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(6)Executive Summary 


The Norwegian Government, through a Plan of Action implemented by the Ministry of Foreign 
 Affairs, is promoting improvements in radiation protection and nuclear safety in North-West Russia. 


Some of this work is directed to the safe decommissioning of radioisotope thermoelectric generators 
 (RTGs), which are mainly used as electric power sources in remote navigation facilities (lighthouses). 


At present, there are around 700 RTGs in use in the Russian Federation, about 30% of which have 
 been in use longer than the design operational lifetime. In addition, there have been several cases 
 where the responsible organisation has lost individual RTGs or where RTGs have been tampered with 
 by unauthorised persons. The RTGs represent a very high radiological hazard. They contain 
 radioactive sources with radioactivity levels of tens of thousands of curies, possibly up to 400 000 Ci, 
 or nearly 15 000 TBq, per RTG. Consequently, the government of the Russian Federation has decided 
 that all institutions owning RTGs must make a full inventory of them, take measures to increase their 
 physical protection and carry out the necessary work for their potential decommissioning and disposal. 


The Federal Environmental, Industrial and Nuclear Supervision Service of Russia, Rostechnadzor, 
 identified a need for upgrading the regulatory framework for the safe decommissioning and disposal of 
 the RTGs, taking account of the magnitude of the problem and the high hazard associated with the 
 RTGs, the upcoming work on their decommissioning and disposal as well as the lack of experience in 
 this area. This regulatory project was established to address these issues, running in parallel with the 
 ongoing work to remove and safely store the RTGs.  


Objective 


The overall objective of the collaborative project was to upgrade the existing regulatory framework of 
 the Russian Federation for the safe decommissioning and disposal of RTGs, with a focus on the 
 following priority areas: 


•  Regulatory requirements and regulations; 


•  Threat/hazard assessment needed in the licensing of the activity and authorisations (permits) 
 for employees of the operating organisations; 


•  Supervision over the radiological safety; 


•  Supervision over emergency preparedness; 


•  Physical protection in RTG decommissioning; and 


•  Environmental impact assessment review for RTG dismantling, transportation, temporary 
 storage and disposal. 


Project organisation 


The Project Leaders were, on the Russian side, Vladimir Reka, Rostechnadzor, and on the Western 
 side, Malgorzata K. Sneve, NRPA, Norway. 


The collaborative project had six tasks, based on the six priority areas listed above, and nine 
 deliverables were prepared under these tasks. This report describes the final results of the project. 


Appendices A–F contain the nine deliverables, and the main text provides an overview of the main 
issues identified through the various tasks and the project as a whole. 



(7)The hazard 


The radiological hazard of interest to this project is the strontium-90 radioisotope heat sources (RHSs) 
 in the RTGs. The hazard is large: RHSs of the type used in RTGs have the potential to cause serious 
 health and environmental impacts if they are not kept under proper control. The purpose of the 
 industrial project is to eliminate the hazard (and hence the risks associated with it) by 
 decommissioning the RTGs and disposing of the RHSs. The processes needed to achieve this long-
 term reduction in risk may temporarily increase some existing risks or introduce new ones. The 
 purpose of the regulatory project is to ensure that appropriate technical and regulatory measures are in 
 place to ensure that the risks at all stages of the decommissioning process are kept sufficiently low. 


The primary hazard associated with RHSs is external radiation, and so is local to the RTGs. The 
 hazard is realised particularly in cases where: 


•  Untrained and unauthorised individuals come into contact with RTGs, whether or not the 
 shielding is initially undamaged; or 


•  The shielding has been damaged due to previous events, accidents or malicious events, and so 
 even fully trained and authorised personnel may be subject to high doses rates. 


Dispersion of Sr-90 in the environment is possible only in the event of highly unlikely extreme 
 situations, such as: 


•  Long term immersion in water (probably accidentally, as a result of dropping into the sea 
 during transport by helicopter or sinking of a vessel carrying RTGs); 


•  Very severe impacts affecting the RHS itself (probably accidentally, for example by dropping 
 from a helicopter onto land or crushing by a vehicle); 


•  Very severe fire (probably accidental); or 


•  Explosion (probably intentional, for example as a ‘dirty bomb’). 


Evidence of ‘leaking’ of Sr-90 in other circumstances is inconclusive. Apparent evidence of leakage of 
 Sr-90 – for example enhanced dose rates some distance from an RTG and radioactive contamination in 
 the surrounding area – may be the result of corrosion of depleted uranium (DU) shielding. The loss of 
 shielding may lead to dramatically increased dose rates from the intact RHS, and the crumbling DU 
 may contaminate surrounding soil. Nevertheless, these reported phenomena should be investigated 
 further. 


Control of the hazard 


Proper control of the hazard associated with RHSs during RTG decommissioning requires: 


•  Correct actions by operator, who is primarily responsible for safety and security, complying 
 with laws, regulations and regulatory guidance, but also using ‘ALARA’ approach; and 


•  Effective supervision of these actions by regulators. 


Such proper control entails establishment and maintenance of: 


•  Radiation protection measures to control exposure in planned activities; 


•  Radiation safety measures to prevent accidents; 


•  Accounting and security measures to prevent misappropriation or malicious acts; and 


•  Capability to detect and respond to failures in these measures, maintain whatever control is 
 possible in the short term and re-establish proper control as soon as practicable. 


This in turn requires: 



(8)•  Prior assessment of situations and proposed activities; 


•  Rigorous, documented planning of activities, taking account of the prior assessment; 


•  Use of properly qualified and trained people; 


•  Compliance with laws, regulations, and project specifications when performing activities; 


•  Ongoing review and improvement of work performance (including preventing future accidents 
 by learning lessons from accidents and near misses); and 


•  Regulatory supervision and inspection to ensure this is all done. 


A detailed analysis has been carried out of these requirements and of the existing legislative, 
 regulatory and operational measures for all stages of RTG decommissioning. The analysis identified 
 nine key steps corresponding to optimisation of protection and safety of personnel and the public at 
 each stage in RTG decommissioning and nine key regulatory issues. The resulting 9-by-9 matrix of 
 tasks and issues was analysed to identify a number of priority areas for regulatory action. A number of 
 these priority issues have been taken into account in the various tasks of this project. The priority areas 
 were as follows: 


•  Systematic and timely definition of decommissioning plans and specification of 
 decommissioning projects, and regulatory approval of these; 


•  Thorough inspection prior to starting decommissioning operations, including operational 
 inspection of the RTG’s condition (as part of the basis for the decommissioning plan) and 
 regulatory inspection of the preparedness of the operator to carry out the decommissioning 
 work; 


•  Preventing and responding to accidents during the various types of transport; 


•  Physical protection of RTGs during transport; 


•  Safety and security of collections of RTGs at temporary storage locations; and 


•  Ensuring consistency in safety and security arrangements. 


