holders have not done so. According to an
old database, there were about 400-500 sealed source licence holders.

Under the Atomic Law, it is not mandatory to obtain a licence for the use of minor
sources or insignificant sources. However, it is necessary to notify the SUJB of minor
sources. The SUJB had records of 143,402 minor sources in 1998. Most of these were
smoke detectors.

Very Significant, Significant and Simple ionising radiation sources may only be handled
and some related activities performed based on SUJB licence. In total, licences have been
issued to over 8300 legal subjects in the Czech Republic, the majority (85%) being active
in the medical sector. Since the licences apply to specific ionising radiation source
DFWLYLWLHV rather than to the VRXUFHV�RU�LQVWLWXWLRQV themselves, there exist legal persons
who are holders of more than one licence and cases where several persons hold licences to
handle the same source.
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There are three different types of licence:

• Operating Licences for workplaces handling Significant and Very Significant sources.
 

• Special Professional Competence Licences issued to legal persons for the handling of
sources.

 

• Type Licences of Sources (e.g. to allow their classification as Significant Sources).

 Details of the type approval system are included in Regulation of SUJB No. 142/1997.
The manufacturer or importer must demonstrate to SUJB that the sources comply with
Czech Standards for sealed source properties (CSN EN 60601-1.3) for long-term stability
of sealed sources (CSN 40 4302).
 
 There is no requirement for prior approval by SUJB of inventory changes. However, all
licence holders are responsible for record keeping and have a duty to provide information
to SUJB on any changes which are important for radiation protection purposes. A
consignor is responsible for ensuring that the consignee has a licence. Licence holders
must notify SUJB within one month of disposing of a source.
 
 According to Article 53 Regulation 184, 1997 Sb, SUJB must be notified of source
receipts within one month of the end of the calendar quarter in which the source was
received. Loss, theft or destruction of source must be reported immediately. Import or
export of very significant sources must be reported immediately.
 
 Companies that import sources are required to provide a report every three months, listing
the sources imported.
 
 Before exporting sources, it is necessary to obtain a certificate, endorsed by the recipient’s
competent authority, confirming that the recipient fulfils the conditions for the handling of
ionising radiation sources.
 
 SUJB is in the process of preparing a database of sources in the Czech Republic. A
questionnaire was sent to all users requesting information, including the status of each
source (i.e. whether it is in use, exported, in storage, sent for disposal or transferred to
another person). The responses to the questionnaire were processed by the regional
offices. Each regional office has a copy of the database distributed by the IAEA. The
individual regional databases have been sent to the head office and are in the process of
being compiled into a national database. The work should be complete within a year. The
three-monthly reports of imported sources are not currently being included in the
database, due to difficulties in tracking the identity of individual sources (they may be
placed in equipment by a manufacturer who then gives the equipment a different serial
number).
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 The records in the regulator database contain the following items: user identification
(letters and numbers), source location, source number, nuclide, status (in use, in storage,
transported, exempted, disposed of, returned to the supplier abroad, unknown), activity,
actual date, owner, supplier, equipment (brachytherapy, industrial use, radiography, level
or thickness gauges, calibration, etc.), expiry date, and comments (e.g., returned back to
the supplier).
 An amendment of the Atomic Law is now before parliament. When this comes into force,
the Czech Republic expects to be fully compatible with Council Directive
96/29/EURATOM.

���� &855(17�0$1$*(0(17�35$&7,&(6

Aspects concerning the management of SSRS in the Czech Republic are summarised in
Tables H-J.

The Radioactive Waste Repository Authority (RAWRA) is a state organisation
established in pursuance of Act 18/1997 on the peaceful use of nuclear energy and
ionising radiation (the Atomic Act). The RAWRA’s mission is to ensure the safe disposal
of existing and future radioactive waste in compliance with the requirements of nuclear
safety and the protection of the population and environment.

The RAWRA was established on 1 June 1997, and is supervised by a board composed of
representatives of the Ministry of Industry and Trade, Ministry of Finance, Ministry of
Environment, a representative of the Parliament of the Czech Republic and the main
generators of radioactive waste and of communities in which operating repositories are
located.

In relation to sealed sources, RAWRA has the following responsibilities:

• Operation of an existing repository in which certain sealed sources may be received.
 

• Development of a Deep Geological Repository, principally for High Level Waste and
Spent Nuclear Fuel, but which will also be capable of accepting high activity spent
sealed sources.

 

• Temporary administration of found items of radioactive waste which, according to
law, become state property. The RAWRA can accept such items on behalf of the state.

 

• Record keeping of waste received and its generators.
 

• Operation of a database of predicted future waste arisings.
 
 RAWRA was formed in order to increase state control of the management of the disposal
of radioactive waste, which had become fragmented following the privatisation
programmes of the early 1990s. RAWRA completed the process of transferring existing
repositories into state ownership on 1st January 2000.
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 Until 1992, all commercial activities associated with sealed sources, including supply and
disposal, were managed by the Institute for Development, Production of Radioisotopes
(IDPUR, or Czech abbreviation UVVVR). Following privatisation, ownership of the
repositories for institutional radioactive waste transferred to NYCOM, while other
commercial activities were transferred to various other privatised companies. Disposal of
institutional radioactive waste became the responsibility of ARAO in 1996 (although this
is 100% owned by NYCOM). On 1st January 2000, ownership of the repositories for
institutional waste and for radium waste were transferred to RAWRA. A similar situation
existed with a third repository, used exclusively for nuclear power plant waste.
 
 RAWRA is now responsible for three operating repositories:
 

• Richard II – near the town of Litomerice, for the disposal of institutional wastes
containing artificial radionuclides arising from uses other than nuclear power
generation.

 

• Bratrstvi – near the town of Jachymov, for the disposal of natural radionuclides.
 

• Dukovany – for the disposal of radioactive wastes arising from the nuclear power
plants at Dukovany and Temelin.

 
 In addition to the above three repositories, a repository was operated at Hostim between
1959 and 1963.

���� 5LFKDUG�5HSRVLWRU\

 The Richard repository is located in part of an abandoned limestone mine which had been
converted to an underground armaments factory during World War II (see Figures 3.1 and
3.2). The repository consists of a main access tunnel, excavated almost horizontally into
the hillside for several hundred metres. A number of chambers leading off the main access
tunnel and at the same level, are used for the storage of conditioned waste in 200 litre
bitumen coated, galvanised mild steel drums. The total useable storage volume is 8398m3,
of which 60% is currently filled. Most of the waste currently in the repository is stored in
this way (22,500 drums). However, there are some radioactive sources held in temporary
storage under different conditions:
 

• There are four containers of various types containing sealed sources in unconditioned
form which do not comply with conditions for acceptance. These are held on behalf of
a private company (Isotrend), which remains responsible for their conditioning and
final disposal by an appropriate route.

 

• There are a number of tubes drilled into the floor which are used for the temporary
storage of high activity sources (e.g. 60Co). It has not yet been decided whether these
sources will be retrieved from Richard for disposal elsewhere.

The waste storage chambers are approximately 60 metres from surface level and 50
metres above ground water level. The repository is generally dry, having floor drains



0DQDJHPHQW�RI�6SHQW�6HDOHG�5DGLRDFWLYH�6RXUFHV�LQ

&HQWUDO�DQG�(DVWHUQ�(XURSH

&RQWUDFW�%���������������0$5�&��²�)LQDO�5HSRUW

$($�7HFKQRORJ\�����

throughout, although water can enter at three collapsed ventilation shafts (these were
intentionally collapsed towards the end of the war). Surface water entering at these points,
as well as condensation, is collected to ensure the repository remains dry. The water is
collected in tanks and the radioactivity is monitored. So far, no increased activity has been
found. If activity were found in the collected water, it would be possible to treat the
contaminated water in the evaporator unit at NRI, Rez and solidify the concentrated
residues in cement.

RAWRA carries out an environmental monitoring programme which includes sampling
from 10 boreholes, a water supply in the army barracks downhill from the repository and
at the town sewage treatment plant. Although tritium has been detected in borehole
samples within the site boundaries, no radioactivity has been detected elsewhere.

Acceptance criteria for the Richard repository were defined in the application for an
operating licence made to the State Office for Nuclear Safety, and compliance is therefore
a licence requirement. Acceptance criteria cover three general areas:

1. Radionuclide and activity content: The following are examples of the maximum
activity per 200 litre container for specific radionuclides – 3H = 10 TBq, 14C = 30
GBq, 90Sr = 300 GBq, 137Cs = 600 GBq, 241Am = 100 MBq, 239Pu = 100 MBq.

The radionuclide limits are related to transport regulations.

2. Conditioning and packaging requirements: Waste producers are required to submit
their proposals for waste conditioning to RAWRA for approval, although RAWRA
provides guidance on acceptable methods. For sealed sources, the most common
method currently in use is to place sources in a 100 litre drum within the 200 litre
drum, with the interspace being filled with concrete. Barite concrete is also used for
shielding purposes and in Portland cement blends. The 100 litre drum is then
grouted with a cement grout. Since 1995, the maximum dose rate at the surface of a
drum is 1 mGy/h.

3. Supporting documentation: Each waste container must be accompanied with a
“Container Passport”, including the following information:

• Package Number
• Originator of waste
• To whom transferred
• Was ownership of waste transferred?
• Total α,β,γ and nuclear material
• Package type
• Compressive strength of cemented waste (a sample from each batch is tested)
• Surface contamination
• Dose rate at package surface
• Mass and dimensions
• Average waste loading
• Relevant dates (conditioning, transport to repository, date of completing passport)
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Additional information may be required. For instance, sealed sources must be
accompanied with a copy of the source certificate for every source in the drum.

It is the intention of RAWRA to backfill the void space between drums with a suitable
grout prior to closure of the repository. However, it is estimated that up to 80% of the
drums will need to be replaced before backfilling can be done. Not all the waste in the
older drums was solidified. The requirement for possible replacement of drums and
solidification of waste is the subject of a safety report in preparation.

The radioactive inventory of Richard is dominated by the activity of sealed sources as
follows:

5DGLRDFWLYH�,QYHQWRU\ ��FRQWDLQHG�LQ
VHDOHG�VRXUFHV

5.3 x 1014Bq 137Cs 98%
4 x 1014Bq 60Co 98%
8.3 x 1012Bq 241Am 86%
2.3 x 1012Bq 90Sr 64%

Several safety cases have been prepared for Richard, and another one is under
preparation. The safety cases take no account of the protection provided by engineered
barriers such as waste form or container. It was shown that the host rock in the
unsaturated zone provides sufficient barrier for more than several hundreds years. On the
basis of these safety cases, only criteria for total repository activity have been derived.
Therefore, the activity limits per package are based on transport criteria.

���� %UDWUVWYL�5HSRVLWRU\

The Bratrstvi repository is situated in an abandoned uranium mine and is used for disposal
of waste containing naturally occurring radionuclides (see Figures 3.3 and 3.4). The
repository consists of five chambers with a total volume capacity of 965 m3, of which
50% is filled with waste. The main reason for the separation of these wastes from other
wastes including artificial radionuclides is the radon emanation which would cause
problems in the Richard repository.

The Bratrstvi repository is used for the storage of disused 226Ra sources and other wastes
containing naturally occurring radioactive material. No decision has been taken on
whether final disposal of the 226Ra sources will be in this repository.

Currently, the inventory of Bratrstvi is about 28 g of radium. The radium wastes are
prepared in the same way as wastes for storage at Richard, that is, in grouted 100 litre
drums set into 200 litre galvanised drums.
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The Dukovany repository is used exclusively for the disposal of radioactive wastes arising
from the nuclear power plants at Dukovany and Temelin. Disused sealed sources are not
disposed of in this facility.

���� +RVWLP�5HVSRVLWRU\

The Hostim repository operated between 1959 and 1963, and includes two galleries in an
abandoned limestone mine (see Figure 3.5). The total volume of Gallery A is about 400m3

of which about one-third is filled with waste. The total volume of Gallery B is 1300m3, of
which 200m3 is filled with waste. The wastes are in 2000 packages with a total activity of
0.1 TBq (137Cs, 90Sr, 14C and 3H). Although sealed sources were originally placed in this
repository, all sealed sources and drums of higher activity were later transferred from
Hostim to the Richard repository. Although the repository may still contain some sealed
sources, these are of very low activity.

���� :DVWH�0DQDJHPHQW�$UUDQJHPHQWV

RAWRA does not provide a transport service for the collection of wastes, nor does it
carry out conditioning of sources or wastes. It is the responsibility of waste producers to
deliver waste to RAWRA in a suitably conditioned and packaged form. All waste
producers, including users of sealed sources, are entitled to do the conditioning and
transport themselves, subject to the conditions of their SUJB operating licence. However,
this would not normally happen in practice, and most sources are received either from
NRI ( eå) or Isotrend, both of which have suitable facilities for the handling and
conditioning of sealed sources (see Figure 3.6). If RAWRA are approached by sealed
source users, they are referred to three companies that are capable of providing a disposal
service (NRI, Isotrend and Zamservis). Alternatively, if disposal of depleted uranium
shielding is required, the owner is referred to Škoda Institute of Nuclear Fuel, which
provides a recycling service.

Neither Richard nor Bratrstvi repositories can accept Am/Be or Pu/Be or sources
exceeding the activity limits for a drum. Therefore, there are some sources in the Czech
Republic for which no long term storage or disposal route exists. RAWRA recognises it
has a responsibility to provide a disposal route for such wastes and is examining the
possibility of receiving such sources into Richard for interim storage prior to disposal in a
deep underground repository.

RAWRA’s operating costs are financed from a nuclear account operated by the Czech
National Bank. Payments to the nuclear account are made by the waste producers, either
in the form of payment per MWh of electricity produced, or in the case of minor waste
generators, as a payment per drum of waste delivered. Storage and disposal costs are
12500 CZK per 200 litre drum.

RAWRA holds operating licences, issued by SUJB. These cover management of nuclear
material, storage and disposal of radioactive waste, operation of nuclear facilities, and
operation of a workplace containing radioactive sources (the Richard site has a number of
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sources used for container drop tests). The licences are valid for five years. In addition,
individual members of staff require licences to be radiation protection supervisors or
drivers of dangerous goods vehicles.

RAWRA operates two databases which contain information on waste sealed sources.
These databases are independent of the database operated by SUJB. One database lists the
contents of waste in the repositories and the second is a database of estimated future waste
arisings.
The repository database was set up in 1993. The information on total activities is believed
to be an accurate record of the repository content, but details on individual sources are
limited, particularly with respect to disposals made prior to 1993. Information is held on
the database
for 7500 out of a total of 22500 drums. Details of the remaining drums consigned before
1993 are held as paper records. Work to extend the details of historical waste on the
database is on-going.

From comparison of repository inventory data and records of source purchases recorded
by the regulator it is estimated that one-third of the radioactive material purchased has
been consigned to the repositories. Although this comparison indicates that two-thirds of
the activity purchased has not been disposed, this does not mean there is a large amount of
missing material.  Most of the sources are either still in use, stored at the users’ premises
(with or without notification of SUJB that they are not used), or returned to the supplier
abroad or to the supplier in the Czech Republic (mostly Isotrend). There are no sources
identified as missing in the database.

RAWRA has been supplied with details of all licensed users of radioactive material in the
Czech Republic. Questionnaires have been sent to each user for information on future
waste arisings, including details of sources. Waste producers are obliged by the Atomic
Law to provide this information.

Information has been received from most of the main waste producers (66 organisations
have responded). However, this is only about 10% of the companies to which
questionnaires were sent. This may be because they expect to dispose of their spent
sources by another route. RAWRA is to receive up-to-date information from SUJB on the
names and addresses of licence holders.

The control of inventory of the repositories has been improved by a number of
developments over the years, including the introduction of the repository database. As a
result of a decree of the Ministry of Health in 1972, there were improvements in control
of inventory. Prior to that date, inventory control was not satisfactory. During the period
1959-1963, the repository at Hostim was operated. Although sealed sources were
received, it is not possible to estimate the numbers. Some drums of high activity sources
were later removed from Hostim and transferred to Richard prior to sealing of Hostim. A
safety report was prepared for the Hostim repository before final backfilling with cement
and closure.
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Table K summarises the situation regarding sources ‘lost’ from regulatory control and
their recovery in the Czech Republic. The most common causes are:

• Bankruptcy
• Illegal dumping (e.g. smoke detectors)
• Lack of responsibility of users/holders
• Historical sources (e.g. Ra)

The SUJB are typically involved with the discovery of 4-6 lost sources each year, but it is
rare that these would be in the Significant or Very Significant class. For instance, of
26 emergency events involving ionising radiation source handling in 1998, 10 involved
the discovery of contaminated matter, including discovered radionuclide sources (i.e.
lying beyond the controlled zones), in buildings (abandoned 137Cs sources in a lead
container), or in transported cargo (60Co emitter), as well as radioactive materials other
than sealed sources (e.g. natural radionuclides). In none of these 10 events were
personnel, public or the environment in danger of exposure. A further two events
involving sealed sources were more serious from the radiation protection aspect. These
were the reported loss of two
266Ra reference sources following movement of an institution to another workplace, and
the theft of five level and position gauges containing 60Co at an activity of 250 MBq each.
There are currently several cases per year of sources being found in municipal waste,
especially at incinerators. Recent examples include a 60Co source and a batch of 300
radium dials.
 
If no money is available to pay for disposal, as has happened where sources have been
found in landfill or scrap metal, the state will pay. In the case of bankruptcy, the receiver
is required to pay RAWRA from available funds, and RAWRA would then pay another
company (e.g. NRI) for the sources to be stored and conditioned in preparation for
disposal. The state (in the form of RAWRA) is a priority creditor in such cases.
 
 All metal processing factories and border crossings have radiation detectors. The policy if
activity is found is that the police, the SUJB and RAWRA are notified. First SUJB
provides an analysis to identify the radioactive items, then the police attempt to trace the
owner. The police have a special unit for this type of investigation. There are two private
companies that provide services for analysis of radioactive materials found in waste and
which can provide assistance to SUJB in identification of unknown sources. The largest
scrap metal facilities and metal foundries have portal detectors. Other facilities use
portable instruments. Where radioactive materials are identified from radiation readings,
samples are sent to registered laboratories. Clearance levels for 60Co, 137Cs and 241Am are
0.3 kBq/kg.

�����5(*8/$725<�$1'�0$1$*(0(17�6<67(0�&21&/86,216

Table 2.1 provides a comparison of the regulatory and management situation in the Czech
Republic with current EU requirements and accepted best practice. There is a well
established system of authorisation and reporting for all relevant stages in the source life
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cycle, as discussed in Section 3.3 and in Tables C and D. The regulatory system includes
licensing of individuals, workplaces and type licensing of sources. The system therefore
provides a basis for avoiding unnecessary proliferation of radiological equipment,
although it is not clear whether this requirement is specifically enforced.

Since 1997, a system of inventory reporting has been in place, including notification of
source imports/exports. The requirement to renew licences every five years should ensure
that records are kept up to date. However, the failure of many previous licence holders to
apply for new licences, and of many to respond to the requests by the waste management
organisation for inventory information, suggests that records prior to 1997 may not be
reliable.

Although the Czech Republic does not specifically aim to comply with Council Directive
96/29/EURATOM, the regulatory system is largely in compliance with EU requirements.
For instance, minor changes to regulations would be required in order to comply with
Council Regulation 1493/93.

Considerable efforts have been made to develop a national database of sealed sources.

Overall, the system of regulation and management of Sealed Radioactive Sources in the
Czech Republic is well managed, to a level which is largely consistent with current EU
member states. As with all countries, there are some areas of weakness where
improvements could be made. The key issues identified in this study relating to the
regulation and management of SSRS are as follows:

• There are some sources for which no disposal route exists and which cannot currently
be received by RAWRA for long term storage. There are four packages of sources
held in Richard which contain such sources, including Am/Be and Pu/Be (see Figure
3.7).

• No decision has been taken on how to dispose of the high activity 60Co sources
currently held in Richard repository.

• The company which receives most sources for disposal (Isotrend) has not disposed of
any sources to the national repository since new regulations were introduced in 1997
requiring treatment and conditioning methods to be approved by RAWRA. Disused
sources are held by Isotrend in unconditioned form.

• Although a database of sources and licensed users has been set up by the regulator
(SUJB), it is not clear whether all licence holders or sources registered prior to 1997
are included.

����� 7(&+1,&$/�$66,67$1&(�352-(&76

Although there are a number of areas in which further technical development is required,
most are likely to be solved using the resources of the Czech Republic. There are two
areas in which support from EC would be useful.
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1. It is the intention of RAWRA to review the storage of 226Ra in the disused
uranium mine at Bratrstvi. No decision has yet been taken on whether Bratrstvi is
to be used for interim storage or disposal. The storage/disposal of radioactive
waste in uranium mines is an option that deserves investigation. Assistance from
EC in preparing an environmental safety assessment for the storage or disposal of
226Ra in Bratrstvi, including modelling of radionuclide transport, would provide
assistance to the Czech Republic and would add to international knowledge.

2. Assistance with the assessment of storage and disposal options for high activity
60Co sources and neutron sources would be beneficial. The Czech Republic has
three operating storage or disposal facilities. However, these do not receive high
activity 60Co or neutron sources (although such sources have been received in
Richard for temporary storage, see Figure 3.7).
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7DEOH������1XPEHU�RI�5HJLVWHUHG�6HDOHG�5DGLRDFWLYH�6RXUFHV�LQ�WKH
&]HFK�5HSXEOLF

Significant Ionising
Radiation Sources

Simple Ionising Radiation
Sources

Medical and veterinary
applications

74 1422

Industry 250 3527
Other applications (research, etc) 20 909
7RWDO ��� ����

7DEOH������&ODVVHV�RI�,RQLVLQJ�5DGLDWLRQ�6RXUFH�LQ�&]HFK�5HSXEOLF
�DFWLYLWLHV�PDVV�DFWLYLWLHV�GHILQHG�LQ�5HJXODWLRQ�����$QQH[���

6HDOHG 8QVHDOHG

Insignificant
Sources

1. Dose rate at any accessible position not
greater than 1 µSv/h at 0.1m.

2. Sum of fractions of activities or mass
activities of individual radionuclides does
not exceed 10.

 Not specified

 Minor
Sources

1. Dose rate at any accessible position not
greater than 1 µSv/h at 0.1m, except that
dose rate may be up to 250µSv/h at positions
accessed for manual operations.

2. Sum of fractions of activities or mass
activities of individual radionuclides is equal
or greater than 10 but less than 100.

3. Ionising smoke detectors.

Sum of fractions of activities
or mass activities of individual
radionuclides does not exceed
10.

Simple
Sources

Sources which do not fall into the other four
categories, such as compact extrabody blood
irradiators containing sealed radionuclide
sources.

None
�FOHDUDQFH�OHYHOV�YDU\�ZLWK
UDGLRQXFOLGH��)RU���&R�����&V
DQG����$P��WKLV�LV�����N%T�NJ��

Significant
Sources

1. Neutron radiotherapy equipment (and other
heavy particles).

2. Radiotherapy sources, including
brachytherapy.

3. Stationary equipment/irradiators containing
sealed radionuclide sources apart from
extrabody blood irradiator and similar
equipment for which Type Approval has
been issued by SUJB in accordance with
Article 23 of the Atomic Act.

4. Mobile gamma radiography equipment and
other mobile equipment.

Activity greater than 600
Sv/hinh, but less than 8000
Sv/hinh, where hinh is the
conversion factor (Sv/Bq) for
the intake by inhalation by the
worker, in accordance withy
the tables of Annex 3 of
Regulation 184.

Very
Significant
Sources

1. Nuclear reactors
2. Industrial irradiators for irradiation of

consumables, objects of daily use and other
materials.

Activity greater than 8000
Sv/hinh.
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7DEOH������$FWLYLWLHV�8VHG�IRU�&ODVVLILFDWLRQ�RI�WKH�0RVW�&RPPRQ�6HDOHG
5DGLRDFWLYH�6RXUFHV�LQ�$FFRUGDQFH�:LWK�5HJXODWLRQ������VHH�DOVR�7DEOH�����

Nuclide Activity [Bq] Activity concentration
[kBq/kg]

3H 109 106

60Co 105 10
75Se 106 102

90Sr 104 102

137Cs 104 10
226Ra 104 10
239Pu 104 1
241Am 104 1
252Cf 104 10
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Table A summarises the market activity relating to sealed sources in Estonia. At present
there is no manufacturing, recycling or importation of sealed sources in Estonia. There are
39 users of SRS in Estonia. No original equipment manufacturers are based in Estonia.
One waste management organisation, ALARA Ltd, exists within the country for the
storage and disposal of SSRS.

