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Abstract.  This  paper  will  provide  a  timeline  overview  of  the  of  radiation  protection  infrastructure 
following the  1999 declaration of  independence.  In Estonia,  an independent  competent  authority was 
inaugurated in 1996 and the first Radiation Act was approved by Parliament the following year, in 1997. 
This  paper  will  address  several  important  factors  and  the  means  which  promoted  development. 
International  cooperation  was  and  remains  an  essential  factor  worthy  of  discussion.  For  example 
participation in International Atomic Energy Agency technical co-operation programme and co-operation 
with neighbouring countries  greatly facilitated greatly the development.  Political  choices and the long 
term goal  of  accession  to  the  European Union had great  importance  to  the  process  also.  Today,  the 
Republic  of  Estonia  is  member  of  European  Union  and  has  built  up  a  well  functioning  radiation 
protection  system according the  international  standards  and requirements.  This  paper  is  intended to 
share the experience and to facilitate the learning process.
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1. Introduction

The Republic of Estonia (45 227 km², population 1.34 million) is situated in North-East of Europe, on 
the eastern coast  of Baltic Sea.  Estonia regained independence in 1991,  which created a need for 
changes. The previous Soviet government had controlled all radiation related activities from outside 
the new federal borders. Supervision regarding the use of radioactive sources was previously under the 
supervision of the Sanitary Board. Over the course of departmental organisation in the 1990s, it was 
decided to separate responsibility for ionizing radiation from that of general sanitation. Additional 
motivating factor for this was the necessity to take over and solve the problems of several “heritage” 
sites from Soviet time - nuclear submarine training centre with 2 reactors, uranium milling and mining 
tailing pond and Radon-type radioactive waste depository for institutional waste.

2. Former sites

2.1 Uranium milling, mining and tailing pond in Sillamäe

The Metallurgical Plant at town Sillamäe was built in late 1940's as a top secret facility [1]. It locates 
in North-East Estonia, about 190 km from capital Tallinn. The target product was uranium, for the use 
of the Soviet nuclear program. For the first decade local Estonian alum-shale was used, however the 
plant  soon switched to  processing ores  with a  higher  content  of  uranium from other  Central  and 
Eastern Europe states, as the local ore was no longer competitive due to the low content of uranium. 
Uranium ore  processing  continued  until  1977.  From 1977 to  1990 the  plant  refined  nuclear  fuel 
(enriched uranium), produced in Russian plants. Waste arising from uranium production was stored in 
a depository located near the plant, 20 - 50 meters from the waterline of the Baltic Sea. Tailings and 
waste from industrial  activities of the Sillamäe plant are topics of an enhanced environmental and 
radiological  concern [2].  The major  sources  of  difficulty are  the  waste  depository,  and the  areas 
outside the repository contaminated by waste or residuals. The tailings pond contains about 12 million 
tons (about 8 million m3) of waste. These wastes contain some 1,830 tons of pure uranium and 850 
tons of thorium, up to 30 - 40 x 1014 Bq of their daughter nuclides, including radium. The total amount 
of radium is estimated to 7.8 kg, corresponding to 2.9 x 1014 Bq of 226Ra [3].
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2.2. Nuclear Submarine Training Centre

The  nuclear  facility  in  Paldiski  was  established  in  the  early  1960’s  for  training  the  USSR navy 
personnel for the operation of submarine nuclear reactor's systems [1]. It is located on the country’s 
north west coast, about 50 km from capital, Tallinn. Two full-sized PWR type reactors were installed, 
close analogues of  those operated on real  nuclear submarines  of  the Echo and Delta classes.  The 
operating nuclear propulsion system, complete with power transmission to propeller shafts and the 
corresponding hydraulic brake systems were used as training opportunities. The first-generation 70 
MWth reactor was commissioned in 1968. In all this reactor was in operation for approximately 20,000 
h, until January 1989. In 1983 the second, 90 MWth PWR reactor was commissioned. This reactor was 
in operation for about 5,300 h until December 1989.

2.3. RADON-type radioactive waste facility

A radioactive waste storage facility was built in 1960, close to the village Tammiku, about 12 km from 
Tallinn. The facility was designed in accordance with the USSR standard type of so called Radon 
facilities,  and  was  the  primary  storage  facility  for  radioactive  waste  generated  from  use  of 
radionuclides in Estonia. In the mid-1980’s, reconstruction began in order to upgrade this facility in 
accordance with then current USSR criterion on safe management of radioactive waste, but this work 
remained incomplete due to a lack of resources.

