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Abstract. This paper will provide a time-line overview of the progress on radioactive waste management following the 1991 declaration of independence. This paper will address several important factors and the means which promoted the development of radioactive waste management policy. Republic of Estonia has managed to solve the problems related to the historical radioactive waste sites and has worked a lot in area of the policy development. One important milestone was approval of Radiation Protection Action Plan in 2008, which defines the radioactive waste management policy. The work continues on several strategy and technical documents.

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. Estonia had 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 state. Uranium ore processing continued until 1977. 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. 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 [2].

In the early 1970s, the plant introduced a new production line – rare earth elements. 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 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 has been successful, and the liquidation of one the most dangerous and talked about pollution sites in Estonia was finished in 2008. 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 [3].

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 [4]. 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.

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 1995, steel-concrete shelters were constructed and grout poured inside the reactor compartments. There was a feasibility study carried out to evaluate various dismantling options for the reactor compartments [5] and 4 different possibilities were estimated: 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.

By the end of the year 2007 activities ensuring safe long-term storage of the Paldiski sarcophagi were 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.

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.

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 [6]. 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. 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. According to the Environmental Impact Assessment and Environmental Management System Act [7] A.L.A.R.A. Ltd started an environmental impact assessment process in 2006 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. 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.

3. Building up the radioactive waste management policy

Fact that Estonia had to take over and solve several questions related to legacy radioactive waste management sites were one of the main ones, which required building up the radiation protection infrastructure in Estonia. After long negotiations between Estonian and Russian Governmental representatives Estonian Government took over responsibility for the nuclear submarine training facility in September 1995. Under the Ministry of the Economy a separate institution, A.L.A.R.A. Ltd, was created 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. The competent authority was established under Ministry of the Environment at the same time. The development of radioactive waste management system and policies can be divided into 4 stages.

To start with Estonia had to relay a lot on the international experience, as there was no experience in the radioactive waste management available in the country. In order to assure coordinated approach, several international expert groups were formed. The Paldiski International Expert Reference Group (PIERG) was established with participants from Estonia (both experts from regulator and operator), Russia, Sweden, USA and Finland among others. 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 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.

The second stage is connected with the radioactive waste management governmental working group, which  was set up in 2002. The main factor was setting up this group was the need to make the decision about the future of Paldiski site, however the given mandate for the working group was wider. The working group included representatives of different Ministries, but also the radioactive waste management operators, regulator and representatives of local municipalities of the radioactive waste management sites. There were several meetings held and in 2003 working group proposed several recommendations to the government, which approved them all. For Paldiski site it was recommended to 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. Most of the other recommendations were not so detailed ones, however this working group set a good basis for continuation. One important outcome was the understanding that radioactive waste management questions need more attention and also that more detailed approach is needed.

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. The current Radiation Act [8] came into force on 1st May 2004 and has one of the chapters dedicated to radioactive waste management. In the drafting process the recommendations of the governmental working group were taken into account and the act lists several main principles for the radioactive waste management. Among others Radiation Act states for example that the estimated harmful effect on future generations of such practices will not exceed the effect permitted in the legislation. It also required that the activity and quantities of created radioactive waste and emissions are as low as possible. According to Estonian legislation the operator has to take account also biological, chemical and other risks connected with radioactive waste management. Radiation Act follows the polluter pays principle and states that the producers of radioactive waste shall cover all costs incurred upon the handling of the radioactive waste.

Radiation Act defines the national development plan for radiation protection (NDPRP), as plan, which shall address the situation in the area of radiation protection in Estonia, the planned objectives regarding the organisation and rationalisation of radiation protection, and measures to be taken to achieve such objectives. The first NDPRP was prepared during the years 2006-2008 by the governmental working group. Preparation of this document facilitated the discussion between ministries and different authorities. Most of the ministries provided their comments to the document before NDPRP was approved by the Government in April 2008 [9].

The development 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 development plans. This means that the section of radioactive waste management of the NDPRP 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.

The document gives and overview about the developments and current situation. Currently Estonia has central radioactive waste management and interim storage facility for low and intermediate level radioactive waste and there is no arise of high level radioactive waste or spent nuclear fuel. However there is no decision taken about the disposal of the radioactive waste and NDPRP defines the first steps in that process. It foresees that the environmental impact assessment process for the radioactive waste depository should be started by year 2013. The other aims in the document include decommissioning of Paldiski facility, closing of Tammiku facility, monitoring of Sillamäe site, etc. About one year after approval on the NDPRP there are already several substantial results; several radioactive waste management technical documents are under the preparation and there are preparations under way to start the disposal option selection.

4. Conclusions

Estonia started building up the radioactive waste management system a bit more than 10 years ago.  However in the past decade there has been a remarkable amount of development and there have been several factors, which have facilitated these developments and co-operation with IAEA was one of the important ones. In 2005 Republic of Estonia ratified Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management and has participated on the review meetings since 2006. 
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