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Summary
This report describes a seminar on waste treatment and disposal that was held 9 - 1 4
November 1998 in Oskarshamn, Sweden. The objective of the seminar was to exchange
information on national and international procedures and practices of and requirements on
waste management. This information exchange was intended to promote the development of a
suitable strategy for management of radioactive waste in Northwest Russia to be used as
background for future co-operation in the region.
There were 38 participants, including 19 from Russia and 19 from western countries.
Participants came from major operator and regulatory organisations as well as other
organisations providing technical support.
The seminar included presentations by Russian and western experts on radioactive waste
management in three broad areas:
1. The process of determining the options for final disposal of radioactive waste concerning
site and method selection including Environmental Impact Assessment
2. Experiences from performance assessments and safety analyses for repositories intended for
low- and intermediate level radioactive waste.
3. Safety of storage and disposal of high-level waste.
In addition, group work and discussions on waste management issues were organised to
encourage development of consensus on unresolved issues, notably regarding waste
management in Northwest Russia.
The participants also visited the Central Interim Storage Facility for Spent Nuclear Fuel
(CLAB), the waste handling facilities at the OKG Nuclear Power Plant and the Aspo Hard
Rock Laboratory with exchange of technical information between the hosts at each site and the
seminar participants.
The seminar was jointly organised and sponsored by the Swedish Radiation Protection Institute
(SSI), the Norwegian Radiation Protection Authority (NRPA), the Nordic Nuclear Safety
Research (NKS) and the European Commission. The cooperation and assistance of the
management and staff at the OKG Nuclear Power Plant and at the Aspo Hard Rock
Laboratory is gratefully acknowledged. The practical organisation of the seminar and site visits
was carried out by Studsvik RadWaste AB.
The donors would like to express their sincere thanks to the responsible Management of the
CLAB, the OKG Nuclear Power Plant and the Aspo Hard Rock Laboratory respectively for
the well organised study visits and shown hospitality. Sincere thanks are also expressed to
Studsvik RadWaste AB for its contribution to a successful seminar.

The main conclusions from the seminar were as follows:
•

It is the prerogative of the Russian federal government to devise and to implement a waste
management strategy, and they could not necessarily be expected to subscribe to any of the
working group positions or recommendations made at this meeting.

•

Some participants took the view that many of the points raised on strategy and
responsibilities have already been covered in existing government documents. The only
really important question is that of co-operation; in particular, who is allowed to enter into
co-operation agreements and how projects should be identified. It is important for
appropriate experts to analyse project proposals for content and potential bottlenecks.

•

However, Norway and Sweden pointed out that they would like to see a strategic plan in
order to identify how and where to co-operate best. Norway is interested in attracting cooperation with Russia from other (third party) countries. They have no wish to interfere in
the internal operations within Russia and welcome the apparent focusing of responsibility
with Minatom and look forward to closer co-operation in the future.

•

The nuclear safety, radiation protection and supervision authority of Russia,
Gosatomnadzor, reinforced the point that there is a rigorous structure of laws in place,
based on over-arching environmental laws, and that every waste producer is responsible to
its own department, although Minatom co-ordinates all activities in all organisations
working with radioactive materials. The current Norway/Russia agreement contains 10
projects, but there is other work going on as well. However, a system is needed to decide
how to go forward with projects such as the Novaya Zemlya and Kola repositories, in line
with international approaches.

•

Regional authorities pointed out the importance of understanding that decommissioning
submarines is a long and complicated task, with many needs and possibilities for cooperation, especially concerning planning of protection of workers, measurement and
characterisation of radioactive waste, waste conditioning, storage and disposal etc. France,
the UK and the US also have unresolved issues concerning reactor compartments in
submarines, and their co-operation on this problem is welcome.

•

In response to a question on whether there are funds and a desire for continued
Norway/Sweden/Russia co-operation, Norway and Sweden confirmed that that was the
case. It was also suggested that the Russians should produce concrete guidance on what
problems, areas and issues should be given highest priority and be most appropriate for cooperation between the countries.

•

The hosts concluded by noting that there was clearly some good co-operation already
taking place. However there was scope for further Nordic participation in new projects.
Indeed, a new programme on reactor safety in the Kola NPP was just starting up. There
was clearly a need to continue discussions on the strategy issue, as there were still many
misunderstandings between participants. Also, the issue of responsibilities needs to be a
subject of continued information exchange.

These conclusions drawn during the seminar are the sole responsibility of the experts involved
in the seminar. The sponsoring organisations and the organisations of the participants are
not responsible for how the results from the seminar may be used.

Additional conclusions are drawn by the authors of this report as follows:
• The seminar gave the opportunity to exchange information and views between different
parties from Russia and western countries. Specially it was useful to recognise the needs for
stronger co-operation and co-ordination between different parties inside and outside the
Russian Federation. It was recognised that there are different views on existing strategy on
waste management in Russia. In western opinion represented at the seminar, the coherent
waste management strategy in Russia is missing.
• There is still some misunderstanding about the meaning and content of a waste management
strategy. It should provide a clear plan of waste management activities in accordance with
waste management policy of the Russian Federation. Such a plan should include a
description of those steps taken in waste management from waste arising to final disposal, a
'cradle to grave' approach. This would explain the key features of interim storage, waste
treatment, transport and final disposal. In a wider context, the processes giving rise to waste
should also be brought into the scope of waste management strategy, to ensure that
appropriate steps are taken to minimise waste arising and so that an appropriate balance is
achieved between worker, public and environmental protection and between control of
effluents and routine discharges, risks of unplanned releases from operational facilities and
long term risks associated with solid waste disposal facilities.
•

Although the IAEA provides an appropriate basis for regulatory development in waste
management, the guidance provided is not always sufficiently specific for direct application
in individual national circumstances. This is true for all countries with major programs
giving rise to radioactive waste, not just the Russian Federation. A major example concerns
the appropriate content of Environmental Impact Assessments. Also, even though there are
international agreements on basic protection standards in principle for post closure
radiation safety of repositories, in practice the details of national standards differ, both
among themselves and in some respects from the international recommendations of
organisations such as the IAEA and ICRP. Agreement on methods for regulatory
demonstration of compliance with such standards is even further away.

•

It has been said that Minatom has the overall responsibility. However, many companies
involved in transport, handling, etc., are said to have responsibility at different stages in the
management of waste. The details of who exactly has responsibility at each stage is not
clear.

•

While it would be helpful to have a Russian waste management strategy for planning of
continued Nordic support in the area of waste management, it is concluded that the
Russian Federation is not alone in having difficulties in developing a clear radioactive waste
policy that also will be accepted and implemented. For example, several countries have
spent huge sums of money and manpower on repository studies without acheving public
approval for the corresponding stages in repository development. This argues in favour of
very careful technical and political planning. This should not be taken as an excuse for not
taking action. Given the risks associated with poor interim storage, urgent action is
necessary, but that action should be within a clear overall program, not knee-jerk reactions
to local problems. A major potential objective, therefore, for continued Nordic support cooperation could be in the development of that clear strategy. While it is recognised that this
can be criticised as further procrastination, in fact it is only consistent with other on-going

national efforts, and it is clearly necessary for projects to be supported within such a
framework if the resources are not to be dissipated to no real effect.

Table of contents
1. Introduction
2. Background
3. Issues of Concern
3.1 Plenary Session
3.2 Strategy
3.3 Responsibilities
3.4 Environmental Impact Assessment
3.5 Co-operation
4. Discussion
4.1 Working group I - Regulatory Authorities
4.2 Working group n - Operators/Industry
4.3 Working group III - Science
4.4 Working group IV - Regional/NW Russia
4.5 General Discussion
5. Conclusions
6. Attachments
I. List of Participants
II. Program
III. Presentations
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.

11.
12.
13.

,

Ludmila Amozova: Current and perspective on the radioactive waste management
at territory of the Kola Peninsula
Line Blytf. Environmental impact assessment - Classification of ecosystems with
respect to vulnerability for radioactive contamination
Audrey Borzunov: Progress of realization of the state policy in radioactive waste
and spent nuclear fuel management in the Russian Federation
Karin Broden: Nordic Nuclear Safety Research 1994-1997 - Project on disposal
of radioactive waste
Jan Carlsson: Management of low- and intermediate level waste in Sweden
Neil Chapman: Strategic lessons in high-level waste management planning
Nina Choucharina: Approaches of the State Committee on the Environmental
Protection to development of ecological requirements for radioactive waste
management generated in the decommissioning of the nuclear submarines
Bertil Grundfelt: Confidence building in safety assessment
Malgorzata Karpow Sneve: Results from a Nordic meeting on disposal of
radioactive waste in the Northwest of Russia
Yuri Kozlov and Vladimir Nikitin: Experience of NS Diposal at the Enterprise
"Zvezdochka", in Severodvinsk. Problems of ecological Safety. International
Cooperation dealing with NS disposal at the Enterprise GMP "Zvezdochka"
Evgeny Kryukov: Problems on radioactive waste and spent fuel management in
the European-Arctic Region of Russia
Alexander Levine and Anatoly Tikhankin: Some points in legal regulation of
radioactive waste management
Nikolay Lobanov: Preliminary safety assessments in construction of the pilotindustrial facility for final disposal of low- and intermediate radioactive waste on
archipelago Novaya Zemlya

9
9
10
10
11
11
12
12
13
13
14
15
16
17
18
20
20
21
26

27
29
30
42
44
47

51
54
60

64
74
80

94

14. Valentin Markarov: Aspects of the state regulation of safety in management of
radioactive waste from nuclear ships
15. Nikolay Melnikov: International projects on radioactive waste management in the
Northwest region of Russia
16. Sergey Novikov: Organisation of the state supervision and regulation of storage
facilities for low- and intermediate level radioactive waste in the Northwest
Region of Russia
17. Sergey Rovny: Radioactive waste management strategy at NPO Mayak
18. Igor Safonov: Safety assurance in radioactive waste management at nuclear
power plants in the Northwest region of Russia
19. Graham Smith: Determining best practicable environmental options for final
disposal of radioactive waste
20. Lev Tchernaenko: Technological challenges in the retrieval of spent fuel from
storage in sea vessels
21. Vastly Velichkin: Problems related to final disposal of high-level radioactive
waste in Russia
22. Lidia Zenkina: Radiation Safety Ensuring and Environment Protection dealing
with Radioactive Waste Management in the System of the Special Plants "Radon".

97
104

109
113
119
128
133
137

1. Introduction
A seminar on waste treatment and disposal was held in Oskarshamn, Sweden,
in November 9-14,1998. The objective of the seminar was to exchange information on
national and international procedures and practices of and requirements on waste management.
This information exchange was intended to promote the development of a suitable strategy for
management of radioactive waste in Northwest Russia to be used as background for future cooperation in the region. To this end, the seminar focused on:
-

overviews of international co-operation in the waste management field and national
systems for waste management;

-

experiences from treatment of low- and intermediate-level radioactive waste;

-

the process of determining the options for final disposal of radioactive waste;

-

experiences from performance assessments and safety analyses for repositories intended
for low- and intermediate level radioactive waste;

-

safety of storage and disposal of high-level waste.

The seminar was jointly organised and sponsored by the Swedish Radiation Protection Institute
(SSI), the Norwegian Radiation Protection Authority (NRPA), the Nordic Nuclear Safety
Research (NKS) and the European Commission. The practical organisation of the seminar and
site visits was carried out by Studsvik RadWaste AB.
There were 38 participants, including 19 from Russia and 19 from western countries.
Participants came from major operator and regulatory organisations as well as other
organisations providing technical support. See Attachment I for a list.