Future needs 


Some priority issues identified through this analysis were not fully addressed during the current 
 project and may need to be considered for future work. 


In general, however, the key need for the future in relation to the regulation of RTG decommissioning 
is to achieve consistent practical implementation of the framework of regulations and processes 
already in place and enhanced through this project, through all steps of decommissioning and for all 
RTGs. Although there may be scope for further improvements in the framework, regulations and 
procedures are now in place, and the operators and regulators need to be engaged in understanding 
them and ensuring that they are applied. A significant element of future work will therefore be to raise 
awareness among the regional inspectors of Rostechnadzor and the operators (and also among the 
controlling organisations and organisations rendering services) of the regulations and procedures, the 
reasons behind them, and the importance of applying them. This issue could be addressed, for 
example, by means of educational workshops for regional inspectors of Rostechnadzor, and possibly 
also for staff of the operators and organisations rendering services. 
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1.  Introduction 


Background 


The Norwegian Government, through a Plan of Action implemented by the Ministry of Foreign 
 Affairs, is promoting improvements in radiation protection and nuclear safety in North-West Russia. 


Some of this work is directed to the safe decommissioning of radioisotope thermoelectric generators 
 (RTGs), which are mainly used as electric power sources in remote navigation facilities (lighthouses). 


At present, there are around 700 RTGs in use in the Russian Federation, about 30% of which have 
 been in use longer than the design operational lifetime. In addition, there have been several cases 
 where the responsible organisation has lost individual RTGs or where RTGs have been tampered with 
 by unauthorised persons (usually with the apparent intent of stealing shielding materials, rather than to 
 use the RTGs themselves for non-sanctioned purposes). In particular, this has happened at military 
 facilities of the Ministry of Defence. The RTGs represent a very high radiological hazard. They 
 contain radioactive sources with radioactivity levels of tens of thousands of curies, possibly up to 
 400 000 Ci, or nearly 15 000 TBq, per RTG.  Hence, according to IAEA1, they should be classified as 


“Category 1” radioactive sources, i.e. sources that could give exposures at levels that might lead to 
 death with after a relatively short period of exposure. Consequently, the government of the Russian 
 Federation has decided that all institutions owning RTGs must make a full inventory of them, take 
 measures to increase their physical protection and carry out the necessary work for their potential 
 decommissioning and disposal. Hence, there is an urgent objective to carry out an analysis and make 
 decisions regarding RTG future management as soon as possible. 


Western assistance, specifically from Norway and U.S. have been given to support Russia in removal 
 and securing the radioactive sources in the RTGs. From the Norwegian side this project is headed by 
 the County Governor of Finnmark. As a first step in the work for decommissioning and disposal of 
 those RTGs that are located along the coasts of the White and Barents Seas, Norway has provided 
 funding to the All-Union Research Institute of Technical Physics and Automatics of the Russian 
 Federation (VNIITFA) to develop the justification of environmental safety for an industrial project 
 (also supported by Norwegian Government funding) on the decommissioning and disposal of these 
 RTGs. The draft justification document has been submitted to and reviewed by the Federal 
 Environmental, Industrial and Nuclear Supervision Service of Russia, Rostechnadzor, who concluded 
 that some important safety aspects have not been fully addressed, e.g. the assessment of the 
 radiological risks in case of possible accidental situations at each stage of the operational work, 
 including failures in the technological processes, accidents during transportation and security measures 
 against malicious activities. 


Rostechnadzor concluded that there was a need for upgrading the regulatory framework for the safe 
 decommissioning and disposal of the RTGs, taking account of the magnitude of the problem and the 
 high hazard associated with the RTGs, the upcoming work on their decommissioning and disposal as 
 well as the lack of experience in this area. This regulatory project was established to address these 
 issues, running in parallel with the ongoing industrial project to remove and safely store the RTGs. 


Objective 


The overall objective of the collaborative project was to upgrade the existing regulatory framework of 
 the Russian Federation for the safe decommissioning and disposal of RTGs, with a focus on the 
 following priority areas: 


•  Regulatory requirements and regulations; 


      


1 IAEA (2005). Categorization of Radioactive Sources. IAEA Safety Standards Series No. RS-G-1.9, International 
Atomic Energy Agency, Vienna. 



(12)•  Threat/hazard assessment needed in the licensing of the activity and authorisations (permits) 
 for employees of the operating organisations; 


•  Supervision over the radiological safety; 


•  Supervision over emergency preparedness; 


•  Physical protection in RTG decommissioning; and 


•  Environmental impact assessment review for RTG dismantling, transportation, temporary 
 storage and disposal. 


Project organisation 


The Project Leaders were, on the Russian side, Vladimir Reka, Rostechnadzor, and on the Western 
 side, Malgorzata K. Sneve, NRPA, Norway. 


The collaborative project had six tasks, based on the six priority areas listed above. Nine deliverables, 
 D1–D9 (see below), were prepared under these tasks. 


Task  Title  Russian Task 


Leader 


Western Task 
 Leader 


Deliverables 


1  Assessment of current regulatory requirements 
 and regulations for radiation protection and 
 safety 


V. Skugarov, 
 Rostechnadzor 


G. Smith, * 
 Enviros, UK 


D1, D2 


2  Review of applications for licensing and 
 authorisations 


M. Rylov, 
 RESCenter 


R. Avila,* Facilia, 
 Sweden 


D3, D4 


3  Adaptation of procedures for monitoring of 


radiological safety  V. Reka, 


Rostechnadzor  C. Deregel,* 


IRSN, France  D5 
 4 Improvement of regulatory activities in the area 


of emergency preparedness 


A. Shulgin / 
 V. Shempelev, 
 SEC NRS 


I-M Eikelmann, 
 NRPA, Norway 


D6, D7 


5  Physical protection in RTG decommissioning  V. Pervin, 
 Rostechnadzor 


I. Finne, NRPA, 
 Norway 


D8 


6  Environmental impact assessment review for 
 RTG dismantling, transportation, temporary 
 storage and disposal 


A. Pechkurov, 
 Rostechnadzor 


J O Snihs, SSI, 
 Sweden 


D9 


*In addition to task leaders other Western participants has been very activly involved in the project work: I. Barraclough from 
 Enviros, S. Le Mao, M.T. Lizot, J.P. Maigne and F. Rancillac from IRSN, I. Zinger and R. Brøed from Facilia. 


