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Abstract: This paper is concerned with the management of the nuclear legacy in northwest Russia, in particular the remediation of facilities, and related spent fuel and radioactive waste management, at the former Shore Technical Bases at Andreeva Bay and Gremikha Village. New regulatory guidance documents have been developed, necessary because of the special abnormal situation at these sites, but also because of the transition from military to civilian regulatory supervision and the evolving regulatory system in the Russian Federation. Works on-going in 2009 are described which involve development of the radio-ecological basis for identifying radiation supervision area boundaries and a system of recommended dose constraints and derived control levels. Unconditional guarantee of long-term radioecological protection serves as the basis for criteria development. Non-exceedance of these dose constraints and control levels implies compliance with radiological protection objectives related to the residual contamination.
1. Introduction

Two technical bases of the Northern Fleet were created in the Russian Northwest in the 1960s at Andreeva Bay in the Kola Peninsula and Gremikha village on the coast of the Barents Sea. They maintained nuclear submarines, performing receipt and storage of radioactive waste (RW) and spent nuclear fuel (SNF). No further waste was received after 1985 and the technical bases have since been re-categorized as sites of temporary storage (STS). After two decades, the Treaty on the Non-proliferation of Nuclear Weapons called for functional decommissioning of a large number of nuclear submarines within a relatively short period, from the late 1980’s to early the 1990’s. This gave rise to increased attention from the international community to the circumstances in northwest Russia.

The Norwegian Radiation Protection Authority (NRPA) and the Federal Medical-Biological Agency (FMBA) of the Russian Federation have a collaboration programme which forms part of the Norwegian government’s Plan of Action to improve radiation and nuclear safety in northwest Russia. The main focus of the cooperation projects is concerned with regulatory supervision of the management of the nuclear legacy in northwest Russia, in particular the remediation of facilities and sites of STS, and related spent fuel and radioactive waste management. The work has involved major technical inputs from the Russian Federation Burnasyan Federal Medical Biophysical Centre, as well as review and advice on international recommendations and good practice in other countries provided by other technical support organisations.

As one goal of remediation is putting STS into ecologically safe conditions, elaboration of quantitative radiation-hygienic criteria and norms (requirements for radioecological situation) for STS site and facility end-state conditions is urgent. This paper focuses on work done to characterize the STS radioecologically and the development of criteria for remediation of the territory of the STS.
2. Results of radiation situation assessment at STS in Andreeva bay and Gremikha

When developing remediation criteria and norms, the current radiation situation at STS was accounted for as well as the predicted radiation situation which might exist during SNF and RW removal.

In 2005-2009, more than 500 samples of environmental media, local foods and drinking water were collected in Andreeva bay and Gremikha village expeditions; moreover, additional ambient dose rate monitoring was implemented. Gamma-spectrometry and radiochemical methods were applied for sample measurements. Obtained results served as a basis for calculation of the current doses to workers and the public and for the prognostic assessment of future doses.

Gamma dose rates were recorded from background level up to 142 μSv/h in Andreeva Bay STS and up to 8500 μSv/h in Gremikha STS. Maximum levels were observed near radiation-hazardous facilities, where the gamma dose rate is due to radiation from contaminated soil and from radioactive substances inside the storage facilities.

At the territory of STS industrial sites man-made contamination of the soil surface with 137Cs and 90Sr is observed, exceeding local background values by a factor up to 100 times or more. Levels of soil contamination with 137Cs are 4-20 times greater than those of 90Sr. At the territory of industrial sites of Gremikha STS are also contaminated with 60Co (9.7(102 – 2.3(105 Bq/kg), 152Eu (3.3(102 – 7.5(105 Bq/kg) and 154Eu (2.2(102 – 7.5(105 Bq/kg). Within the Andreeva Bay STS contamination of the soil was detected at depths as deep as 15.6 m.