���� ,19(1725<

Table B summarises the inventory of SRS’s within Estonia. A National Register was
established in 1998.  It is maintained by the regulatory authority, the Estonian Radiation
Protection Centre, ERPC, Tallinn.  The register is updated annually, although a licensee
should inform ERPC about any new source immediately.  At present, the system is not
HDVLO\ interrogated FHQWUDOO\.  Recently a computerised information system RAIS 1.0
(Regulatory Authority Information System) provided by the IAEA, which includes also a
sealed radioactive sources registry, was instigated by ERPC.  Unfortunately, the SRS
registry module of the integrated information system does not enable quick and simple
inquiries to be requested from the database.

There are 953 sources currently registered as being in use within Estonia.  Of these, 852
disused sealed radioactive sources are currently held in store at the users’ premises. Of
these, 793 are stored by Balti ES Ltd, Narva town. The predecessor of this company
manufactured radiation measurement equipment and other equipment containing radiation
sources.  The prime purpose of the plant has changed over recent years and production
associated with radiation sources has ceased.  All sources held as stock have now been
classified as ‘spent’ and will be transferred as radioactive waste to the interim storage
facility at Paldiski. Fifty-nine sources are stored in stores at other users’ premises.

���� 5(*8/$7,216

The Regulations and Regulatory organisations responsible for their implementation within
Estonia are summarised in Tables C and D. The existing regulatory framework for sealed
radioactive sources entered into force with The Radiation Act in 1997.

Tables E-G provide a simple summary of the principles of the Regulations, Regulator
philosophy, regulatory controls applied to the management of SRS throughout the
different stages in the life cycle and the compliance monitoring undertaken.

The ERPC was established in January 1996. Its main functions are:

• Environmental monitoring and early warning
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• Radiation Protection
• Supervision and inspection
• Drafting of legal acts and guides
• Information Services
• Advanced Training
• Issuing of licences for radiation activity
• Keeping of dose register and source register

The EPRC’s structure includes departments which cover each of these functions. Two of
these departments have responsibilities which include aspects of sealed source
management. These are the Department of Supervision and Inspection and the
Department of Standards and Norms. The Department of Supervision and Inspection has
four staff, of whom two are inspectors. These inspectors are responsible for regulating
users of both sealed source and open source material, including issue of licences, keeping
a national register of sealed sources and carrying out field inspections. The Department of
Standards and Norms is responsible for making suggestions for implementation of
radiation safety measures and for evaluation of draft legislation concerning radiation
protection, including harmonisation with European Council Directives and Regulations.

Primary legislation in Estonia is in the form of Acts of Parliament. Subsidiary legislation
is in the form of either Regulations of the Government or Regulations of Ministers. There
are no significant differences between the two types of Regulation. The EPRC has also
introduced guidance documents as a lower tier of regulatory control.

There are two Acts relevant to sealed sources:

• Radiation Act 1997, as amended October 1998: Framework document establishing
basic safety standards in the field of radiation protection. It is basically in compliance
with International BSS and Council Directive 96/29/EURATOM. However, a further
amendment is planned in 2000 to improve compliance with 96/29/EURATOM.  The
act lays down generic radiation safety criteria and provisions for licensing of
practices, application of practices and interventions, protection of the public,
radioactive waste management and safe transport of radioactive material. The act also
authorises the government and ministers to issue various subsidiary regulations on
specific topics. The EPRC is responsible for enforcement of the Radiation Act and its
subsidiary regulations.

• Act on Import, Export and Transit of Strategic Goods 1994: Establishes provisions for
control of import, export and transit of goods included in an authorised list, including
radioactive materials. The list is included in a subsidiary regulation. The act authorises
the Strategic Goods Import, Export and Transit Control Commission to issue
certificates for these activities.

Regulations issued under the Radiation Act (see Table C) cover issue of licences,
registration of sources and the keeping of a registry, total amounts and specific activities
of radioactive substances exempted from licence requirements, transport of radioactive
material, management, registration and transfer of radioactive waste, monitoring of
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population doses and safety requirements for facilities for housing radioactive sources and
dose register.
A new Act on Environmental Impact Assessment (EIA) was adopted in Estonia on 14
June 2000. This requires a full and transparent procedure of EIA before:

• Processing of spent nuclear fuel.
• Production or enrichment of nuclear fuel, or handling radioactive waste.
• Construction, reconstruction or liquidation of an interim storage or final repository for

radioactive waste.

The implementation of requirements of this new Act will facilitate the licensing process
of facilities, not only practices.

Further legislation is planned, including a draft amendment to the regulation on
management, registration and transfer of radioactive waste. This will include categories of
radioactive waste, clearance levels for radioactive and contaminated materials, criteria for
permitted releases to the environment and generic waste acceptance criteria for waste
packages.

The EPRC issues guidelines to legislation. So far, guidelines have been produced to cover
the Issuing of Licences for Radioactive Materials and Border Control (including scrap
metal). Other guidelines are planned.

Prior to independence in 1991, the system of regulatory control was centralised in
accordance with the former Soviet Union regulations. Under this system, there was only
one supplier of sealed sources, Isotop, which operated through a number of regional
branches. All sealed sources and equipment containing sealed sources in Estonia were
obtained through the St. Petersburg and Moscow offices of Isotop. Prior to obtaining a
source, approval of physical security measures had to be obtained following inspection by
the local militia. Records of source users and inventories were kept by the Radiological
Office of the Sanitary Epidemiological Survey, who also carried out inspections of users’
premises. In the period following independence, the former Soviet Union regulations
remained valid in principle, but did not function in practice. Following the establishment
of EPRC in 1996, a rapid programme of legislative development began, leading to the
Radiation Act and its subsidiary Regulations.

The regulatory functions of the ERPC are detailed in the following sub-sections:

������ ,VVXH�RI�/LFHQFHV

Licence applicants are required to provide information in the following categories:

• Applicant details
• Type of use of radioactive material
• Maximum activity levels (open sources)
• List of radionuclides, activities and manufacturing dates
• Radiation protection measures
• Physical protection measures
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• Management of radioactive waste
• List of workers and qualifications

The inspector will then assess the data provided and in most cases, visit the site. If
satisfied, a licence is issued. The licence is a single page document, identifying the
company, address, responsible person, radionuclides to be used. No specific conditions
are included in the licence itself (e.g. maximum activity). However, the licence number is
cross referenced to the application details and the conditions of licence are considered to
be based on the information provided at the time of application, along with any written
response of the ERPC inspector. The time taken to process an application is less than
three months. Once issued, a licence is valid for a specified period of not more than five
years.

������ ,QVSHFWLRQ�RI�/LFHQFH�+ROGHUV

There is no specific frequency for inspections. However, all three of the user
organisations visited have regular contact with ERPC, and were inspected as part of the
licence application process.

������ .HHSLQJ�RI�1DWLRQDO�6RXUFH�5HJLVWHU

Following the establishment of the ERPC, the previous records of the Radiological Office
of the Sanitary Epidemiological Survey were passed to ERPC. These consisted of a table,
listing facilities, radionuclides used and total activities. No detailed records of individual
sources were available. However, detailed records were available at the users’ premises in
the form of the source “Passports” which were issued under the old system.

Individual source records were collated during the licensing process and in 1998 a source
registry database was set up using a computerised information system, RAIS 1.0
(Regulatory Authority Information System), provided by the IAEA.

The inventory is updated on the basis of reports received from users of inventory changes.
The register is also checked annually by the inspectors to make sure the information is up
to date.

Details of the numbers of sources held by users in Estonia are held by ERPC. Most of the
disused sources are at the premises of an original equipment manufacturer which no
longer produces equipment containing sources. Information is also available on the
numbers of sources disposed and held in central storage since 1963. Records of sources
imported are also kept. However, the number of imported sources is very small (less than
10 per year).

Prior to importing radioactive materials (including sealed sources) a user is required to
obtain authorisation from the Strategic Goods Import, Export and Transit Control
Commission (SGIETCC) and must provide a copy of his ERPC licence in order to obtain
this authorisation. Receipt of the source must then be reported to ERPC within 10 days. In
practice, it appears that this system is not working properly. One of the users visited
imports radioactive material almost every week but was not aware of the need for prior
approval by the (SGIETCC). The absence of the necessary authorisation had not caused
delivery problems.
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������ 5HJXODWLRQ�RI�:DVWH�6WRUDJH�DQG�'LVSRVDO

EPRC is responsible for regulating the central interim storage of radioactive waste, and in
principle for regulating the disposal of radioactive waste. However, there is currently no
disposal repository available, and no plans exist for developing a disposal site.

������ ([HPSWLRQV�)URP�5HJXODWRU\�&RQWURO

Activity limits have been set, below which there is no requirement to hold a licence to work
with radioactive materials. These activities are based on the radionuclide-specific total
activities and specific activities in 96/29/EURATOM.

There is also an exemption which applies to sealed sources if the dose rate at a distance of 0.1m
from any surface of the source does not exceed 1 µSv/h and the source possesses a certificate of
compliance with safety requirements. This exemption can apply to sources in which the total
activity exceeds the radionuclide-specific activities referred to above. The certificate of
compliance was formerly known as “Type Approval”. The EPRC does not currently have a
process of assessing and recording exempted source types. However, one example of an
exempted sealed source type was encountered during the visit. These were 90Sr check sources
used by military units and the Estonian Rescue Board.

���� &855(17�0$1$*(0(17�35$&7,&(6

The management of SSRS in Estonia is summarised in Tables G-I.

The Estonian Radioactive Waste Management Establishment (ALARA) was established in
1995. ALARA is a state-owned company, reporting to the Ministry of Economic Affairs, and
is authorised by the ERPC as the operator of the Paldiski site.

Its main responsibility is the development and implementation of decommissioning and waste
management projects related to the Paldiski site. The Paldiski site was a nuclear submarine
training facility operated by the former Soviet Union Navy, which housed two full-sized stern
hull sections of nuclear submarines, complete with PWR type reactors. The site operated from
the early 1960s to 1995, when the Russian military authorities transferred control of the site to
the Republic of Estonia. At the time of hand-over, the submarines had been de-fuelled,
partially dismantled and the hull sections containing the reactor vessels and primary circuitry
had been seal welded and enclosed in reinforced concrete sarcophagi.

ALARA also has responsibility for general radioactive waste management at a national
level. Other responsibilities include institutional control of a RADON type disposal facility,
now closed, at Tammiku, collection and storage of radioactive wastes, including sealed
sources from small user organisations and from scrap metal organisations.

In preparation for planned decommissioning activities at Paldiski, an interim storage
facility for Low and Intermediate Level Waste has been constructed at one end of the Main
Technological Building, which housed the submarine reactor training units (see Figure 4.1).
The interim storage facility consists of two concrete compartments with a total capacity of
360 standard size waste containers per compartment. Two types of waste container are
currently in use, reinforced concrete and carbon steel, with wall thicknesses of 100 and
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5mm respectively (see Figure 4.2). The external dimensions of the containers are 1.2 x 1.2
x 1.2m.
The store currently contains radioactive waste from decommissioning of an old site waste
store, as well as institutional wastes collected since the Tammiku facility was taken over
by ALARA in November 1995.

Records have been provided of all the sealed sources received by ALARA for
storage/disposal. These records either include manufacturer’s records, including the
source passport, or at least evidence of activity assessment method, where no passport
was available.

Sealed sources are kept in waste containers, which are temporarily stored in a new interim
storage facility. Sources are segregated from other types of waste.

Where practical, volume reduction of sources is carried out by ALARA at Paldiski, to
minimise the volume of waste placed in the interim store. However, there is no shielded
handling facility at Paldiski, therefore the amount of volume reduction is limited. An
example of the type of source that can be volume reduced is a Russian designed industrial
smoke detector containing up to 40 MBq of 239Pu. A partially dismantled smoke detector
showing the ceramic source is shown in Figure 4.3.

ALARA is responsible for the Tammiku disposal facility (formerly Saku), 12km south of
Tallinn. The facility operated from 1963 to 1995. Operations were terminated in 1995 and
the facility was closed in 1996.

The facility consists of a near surface vault (15 x 5 x 3m) for solid waste and a cylindrical,
stainless steel lined, concrete tank for liquid waste. The walls and the base of the vault are
concrete, about 20cm thick. The vault for solid waste was divided into 9 sections 1.6 x 5 x
3m, by concrete internal walls. Each section has a removable lid of about 25cm thickness.
(see Figure 4.4). The upper surface of the vault wall is at ground level.  General waste
was disposed into vaults without segregation, conditioning or packaging. Spent sealed
sources were disposed into a segregated area within one of the vault sections, using an
arrangement based on the Russian RADON design. This involved placement of the
sources into a carbon steel box by means of an S-shaped tube of diameter 100mm (see
Figure 4.5). Additional shielding, inside the box was provided by adding sand.

From the opening of the Tammiku depository to 1995, 18670 radiation sources were
disposed there. Details of the numbers and activities of these sources are given in Table
4.1.

Segregation of sealed sources from other wastes was not carried out in all cases.
Photographs provided by ALARA show examples of source holders and smoke detectors
in the miscellaneous waste sections along with other wastes, including vials of liquid
scintillant waste (see Figures 4.6 and 4.7).

The Tammiku facility has been closed, and capped with 1 metre of soil. The surface
geology is not well characterised, but is believed to consist of a sandy soil layer,
overlaying limestone. The direction of groundwater flux is uncertain.
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According to a report prepared by the Swedish Radiation Protection Centre (SSI)(13),
environmental monitoring, carried out by the health authorities, is rudimentary and
consists only in sampling of groundwater twice a year from four tubes in different
directions 10m away from the repository (penetrating 10m deep). At the date of the report
(21 October 1994), no increased levels of radioactive substances in sampled ground water
had been observed. Since then, it is understood that small traces of tritium, possibly from
the liquid tank, have been measured. No samples are taken from air, vegetation or surface
soil. Water from the liquid waste tank was discharged in October 2000. The activity levels
were low (40 kBq/litre, mainly tritium). This will allow recovery of some solid wastes
which have been identified in the liquid waste tank.

A simple environmental impact assessment was carried out by a Swedish team, based on
the limited information available. This included an estimate of dose due to the regular
consumption of groundwater taken at a distance of 1 km from Saku (Tammiku). Although
there is considerable uncertainty in the assessment, the estimated individual dose level
was of the order of a few mSv/y. The estimated dose was dominated by 90Sr with a minor
contribution from 226Ra.

The conclusions drawn in the Swedish report also included the following:

• The disposal site had not been licensed according to internationally accepted
principles and there was no environmental impact statement for the facility.

• Dose rates at the top of the vault were too high (~150 µSv/h).

• The amounts of radionuclides, particularly long-lived, are too large and the
radioactive waste is not conditioned.

• The option of recovering the solid waste for conditioning should be considered.

• The dominating risk for the short to medium term was identified as intrusion into the
repository (theft, sabotage, animals, etc.). Improvements to fencing, surveillance and
closure of the vault were recommended.

Exactly two weeks after this report was published, three brothers entered the repository
and removed a metal container enclosing a sealed source. This action initiated a series of
events which led to the death of one person and injury to a number of others. The incident
has been described in an IAEA publication(14).

The process of arranging transfer of sources from users to the ALARA facility at Paldiski
is relatively informal (i.e. there are no standard forms to complete). Notification of details
is therefore by exchange of letters. Once the necessary details have been provided,
ALARA will normally provide a collection service. ALARA employs two drivers with
Class 7 driver qualifications. ALARA does not own Type A or B approved transport
containers. These are normally provided by the customer. Due to the lack of shielded
handling facilities, it is not always possible to empty the transport container and return it
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to the customer. This can create difficulties. For instance, a hospital is planning to dispose
a teletherapy source to ALARA, but it will need to purchase an approved transport
container at relatively high cost, and it will not be possible for this to be returned.

ALARA has full records of all sources accepted into Paldiski. It is believed that the
number of sources for disposal reached a peak in 1999, with a major disposal carried out
by Balti ES Ltd., an OEM that has now ceased manufacturing equipment containing
sealed sources. Numbers of sources likely to be received in future will therefore be
considerably less.

A few Ra sources (mainly items contaminated with Ra luminous paint etc.) have been
disposed of at the closed Tammiku facility. No treatment or conditioning was applied
prior to disposal. Some Ra sources are also stored without any conditioning at the
University of Tartu, and three Rn-generators are stored at Paldiski, in special welded steel
enclosures.

���� 5(75,(9$/�2)�815(*,67(5('�63(17�6($/('�6285&(6

Table L summarises the situation regarding sources ‘lost’ from regulatory control and
their recovery in Estonia.

Estonia has a well established system to respond to lost source incidents, based on civil
defence arrangements. The Estonian Rescue Board provides an emergency response in
case of radiological incidents and chemical incidents. The Rescue Board includes local
rescue groups in each of Estonia’s 15 counties, and a central laboratory.

The local rescue groups work closely with the other emergency services in response to
emergency call-outs that may involve radioactive material. Their responsibilities include
evaluation of the situation and if the dose rate of a source is relatively low, they will
recover the source using tongs and a shielded container. Although their training allows
them to recover sources with contact dose rates of up to 50 mSv/h (5 R/hr), in practice
they always involve the central laboratory team. If necessary, the central laboratory team
may involve one of three nuclear-trained military rescue units.

The responsibilities of the central laboratory team include:

• Provide Chief of Emergency Response for radiation incidents.
• Preparing reports to ERPC of any incidents in which they have been involved as Chief

of Emergency Response.
• Training of staff in local rescue groups and military rescue units in handling of

radioactive materials.
• Calibration of their own radiation and contamination monitoring equipment, and that

of the local rescue groups and military rescue units.
• Safe keeping and use of Estonian Rescue Boards own calibration sources in

accordance with Licence issued under the Radiation Act.
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Since August 1994, the team has responded to 126 call-outs suspected of involving
radioactive material. In 24 cases, radioactive material was found. The remainder were
false alarms (e.g. empty containers). In total, 35 abandoned or lost sources were
discovered between August 1994 and Summer 2000. Most of these were low activity
check sources. However, 9 of the sources found were of significant activity (three
unshielded sources and six in shielding blocks).

The number of call-outs peaked in 1994 and 1995. In 1999, there was only one call-out.
However, the Rescue Board does not normally become involved in recovery of sources
found at scrap metal facilities. During 1999, there were three incidents involving receipt
of radioactive material at scrap metal facilities. In each of these cases, ALARA was
contacted directly.

Scrap metal facilities are required to inform ERPC if any radioactivity is detected in
consignments of scrap metal. EPRC subsequently contacts ALARA to undertake any
necessary actions. To date, no attempt to trace or identify originators of ‘active’
consignments has been successful. ALARA is required to accept radioactive waste
received at scrap metal recycling facilities. There is one main company in Estonia
involved in the scrap metal market. Each of its sites is equipped with portal detectors
(Bicron and Exploranium designs)� Stationary monitoring gates are installed and operated
by customs and border-guard authorities at six major check points on the Estonian border.
Official clearance levels do not yet exist, but in practice levels of 0.3 – 0.5 µSv/h are
adopted.

Radiation detection systems at Estonia’s borders are less efficient than the portal systems
at scrap metal plants. Therefore contaminated material is occasionally imported, and then
detected at the scrap metal facility. A total of 70 tonnes of contaminated scrap metal,
filling 4 x ISO freight containers has been collected in recent years. It is hoped that it will
be possible to dispose of this material along with existing wastes from a uranium
processing facility in north-east Estonia (Sillamäe).

Radioactive material is regularly found in scrap metal. However, this is usually found to
be contaminated with naturally occurring radioactive material (NORM). Most of this is
believed to have been imported from Kazakhstan, Russia and Ukraine as a result of oil
industry or uranium processing.

The following are known incidences of lost sources being discovered:

• On January 15, 1994 a high-activity Cs source was discovered by Estonian Scrap
Metal Export company (EMEX Ltd.).  The source was disposed of into the Tammiku
repository.

• In November 1994 the source described above was stolen from Tammiku facility,
resulting in elevated dose to a number of persons and causing a lethal exposure to one
intruder(14).
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• In summer 2000, six sources in shielding blocks were found. There is strong evidence
that five of them had been stolen in 1994 from an owner in Estonia. However, the
source registry system run by ERPC is incomplete and thus it is not possible to
confirm this.

• In 1991 in Tartu, a lawn was found to be contaminated with 137Cs/metal melted
residues. The activity most probably originated from a source of the gamma ray level
gauge from a local metal processing plant. Part of the contaminating material was
removed to the Tammiku repository, but a real contemporary survey and investigation
of the case was never carried out.

• One high activity 137Cs source of unknown origin was found in a wood near the
Tallinn-Narva highway in 1995, as a result of dose rate registering in equipment
carried in a passing vehicle.

• According to data available from ERPC, one company lost control of four 137Cs
sources. The management failed to open their storage rooms during an inspection in
summer 1999.

Two countrywide surveys have been carried out by using:

1) An air-borne gamma scan in 1991-1993 (Nevskgeologia, Russia).
2) A car-borne dose rate and gamma spectrometric scan in 1995 – 1996 (STUK,

Finland).

No lost sources were found during either survey.

In addition, an air-borne scan was arranged by the USA DOE experts near the Paldiski
and Sillamäe sites in 1995. No lost source was found during these missions.

Table K identifies the known/most likely methods by which sources can become lost from
Regulatory control, the most common/likely being:

• Theft
• Importation of scrap metal or inadvertant disposal as scrap
• Inadequate security during storage

The most effective means for preventing lost sources was considered to be the
enforcement of the existing legislation, including the maintenance of an adequate source
registry, updating the registry and supervision.

���� 5(*8/$725<�$1'�0$1$*(0(17�6<67(0�&21&/86,216

Estonia achieved its independence in 1991. In the relatively short time since
independence, there has been considerable effort to put in place a regulatory framework
for the management of radioactive materials, including sealed sources. A regulatory body
with responsibility for sealed sources (ERPC) was set up in 1996. The short time since
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most of the relevant legislation has been introduced, as well as the limited radiological
experience within the country has meant that there are problems in the detail of some of
the legislation and in the level of understanding of this legislation among users and even
inspectors.

Nevertheless, it is important to view these regulatory problems in perspective. The
recorded use of sealed sources in Estonia is small (39 licensed users) and it is therefore
easy for the regulator to maintain control without the need for a sophisticated regulatory
system. The regulator has put in place a source database to manage the use and transfer of
sealed sources. The possibility of significant numbers of sources outside regulatory
control appears to be small.

Table 2.1 provides a comparison of the regulatory and management situation in Estonia
with current EU requirements and best practice. The regulatory system has been
developed specifically in order to comply with current EU requirements.

Regulatory problems identified include:

• Some elements of the Basic Safety Standard are yet to be implemented (e.g. training
and qualifications of qualified experts, source leak tests, relying on old Russian
source passport).

• Regulatory approaches which could be reviewed and improved (for instance, there
are two application forms for prospective users of radioactive material, both of which
seem to serve the same purpose).

• Some areas not covered by regulation (e.g. high activity alpha sources are exempt in
principle, the responsibilities of the individual named on a source user licence are not
defined).

• Source users not aware of all regulations (e.g. import controls).

• The rate of introduction of new legislation has meant that it is difficult even for
inspectors to remain fully informed with all regulations.

• Communication between EPRC and SGIETCC should be improved to ensure EPRC
are made aware of all proposed source imports.

Facilities for the interim storage of radioactive waste, including sealed sources has
improved considerably since independence. The interim storage facility at Paldiski
provides suitable storage for all the waste sources likely to be received. However, the
facility at Paldiski does have a number of limitations, including:

• There is no shielded facility for handling of higher activity sources.
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• The regulatory control of Paldiski does not include a safety case for the new interim
waste store. Consequently, no formal conditions for acceptance have been developed
for waste to be stored in the concrete boxes at Paldiski.

• The structural integrity of Paldiski reactor building which houses the interim waste
store is a concern. Although the main structural elements of the building are believed
to be sound, it is not weatherproof.

• There are believed to be high activity sealed sources concreted into reactor hulls
immediately adjacent to the interim waste store.

Since closure of Tammiku, Estonia has had no final disposal for radioactive waste. The
Tammiku facility gives cause for concern for a number of reasons:

• Although a safety assessment of Tammiku has been carried out in a joint Estonian-
Swedish co-operation project, the document has not been obtained.