3. Building up the radiation protection infrastructure

After long negotiations between Estonian and Russian Governmental representatives it was decided in 
December 1994, that the Estonian Government would take responsibility for the nuclear submarine 
training facility by 30 September 1995. According to the agreement the Ministry of the Environment 
was required in addition to take charge of radioactive waste management. In order to accomplish this 
goal, a new department mandated to those designated responsibilities was inaugurated on 15 January 
1995 [4]. At the same time, the Ministry of the Economy was obligated to create a separate institution, 
A.L.A.R.A. Ltd, to administrate the radioactive waste management, in particular the maintenance of 
two  sites  -  nuclear  submarine  training  centre  with  2  reactors  and  Radon-type  radioactive  waste 
depository.

Thus, in January 1995 the Radiation Protection Centre was established as a department of the Estonian 
Meteorological and Hydrological Institution. In that year,  Estonia and International Atomic Energy 
Agency (IAEA)  established  a  memorandum of  understanding  in  order  to  develop  an  appropriate 
radiation protection infrastructure. In May 1995, the Minister of the Environment signed this decree, 
which specified the mandate of the new Estonian Radiation Protection Centre (ERPC). The Centre 
became an independent institution as of 1 January, 1996.  As set out by governmental mandate, the 
primary objectives  of  the  ERPC were:  the monitoring of  radiation,  laboratory analyses,  licensing, 
radioactive waste management and export/import of radioactive source controls, participation in the 
preparation  of  legislation  regarding  radiation  protection,  prompt  information  exchange,  and  the 
fulfilment  of  the  varied  requirements  of  different  international  conventions  [5].  Additional  duties 
included consulting, and acting as a liason point for the IAEA in Estonia.

4. Legislative base

Due to the political changes at the federal level, the Soviet legal base upon which former legistlation 
had  been  drafted  was  no  longer  applicable.  In  order  to  prepare  a  new  legal  base  for  radiation 
protection, a working group was established in mid 1990s. The aim of the working group was to 
prepare an initial draft of the Radiation Act and the required accompanying regulations. During that 
stage cooperation was an essential factor: the radiation acts of nearby Nordic countries were studied in 
order to learn from their experiences [6] and create the most effective legislation possible.
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In  May 1997,  an  important  step  in  that  development  process  was  made,  the  new Radiation  Act 
prepared  with  the  assistance  of  the  IAEA was  promulgated  in  the  Estonian  parliament  [7].  This 
introduced a legal framework for radiation protection within Estonia, and further defined and stressed 
the role and responsibilities of the ERPC as an independent national regulatory authority- The ERPC 
was  therby fully  empowered  to  control  radiation  sources  and  all  nuclear  related  activities  in  the 
country in line with the International Basic Safety Standards for Protection against Ionizing Radiation 
and  for  the  Safety  of  Radiation  Sources  (BSS)  [8]  and  other  international  requirements  for  the 
protection  and  safety  of  people  and  nuclear  installations.  The  Radiation  Act  also  introduced  the 
concept  of  the radiation  practice licence as a required document  conferring the right  to carry out 
radiation related practices. Practice is defined as any activity,  which increases or may increase the 
exposure of humans to radiation emanating from an artificial source or from a natural radiation source 
in  cases  where  natural  radionuclides  are  processed  in  view  of  their  radioactive,  fissile  or  fertile 
properties. The first radiation practice licences were granted in 1997 [6].

5. Joining EU

Estonia joined the European Union in 2004. This process required a large amount of effort, in order to 
prepare several the amendments to the Radiation Act, which were necessary in order to bring the state 
in  line  with  the  relevant  European  Atomic  Energy  Community  (EURATOM) Directives  [9]. 
Additionally, there were also several new regulations, that needed to be prepared. Most regulations in 
place prior 2004 also required heavy review.

Estonia introduced a new version a Radiation Act in 2004. Article 4 of Radiation Act specifies that the 
performance  of  activities  related  to  radiation  protection  shall  be  organized  by  the  Ministry  of 
Environment within the limits of its competence through the Environmental Inspectorate and ERPC, 
defining  it  as  a  state  agency within  the  Ministry  of  the  Environment  whose  main  functions  are 
provided for in the Act [10].