• 


• 


• 


• 


Determine the main radiological threats to workers and the public which require regulatory 
 Determine the main requirements for risk assessment, i.e. those issues which will require 
 Identify any relevant additional regulatory requirements, and the nature of the safety work 
 Identify key issues in the implementation of the regulatory process. 


The threat assessment was issued as a separate report, with the aim of helping to focus the ongoing 
 This report describes the final results of the project. Appendices A–F contain nine reports 


attention; 


most urgent and/or detailed analysis; 


instructions to be developed by the operator; and 


work in the six main tasks on the key regulatory issues. 


(Deliverables D1–D9, listed in the table below), prepared by Rostechnadzor for these six tasks, taking 
In addition, a threat assessment was prepared during the project, intended to: 



(13)stages using upgraded software 


account of contributions and comments from the Western experts. Acronyms and abbreviations are 


D1 


D2 


(D2a Threat Assessment Report) 
 listed in Appendix G.  


Report on the overview of the current interrelations among the Russian organisations 


provides for the radiation safety requirements for the management of radiation 
 operations taking into account IAEA recommendations and the European experience 
 for control of nuclear energy use, state safety regulatory authorities 


Report on the assessment of the current state of the Russian regulatory basis, which 
 (which operate RTG, render services on RTG design and decommissioning), bodies 


sources, and the possibility of its use to carry out RTG decommissioning and disposal 


Report on the analysis of the Russian methodologies and initial risk assessment 
 D3 


D4  Report on software for performing risk assessments for RTGs decommissioning 
 D5   Handbook for inspections 


D6  Report on the safety insurance in RTG decommissioning and preventions of 
 transport 


D7  Report on the development of the draft requirements to planning and preparedness to 
 substances 


emergency situations involving RTGs during transportation by different modes of 


mitigate consequences of radiation accidents occurred in transportation of radioactive 
 D8  Report on the physical protection insurance for RTG decommissioning 


D9  Report on EIA requirements for RTG decommissioning and disposal 


tasks and the project as a whole. This overview was prepared on the basis of the deliverables D1–D9, 
 workshop, which was held in Moscow, 8–9 November 2006. 


The main text of this report provides an overview of the main issues identified through the various 
the Threat Assessment, additional input from the participants and discussion at the final project 
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2.  Assessment of current regulatory requirements  and regulations for radiation protection and  safety (Task 1) 


Work performed 


Within this Task the following topics were covered: 


a.  Clarification of the roles and responsibilities of Russian organisations (RTG operators, the 
 organisations rendering services on RTG design and decommissioning), bodies for control of 
 nuclear energy use, which include RTG operators, and state safety regulatory authorities. 


b.  Analysis of the Russian regulatory basis, which provides for the radiation safety requirements 
 for the management of radiation sources, and the practicability and sufficiency of its use to 
 carry out RTG decommissioning and disposal operations taking into account IAEA 
 recommendations and the European experience. 


The following steps were implemented: 


a.  The overview of the current interrelations among RTG operators, organisations, which render 
 support to the operators on safe RTG management, transport organisations, organisations, 
 which render support during RTG decommissioning and disposal, organisations dealing with 
 RTG storage, their role and responsibility in RTG management. The overview of the current 
 interrelations between RTG operators and the bodies for control of the nuclear energy use and 
 state safety regulatory authorities. 


b.  Assessment of the current state of the Russian regulatory basis, which provides for the 
 radiation safety requirements for the management of radiation sources, and the practicability 
 and sufficiency of its use to carry out RTG decommissioning and disposal operations taking 
 into account IAEA recommendations and the European experience. 


The results of work specified in paras are addressed in Deliverable D1: “Report on the overview of the 
 current interrelations among the Russian organisations (which operate RTG, render services on RTG 
 design and decommissioning), bodies for control of nuclear energy use, state safety regulatory 
 authorities”. 


The results of work specified in para b) are addressed in Deliverable D2: “Report on the assessment of 
 the current state of the Russian regulatory basis, which provides for the radiation safety requirements 
 for the management of radiation sources, and the possibility of its use to carry out RTG 
 decommissioning and disposal operations taking into account IAEA recommendations and the 
 European experience”. 


Deliverables D1 and D2 are presented in Appendix A. 


Results and conclusions 


Task 1 has helped to clarify and document the regulatory basis for decommissioning RTGs in the 
Russian Federation. A regulatory basis exists for ensuring radiation protection and safety in activities 
involving radioactive sources, which takes account of and is broadly consistent with international 
safety principles and practices. Task 1 has helped to identify the ways in which the legislation, 
regulations and rules specified for radioactive sources in general are applied to the different steps 
involved in decommissioning RTGs to provide adequate protection of workers, the public and the 
environment. 



(15)The overall primary responsibility for safety in the decommissioning of RTGs rests with the operator 
 (owner) of the RTG. In particular, the operator (owner) is responsible for defining an appropriate 
 decommissioning programme for its RTGs in advance of decommissioning, developing a project 
 specification for the decommissioning programme, providing a safety analysis report justifying the 
 safety of the proposed project, and ensuring that the decommissioning work is carried out in 
 accordance with the specification and relevant regulations. In practice, the organisations undertaking 
 specific tasks in the decommissioning programme take on a degree of responsibility for the safe 
 performance of those tasks. VNIITFA, for example, which carries out or supervises the most 
 hazardous steps in RTG decommissioning for different RTG owners, has developed detailed guidance 
 and procedures for carrying out these tasks. 


All RTG decommissioning works, by any operator, require a licence from the regulator 
 Rostechnadzor. To obtain a licence for RTG decommissioning an organisation shall submit to 
 Rostechnadzor documents justifying the safety of the decommissioning activities. The list of these 
 justifying documents is determined by a regulatory document “Requirements to the Package and 
 Contents of Documents Justifying Radiation Safety of the Licensed Activity in the Field of Use of 
 Atomic Energy in the National Economy” (RD-07-08-99). 