• The environmental monitoring of Tammiku is very limited. There is only one
borehole and this may not be in an appropriate location. No other environmental
sampling takes place.

• Although a separate disposal area was set aside for sources, there is evidence that
adequate segregation of sources did not always occur. For instance, there is
photographic evidence of liquid scintillation wastes being mixed with gauges
containing sealed sources.

• The future status of Tammiku is unclear.

���� 7(&+1,&$/�$66,67$1&(�352-(&76

Estonia is a country with limited resources and a number of major radioactive waste
management problems. There are a number of areas in which action is required on a short
timescale and in which assistance will be required.

1. Although a simple risk assessment has been prepared for the Tammiku facility, this
has been based on limited data, and has indicated that significant radiation doses may
be received by consumption of contaminated groundwater. Further environmental
sampling and a more detailed risk assessment should therefore be carried out. If this
confirms the conclusions of the original assessment, then the solid waste in Tammiku
should be recovered and conditioned appropriately before being re-disposed at
Tammiku or elsewhere. Technical assistance is likely to be required at all stages of
this operation (improved environmental monitoring, modelling of radionuclide
transfer and dose assessment, conditioning of waste and re-disposal).

2. The radioactive waste storage vaults and the partly decommissioned submarine
reactors at Paldiski are housed in a building which is not weatherproof and which is
deteriorating. The repair or replacement of this building is required within the next
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few years. This will be a difficult engineering task, requiring careful risk assessment,
due to the need to carry out repair/replacement work above the waste vault and the
reactors.

3. The Russians are believed to have embedded high activity sealed sources in the
concrete grout used to in-fill the reactor. An option study is required to consider how
these might be recovered and the reactor decommissioned.
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7DEOH������'HWDLOV�RI�6HDOHG�6RXUFHV�'LVSRVHG�WR�7DPPLNX�5HSRVLWRU\��(VWRQLD�
'XULQJ�LWV�2SHUDWLRQ

1XFOLGH 1R�RI�VRXUFHV $FWLYLW\���*%T�
241Am 4 53

60Co 38 178
137Cs 1416 16573

152Eu + 154Eu 1 89
85Kr 4 13
63Ni 1 1.4

239Pu 6615 775
90Sr 10589 46930

226Ra 1 0.4

                                                
1 Remaining activity, January 2000.
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Table A summarises the market activity relating to sealed sources in Hungary. At present
there is some manufacturing of sealed sources in Hungary by the Institute of Isotopes Co. Ltd.
Some recycling of sources for re-use is also undertaken by the same Institute. There are 539
users of SRS in Hungary. There are some original equipment manufacturers based in Hungary
and also OEMs based outside the country do sell equipment into the country. One waste
management organisation the Public Agency for Radioactive Waste Management (PURAM),
exists within the country for the storage and disposal of SSRS.

���� ,19(1725<

In Hungary there is a nationwide central register of radioactive sources held on a development
of the IAEA database, RAIS. The database is held by the Hungarian Academy of Sciences
Research Centre for Chemistry, Institute of Isotope and Surface Chemistry (IISC) and
supervised by the Hungarian Atomic Energy Authority (HAEA). The register covers the
status of all sources except those which have been consigned for storage/disposal. The
National Research Institute for Radiobiology and Radiohygiene (NRIRR) holds a national
register of workplaces which handle radioactive materials (including sealed sources), the
information for which is drawn up on the basis of the licences issued to users.

The Püspökszilágy Radioactive Waste Treatment and Disposal Facility (RWTDF) also has a
register of the disposed radioactive sources and those which are in long term interim store at
the site. The information is sourced from the waste consignment information provided by
users prior to sources been sent for disposal/storage.

All users of sealed sources have to declare in their records the status of individual sources; i.e.
“in use” or “disused”.

The disused sources are not registered in a separate central register system. Disused sources
are mostly sent for disposal relatively quickly because the competent institute of the State
Public Health and Medical Officer Service (SPHAMOS) applies regulatory pressure for this
to occur during workplace inspections. Licences can be withdrawn, for example if there is no
leak test (required every 2-5 years) or the user surpasses the recommended working life of the
source (typically 5-15 years).

There are three types of nominally ‘sealed’ sources in Hungary as follows:

1. ‘Sealed’ calibration type sources which are solid materials that do not allow any spalling
of radioactive material but are not encapsulated.
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2. ‘Sealed’ encapsulated sources which do not comply fully with all the regulations relating
to official ‘sealed’ sources. (These are often older Russian sources which are encased in
aluminium and do not carry clear source identification numbers).

3. Official sealed sources which comply fully with all the relevant regulations (temperature
and pressure requirements etc.).

The waste management organisation PURAM receives all these types of sources for
storage/disposal and includes them in its database. However, the ‘official’ central inventory of
sources in Hungary (held by IISC, and supervised by the Hungarian Atomic Energy
Authority), which divides the sources into ‘in-use’ and ‘in-store/disposed’, only includes the
official ‘category 3’ sealed sources. This explains some anomalies between the ‘sources
disposed’ figures in the central register of sources and PURAM’s records.  All three types of
sources are treated in a similar manner during usage (e.g. smear tests etc.).

There may be a few sources unregistered in the country which came into Hungary (e.g. from
USSR) in the past in items of equipment where users did not know sources were involved.
However, the vast majority of these have now been ‘flushed out of circulation’ and are at
PURAM’s central storage facility at Puspokszilagy.

Reasons for known differences between the PURAM waste disposal records (which go back
over 40 years) and the central register of sources (set up in 1966) are as follows:

1. Differences associated with the three different definitions of a sealed source.

2. Over 10 years ago, large areas of the Hungarian economy almost existed in isolation
within its own framework. Examples included military, mining, uranium exploration etc.
These areas could import sources under effective control, without notifying the central
registry.

3. Some sources are exempt when in use (e.g. smoke detectors) but when collected together
and disposed of are considered as a source.

With respect to item 2, checks between the PURAM records and the central registry for the
last 10 years (when industries have no longer been operating in isolation) have shown much
closer agreement than for the earlier years.

A further reason why the central register of sources differs from PURAM’s records is that
military sources are excluded from the central register but do get added to the PURAM
database when they arrive for storage (mainly Ra sources).

���� 5(*8/$7,216

The Regulations and the Regulatory organisations responsible for their implementation within
Hungary are summarised in Tables C and D. The principles behind the existing Regulatory
framework for sealed radioactive sources can be traced back to the 1960’s. Tables C-E
provide a summary of the principles of the Regulations, Regulator philosophy, regulatory
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controls applied to the management of SRS throughout the different stages in the life cycle,
and the compliance monitoring undertaken.
The HAEA is supervised by an appointed member of the government (currently the Minister
of Economy). HAEA has a fundamental role in regulating activities at Nuclear Power Plants
in Hungary. The primary regulator for controlling the use of radioactive materials outside the
nuclear power plants is SPHAMOS. However, under Government Decree No. 87 of 1997, the
HAEA has a ‘co-ordination role’ across all areas of the application of nuclear energy (e.g.
health, transport, security etc.) and for ensuring that safety is adequately controlled in respect
of the use of radioactive materials outside the nuclear power plants (i.e. in medicine, industry,
research etc.).  The HAEA also initiates work identified as being necessary by the high level
Hungarian Atomic Energy Commission (HAEC). The HAEC is an advisory body, which
keeps a watching brief on International Developments in Legislation and accepted practices.
The HAEA is also responsible for the central registration of all radioactive materials in use
and disposed/stored which it delegates to IISC.

There are essentially two levels of licensing in Hungary, dependent on the types and
quantities of materials being handled:

1. High level: SPHAMOS National Medical and Public Health Office (NMPHO).
2. Low level: Local institutes of SPHAMOS.

With respect to the production, trading and nationwide transport, SPHAMOS/NMPHO issues
the necessary licence. For all other activities relating to sealed sources, the necessary licences
are issued by the local competent institute of SPHAMOS. The end user must submit a licence
request giving various details including responsible organisation, address, director, main
technical persons and qualifications, materials being handled, quantities, source numbers,
machine types, etc. The licences are issued to specific areas (e.g. a Division within a large
organisation) but liability for any defaults, problems etc. rests with the organisation as a
whole. Any changes to the circumstances require a supplementary submission and licence
amendment. SPHAMOS is required to respond within 30 days of receiving a licence request
(either issuing a licence, or if the situation is complicated, acknowledging receipt and
requesting further information etc.).

When a licence is requested from NMPHO/SPHAMOS, statutory consultation and approval is
required from the following authorities:

• Police HQ
• Environment Ministry
• Water Management
• Fire Brigade

The licence document of a source user essentially contains:

• Validity of licence
• Data relating to the source
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• Exact location where the source is to be used (if fixed or part of equipment), or the territory
of application of source

• Storage conditions (place, capacity)
• Type of container (max. activity)
• Maintenance company
• Responsible person

The licensing authority may also prescribe the disposal route to be used at the end of the
source’s life.

The validity of licence for the sealed sources is generally equal to the recommended working
life of the source (5-15 years), except for rapidly decaying sources. However, the competent
institute of SPHAMOS typically audits organisations every 2-3 years to check the re-
certification of the source by leak testing, the accuracy of the users register of radioactive
materials and that the conditions for use and storage of the sources are consistent with the
users licence. Licences can specify how frequently leak tests must be performed.

Users of radioactive materials have to keep local records and can be inspected by SPHAMOS,
HAEA or the police at any time. Frequency of inspections vary dependent on the category of
user, source type, amount of activity etc.:

1. Manufacturers or change of form users inspected at least annually.
2. Middle category users inspected at least every 3 – 5 years.
3. Lowest category users inspected at least every 5 – 8 years.

Unannounced inspections are undertaken. SPHAMOS inspects in relation to health issues. The local institutes of
SPHAMOS typically undertake the inspections on behalf of SPHAMOS.

Transportation of sources is in full compliance with IAEA Safety Series No. 6.

There is both an initial and annual charge for a licence, which is independent of the number or
inventory of sources. A source is exempt from the relevant regulations if the level of activity
has reached values prescribed in the Decree No. 23 of 1997.

���� &855(17�0$1$*(0(17�35$&7,&(6
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Aspects concerning the management of SSRS in Hungary are summarised in Tables H-J.

There are approximately 440 identified small producers of radioactive waste in Hungary
which includes Institutions, Research establishments and Universities, Medical and industrial
users.  A major source of waste awaiting to be disposed of now and in the future is in the form
of spent radioisotopes and sources. In addition, Hungary is a significant exporter of sealed
sources and recent licences have included a commitment to accept repatriation of spent
sources originating from Hungary.
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All source certificates state the life of the source (typically 5 – 15 years). New legislation
being introduced allows a source at the end of its working life to be leak tested (by the
Institute of Isotopes Co Ltd) and re-certified for up to a maximum of ten further years. This
re-certification can only occur once. According to Decree No. 7 of 1988, at the end of the
working life a source is offered for final disposal to PURAM. PURAM reports the disposal to
the central registry of IISC. All changes of user/holder are notified to the central registry and
before a source can change hands the current holder must see the intended receivers licence to
ensure that he is registered to hold the source.

There is no specific register system for disused sources. When a source is disposed of by a
user (actually sent for long term interim store) it is cancelled from the workplace register and
the movement recorded in the central register system. The receipt of the source at RWTDF is
similarly added to the facility’s inventory.

During user audits by the competent institute of SPHAMOS, any non-used sources (typically
those failing a leak test or surpassing the recommended working life of the source) are
considered for disposal.

Non-used sources, or sources requiring maintenance, are required to be held in a secure room
separate from sources that are in use.

The licence does not contain specific conditions with respect to eventual source disposal.
However, the validity of licence is essentially equal to the recommended working life of the
source. After this time, the user can apply for a prolongation of the licence (e.g. in the case of
re-capsulation of a source) or the source has to be disposed of. Sources are not currently
returned overseas from Hungary.

������ /RQJ�WHUP�LQWHULP�VWRUDJH�DQG�GLVSRVDO

In 1997, the Hungarian Government authorised the Director General of the Hungarian Atomic
Energy Authority to establish PURAM.  Since the 1st July 1998, PURAM has been
responsible for all tasks relating to the collection, treatment, transportation, storage and
disposal of radioactive waste of small scale producers, previously overseen by the Capital
Institute of SPHAMOS.  At the same time, PURAM assumed responsibility for the operation
of the only Radioactive Waste Treatment and Disposal Facility in Hungary, at Püspökszilágy.
PURAM is in charge of long-term temporary storage and disposal of radioactive waste
including spent sealed sources.  PURAM is a fully state-owned, non-profit making Agency.
Both the land and the facilities at Püspökszilágy are also state owned.

The Püspökszilágy Radwaste Treatment and Disposal Facility is situated some 40 km north of
Budapest. It is a shallow burial facility. The site was extended in the late 1980’s and the
extension is currently being operated under a temporary licence until the end of year 2000.

The layout of the Püspökszilágy repository is shown in Figure 5.1.

The ‘disposal’/long term interim storage of spent sources was initially estimated to be
approximately several hundred pieces per annum, but currently the disposal level is
5000 pieces per annum.  The initial practice was for the sources to be placed in wells and then
grouted in position.  This has now been reviewed and sources are now emplaced loose to
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allow for future retrieval. A review of the site safety case and environmental assessment is
being undertaken to consider in particular the issue of special spent sources and the presence
of long-lived (t1/2 > 30 years) isotopes. Currently Pu sources are collected and stored by the
HAS RCC IISC and radium sources are collected and stored at the National Institute of
Oncology.

The associated buildings at Püspökszilágy contain laboratories and an ‘Active’ building
designed as a waste treatment and storage area with storage tanks for the collection of liquid
wastes.  Neither the treatment line (bitumen embedding), nor the storage facility, has ever
been used actively and the liquid storage tanks are empty and may be dismantled to provide
an additional storage facility for sealed sources.  In 1999 a decision was made to convert the
‘Active’ building into a centralised storage facility for radioactive waste, including spent
sealed sources which are not amenable to near surface disposal.

The repository facility at Püspökszilágy consists of an ‘Active’ building, wells (type B, D)
and vaults (type A and C). SSRS are put into the 6 m deep stainless steel lined wells
designated as ‘B’ and ‘D’ type with the following descriptions:

7\SH�
%

The system comprises 16 wells of 40 mm diameter and 16 wells of 100 mm diameter.
The wells are stainless steel lined and 6 m long, located in a concrete monolithic
structure.  (Figure 5.2).

7\SH�
'

The system is formed of 4 wells of 200 mm diameter and 6 m depth.  All are stainless
steel lined and located in concrete as for the type 'B' wells (Figure 5.3).

Presently, there is no capacity limit for the Püspökszilágy site (with regard to either
volume or activity). Thus, there are no problems relating to the inventory of spent
sealed sources and all types of sources can be accepted.

Introduction of sources into the well systems is by appropriately shielded carousel type
flasking arrangements.

There is no limitation concerning the activity of sources that can be received, the only
limiting factor being the surface dose rate which cannot be higher than 10 mGy/h.

The vault at Püspökszilágy consists of the following:

7\SH�
$
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This system consists of the original 48 vaults of 70 m3 each, an extension constructed in
the late 1980's of 6 vaults of 140 m3 each, plus 12 vaults of 70 m3 each (see Figure 5.4).
The new vault extension has been granted a limited operating licence until the end of
year 2000 only.

7\SH�
&
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The Type ’C’ disposal system contains 8 vaults of 1.5 m3 capacity and it is used for the
storage of conditioned organic solvent disposal. A number of these vaults are currently
being used for the temporary storage of some sealed sources.

Currently Type ‘C’ vaults are being temporarily used for SSRS that are physically too large
for the Type D and B wells. Once the ‘Active’ building reconstruction has been completed,
there will be no capacity limit for SSRS storage.

As indicated above, the intention is to refurbish the waste treatment building on the
Püspökszilágy site as a long term interim store with appropriate inspection and surveillance
facilities to which all sources with half lives greater than 30 years (or as determined by the
post closure safety assessment) can be transferred. Removal of the sources from the wells has
yet to be designed but could be based on a vacuum suction type lifting mechanism or possibly
drilling free and lifting complete well tubes containing sources into a large transport flask.

For long-lived radioactive waste a geological repository will be needed. Siting of a geological
disposal facility is in progress but no decision has been made if it would also accept spent
sealed sources.

There is a tariff system for the long term storage and disposal of sources in Hungary. The
small scale producers pay a tariff based on the activity level and the type of spent source. The
payment is regulated by Ministerial Decree No. 27 of 1999 issued by Ministry of Economy.

No formal disposal certificates are issued, but ‘disposals’ are reported to the central registry
(IISC) by the previous source owner and the RWTDF.

������ 0DQDJHPHQW�RI�UDGLXP�VRXUFHV

Prior to the war, the National Institute of Oncology (NIO) had a 3g Ra source in a
radiotherapy machine. A further 3 g of other Ra sources was also held. The equipment was
taken to Germany and was bombed during the war, leading to extensive contamination. A
subsequent clean-up operation recovered over 90% of the Ra from soil and other debris and
this was incorporated into many new 1 – 100 mg Ra sources which were returned to Hungary.
These sources were used in Hungarian hospitals for brachytherapy. Since 1999 all Ra sources
have stopped being used in Hungary and have been collected together and held at the National
Institute of Oncology. They will subsequently be repackaged into new capsules (by Institute
of Isotopes Co Ltd) and sent to the Püspökszilágy site for interim storage. (The sources will
not be disposed of, but retained in a retrievable form so they could be recovered and re-used
at some future date).

The first regulation relating to Ra sources in Hungary was introduced in 1943. Since 1964
licences have been required for holding Ra sources. In 1988 the National Institute of
Oncology was nominated as the technical Authority for Ra sources in Hungary, on behalf of
SPHAMOS.  All 226Ra spent sources have now been collected and stored centrally in a
chamber at the National Institute of Oncology (waiting for transportation to the

Püspökszilágy RWTDF). The overall volume is 641 pieces (4373 mg of 226Ra). Repackaging
and storage in line with IAEA recommendations is planned for when the sources are
transferred to Püspökszilágy. Currently only leak tests are carried out on the sources. If
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leakage is detected, the 226Ra sources are placed in a leak-tight steel box. Source storage
arrangements are shown in Figure 5.5.

������ 6XPPDU\

Overall, it is considered that the safety and environmental implications of the current
management practices with respect to SSRS in Hungary are acceptable. There is effective
tracking of sources throughout their life cycle, and sources no longer in use can be consigned
to a secure central long-term interim storage facility.  The sources are now stored in a largely
retrievable form. In the future, the sources will be recovered and transferred to a more modern
surface store where the condition of sources can be more easily monitored. In the past, near
surface ‘disposal’ of some long-lived sources occurred. A safety assessment is currently being
undertaken in order to ascertain whether or not these sources should be recovered from the
disposal vaults.

���� 5(75,(9$/�2)�815(*,67(5('�63(17�6($/('�6285&(6

Table L summarises the situation regarding sources ‘lost’ from regulatory control and their
recovery in Hungary.

There is no special record list for lost sources, but through the central register of radioactive
materials, sources can be tracked throughout their life cycle. Examples of lost sources include:

• About 15 years ago, one source was imported inside an item of equipment without gaining
the necessary licences. At a later date the source was found and subsequently registered.

• About 20 years ago during a well drilling operation a source became stuck in a well and
could not be retrieved. The well was blocked (filled) with concrete.

• About six years ago following the change of ownership of a metallurgy firm, a source
disappeared and has never been found.

• In 1999 a sealed 241Am source was due to be transported for disposal, but the source could
not be found. The premises where the source was stored were due to be demolished. Four
days later, the source was located and the transfer went ahead.

Typically, PURAM receives 1 – 2 sources per year that do not have source certificates. This is
usually due to the certificates becoming lost. In these instances, checks with the owner’s
records and the central registry (prior to agreeing to accept the source for storage/disposal)
always enable the source to be identified as an officially registered source under regulatory
control. The inventory etc. can therefore always be identified and an official approval to
accept for disposal issued by the Research Institute.

Real ‘orphan’ sources arise at the maximum rate of 1 to 2 per year. In these cases NRIRR
undertakes an investigation to identify as much about the source as possible before approval is
given by the IISC to dispose of the source.

No official survey of lost sources has been undertaken in Hungary. The main reasons for lost
sources occurring in Hungary were considered to be:
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• Bankruptcy
• Importation without a licence
• Sources lost in use/transit
• Importation of scrap metal

It was considered that the most beneficial way the likelihood of sources becoming lost from
regulatory control could be reduced, was by tightening the regulations with respect to
bankruptcy and termination of activities involving radioactive materials. Hungarian
legislation relating to bankruptcy states that environmental effects/issues should take priority
when allocating any remaining company assets. However, it is recognised that whilst the
legislation is sensible, in practice problems can arise. For example, when a company is going
into liquidation, technical staff who know the whereabouts of sources and records etc. may
have been made redundant and any remaining Directors and the receivers may not have the
information to realise that a potential environmental/health issue is present within the
company’s facilities. A new Governmental Decree (No. 72/2000) is to come into force to
address these issues (e.g. liquidation).

With respect to the recovery of sources lost from regulatory control, there are two special
services (24 hours) under the control of the Ministries of Interior and Health, respectively. If a
lost source is discovered, it is to be notified to the special service of Ministry of Interior which
itself reports to the special service of Ministry of Health. With respect to the actual recovery
of the source, according to the Governmental Decree No. 17 of 1996, the NRIRR and HAS
RCC IISC take the necessary practical measures to ensure the safe controlled recovery of the
source. Government Decree No. 17 of 1996 also addresses the identification of users and
return of ‘lost’ sources.

Presently, radiation monitoring is not mandatory at scrap metal yards, although there are a
few larger facilities using radiation instruments (fixed and portable) voluntarily. There are
currently no formal clearance criteria for consignments of scrap metal in Hungary.

In October 1999 some scrap metal containing a source (3 GBq 60Co) left Hungary for
Germany. In Germany the source was detected and the consignment returned. Investigations
by NRIRR and IISC (HAEA) have determined that the source is an unmarked Russian source,
but its origin cannot be traced within the registration system. It seems likely that this was one
of the few remaining ‘unregistered’ sources in Hungary.

���� 5(*8/$725<�$1'�0$1$*(0(17�6<67(0�&21&/86,216

Table 2.1 provides a comparison of the Regulatory and management situation in Hungary
with current EU requirements and accepted best practice. Clearly, there is a controlled system
of reporting and authorisation for all practices involving a hazard arising from ionising
radiation, as discussed in Section 5.3 and Tables C and D. It is considered that steps are in
place to avoid the unnecessary proliferation of radiological equipment, largely due to the strict
and very specific licensing and notification procedures in place.

The regulator holds accurate records of all sealed sources and it is possible to track
movements of sources between different users. In addition, where sources are re-encapsulated
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and re-cycled, it is possible to track-back to the original ‘parent source’ records. All sources
have a maximum recommended working life after which time they either have to be
submitted for formal recycling or sent for long term interim storage. A central recognised
installation is available for the long term storage of SSRS, although this will be modernised in
the future to ensure the sources are held in a more controlled and easily retrievable form.

Orphan sources are paid for by the government if/when they arise.

Scrap metal facilities are not regulated specifically, and are not required by law to install fixed
or portable monitoring equipment, although a number of the larger facilities do have such
equipment available. The regulatory system does however make the operators of scrap metal
facilities aware of the possibilities of finding radioactive material in consignments of scrap
metal, and what actions are to be taken in the event of such material being discovered.

Overall, it is considered that the regulation and management of SRS’s in Hungary is well
managed, to a level which is largely consistent with current EU member states. Of course, as
with all countries, there are some areas of weakness where improvements could be made. The
key issues identified during this study relating to the regulation and management of SSRS in
Hungary are as follows:

• The old ‘original’ Type A disposal vaults at Püspökszilágy contain some long lived
sources which may need to be recovered. This will be driven by the results of the current
ongoing safety assessment for the site.

• The three different definitions for different types of ‘sealed’ source gives rise to some
apparent anomalies between the database of users and the disposal site database. Over
time, it would be advantageous to clarify these discrepancies. However, it should be noted
that minor discrepancies in historical records of older waste consignments are often found
in all countries.

• Ra sources, currently in temporary store at the Institute of Oncology, require conditioning
and transfer to the Püspökszilágy store.