2. Background
In February 1998 a meeting was held between Nordic nuclear safety and radiation protection
authorities which provided the background for this meeting in Oskarshamn.1 The Nordic
countries are strongly involved in a variety of waste management activities in Russia and they
see apparent advantages in co-ordinating Nordic efforts and actions in Russia. Co-ordination
of Nordic activities will help prevent unnecessary duplication, hold costs down and keep
efforts focused. Russia is a large country with many unresolved problems. Nordic coordination at various levels reinforces the Nordic contribution on the co-operation with Russia
and improves the chances to reach mutual understanding of the problems and how to solve
them taking due consideration to both Russian and Nordic interests. The essence of western
involvement in Russia is "help for serf-help". Despite its problems, Russia has extensive
resources and a wealth of its own expertise. The western assistant co-operation should
function as a catalyst for the development of a strategy for a Russian radioactive waste

1

Reference: StrMevern Rapport 1998:6, Nordisk seminar om avfallshandtering i Nordvest-Russland. Oslo, 17.
18.februar 1998, M.K. Sneve

management program, including the resolution of issues associated with final disposal of
wastes.
Novaya Zemlya has been considered as a potential location for radioactive waste disposal
possibly including management facilities. For practical purposes, it may be considered
uninhabited territory. The psychological significance of this circumstance is likely to make it
easier to achieve general political assent from the population of Northwest Russia for a site on
Novaya Zemlya than for one on the mainland. However, any facility located in this area will
entail transport of radioactive waste through the southern reaches of the Barents Sea for years
to come which implies a wide consideration of various environmental protection aspects.
Permafrost is a significant feature of Novaya Zemlya and is a significant source of complexity
surrounding a waste disposal facility on Novaya Zemlya. Western know-how concerning
construction operations in permafrost is available and could benefit an international assessment
of Russian construction plans. This was one of the conclusions from previous meeting in Oslo.
It is important for the Nordic countries to become thoroughly acquainted with Russia's plans in
order to provide confidence that Nordic aid is appropriately focused. Accordingly, Nordic
countries wish to obtain updated information directly from the Russian authorities responsible
for or involved in the planning and construction of radioactive waste management and disposal
facilities, particularly those on Novaya Zemlya.
The Nordic countries had earlier agreed that, within the requirements of Russian policy, they
could provide advisory assistance in developing the waste management and disposal plans
further, and that they could also provide support and co-operation in realisation of the plans.
Future Nordic co-operation with Russia on the management and disposal of radioactive waste
should be given high priority by the Nordic countries due to the close geographic vicinity to
Russia and their concern for own safety. At the same time, there is clear agreement that waste
management, including the disposal of radioactive waste, is Russia's own responsibility.
Noting all the above, the Oskarshamn seminar was organised to include presentations by
experts from Russia and western countries and discussions on waste management issues and
needs in the Northwest region of Russia, as well as technical visits to the Aspo Hard Rock
Laboratory and storage facilities at Oskarshamn nuclear power plant. See Attachment II.

3. Issues of concern
Presentations at the seminar reflected many different perspectives and areas of expertise. These
represented scientific, technical and political aspects relating to management of radioactive
waste, especially storage and disposal facilities. See Attachment III.
The last day of the seminar included working group activities followed by discussion in plenary
session. The group activities are described below.
3.1 Plenary Session
The workshop had broken into four groups prior to the plenary session, each being asked to
consider four general issues and report back to the meeting:
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1. What might an overall strategy for waste management in NW Russia need to consist of?
2. What are the responsibilities of each of the organisations concerned?
3. What is the role of Environmental Impact Assessment (EIA) in the selection of a
repository site (with particular reference to the Novaya Zemlya proposals)?
4. How can international co-operation be improved?
The four working groups represented different competence and interest depending on
background and who they represented:
1.
2.
3.
4.

Regulatory authorities;
Operators/Industry;
Science and technology;
North West Russian region.

The objective was to see whether different views and approaches could be identified for four
given issues. The findings of each group are presented below, together with comments on the
general discussion which followed. The questions were formulated for discussion as presented
in 3.2, 3.3,3.4 and 3.5.
3.2 Strategy
Background
It is well known that there are great problems with radioactive waste and spent fuel in the
Russian Federation. There is a Federal Programme on Radioactive Waste and Spent Nuclear
Materials Management for 1995-2005. This is a package of independent measures and a
number of needs are identified. However the Programme does not fulfil the requirements of a
real strategic plan. That is, it does not present a pathway showing how each problem can be
addressed and solved in consistence with overall strategic objectives. Russian experts have
developed advanced ideas and strategies may exist. However for western experts this
collection of ideas is unclear
Question to answer: What are the overall strategy and objectives of waste management?
3.3 Responsibilities
Background
Many decisions and actions have to be taken in the near future in the RF. There are also many
different authorities and organisations involved as well as responsible owners of the problems.
In many countries the legislation puts the main responsibility with the producer of the waste - a
fact that in most cases has been well known and resources have been assigned and competence
to handle the waste has been built up. The central and local authorities in Russia have different
responsibilities for radiation protection and nuclear safety. The clarification of the
responsibilities is important, so that all issues are addressed and duplication is avoided. There
may be differences between Russian and western practices in regulatory work, inspections, and
assessments of safety. International recommendations may be too general for application to
real problems.
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Questions to answer:

•
•
•
•

How is the situation today in Russia?
What are the problems?
How should work be co-ordinated?
What are possible solutions?
>
>
>
>

Objectives,
Responsibilities,
Implementation,
Co-ordination.

3.4 Environmental Impact Assessment (EIA)
Background
All steps in waste management should be subject to EIA. This is understood in different ways
in different countries. The selection of sites and facilities for treatment, storage or disposal of
radioactive waste is developed in a series of stages. Each stage includes decisions. These
decisions are influenced, among other things, by the EIAs. EIAs should include consideration
of safety in terms of environmental and human health protection, social and economical aspects
etc., both in the short and long term. Degree of confidence in the results should be evaluated.
The assessment process is expected to be an "open" process for the public.
Questions to answer:

•
•
•
•

How is the situation today in Russia?
What are the problems?
How should work be co-ordinated?
What are possible solutions?
>
P>
>

Objectives,
Responsibilities,
Implementation,
Co-ordination.

3.5 Co-operation
Background
Experts and political decision makers in western countries recognise the problems in Russia.
Russian experts have explained the needs and interest, and co-operation and support have been
discussed. Accordingly, western countries and organisations have allocated financial, technical
and expertise resources to meet some of these needs. From the western side the supporting cooperation is based on western methods, concepts, policies, etc. However, western methods and
strategies are not always unambiguous and sometimes different approaches may be taken in
different countries. This must be given due consideration also realising the fact that the overall
responsibility is Russian. Inside Russia there are many responsible organisations and the
western and Russian organisations should all be better co-ordinated. Mechanisms should be
introduced to identify responsibilities for effective co-operation.
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Questions to answer:

•
•
•
•

How is the situation today in Russia?
What are the problems?
How should work be co-ordinated?
What are possible solutions?
>
P~
>
P-

Objectives,
Responsibilities,
Implementation,
Co-ordination.

4. Discussion
After the group work, presentations were made of results by all four groups. Summary of the
presentations was given as a basis for plenary discussion.
4.1 Working Group I - Regulatory Authorities
Strategy
An (overall) strategy plan should start with an identification and description of the radioactive
sources and the practices giving rise to radioactive waste, the present management procedure,
local conditions, economical and political constraints and the actual present, future and
potential waste problems.
The strategy should then give priorities to the problems on the basis of their real and potential
environmental impact and their lack of consistency with international and national requirements
and standards.
Finally it should propose a structured action plan based on a chain-analytical discussion on how
to solve the problems in technical and economical terms, giving time tables, responsibilities,
need of co-operation etc. ending with a proposed plan for management in the future.
Important parts of the plan are also to identify the appropriate safety levels and the need of
legislative basis for implementation of safety levels, the demonstration of compliance with them
and the need of licensing.
By such a strategy plan it should be possible understand why, how and when the present and
future problems with radioactive waste are taken care of and solved.
Responsibilities
Responsibility for norms and for radiation protection lies with Gosatomnadzor. The practical
implementation of national guidelines is the responsibility of Minatom. Nuclear weapons and
submarines in operation are the responsibility of the Ministry of Defence. A national legal
structure exists, with regional responsibilities, but these need clarification. The role of different
responsible authorities, federal and regional, in the choice of priorities is not clear. For
example, whether it is better to ensure the safety of existing storage facilities as a first priority,
or to provide waste disposal facilities as a first priority (or how to provide the correct balance
between these objectives).
EIAs
The implementation and role of EIA in the RF is not clear. The federal administrative body is
participating in siting issues. Environmental and radiation protection are considered and the
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State Committee for Environment Protection gives a permit at the design stage.
Gosatomnadzor provides the operating licence. The procedures and regulations are based on
IAEA guidelines. Co-operative support from international experts to interpret and apply these
guidelines better was considered to be of great interest as well as a co-operation on the formal
and practical application of EIA procedures.
Co-operation
A new co-ordinating group in Russia was considered to be an important recommendation. A
suggestion was made to set up such a group, comprising:
• international experts;
• federal bodies;
• regulatory bodies;
• nuclear power industry bodies
• Ministry of Defence.
Participation should be based on actual involvement in the process of waste management, not
just on ownership of the wastes.
4.2 Working Group II - Operators/Industry
Strategy
The following key points were identified:
• Radioactive waste and spent fuel are federal property and their management is a federal
obligation. Radioactive waste should be disposed of safely and spent fuel should be
reprocessed. Direct disposal of fuel without reprocessing is forbidden, although it is clear
that some types of spent fuel, especially damaged fuel, will inevitably have to go for direct
disposal, owing to their characteristics.
• The guideline for the waste management strategy is still the federal plan, 1995-2005.
• A more detailed waste management plan is developed from this guideline, with individual
projects and an estimate of their cost and duration.
• Present knowledge of this plan among the western partners is not sufficient to allow its
recognition as an integrated plan, resolving all problems.
• Due to lack of funding, realisation of the plan is hindered dramatically. Only 1.5-3% of the
yearly budget requests are satisfied.
• As a consequence, all efforts are concentrated on actions to avoid accident situations.
• These actions are fixed in yearly plans and, in 1998, a two year plan for 1999-2000 is to be
developed
Responsibilities
There is a clear split of responsibilities between regulatory and controlling authorities, and
organisations responsible for waste management in Russia. The new (1998) federal order 517,
improved the sharing of responsibilities on waste management sites. Minatom is responsible for
co-ordination of waste management and is the main customer for contractors performing
individual tasks, although these might relate to wastes and activities of other organisations.
The regulatory and controlling authorities are participating independently in the approval of
waste management strategies and plans, as well as in the design and construction of related
facilities. A corresponding legal framework has been set up and implementation is ongoing.
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EIAs
The group did not comment on this issue.
Co-operation
In the past, several co-operation projects have been initiated and completed at different levels.
In most cases, single Russian organisations, or even single individuals, have been the
contractors. Not all of these projects produced an optimal output. Some of them did not fit
into the available infrastructure; in some cases the necessary infrastructure was not made
available by the Russian partners. As a consequence, some of the projects did not support an
integrated waste management approach. Minatom, as the responsible authority for waste
management strategy, proposes to concentrate co-operation on the priority projects proposed
at CEG meetings. However, the value of bilateral co-operation was also appreciated.
The international participants highlighted the need for Minatom to ensure that the necessary
support, infrastructure, nuclear liabilities and tax issues are available or resolved.
4.3 Working Group III - Science
Strategy
The existing programme is limited in time and is not really strategic. With respect to the
Murmansk and Arkhangelsk region, there are serious problems to be solved. Minatom is the
organisation responsible for co-ordinating strategy in this area.
Long-term co-operation projects are required to assist with practical solutions, not simply the
provision of advice. It is hoped that TACIS is now starting to move in this direction.
Responsibilities
Many organisations are involved in waste management in NW Russia, but the role of the
Interdepartmental Commission in licensing between Minatom and the Federal Government is
most important. Although Minatom has overall responsibility, all of the other companies
involved in transport, handling, etc., assume responsibility at different stages in the
management of the wastes.
EIAs
EIAs are compulsory at all stages of a project. Detailed protocols exist for their structure and
content. They have to describe the situation both before and after implementation of a project.
Options for management can be compared using EIAs, along with other factors, such as cost
and waste transport feasibility. There are plans to carry out EIAs for the proposed Kola
peninsula and Novaya Zemlya repositories during 1999.
Co-operation
Co-operation is a two way process and Russia has much to offer as well as to receive. The
group suggested three topics for possible addition to the list of projects to be considered for
international co-operation:
• Where Russia could assist Scandinavia: An investigation of the principle groundwater-rock
interaction systematics for basic rocks, such as diorites, at different temperatures and
pressures.
• Where Russia would appreciate assistance: Evaluation of rock mass properties for potential
repository sites in the Kola peninsula, based on the results of exploratory drilling,
geophysical and geochemical studies. (This project has already been developed for EC
funding, in collaboration with NGI and DBE, but a decision is awaited).
15