A new Radiation Act also altered the licensing system. From 1997 until 2004, all licencing procedures 
were  fullfilled  by  Estonian  Radiation  Protection  Centre.  According  to  new legislation,  radiation 
practice  licences  were to be granted by Ministry of  the Environment.  Licences  were prepared by 
ERPC, while supervision and enforcement fell to the Environmental Inspectorate. This meant that the 
ERPC became an agency providing services to the governmental organizations.

6. International co-operation and its impact

Estonia  was among the  first  countries to  have joined the so-called Model  Project  on “Upgrading 
Radiation Protection Infrastructure” launched by the IAEA to assist the Member States in attaining the 
requirements of the International Basic Safety Standards for Protection against Ionizing Radiation and 
for the Safety of Radiation Sources published by the Agency in 1996 [11]. The Republic of Estonia, 
by receiving support from the IAEA under the auspices of this project, made effective use of this 
assistance,  which  included  expert  missions  (e.g.  to  help  the  Estonian  counterpart  in  drafting 
regulations,  guides  and  other  documents),  instrumentation  (e.g.  for  individual  and  workplace 
monitoring, inspection and quality control) and publications (e.g. for preparing national legislation and 
procedures).

However  the  most  valuable  assistance  provided  to  Estonia  through  several  IAEA  technical  co-
operation projects (both regional and national) was the support of the IAEA in the training of ERPC 
staff and also the personnel of the various users of radiation-based applications in the country. Estonia 
has used the opportunity to participate in a wide range of different educational and training modalities 
organized by the IAEA.  Several  junior professionals attended the IAEA Postgraduate Educational 
Course in Radiation Protection and the Safety of Radiation Sources (PGEC) at the outset of their 
professional  careers.  Teaching  materials  developed  by  IAEA,  addressing  all  areas  of  radiation 
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protection, have been used in national training courses coordinated by the ERPC as an important part 
of continuing the process of education and training in radiation protection of all radiation workers in 
the country.  In addition to these courses,  several  Estonian professionals received training through 
IAEA fellowships and scientific visits which promoted ‘de facto’ the cooperation and exchange of 
experience among the countries in the European region.

Infrastructure development was speeded by excellent cooperative links, particularly with the Swedish 
Radiation Protection Authority (SSI), Finnish Nuclear and Radiation Safety Authority (STUK), and 
the Danish Emergency Services (DEMA). Through work with these institutions, Estonia in general 
and the Radiation Centre in particular received precise technical assistance and essential expert advice. 
Collaboration with these institutions granted ERPC staff access to training programs and instruction, 
which facilitated the development of the Estonian infrastructure [12].

7. Changes on the former sites

7.1. Uranium milling, mining and tailing pond in Sillamäe

In the early 1970s, the plant introduced a new production line – rare earth elements. Rare earths were 
produced from loparite – rare earths, niobium, tantalum and NORM-containing ore. Later (and until 
the present day) rare earths were produced from a rare earth chloride mix [13]. Composition of raw 
materials  varies  depending on  deposit  and niobium/tantalum are  combined  usually  with  iron,  tin, 
titanium, manganese, radioactive elements (uranium, thorium) and their decay products.  Since 1990, 
the primary plant activity has been the continuation of the production of Nb and Ta metals and light 
rare earth metals production, as well as compounds from various imported ores, e.g., columbite and 
chloride melts. The plant was privatised in 1997 and changed its name to Silmet Ltd.

The restructuring project of Sillamäe tailing pond refuse depository was launched in the summer of 
1997 by the  state,  in  co-operation  with  different  partners.  The  Estonian  Government  initiated  an 
internationally financed project, which different stages included shore protection, dam stabilization 
and the control of the ground water inflow. The project is now in its last phase, the covering of the 
pond with several layers of soil and surface reshaping [14]. The project has been successful, and the 
liquidation of one the most dangerous and talked about pollution sites in Estonia should be finished by 
2009, when the whole area of tailing pond will resemble a large scale green football field.