The package of justifying documents for obtaining a RTG decommissioning licence shall include: 


1. RTG Safety Analysis Report which contains: 


а) Information on structures (premises) of a facility including the following information about 
 each such structure (premise): 


•  description of radiation hazardous works (productions, technologies) carried out 
 inside the structure (premise) during decommissioning of the facility with indication 
 of the class of works;  


•  actual data on types and number of radiation sources (including sealed radionuclide 
 sources) available inside the structure (premise) at the time when operation of the 
 facility has been terminated; 


•  actual data on activity, radioisotope composition, state of aggregation of radioactive 
 substances (including radioactive substance contained in radionuclide sources) and 
 (or) radioactive waste available inside the structure (premise) at the time when 
 operation of the facility has been terminated; 


•  description of technical solutions and means used to ensure radiation safety of the 
 facility and declared activity; 


b) Information about the organisation of radiation monitoring, structure and staff of the radiation 
 safety service unit for decommissioning of the facility; 


c) Description of technical solutions and means used to ensure radiation safety in 
 decommissioning of the facility; 


d) Description of the system for collection, reprocessing and disposal of radioactive waste 
 generated during decommissioning of the facility;  


e) Information about physical protection of the facility, radioactive substances and (or) 
 radioactive waste during decommissioning of the facility; 


f) Information about availability of material and technical means intended to be used in case of a 
 radiation accident and justification whether they are adequate and sufficient;  


g) Information about the procedure of training, knowledge examination in radiation safety 
standards and rules, qualification, briefing and granting of permits to employees for carrying out 
radiation hazardous works;  



(16)h) List of regulatory documents establishing radiation safety and physical protection 
 requirements for the facility of an appropriate category, and information about availability of the 
 mentioned documents in the organisation-applicant; 


i) Radiation safety analysis of the facility (at the decommissioning stage). 


2. Decommissioning programme for the facility. 


3. List of design, engineering, operating and process documentation developed for the 
 decommissioning of the facility.  


4. Design, engineering, operating and process documentation in accordance with the list specified in 
 para 3 of the requirements (to be submitted under Rostechnadzor request).  


5. Copy(ies) of the radiation safety guide(s) for the decommissioning of the facility. 


6. Copies of manuals for prevention of accidents and fires and elimination of their consequences 
 during the decommissioning of the facility. 


7. Decision-making criteria in case of initiation of radiation accidents. 


8. Copy of the action plan to protect employees (personnel) and population against radiation accident 
 and its consequences during the decommissioning of the facility. 


9. Quality assurance programme for the decommissioning of the facility. 


10. List of organisations rendering engineering and technical support of the declared activity, as well 
 as carrying out works and rendering services in the field of use of atomic energy during 
 implementation of this activity indicating the scope of works (services).  


The Federal standards and rules “General Safety Provisions for Radiation Sources” (NP-038-02) 
 contain requirements to this Programme which shall include a list and sequence of organisational 
 measures and works on RTG dismantling and transportation of the dismantled RTG. 


The Programme shall be developed on the basis of the engineering and radiation survey to be 
 conducted by the operating organisation. 


It can be concluded from Task 1 that the existing Russian regulatory framework covering the 
 decommissioning of RTGs is generally satisfactory. Consistent implementation of the requirements of 
 this framework by all operators in all RTG decommissioning activities needs to be ensured and 
 demonstrated through effective regulatory inspection and enforcement, which is addressed in Task 3. 



3.  Review of applications for licensing and  authorisations (Task 2) 


Work performed 


This task addressed the following topics: 


a.  The overview and analysis of the Russian certified methodologies and software for performing 
RTG safety assessments and analyses of risks to man and the environment, including potential 
scenarios when safety requirements are not met with regard to all stages of the transport 
schemes providing for the delivery of RTGs under decommissioning to the places of their 
dismantling and disposal; 



(17)b.  Performing initial risk assessments for all stages of RTGs decommissioning, using methods 
 and software identified at a) and focussing on priorities identified in draft D2a deliverable; 


c.  Review of the possibilities for upgrading of existing software to assess risks at all stages of 
 RTGs decommissioning based on the results of the above analysis; 


d.  Risk assessment of RTG using upgraded software. 


The results of work specified in paras a) and b) are addressed in Deliverable D3: “Report on the 
 analysis of the Russian methodologies and initial risk assessment”. 


The results of work specified in para c) and d) are addressed in Deliverable D4: “Report on software 
 for performing risk assessments for RTGs decommissioning stages using upgraded software”. 


Deliverables D3 and D4 are presented in Appendix B. 


Results and conclusions 


The methodology used for analysis of risks at different stages of RTG decommissioning is effective, 
 and could be applied to other facilities or activities. 


Preliminary assessment of the risks associated with the transport and technological scheme for all 
 stages of RTG decommissioning led to the conclusions that: 


•  The maximum collective doses to personnel in dismantling, repackaging, loading and delivery 
 of RTG are likely to be associated with the management of damaged RTGs from Roslyakovo 
 and from Golets Island. Individual workers involved in the recovery of these damaged RTGs 
 could receive doses of some tens of mSv per RTG; 


•  The highest risks are associated with carriage of RTGs as external loads by helicopter. The 
 primary risks arise from the possibility of dropping the RTG onto land (resulting in a need to 
 recover in high dose rates due to likely damage to the shielding) or into the sea (resulting in a 
 need to recover to prevent possible release of Sr-90 in the long term); 


•  The lowest risks correspond to transport of RTGs from the White Sea by special vessel, for 
 which the risk of failures is estimated to be much lower; and 


•  Therefore, replacement of helicopter transport of undamaged RTGs from the coast of the Kola 
 Peninsula by two trips using the special vessel is able to reduce the level of additional risk. 


On the basis of a detailed comparison of three risk assessment packages (Relex, ASM SZМА and Risk 
 Spectrum) that are certified by the Russian body of state safety regulation, it was concluded that the 
 software complex ASM SZMA was most appropriate for assessing risks at all stages of RTG 
 decommissioning. 



4.  Adaptation of procedures for monitoring of  radiological safety (Task 3) 


Work performed 


Within this task the following topics were covered: 


a.  Adaptation of existing inspection procedures to the specific needs of RTG inspections, to be 
carried out at the various stages of their decommissioning, transport and disposal.  



(18)b.  Upgrading of systems for follow-up and recording of inspection and development of 
 procedures for monitoring of continuing compliance. The audit trail would ensure compliance 
 with regulation and help identify promptly any irregularities, or potential problems. 


The work within this task was organised in the following way: 


a.  Discussion of plan for adaptation of inspection procedures and develop specifications for the 
 system to follow and record inspection procedures and monitoring of the compliance. 


b.  Development of a handbook for inspections, Deliverable D5. 


Deliverable D5 is presented in Appendix C. 