• Joint assistance project: A petrochemical and geochemical investigation of basic rock
(gabbro/diorite) weathering products, in terms of their potential use in the engineered
barrier system of a deep repository (e.g. in place of bentonite). The rocks of the Kola
peninsula would be suitable for this project.
Minatom indicated a desire to add these to their list of projects for advancement.
4.4 Working Group IV - Regional \ NW Russia
Strategy
There is no overall approved federal strategy, but a NW Russia strategy exists in two
documents:
• Federal Programme for Waste Management (providing general guidance only);
• Creation of an Infrastructure for Radioactive Waste Management in Northwest Russia (not
completely adopted yet, although some parts agreed and finalised).
Both local and Minatom representatives were involved in preparing this documentation. When
deciding on international co-operation projects, these documents should be used as a basis for
identifying important problems and issues.
Responsibilities
The judicial/legal responsibility lies with the companies who generate the wastes. Coordination (at the plant director level) is carried out by Minatom, but does not remove the legal
responsibility from the generators. Control/supervision of the responsibilities for safety at the
working practices level is exercised by federal bodies and, on a case by case basis, by regional
agencies. Regarding submarines in operation, these are the responsibility of the Ministry of
Defence. As soon as they are handed over for decommissioning, they become the responsibility
of Minatom (and the company doing the work), and Gosatomnadzor is responsible for
approval and supervision of these work.
EIAs
The group did not comment on this issue.
Co-operation
The group felt that the present system for the dismantling of nuclear submarines, with the
involvement of Minatom, was effective. In this area, there is an intergovernmental agreement
involving the investors, the central co-ordinating bodies (Gosatomnadzor, State Committee for
Environment Protection), the Ministry of Economy and Minatom. The waste generators
manage the plants and the submarine bases, and the local co-ordinating bodies take part in the
licensing procedure with Gosatomnadzor, the State Committee for Environment Protection
and the Ministry of Health. However, there is a scope for co-operation on management of
radioactive waste, which, again, could most effectively be co-ordinated through Minatom. In
this case the structure for collaboration should include two new organisations, 'Concern'
(ROSRAO) at a national level, and a regional equivalent (SEVRAO). ROSRAO would liaise
directly with Minatom (who would, in turn, liaise with the Investor and with the Ministry of
Economy) at a national level and would link with SEVRAO, who would have direct
connections with the waste producers at the regional level.
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4.5 General Discussion
There was only limited opportunity for general discussion, and the majority of points made
were for clarification purposes.
1. First, it was pointed out by the Russians with reference to the convention on the safety of
spent fuel and radioactive waste management, that spent fuel is not a waste, unless it is
declared as such by the host nation.
2. It was pointed out by Minatom that, at the end of the day, it is the prerogative of the
Russian federal government to devise and to implement a waste management strategy, and
that they could not necessarily be expected to support anyone in particular of the working
group positions or recommendations made at this meeting. Many of the points on strategy
and responsibilities were already covered in existing government documents. The only
really important question is that of co-operation; in particular, who is allowed to enter into
co-operation agreements and how projects should be identified. It is important for
appriprate experts to analyse project proposals for content and potential bottlenecks.
3. However, Norway and Sweden pointed out that they would like to see a strategic plan in
order to identify how and where to co-operate best. Norway is interested in attracting cooperation with Russia from other (third party) countries. They have no wish to interfere in
the internal operations within Russia and welcome the apparent focusing of responsibility
to Minatom, looking forward to closer co-operation in the future.
4. The nuclear safety, radiation protection and supervision authority of Russia,
Gosatomnadzor, reinforced the point that there is a rigorous structure of laws in place,
based on over-arching environmental laws, and that every waste producer is responsible to
its own department, although Minatom co-ordinates all activities in all organisations
working with radioactive materials.
5. Regional authorities pointed out the importance of understanding that decommissioning
submarines is a long and complicated task, with many possibilities for co-operation,
especially concerning planning of protection of workers, measurement and characterisation
of radioactive waste, waste conditioning, storage and disposal etc. France, the UK and the
US also have unresolved issues concerning reactor compartments in submarines, and the
co-operation on this problem is welcome. L/ILW repositories are needed to contain these
wastes.
6. In response to a question from Russian side on whether there are funds and a desire for
continued Norway/Sweden/Russia co-operation, Norway and Sweden confirmed that that
was the case. It was also suggested that the Russians should produce concrete guidance on
what problems, areas and issues should be given highest priority and be most appropriate
for co-operation between the countries.
7. The hosts concluded by noting that there was clearly some good co-operation already
taking place. However there was scope for further Nordic participation in new projects.
Indeed, a new programme on reactor safety in the Kola NPP was just starting up. There
was clearly a need to continue discussions on the strategy issue, as there were still many
misunderstandings between participants. Also, the issue of responsibilities needs to be a
subject of continued information exchange.

17

5. Conclusions
Additional conclusions which the authors draw from the seminar are as follows.
1. The seminar gave the opportunity to exchange the information and views between different
parties from Russia and western countries. Specially it was useful to recognise the needs for
stronger co-operation and co-ordination between different parties inside and outside the
Russian Federation. It was recognised that there are different views on existing strategy on
waste management in Russia. In western opinion represented at the seminar, the coherent
waste management strategy in Russia is missing.
2. There is still some misunderstanding about the meaning and content of a waste management
strategy. It should provide a clear plan of waste management activities in accordance with
waste management policy of the Russian Federation. Such a plan should include a
description of those steps taken in waste management from waste arising to final disposal, a
'cradle to grave' approach. This would explain the key features of interim storage, waste
treatment, transport and final disposal. In a wider context, the processes giving rise to waste
should also be brought into the scope of waste management strategy, to ensure that
appropriate steps are taken to minimise waste arising and so that an appropriate balance is
achieved between worker, public and environmental protection and between control of
effluents and routine discharges, risks of unplanned releases from operational facilities and
long term risks associated with solid waste disposal facilities.
3. Although the IAEA provides an appropriate basis for regulatory development in waste
management, the guidance provided is not always sufficiently specific for direct application
in individual national circumstances. This is true for all countries with major programs
giving rise to radioactive waste, not just the Russian Federation. Also, even though there
are international agreements on basic protection standards in principle for post closure
radiation safety of repositories, in practice the details of national standards differ, both
among themselves and in some respects from the international recommendations of
organisations such as the IAEA and ICRP. Agreement on methods for regulatory
demonstration of compliance with such standards is even further away.
5. It has been said that Minatom has the overall responsibility. However, many companies
involved in transport, handling, etc., are said to have responsibility at different stages in the
management of the wastes. The details of who exactly has responsibility at each stage is not
clear.
6. While it would be helpful to have a Russian waste management strategy for planning of
continued Nordic support in this area, it is concluded that the Russian Federation is not
alone in having difficulties in developing a clear radioactive waste policy that also can be
accepted and implemented. For example, several countries have spent huge sums of money
and manpower on repository studies without acheving public approval for the
corresponding stages in repository development. This argues in favour of very careful
technical and political planning. This should not be taken as an excuse for not taking action.
Given the risks associated with poor interim storage, urgent action is necessary, but that
action should be within a clear overall program, not knee-jerk reactions to local problems.
A major potential objective, therefore, for continued Nordic support co-operation could be
in the development of that clear strategy. While it is recognised that this can be criticised as
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further procrastination, in fact it is only consistent with other on-going national efforts, and
it is clearly necessary for projects to be supported within such a framework if the resources
are not to be dissipated to no real effect.
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Current and Perspective on the Radioactive Waste Management at
territory of the Kola Peninsula

Ludmila Amozova,
State Committee on Environment Protection of the Murmansk Region, Russia

As the result of the former activity ca 25 thousand cubic metres of solid radioactive wastes of
ca one million Ci activity has been accumulated in the Murmansk Region up to date.
The necessity of civil and military nuclear-powered facilities decommissioning in the nearest
future will cause creation of the wastes in large volumes and of various activity. According to
the preliminary assessments 30,000 cubic meters of radioactive wastes of ca 1 mln. Ci total
activity would be produced during the disposal of 55 nuclear submarines, and more than
26,000 cubic meters of radioactive wastes - in the process of decommissioning the Kola
Nuclear Power Plant units. At present all these wastes are stored at territories of the Kola
Peninsula enterprises, i.e. at the sites of their production. Special storages, industrial premises
and open grounds are used for storage.
Only a part of solid radioactive wastes is reprocessed at the Kola nuclear power plant and at
the repairing & technological enterprise "Atomflot". Compacting and incineration are used to
decrease the volumes of wastes. An incineration facility at the repairing & technological
enterprise "Atomflot" does not satisfy the updated demands and during its operation the
releases of radioactive wastes in the atmosphere are greater than those ones during the Kola
nuclear power plant operation. Solid radioactive wastes are stored non-reprocessed at the
Spetscombinat /special plant/ "Radon" which carries out collection and storage of radioactive
wastes produced in the civil industry and at the bases of the Northern Navy. It should be
emphasized that the real situation regarding radioactive contamination of the environment does
not excite serious apprehension for the time being. According to the monitoring data there
were no cases of dangerous radioactivity increase in atmosphere during the whole period of
observations. Soil and vegetation pollution by long-lived radionuclides is at the background
level in all the regions of location of radioactive waste storage grounds.
Basic way of problem solution for solid radioactive waste management is the establishment of
a common reprocessing and regional storage complex for long-term storage at the base of the
Shiprepairing Plant. Such scheme was proposed by the Ministry for Atomic Energy and was
coordinated with the Administration of Murmansk Region. Solution concerning the location
and building of this complex for radioactive waste final disposal has not yet been accepted.
Such solution should be accepted by the State authorities of the Russian Federation jointly with
the State authorities of the RF subjects. In accordance with the Law "On Ecological Expertise"
one of the indices for decision taking as regards realization of the intended activity is an
elaborated ecological substantiation included into designed materials. When developing
ecological substantiation it is necessary to identify the requirements for selection of an object's
location in existing and forecasting ecological situation and social-industrial evolution of the
area, and to define the demands to designed decisions concerning natural resources use and
natural environment reservation. Ecological substantiation of the designed decisions should be
based on detailed analysis of initial data about the environment state, territory natural
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peculiarities, life conditions and traditions of local population, economy usage, kind of planned
activity, impact types and scales. Materials regarding selection of an object's location are
developed on the option basis. Such ecological substantiation was elaborated only for the
option of storage creation on Novaya Zemlya archipelago.
It seems that the time has come to consolidate our knowledge in the field of radioecology,
radiation safety for joint application in ecological substantiation developments for the projects
on radioactive waste reprocessing, storage and final burial realizing in Northern regions of the
world.
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NO0000024