Until 2004 all radioactive waste from the rare earth and the rare metal production was dumped in the 
tailings  pond.  In  connection with the  work according to  the  Sillamäe  Tailings  Pond Remediation 
Project, it was necessary to discontinue the discharge of any Silmet Ltd. technological waste including 
dry radioactive waste to the tailings pond by 2004. From this followed the need to work out new waste 
management  options  for  the  waste  produced  [15].  The  outcome  of  active  discussions  and  dialog 
between  the  operator  and  regulator  was  development  of  the  waste  management  system,  which 
complies with the changed legislative system. The plant, which came from the Soviet system, had 
changed the views about the environmental issues and has shown good will in order to develop out 
new management system. Even there is still the need to find the solution for the final waste disposal, 
but the options are already listed and the studies have started.

7.2. Nuclear Submarine Training Centre

The Paldiski International Expert  Reference Group (PIERG) was established with participants from 
Estonia (both experts  from Paldiski,  ERPC staff and other specialists),  Russia,  Sweden, USA and 
Finland  among  others  [16].  The  objective  of  PIERG  was  to  promote  the  safe  and  timely 
decommissioning  of  Nuclear  Submarine  Training  Centre.  The  group  developed  the  Paldiski 
Conceptual  Decommissioning  Plan,  which  also  included  plans  to  rearrange  the  site  to  facilitate
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decommissioning  and  waste  processing  work,  and  dismantling  of  contaminated  installations  in 
auxiliary  facilities  such  as  the  liquid  waste  treatment  facility  and  the  liquid  waste  store.  As  a 
consequence of this, an interim storage for radioactive waste was set up in the Main Technological 
Building.

Prior  to  1994  the  reactor  compartments  were  prepared  for  storage:  auxiliary  compartments  were 
dismantled, non-radioactive equipment was removed, fuel from the reactors was unloaded, the reactors 
and primary circuit systems were made airtight and drained, sorbents from the coolant purification 
filters  were  discharged,  non-radioactive  equipment  above  the  biological  shielding  was  removed, 
additional reinforcement of reactor compartment support units was carried out.  In 1994 the reactors 
were defuelled and the spent nuclear fuel was shipped to Russia [17]. In 1995, steel-concrete shelters 
were constructed and grout poured inside the reactor compartments. In principle, the it was stated by 
the Russian party that these arrangements ought to have ensured the safety of reactor compartment for 
a period of 40 years [18]. However, this statement was not backed up by any safety case. Several 
studies aiming to assure the current storage conditions of the two sarcophagi  against international 
recommendations on radioactive waste management, highlighted a number of safety issues, e.g. air 
tightness of the sarcophagi, risk of corrosion, degradation of the infrastructure.

A feasibility study was also conducted under a related project.  For example there was a study to 
evaluate various dismantling options for the reactor compartments [19], which estimated  4 different 
possibilities:  retain  the  present  situation  indefinitely;  maintain  the  sarcophagi  and  reactor 
compartments for interim storage (ca. 50 years) of the reactor structures and wastes, with subsequent 
full dismantling and disposal of wastes to purpose built facilities; early removal of long-lived waste 
components  within  the  reactors,  upgrade  the  sarcophagi  and  reactor  compartments  for  long-term 
storage and subsequent in-situ disposal of the reactor and finally early full dismantling of the reactor 
compartments, with long term disposal of the resulting wastes in a purpose built facility. Estonia chose 
the long safe-storage option for about 50 years. The main arguments were that the Paldiski interim 
storage in the same building housing sarcophagi is not big enough to receive decommissioning waste. 
Another  reason  was  several  radionuclides  (H-3,  Sr-90,  Cs-137,  Eu-152  etc)  in  the  reactor 
compartments, which decay considerably over the period. In order to ensure long-term safety a special 
project was launched to secure the sarcophagi and to establish conditions for monitoring. At the same, 
works continued according to the Paldiski Conceptual Decommissioning Plan.

By the end of the year 2007 activities ensuring safe long-term storage of the Paldiski sarcophagi weree 
finished, as well as related dismantling activities. As result the site is decommissioned, leaving only 
Main Technological Building and the entrance building. Now it is time to make the preparations for 
the dismantling of reactor compartments.

7.3. RADON-type waste facility

Since November 1995 the facility is managed by radioactive waste management agency A.L.A.R.A 
Ltd. The facility operation was finished in 1996, as a result of an incident with radioactive sources 
[20]. There was a joint study with SSI, which concluded that the facility did not conform with the 
standards  of  the  IAEA  recommendations  for  similar  sites  and  the  amounts  of  radionuclides, 
particularly long-lived, are too large. Radioactive waste was not conditioned [21]. Due to these facts 
and because there  were  new interim storage facility available  in  Paldiski,  in  November  1996 the 
storage vaults were temporarily closed and covered with a deep soil layer of more than 1 meter.