Results and conclusions 


An inspection handbook has been developed in Task 3 to assist inspectors in implementing the state 
 supervision and control of safety during RTG decommissioning activities. It describes procedures for 
 monitoring the application of the system of measures being used at all stages of RTG 
 decommissioning to assure ecological and radiation safety. The handbook takes account of the 
 experience gained by the radiation safety inspection divisions in 2004–2005, as well as results of the 
 international cooperation. It received positive responses from the Rostechnadzor territorial offices 
 which supervise organisations in charge of RTG operation and decommissioning. The inspection 
 handbook will be put into effect within the Rostechnadzor system from 1 February 2007. 


The inspection handbook provides detailed guidance for four types of inspection that are applied in the 
 course of RTG decommissioning: 


•  Inspections of preparedness, which are targeted to verify that the administrative and 
 technical (preliminary) stage of the work on RTG decommissioning activities is fulfilled. 


Inspections of preparedness focus upon development, agreement and approval of the 
 administrative and regulatory documents on safety analysis, complete training of the personnel 
 involved in the work, manufacturing (selection) and certification (testing) of the technical 
 facilities intended to be used in the course of decommissioning activities; 


•  Inspections of safety, which are conducted in the course of field stage operations on RTG 
 decommissioning by the operating and/or transport organisation. The inspections of safety are 
 targeted to verify, directly in the course of decommissioning activities, that the requirements 
 of federal and departmental regulatory documents, programmes, design documents are met, 
 and that the restricting conditions of permission documents, quality assurance and radiation 
 protection programmes, as well as safety measures during RTG transportation, are observed; 


•  Inspections of compliance, which are conducted upon completion by the operating 
 organisation of each successive (annual) stage of operations on batch decommissioning of 
 RTGs. These inspections focus on reports on the work carried out inspecting and 
 decommissioning RTGs during the relevant period, results of inspections of preparedness and 
 safety, reports on any investigation of violations, and other information about the achieved 
 level of safety; and 


•  Inspections of storage conditions at radiation hazardous facilities where the decommissioned 
 RTG (RHS) are stored, including inspection of the documents regulating temporary storage of 
 the given products, the level of personnel training, and preparedness for elimination of 
 radiation accident consequences at the facilities. 


For each type of inspection, the handbook defines the terms of the inspections, the type of documents 
justifying safety of the given type of activities and the preparatory procedure for inspections, as well 
as listing the issues to be verified during the inspection of the given type of activities. The handbook 
includes a summary of general safety requirements established in regulatory and departmental 



(19)documents, compliance with which is to be controlled in the course of RTG transportation and 
 decommissioning activities. 


The inspection book also contains reference information which relates to RTG decommissioning in 
 operational locations in the Baltic, Northwest, North and Far East regions of Russia, RTG 
 transportation to the temporary storage facilities and temporary storage. 



5.  Improvement of regulatory activities in the area of  emergency preparedness (Task 4) 


Work performed 


This task addressed the following topics: 


a.  Evaluation of each step in RTG management to determinate possibility for accidents – 
 accident scenario analysis with special focus on transportation; 


b.  Assessment of the existing notification schemes and systems in case of a radiological accident 
 involving RTG, or in case of unauthorised actions (overlap with task 5);  


c.  Development of requirements for planning and preparedness to mitigate consequences of 
 radiation accidents occurred in transportation of radioactive substances followed by 
 development of standards and rules (technical regulations) taking account of these 
 requirements and Development of requirements for the content of the emergency response 
 action plan on personnel protection in case of accident during the transportation of radioactive 
 substances.  


Task 4 included the following steps implemented by the Russian specialists: 


a.  Analysis of the emergency scenarios for RTGs dismantling and decommissioning operations 
 carried out in 2001-2004 as regards safety insurance and prevention of emergency situations 
 during the transportation by different modes of transport. 


b.  Development of the requirements to planning and preparedness to mitigate consequences of 
 radiation accidents occurred in transportation of radioactive substances and requirements to 
 the content of the action plan on personnel protection in case of accident during the 
 transportation of radioactive substances.  


The results of work specified in paras a) and b) are addressed in Deliverable D6: “Report on the safety 
 insurance in RTG decommissioning and preventions of emergency situations involving RTGs during 
 transportation by different modes of transport” and Deliverable D7: “Report on the development of the 
 draft requirements to planning and preparedness to mitigate consequences of radiation accidents 
 occurred in transportation of radioactive substances”. 


Deliverables D6 and D7 are presented in Appendix D. 


Results and conclusions 


The operating organisations and the organisations which perform the works in RTG dismantlement 
and transportation, and disposal of RHS-90, have developed and are implementing in practice a highly 
efficient system of measures to assure ecological and radiation safety. This system of organisational 
and technical measures during the period 2001–2005 has ensured that dose limits for the personnel 
who perform radiation hazardous works have not been exceeded and no significant radioactivity has 
been released to the environment. 



(20)However, Task 4 has identified some necessary improvements to the system, as well as reinforcing the 
 need to assure strict compliance with the requirements of the developing normative basis for assuring 
 safety, in particular: 


•  For radioactive sources of the highest categories of potential radiation hazard, the operating 
 organisation should develop a decommissioning programme not later than one year before the 
 end of the designed life of the source; 


•  On the basis of the decommissioning project specification, the operating organisation should 
 develop a safety justification report for the decommissioning project and submit it in 
 accordance with established routine to the authority for state regulation of safety in the area of 
 uses of atomic energy; 


•  The RTG decommissioning programme should take account of engineering and radiation 
 examination of the RTGs by the operating organisation, and should include the list and the 
 sequence of organisational measures and works for the dismantlement and transportation of 
 RTGs; 


•  Dismantlement and transportation of RTGs from their locations should be performed by 
 trained personnel in compliance with the developed manual and in compliance with the 
 requirements of technical documentation for the specific items. Such manuals should be 
 submitted as part of the package of documents justifying the safety of the works. 


The programmes for organisations which participate in the works on RTG disposal should provide 
 information on emergency response in accordance with the relevant regulatory requirements. This 
 information may be included in an “Emergency response” section in the programmes in accordance 
 with the established requirements, or reference may be made to a specific separate document which 
 provides this information. 


In addition, a review was conducted of the normative-legal acts and requirements that must be taken 
 into account at planning and ensuring of preparedness for elimination of radiation consequences of the 
 accident during transportation of radioactive materials. 


Taking account of this review, draft Federal Norms and Rules "Requirements for Planning and 
 Ensuring of Preparedness for Elimination of Accident Consequences during Transportation of Nuclear 
 Materials and Radioactive Substances" have been developed. These are currently passing through the 
 approval process and will be issued when approved as Federal Norms and Rules. Recommendations 
 on the structure and content of the standard Plan of Organisation of Actions on Elimination of 
 Accident Consequences during Transport of Radioactive Materials have also been prepared. 