Environmental impact assessment: Classification of ecosystems
with respect to vulnerability for radioactive contamination

Line Diana Blytt,
Norwegian Radiation Protection Authority, Norway

Summary
An environmental impact assessment should be performed ahead of any larger action plan in
the environment. The final document should point out for the authorities and public that
expertise has been systematised in order to predict the effects of an action plan (or no action)
on the environment. This should be done for different scenarios and time scales. To perform an
environmental impact assessment, geographic information systems (GIS) is a useful tool. It can
be used to identify vulnerable areas or ecosystems in the environment for radioactive
contamination. An vulnerability assessment consider the different radipnuclides chemical and
biological pathway in different ecosystems, the population density, land-use and production
(economic resources) to predict dose to humans and biota. Further it can be used together with
knowledge of diet habits and consumption to identify critical groups and to calculate doses
(external and internal) to critical groups. Vulnerability for ecosystems can be quantified by
using critical loads for radioactive contamination or flux of radionuclides from an area. One
criteria for critical load can be that intervention limits for food products should not be
exceeded. If the critical load is low this indicates a high vulnerability. The flux from an area can
also identify vulnerability and it can be used to calculate collective dose. The vulnerability
approach is a methodology which can be used to select areas which are more suitable than
others to carry out treatment, transport and disposals of radioactive waste.
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Progress in Realization of the State Policy in RW and SNF
Management in the Russian Federation
Andrey I. Borzunov,
Ministry of Atomic Energy, Minatom, Russia

Problem State
The state policy in the field of radioactive waste (RW) management and spent nuclear fuel
(SNF) in the Russian Federation foresees the purposeful activity in preventing negative
radiation impact on the man and environment at all stages of wastes management (dealing with
collection, transportation, reprocessing, storage and burial). This activity is admitted as a task
of the state importance. I would like shortly to enlarge on the current state of this problem.
For today about 650 million i3 of liquid and solid RW with ca 1.5 billion Ci total activity has
been accumulated in Russia. Table 1 shows the distribution of this amount of wastes depending
on their origins and storage sites. More than 90 % of this amount is dealt with the previous
defensive activity on production of nuclear weapon materials and is concentrated at the
enterprises of Minatom of Russia. Besides, near 8,700 tons SNF of about 5 billion Ci activity
are stored at the enterprises of Minatom and other departments of Russia.
The basic infrastructures at majority of the enterprises for RW and SNF management built in
the 60s-70s became morally and physically obsolete, and require the reconstruction.
The existing practice in RW and SNF management (complexes and facilities for collection,
reprocessing and disposal, packing and containerization, engineering installations for storage
and burial) does not completely meet the updated requirements for radiation and ecological
safety assurance. All wastes created as a result of the production of weapon nuclear materials,
are partially reprocessed and are stored at territories of the enterprises of Minatom, i.e. at their
origin places. Tanks from stainless steel, special reservoirs, surface and underground landbased storage facilities, special concrete storage facilities are used for storage. A part of liquid
LRW is reprocessed at the Mining-chemical plant in the environs of Krasnoyarsk, the Siberian
chemical plant in the environs of Tomsk and the plant "Mayak" in the environs of Chelyabinsk.
At present the most acute problem, demanding immediate resolution, is situation in Northern
and Pacific regions of Russia. It is concerned the lack of necessary installations and storages
for treatment of radioactive wastes accumulated and produced in the process of operation,
maintenance and decommission of ship nuclear-powered facilities of military and civil fleet, as
well as with the unloading and removing of spent nuclear fuel from these regions.
Till 1992 greater amount of liquid and solid wastes had been dumped in the seas. At present
such dumping is ceased, the wastes are accumulated at the coastal and floating bases at the
sites, adjusted to these purposes, but not satisfying the updated requirements.
For today in these regions it is created the extremely complicated state with removal of spent
nuclear fuel from the ship nuclear-powered facilities which have been decommissioned. Such
fuel should be transferred for reprocessing to the plant "Mayak" in the environs of
Chelyabinsk. For 1998 about 150 nuclear submarines have been already decommissioned, but
SNF has been unloaded only from 42 ships. The reasons are the following: lack of the
sufficient amount of updated transport means, unpreparedness of transport schemes at the
bases for fuel overload and shortage of financial resources. As to RW and SNF management
in civil activity, spent fuel from NPPs with WER-type of reactors, from research nuclear
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reactors is transferred either for reprocessing to the plant "Mayak" or for temporary storage
(VVER-1000) to the Mining-chemical plant in the environs of Krasnoyarsk. Liquid high-level
wastes from NPP's SNF reprocessing are subject to the vitrifying, vitrified blocks are stored in
a special storage facility at territory of the plant "Mayak", liquid MRW and LRW are stored in
the special land-based storage facilities, solid MRW and LRW are stored non-reprocessed in
the concrete installations at territory of the plant. Spent fuel from NPPs with RBMK-type
reactors is stored at the NPPs' territories in special storage facilities. At present no one of the
NPPs of Russia has a complete set of the installations for waste reprocessing. At a number of
NPPs liquid radioactive wastes are reprocessed by the bituminous method (Leningrad,
Kalinin) or the deep evaporation method (Novovoronezj, Balakovo, Kalinin). After
segregation solid wastes are reprocessed by the compacting method (Beloyarsk, Kola,
Novovoronezj), by the incineration (Beloyarsk, Kola). At the other NPPs they are stored nonreprocessed. At present there are 16 special plants of "Radon" type in Russia, which mainly
carry out collection, storage and burial of radioactive wastes produced in the national
economy and scientific activity, irrelevant to the nuclear cycle, and which serve the territories
of several regions of Russia. Only the Moscow and Leningrad plants are equipped with a
complex of installations for reprocessing of different type wastes. Today it is clear, that
without an acceptance of cardinal measures for ensuring ecological safety of radioactive waste
reprocessing and burial we may hardly expect the essential development of nuclear power
engineering industry.
Basic Aspects of the State Policy in the Field of Radioactive Wastes and Spent Nuclear
Materials Management
At present the situation regarding radioactive wastes is under control in Russia, but requires
the immediate actions for its resolution. The further delay in acceptance of practical measures
for the stabilization and gradual improving of this situation may lead to severe ecological
consequences in some regions of the country. The existing structure for control and coordination of activity in RW and SNF management is represented in table 2. On commission
from the Government Minatom realizes the state policy, co-ordination of activity, the state
control in the field of RW and SNF management. Main functions of Minatom of Russia as a
state customer are the following:
• Development of a conception on RW and SNF management;
• Monitoring and control of realization of the federal programme actions;
• Co-ordination of the ministries' and departments' activity in this field;
• Conducting expertises and selection of projects and technical suggestions for realization;
• Realization of departmental supervision for safe fulfilment of the works dealt with RW
and SNF management;
The state regulation and supervision of safety in RW and SNF management are carried
out by the Federal bodies of the executive authority specially authorized by the
Government of the Russian Federation:
• Gosatomnadzor of Russia - in the field of regulation and supervision of nuclear and
radiation safety,
• Goskomecology of Russia and Rosgidromet - in the field of environment protection,
• Ministry for natural resources of Russia - in the field of mining and industrial supervision,
• Minzdrav of Russia - in the field of sanitary-epidemiological supervision.
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The state policy in the field of RW and SNF management is grounded on the following
principles:
• Absolute observance of the state and ratified international norms and requirements,
conventions and treaties on protection of the man and environment from radiation and
chemical impacts dealing with RW and SNF management;
• Priority protection of the man's life and health, and the environment from hazardous impact
of radioactive wastes;
• Demarcation of powers of the federal bodies of executive authority which realize control in
the field of RW and SNF management, and the federal bodies of executive authority in the
field of the state regulation of safety dealing with RW and SNF management;
• Minimization of RW and SNF production in the process of operators' and specialized
organizations' activity and restriction of radioactive waste releases in the environment by
means of its reliable isolation;
• Elimination of unauthorized and non-controlled accumulation of RW and SNF in exploiting
and specialized organizations;
• Obligatory isolation of radioactive wastes;
• ' Storage and/or burial of radioactive wastes as an obligatory final stage of any kind of
activity which results in radioactive waste production;
• Involvement of organizations in fulfilment of the works in frameworks of the State RW
and SNF management system only on the competitive basis and creation of the competitive
medium during selection of the projects and realization of the works;
• Rational use of accumulated experience and possibilities of the existing departmental
infrastructures dealing with RW and SNF management;
• Balance in resources, performers and realization terms for the complex of organizational,
normative - legal, research & development, experimental - designing, industrial measures
and works;
• Absolute observance of the main safety principles in practical activity by all the persons
occupied in RW and SNF management;
• Priority of the programmes on the staffs training and improvement of the population's
"radiation literacy " and knowledge.
Main objectives in RW and SNF management in Russia are the following:
• Development and co-ordination of the legal, normative, organizational and financial
mechanisms for regulation of safety and activity of organizations in the field of RW and
. SNF management;
• Detection and classification depending on potential hazard degree of the objects (tasks) of
the "nuclear inheritance", definition of priority and financial-organizational mechanisms for
their resolution;
• Solving tasks dealt with safe RW and SNF management in Russia;
• Definition of the strategic priorities at such alternative challenges as storage or burial for
different kinds of RW and SNF;
• Co-ordination, promotion and assurance of development and introduction of the advanced
process engineerings, equipment and objects in the field of RW and SNF management;
• Improvement of the state RW and SNF accountancy and control system, including
detection and inventory of RW and SNF storage and burial sites;
• Development and introduction of an insurance system for reimbursing possible nuclear
losses in RW and SNF management to the third party;
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• Improvement of the system for obligatory certification of equipment and process
engineerings for nuclear facilities and radiation sources, RW and SNF storage and burial
• sites;