• It is considered by a number of users that the time required for license amendments to be
processed is too long. Again, this type of issue is not uncommon in other countries.

• The upgrade of the ‘Active’ building at Püspökszilágy to a retrievable waste store is
required. Subsequently, sources currently stored in the existing wells will need recovering
and transferring to the new store.

• The environmental safety assessment for the Püspökszilágy waste vaults, currently
ongoing, requires completion. Any actions identified as necessary, for example the
recovery of some ‘disposed’ long lived sources, will require implementation.

���� 7(&+1,&$/�$66,67$1&(�352-(&76

A number of the issues identified for attention in Hungary are either already being addressed,
or are of such a nature that they are most appropriately dealt with by the Country itself.
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However, it is considered that the following issues could form the basis for effective
Technical Assistance Projects:

1. The environmental safety assessment for the Püspökszilágy waste vaults (currently
ongoing).

2. The upgrade of the ‘Active’ building at Püspökszilágy to a retrievable waste store.

3. Development of the methodology for the recovery of sources currently stored in the
existing wells and transfer to the new store.
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Table A summarises the market activity relating to sealed sources in Poland. At present there
is some manufacturing of sealed sources in Poland by the Radioisotope Centre, Polatom. No
recycling organisations operate within Poland. There are 1398 users of SRS in Poland. There
are some original equipment manufacturers based in Poland and also OEMs based outside the
country do sell equipment into the country. There is one waste management organisation, the
Radioactive Waste Management Department of the Institute of Atomic Energy, within the
country for the storage and disposal of SSRS.

���� ,19(1725<

Table B summarises the inventory of SSRS within Poland. The Central Laboratory for
Radiological Protection (CLOR Polish Abbreviation), on behalf of the National Atomic
Energy Agency of Poland (NAEA or PAA), holds a national register of sealed sources in use
and this is updated annually on the basis of user reports. There is no disused sealed source
register.

Around 20,000 sources are in use in Poland, the majority being 60Co, 239Pu, 137Cs and 241Am.
It is not known how many disused sources are being held by users at users’ premises (because
the registering system does not differentiate between disused sources and sources in use, only
recording ‘sources held’).

There are around 22,870 sources which have been disposed of to the Radioactive Waste
repository (KSOP) in Rozan.

���� 5(*8/$7,216

The Regulations and Regulatory organisations responsible for their implementation within
Poland are summarised in Tables C and D. The existing regulatory framework for sealed
radioactive sources entered into force with issue of the Atomic Energy Act in 1986.

Tables E-G provide a simple summary of the principles of the Regulations, Regulator
philosophy, regulatory controls applied to the management of SRS throughout the different
stages in the life cycle and the compliance monitoring undertaken.

The NAEA is the governmental agency which is empowered by law to deal at national level
with problems resulting from the use of nuclear energy, such as licensing of all activities
connected with the use of radioactive sources (including sealed sources), co-ordination and
control of activities related to the peaceful use of nuclear energy, research and application of
nuclear energy in the national economy, safeguards of nuclear materials, immobilisation and

storage of radioactive waste (including sealed sources), education and information of the
public and foreign co-operation on the matters related to safe use of nuclear energy.
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The agency’s president is appointed by the Prime Minister, but at present is responsible to the
Ministry of Economy. The president is assisted by an advisory body, the Atomic Energy
Council. The president is responsible for full governmental supervision and control with
regard to all aspects of peaceful applications of atomic energy related to nuclear safety and
radiation protection. He is also responsible for radiological emergency preparedness matters
and for contamination measurements at the State level. The President supervises the fulfilling
of State obligations regarding control of foreign trade and transit through Polish territory of
nuclear and radioactive materials and equipment from NPP requirements point of view. To
perform regulatory tasks, the NAEA President uses, as his executive body, the appropriate
NAEA departments, namely the department for Radiation and Nuclear Safety with its
Division of Regulatory Assessment and Inspection of Nuclear Installations, the Department of
Regulatory Control of Radiation Applications and the Division of Non-proliferation and
Safeguards. All of these units of NAEA have regulatory inspectors who are under direct
control of the Chief Inspector.

The following activities need a licence issued by the NAEA:

• Fabrication, processing, distribution (trade), storage and transportation or use of nuclear
materials as well as radioactive sources or waste.

• Construction, commissioning, operation and decommissioning of nuclear plants.
• Construction and operation of radioactive waste disposal facilities.
• Fabrication and use of equipment generating ionising radiation.
• Fabrication of dosimetric devices.
• Commissioning of laboratories in which sources of ionising radiation are to be operated.

The NAEA includes two separate regulatory departments, one to deal with nuclear
installations and one to deal with other uses of ionising radiation.

The Department of Radiation and Nuclear Safety is responsible for licensing nuclear
installations and for inspecting and enforcing legislation of these installations. The licensed
nuclear installations in Poland are the two research reactors at Swierk and the disposal facility
at Rozan. There are five inspectors involved in these activities.

The Department for Regulatory Control of Radiation Applications is responsible for licensing
activities and for inspecting and enforcing legislation at other premises. There are 12 field
inspectors based in three regional offices (Warsaw, Poznan, Katowice).

The primary legislation concerned with nuclear and radiation safety is the Atomic Energy Act
(1986), amended in 1987, 1991, 1994, 1995 and 1996. The Act requires that any activity in
Poland which causes or may cause exposure to ionising radiation is subject to control by a
regulatory body (NAEA). The Atomic Energy Act is supported by two forms of subsidiary
legislation, namely Decrees issued by the Council of Ministers, and Regulations of the NAEA
President. Both forms of subsidiary legislation are published in the Law Gazette of the Polish
People’s Republic. In the past, Regulations could be issued by the NAEA President.
However, the issue process now requires ministerial approval.
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The decrees issued under the Atomic Energy Act cover:

• Scope of activities of the NAEA and its President (23 February 1987).

• Organisation, particular assignments and modes of exercising the regulatory surveillance
functions (11 January 1988).

• Conditions for granting licences for activities related to the use of nuclear energy
(21 November 1995).

• Conditions to be fulfilled by the applicant for a licence (21 November 1995).

The Regulations of the NAEA President contain matters of detail, and will include, for instance,
the implementation of Council Directive 96/29/EURATOM.

Classification, recording, immobilisation, storage and disposal of radioactive wastes are
defined in a Regulation of the NAEA President (19 May 1989). This Regulation groups
wastes according to the following categories:

1. Beta and gamma emitters of:

a) low level radioactivity
b) intermediate level radioactivity
c) high level radioactivity

2. Alpha emitters

3. Spent closed radioactive sources

The regulation includes clearance levels which are based on specific activity expressed in
annual limit of intake (ALI) per cubic metre of waste, or alternatively kBq/kg where use of
the ALI method is not possible (see Table 6.1). The clearance levels are 10 kBq/kg for alpha
emitters and 100kBq/kg for man-made beta/gamma emitters. It is therefore unlikely that
significant sealed sources could be decay-stored by users in order to allow disposal as non-
active waste.

The method of categorising beta and gamma wastes is shown in Table 6.2. Note that
classification of beta and gamma wastes into low, intermediate and high active groups does
not apply to sealed sources, which form a separate group.

The process of applying to the Department of Nuclear Safety for a licence is made available on
the internet. Application is made to the NAEA President (nuclear installation) or to the Chief
Inspector (other premises).

Licences are required for manufacture, use, storage, importation, transport and disposal of
sources. Any company which sells sources in Poland needs to hold a licence, even if the
company is not based in Poland. There are some exceptions to this requirement for products
of low activity. These include smoke detectors and radio-immunoassay kits.
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In accordance with Article 8 of the Atomic Law, the organisational unit manager must prepare a
justification for the proposed practice, to demonstrate that scientific, economic and other benefits
prevail over possible hazard to human health and the environment. This ensures compliance with
EU requirements to avoid unnecessary proliferation of radiological equipment.

A small initial charge is made for processing a licence application. The time taken to process
an application is six months for nuclear installations and one month for other premises. In the
past, indefinite licences were issued. However, licences now have a validity period, which is
usually five years.

Licence conditions define the radionuclide which can be used, the maximum activity and the
form of the radionuclides. There is a licence condition requiring imported sources to be
returned to the manufacturer for disposal. However, there are no limits on the storage time for
disused sources, and no policy to encourage disposal. Sources held in storage must comply
with storage conditions defined in a Regulation of the NAEA president (19 May 1989).

Licensees are required to appoint suitable qualified personnel to specific posts with particular
responsibilities for the management and use of radioactive materials. These posts are defined
in a Regulation of the NAEA President (28 July 1987) along with the necessary qualifications
and experience required by post holders. For users of sealed sources, a key post includes the
Inspector of Radiation Protection, who must have, in addition to relevant higher education
qualifications and two years relevant experience, a certificate issued by the NAEA. The
certificate is issued following satisfactory completion of a six-week training course and
examination run by Central Laboratory for Radiation Protection (see below), or by otherwise
demonstrating the necessary experience.

An inspector’s authority includes the ability to close any facility which is operating
unsatisfactorily (the licensee may then appeal to the Chief Inspector).

Prior to the Atomic Energy Act 1986, supervision of the use of radioactive materials was the
responsibility of the Ministry of Health. This responsibility was carried out with the support
of CLOR which was established in 1957. Various decrees of the Council of Ministers and
Regulations of individual ministers were issued dating from 1961 onward.

CLOR continues to provide support to the current regulator. Although it is an independently
managed organisation, it reports to, and receives funding from the National Atomic Energy
Agency (Department of Radiation and Nuclear Safety).

The main statutory responsibility of CLOR is the protection of the general population and
occupationally exposed persons against the hazards of ionising radiation. CLOR fulfils this
task by providing advice to private and governmental organisations.

The main activities of CLOR are:

• Research on mechanisms of biological effects of radiation, behaviour of radionuclides in
environment and in living organisms and the improvement of dosimetric and monitoring
methods.

• Monitoring of environmental radioactivity.
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• Personal dosimetry.
• Recording the use of radioactive sources.
• Calibration, control and standardisation of dosimetric equipment.
• Education and training.

���� &855(17�0$1$*(0(17�35$&7,&(6

Aspects concerning the management of SSRS in Poland are summarised in Tables H-J.

The Institute of Atomic Energy (IAE) is responsible for operating the Swierk and Rozan sites.
The Swierk site includes two research reactors, EWA and MARIA. EWA is in the process of
being decommissioned. Parts of the Swierk site are occupied by the Radioisotope Centre
(POLATOM). The Rozan site is Poland’s radioactive waste disposal facility.

The Director of IAE reports to the President of the NAEA. The Director of the Radioactive
Waste Management Department (ZDUOP) reports to the Director of the IAE. The
Department of Radiation and Nuclear Safety of the NAEA fulfils regulatory functions, but
also provides funding for the waste management activities of ZDUOP.

The ZDUOP is licensed by NAEA to collect radioactive waste resulting from the use of
radioactive materials at Swierk and throughout Poland, transportation of radioactive waste,
interim storage at Swierk, treatment, conditioning and all necessary preparation for storage
and decontamination following incidents involving radioactivity throughout Poland. The
ZDUOP is also licensed to operate the disposal site at Rozan. Licences are reviewed and re-
issued every five years. Regulatory inspections of the IAE’s facilities take place at least once
per year.

The ZDUOP provides a radioactive waste collection and disposal service which operates
throughout Poland. This includes the collection of sealed sources.

Although ZDUOP is partly funded by government, through the NAEA, it is required to
recover much of its costs by charging source users for disposal services. Although collection
and disposal costs are relatively small, some waste producers are unable to pay for disposal.
In such cases, if the user meets regulatory requirements, permission is given for the user to
store disused sources in their premises. In extreme cases (e.g. bankruptcy, lost sources),
ZDUOP is obliged to provide free disposal.

In most cases, sources are collected by ZDUOP and transported to Swierk, although waste
producers who are licensed to transport radioactive materials are allowed to deliver sources to

Swierk using their own transport. Drivers are equipped with radiation and contamination
monitoring equipment and are trained in the carriage of dangerous goods by an independent
examination body. Details of the waste transported are recorded in a format specified in a
Regulation of the NAEA President (19 May 1989). A copy of this disposal form is kept by the
waste producer, who is required to report such moves annually to the NAEA.

The number of sources collected per year is in the range 500-2200 including alpha sources
(plus 25000-30000 smoke detectors). Details of the average number of sources received by
IAE per year of each radionuclide are given in Table 6.3.
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Once at Swierk, most sources are stored as received, either in source holders (gauges) or in
transport containers, until they can be transferred to Rozan. Sources held in storage at Swierk
and Rozan are recorded on a database (EDORA) which has operated since 1995, but which
also holds historical information preceding 1995. The database includes automatic decay
correction of the source inventories to current activities.

Processing of sources (e.g. for volume reduction) is not normally carried out at Swierk, which
has no shielded handling facility. However, there is a glove-box facility for dismantling Pu
sources from smoke detectors. The sources are placed in metal cans (approximately 1 litre),
and when filled, are immobilised with polyester resin. The cans are subsequently placed in 50l
metal drums and grouted.

The sources are then transferred to Rozan for disposal. The maximum activity per source at
Rozan is 400 GBq. Sources exceeding 400 GBq are kept at the user’s premises or are returned
to the source supplier.

Quality Checking of waste drums is carried out to ensure the waste complies with conditions
for acceptance at Rozan. If radiation dose rates are higher than would be expected for the
declared activity, contents are examined. On several occasions, sealed sources have been
discovered in drums of LLW.

Sources and other wastes are transferred from Swierk to Rozan in disposal campaigns.

The National Repository of Radioactive Waste (KSOP) at Rozan, 90km from Warsaw, is a
near surface repository. The layout of the repository is shown in Figure 6.1. It is located in a
military defensive structure (3.05 ha) built about 1910 and taken over by the Institute of
Nuclear Research in 1961, at which time the first waste was placed in the repository. The
present owner is the Institute of Atomic Energy.

The repository makes use of the existing defensive structures within the site. These consist of
a number of concrete bunkers with roof and wall thicknesses of 1.2 to 1.5 metres and floor
thicknesses of about 30cm, surrounded by earthworks, which include a large, dry ditch.

On receipt at Rozan, waste is initially placed in chamber K5 of the facility No. 1. It is then
moved to a storage or disposal location appropriate to the type of waste. The following
locations are relevant for the disposal of sources.

)DFLOLW\��$� This facility is the main location for final disposal of beta/gamma
sources with half lives of less than 30 years. It is based on an
underground corridor, which has been converted into 16 separate
concrete chambers of dimensions either 340x190cm or 240x520cm.
The layout of this section is shown in Figure 6.2. Waste is placed in the
chambers from surface level (5-10 metres above chamber) by dropping
into a tube (20cm or 48cm diameter). The tube includes a dog-leg to
minimise radiation shine. Sources are moved to the entry hatch at the
top of the chamber in their transport containers or source holders. The
sources are then tipped into the chamber. Transport containers and
source holders are not dropped into the chambers due to the risk of
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damaging sources already in the chamber. Therefore, sources which
cannot e removed from their holders (e.g. because of method of
manufacturer, or corrosion) cannot be disposed in this way. Hatches
covering the access tubes to some of these chambers can be seen in
Figure 6.3.

&KDPEHUV���DQG Alpha wastes and alpha sources are not sent to Rozan for final storage,
���)DFLOLW\���� but long term interim storage is provided in these chambers. Chamber 

6 is used for radium-226 containers (see Figure 6.4). The radium 
sources are immobilised in glass within a brass container which is 
placed in the outer lead/concrete shielded storage container (see 
Figure 6.5). The current inventory of 226Ra in Rozan is 8g (an 
additional 15g are still at user premises around Poland). Other alpha 
wastes and sources are stored in galvanised drums in Chamber 4. 
Smoke detectors and other plutonium sources are stored here, along 
with alpha-bearing Low Level Waste.

)DFLOLW\��� This facility is intended principally for final disposal of short lived
beta/gamma waste in 200 litre galvanised drums. It is also used for
occasional disposal of sealed sources which cannot be removed from
their source housing (e.g. due to corrosion of housing). The facility
consists of sections of the original dry ditch earthworks surrounding the
fort. These sections are lined with concrete. Drums are then stacked in
the next available section. Using shuttering, the volume around the
drums is then filled in using a concrete grout. Filled areas of moat are
then covered with a multilayer consisting of concrete and different
types of bitumen.

The total volume of waste received at Rozan is approximately 100 m3 per year, of which
20 m3 is alpha waste for interim storage. The volume of sealed sources is a very small fraction
of the total volume received. There is estimated to be capacity for wastes produced up to
2020.

The main acceptance criteria and limits for storage or disposal at Rozan are based on a
Regulation of the NAEA President (19 May 1989) as well as site specific considerations. The
main criteria are:

• Total inventory of repository must not exceed 185 TBq (taking account of decay).
• Total activity per source must not exceed 400 GBq.
• Total activity per waste drum must not exceed 18.5 GBq.
• Dose rate at surface of storage container must not exceed 2 mSv/hr.
• Specific activity of alpha isotopes in waste for disposal must not exceed 10 Bq/g.
• Maximum half life for final disposal is 30 years (beta/gamma).

Geological and hydrological assessments of the Rozan area have been carried out over many
years. Most recently, information from independent reports by the Geological Institute has
been used in support of a safety assessment of the site reported in 1999.
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In general, the site is situated in an area of clay, sandy clay, sand and gravel layers. The
lowest level of disposal is 121 metres above sea level, 15.4 metres above ground water level,
30 metres above the highest recorded level of the nearby Narew river and 50 metres above the
level at which ground water is extracted for the local community’s water supply.

No problems with the Rozan site were identified in the safety assessment, with the exception
that the local town has expanded since 1961 and the nearest houses are now only a few
hundred metres from the site.

There is a series of boreholes both on and off the Rozan site. The ZDUOP carries out a
programme of sampling of boreholes, grass and soil within a radius of 300 metres from the
facility and takes river water samples from the Narwi river (800 metres from the facility). The
regulator (NAEA) makes regular visits (2-3 times per year) and carries out its own
independent environmental sampling.

Environmental monitoring has not identified any releases outside the boundary, although
tritium has been identified in borehole samples taken within the site boundary.

���� 5(75,(9$/�2)�815(*,67(5('�63(17�6($/('�6285&(6

Table L summarises the situation regarding sources ‘lost’ from regulatory control and their
recovery in Poland.

The CLOR operates an emergency response system to respond to all types of radiological
incidents, including retrieval of unregistered sealed sources when these are found. Response is
provided by two-person duty teams based in Warsaw. Users of sealed sources and open
source radioactive materials are obliged to contact CLOR in the event of any incident. There
is no lower limit, so all incidents must be reported. Following discussion with the licensee, the
problem will either be dealt with by the user’s own staff, or the emergency response team will
attend. No charge is made to the user in the event of a call-out. After every incident, CLOR
completes a report in standard format and sends it to NAEA.

In addition to call-outs from users, CLOR also responds to calls from police, border guards
and scrap metal facilities.

In the early 1960s, call-outs were frequent, and commonly involved accidents with gamma
radiography equipment. In a three month period in the late 1960s, there were over 60 call-
outs. These days, call outs are less regular. There have been examples of radioactive materials
being smuggled from ex-SSRs and of radioactive material being found in metal scrap.
Typically, radioactive material found in scrap metal contains naturally occurring radioactive
material (scrap metal from coal mines is often contaminated). Attempts to smuggle sealed
sources and depleted uranium have been discovered. A list of incidents in Poland involving
sealed sources is given in Table 6.4��The information has been obtained from the CLOR
database.

A recent decree of the Ministry of the Economy (1999) on the Safety and Hygiene of Work
When Eliminating Hazardous Material in Scrap Metal requires storage sites for scrap metal to
monitor for radioactivity and to inform CLOR, police and fire brigade in the event of
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radioactivity being found. The biggest steel plant now employs an Inspector of Radiation
Protection.

Where sources are identified in consignments of scrap metal the NAEA is informed. Attempts
are made to identify and return the material to the supplier. Where this is not possible, the
waste is consigned to the Radioactive Waste Management Department of IAE. Scrap metal
transfer facilities and recycling plants are regulated in accordance with the Basic Safety
Standards recommendations. Fixed radiation monitoring stations are in use, with clearance
criteria of approximately 0.5 µSv/h.

���� 5(*8/$725<�$1'�0$1$*(0(17�6<67(0�&21&/86,216

The regulatory system for sealed sources in Poland is well established. Although the current
regulatory principles date from 1986, previous regulations have existed since at least 1957.
The regulatory system takes account of  current EU requirements, including Council Directive
96/29/EURATOM (see Table 2.1). There is a system of reporting inventory changes, and of
annual inventory reporting. These reports are entered into a national database by CLOR,
which provides checking and verification of the reports against licensed limits and previous
reports. There is good communication between CLOR and the field inspectors. Therefore,
regulatory control of sealed sources is considered to be good.

Nevertheless, there are a number of areas in which change should be, and in some cases,
already is being considered:
 

• The close organisational relationship between the various government bodies involved in
nuclear regulatory and operational activities creates conflicts of interest. The Atomic Law
is to be revised shortly (probably within a year) to deal with these issues. Proposed
revisions include separation of the ZDUOP Waste Management Department from the
Institute of Atomic Energy, and separation of Institute of Atomic Energy from the
regulator. This will separate the regulatory responsibilities of NAEA from the
“promotional” activity of IAE, in line with IAEA guidelines. It will also create a clear
separation between the regulator and the operational and commercial interests of the
ZDUOP. The regulator will report directly to the Prime Minister, while the other
organisations will report to separate ministries.

• The President of NAEA reports to the Ministry of Economy. Many small user
organisations (licensees) are state owned and also report to the Ministry of Economy. This
creates the potential for conflicts of interest. Therefore, it is proposed that the revised
Atomic Law will introduce direct reporting of the NAEA president to the Prime Minister.

 

• There is currently no policy to force small users to dispose of disused sources.
Considerable numbers are therefore held at users’ premises (see Figure 6.6). It is expected
that the new Atomic Law will allow the inclusion of storage time limits as a licence
condition. Users will also be responsible for meeting increased management control
requirements during storage, which will encourage disposal of disused sources as an
easier option.

 



0DQDJHPHQW�RI�6SHQW�6HDOHG�5DGLRDFWLYH�6RXUFHV�LQ

&HQWUDO�DQG�(DVWHUQ�(XURSH

&RQWUDFW�%���������������0$5�&��²�)LQDO�5HSRUW

$($�7HFKQRORJ\�����

• The Polish system prohibits the return from abroad of spent Polish manufactured sources
for disposal in Poland. This is not consistent with current international practice, by which
spent sealed sources are exempted from regulations relating to transfrontier shipment of
radioactive waste.

• The national source inventory database contains detailed information, and has operated in
electronic format since 1995. Before that, paper records have been kept since the 1960s. It
is nevertheless possible that very old sources may not be included within the system.

• The records of disused sources in store at users’ premises are likely to be an under-
estimate, given the numbers sold per year and the five year storage period. It is possible
that low activity sources are disposed as solid low level waste, as Quality Checking by
ZDUOP has indicated that sealed sources are not always segregated from other solid
wastes, and Polatom have never sent sealed sources to ZDUOP for disposal.

 
 There are good arrangements for the near surface disposal of radioactive wastes, including
sealed sources. The facility at Rozan is a well managed disposal site, in which waste
categories are well segregated. The operating limits of the site are clearly defined and good
environmental monitoring arrangements are in place.
 
 However, there are a few areas of concern:
 

• Since the Rozan repository was first established, the nearby town has grown, and the
nearest houses are now quite close to the repository. It would be advisable to review the
repository risk assessment to take account of this change, and to consider limiting further
development close to the facility.

• The maximum activity per source for storage or disposal at Rozan is 400 GBq. Sources of
higher activity cannot be stored or disposed at Rozan, nor can they currently be stored at
Swierk, although receipt at Swierk for interim storage was possible until about 10 years
ago. There are about 50 disused sources in Poland which therefore need to be stored at the
users’ premises. These include high energy gamma sources, tritium lighting device and
tritium targets. This is expected to be a historical problem only, because licence
conditions over the last five years have included a requirement to include disposal of
sources within the contract at the time of purchase. ZDUOP hopes to obtain permission
from the regulator in the near future to receive such high activity sources for interim
storage at Swierk.