The draft regulatory document was reviewed by 12 ministries and agencies, and was published for 
 consideration by the public. It is planned that that this document receives approval and will put into 
 effect the Federal Norms and Regulations in 2007. 



6.  Physical protection in RTG decommissioning   (Task 5) 


Work performed 


This task addressed the following topics: 


a.  Analysis of distribution of duties and responsibility among bodies for control of the use of 
atomic energy, organisations operating RTGs (as regards physical protection) at the stages of 
RTG operation, decommissioning, transportation, temporary storage and disposal; 



(21)b.  Analysis of the Russian regulatory basis that establishes physical protection requirements and 
 a possibility to apply this basis to RTG decommissioning and disposal;   


c.  Assessment for possible improvement of the Russian regulatory basis for RTGs (as regards 
 physical protection) mainly during their transportation and emplacement on special 
 accumulation sites and in temporary storage facilities taking account of IAEA 
 recommendations and European experience. 


Task 5 included the following steps implemented by the Russian specialists: 


a.  Review of the current situation related to distribution of duties and responsibility among 
 bodies for control of the use of atomic energy, organisations operating RTGs (as regards 
 physical protection) at the stages of RTG operation, decommissioning, transportation, 
 temporary storage and disposal; 


b.  Review of the current state of the Russian regulatory basis that establishes physical protection 
 requirements and a possibility to apply this basis to RTG decommissioning and disposal 
 taking account of IAEA recommendations and European experience; 


c.  Development of recommendations for possible improvement of the Russian regulatory basis 
 for physical protection of RTGs, mainly during their transportation and emplacement on 
 special accumulation sites and in temporary storage facilities. 


The results of work specified in paras a), b) and c) are addressed in Deliverable D8: “Report on the 
 physical protection insurance for RTG decommissioning”. 


Deliverable D8 is presented in Appendix E. 


Results and conclusions 


A review was conducted of regulatory requirements and practices for physical protection of 
 radioactive sources in the Russian Federation. Although an effective system is already in place, some 
 improvements were identified, particularly in relation to ensuring that effective physical protection is 
 maintained during transportation of RTGs or RHSs. 


To improve the Russian regulatory basis it is reasonable to: 


•  Finalise (revise) the “Physical Protection Rules for Radiation Sources, Storage Facilities, 
 Radioactive Substances” (NP-034-01) to make the categorisation of radiation sources in terms 
 of their radiation hazard fully consistent with the IAEA recommendations (in particular, on 
 Categorisation of Radioactive Sources). 


•  Put into effect specific Physical Protection Rules for Radioactive Substances and Radiation 
 Sources during their Transportation; and 


•  Complete the development and put into effect the regulatory document “Requirements to 
Planning of Measures to Provide for Preparedness to Eliminate Radiation Consequences of 
Accidents during Transportation of Nuclear Materials and Radioactive Substances”. 
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7.  Environmental impact assessment review for RTG  dismantling, transportation, temporary storage  and disposal (Task 6) 


Work performed 


This task addressed the following topics: 


a.  Review of the Russian Federation application of EIA related requirement to the steps involved 
 in RTG decommissioning and disposal. 


b.  Review of international recommendations and other national good practice on EIA for 
 decommissioning and disposal of RTGs. 


Task 6 included the following steps implemented by the Russian specialists: 


a.  Analysis of Russian and international EIA requirements for decommissioning and disposal of 
 radiation-hazardous facilities and first of all RTGs;  


b.  Development of recommendations on EIA for RTG decommissioning and disposal. 


The results of work specified in paras a) and b) are addressed in Deliverable D9: “Report on EIA 
 requirements for RTG Decommissioning and Disposal”. 


Deliverable D9 is presented in Appendix F. 


Results and conclusions 


Environmental impact assessment principles and methods in Norway, European Union countries and 
 in Russia have much in common. The environmental impact assessment procedures are based 
 everywhere on the principles generally recognised at the international level (for example, prevention, 
 openness, mandatory environmental impact assessment for all projects that are capable of causing 
 significant environmental impact). 


Differences between national approaches relate mainly to the level and forms in which these principles 
 are implemented and are conditioned to a great extent by differences in the state structure and 
 institutional specifics of each country. Nevertheless, there is scope for convergence and unification of 
 the regulatory basis, environmental impact assessment procedures and criteria used in Norway, EU 
 countries and the Russian Federation. Further work in this area is required, especially, as regards 
 installations and types of activity that may cause considerable radiation impact on the environment and 
 population. 


Strictly, Russian law does not appear to require EIA for the decommissioning of RTGs, as 
 decommissioning is considered to be a continuation of the planned life cycle of an activity that was 
 operating before EIA regulations came into effect. Nevertheless, application of the methodology for 
 health and environmental risk assessment in development of the emergency scenario for different tasks 
 in RTG decommissioning gives a real possibility to make an objective assessment of hypothetical 
 consequences and to adjust processes and minimise a probability of negative consequences in advance. 


It is planned that this methodology will be a mandatory instrument of the EIA methodology.  


It is very important to provide for the close interaction between developers of the projects and state 
regulatory bodies responsible for the health protection, environmental protection, nuclear and radiation 
safety at the design stage of the potentially radiation-hazardous operations. 
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8.  Conclusions, General Observations and Future  Needs 


The hazard 


The radiological hazard of interest to this project is the strontium-90 radioisotope heat sources (RHSs) 
 in the RTGs. The hazard is large: RHSs of the type used in RTGs have the potential to cause serious 
 health and environmental impacts if they are not kept under proper control. The purpose of the 
 industrial project is to eliminate the hazard (and hence the risks associated with it) by 
 decommissioning the RTGs and disposing of the RHSs. The processes needed to achieve this long-
 term reduction in risk may temporarily increase some existing risks or introduce new ones. The 
 purpose of the regulatory project is to ensure that appropriate technical and regulatory measures are in 
 place to ensure that the risks at all stages of the decommissioning process are kept sufficiently low. 


The primary hazard associated with RHSs is external radiation, and so is local to the RTGs. The 
 hazard is realised particularly in cases where: 


•  Untrained and unauthorised individuals come into contact with RTGs, whether or not the 
 shielding is initially undamaged; or 


•  The shielding has been damaged due to previous events, accidents or malicious events, and so 
 even fully trained and authorised personnel may be subject to high doses rates. 