• Maintaining development of a system and the procedures for physical protection and
monitoring the environment at the sites of RW and SNF accumulation, storage and burial;
• Maintaining researches, optimal selection of sites, design, building and commission of RW
and SNF burial sites;
• Maintaining effective co-ordination of activity of the special organizations in RW and SNF
management with the regulatory bodies;
• Information and educational-methodical activity ensuring.
Main directions in realization of the state policy in the field of radioactive wastes and
spent nuclear fuel management in Russia for the period 1996-2005
Realization of the state engineering policy in the field of RW and SNF management has been
carried out since 1996 within the frameworks of the Federal purposeful programme
"Radioactive wastes and spent nuclear materials management, their disposal and burial for the
period 1996-2005" (referred to as the Programme). The main directions and amounts of
financing are shown in table 3. The enterprises and organizations from 16 ministries and
departments are involved in realization of the Programme. Control of fulfilment of the
Programme is carried out by the Governmental Commission under the leadership of the
Chairman of the Government of Russia. In number of the main programme actions divided
into 11 subject-matters the following is included:
• Creation of updated normative - legal basis for regulation of safe RW and SNF
management;
• Development of process engineerings and manufacture of technical means for the ensuring
of collection, reprocessing, temporary storage, disposal and transportation of RW and
SNF;
• Building facilities for reliable isolation of RW and SNF from the biosphere during longterm storage and/or burial.
At the first stage of realization of the Programme (1996-2000) it is supposed:
• To correct the existing and to elaborate new normative - legal and normative - engineering
documents regulating the engineering, medical, social economic and legal aspects of
radiation safety dealing with RW and SNF management;
• To create a state database by amounts, characteristics, storage and burial sites of RW and
SNF;
• To create systems of radiation and ecological monitoring at sites of production, storage and
burial of RW;
• To develop and to commission updated technological installations for transfomation of
• liquid and solid RW into the forms which ensure safety during storage and burial;
• To elaborate and to implement actions ensuring safe storage of SNF, non-reprocessed at
present;
• To start the building of local and regional storage facilities for RW storage and burial;
• To close down and to liquidate a number of the decommissioned RW storage facilities;
• To eliminate extend into the environment of radionuclides dealing with storage and burial
of spent radioisotope products used in medicine, industry and scientific researches;
• To fulfil a complex of actions for the ensuring of radiation safety at testing grounds where
the nuclear explosions were carried out in concerns of the national economy;
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•

To carry out a complex of fundamental researches and experiments in development of
ecological safe methods for RW and SNF management.

The conceptual scheme of radioactive wastes management is shown in table 4.
In the nearest future the following is planned for the problems resolution in Northern
and Pacific regions of Russia:
• Modernization and reconstruction of an installation for purification of liquid RW produced
during operation of the vessels in civil and military nuclear fleets at RTP "Atomflot"
(Murmansk) with the purpose of efficiency increasing and equipping with a unit for
cementation of concentrates and resins;
• Completion of building a floating facility for the reprocessing of liquid RW produced
during NS disposal in the Far East, that is realized with Japan's assistance;
• Expansion and creation of industrial complexes for management of all the kinds of liquid
and solid RW;
• Reconstruction of bases for spent fuel overloading and transport schemes for removal of
fuel in modern containers, increasing of fleet of modern transportation means;
• Designing and building modern storage facilities for long-term storage of reprocessed
wastes and for their burial;
• Creation of technical means and installations for treatment of reactor compartments from
decommissioned nuclear submarines and nuclear icebreakers.
For the enterprises of Minatom of Russia the following should be mentioned among the
top priority works:
• Equipping the enterprises with complexes for solidification of liquid low and mediate-level
• wastes with the purpose of ceasing the wastes' effluent into the ground-level special
reservoirs, as well as with installations on solid wastes conditioning;
• Construction of new installations for high and mediate-level liquid wastes vitrifying at the
chemical plant "Mayak" with the purpose of reprocessing the wastes from all the steel
containers;
• Creation of engineering facilities for burial of conditioned wastes in deep geological
formations.
Realization of the following basic works is planned at the nuclear power plants of
Russia:
• Equipping all the NPPs with a set of installations for liquid and solid wastes reprocessing;
• Creation of regional or on-site dry storage facilities for long-term storage of spent RBMK
fuel and solid RW, as well as modern transport containers for transportation of these
materials;
• Preliminary works on conditioning and isolation of wastes from decommissioned NPPs
and research reactors.
The works on reconstruction of the special plants "Radon" are assumed to be important, as
well as modernization of transport means for waste transportation to these plants, building new
storages and installations. Besides, the particular importance is attached to solution of the final
problem concerning RW and SNF management: selection of sites for location of and building
storage facilities for storage and/or burial of RW and SNF, including:
• Pilot /experimental & industrial/ object on Novaya Zemlya archipelago for RW burial;
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•
•
•

Perspective regions for building repositories in the Far East;
Building repositories for burial of RW from the Mining-chemical plant in the NizjneKansky granitoid massif region;
Creation of an underground laboratory for experimental & industrial RW burial at the plant
"Mayak".

Basic Outcomes of the State Policy Realization in the Field of RW and SNF
Management
A particular success has been in the field of RW and SNF management within three years of
the Programme realization (1996-1998). We would like to mention the following among the
basic achievements of the Programme realization:
• , The marine disposal of liquid RW was ceased;
• More than 1,500 cubic m of liquid RW was reprocessed in accordance with the effective
process engineering on the mobile and pilot installations in the Far East and more than 700
cubic m -on the installation of RTP "Atomflot" Northern Region;
• It is nearing completion the building of a floating facility for liquid RW reprocessing at
DVZ "Zvezda" in the Primorski Krai which is carried out with assistance of Japan, as well
as a sea-wall for its mooring; the construction design for temporary storage of solidified
RW was developed;
• The works on modernization of a pilot installation for liquid RW reprocessing are at the
stage of completion at RTP "Atomflot";
• The wide scaled works on manufacture of transport-packing sets (TUK-MBK) for longterm storage and transportation of SNF are advanced;
• The problems of RW conditioning are solved at a number of the enterprises of Minatom of
Russia, including sludging, extraction and cementation of slimes from basins for temporary
storage of liquid RW, the pilot models of trial installations for RW management
compacting and incineration of solid RW, purification, concentrating, cementation and
vitrifying of liquid RW ) are created;
• The works on modernization and reconstruction of a number of SP "Radon" are carried
out;
• ' The works are initiated on putting RW and SNF storage facilities in the scientific
organizations, adjacent to the densely populated regions, in ecological safe state ;
• The works on creation of facilities for RW burial are carried out, including those on
Novaya Zemlya archipelago, in geological formations at the territories of the radiochemical
plants of Minatom of Russia;
• The technical-and-economic researches on underground RW isolation were carried out, the
studies of technical-and-economic substantiation for creation and operation of a regional
object for RW storage and burial were fulfilled in the Far East;
• A number of the normative - engineering documents was developed for creation of
radiation and ecological monitoring systems in the areas that are under impact of the
objects for RW and SNF management.
International Cooperation
Range of the countries participated in cooperation in the field of problems resolution in
ecology, including radioactive wastes management, has been extended for the last years.
In the field of international cooperation Russia has the agreements with many countries:
Sweden, Norway, Japan, USA, France, Great Britain, China, Germany. Cooperation includes
the works in the field of development of the process engineering for radioactive waste
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reprocessing and making equipment, the scientists and experts exchange, carrying out joint
researches. The project "Reprocessing of low-level liquid RW from nuclear fleets of Northern
base" which foresees reconstruction of a pilot installation at RTP "Atomflot", is implementing
under the US-Norwegian-Russian agreement. Reconstruction of the installation for liquid RW
reprocessing with 5,000 m3/year output should be completed in 1998.
The agreement on cooperation with Norway in the field of environment safety dealing with the
disposal of nuclear submarines in Northern region, has been prepared. Ten top priority projects
were offerred jointly with the Russian experts, which would be financed by Norway, including:
• Manufacture of special railway carriages of TK-VG-18 type for transportation of
containers with SNF from decommissioned nuclear submarines;
• Building and commissioning of storage facility for SNF from transport nuclear-powered
facilities, which is reprocessed at PO "Mayak";
• Unloading and decommissioning a SNF storage facility in the Andreev bay;
• Designing, building and commissioning a solid RW storage facility in the Andreev bay;
• Designing, building and commissioning a transport vessel for transportation of containers
with SNF from decommissioned nuclear submarines;
• Building and commissioning a liquid RW storage facility, safe for the environment, at the
enterprise "Zvezdochka";
• Building and commissioning the mobile installations for the concentrating of liquid RW
from Northern fleet;
• Development and realization of a project on complex disposal of the vessel "Lepse" - SNF
storage facility;
• Modernization of the trial /experimental & industrial/ installation for liquid RW
reprocessing at the territory of RTP "Atomflot";
• Increasing radiation and nuclear safety dealing with Kola NPP operation.
The project on creation of a floating facility for the reprocessing of liquid RW, produced at the
disposal of nuclear submarines, is implemented in the Primorski Krai within frameworks of the
agreement between Japan and the Russian Federation. The contract of $ 28 million is financed
by the Japanese Government. The facility of 7,000 mVyear output should be commissioned
in 1998. The joint researches of ecological state in the seas of the Arctic ocean are carried out
with Norway and USA, in the sea of Japan - with Japan and South Korea.
The works on fractionating liquid radioactive wastes, solidification of concentrates, research of
radionuclides migration in underground waters, the purifying of polluted territories and
reservoirs, are carried out with the organizations and corporations of USA, Great Britain,
France. As the examples of successful cooperation it is necessary to mention equipping the
Balakovo NPP with the installations on complex radioactive wastes reprocessing by the
German "Nukem" corporation; modernization of an incineration installation at Kola NPP is
carried out with involvement of the same corporation. It is continued the successful work of
the International Contact Expert Group (CEG), created on the initiative of a number of the
IAEA's country-members. The primary CEG's objective consists in reviewing and expertise of
suggestions on the projects concerning cooperation of the foreign countries with the Russian
Federation, and searching investors for approved projects. A number of the top priority
projects was reviewed and defined; the further steps on engaging the investments are
undertaken. We attach great importance to cooperation with the Commission of the European
Community under the TACIS programme and under the projects of the International Scientific
& Technical Centre (MNTC) in Moscow.
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Conclusions
At present for Russia the most complicated point in solution of the problem concerning
radioactive wastes management is shortage of financial resources. The economic situation in
the country does not allow to allot sufficient means from the budget for solution of this
problem, and the enterprises' means are not enough even for the solution of routine tasks.
Therefore, the help of the world community, different funds and organizations is very
important, though we realize, that the basic burden of financial expenditures will lie down on
the Russian citizens, and, first of all, the masters of the country should put their country in
order. At the end I would like to note, that many of the mentioned actions and projects are
successfully implemented under wide scientific, engineering and financial assistance of the
foreign partners. In the subsequent reports my colleagues will inform you about the existing
problems in the field of RW and SNF management in detail.
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Table 1
Radioactive wastes (RW) and spent nuclear fuel (SNF)
Liquid RW
cubic m
Ci

Solid RW
cubic m
Ci

4.1xlO8

1.3xl09

2.3xlO8

Minoborony of Russia (VMF)
• operation and disposal of nuclear ships and nuclear
submarines

1.5xlO4

1.9xlO2

Mineconomiky of Russia
• building, operation and disposal of nuclear ships and
nuclear submarines

2.6xlO3

Mintrans of Russia
• operation and disposal of nuclear icebreakers

Ministries, Departments and Organizations

•
•
•
•
•
•

Minatom of Russia
uranium ore mining and treatment;
uranium enrichment;
production of nuclear fuel;
power generating at NPP;
SNF reprocessing;
RW and SNF storage and burial.