 

• There is no current disposal route for alpha waste or for high activity beta/gamma sources
or wastes. The NAEA, IAE and State Geological Institute are studying options for a
further near surface site and a deep underground site. The deep underground site will be
required for disposal of spent reactor fuel if return of the fuel to Russia cannot be
arranged. Although technically acceptable candidate areas have been identified, there is a
problem with public acceptance.

 

• There are approximately 13 high activity sources stored in ponds at Swierk, which cannot
currently be sent to Rozan.
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• There is a quantity of depleted uranium at Swierk which cannot be sent to Rozan. It is
hoped that this will eventually be possible (for interim storage in retrievable form in
Facility 1) and discussions with IAEA Safeguards are being held with the intention of
agreeing storage conditions.

• Despite modest collection and disposal costs, many users choose to store sources in their
own premises, rather than dispose of them.

 

• The regulations classify sealed sources in a separate category from other radioactive
wastes. However, sealed sources are occasionally discovered in LLW drums.

���� 7(&+1,&$/�$66,67$1&(�352-(&76

The situation regarding management of spent sealed sources in Poland is generally good.
However assistance is recommended for the review of the risk assessment of the Rozan
repository in two specific areas:

1. The local population density has increased considerably since the repository was opened, 
and distance to nearest housing has reduced. Assistance with assessing the potential for 
radiation dose to the local population is recommended.

2. Safety and environmental risk assessments of the sealed source disposal facility (3A).
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7DEOH������/HYHOV�RI�5DGLRDFWLYH�6XEVWDQFHV�&RQWHQW�LQ�:DVWH
)URP�5HJXODWLRQ�RI��3ROLVK��1DWLRQDO�$WRPLF�(QHUJ\�$JHQF\¶V�3UHVLGHQW�RI
�WK�-XQH�����

No Waste Form Radiation Amount of
Radioactivity

Substances

1 2 3 4 5(3)

Beta
Gamma

100kBq/kg(5)

500kBq/kg(3)1 Solid
Alpha

100 ALI/m3 (4)

10 kBq/kg
Beta
Gamma

10 kBq/m3

2 Liquid
Alpha

0.01 ALIp/m
3 (3)

1 kBq/m3

Beta
Gamma3 Gaseous
Alpha

0.1 DAC(6)

4 Bq/m3

7DEOH������&ULWHULD�RI�4XDOLI\LQJ�%HWD�DQG�*DPPD�(PLWWLQJ�:DVWHV
)URP�5HJXODWLRQ�RI��3ROLVK��1DWLRQDO�$WRPLF�(QHUJ\�$JHQF\¶V�3UHVLGHQW�RI
�WK�-XQH�����

Waste TypeNo Waste Form
Low Active Intermediate Active High Active

1 2 3 4 5

1 Solid <106 ALIp/m
3

p

or <104kBq/kg
106-109 ALIp/m

3
p

104-107kBq/kg
>109 ALIp/m

3
p

or >107kBq/kg

2 Liquid <102 ALIp/m
3

p

or <104kBq/kg
102-105 ALIp/m

3
p

104-107kBq/kg
>105 ALIp/m

3
p

or >107kBq/kg

3 Gaseous <10 DAC
or <4 kBq/m3

10-106 DAC
4-105 kBq/m3

>106 DAC
> 105 kBq/m3

                                                
3 Levels stated in column 5 are applicable when it is impossible to determine levels stated in column 4.
4 ALI denotes derived factors being annual limit of intake of radionuclides through alimentary canal (ALIp) or

respiratory organs (ALIo) for people employed in conditions of ionising radiation exposure stipulated in
separate provisions.

5 Level of 500 kBq/kg is to be applied in case of natural radioactive substances and level of 100 kBq/kg for other
than those.

6 DAC denotes derived factors being concentrations of radionuclides in atmosphere for people employed in
conditions of ionising radiation, stated in separate provisions, where DAC = ALIo/2400m3, where value of 0.1
DAC corresponds to ventilation outlet.
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7DEOH������$YHUDJH�1XPEHU�RI�6RXUFHV�5HFHLYHG�3HU�<HDU�IRU�'LVSRVDO�E\
,$(��3RODQG���EDVHG�RQ�GDWD�IRU�����������

5DGLRQXFOLGH $YHUDJH�1XPEHU�RI
6RXUFHV�3HU�\HDU

60Co 562
137Cs 135
90Sr 101
204Tl 48
85Kr 15
3H 11

143Ce 9
57Co 7
63Ni 6

147Pm 6
14C 5
90Y 4
55Fe 3

106Ru 2
109Cd 2
152Eu 2
133Ba 2
54Mn 2

Others 17
727$/�%(7$�*$00$ ���

239Pu 724
226Ra 185

241Am 62
Uranium 11

210Po 9
Thorium 5

238Pu 2
237Np 1

TOTAL ALPHA ���

7DEOH������/LVW�RI�5DGLRORJLFDO�,QFLGHQWV�,QYROYLQJ�6HDOHG�6RXUFHV�LQ
3RODQG�LQ������±�����

1XPEHU�RI�UDGLRORJLFDO�LQFLGHQWV/S .LQG�RI�LQFLGHQWV
���� ���� ����

1 Robbery, damage or lost sources 21 2
2 Uncontrolled source in a public

area, smuggling or illegal
possessing of sources

8 3

3 Fire in the place of radiation
source

5 3

4 Disturbance in work of device
source

5 -

5 Other 8 5 4
7RWDO �� �� �
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Table A summarises the market activity relating to sealed sources in Slovenia. At present
there is very limited manufacturing of sealed sources in Slovenia by the Jozef Stefan Institute.
This mainly involves the preparation of 60C sources to special order. No recycling of sources
is undertaken within the country, but some sources are returned to overseas suppliers. There
are two hospitals, around 100 industrial and 15 - 20 research users of SRS in Slovenia. Most
sources used in Slovenia are imported, predominantly 192Ir, 60Co, 57Co, 90Sr and 59Fe.  There
are no equipment manufacturers based in Slovenia but OEMs based outside the country do
sell equipment into the country. One waste management organisation the Agency for
Radwaste Management (ARAO) exists within Slovenia.

���� ,19(1725<

Table B provides a breakdown of the inventory of SRS currently in use, stored at users
premises, at central interim storage facilities, or disposed of in Slovenia. The types of sources
in use within Slovenia are listed in Table 7.1.

All 622 disused sources held within central store are located in the Central Interim Storage
facility at Brinje. The total activity of all the sealed sources is around 3500 GBq. No SSRS
have been disposed of in Slovenia in the past 30 years. The RAO Agency operates a bespoke
central database for SSRS held in the central interim storage facility. Information from the
Health Inspectorate of the Republic of Slovenia (HIRS), the Institute of Occupational Safety
(ZVD) and the Slovenia Nuclear Safety Administration (SNSA) is being used to assist with
projections of future arisings of SSRS requiring storage and subsequent disposal. The
provision of this information to the RAO Agency relating to sources currently in use is
voluntary.

���� 5(*8/$7,216

The Regulations and Regulatory organisations responsible for their implementation within
Slovenia are summarised in Tables C and D. The existing regulatory framework for sealed
radioactive sources entered into force with issue of the Act on Performing of Radiation
Protection and Safe Use of Nuclear Energy in 1980 and the Act on Radiation Protection and
Safe Use of Nuclear Energy in 1984 together with the corresponding regulations.

Tables E-G provide a simple summary of the principles of the Regulations, Regulator
philosophy, regulatory controls applied to the management of SRS throughout the different
stages in the life cycle and the compliance monitoring undertaken.

There are two regulators with responsibility for issues relating to the management of SRS’s in
Slovenia, the SNSA and HIRS. The SNSA is responsible for radiological safety at all nuclear
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Installations and import, export and transport of radioactive material, for which it issues
appropriate import/export and transportation licences. The HIRS is responsible for health and
safety of workers and safety in the workplace. HIRS issues licences for the purchase and use
of radioactive materials and transport of sources (radiopharmaceuticals) which are used for
diagnostics and therapy.

Licensing is required for all activities involving radioactive material including sealed sources.
There are the two regulators (HIRS and SNSA) and an authorised (‘expert’) organisation (The
,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�RI�WKH�5HSXEOLF�RI�6ORYHQLD�DQG�RU�-RåHI�6WHIDQ�,QVWLWXWH�
involved in the licensing system. The expert organisation is commissioned by the (proposed
or current) user to audit the intended equipment and operations. The expert organisation then
submits a report to the regulator on the suitability of the intended equipment/operations; this
forms the basis for the regulator to accept or reject the issue of a license.

������ /LFHQFH�IRU�SXUFKDVH�DQG�XVH

A licence is issued by the HIRS on the basis of “Expertise” given by an authorised
organisation. A licence document describes the conditions which the licensee is required to
adhere to. The typical source user’s licence includes:

• Details of the company.
• The activities which are covered by licence.
• Data about the radioactive materials.
• Type of radionuclides.
• Isotope activity (activity of each declared nuclide per year and total activity of the

nuclides per year).
• The purpose of the radioactive material.
• The period of validity of a licence.
• The legislative background.
• The information on which laws are obligatory for the user.
• Requirements for inspection of the authorised organisation.
• The requirements recommending the ‘disposal’ route for disused sources (this detail was

brought into the licence in 2000).

The licensees are obliged to have an examination of the radiation protection measures in the
working environment (individuals, place, SRS, user’s storage) every year by one of the two
authorised organisations, to verify compliance with the regulations. The expert organisation
has a program questionnaire that they use when auditing organisations.  The questionnaire
mirrors the format of the report that is required by the regulator for the (re-)issuing of
licenses. An operations assessment of the source usage and estimate of what operator doses
should be under normal usage is made.  This estimate is compared with measured doses from
dosimetry records; if significant discrepancies occur, this is investigated further.

There are no demands for a leak test of sealed sources, but the auditors do check that a source
has not exceeded its recommended working life from the original source certificate.

The authorised organisation prepares “The Report on the examination of the SRS” which is
sent to the regulator (HIRS). If the Report is not sent to the regulator, he categorises the user
as “problematic”, and appropriate follow up measures are instigated.
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The licensing period is now fixed for one, three or five years. (The period of validity of a
license issued before 1995 is until official cancellation).

There is no direct charge on issuing the license. The Expertise and Annual Report necessary
for issuing the license are charged for. The charge depends on the number of sources held.

There is currently no system of exempting radioactive material from part or all of the relevant
legislation in Slovenia, although the Regulations are currently being updated in respect of
this.

������ /LFHQFH�IRU�LPSRUW�H[SRUW

A licence for import (single or multiple)/export is issued by the SNSA. A periodic report is
required from licensees to obtain a multiple licence. The document should specify the
quantity of imported radioactive material.

Import/Export licences typically include the following information:

• Company, registration number, full address – user or owner of the goods exported.
• Nine-digit tariff number.
• Denomination of goods according to the custom’s tariff nomenclature.
• Trade name of goods or chemical name of goods, the grade – contents of particular

substance that is subject to the regulations.
• Quantity of goods that are the subject of the application.
• Company and full address of the foreign exporter/importer.
• Deadline for execution of the import or export.
• Statement about the intended use of imported goods.
• Import license of the importing country if export license from Slovenia is required.
• Other data set by special regulations.

If an organisation is bringing a source into Slovenia two licenses are required at the border:
import/export and a transportation (to obtain an import/export license a license is first
required for use from the Health Inspectorate). If an organisation is simply transferring a
source through Slovenia, a transit license only is required.  The control system checks that the
source comes into the country and also leaves.

������ /LFHQFH�IRU�WUDQVSRUW

A licence is issued by the SNSA which is also checked and approved by the HIRS. The
licence typically includes the following information:

• Data on the producer, consignor, carrier, and recipient.
• Data on quantity, chemical and physical structure.
• Specification of the transportation route.
• Specification of the place of unloading.
• Time of commencement and scheduled time of completion of the journey.
• Time and places scheduled for stops during the journey.
• Data on the vehicle used in and driver carrying the transportation of dangerous goods.
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Both domestic and international transportations comply with the ADR’s.

���� &855(17�0$1$*(0(17�35$&7,&(6

������ *HQHUDO

Aspects concerning the management of SSRS in Slovenia are summarised in Tables H-J.

Source owners in Slovenia are subject to stringent controls but are not specifically required to
inform the regulator (HIRS) of their holdings of GLVXVHG�VSHQW sources. However, information
on the use of sources is often supplied to the regulatory by the authorised organisation in the
mandatory Annual Report to the regulator, or it may be ascertained during an inspection by
the regulator. There is a mechanism available to the regulator to enforce the consignment of
disused SRS’s to the central interim store if it is considered that ‘a negative impact of the
disused SRS is occurring, or could occur, on the population.’

The license does not contain specific conditions with regard to the GLVSRVDO of disused
sources, since no disposal site currently exists. However, due to the very specific controls
applied to the use and movement of sources in Slovenia, it is obvious that requirements to
ensure that sources are not incorrectly passed on to an unsuitable store or overseas disposal
site are in place.

������ /RQJ�WHUP�LQWHULP�VWRUDJH�DQG�GLVSRVDO

Users can either return spent sources to the supplier for export or send it to the Central interim
storage facility. The only radioactive waste interim storage facility in Slovenia is located at
Brinje near Ljubljana in the vicinity of TRIGA Research Reactor (Figure 7.1).

The Government is the owner of the Central interim storage facility but by a Government
decree in May 1999, the RAO Agency was appointed as the responsible organisation for the
operation of the facility on behalf of the Government.

The Central interim storage facility for small waste producers is a near surface concrete
building covered with soil. The building, with the area of 25.7 m x 10.6 m and a height of 3.6
m, is subdivided by concrete walls into nine storage sections and an entrance area
(Figure 7.2). One section for radioactive waste is deepened compared to the floor of the other
building parts. The facility is equipped with a ventilation system to remove radon
contaminated air. The storage gates are protected by a laser barrier connected with an alarm
signal.

The volume capacity for all the wastes is approximately 500m3 and with the waste held in its
current form, the facility is essentially full. A reconstruction and modernisation of the storage
is currently planned to make better use of the space available. A Safety Assessment for the
facility is currently being produced. The waste and SSRS already stored in the Central interim
storage will make the reconstruction of the storage facility more difficult logistically.

The facility can accept any types of sources provided they are retained in their transport
package and dose rates are acceptable (Figures 7.3 and 7.4).
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Funding for the interim storage and disposal of SSRS is partly by the Government and partly
by the waste producers under a tariff based system.

There is presently no disposal facility for any type of radioactive waste in Slovenia, although
ARAO is�currently developing a waste disposal project including site selection.  They are
investigating some possible locations. Both near surface and underground disposal concepts
are being considered. Public opinion will be sought before a final decision is made. It is
planned to proceed with site selection procedure and to select the location for L/ILW disposal
by 2005. The future L/ILW repository is planned to be financed through a special fund (a
fund for decommissioning of the NPP Krško and radioactive waste management) and the state
budget.

������ 0DQDJHPHQW�RI�UDGLXP�VRXUFHV

With respect to Ra sources, there is a container of Ra sources in the central store, a single Ra
needle on display in a hospital museum, together with around sixty drums of contaminated
spoil at Brinje resulting from an incident involving a single Ra needle.

������ 6XPPDU\

Overall, it is considered that the safety and environmental implications of the current
management practices with respect to SSRS in Slovenia are acceptable. There is effective
tracking of sources throughout their life cycle, and usually sources no longer in use can be
consigned to a secure Central interim storage facility.  A temporary issue relates to the fact
that the store is currently full, until it is upgraded and some wastes repackaged more
efficiently. The sources are stored in a retrievable form. A safety assessment is currently
being undertaken in order to justify the storage arrangements. In the future, a L/ILW
repository is planned.

���� 5(75,(9$/�2)�815(*,67(5('�63(17�6($/('�6285&(6

Table L summarises the situation regarding sources ‘lost’ from regulatory control and their
recovery in Slovenia.

In 1995, on a routine visit to a premises, the health inspector noticed increased radiation
levels in the factory yard compared to the background. He reported the event and it was
subsequently identified that the source of the increased radiation levels was a ‘lost’ 137Cs
source. Experts from Ecological Laboratory Mobile Emergency Response Unit excavated the
source and this was transferred for safe storage in the Central interim store at Brinje.

No formal survey of ‘lost’ sources has been carried out in Slovenia. In the past it was reported
that some old radium sources were missing from the Oncological Institute. The sources were
reported to be stored at the Central interim storage at Brinje but they are not listed in the
inventory of the store. By physical measurements in the storage facility it has been confirmed
that the lost radium sources are not present in the facility.

HIRS is very involved with the police, fire services etc. in a national emergency response
procedure.  They have also been involved in producing counter measures against the problems
and hazards caused by the illicit movement of radioactive and nuclear materials.  At border
controls, unless items are approved radioactive materials for transport (with full
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documentation), if any item is found with levels >3x background or >0.2 µsv/h the Police and
+,56�DUH�LQIRUPHG�DQG�WKH�FRQVLJQPHQW�LV�VHQW�EDFN���7KH�-RåHI�6WHIDQ�,QVWLWXWH�DOVR�KDV�D
full emergency mobile laboratory/response vehicle which can be called out.

The discovery of a spent source in scrap material should be reported to the HIRS. The HIRS
subsequently acts according to the Slovenian Emergency response procedure. This includes
meeting with all the parties with an involvement with the source, including the SNSA and the
RAO Agency. The RAO Agency eventually receives the source for storage. All scrap metal
facilities in Slovenia operate fixed radiation monitoring ports.

It was considered that the most effective measures that could be taken to prevent any future
losses was a strict following of the regulations with consequent reporting to the regulators and
storage operators.

���� 5(*8/$725<�$1'�0$1$*(0(17�6<67(0�&21&/86,216

Table 2.1 provides a comparison of the Regulatory and management situation in Slovenia
with current EU requirements and accepted best practice. There is a controlled system of
reporting and authorisation for all practices involving a hazard arising from ionising radiation,
as discussed in section 7.3 and Tables C and D. It is considered that steps are in place to avoid
the unnecessary proliferation of radiological equipment, largely due to the strict and very
specific licensing and notification procedures in place.

The regulator holds accurate records of all sealed sources and it is possible to track
movements of sources between different users. A central recognised installation is available
for the long term storage of SSRS, although this is currently full and requires upgrading to
ensure that sources can continue to be accepted in the future.

The discovery of a spent source in scrap material should be reported to the HIRS. The HIRS
subsequently acts according to the Slovenian Emergency response procedure with the RAO
Agency eventually receiving the source for storage. All scrap metal facilities in Slovenia
operate fixed radiation monitoring ports.

Overall, it is considered that the regulation and management of SRS’s in Slovenia is well
managed, to a level which is largely consistent with current EU member states. The key issues
identified during this study relating to the regulation and management of SSRS in Slovenia
are as follows:

• Currently there are two Regulators involved in the Regulation of spent sealed sources. The
systems appear to work effectively and are understood and adopted by industry. However,
it is considered that there may be some efficiency and other benefits to be gained from
streamlining the system to one Regulator, and this would be worth considering.

• The refurbishment/upgrade of the Brinje storage facility is obviously important if SSRS
are to be able to be stored centrally in the future. In relation to this, a safety assessment is
required for the Brinje facility.

• There are minor discrepancies in connection to the inventory/database of SSRS. Indeed,
within Slovenia there are up to four different databases, developed by different
organisations for different purposes. [i.e. ZVD database of organisations inspected (95%
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of all users in Slovenia), HIRS database of users and licences, SNSA database of
import/exports and transportations within and through Slovenia, and the ARAO database
of stored sources at Brinje]. Attempts are being made to pull together all of this
information in order to ensure that it is internally consistent. The logical organisation to
undertake such a task is probably the RAO Agency.

• Consideration needs to be given to the degree of physical investigations that should be
performed on the stored wastes at Brinje, in order to validate the paper records for the
waste store. A detailed ALARP justification should be prepared to support any
investigations.

• Slovenia currently has no plans for co-ordinating its own waste disposal with any of its
neighbours; i.e. Regional solutions to waste disposal are not being considered.

• A key area where sources are likely to become lost from Regulatory control is where
changes occur either within the regulatory organisation or individual companies (e.g. staff
changes, company take-overs, bankruptcies, etc.).

• There are issues associated with the storage of SSRS at user’s premises. New legislation is
being drafted by the SNSA which will include measures to encourage the return of
sources or consignment to the central storage facility, moves to short lived isotopes, etc.
The new legislation will also include measures to allow the issue of generic transport
licences.

• The manufacturing process of some sources omitted to put unique identification numbers
on sources and specify recommended life time limits on source certificates. It is
recommended that in future such information is included for all source manufactures.

• Consideration should be given to undertaking periodic loss of containment/wipe tests on
sealed sources, in addition to checking that the recommended working life has not been
exceeded.

���� 7(&+1,&$/�$66,67$1&(�352-(&76

Most of the issues identified for attention in Slovenia are either already being addressed, or
are of such a nature that they are most appropriately dealt with by the Country itself.
However, it is considered that the development of a plan for the physical investigations on the
stored wastes at Brinje in order to validate the paper records for the waste store, together with
the detailed ALARP justifications, could form the basis for an effective Technical Assistance
Project.
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)LJXUH�����,QWHULP�:DVWH�6WRUDJH�)DFLOLW\�DW�%ULQMH��6ORYHQLD�
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7DEOH������7\SHV�RI�6RXUFH�LQ�8VH�LQ�6ORYHQLD

6RXUFH�W\SH 8VHV 1XPEHU
192Ir, 75Se, 60Co, 137Cs Radiography 41
152/154Eu, 60Co Lightning

conductor
22

241Am, 90Sr, 34Cu, 55Fe,
60Co, 137Cs, 85Kr

Thickness gauge 113

137Cs, Am/Be Moisture detector 148
60Co, 137Cs, 241Am Level gauge 176

Smoke detector
(best estimate)

52598
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�� &RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV

���� 6800$5<

������ &]HFK�5HSXEOLF

Records held by the regulator indicate there are 500 source users with licences issued since
1997 and 6200 sources. However, there is some uncertainty about the number of licensed
users, which may exclude source users with licences that pre-date the current regulations. The
Czech Republic has a strong market, including importers, distributors, OEMs, recycling
organisations and commercial waste management organisations.

There is a single regulator (SUJB), formed in 1993. Sources are categorised according to the
possible endangerment to human health and the environment (taking account of activity and
type of use) and regulatory controls increase according to the category. Licences are issued by
the regulator for all sources above specified activity limits or where dose rate at 0.1m exceeds
1 µSv/h.

There is a radioactive waste disposal repository operated by a government-owned company
(RAWRA) for “institutional” wastes, including certain sealed sources (Richard) and an
interim storage repository for naturally occurring radioactive material, including 226Ra
sources. The Richard repository is intended principally for the disposal of short half-life
beta/gamma wastes, but can accept small amounts of alpha radionuclides and longer half life
wastes (e.g. maximum of 100 MBq 241Am per drum). Sources are collected by commercial
waste management organisations and conditioned by them for storage/disposal in these
repositories. There are currently no disposal routes for high activity sources or neutron
sources. However, at least one company offers a recycling service for spent teletherapy
sources.

If lost sources are discovered (e.g. in scrap metal), these are accepted by RAWRA for
disposal.

������ (VWRQLD

There is no manufacturing, recycling or importation of sealed sources in Estonia. There are 39
users of SRS in Estonia. No original equipment manufacturers are based in Estonia.

The regulator is the Estonian Radiation Protection Centre (ERPC), which was established in
January 1996. Prior to independence in 1991, the system of regulatory control was centralised
in accordance with the USSR regulations. A National Register of sealed sources was
established in 1998 by ERPC. The register records 852 disused sealed radioactive sources
currently held in store at the users’ premises.

Despite major changes in regulatory structure in the short time since 1991, there is not a
problem with the control of sealed sources in Estonia. This is because of the considerable
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efforts made to introduce adequate controls and also because of the small size of the Estonian
market.

A waste management organisation, ALARA Ltd, was established in 1995 and provides a
service for storage and disposal of SSRS. ALARA operates an interim storage facility for
Low and Intermediate Level Waste at Paldiski.

ALARA is also responsible for the Tammiku disposal facility (formerly Saku), 12km south of
Tallinn. The facility operated from 1963 to 1995. Operations were terminated in 1995 and the
facility was closed in 1996. The facility includes a near surface vault for solid waste. During
its operation, 18670 radioactive sources were disposed there.

Estonia has a well established system to respond to lost source incidents, based on civil
defence arrangements. The Estonian Rescue Board provides an emergency response in case of
radiological incidents and chemical incidents. In total, 35 abandoned or lost sources were
discovered between August 1994 and Summer 2000.