Dispersion of Sr-90 in the environment is possible only in the event of highly unlikely extreme 
 situations, such as: 


•  Long term immersion in water (probably accidentally, as a result of dropping into the sea 
 during transport by helicopter or sinking of a vessel carrying RTGs); 


•  Very severe impacts affecting the RHS itself (probably accidentally, for example by dropping 
 from a helicopter onto land or crushing by a vehicle); 


•  Very severe fire (probably accidental); or 


•  Explosion (probably intentional, for example as a ‘dirty bomb’). 


Evidence of ‘leaking’ of Sr-90 in other circumstances is inconclusive. Apparent evidence of leakage of 
 Sr-90 – for example enhanced dose rates some distance from an RTG and radioactive contamination in 
 the surrounding area – may be the result of corrosion of depleted uranium (DU) shielding. The loss of 
 shielding may lead to dramatically increased dose rates from the intact RHS, and the crumbling DU 
 may contaminate surrounding soil. Nevertheless, these reported phenomena should be investigated 
 further. 


Control of the hazard 


Proper control of the hazard associated with RHSs during RTG decommissioning requires: 


•  Correct actions by operator, who is primarily responsible for safety and security, complying 
 with laws, regulations and regulatory guidance, but also using ‘ALARA’ approach; and 


•  Effective supervision of these actions by regulators. 


Such proper control entails establishment and maintenance of: 


•  Radiation protection measures to control exposure in planned activities; 


•  Radiation safety measures to prevent accidents; 



(24)•  Accounting and security measures to prevent misappropriation or malicious acts; and 


•  Capability to detect and respond to failures in these measures, maintain whatever control is 
 possible in the short term and re-establish proper control as soon as practicable. 


This in turn requires: 


•  Prior assessment of situations and proposed activities; 


•  Rigorous, documented planning of activities, taking account of the prior assessment; 


•  Use of properly qualified and trained people; 


•  Compliance with laws, regulations, and project specifications when performing activities; 


•  Ongoing review and improvement of work performance (including preventing future accidents 
 by learning lessons from accidents and near misses); and 


•  Regulatory supervision and inspection to ensure this is all done. 


Regulation in the Russian Federation rests upon radiation hazardous facilities being assigned to 
 categories based on the level of hazard. The special case of RTGs highlights an area of possible 
 ambiguity in the categorisation process. Most facilities present a similar level of hazard in terms of 
 both the severity and the extent of possible impacts: an accident resulting in a large release of 
 radionuclides could potentially cause impacts that are very severe locally and also widespread. RTGs 
 are unusual in that they represent a very large local hazard, but the potential for effects beyond the 
 immediate area is low. 


Hence, categorisation schemes that emphasise the potential consequences for an individual would 
 classify the RHSs from RTGs in the highest hazard categories; as, for example, in the IAEA 
 categorisation of sources linked to the Code of Conduct. On the other hand, categorisation schemes 
 based on the area that could be affected in the event of an accident will tend to place RTGs in one of 
 the lowest categories. Decommissioning involves transporting RTGs, which substantially increases the 
 range of types of accident that could occur and of locations in which they could occur. 


It is important therefore not to place too much emphasis on simple categorisation. In terms of most of 
 the safety and security measures that could be applied to radiation hazardous facilities, RTGs need to 
 be treated as a large radiation hazard. In the event of any discrepancy between categorisation systems, 
 therefore, it would be prudent to place RTGs in the higher hazard category. 


One possible exception to this relates to emergency response arrangements: emergency plans for 
 RTGs need to provide robust mechanisms to respond to an emergency situation, but the measures will 
 be essentially local to the immediate vicinity of the RTG, and so will not affect significant numbers of 
 people. These measures will not need to cover large areas, but must be capable of being carried out at 
 any locality within a large area. This requires procedures that are not overly dependent on resources 
 that can not easily be moved and are flexible enough for application in a wide range of environments. 


Regulatory priorities 


A detailed analysis has been carried out of these requirements and of the existing legislative, 
 regulatory and operational measures for all stages of RTG decommissioning. The analysis identified 
 nine key steps corresponding to optimisation of protection and safety of personnel and the public at 
 each stage in RTG decommissioning (see also Figure 1): 


1.  Operator’s inspection of RTGs in their place of operation; 


2.  Recovery of RTGs from their operational locations (often by helicopter or barge) and loading 
onto a ship; 



(25)3.  Transportation of RTGs by ship (or in some cases by helicopter) to a temporary storage point, 
 short-term storage and transfer to train; 


4.  Transportation of RTGs by rail to facility for dismantling (FSUE Izotop or FSUE PA Mayak – 
 via FSUE DalRAO for RTGs from Eastern areas); 


5.  Loading onto trucks and transportation by road to VNIITFA; 


6.  Removal of RHSs at VNIITFA and loading of RHS packages onto trucks; 


7.  Transportation of packaged RHSs by road back from VNIITFA to Izotop and loading onto 
 trains; 


8.  Transportation of packaged RHSs by rail to FSUE PA Mayak; and 
 9.  Processing of RTGs and RHSs at Mayak. 


and nine key regulatory issues: 


a.  Compliance with terms and conditions of licences, permissions and implementation of 
 previous prescriptions; 


b.  Operator’s personnel selection and training; 


c.  Regulatory inspection of RTGs prior to decommissioning; 


d.  Measures to prevent accidents and incidents and preparedness to respond effectively to any 
 accidents or incidents that do occur; 


e.  Transportation of RTGs and RHSs; 


f.  Compliance with radiation safety requirements; 


g.  Physical protection of RTGs and RHSs; 


h.  Accounting and control of RTGs and RHSs; and 
 i.  Investigation of any accidents or incidents. 


General observations 


The first conclusion from this project is that a satisfactory technical and regulatory framework exists 
 in the Russian Federation for the safe decommissioning of RTGs. A number of necessary or desirable 
 improvements have been identified in the framework, and particularly in its implementation, but the 
 project did not identify fundamental defects that seriously compromised safety. Some of these 
 improvements have been addressed through this project, and others are the subject of 
 recommendations for future work, as described below. 