Special Plants "Radon"
• treatment and final disposal of radioactive materials used in
medicine, science, industry
TOTAL:

SNF
Tons

Ci

2.2xlO8

8,700

4.6xlO9

1.3xlO4

8.0xl02
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1.5xlO7

5.5xlO2

1.5xlO3

2.1xlO4

-

-

4.0x102

1.0

1.5xlO3

2.1xlO4

10

4.7x107

-

-

2.0xl05

2.1xlO6

-

-

4.2xlO8

1.4xlO9

2.3xlO8

2.3xlO8

8,745

4.7xlO9

Table 2
State governing and regulating of activity in the field of radioactive wastes management
Co-ordination of ministries' and departments' activity
Minatom of Russia
Regulation and supervision
• Gosatomnadzor of Russia
• Goskomecology of Russia
• Minzdrav of Russia

Monitoring of radiological
state

•
•
•
•
•

Goskomecology of Russia
Rosgidromet
MPR of Russia
Minzdrav of Russia
Committees on ecology of
the Federation subjects

Prevention and liquidation of
emergency events
• MChS of Russia

Administration and control of the departmental
enterprises which carry out activity concerning RW
and SNF management
Minoborony of
• Operating and repairing ships
Russia (VMF)
and vessels with NPFs
• RW collection and temporary
storage
• SNF unloading and temporary
storage
Mineconomiky of • Building, repairing and disposal
Russia
ofNSs
• RW collection, preliminary
treatment and temporary storage
• SNF unloading and temporary
storage
Minatom of Russia • Production of nuclear fuel
• Power generation at NPP
• SNF reprocessing
• RW and SNF collection,
conditioning, temporary storage
and final disposal
Mintrans of Russia • Operation, repairing and
disposal of ships of civil nuclear
fleet
• RW collection, reprocessing and
temporary storage
• SNF unloading and temporary
storage
Special plants
• Collection, conditioning, storage
"Radon"
and burial of ionizing radiation
sources produced in scientific
and medical organizations and at
industrial enterprises
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Table 3
Main directions in realization of the programme for the period 1996-2005
Directions of the programme
1. Normative - legal and information support of theworks in the field of RW and SNF
management.
2. RW management at the enterprises on the mining and reprocessing of uranium ores,
isotope enrichment of uranium, production of nuclear fuel.
3. Management of RW from nuclear power plants.
4. SNF management.
5. Management of RW accumulated in production of weapon nuclear materials.
6. Management of RW produced under operation and disposal of ships and vessels with
transport NPF.
7. RW and SNF management in scientific organizations.
8. RW management at special plants «Radon».
9. Ecological safety ensuring in the regions where underground nuclear explosions were
carried out in the economic purposes.
10. Creation of a system of RW and SNF burial sites and storage facilities.
11. Development of new process engineerings and carrying out researches in the field of
RW and SNF management.
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Table 4
The conceptual scheme of radioactive wastes management
AH thekinds of radioactive wastes
I stage

Collection, classification, segregation:
by kinds, activity level, category

II stage

Temporary storage
at engineering facilities and on accumulating grounds
Conditioning:

III stage

IV stage

V stage

VI stage

•
•
•
•
•
•

concentration;
solidification;
incineration;
compacting;
decontamination;
packing and/or containerization.
Temporary storage:
in land-based facilities;
in shallow land facilities.
Transportation:
formation of transport packages;
transportation; .
unloading transport packages.
Burial:
in shallow land facilities;
in geological formations.
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Nordic Nuclear Safety Research 1994-1997
Project on disposal of radioactive waste

Karin Broden
Studsvik RadWaste AB, Sweden

NKS (Nordic Nuclear Safety Research) is a scientific co-operation program in nuclear safety,
radiation protection and emergency preparedness. Its purpose is to carry out cost-effective
Nordic projects, thus producing research results, exercises, information, manuals,
recommendations, and other types of background material. This material is to serve decisionmakers and other concerned staff members at authorities, research establishments and
enterprises in the nuclear field.
During 1994-1997 a project on the disposal of radioactive waste was carried out as part of the
NKS program. The objective of the project was to give authorities and waste producers in the
Nordic countries background material for determinations about the management and disposal
of radioactive waste. The project was called NKS/AFA-1. It was divided into three subprojects: AFA-1.1, AFA-1.2 and AFA-1.3. AFA-1.1 dealt with waste characterisation,
AFA-1.2 dealt with performance assessment for repositories and AFA-1.3 dealt with
Environmental Impact Assessment (EIA). The studies mainly focused on the management of
long-lived low- and intermediate-level radioactive waste from research, hospitals and industry.
Representatives from all Nordic countries have participated in each of the sub-projects. Most
of the work has been performed in a broad group of experts. This has contributed to a better
understanding of the waste situation in the different countries and has also made it possible to
learn from each other. Furthermore, in some cases it has contributed to common
recommendations.
Waste characterisation (AFA-1.1)
The AFA-1.1 study included an overview on waste categories in the Nordic countries and
methods to determine or estimate the waste content. New available methods were presented
based on answers to questionnaires that were sent out to suppliers.
The study includes also recommendations regarding the characterisation of waste under
treatment and the characterisation of existing and old waste packages. It is advisable to, if
possible, obtain information concerning waste under treatment. Classification of the waste
according to physical and chemical composition is also most simply achieved during the
treatment. However, when radioactive waste is handled, the dose rate measurement should be
the first precaution prior to any other procedures. Reference nuclides can sometimes be used
for estimations on isotopes which are difficult to measure.
New regulations for the inventory of a repository may demand new assessments of old
radioactive waste packages. The existing documentation of a waste package is then the
primary information source although additional measurements may be necessary.
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Performance analysis (AFA-1.2)
The AFA-1.2 project dealt with the performance assessment of the engineered barrier system
(near-field) of the repositories for low- and intermediate-level radioactive waste. The topic
intentionally excluded the discussion of the characteristics of the geological host medium.
Therefore, a more generic discussion of the features of performance assessment was possible
independent of the fact that different host media are considered in the Nordic countries.
The results from the AFA-1.2 study include a short overview of different waste management
systems existing and planned in the Nordic countries. However, the main emphasis of the study
was a general discussion of methodologies developed and employed for performance
assessments of waste repositories. Some of the phenomena and interactions relevant for
generic types of repository were discussed as well. Among the different approaches for the
development of scenarios for safety and performance assessments one particular method, the
Rock Engineering System (RES), was chosen to be tested by demonstration. The possible
interactions and their safety significance were discussed, employing a simplified and generic
Nordic repository system as the reference system.
A short review of performance assessments carried out in the Nordic countries for actual
projects concerning repositories for low- and intermediate-level waste was also included in the
study.
Environmental impact assessment (AFA-1.3)
The results from the AFA-1.3 study include information on similarities and differences between
the EIA in the Nordic countries and also a review of experiences from EIA in the countries,
both within the nuclear field and outside the nuclear field.
The system for environmental impact assessment (EIA) in a country depends on the legislative
structure, the application of legislation, administrative practice and general social objectives. It
is therefore natural that the EIA systems differ from country to country, even if the directives
of the European Community and internationally accepted principles are adopted. There are e.g.
differences in the objectives for the EIA systems in the Nordic countries. The EIA system in
Denmark must provide a guarantee that a specific assessment of environmental consequences
for certain projects has been carried out at the level of the planning of site use. Emphasis
should be placed on public participation and an open decision process. The EIA systems in
Finland, Iceland and Norway must guarantee that a special assessment of environmental
consequences has been carried out for certain projects. Emphasis should be placed on project
planning and public participation. The EIA system in Sweden shall give the authorities a basis
for assessment of the effect on environment, health, safety and general interests in accordance
with the Swedish Act on the Management of Natural Resources for a broad spectrum of
projects. Differences can also be found regarding responsibilities for the Environmental Impact
Statement (EIS). The proponent of the project is responsible for the EIS in Finland, Iceland,
Norway and Sweden. The authority is responsible for the EIS in Denmark.
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Management of Low- and Intermediate Level Waste in Sweden1

Jan Carlsson
SKB, Sweden

Introduction
Sweden's nuclear waste management program dates from 1976, when a committee on the
future treatment of nuclear waste, composed of members of Parliament, civil servants, experts
and representatives of interested bodies, made its report to the government. This report has
become a cornerstone of Sweden's radioactive waste management system.
Swedish law places responsibility for nuclear waste management with the waste generators.
Sweden's four nuclear utilities have formed a joint company, the Swedish Nuclear Fuel and
Waste Management Co. (SKB), to handle the nuclear waste.
SKB's activities are regulated by various statutes, and are overseen by the Swedish Nuclear
Power Inspectorate (SKI) and the Swedish Radiation Protection Institute (SSI), which also
oversee the operation of the nuclear power plants.
The Swedish waste management system today includes a final repository for short-lived LLW
and ELW, and an interim storage facility for spent nuclear fuel and long-lived waste. Sweden
plans to dispose off the spent fuel as it is, without reprocessing. An encapsulation plant for
spent fuel and a deep repository for the final disposal of the fuel and other long-lived waste are
planned but have not yet been built. A sea-based transportation system is in place to service the
waste facilities.
LLW/ELW Disposal
Some very low-level, short-lived waste is disposed of in shallow-land repositories at the
nuclear power stations. These wastes, primarily compacted trash, but also some metal scraps,
are packaged in bales, drums, boxes, and ISO-containers. The containers are limited to a
surface dose rate of 0.5 mSv/hr and a specific activity of 300 kBq/kg. The landfills are limited
to a maximum content of 100 GBq each at any given time. Each facility is estimated to be able
to hold between 5000 and 10 000 m3 of such waste.
The Final Repository for Radioactive Operational Waste (SFR) is situated in underground rock
caverns close to the Forsmark nuclear power plant. The rock caverns have been excavated to a
depth of more than 50 meters beneath the Baltic Sea floor. The entrance to the disposal
caverns is via tunnels starting at the shoreline. The location ensures a very small hydraulic
gradient, and the groundwater is almost stagnant. The location also makes it unlikely that
anyone will drill for drinking water in the area for at least 500 years. After that time, land uplift
may raise the shallowest seabed formations above sea level.