There is one main company in Estonia involved in the scrap metal market. Each of its sites is
equipped with portal detectors (Bicron and Exploranium designs)� Stationary monitoring
gates are installed and operated by customs and border-guard authorities at six major check
points on the Estonian border. Official clearance levels do not yet exist, but in practice levels
of 0.3 – 0.5 µSv/h are adopted.

A total of 70 tonnes of contaminated scrap metal, filling 4 x ISO freight containers has been
collected in recent years.

Radium sources have been disposed to the Tammiku facility without prior conditioning.
However, three Ra-226 sources received at Paldiski for storage have been sealed by welding
into stainless containers.

������ �+XQJDU\

The market size for SRS’s in Hungary is small to moderate, with some 539 source users but
only one or two organisations involved in manufacture, recycling, import/distribution, OEM
etc. and a single waste management organisation.

There are some 13000 or so sources in use, with greater than 20000 in central store and over
7300 disposed of in a near surface disposal facility (some of which PD\ require recovery).

There is a controlled system of reporting and authorisation for all practices involving a hazard
arising from ionising radiation. It is considered that steps are in place to avoid the unnecessary
proliferation of radiological equipment, largely due to the strict and very specific licensing
and notification procedures in place.

The regulator holds accurate records of all sealed sources and it is possible to track
movements of sources between different users. In addition, where sources are re-encapsulated
and re-cycled, it is possible to track-back to the original ‘parent source’ records.
All sources have a maximum recommended working life after which time they either have to
be submitted for formal recycling or sent for long term interim storage. The central
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installation is available for the long term storage of SSRS, although this will be modernised in
the future to ensure the sources are held in a more controlled and easily retrievable form.

Orphan sources are paid for by the government if/when they arise.

Scrap metal facilities are not regulated specifically, and are not required by law to install fixed
or portable monitoring equipment, although a number of the larger facilities do have such
equipment available. The regulatory system does however make the operators of scrap metal
facilities aware of the possibilities of finding radioactive material in consignments of scrap
metal, and what actions are to be taken in the event of such material being discovered.

������ 3RODQG

There are 1398 users of SRS in Poland. There are some original equipment manufacturers
based in Poland.

The Central Laboratory for Radiological Protection, on behalf of the National Atomic Energy
Agency, holds a national register of sealed sources in use and this is updated annually on the
basis of user reports. There is no disused sealed source register.

Around 20,000 sources are in use in Poland.

The regulator is the National Atomic Energy Agency of Poland (NAEA or PAA). The
primary legislation concerned with nuclear and radiation safety is the Atomic Energy Act
(1986).

There is one waste management organisation, the Radioactive Waste Management
Department of the Institute of Atomic Energy (IAE), within the country for the storage and
disposal of SSRS. The IAE is responsible for operating the Swierk and Rozan sites. The
Swierk site includes a facility into which sealed sources are first brought, before they are
transported to the Rozan site, Poland’s radioactive waste disposal facility.

The number of sources collected for disposal per year is in the range 500-2200 including
alpha sources (plus 25000-30000 smoke detectors).

The maximum activity per source at Rozan is 400 GBq. Beta/gamma sources are disposed of
in chambers constructed from an underground corridor. Waste is placed in the chambers from
surface level (5-10 metres above chamber) by dropping into a tube (20cm or 48cm diameter.

The Central Laboratory for Radiation Protection (CLOR) operates an emergency response
system to respond to all types of radiological incidents, including retrieval of unregistered
sealed sources when these are found.

A recent decree of the Ministry of the Economy (1999) on the Safety and Hygiene of Work
When Eliminating Hazardous Material in Scrap Metal requires storage sites for scrap metal to
monitor for radioactivity and to inform CLOR, police and fire brigade in the event of
radioactivity being found.
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Alpha wastes and alpha sources are not sent to Rozan for final storage, but for long term
interim storage. One chamber (with access by door rather than by tube from above) is used for
radium-226 containers. The radium sources are immobilised in glass within a brass container
which is placed in the outer lead/concrete shielded storage container. The current inventory of
226Ra in Rozan is 8g (an additional 15g are still at user premises around Poland).

������ 6ORYHQLD

The market size for SRS’s in Slovenia is very small, with some 121 source users but only one
organisation involved in source manufacture, no recycling organisations, seven
importers/distributors, no OEM’s and a single waste management organisation.

There are some 500 or so sources in use, with around 600 in central store and no sources
disposed of.

���� &21&/86,216

������ &]HFK�5HSXEOLF

The Czech Republic has a large, well-established market for sealed sources. Regulation and
management of sealed sources is similar to many current EU Member States and is largely
consistent with EU requirements. There are, nevertheless, a number of areas where
improvements could be made, and in some cases, action is already being taken to make these
improvements. The key issues identified during this study relating to the regulation and
management of SSRS in the Czech Republic are as follows:

• The waste management organisations, particularly Isotrend, appear to be unable to send
SSRSs for disposal to Richard, due to the lack of detailed conditioning requirements.
Although the study was unable to identify where sources are currently held, or how many,
it must be assumed that these organisations have built up a considerable back-log of
sources over at least the last three years. Action is therefore required to develop
conditioning requirements and to encourage disposal of the backlog held by waste
management organisations.

• There is an apparent discrepancy between the number of facilities licensed to use sealed
sources before 1998 (6200) and those which have applied for licence renewal under the
new regulations (500). The regulator should carry out investigations of licensees who have
not applied for new licences, to ensure that sources have been properly disposed of.

• It is noted that RAWRA intend to review the future of the Bratrstvi facility for storage and
possible disposal of naturally occurring radioactive material. This review should include
an environmental and safety assessment.

• Although the Hostim facility has been closed, and most sealed sources removed, the
RAWRA should consider reviewing the post closure safety assessment of the facility to
ensure its adequacy.

• It is understood that it is the intention of RAWRA to review requirements for retrieval and
conditioning of old, unconditioned waste in steel drums at Richard.
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• A plan will be required to deal with the high activity, non-compliant waste at Richard
repository (including retrieval, conditioning, storage and disposal). This waste includes
the 60Co sources stored in tubes below floor level and drums of sources owned by
Isotrend.

������ (VWRQLD

In the relatively short time since independence, there has been considerable effort to put in
place a regulatory framework for the management of radioactivity materials, including sealed
sources, which is based on the EU requirements. Due to the small number of sealed sources in
Estonia (39 licensed users) it is easy for the regulator to maintain control without the need for
a sophisticated regulatory system.

However, Estonia faces particular challenges in improving the management of sources. Most
of these relate to the legacy left after the end of Russian occupation. The most important
challenges are:

• Over the past few years, most regulatory effort has been towards developing a regulatory
structure. This has now been largely achieved. Effort is now needed to improve the
implementation of the regulatory system.

• The role and structure of the local rescue services and its response to radiation incidents
are based on cold war civil defence principles and these are not compatible with the
current situation. The fifteen local rescue teams are trained and equipped to deal with
sealed source incidents up to 50 mSv/h (although in practice the Central Laboratory is
always involved). The training, equipping and instrument calibration involved in this level
of service, including the operation of two metrology facilities, is not justifiable, given the
size of the problem (there are 39 source users in Estonia). The ERPC should review the
emergency response needs of the country.

• The decommissioning plan for Paldiski will need to include the high activity 60Co sources
believed to have been embedded in the concrete used to seal the submarine hulls.

• The status of the Tammiku facility remains a cause for concern, despite improvements to
security and recent progress made towards decommissioning the liquid waste tanks. There
is insufficient environmental monitoring (especially ground water sampling) and
environmental assessment, given the size of the inventory and the lack of any waste
conditioning. An environmental assessment, using internationally accepted techniques
(e.g. ground water models) is required. More extensive bore hole sampling is also
required.

• Although the radioactive waste storage vaults at Paldiski are well constructed using
proven technology, the vaults and the submarine hulls are in an ageing and deteriorating
building. Major engineering work will be required within a few years to ensure protection
of the waste store and submarine hulls.



0DQDJHPHQW�RI�6SHQW�6HDOHG�5DGLRDFWLYH�6RXUFHV�LQ

&HQWUDO�DQG�(DVWHUQ�(XURSH

&RQWUDFW�%���������������0$5�&��²�)LQDO�5HSRUW

$($�7HFKQRORJ\������

������ +XQJDU\

Overall, it is considered that the regulation and management of SRS’s in Hungary is well
managed, to a level which is largely consistent with current EU member states. Of course, as
with all countries, there are some areas of weakness where improvements could be made. The
key issues identified during this study relating to the regulation and management of SSRS in
Hungary are as follows:

• The old ‘original’ disposal vaults at Püspökszilágy contain some long-lived sources which
may need to be recovered. This will be driven by the results of the current ongoing safety
assessment for the site.

• The three different definitions for different types of ‘sealed’ source gives rise to some
apparent anomalies between the database of users and the disposal site database. Over
time, it would be advantageous to clarify these discrepancies. However, it should be noted
that minor discrepancies in historical records of older waste consignments are often found
in all countries.

• Ra sources, currently in temporary store at the Institute of Oncology, require conditioning
and transfer to the Püspökszilágy store.

• It is considered by a number of users that the time required for license amendments to be
processed is too long. Again, this type of issue is not uncommon in other countries.

• The upgrade of the ‘Active’ building at Püspökszilágy to a retrievable waste store is
required. Subsequently, sources currently stored in the existing wells will need recovering
and transferring to the new store.

• The environmental safety assessment for the Püspökszilágy waste vaults, currently
ongoing, requires completion. Any actions identified as necessary, for example the
recovery of some ‘disposed’ long lived sources, will require implementation.

������ 3RODQG

Poland has a large, well-established market for sealed sources. Regulation and management of
sealed sources is similar to many current EU Member States and is largely consistent with EU
requirements. There are, nevertheless, a number of areas where improvements could be made,
and in some cases, action is already being taken to make these improvements. The key issues
identified during this study relating to the regulation and management of SSRS in Poland are
as follows:

• The risk assessment for the Rozan repository should be reviewed, with particular attention
being paid to ensuring the critical group has been correctly identified. There is concern
regarding the increased size of local population living very close to the facility.

• Storage of sources with activities above 400 GBq at the users’ premises is not desirable.
The regulator should consider giving IAE permission to provide interim storage of such
sources at Swierk.
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• Although an environmental assessment has been carried out for the Rozan respository as a
whole, there is no specific assessment of the sealed source disposal chambers (facility
3A). It is recommended that a safety and environmental assessment of this part of the
Rozan repository should be carried out.

• A study should be carried out to identify the final disposal options for radioactive wastes
which cannot be disposed at Rozan, including radium sources, other alpha-emitting
sources, depleted and sources exceeding 400 GBq.

������ 6ORYHQLD

Overall, it is considered that the regulation and management of SRS’s in Slovenia is well
managed, to a level which is largely consistent with current EU member states. The key issues
identified during this study relating to the regulation and management of SSRS in Slovenia
are as follows:

• Currently there are two Regulators involved in the Regulation of spent sealed sources. The
systems appear to work effectively and are understood and adopted by industry. However,
it is considered that there may be some efficiency and other benefits to be gained from
streamlining the system to one Regulator, and this would be worth considering.

• The refurbishment/upgrade of the Brinje storage facility is obviously important if SSRS are
to be able to be stored centrally in the future. In relation to this, a safety assessment is
required for the Brinje facility.

• There are minor discrepancies in connection to the inventory/database of SSRS. Indeed,
within Slovenia there are up to four different databases, developed by different
organisations for different purposes. [i.e. ZVD database of organisations inspected (95% of
all users in Slovenia), HIRS database of users and licences, SNSA database of
import/exports and transportations within and through Slovenia, and the ARAO database
of stored sources at Brinje]. Attempts are being made to pull together all of this
information in order to ensure that it is internally consistent. The logical organisation to
undertake such a task is probably the RAO Agency.

• Consideration needs to be given to the degree of physical investigations that should be
performed on the stored wastes at Brinje, in order to validate the paper records for the
waste store. A detailed ALARP justification should be prepared to support any
investigations.

• Slovenia currently has no plans for co-ordinating its own waste disposal with any of its
neighbours; i.e. Regional solutions to waste disposal are not being considered.

• A key area where sources are likely to become lost from Regulatory control is where
changes occur either within the regulatory organisation or individual companies (e.g. staff
changes, company take-overs, bankruptcies, etc.).

• There are issues associated with the storage of SSRS at users premises. New legislation is
being drafted by the SNSA which will include measures to encourage the return of sources
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or consignment to the central storage facility, moves to short lived isotopes, etc. The new
legislation will also include measures to allow the issue of generic transport licences.

• The manufacturing process of some sources omitted to put unique identification numbers
on sources and specify recommended life time limits on source certificates. It is
recommended that in future such information is included for all source manufactures.

• Consideration should be given to undertaking periodic loss of containment/wipe tests on
sealed sources, in addition to checking that the recommended working life has not been
exceeded.

���� 5(&200(1'$7,216

������ &]HFK�5HSXEOLF

It is considered that the following could form the basis for effective Technical Assistance
Projects:

• Review the storage of 226Ra in the disused uranium mine at Bratrstvi, including modelling
of radionuclide transport, to provide assistance to the Czech Republic and add to
international knowledge.

• Assistance with the assessment of storage and disposal options for high activity 60Co
sources and neutron sources.

������ (VWRQLD

It is considered that the following could form the basis for effective Technical Assistance
Projects:

• Environmental sampling and detailed risk assessment of solid waste disposal at Tammiku,
including environmental monitoring, modelling of radionuclide transfer and dose
assessment, followed by possible retrieval and conditioning of wastes.

• Repair or replacement of building at Paldiski which houses the waste storage vaults and
submarine reactors.

• Option study for the recovery of high activity sealed sources in the submarine reactors and
for the decommissioning of the submarines.

������ +XQJDU\

It is considered that the following could form the basis for effective Technical Assistance
Projects:

• The environmental safety assessment for the Püspökszilágy waste vaults (currently
ongoing).

• The upgrade of the ‘Active’ building at Püspökszilágy to a retrievable waste store.
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• Development of the methodology for the recovery of sources currently stored in the
existing wells and transfer to the new store.

������ 3RODQG

It is considered that the following could form the basis for effective Technical Assistance
Projects:

• Radiation dose assessment to the local population from the radioactive waste disposal
facility at Rozan.

• Safety and environmental risk assessments of the sealed source disposal chambers (3A) of
the Rozan disposal facility.

������ 6ORYHQLD

The development of a plan for the physical investigations on the stored wastes at Brinje in
order to validate the paper records for the waste store, together with the detailed ALARP
justifications, could form the basis for an effective Technical Assistance Project.

���� *(1(5,&�5(&200(1'$7,216

������ &RPPRQ�&ULWHULD

The European Commission has an interest in the development of common disposal criteria for
SSRS. These may include record keeping from point of collection to point of disposal, facility
and equipment requirements for transporting, handling, storage and disposal, retrievability,
categorisation of sealed sources depending on isotope/activity, segregation of sealed sources
from other forms of radioactive waste and special requirements for specific classes of waste
(e.g. management of 226Ra sources or of sources which may be recycled).

None of the five countries considered in this report have participated in the development of
VSHFLILF common disposal criteria. All the countries are, however, proceeding with their
national waste management plans, and, to varying degrees, they are taking account of ‘high
level’ International Standards and practices relating, for instance, to acceptable dose uptake’s,
and environmental impact. Such a situation is similar to that relating to the EU member states,
who also comply with EC Directives, IAEA Safety Series documents, etc., but have not
developed specific prescriptive disposal criteria for universal application across all Member
States. Indeed, any attempt to develop very specific prescriptive common disposal criteria is
likely to fail, since such criteria depend on a large number of factors which are specific to the
waste concerned; method of conditioning, volumes involved, disposal strategy,
geology/hydrogeology at the actual disposal site, whether nuclear power plant wastes are
generated within the country, population and lifestyle in the region of the repository, etc.

It is considered therefore, that the development of detailed common disposal criteria would
present many practical difficulties in implementation.

However, there are a few areas in which the development of common criteria would be
beneficial. These are described below.
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�������� 7KH�FRQGLWLRQLQJ�DQG�VWRUDJH�RI�VRXUFHV

International guidance has been published by the IAEA, in which recommendations are made
for the conditioning and storage of spent sources. In particular, the methods for conditioning
and interim storage of spent radium sources are now well established(15), and a number of
countries now have conditioning and storage programmes based on these principles. For
instance, the conditioning method used in Poland for spent radium sources is based on the
method recommended by the IAEA.
The IAEA has recently revised its recommendations for the handling, conditioning and
storage of spent sealed radioactive sources. Detailed practical recommendations are given in a
recently published technical document on the subject(16). The international consensus is that
high activity and long-lived sources require conditioning followed by interim storage. These
sources, depending on their activity and half life will need to be disposed of either in a near
surface or a deep geological repository. It is not judged appropriate to store these in an
unconditioned form. Spent sources containing 60Co, 137Cs, 241Am and 226Ra are some
examples of these sources. The recommended methods for conditioning of SSRS are
embedding in concrete or encapsulation in stainless steel.

The IAEA advice does not indicate which of the recommended methods is appropriate for
particular radionuclides or activity ranges. This is a key area in which further guidance is
important, due to the possible radiological effects of high activity concentrations on
conditioning matrices, and to the need to maximise the long term performance of the
containment system.

Among the countries of interest in this study, only the Czech Republic is actively addressing
the conditioning of sources in a manner consistent with IAEA recommendations. As regards
storage prior to conditioning, there are some shortcomings. For instance, current
storage/disposal practice for some sources in Poland, and previous practices in Estonia and
Hungary do not fulfil the IAEA recommendations.

It is recommended that EC considers developing common conditioning and storage
requirements for SSRS, or adopting IAEA recommendations.

�������� 3RVW�FORVXUH�VDIHW\�DVVHVVPHQW�RI�GLVSRVDO�IDFLOLWLHV

Although each of the countries involved in this study has carried out some level of safety
assessment of its storage and disposal facilities, the extent to which post closure safety has
been addressed appears to be very limited, based on the information provided.

It is recommended that EC should develop common criteria for the operational and post-
closure assessment of radioactive waste disposal facilities, including specific requirements for
the disposal of SSRS. These criteria should consider the possible future release of
radionuclides to the environment and on accidents which might result in radiation exposure.
Post closure safety assessment should consider factors such as degradation of the engineered
structure, saturation of the facility following closure, reactions between the radioactive waste
and the elements of the containment system (for SSRS, radiolytic effects will be particularly
important), reactions between high pH waters equilibrated with the cementitious materials in
the facility and the surrounding geology, transport of radionuclides in groundwater, gas
generation and migration, erosion, run-off and human intrusion.
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�������� 'HYHORSPHQW�RI�FRPPRQ�GHWHFWLRQ�FULWHULD�DW�ERUGHUV�VWHHOZRUNV�

Although international Basic Safety Standards(3) lay down limits from which clearance levels
may be derived, the detection capability of typical fix-installed monitoring equipment does
not meet these limits in the case of sealed sources in scrap, especially when these are shielded.
For instance, the IAEA trials of fix-installed equipment were based on an unshielded,
10 MBq, 137Cs source at a distance of 3 metres (see Appendix A).

It is therefore important that international standards should be developed for the detection of
radioactive materials in transit. The IAEA is currently developing such standards. The EC
should participate in and support the development of these standards, taking due account of
the concerns of the scrap metal industry.

�������� ,QWHUQDWLRQDO�FROODERUDWLRQ�LQ�WKH�LQYHVWLJDWLRQ�RI�ORVW�VRXUFH�LQFLGHQWV

A common theme in this study, and in the previous study of current EU member states(1), has
been the import (usually accidental) of sealed sources in scrap metal. Most countries make
efforts through the regulator’s inventory system to identify the owner of lost sources when
these are discovered. However, these efforts have invariably failed when the origin of such
sources has been outside the territory of country in which the source was found.

It is recommended that EC considers methods of improving international collaboration in the
investigation of lost source incidents.

������ 7HFKQRORJ\�7UDQVIHU

A key objective of the current study was to consider the situation relating to the regulation
and management of SSRS in the five Central and Eastern European countries compared to the
situation with current EU Member States, with a view to recommending areas where
improvements could be made. Of course, improvements can always be made, and the
subsections above indicate those areas that the individual countries should concentrate on.
However, it must be emphasised that in no way should the Regulatory and Management
systems being adopted in the five countries addressed here be considered as inferior to the
systems in place within the EU member states. Indeed, in many instances it is considered that
the regulatory systems are being PRUH effectively implemented here than in some areas within
the EU. There are some legacies from the period of the Former Soviet control, but in most
instances these are being removed as far as is reasonably practicable.

The main areas in which technology transfer would be beneficial are in the conditioning and
disposal of SSRS. Many of the existing EU member states have considerable experience in
the handling and conditioning of sealed sources in accordance with IAEA recommendations.
They also have experience in assessment of proposed disposal facilities for radioactive waste
which would be suitable for SSRS. However, operational experience is generally limited to
near surface facilities which are not considered suitable for most sealed source disposal. Some
of the countries involved in this study (Czech Republic, Estonia and Poland) have existing
disposal facilities for sealed sources, and these could provide valuable information and
experience for existing EU member states in support of disposal assessment programmes.
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Table A: Market Activity in Sealed Sources

Number of organisations 
involved in each Activity
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$FWLYLW\�LQ�FRXQWU\�

Source manufacture 3 0 1 1 1

Source recycling 2 0 1 0 0

Importers/distributors 6 0 2 5 7

OEMs 2 0 Y*

Source users 500 39 539 1398 121

Waste management 
organisations

6 1 1 1 1

*Y = Yes, but no numbers available

No information
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Table B: Inventory of Sealed Radioactive Sources
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Sources in use 6202 187 13101 19940 513

Disused sources  
Stored by user 500 852 Low Not known 200

Variable

At central store 0 997 6.7m3 Includes 13 622
(since 1995) 3.7E14 Bq high activity

5.3E14 Bq, 137Cs

Disposed of 4E14 Bq, 90Sr 18670 7308 22870 0
2.3E12 Bq, 241Am (1963-1995)
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7DEOH�&��/HJLVODWLRQ�DQG�5HJXODWLRQ�DSSO\LQJ�WR�VHDOHG�VRXUFHV

&RXQWU\ 3ULPDU\�OHJLVODWLRQ 5HJXODWLRQV &RPPHQW
&]HFK
5HSXEOLF

Law No. 18/1997 Coll.,
on the peaceful
utilisation of nuclear
energy and ionising
radiation (Atomic Act)
and on alterations and
amendments of some
laws.

Scope includes:
Methods of utilisation of nuclear energy and ionising radiations, conditions of
performing activities
System of protection against effects of ionising radiation.
Responsibilities to reduce exposures
Special requirements for civil liability for nuclear damage.
Conditions of ensuring safe radioactive waste management.
Sate administration and supervision.

Regulation of SUJB No. 184/1997 Coll on
radiation Protection Requirements.

Includes:
Limits of radionuclide content above which material is categorised as
radioactive source.
Limits permitting discharge of radioactive substances to the environment.
Criteria for radioactive source categorisation.
Limits of exposure.

Regulation of SUJB No. 143/1997 Coll., on
the Transportation and Shipment of
Specified Nuclear Materials and Their
Classification.

Sets down the nuclear materials and radiation sources for which transport
approval by SUJB is necessary.

Regulation of the SUJB No. 142/1997 Sb,
on Generic Licensing of Packages for
transportation or storage or disposal of
nuclear materials, ionising radiation sources
and some products for their manufacture.

Type approving of packaging assemblies for transportation, storage or
disposal of nuclear materials, radionuclide sources and ionising radiation
sources and
other devices to be used directly in activities involving ionising radiation
sources.

Regulation of the SUJB No. 196/1999 Coll.,
on Decommissioning of Nuclear
Installations and Workplaces with Important
and Very Important Sources of Ionising
Radiation.

Radiation protection during decommissioning.
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&RXQWU\ 3ULPDU\�OHJLVODWLRQ 5HJXODWLRQV &RPPHQW
Regulation of SUJB No 146/1997 Coll.,
Specifying Activities Directly Affecting
Nuclear Safety and Activities Especially
Important from radiation Protection Viewpoint,
Requirements on Qualification and Professional
Competency and for Issue Authorisations to
Selected Personnel and Form of Documentation
to be Approved for Licensing of Experts
training of Selected Personnel.