The concentration of 137Cs in bottom sediments of the coastal strip at STS in Andreeva Bay is 100 Bq/kg near the mouth of the former brook and 36 Bq/kg behind the health protection zone barrier. Health protection zone is an area of administrative and technical provision of the STS. The concentration of 90Sr in the same bottom sediment samples is 36.6 and 2 Bq/kg respectively. Locally, the concentrations of 137Cs and 90Sr in seaweed moderately exceed background for 137Cs and are more than 50 times background for 90Sr. However, off-site, the seaweed contamination is small, similar to background values. However, when assessing dynamics of radioactive seaweeds contamination, some tendency is observed of 90Sr accumulation in sea vegetation due to releases of STS activity.

Environmental radiation monitoring demonstrated significant exceeding (in comparison with typical background values) of 137Cs and 90Sr contents at local parts of coastal strip of STS health protection zone in seawater, seaweeds, bottom sediments, vegetation and soil. Results of radionuclide sorption examination in soil and underground water permit to assume presence of effective migration from contaminated areas via groundwater, causing radioactive material inflow into offshore marine waters. Having in mind the possibility of further contamination of the STS area, dynamic surveillance is needed of the radiation situation during both routine activity and SNF and RW removal.
The on-site measurements suggest that remediation work will have to be planned so as to take account of the on-site contamination in two ways. Firstly, the activity levels will present external and internal irradiation hazards to remediation workers. Secondly, the SNF removal work must be planned so as not to disturb and hence release significant contamination from the sites.

According to radiation monitoring of catches in the STS off-shore marine environment, the concentration in fish is in the range 0.7 - 13 Bq/kg for 90Sr and 0.4 – 35 Bq/kg for 137Cs, being significantly lower than actual Russian accepted radiation contamination levels. With the purpose of radiation exposure restriction during large-scale STS remedial work, FMBA of Russia established a public radiation dose quota; this quota is 100 μSv/y due to effluents and 30 μSv/y due to radioactive discharges.

3. Norms of remediation
Remediation criteria and norms defining requirements for radiation protection of workers, public and limits of environmental contamination had been developed for three main options: conservation (monitoring and controlling current situation), conversion (partial or overall renovation) and liquidation (to green-field unrestricted use), in the form of:
· dose limits and dose constraints for workers during remediation operations;
· dose limits and dose constraints for the public during remediation operations and after they are completed;

· levels of radioactive superficial contamination of workshops and on equipment inside them;

· concentration of radionuclides in marine media, including fish;

· concentration of radionuclides in underground waters on-site STS.

The STS in Andreeva Bay is not likely to be used for direct purpose in the future. The planned operations are associated with preparations and removal of SNF and RW from the territory with subsequent liquidation or conservation of the buildings and other constructions, and decontamination of the territory. We assume that at STS in Gremikha, apart from environmental rehabilitation operations, the remediation and reconstruction of the infrastructure for unloading and following interim storage of NS core reactors with liquid-metal coolant is required.
The Federal Medical-Biological Agency of Russia has approved norms for the main options of the STS remediation, based directly on the output from the NRPA-FMBA collaboration program. They have been developed on the basis of actual Russian laws and standards and taking account of the unusual radiation situation existing currently at the STS. The norms were developed in terms of contemporary international recommendations and experience in the field of contaminated area remediation in other countries.

4. Conclusion

The work carried out is an important step forward in the improvement of regulation of radiation and nuclear safety during STSs operations. Current output has included the following regulatory guidance and documents:
· Initial Threat Assessment for the situation at STSs, identifying priority issues for regulatory supervision;

· Guidance “Criteria and norms on remediation of sites and facilities contaminated with man-made radionuclides”;

· Guidance “Hygienic requirements for personnel and public radiation safety guaranteeing at the stage of designing the work with SNF and RW at STSs”;

· Guidance “Arrangement of the environmental radiation monitoring in the operational area of the STSs”,
· Guidance “Personal dose monitoring of occupational exposure”;
· Guidance “Arrangement of environmental radiation monitoring in the operational area of the STS”.

The Environmental radiation monitoring findings served as a basis for the setting up of an associated databank. The environmental measurement results have been plotted on an electronic map of the site. Further work in progress in 2009 will lead to the development of a full geographic information system, which will allow calculation of the main indices for simulation and prognosis of the radio-ecological situation, as identified above in section 3, with the purpose of enhanced radiation safety supervision.
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