Based on an article in RADWASTE Magazine, Nov/Dec 1998
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The total activity of the operational (low-level) waste deposited in the SFR is less than one
percent of that present in spent fuel. The wastes contain only trace quantities of such long-lived
radionuclides as plutonium and americium. The primary activity comes from cobalt-60 and
cesium-13 7, which decay at a rate such that the waste activity will be equal to natural
background activity in the granite rock of the repository within a few hundred years.
LLW is compacted into bales or packaged in metal drums or cases that can then be transported
in standard freight containers (20-40 m3). Some LLW is taken to the Studsvik research centre
for incineration or melting. The incineration ash is then disposed of at SFR. Metal waste, after
melting, usually has a nuclide content that allows it to be exempt from disposal requirements.
Metal that does not meet these requirements is disposed of at SFR.
Radioactive materials used in various other sectors of society, for example, at hospitals, in
industry, in research, and in consumer items such as smoke detectors, are collected and
packaged at Studsvik. Studsvik also produces radioactive waste in its own research activities.
The waste collected and packaged at Studsvik is disposed of in SFR if it is low- or
intermediate-level and short-lived waste. Other waste is stored onsite for later disposal in the
deep repository.
ELW, especially filters and ion-exchange resins, is mixed with cement or bitumen (asphalt) and
cast in cement or 1.7 m3 steel boxes or 200-litre metal drums. The cement and bitumen
immobilise the waste, and the box or drum provides radiation shielding and uniform packaging
for ease of handling. (Some filter and ion-exchange resins with lower activity levels are packed
in 10 m3concrete containers and dewatered.)
SFR has different disposal chambers for different kinds of waste. The most active waste is
disposed of in a 50-m-high and 25-m-diameter concrete silo surrounded by a bentonite clay
barrier. About 90 percent of the activity in the repository will be allocated to this silo. The
remaining 10 percent of the activity will be disposed of in more rudimentary 160-m-long rock
caverns.
The environmental impact of the repository is negligible during operation. The annual
collective dose to the workforce is around 0.002 person-Sv. Analyses indicate that after
sealing, the dose level will be well below the design goal of 0.1 mSv per year to any individual,
based on a total activity content of 1016 Bq at the time of closure.
The capacity of the repository today is 63 000 m3, and an extension to a total of 90 000 m3 is
planned. By the end of 1997, 23 000 m3 of waste had been deposited in SFR since the facility
opened in 1988. Originally, it was thought that the extension would be needed by the end of
the 1990s, but to reduce disposal costs, waste producers have begun reducing their waste
volumes through better waste segregation, onsite disposal of very low-level waste, and more
efficient waste conditioning. As a result, it now appears that construction of the extension can
be delayed until 2015.
When the SFR is sealed, some years into the next century, it will require no additional
supervision. The classification of waste is such that, after about 500 years, the radioactivity in
the waste in SFR will be no more dangerous than the natural background radiation in the
surrounding rock. That includes the radioactivity of future decommissioning wastes, which will
probably be disposed of in a 100 000 m3 extension to SFR.
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Wastes with significant amounts of long-lived radionuclides, for example, core components
and other reactor international with neutron-activated metal, will be disposed of at a depth of
about 300 meters in the same facility as the spent fuel but in separate caverns. This part of the
repository is scheduled to start operating in around 2020. Until then, these wastes will be
stored.
At present, feasibility studies are in progress to allow for site characterisation at two sites some
years into the next century.
Because the deep repository has not yet received formal government assessment and approval,
all wastes intended for that facility must be packaged in such a way that the wastes can be
reconditioned before disposal. In principle, however, the deep repository will accept the same
type of containers as the SFR. Preliminary design and long-term safety studies have been
performed, but no formal license application has been filed for the deep repository. This will be
done when a site has been selected and final design and performance assessments have been
made.
Transport
Because Sweden's nuclear power plants and SKB's facilities are all located on the Swedish
coast, all waste transport can be conducted by sea. ILW is transported in thick-walled
containers, which provide the necessary shielding in compliance with International Atomic
Energy Agency recommendations. These containers weigh up to 120 tonnes when filled with
waste packages. To move the container to and from the ship, specially built transport vehicles
are used. Waste packages having a maximum surface dose rate of 100 mSv/hr can be
transported today. A new transport container, which will allow for a surface dose rate of 500
mSv/hr, is under construction. That container will meet IAEA requirements for a Type B
container. LLW that does not required radiation shielding during transport can be transported
in standard freight containers (ISO containers).
Costs and financing
The costs of managing and disposing of Sweden's nuclear waste are small compared to the
price of electricity. All costs for spent fuel and nuclear waste management and disposal are
being covered by the owners of the nuclear power plants. The owners will also be responsible
for the costs of decommissioning the nuclear plants and disposing of the decommissioning
waste. Funds to cover these costs are being raised by a special levy on nuclear power
production (0.01-0.02 SEK/kWh). In addition, a little less than 0.002 SEK/kWh is set aside
internally by the utilities for the costs of LLW/TLW disposal, which are not covered by the
funding system.
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Strategic lessons in high-level waste management planning
Neil Chapman
QuantiSci, UK

1. Strategies and Issues in HLW Disposal
The purpose of this presentation is to discuss and illustrate some important issues in the
planning and execution of HLW disposal, under the headings:
•
•
•
•
•
•
•
•

Initial considerations
Issues in structuring a programme
Disposal concepts
Geological environments
Site selection and characterisation
Waste transport
Performance assessment methodology and application
Some key issues

2. Initial Considerations
• What range of wastes? HL W, SF, ILW, conditioning?
The options for spent fuel management can give rise to a variety of different wastes, some of
which would generally be classed as HLW. However it may also be convenient to consider all
such wastes as may require deep disposal, and not just to consider them later, as an
afterthought. Separation of wastes types may be a consideration in repository design.
• How much waste and when will it arise?
The quantity of waste arising will affect the volume of rock required, both with respect to rock
integrity and requirements for heat dissipation. The latter factor may also be influenced by the
timing or rate of arisings.
• Surface storage, underground storage, disposal: sequential approach?
A repository cannot be considered in isolation from the rest of the waste management
programme. Interim stages will need to be developed. The final decision on disposal need not
be taken until after a period of underground storage.
• Timetable and cost constraints
The repository development plan should be supported by a schedule of activities and related
funding mechanisms, implying a long term commitment in policy terms.
• Legal and regulatory framework: existing, developing?
The plan should .also include a corresponding legal and regulatory framework to secure
transparency in analysis of safety and related matters.
• Social aspects
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The plan should also recognise the need to obtain approval from all relevant bodies including
local authorities.
3. Issues in Structuring a Programme
• Retrievability?
Storage and disposal are sometimes misunderstood. Storage implies safe management for a
limited period and with an understanding that further action will be required at some stage to
ensure continued safety. Disposal implies an action beyond which no further action is required
to ensure safety. For very long-lived wastes it may appear difficult to demonstrate a sufficient
disposal safety case; but storage places a burden of responsibility upon future generations. The
idea of retrievability is to provide a sufficient disposal solution, but at the same time providing
an option that waste can be recovered and perhaps an improved solution found in the future.
This may result in a phased licensing procedure, ie with initial permission for storage in a
facility which may later be licensed for disposal. Retrievability may involve design features to
facilitate waste recovery. Such features should not themselves limit the integrity of the
disposal facility. The term reversibility is sometimes used instead of retrievability, being
broader in scope than physical retrieval of wastes.
• Nuclear safeguards for SF
Safeguards requirements on fissile material within spent fuel or any other wastes imply
indefinite control. The very concept of disposal appears to contradict the concept of disposal.
Development of the technical compromise which provides sufficient guarantee for control of
the relevant materials is still an issue to be finally resolved.
• Disposal concept: repository design
Disposal concepts include the geological environment and the engineered barrier system within
it. A variety of emplacement geometries have been considered, from deep boreholes to gallery
style excavation. The engieneered barriers include the waste form itself, the canister, the
backfill around emplaced canisters, and any further works designed to limit access to or release
from the waste, including the resealing of access shafts.
• Geological environments available,
The containment provided by the engineered barriers relies on being contained within a stable
geological enviroment. The geology also places a major barrier between the waste and the
human environment. A number of different geology types can be considered. In the UK these
have included: inland basinal; modified basin limb; seaward dipping and offshore sediments;
basement rocks under sedimentary cover; hard rock, low relief coastal environments; and small
islands.
• Site selection and characterisation,
Site selection involves a number of steps: regional-scale characterisation; local characterisation;
hydrological studies; hydrochemical characterisation and so on. It is important that the studies
an confirm the technical feasibility for construction etc, as well as provide input for analyses of
post-closure safety. Since safety is provided by a combination of factors, single issues should
not be presumed to rule a site out or in. The process of site selection through the steps in
characterisation is made in combination with parallel stages in performance assessment.
• Transport of wastes to repository
48

Part of site selection should be to consider the wider implications for the overall waste
management programme. A good geological location may not be a good site for a repository
if that choice would result in major waste transport requirements.
• Performance assessment methodology and application
Major work has already been done to develop performance assessment (PA) methodologies
appropriate at different stages within a repository development programme, ie from proof of
concept, through construction, operation, and final closure. The main steps in PA include:
-Scenario development
-Conceptual model development
-Mathematical model development
-Consequence analysis
-Uncertainty and Sensitivity analysis
-Confidence building
Initial PAs should identify key sensitivities and provide focus for further research and site
characterisation. Alternative conceptual models can be developed for the disposal system and
the way in which it will evolve. Important considerations can be degradation of engineered
barriers and climate changes affecting groundwater flow and other.
5.' Some key issues
Retrieval v. Safeguards: Monitoring (how, why?)
Making retrieval practical may not be ideally consistent with providing necessary safeguards.
Similarly, monitoring is obviously regarded as a providing a positive contribution to confidence
that the completed repository is functioning as intended, but the more direct in situ forms of
monitoring may work against long term safety, especially bearing in mind that no monitoring
programme could be shown to be effective for as long as the waste is hazardous. Any
monitoring programme should therefore be designed with clear objectives, including planning
in advance for what actions to be taken according to different monitoring results which may
arise, and a well defined time-frame for completion of the monitoring programme.
• Optimising repository design to wastes and environment (Second generation EBS)
Ongoing research in several countries in different conditions shows that the optimum solution
can be different in different circumstances. Refinements in Engineered Barrier Systems and
other aspects of design and evaluation can be developed through experiments within
Underground Research Laboratories (URLs).
• Reducing long programme timescales involves:
-focusing on single environments
-using existing design concepts, PA & regulatory approaches
-gaining immediate political and public support,
-work in small, well defined steps
• Supporting information to demonstrate safety case
Studies in several areas can provide support the major assumptions made in PAs. This
include: Palaeohydrogeology work eg as carried out at the Canadian URL; and evaluation on
of the long term behaviour of natural materials and analogues for components of the disposal
system.
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• International collaboration in design, R&D and safety criteria development
Since many of the problems faced within national waste management programmes are common
to many countries, international collaboration can be very effective. An important issue is the
development of a common understanding of the requirements for long term safety and a
common understanding of how that level of safety can be demonstrated with an adequate
degree of confidence.
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Approaches of the State Committee on the Environment Protection
to Development of Ecological Requirements for Radioactive Wastes
Management Generated in the Decommissioning of Nuclear
Submarines
A. V.Pechkurov, N.M.Shusharina
State Committee on Environment Protection, Russia