Includes specific preparation of selected workers and the methods of
specific competency verification.

Regulation of SUJB No. 214/1997 Coll on
Quality Assurance in Activities Related to
Utilisation of Nuclear Energy and in Radiation
Activities and laying Down Criteria for the
Assignment and Categorisation of Classified
Equipment into Safety Classes.
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&RXQWU\ 3ULPDU\�OHJLVODWLRQ 5HJXODWLRQV &RPPHQW
(VWRQLD Radiation Act,

08.05.1997, as amended
15.10.1998.

Establishing basic safety standards in the field of radiation protection. It is
basically in compliance with the International BSS and the Council Directive
96/29/EURATOM. The Act lays down generic radiation safety criteria and
provisions for licensing of practices, for application of practices and
interventions, for protection of the public, for radioactive waste management,
for safe transportation of radioactive materials. The Act also authorises the
Government and the ministers to issue multiple subsidiary regulations on
specific topics.

Act on Import, Export
and Transit of Strategic
Goods, 1994.

Establishes provisions for import, export and transit of radioactive materials,
included in the authorised list of strategic goods (see below Regulation of the
Government No 80/05.03.1999 on the List of Strategic Goods). The Act
authorises the Strategic Goods Import, Export and Transit Control
Commission to issue certificates for these activities.

Regulation of the Minister of Environment
No 58/21.07.1997.

Lays down an order and conditions on issuance of licences for radiation
practice.

Regulation of the Minister of Environment
No 68/03.10.1997.

Establishes the order of registration of radiation sources and authorises the
Estonian Radiation Protection Centre to maintain the registry.

Regulation of the Government No
12/20.01.1998.

On limits for total amounts and specific activities of radioactive substances
exempted from licence requirements for radiation practice establishes the
international exemption levels for sources and radioactive materials.

Regulation of the Government No
162/21.07.1998.

On the implementation of Article 24, Article 27 (4) and Article 31 (1) of the
Radiation Act which lays down requirements on packaging and packages, on
marking, labelling and placarding of packages and consignments for safe
transport of radioactive materials. In addition, the Regulation also regulates
the issuance of licences for export of radioactive materials.
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&RXQWU\ 3ULPDU\�OHJLVODWLRQ 5HJXODWLRQV &RPPHQW
Regulation of the Minister of Environment
No. 53/17.08.1998.

Establishes the order of management, registration and transfer of radioactive
waste. At present an amendment to the Regulation is under procedure. The
draft includes categories for radioactive wastes, clearance levels for
radioactive and contaminated materials, criteria for permitted releases to the
environment, generic waste acceptance criteria for waste packages.

Regulation of the Minister of Environment
No 55/24.08.1998.

Lays down the order of monitoring and assessment of population doses caused
by natural radiation, radiation practices, radiation sources and radiation
accidents. The Regulation establishes generic clearance levels, the
methodology for monitoring and dose assessment and the dose coefficients,
which should be used in these assessments.

Regulation of the Government No
80/05.03.1999.

On the List of Strategic Goods, which include also some radioactive materials
and sealed sources.

Regulation of the Minister of Environment
No 82/24.08.1999.

Establishes safety requirements for use of rooms, buildings and their
construction elements housing a radiation source and for use of radiation
sources. The requirements for controlled and supervised areas, for safe
storage, calibration, monitoring and documentation are established.
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&RXQWU\ 3ULPDU\�OHJLVODWLRQ 5HJXODWLRQV &RPPHQW
+XQJDU\ Act No. CXVI of 1996

on Atomic Energy
(AEA).

Act No. CXVI prescribes the main requirements relating to the use of atomic
energy (including radioactive sources), and assigns the scope of responsibilities
amongst the different ministries. The AEA stipulates the requirement for the
keeping of records of radioactive sources.

Governmental Decree
No. 87 of 1997 on
Hungarian Atomic
Energy Authority
(HAEA).

*RYHUQPHQWDO�'HFUHH�1R�����HPSKDVLVHV�WKDW�ZKHQ�XVLQJ�DWRPLF�HQHUJ\�
VDIHW\�VKRXOG�KDYH�D�SULRULW\�RYHU�DOO�RWKHU�DVSHFWV���7KH�PDLQ�GXW\�RI�WKH
+$($�LV�WR�FR�RUGLQDWH�RU�DFFRPSOLVK�WKH�UHJXODWRU\�WDVNV��7KH�+$($�LV
UHVSRQVLEOH�IRU�WKH�FHQWUDO�UHJLVWUDWLRQ�RI�UDGLRDFWLYH�PDWHULDOV�WKDW�LV
DFKLHYHG�E\�+$6�5&&�,,6&�

Ministerial Decree No. 7 of 1988
issued by Ministry of Public Welfare
(today Ministry of Health).

Decree No. 7 prescribes the basic requirements for handling (using) sealed sources,
i.e. the requirement for a leaktest, prohibition of using unsealed sources and sources
which have passed their recommended working life, storage of sources not in use,
reporting of lost and stolen sources, conditions of licences.

Ministerial Decree No. 25 of 1997
issued by Ministry of Industry and
Trade and Tourism (today Ministry
of Economy).

Decree No. 25 covers the registration of all users of radioactive materials
(producer, owner, trader, user, transformer, storage and disposal facility) whether
ownership of the source is temporary or permanent.

Governmental Decree No. 240 of
1997 on Central Financial Fund of
Radioactive Waste.

Decree No. 240 provides for the establishment of an independent state fund to
cover the costs of final disposal of radioactive waste and final and interim storage
of spent fuel. This decree describes the handling of the fund and basic financial
questions for the radioactive waste producers.

Ministerial Decree No. 47 of 1997
issued by Ministry of Interior.

Decree No. 47 covers the supervision of the storage of radioactive materials
including security issues and checks on any police records of workers within the
field of atomic energy.

Governmental Decree No. 17 of 1996
on found and distrained of nuclear
and radioactive materials.

Decree No. 17 regulates the measurements required in the case of finding ‘lost’
nuclear and radioactive materials, i.e. notification, radiation safety, identifying the
source, returning to owner or recycling or disposal. The main tasks are to be carried
out by NRIRR and HAS RCC IISC.
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&RXQWU\ 3ULPDU\�OHJLVODWLRQ 5HJXODWLRQV &RPPHQW
Governmental Decree No. 124 of 1997 and
Ministerial Decree No. 23 of 1997 issued by
Public Welfare on exemption levels of
radioactive materials.

Decree No. 124 regulates the exemption conditions and levels that are equal to
the Directive No. 96/29 EURATOM.
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&RXQWU\ 3ULPDU\�OHJLVODWLRQ 5HJXODWLRQV &RPPHQW
3RODQG Atomic Energy Act of

10th April 1986 – Act of
Parliament amended in
1987, 1991, 1994, 1995
and 1996.

Basic law establishing national requirements and regulations related to nuclear
and radiation safety. The act requires that any activity in Poland, which causes
or may cause exposure to ionising radiation, is subject to control by a regulatory
body (NAEA).

Decrees issued by the Council of
Ministers:
Decree of 23 February 1987. Dealing with detailed scope of activities of NAEA and its President.

Decree of 11 January 1988. Dealing with organisation, particular assignments and modes of exercising
regulatory surveillance functions.

Decree of 21 November 1995. Dealing with the conditions of granting licences for activities related to the use
of nuclear energy.

Decree of 21 November 1995. Dealing with the conditions to be fulfilled by the applicant for a licence
requested under atomic law.

NAEA President’s Ordinances
(published in the Law Gazette of the
Polish People’s Republic).

These include regulation of basic matters
on nuclear safety and radiation protection.
The main ordinances (or “Regulations”)
that affect sealed sources include.

Dose limits for ionising radiation and derived limits defining hazards from such
radiation. Defines dose limits for occupationally exposed persons on nuclear
power plants and for persons exposed to radiation through everyday use of
radiation emitting products.

The principles for keeping records of and controlling ionising radiation sources.

The requirements to be met by dosimetric equipment designs for radiation
protection applications as well as those relating to records kept of dosimetric
measurement results.

Terms and conditions on which nuclear material, radioactive sources and
equipment containing such sources may be imported, exported or carried
through the territory of Poland.
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&RXQWU\ 3ULPDU\�OHJLVODWLRQ 5HJXODWLRQV &RPPHQW
Rules governing the radioactive classification of waste,
its characterisation and the conditions for its treatment
and temporary or final storage.

Types of post of primary importance for nuclear safety
and radiation protection, and on the regime and
procedures to be followed in the granting of
authorisations for holding such posts.

Shipment of radioactive substances (implementing
strictly the requirements of Regulation 1493/93
EURATOM).

Exemption rule (coherent with Directive 29/96
EURATOM).
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&RXQWU\ 3ULPDU\�OHJLVODWLRQ 5HJXODWLRQV &RPPHQW
6ORYHQLD The Environmental

Protection Act (Off.Gaz.RS
32/93 and 1/95).

Act on Performing of
Radiation Protection and
Safe Use of Nuclear Energy
(Off.Gaz.SRS 28/80 and
32/80).

Act on Radiation Protection
and Safe Use of Nuclear
Energy (Off.Gaz.SFRY
62/84) with regulations - see
column 3.

The Act on Radiation Protection and Safe Use of Nuclear
Energy represents the basic legislation.

Act on Transport of
Dangerous Goods
(Off.Gaz.RS 79-3756/99).

The Act on Transport of Dangerous Goods defines the
conditions and requirements for licensing for transport.

=��Regulation on the Mode of Collection, Accounting,
Processing, Storing, Final Disposal and Release of
Radioactive Waste Into the Environment (Off.Gaz.SFRY
40/86).

Regulation Z3 defines the categories of radioactive waste,
how the categories of radioactive waste may be disposed
of and the requirements for providing an inventory of
radioactive waste.

=��Regulation on Putting on the Market and Using
Radioactive Materials, Which Activity Exceeds Certain
Limits, X-ray and Other Equipment that Produce Ionising
Radiation and on Measurements for Protection Against these
Sources (Off.Gaz.SFRY 40/86).

Regulation Z4 defines conditions and responsibilities for
control and use of radioactive materials to ensure the
safety of workers and public and all aspects of safety in the
workplace.
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&RXQWU\ 3ULPDU\�OHJLVODWLRQ 5HJXODWLRQV &RPPHQW
=���Regulation the Mode of Keeping Evidence of Sources of
Ionising Radiation and Irradiation of Population and those that
Work with Sources of Ionising Radiation (Off.Gaz.SFRY
40/86).
(��Regulation on the Conditions for Siting, Construction,
Commissioning, Commencement of Operation and Operation of
Nuclear Facilities (Off.Gaz.SFRY 52/88).

Regulation E1 defines which categories of waste may be
finally disposed of in surface or shallow ground
repositories.

Decrees:
Decree on Restructuring of the Agency for Radwaste
Management (Off.Gaz.RS 5/91, 45/86).

• Decree on Establishment the Public Service and Transfer of
Responsibilities for Operation of the Storage (Off.Gaz.RS
32/99).

• Decree on Imports and Exports of Specific Goods
(Off.Gaz.RS 75/95 and 01/00).
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7DEOH�'��5HJXODWRUV

&RXQWU\ 5HJXODWRU 5HVSRQVLEOH�WR 6FRSH &RPPHQW

&]HFK
5HSXEOLF

State Office for
Nuclear Safety (SUJB)

Government Supervision of nuclear facilities
Licensing of activities.
Reviewing and approving documentation relating to
nuclear safety and radiation protection.
Specifying conditions for radiation protection.
Specifying emergency preparedness.
Monitoring status of exposure of public and
personnel handling sources.
Maintaining national accountancy/record systems
for nuclear materials, licensees, selected
import/export items, ionising radiation sources and
exposure of the public and personnel.

(VWRQLD Estonian Radiation
Protection Centre
(ERPC).

Ministry of
Environment.

The organisational structure of ERPC includes the
following units:
- Environmental monitoring and early-warning;
- Radiation protection;
- Supervision and inspection;
- Standardisation;
- Information service;
- Training.

ERPC is the only regulatory body in the field of
radiation protection in Estonia.  Pursuant to the
Radiation Act and the existing subsidiary legislative
acts, ERPC is empowered to fulfil the following
functions:
-  to authorise practices by licensing,
-  to inspect practices and sources,
���WR�PDLQWDLQ�WKH�GRVH�UHJLVWU\DQG�WKH�UDGLDWLRQ
VRXUFH�UHJLVWU\�
-  to monitor and to assess radiation levels,
���WR�LPSOHPHQW�LQWHUQDWLRQDO�FRQYHQWLRQV�
DQG�DJUHHPHQWV�

-  to notify about radiation  accidents, to
� HQVXUH�VXSHUYLVLRQ�

The Commission is empowered to issue certificates
for import, export and transit of strategic goods.
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&RXQWU\ 5HJXODWRU 5HVSRQVLEOH�WR 6FRSH &RPPHQW

Strategic Goods
Import, Export and
Transit Control
Commission
(SGIETCC).

Ministry of Foreign
Affairs.

Commission consisting of representatives from various
ministries.

+XQJDU\ HAEA Government. Co-ordinator in regulatory tasks, supervises the central
register of radioactive materials and handles the Central
Nuclear Financial Fund.

Ministry of Health. Government. Regulates on radiation protection;
SPHAMOS: licensing and supervising tasks related to
radioactive materials on behalf of Ministry of Health.

Ministry of Interior. Government. Supervision of security.

3RODQG National Atomic
Energy Agency.

Ministry of
Economy.

Deals at national level with licensing of all activities
connected with the use of radiation sources (including sealed
sources), co-ordination and control of activities related to the
peaceful use of nuclear energy, research and application of
nuclear energy in the national economy, safeguards of
nuclear materials, immobilisation and storage of radioactive
waste (including sealed sources), education and information
of the public and foreign co-operation on the matters related
to safe use of nuclear energy.

President of NAEA is appointed by the
Prime Minister.

6ORYHQLD Slovenian Nuclear
Safety Administration
(SNSA).

Ministry of
Environment and
Physical Planning.

The SNSA is responsible for  radiological safety at all
nuclear Installations and the import, export and transport of
radioactive materials.

Health Inspectorate of
the Republic of
Slovenia (HIRS).

Ministry of Health
Ministry of  the
Interior.

The HIRS is responsible for health and safety of workers
and safety in the workplace. HIRS issues licences for the
purchase and use of radioactive materials and transport of
sources (radiopharmaceuticals) which are used for
diagnostics and therapy.
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7DEOH�(��5HJXODWRU\�6\VWHPV

5HJXODWRUV &]HFK
5HSXEOLF

(VWRQLD +XQJDU\ 3RODQG 6ORYHQLD

Single Regulator with
Responsibility for Sealed
Sources

á á á

Multiple Regulators Sharing Responsibilities on the Following
Basis

Regional/Provincial
Functional

Functional

Regulators Involved in Key Life Cycle Stages:

Manufacture SUJB x SPHAMOS
NMPHO HAEA

(HAS RCC
IISC)

NAEA HIRS

Purchase SUJB x SPHAMOS
NMPHO HAEA

(HAS RCC
IISC)

x HIRS

Use/storage SUJB ERPC Local
SPHAMOS

HAEA (HAS
RCC IISC)

NAEA HIRS

Import SUJB ERPC
SGIETCC

SPHAMOS
NMPHO HAEA

(HAS RCC
IISC)

NAEA SNSA/HIRS

Transport SUJB ERPC SPHAMOS
NMPHO Local

SPHAMOS
HAEA (HAS
RCC IISC)

NAEA SNSA/HIRS

Central interim
storage

SUJB ERPC SPHAMOS
NMPHO HAEA
(HAS RCC II)

x SNSA/HIRS

Disposal SUJB ERPC SPHAMOS
NMPHO HAEA

(HAS RCC
IISC) PURAM

NAEA SNSA/HIRS

Export SUJB ERPC
SGIETCC

SPHAMOS
NMPHO HAEA

(HAS RCC
IISC)

NAEA SNSA/HIRS

Changes to regulator structure
anticipated

No No No No No

x = No regulatory involvement (eg because that activity does not take place in the country)
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Table F: Regulatory Control Throughout Source Life Cycle

C
ze

ch
 

R
ep

ub
lic

E
st

on
ia

H
un

ga
ry

Po
la

nd

Sl
ov

en
ia

Fixed period licence
Variable 
typically 

5y
5y 5 - 15y 1 - 5y

Indefinite period licence
Indefinite 
with 5 y 
review

Regulators á á á á á
National ministries

Regional government 
bodies

á á

Initial á á á á á
Annual á á

Manufacture G N/A S G S

Acquisition/possession S/G S/G S S/G S

Import G S S G S

Use G S/G S S S

Operational storage G S/G S S N

Sale G N S N S

Maintenance G G G S G

Transfer G S/G S S S

Export G S S S S

Recycle G N/A S N/A N/A

Storage/disposal G S/G S G S

Transport S/G S/G S G S

Suitably qualified á x á á á
Notified to regulator á x á á x

By activity or doserate á á á á x

By use or practice á x x x x

1RWH�

S        = Specific control

G       = Generic control

N       = None

N/A   = Not Applicable

Level of intervention (see note):

Key personnel appointments:

Exemptions from licensing/registration:

Control at each stage of source life cycle

Licensing system:

Licences issued by:

Licensing charges:
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7DEOH�*���5HJXODWRU\�&RQWURO�7KURXJKRXW�6RXUFH�/LIH�&\FOH

&RQWURO�DW�HDFK�VWDJH�RI�VRXUFH�OLIH
F\FOH

&]HFK
5HSXEOLF

(VWRQLD +XQJDU\ 3RODQG 6ORYHQLD

Licensing system:

Fixed period licence Variable
typically 5y

5y 5 - 15y 1 - 5y

Indefinite period licence Indefinite with 5 y review

Licences issued by:

Regulators á á á á á
National ministries

Regional government bodies á á

Licensing charges:

Initial á á á á á
Annual á á

Level of intervention (see note):

Manufacture G N/A S G S

Acquisition/possession S/G S/G S S/G S

Import G S S G S

Use G S/G S S S

Operational storage G S/G S S N

Sale G N S N S

Maintenance G G G S G

Transfer G S/G S S S

Export G S S S S

Recycle G N/A S N/A N/A

Storage/disposal G S/G S G S

Transport S/G S/G S G S

Key personnel appointments:

Suitably qualified á x á á á
Notified to regulator á x á á x

Exemptions from licensing/registration:

By activity or doserate á á á á x

By use or practice á x x x x

1RWH�

S        = Specific control

G       = Generic control

N       = None

N/A   = Not Applicable
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7DEOH�+���0DQDJHPHQW�RI�'LVXVHG�6RXUFHV

Czech
Republic

Estonia Hungary Poland Slovenia

'LVXVHG�VRXUFHV
Users required to inform regulator of holdings of
disused sources

x á á ? x

Regulator records of disused sources x á á ? á
centralised á á á
distributed

Operational storage at users premises:
Approved
practice

á á x á x

By default ? ? ? ? á
Pressure from regulators to dispose á x á x á

&HQWUDO�VWRUDJH�GLVSRVDO
Disposal route defined in licence ? x á á á
Licence places conditions on disposal x á á á
Return to supplier for export ? x á á á

mandatory x x x á x
encouraged á x á

1DWLRQDO�VWRUDJH�IDFLOLWLHV
Number within
country

2 1 1 1 1

Owned by:
Central
government

RAWR
A

ALAR
A

PURAM IAE RAO
Agency

Regional authorities
Commercial organisation

Run by:
Government á á á á á
Commercial operator

7\SH�RI�VWRUDJH�IDFLOLWLHV
Secure building(s) á á á
Underground á á á

6RXUFHV�DFFHSWHG
All types á á á
Exceptions á á

7UHDWPHQW�RI�VRXUFHV
Segregated from general radioactive waste á á á á x
Segregation by type x x á á á
Equipment containing sources dismantled á x x á x
Sources retrievable x á á á á
Compaction of waste (incorporating sources) x x x x x
Cementation á x x x x
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Czech
Republic

Estonia Hungary Poland Slovenia

6WRUDJH�FDSDFLW\
Limit to capacity/inventory an issue x x x á á
When expected to be filled ? ? ? ? 2000
Further capacity to be developed x á á x á

'LVSRVDO�IDFLOLWLHV�DYDLODEOH
Near surface
disposal

á á á á x

Deep disposal x x x x x
Ultimate disposal costs to be met by government x á x x Partially

5HFRUGV�RI�VRXUFHV�LQ�VWRUDJH�GLVSRVHG
                          Records held by regulator:
                               Individual sources sent for 

disposal/interim storage
? á á ? á

                               Inventory of sources in interim storage ? x á ? á
                          Records of sources disposed held by user: á á ? ? á
                          Records held by waste management organisation:
                               Inventory of total waste activity á á á á á
                               Inventory of total source activity á á á á á
                               Individual sources disposed/interim 

storage
á á á á á
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7DEOH�,��0DQDJHPHQW�RI�6SHQW�5DGLXP�6RXUFHV

&RXQWU\ 3ODQV�WR�HOLPLQDWH�5D
VRXUFHV�IURP�WKH

ZRUNSODFH

&RPSOHWH
LQYHQWRU\
DYDLODEOH"

4XDQWLW\�RI�5D 0DLQ�LQYHQWRU\�KROGHUV 7UHDWPHQW�RU�FRQGLWLRQLQJ��SULRU
WR�VWRUDJH�GLVSRVDO"

&]HFK
5HSXEOLF

No. 226Ra sources are still
used in medical
applications.

Yes. ~28g sent for disposal
(Bratrstvi)
1.3g at Jachymov.

Jachymov (Joachimstal) Spa. Cementation in a 200 litre drum
(usually these have a 100 litre inner
drum which is also grauted.).

(VWRQLD No, but only 5 226Ra
sources with activity >
37kBq are in use.

Yes. 150mg at University of
Tartu
80 mg at Paldiski
10mg in Tammiku

University of Tartu. No special treatment. Sources as
stored unconditioned as with other
wastes.

+XQJDU\ Yes, all 226Ra sources are
being collected and
stored at the RWTDF.

Yes. The overall volume is 641
items (4373 mg of 226Ra).

All 226Ra spent sources have been
collected from the various health
institutions. These sources are
being stored in a storage chamber
of the National Institute of
Oncology (waiting for
transportation to the
Püspökszilágy RWTDF). These
are historical sources of different
kinds used mainly for therapy
purposes.

Repacking and storage as
recommended by the IAEA is
planned for when the sources are
transferred to Püspökszilágy.
Currently only leak tests are carried
out and in cases where leakage is
detected the 226Ra sources are
placed in a leaktight steelbox.

3RODQG No, but no medical use of
226Ra. However, one
hospital retains examples
of Marie Sklodowska-
Curie sources for
historical reasons.

Yes ~8g at Rozan.
~15g at users’ premises
throughout Poland,
awaiting collection.

IAE (Rozan)
Oncology Centre, Warsaw, has 33
sources, maximum activity per
source is 50mg.

Radium sources are conditioned in
a manner suitable for safe storage
and future transportation to another
place for final disposal. The source
is immobilised in glass, then placed
in a brass container. The brass
container is placed in a lead
container which is surrounded with
concrete and diatomite in a carbon
steel overpack.
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4XDQWLW\�RI�5D 0DLQ�LQYHQWRU\�KROGHUV 7UHDWPHQW�RU�FRQGLWLRQLQJ��SULRU
WR�VWRUDJH�GLVSRVDO"

6ORYHQLD Radium sources are no
longer used in Slovenia.

Some Ra
sources are in
the central
store and one
is in a hospital
museum.

Container of Ra sources at
Brinje. 60 drums of Ra
contaminated soil.
1 needle in a hospital
museum.

226Ra spent sources are  accepted
by the central storage facilities.

Sources held in container at central
store.  Ventilation available to
remove radon.
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7DEOH�-��0DQDJHPHQW�RI�6HDOHG�6RXUFHV�IRXQG�LQ�VFUDS�PHWDO

&RXQWU\ 3URFHVV�RI�UHSRUWLQJ�DQG
GLVSRVDO

$WWHPSW�PDGH�WR
LGHQWLI\�UHWXUQ�WR�WKH

RULJLQDWRU�"

,QFLGHQFHV�RI�VSHQW
VRXUFHV�EHLQJ�GLVFRYHUHG

LQ�VFUDS�PHWDO

5HJXODWLRQV�FRYHULQJ
VFUDS�PHWDO�WUDQVIHU
IDFLOLWLHV�DQG�UHF\FOLQJ

SODQWV

,QVWDOODWLRQ�RI�UDGLDWLRQ
PRQLWRULQJ�HTXLSPHQW�DW
VFUDS�PHWDO�IDFLOLWLHV

&]HFK
5HSXEOLF

Report to police, SUJB and
RAWRA.