The 9-by-9 matrix of tasks and issues (see Table 1) was analysed to identify a number of priority areas 
 for regulatory action. A number of these priority issues have been taken into account in the various 
 tasks of this project, as indicated below and as described in the previous sections. The priority areas 
 were as follows: 


•  Systematic and timely definition of decommissioning plans and specification of 
 decommissioning projects, and regulatory approval of these. This has been addressed in depth 
 and emphasised through the specification of requirements for decommissioning programmes 
 (Task 1) and the inspection procedures developed in Task 3; 


•  Thorough inspection prior to starting decommissioning operations, including operational 
inspection of the RTG’s condition (as part of the basis for the decommissioning plan) and 
regulatory inspection of the preparedness of the operator to carry out the decommissioning 
work. This is explicitly set out and emphasised in the inspection procedures developed in Task 
3; 



(26)•  Preventing and responding to accidents during the various types of transport. This has been 
 addressed through emphasis on requirements for safe transport (Task 1), assessment of risks 
 during transport (Task 2), inspection of safety arrangements for transport (Task 3) and 
 emergency preparedness and response arrangements specifically for accidents during transport 
 (Task 4). The response arrangements have been developed using experience from real cases of 
 recovering damaged RTGs. These focus on recovery of a damaged RTG on land, which is 
 apparently considered to be a worst case. However, further consideration may need to be 
 given to the scenario of a (possibly damaged) RTG dropped into the sea from a helicopter. The 
 planned response is evidently to recover such an RTG by providing a marker at the location. 


However, the procedure for recovering an RTG from the sea has not been described; 


•  Physical protection of RTGs during transport. This aspect of physical protection has been 
 particularly emphasised in Task 5, and the relevant requirements are being modified to give 
 special attention to transport; 


•  Safety and security of collections of RTGs at temporary storage locations (where multiple 
 RTGs could present an increased hazard if not properly controlled). Inspection of the safety 
 and security arrangements at storage locations is specifically addressed in the handbook 
 developed in Task 3; and 


•  Ensuring consistency in safety and security arrangements. Regional offices of Rostechnadzor 
 are responsible for regulating RTG decommissioning in their regions, and the unified norms 
 and guidance developed under this project should help to provide a common basis for 
 regulation in all regions. It is also important that the requirements be clear and consistent for 
 all operating organisations, military and civilian. Licensing of all RTG decommissioning by 
 Rostechnadzor should help to provide this clarity and consistency. 


Future needs 


Some priority issues identified through this analysis were not fully addressed during the current 
 project and may need to be considered for future work. These include: 


•  The newly developed Federal Norms and Rules on preparedness and response for radiological 
 emergencies during RTG transportation should be supported by safety guides giving 
 operators, consignors, consignees, carriers and organisations rendering services more detailed 
 guidance on implementation of the Federal Norms and Rules. 


•  Methodological guidance specifically addressing procedures for inspections of RTG 
 transportation by sea and by rail might usefully be developed; 


•  A joint emergency exercise involving Rosatom, Rostechnadzor and Western experts could 
 help to improve common understanding of the roles of organisations and procedures to be 
 followed in the event of an accident and facilitate exchange of experience between 
 participants; 


•  Preventing accidents during hot cell transfer of RHSs from RTGs to transport packages. This 
 is a specific task performed by VNIITFA at its own facility (or, in the future, at Mayak), and 
 appears potentially to represent a significant risk because the RHSs are temporarily vulnerable 
 when they are neither in the RTG nor in a shielded transport package. The risk assessments 
 presented in this project indicate that the associated risks are taken to be negligible, but 
 detailed demonstrated that this is the case has not been presented; 


•  Long term management of RHSs at Mayak. There remains some uncertainty about the final 
 fate of the RHSs at Mayak, and therefore the long term safety cannot be definitively assessed. 


As described in Appendix C, the stated plan is to vitrify the RHSs for storage and subsequent 
 disposal underground, but there is no currently operational vitrification facility at Mayak;  


•  Application of EIA methodology to RTG decommissioning. EIA may not be strictly necessary 
under Russian law, as the decommissioning of RTGs can be considered to be simply a 



(27)continuation of the planned life cycle of facilities that were in operation prior to the 
 introduction of EIA regulations. It might nevertheless be recommended to conduct an 
 assessment of the environmental impacts of RTG decommissioning and their mitigation, and 
 consideration of alternatives. 


A further issue identified is systematic follow-up in the aftermath of any incidents or accidents that 
 might occur. It is important that the results from investigations of such events are used as experience 
 feedback to improve procedures and help to prevent future incidents and accidents. To help ensure that 
 operators do this, consideration should be given to extending the regulatory inspection manual to 
 include also outline procedures for ‘reactive’ inspections following incidents or accidents. 


Consideration might also be given to developing regulatory inspection methodologies and 
 programmes that would be appropriate as a basis for licensing life extensions for RTGs that are to 
 remain in service. 


In general, however, the key need for the future in relation to the regulation of RTG decommissioning 
is to achieve consistent practical implementation of the framework of regulations and processes 
already in place and enhanced through this project, through all steps of decommissioning and for all 
RTGs. Although there may be scope for further improvements in the framework, regulations and 
procedures are now in place, and the operators and regulators need to be engaged in understanding 
them and ensuring that they are applied. A significant element of future work will therefore be to raise 
awareness among the regional inspectors of Rostechnadzor and the operators (and also among the 
controlling organisations and organisations rendering services) of the regulations and procedures, the 
reasons behind them, and the importance of applying them. This issue could be addressed, for 
example, by means of educational workshops for regional inspectors of Rostechnadzor, and possibly 
also for staff of the operators and organisations rendering services. 



(28)TABLE 1 Grid of regulatory issues and steps in decommissioning Regulatory issues  ypes of Decommissioning steps 
 a) Compliance 
 with licence 
 conditions etc.. 


b) Personnel 
 selection and 
 training 
 c) Regulatory 
 inspection prior to 
 decommissioning 
 d).Prevention of 
 accidents and 
 emergency 
 preparedness 
 e) transportation
 f) radiation safety 


g) physical 
 protection  
 h) accounting and 
 control 
 i) Investigation of 


accidents and 
 incidents 


edness Review of the decommissioning programme and  project, safety analysis report and EIA �9�9- - - 9-  1. Operator inspection 99�- - �- 99 2. Removal from the operation locations (by  helicopter, towing, ship) 99��9�9- 9 3. RTG transportation to the railway (by ship or  helicopter) 99- - �- �99 4. RTG railway transportation to Izotop or Mayak 99- 9�- 9- 9 5. RTG: from Izotop to VNIITFA by road �9- 9��9- 9 6. RHS removal 9�- ���9- 9 7. RHS: from VNIITFA to Izotop by road99- 9��9- 9 8. RHS: to Mayak by railway - - - - �- 9- 9 9. RTG/ RHS reprocessing at Mayak 99- - - 9999 Operator review of the inspection results, data on  the safety level, final documents on safety  inspection results  999999999 Inspection of RTG/RHS storage in the temporary  storage facilities   9�- �- - �9-  KEY: 9 indicates issue of regulatory importance addressed by existing processes;  � indicates a priority issue where further regulatory development is needed. 
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