About 10 years after closure, new studies were started and it was recognized that there were two 
solutions available: prolonged storage of radioactive waste at the site until a final radioactive waste 
repository would become available or retrieval of the waste and relocation to the Paldiski Interim 
storage facility [22]. In 2005, a preliminary study was made by the SKB International Consultants AB 
for retrieval and conditioning of the waste from Tammiku Storage Facility [23]. It was recommended 
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that the waste be retrieved and transported to the interim storage facility at Paldiski. According to the 
Environmental Impact Assessment and Environmental Management System Act [24] A.L.A.R.A. Ltd 
started  an  environmental  impact  assessment  process  in  2006.  During  the  process  several  public 
hearings were held, different options were assessed and the assessment report was approved by the 
Ministry of Environment at the end of 2007. The outcome of environmental impact assessment was 
that  the  option  to  retrieve  the  waste  and  decommission/dismantle  the  facility  was  chosen.  The 
company handed in the radiation practice license application for those actions. Practice is divided into 
two stages – the first  one including retrieval and transportation of the waste,  and the second,  the 
decommissioning and dismantling of the facility. After licensing it is estimated that the project would 
take 3-4 years, before the facility area (0.2 ha) will be exempted from regulatory control. However as 
is usual in the similar cases, the site slated to remain under environmental surveillance according to 
the Estonian legislation [11].

8. Radiation Protection Action Plan

In 2005 the IAEA RASSIA mission visited Estonia and prepared a report: Infrastructure appraisal for 
Estonia of Radiation Safety and the Security of Radioactive Sources. They found that Estonia had 
developed a system that was satisfactory and efficient [25]. This was a clear sign that it was time to 
contemplate strategies for the long term.

Over  the  last  3  years,  a  working  group  composed  of  representatives  from different  government 
ministries and other interested parties prepared a draft radiation protection action plan. This document 
covers  primary  actions  for  next  decade.  Preparation  of  this  document  facilitated  the  discussion 
between ministries and different authorities. Most of the ministries provided their comments to the 
documen before  Radiation Protection Action Plan was approved by the Government in April 2008 
[26].

The action plan sets out the primary tasks of radiation protection in Estonia stating 4 main objective 
and actions to fulfil them. Sections covered include radioactive waste management, medical exposure, 
emergency  preparedness  and  environmental  radiation.  Every  section  can  be  taken  as  separate 
document and provides the relevant strategical aims. The Estonian legislative system lays down the 
main principles in the different legislative acts. However, the ways to achieve these goals and practical 
milestones are put into action plans. For example the section of radioactive waste management of the 
radiation protection action plan can be considered as  strategy for  radioactive  waste  management, 
giving explanations about  the goals to achieve and the milestones.  Though the document  focuses 
mostly on the next decade, it actually looks further, especially in the case of the radioactive waste 
management, where the decisions have to be made on longer time scale. One of the objectives of the 
action plan is also to understand and correct infrastructure deficiencies. It is designed to make easier 
and more understandable the proceedings of applications.  Further amendments to the Radiation Act 
are foreseen for 2009, which may also help to sort out some of the bureaucratic difficulties.

9. Conclusions

Estonia started building up the radiation protection infrastructure a bit more than 10 years ago. There 
was no clear governmental mandate and no accompanying support legislation to start with. However 
in the past decade there has been a remarkable amount of development, the ERPC has achieved a level 
of recognised competence, and the state has implemented a sustainable infrastructure system. There 
have been several factors, which have facilitated these developments and co-operation with IAEA was 
one of the important ones. Also in the last decade, the ERPC has received a great deal of assistance 
from neighbouring states. Now it is our time to become an equal partner in this venture. In order to 
have a full and eloquent voice within the European Union, cooperation between the Nordic and Baltic 
countries must become very tightly-knit. The small size of our field within most countries has resulted
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in  the  ability  to  develop  close  working  relationships  between  staff  at  various  institutions.  This 
cooperation may be an important part of Estonia’s movement towards becoming a nuclear state: a new 
nuclear  power  station  at  Ignalina  has  been  officially  tabled  as  a  possibility  and  there  is  active 
discussion about building a nuclear power plant in Estonia.
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