Yes. If owner not found,
the waste becomes state
property and RAWRA
accepts it according to
Atomic Act.

Incidences are infrequent
(3-4 times per year) and
usually involve
“insignificant” sources.
Contamination with
natural radionuclides is
more common.

Clearance levels are
given in Regulation of
SUJB No. 184/1997
Coll. There are no
special criteria for scrap
metal. For most common
radionuclides (60Co,
137Cs and 241Am), level is
0.3 kBq/kg.

The largest scrap metal facilities
(Prague, Tlumacov) and the
largest recycling facilities
(metallurgical works) are
equipped with monitoring
equipment.

(VWRQLD Scrap metal facility must
inform ERPC. ERPC
contacts ALARA for further
action.

So far, no attempt to
trace or identify the
originator has been
successful (although an
incident in Summer 2000
may be traceable).

Radioactivity is regularly
found in scrap metal but
this is usually naturally
occurring. A few sources
have been recovered from
scrap, most notably, a high
activity 137Cs source in
1994. This source was later
stolen from Tammiku
facility and led to the
radiological accident.

Scrap metal facilities are
covered by the Radiation
Act and subsidiary
regulations. There are no
regulations specific to
scrap metal.

No specific requirements.
However, the majority have
installed monitoring equipment.
Portable instruments are
commonly used. Stationary
monitoring gates are installed
and operated at 6 customs
checkpoints.
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GLVSRVDO

$WWHPSW�PDGH�WR
LGHQWLI\�UHWXUQ�WR�WKH

RULJLQDWRU�"

,QFLGHQFHV�RI�VSHQW
VRXUFHV�EHLQJ�GLVFRYHUHG

LQ�VFUDS�PHWDO

5HJXODWLRQV�FRYHULQJ
VFUDS�PHWDO�WUDQVIHU
IDFLOLWLHV�DQG�UHF\FOLQJ

SODQWV

,QVWDOODWLRQ�RI�UDGLDWLRQ
PRQLWRULQJ�HTXLSPHQW�DW
VFUDS�PHWDO�IDFLOLWLHV

+XQJDU\ There are two special
services (24 hours) under
the Ministries of Interior
and Health. If a radioactive
source is discovered, then it
is to be notified to the
special service of Ministry
of Interior, which reports to
the special service of
Ministry of Health. Under
Governmental Decree No.
17 of 1996, the NRIRR and
HAS RCC IISC take the
necessary practical
measures to recover and
dispose of the source.

Governmental Decree
No. 17 of 1996 covers
the returning of the
source.

Three instances have
occurred in the past 10
years in the course of re-
exporting scrap metal. In
two instances the source
activities were low. In the
other the activity of a 60Co
source was about 3GBq.

This topic has not been
regulated specifically.

Radiation monitoring is not
compulsory at scrap metal
yards. However, there are a few
bigger facilities using radiation
instruments (fixed and portable)
voluntarily.

3RODQG CLOR, police and fire
brigade are informed.
NAEA is informed.
Radioactive material is then
sent to Radioactive Waste
Management Department of
IAE.

Yes. Although sources are
found in scrap metal,
discovery of natural
radioactivity is more
common.

A decree of the Ministry
of the Economy (1999)
on the Safety and
Hygiene of Work When
Eliminating Hazardous
Material in Scrap Metal
requires storage sites for
scrap metal to monitor
for radioactivity and to
inform CLOR, police
and fire brigade in the
event of radioactivity
being found.

Scrap metal transfer facilities
and recycling plants are
regulated in accordance with the
Basic Safety Standards
recommendations. Fixed
radiation monitoring stations are
in use, with clearance criteria of
approximately 0.5 µSv/h.
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,QFLGHQFHV�RI�VSHQW
VRXUFHV�EHLQJ

GLVFRYHUHG�LQ�VFUDS
PHWDO

5HJXODWLRQV�FRYHULQJ�VFUDS
PHWDO�WUDQVIHU�IDFLOLWLHV
DQG�UHF\FOLQJ�SODQWV

,QVWDOODWLRQ�RI�UDGLDWLRQ
PRQLWRULQJ�HTXLSPHQW�DW
VFUDS�PHWDO�IDFLOLWLHV

6ORYHQLD The discovery of a spent source in scrap
material should be reported to the HIRS.
Procedures then require a meeting of all
parties that are involved, in order to
determine the most effective remedial
measures to be taken (including SNSA
and the RAO Agency).  The RAO
Agency receives the source for storage.

Attempts would be
made.

No known examples. This topic has not been
regulated specifically.

Fixed, radiation
monitoring ports are
required at all facilities.
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Lost sources Czech
Republic

Estonia Hungary Poland Slovenia

Surveys of lost sources conducted x á x x x
Main causes cited:

     bankruptcy á á x
     long term storage at users á á
     illegal dumping á á
     unlicensed imports á á á
     lost in transit á á
     lack of responsibility by users á á
     theft á á
     historical medical applications (Ra) á
     lack of organised disposal route á
     inadvertent disposal as scrap á á á
     inadequate security during storage á á
     companies exceed licence limits

     imported scrap á á
     genuine loss

     old sources (pre-licence) á á á

Responsibility for disposal costs for sources found:

Government body á á á á á
Finder

Other á
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/LNHO\�QXPEHU�RI�VRXUFHV

ORVW�SHU�\HDU

&]HFK
5HSXEOLF

Known examples include bankruptcy, deliberate law breaking
(e.g. smoke detectors), lack of responsibility of users (one
example a 60Co  source was found in scrap) and historical
reasons (particularly radium held by private individuals).

Careful record keeping.
Inspections.

3-4 (in scrap metal).

(VWRQLD Estonian Rescue Board has been involved in 24 callouts
between August 1994 and Summer 2000. In total, 35 lost
sources were involved. Incidents have included intrusion and
theft (Tammiku), inadvertent disposal as scrap and
importation with scrap.

Enforcement of the existing legislation, including
adequate source registry, up-dating the registry
and supervision.

6.

+XQJDU\ No central records kept of lost sources and no survey but
there are records dating back to 1936 of all sources held.
Sources that have been lost have been due to:
Bankruptcy/Company receivership.
Importing without a licence and the importer being unaware
of the relevant regulations.
Sources lost in use/transit – lack of control.
Importation of scrap metal.

On change of ownership or bankruptcy of
companies, strict measures by way of regulations
are needed in the case of termination of radiation
activity. A regulation is currently being prepared
to address this issue.

There are very few ‘unregistered’ sources in
Hungary. It seems likely that one of these was
discovered in October 1999 when some scrap
metal was exported to Germany and was
subsequently returned when a source as detected.
Investigations revealed that it was an unmarked
Russian source whose origin could not be traced
within the registration system.

1-2.



0DQDJHPHQW�RI�6SHQW�6HDOHG�5DGLRDFWLYH�6RXUFHV�LQ
&HQWUDO�DQG�(DVWHUQ�(XURSH

&RQWUDFW�%���������������0$5�&��²�)LQDO�5HSRUW

$($�7HFKQRORJ\�����
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/LNHO\�QXPEHU�RI�VRXUFHV

ORVW�SHU�\HDU

3RODQG An annual report is produced by CLOR, which includes
information on the number of radiological incidents. During
1997, there were 29 incidents involving theft, damage, loss,
uncontrolled sources in public areas, smuggling or illegal
possession (number includes open and closed sources).

No recommendations made.  In 1998 and 1999, not more
than 10 per year.

6ORYHQLD A survey of lost sources has not been carried out, but there
have been a very few instances of lost sources. The primary
reasons for sources becoming lost are mainly historical, e.g.
medical Ra sources.

Strict following of the regulations and consequent
reporting to the regulators and storage operators.
The issue of ‘lost’ sources will be addressed in a
new law.

<1.
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Table A1 Fixed-Installed Monitor System Minimum Requirements
Table A2 Pocket Type Instrument Minimum Requirements
Table A3 Hand Held Instrument Minimum Requirements
Table A4 Manufacturers of Equipment for Detection of Radioactive

Material in Transit

Figure A1 Typical Hand Held Instrument for Localisation and
Identification of Radioactivity in Scrap Metal

Figure A2 Typical Gamma/Neutron Detector at Border Check Point
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The detection of nuclear and other radioactive materials in transit has become a major
international concern in recent years for a number of reasons, including the detection of
smuggling for the purpose of illegal disposal, defence against the use of radioactive materials
for terrorist purposes and accidental disposal of radioactive materials in scrap metals.
Although the majority of incidents involving the detection of radioactive material in transit
involve naturally occurring radioactive materials, a significant number of incidents involve
“lost” sealed sources.

Many border crossing points and facilities handling scrap metal, including those in the five
countries included in this study, have installed equipment to detect radioactivity in vehicles
and in scrap metal. However, there are currently no agreed international standards on
performance requirements and detection limits for such equipment.

For instance, publications by the Institute of Scrap Recycling Industries (reference A1)
recommend a minimum detectable activity of 137Cs, shielded to allow a surface dose rate on
the source container of 10 µSv/h and buried at least 1m in loose iron scrap. Although this may
seem a reasonable target, as it could represent a sealed source of significant activity, it is in
fact extremely challenging, given the amount of shielding, the likely distances between the
source and detector and the short times that a vehicle is likely to take to pass through a
monitoring gate.  The effective increase in dose rate at the outside of the vehicle based on
these assumptions is 6nSv/h under background conditions of typically 100-300 nSv/h. This is
an increase over ambient background of only 2-6%.

The International Atomic Energy Agency (IAEA) has recognised the practical difficulties
involved in detecting radiation at the low levels proposed by the Institute of Scrap Recycling
Industries. The IAEA is in the process of producing a Safety Guide on the subject. The
investigation level in the draft IAEA Safety Guide is likely to be finalised at between 100 and
500 nSv/h, thus being of the same order of standard background levels.

This appendix summarises the current status of international work to define detection
requirements, describes the equipment available, and gives information on appropriate siting
of that equipment and its capability to detect sealed sources of interest in this study.

This appendix contains information summarised from the IAEA’s “Illicit Trafficking of
Radiation Detection Assessment Programme” (ITRAP), and from experimental studies
carried out on behalf of IAEA by staff of the Austrian Research Centre, Seibersdorf
(references A2-A4).
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A radiation detector converts information from gamma and/or neutron radiation into electrical
pulses, thus allowing computation of various properties associated with the radiation received.
Usually solid state detectors are involved (scintillation type detectors), since they yield more
information per unit detector volume than, e.g., gas filled devices (Geiger-Muller tubes,
ionisation chambers). Almost all models are microprocessor controlled, allowing the
presentation of the desired result in the most appropriate form. Examples are (1) a simple
warning device, yielding a yes/no result and (2) spectrometric equipment, yielding a complex
spectrum for radioisotope information.

The following categories of equipment are commonly used in the detection/identification of
radioactive materials in transit or at metal recycling plants. A single detection location will
often use more than one category of equipment. For instance, if the presence of radioactive
material is suspected following an alarm at a fixed installation, it will then be necessary to
carry out further checks using hand held instruments.

$��� 32&.(7�6,=('�,167580(176

This type of instrument should be easy to use, even by non-specialist staff. Its purpose is to
allow a quick and qualitative assessment of suspect materials. They must be battery-powered
and shock and water resistant and should have low requirements for maintenance and
calibration. Typically, those instruments are auto-ranging and serve as alarm indicators by
audio, visual or vibrational alert.

$��� +$1'�+(/'�,167580(176

Hand held instruments are used for localisation and identification. With the requirement for
increased sensitivity, more complex evaluation procedures are required, leading to the
inclusion of spectroscopic evaluation techniques yielding information on the type of
radioisotope. A high degree of training is required. Such instruments are typically employed
when a detection has already been made and more detailed characterisation or localisation is
required. An example of hand held equipment used for the identification of gamma emitting
radionuclides is shown in Figure A1. The example shows a combined dose meter/gamma ray
spectrometer, which uses a sodium iodide detector for the identification of radionuclides over
a wide energy range.

$��� ),;('�,167$//('�,167580(176

Fixed installed instruments are designed to be located at checkpoints at borders or at the
boundaries of nuclear facilities or other facilities requiring monitoring (e.g. at the scrap metal
entry to steel work). Monitors are often designed like gates, causing the traffic to flow through
them. They should allow the monitoring of the flow of goods or people at the shortest
distance possible. The control and display units are located in a separate place and usually
have some form of tamper protection. Operation requires only a low level of training,
concentrating on first line of response and functional checking. Ideally, the flow of goods,
baggage, persons or vehicles may be monitored at considerable speed without obstruction and
with low false alarm rates.
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A typical radiation detector for installation at a border checkpoint is shown in Figure A2. This
equipment contains a plastic scintillation detector and photomultiplier for the detection of
gamma radiation and 3He tubes for neutron detection. The gamma detection limit of this
equipment is claimed by the manufacturer (Saphymo) to be 30 kBq (137Cs) at 1 metre, for a
1 second exposure.

$� 7KH�,$($�,75$3�3URJUDPPH

Since 1995, the IAEA has maintained a programme to combat inadvertent movement and
illicit trafficking in nuclear and other radioactive materials. An important part of that
programme has been a pilot study carried out by Austrian Research Centre, Seibersdorf
between 1998-2000, in which a range of hand held, portable and fixed equipment has been
tested in laboratory and field conditions.

Initially, an expert group identified the minimum requirements for each category of
equipment. A range of equipment from several suppliers was then tested in laboratory
conditions. In the laboratory tests, the systems were positioned in a circular shape (3m radius)
around a sealed source. In a constant background radiation of 0.2 µSv/h provided by a 137Cs
source, test sources were repeatedly exposed for 1 second in a 70 second test cycle (e.g. 10
MBq 137Cs or
0.2 MBq 252Cf (2x104 n/s)). In total, 187,000 tests were carried out (gamma, neutron plus
false alarm). Finally, fix-installed monitoring systems which met the requirements under
laboratory conditions were tested in the field at the Austro-Hungarian border checkpoint at
Nickelsdorf or at the customs check-point of Vienna airport.

Details of the test requirements for each of the categories are given in Tables A1 to A3.  A list
of manufacturers that took part in the study is also provided in Table A4. In addition to the
manufacturers’ listed, two other manufacturers have been identified during this EC study.
These are listed at the bottom of Table A4.

All nine of the fix-installed monitoring systems tested in the field have met or exceeded the
ITRAP minimum requirements.

$� &RQFOXVLRQ

International efforts sponsored by IAEA have led to the development of a practical set of
detection criteria which can be achieved by many commercially available instruments. These
detection limits are likely to form the basis of international standards for the detection of
radioactivity in transit, in the form of an IAEA Safety Guide.

While  the proposed limits in the Safety Guide represent an important step towards
international standards, they do not meet previous industry standards published by the
Institute of Scrap Recycling Industries, and would not ensure detection of a well shielded
sealed source buried in the centre of a large scrap metal consignment.

$� 5HIHUHQFHV
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A1 “Radioactivity in the Scrap Recycling Process”, Institute of Scrap Recycling Industries,
Washington DC, 1993.

A2 “Detection and Identification Techniques for Illicitly Trafficked Radioactive
Material(II)” C. Schmitzer in Safety of Radiation Sources and Security of Radioactive
Materials, Proc. Conf., Dijon, 14-18 Sept 1998, IAEA, EC, Interpol, WCO.
International Atomic Energy Agency ISBN 92-0-101499-6.

A3 “Prevention, Detection of and Response to Illicit Trafficking in Radioactive Materials”,
International Atomic Energy Agency, (in preparation).

A4 “Status Report on the Illicit Trafficking Radiation Detection Assessment Programme”,
International Atomic Energy Agency Manufacturers Meetings, Nov 22-23 1999 and
July 6-7 2000.
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$ODUP�OHYHO�IRU�JDPPD�UDGLDWLRQ�
Increase of the dose rate at the reference point of the detector from a background level of
0.2 µSv/h by a dose rate of 0.1 µSv/h for a duration of 1 second. This requirement has to be
fulfilled in a continuous incident gamma energy range from 60 keV to
1.5 MeV (tested with 241Am, 137Cs and 60Co). Reference point: Most sensitive location at
the detector systems.

$ODUP�OHYHO�IRU�QHXWURQ�UDGLDWLRQ�
A neutron flux density emitted from 300g weapons plutonium (6% 240Pu/94% 239Pu
~20,000 n/s) for a duration of 5s at 2m distance from the reference point of the detector,
gamma radiation shielded to less than 1% should trigger alarm. (tested with a gamma
shielded 0.01µg 252Cf source).

6HDUFK�UHJLRQ�
Geometrical region in which the minimum requirements for alarm level are fulfilled:
Pedestrian monitor: vertical 0-1.8m, horizontal up to 1.5m.
Vehicle monitor: vertical 0-3m, horizontal up to 4m.

'HWHFWLRQ�SUREDELOLW\�
Probability to detect radioactive material causing the dose rate specified under alarm level:
99.9% (Test: not more than 10 failures in at least 10,000 tests).

)DOVH�DODUP�UDWH�
Rate of alarms which are not caused by a radioactive source: 1 false alarm in 10,000 (Test:
not more than 4 false alarms in at least 40,000 tests).

2SHUDWLRQDO�DYDLODELOLW\�
99%, i.e. less than 4 days out of operation per year.

%DFNJURXQG�OHYHOV�
All tests are performed at a background level at least 0.2 µSv/h.
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6HQVLWLYLW\�WHVW�
Dose rate of 1.0 µSv/h (137Cs) at the detector reference point, for a duration of 2s should
trigger alarm. This requirement has to be fulfilled in continuous incident gamma energy
range from 60 keV to 1.5 MeV (tested with 241Am, 137Cs and 60Co). Reference point: Most
sensitive location at the detector systems.
[Test set-up: ITRAP circular exposure system. Background 0.2µSv/h 137Cs].

$ODUP�7KUHVKROG�
Check validity of specified threshold level (one low and one high threshold only).
[Test set-up: dosimetry lab, circular exposure system with 137Cs].

'RVH�UDWH�,QGLFDWLRQ�
Check validity of indicated dose rate (one low and one high value only) [Test set-up:
Dosimetry lab, circular exposure system with 137Cs (+/- 30% uncertainty)].

'HWHFWLRQ�3UREDELOLW\�
Probability to detect radioactive material causing the dose rate specified under alarm level
99%, (Test: not more than 100 failures in at least 10,000 tests).
[Test set-up: ITRAP circular exposure system. Background 0.2µSv/h 137Cs, alarm output
line required].

)DOVH�$ODUP�5DWH�
Rate of alarms which are not caused by radioactive source: not more than 1 false alarm in
12 hours operation. (Test: Not more than 10 false alarms in at least 120 hours). [Test set-up:
ITRAP circular exposure system. Background 0.2µSv/h 137Cs, alarm output line required].

(QYLURQPHQWDO�7HVWV�
Operate in temperature range: -15°C to +45° [Test set-up: climatic chamber, instrument
tested with source to give alarm at low and high temperature); in addition operate at low
and high humidity>95% RH [Test set-up: instrument wrapped in plastic bag with moist
tissue for 30 minutes, then tested with 137Cs source].

%DWWHU\�OLIH�
>800 hours for non-rechargeable, >12 hours for rechargeable units under non-alarm
condition. More than 3 hours under alarm condition. [Test set-up: under non-alarm
condition, current drawn from battery measured].

'URS�WHVW�
Meet specification after 0.7m drop on concrete three times in three different orientations.
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*DPPD�6HQVLWLYLW\�WHVW�
Dose rate of 0.2 µSv/h (137Cs) at a background of 0.2 µSv/h at the detector, for a duration of
3s should trigger alarm. This requirement has to be fulfilled in continuous incident gamma
energy range from 60 keV to 1.5 MeV (tested with 241Am, 137Cs and 60Co). Reference point:
Most sensitive location at the detector systems.

1HXWURQ�6HQVLWLYLW\�WHVW�
300g weapons grade plutonium at 0.25m distance for 10 seconds should trigger the alarm
(tested with 252Cf source).

'HWHFWLRQ�3UREDELOLW\�
Probability to detect radioactive material causing the dose rate specified under alarm level
99%, (Test: not more than 100 failures in at least 10,000 tests).
[Test set-up: ITRAP circular exposure system. Background 0.2µSv/h 137Cs, alarm output
line required].

)DOVH�$ODUP�5DWH�
Test only required if instrument provides alarm feature. At background level of 0.2 µSv/h
and threshold above background:
Requirement: Not more than 1 false alarm per minute (Test: not more than 100 failures per
100 minutes) [Test set-up: ITRAP circular exposure system. Background 0.2µSv/h 137Cs,
alarm output line required].

'RVH�5DWH�,QGLFDWLRQ�
Check validity of indicated dose rate (one low and one high value only) [Test set-up:
Dosimetry lab, circular exposure system with 137Cs (+/- 30% uncertainty)].

,VRWRSH�,GHQWLILFDWLRQ�
After calibration, the following isotopes should be identified behind 5mm steel shielding,
dose rate at detector without shielding 0.5 µSv/h above background, duration of
identification <3 minutes: 235U, 238U, 233U, 239Pu, 40K, 133Ba, 111In, 226Ra, 207Bi, 232Th, 137Cs,
60Co, 57Co, 99mTc, 201Tl, 67Ga, 133Xe, 131I, 103Pd, 241Am.

(QYLURQPHQWDO�7HVWV�
Operate in temperature range: -15°C to +45° [Test set-up: climatic chamber, instrument
tested with source to work at low and high temperature); in addition operate at low and high
humidity >95% RH [test set-up: instrument wrapped in plastic bag with moist tissue for 30
minutes, then tested with 137Cs source ]

%DWWHU\�/LIH�
>12 hours under non-alarm conditions, >3h under alarm conditions [Test set-up: current
drawn from battery measured].

6HDUFKLQJ�&DSDELOLW\�
To be tested during field tests ate border. Time required to find source in a vehicle should
be as short as possible.
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Name Supplier Contact
Paul Kennedy Barringer p.kennedy@barringer.com
Josef A. Noesterer Barringer

Barringer Research Ltd +1 905 238 8837
Joe Johnston Bicron NE 001 216 3496960

jjohnston@bicron.com
Ing. Helmut Bitt BITT Technology
W. Rieck ESM 0049 9131 90 9339

w.rieck@esm-online.de
Thierry Pochet Eurisys Mesures 0033 1 39 48 53 63
Peter Giesen Eurisys Mesures
Fazileabasse MGP Instruments 0033 4 90 59 59 59
Roman Rost Nuclear Services and

Supplies, Rost Gmbh
A-2340 Moedling Austria

43 2236 42992 0
nuss@via.at

Dr. Massimo Morichi Oxford Instruments Inc
Nuclear Measurement
Group

39 6 52372019
mmorichi@aol.com

Dr. Richard Seymour Oxford Instruments Inc
Nuclear Measurement
Group

001 423 483 5891
rseymour@oxfordnuclear.com

Ing Alfred Stritzl Oxford Nuclear
Measurement Group

43 2742 313421
ias@via.at

Alexander Antonovsky
Andrei Stavrov

polimaster

J. Francais Moreau SAPHYMO
Massy, Paris

Saphymo@compuserve.com

Irina Belushcina
Alexandre Ivanov

SPC aspect 007 09621 626 99
spectr@nf.jinr.ru

Allan Frymire TSA Systems Ltd 001 303 651 6147
Richard Sabathy UEI-Wien

Name Supplier Contact
Bill Snooks Pycko Scientific Ltd

Nottingham, UK,
NG2 4DH
(supplier of Exploranium
equipment)

0044 115 911 0239
b.snooks@pycko.freeserve.co.uk

Dansteel
Leif Lofberg Exploranium Europe

Backehagen 35
S-791 91
Falun
Sweden

+46 23 21480
leif.lofberg@radiationdetection.s
e
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)LJXUH�$��7U\SLFDO�*DPPD�1HXWURQ�'HWHFWRU�DW�%RUGHU�&KHFN�3RLQW��RQ
LVODQG�DW�OHIW�RI�SLFWXUH���&RXUWHV\�RI�6DSK\PR��3DULV
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