In parallel with the sharpest problems of ecological safety assurance in the process of nuclear
weapons annihilation, during activity of nuclear energy enterprises and industry, one of the
most significant ecological problems is safety assurance of the works dealing with disposal of
nuclear submarines (NS) taken out of the Russian Navy fighting effectives. In the nearest
future their number will be increasing steadily. At present the complexity of the situation is
caused by lack of the sufficient infrastructure for management of NS spent nuclear fuel, liquid
and solid radioactive wastes (LRW and SRW) of different activity levels. SNF was unloaded
from the small part of decommissioned NS. The considerable part of decommissioned NS is
located in the main base points of the North and Pacific Navies of Russia and at territories of
the enterprises dealt with the repairing and building of NS.
For 1998 large amounts of liquid and solid radioactive wastes of total activity more than 5,000
Ci were accumulated at the Navy's entities. The existing stationary and floating LRW and
SRW storage facilities are practically filled in full, and there is no any volume reserves of such
facilities at the fleets that steadily aggravates the complicated radio ecological situation at the
Navy's objects. Recently the acute LRW management problem has been reduced a little bit;
additional facilities for reprocessing LRW are created in the North and Pacific fleets, including
those that are created with the help of the foreign investors. Thus, Norway and the USA
render their assistance in realization of the project on increasing the existing capacity of LRW
reprocessing facility at the RTP " Atomflot", Japan - on creation of a floating facility for
reprocessing LRW at the plant "Zvezda" in the Far East.
The coastal infrastructures created for RW reprocessing and long-term storage at the Navy's
objects in the 60-s, were not commissioned. The existing storages, particularly of trench and
open type, are the dangerous sources of radioactive contamination for the environment,
because they are not protected from atmospheric precipitation and overflow water. Realization
of the full-scaled and complex disposal scheme for reactor compartments (RC) of disposed NS
will require resolution of large number of the problems regarding ecological safety assurance at
all the stages of "life cycle" of radioactive wastes management: decommissioning, preliminary
treatment, treatment, conditioning, storage and final disposal of radioactive wastes. The basic
means for ecological safety assurance in radioactive waste management are the following:
ecological expertise of materials "Environmental Impact Assessment" with the purpose to
ascertain the conformity of intended economical and other activity with the ecological
requirements and to define an admissible fact for realization of the object with the purpose of
prevention of possible unfavorable ecological consequences and connected with the latter
social, economical and other consequences; ecological control of environment state and
observance of requirements of environment protection legislation and environment quality
regulations as the result of intended activity.
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Materials substantiated the designed decisions should contain exhaustive information about
object's impact on the environment in the process of construction and operation under the
normal mode of work and in the possible accident conditions, as well as argumentation for
selection of environmental protective measures.
Materials should include:
• ecosystems' characterization in the zone of object's impact,
• assessment of the environment components state and ecosystems' stability to impact, its
ability to recover;
• assessment of changes in ecosystems caused by territory re-planning and construction works
fulfillment;
• assessment of technological and technical solutions concerning the most efficient use of
natural resources, reduction of object's impact on the environment at all the stages of
radioactive waste management;
• list of wastes, information about their quantity, ecological hazard;
• forecast about environment changes at all the stages of radioactive waste management;
• substantiation of environmental protective measures concerning environment restoration
and recovery, its biological variety preservation;
• complex assessment of ecological risk of intended activity and consequences of possible
impact (taking into account the planning environmental protective actions).
For that with help of the objective parameters which are possible to measure it should be
shown that the given radioactive waste management process would successfully allow to
decrease or to prevent radioactive waste hazardous impact on the environment and not to
transfer contamination problems from one surroundings to the others.
In case of an object decommissioning (liquidation, re-planning) it should be additionally
included:
substantiation of the necessity for object's liquidation (re-planning);
• assessment of environment degradation as the result of an object operation;
• impact assessment on the public health as the result of ecological situation worsening in the
area of object's location;
• substantiation of the actions complex concerning environment recovery and creation of
favorable conditions for the public life.
Additionally to the substantiation materials it is necessary to submit a program on ecological
monitoring organization and its financing plan. A document "Environmental Impact
Assessment" as applied to specific radioactive waste management systems may be developed
in future. Analysis of the regulations on ecological safety assurance for radioactive waste
management in the foreign countries shows that in international practice the system of laws,
legislative acts, programs, regulations that define the whole cycle of problems regarding
radioactive waste management, has been grown up. Besides, in many countries the
recommendation rules and instructions of international organizations function, as the IAEA's
and ICRP's publications and UN NKDAR summarized reports, etc.
It seems expedient to consider ecological safety assurance matters of radioactive waste
management in frameworks of the Program on regulatory support of ecological safety at the
level of the Northwest region as the whole. For solution of the priority task concerning
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expansion of ecological regulatory basis for radioactive waste management, as well as for
assessment of the country-members' ecological regulations compliance to the international
standards it assumes expedient: to issue series of special methodical guidelines in which the
international requirements would be compared with those of the country-members, as well as
to evaluate the methodical base that was the basis for the corresponding regulations
development; in cases when the international documents have not any analogue, particularly in
Russia, to conduct their expert assessment in the set order and give them the juridical statutes.
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Confidence building in safety assessments
Bertil Grundfelt,
Kemakta KonsultAB, Stockholm

Can long term safety be evaluated? This is the title of an International Collective Opinion document
issued in 1991 jointly by the Radioactive Waste Management Committee of OECD/NEA and the
International Radioactive Waste Management Advisory Committee of IAEA [OECD, 1991a]. The
two committees confirm that safety assessment methods are available today to evaluate adequately
the potential long-term radiological impacts of a carefully designed radioactive waste disposal
system on humans and the environment, and consider that appropriate use of safety assessment
methods, coupled with sufficient information from proposed disposal sites, can provide the technical
basis to decide whether specific disposal systems would offer to society a satisfactory level of safety
for both current and future generations.
In the planning and implementation of projects for final disposal of radioactive waste, two basic
premises have been stressed:
• Our generation has a responsibility that future generations should be protected against
radiological hazards to at least a level that is acceptable today.
• The long-term safety of the disposal system selected should be convincingly demonstrated prior
to disposal.
It is obvious that the second of these points is the core of safety and performance assessment; the
demonstration and building of confidence that the disposal system meets the safety requirements
stipulated by the society. The major difficulty is to deal with risks in the very long time perspective
during which the waste remains hazardous. In the past, several attempts have been made to analyse
the safety of disposal systems over time scales far beyond the normal horizon of social and technical
planning. These attempts have caused debate on the feasibility and scepticism about the results of
the analyses. The following three important questions arise:
• Can the behaviour of the disposal system and its potential radiological impacts on humans and
the environment be sufficiently well understood over many thousands of years?
• Can the scientific community and the competent authorities be convinced that the predicted
behaviour is representative of what might actually happen?
• Can the potential radiological impacts and the means for estimating these impacts be illustrated
to a wider audience in a transparent way?
The need to be able to respond to these questions has stimulated the development and growth of the
safety assessment discipline with the interrelated elements:
• Broad identification of the future evolution of the selected disposal system (scenario
development),
• Development and application of appropriate models,
• Evaluation of potential radiological consequences in an integrated assessment,
• Uncertainty and sensitivity analysis,
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• Validation and review of all components of the assessment,
• Comparison of results with criteria, and
• Documentation of the assessment.
These elements need to be adapted to the purpose of the assessment and to the type of criteria to be
met. Also, it is essential that the waste to be disposed of and the disposal system selected is properly
identified and characterised. In the following subsections the elements Uncertainty and sensitivity
analysis and Validation and review are described in more detail
Uncertainty and sensitivity analysis
Assessments will always be associated with uncertainty. Many uncertainties can be reduced by
collecting more data and by developing the models used further. Inevitably, however, there will be a
residual uncertainty that needs to be understood, described and as far as possible quantified.
Uncertainties arise because of limitations in the conceptual understanding of the processes and
scenarios analysed (or from incompleteness in the scenario development process), from
imperfections in the translation of the conceptual models into mathematical and numerical models
and from inexactness in the determination of the values of the model parameters. Different methods
exist to evaluate these uncertainties. The scientific discipline dealing with evaluation of uncertainties
is called uncertainty analysis. A related discipline, sensitivity analysis, provides a means to identify in
which areas the need for reducing uncertainties is greatest.
Uncertainty analysis
Uncertainties can broadly be classified as uncertainties in the conceptual model or as
uncertainties in parameter values. Although this distinction is very useful in practice, it is to
some extent artificial, since the difference between two alternative conceptual models can be
the value of an indicator parameter. For example, the radionuclide transport through the nearfield barriers can be modelled either as advection or as diffusion. In reality the two phenomena
occur in parallel. However, depending on the value of the water flow rate through the barrier,
diffusion or advection dominates over the other phenomenon as a transport mechanism. In this
case it is obvious that if there is a lack of knowledge about the actual value of the flow rate,
the choice of transport model becomes uncertain.
Uncertainties in simple, readily quantified parameters can usually be to some extent quantified.
There are hardly ever instances when nothing is known about the values of the model
parameters. In practice, one will, based on available information, recognise that some
parameter values are impossible, some values are unlikely, some values are possible and some
values are highly likely, and so on. Based on this, a probability density function can be defined,
which expresses the probability that the parameter has certain values. Special techniques have
been developed for attempting to elicit such probability densities by structured questioning of
groups of experts. However, it should be stressed that the resulting probability densities are
just (very) educated guesses. By its nature uncertainties can only be reduced by gaining more
information. Such information can ultimately only derive from measurements on the real
system.
Mathematically uncertainties are expressed as a probability density function or, more
commonly, as a cumulative probability distribution of a model output, e.g. a flow rate, a
groundwater travel time, a radionuclide release rate, etc. This is calculated by running the
model many times, each time with new parameter values that have been sampled from the
parameter probability density functions. The probability of a model output being lower than a
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given value can then be calculated as the sum of the probabilities of all runs yielding a model
output value that is lower than the given value. In the simplest case, Monte Carlo sampling, the
probability of each run is 1/N where N is the total number of runs performed.
A special kind of uncertainty derives from the variation of a property in space. It is evident that
complete knowledge of the spatial distribution of a parameter, for example the hydraulic
conductivity, can never be achieved by a limited number of measurements. Quantitative
treatment of this kind of uncertainty is more complicated than the treatment of uncertainties in
simple model parameters. It should be noted that whereas one accurate measurement of a
homogeneous parameter suffices to eliminate the uncertainty associated with that parameter,
many accurate measurements may be needed of a spatially varying parameter to eliminate the
associated uncertainty.
Geostatistics is one approach to handling spatial variability. In this approach the studied
parameter is taken to be a random field. The values measured at different points are assumed
to be correlated, with a correlation that decreases with distance. Techniques have been
developed to generate different realisations of the random field from the statistical distribution
of parameter values including the spatial correlation. The Turning Bands method is one way of
doing this. Also, methods have been devised to estimate the value in a point given a grid of
measurement values. The Kriging method is the most commonly used interpolation method
used in this context of doing this.
Sensitivity analysis
Uncertainty analysis is used to evaluate the global uncertainty in a model output with respect
to all model parameters. Questions posed in sensitivity are typically "What happens with the
model output if a single parameter is changed by a certain percentage?" or "Which parameters
are important, i.e. have a large influence on the model output?"
The simplest way of performing a sensitivity analysis is to offset the values of the model
parameters one by one and to calculate the corresponding change in model output. This will
require one model run per parameter studied.
Other techniques that can be used are calculation of local sensitivity coefficients, evaluation of
response surfaces, correlations, regressions or the adjoint technique.
Validation and review
The validity of the information (data) and models used to make predictions is central to the
credibility of safety assessment for radioactive waste repositories. Validation and review are two
ways of building confidence in the assessment results. Model validation is the process of assuring
that the models adequately represent the real system behaviour.
The meaning of the term "model validation" has been discussed and debated in many
international contexts. Several organisations have tried to define the term by simple phrases.
For example, IAEA has devised the following definition:
"Validation is a process carried out by comparison of model predictions with
independent field observations and experimental measurements. A model cannot be
considered validated sufficient testing has been performed to ensure an acceptable level
of predictive accuracy. (Note that the acceptable level of accuracy is judgmental and will
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vary depending on the specific problem or question to be addressed by the model)

[IAEA, 1988] r
This definition states that validation involves comparison between model results and
experimental results and that the models should have acceptable level of predictive capability.
It also states that validation is a process. This validation process is discussed below and some
aspects of validation methodologies are highlighted. The discussion has been derived from the
conclusions from several international projects that have dealt with model validation during the last
about 15 years. One of the more comprehensive efforts towards model validation has been the
INTRAVAL project which was initiated be the Swedish Nuclear Power Inspectorate, SKI, in 1987
and finalised in 1993 [OECD, 1996].
A model can be said to be a theory and a set of rules that relate quantities in the model to
observations that we make. A good theory or model is one that satisfies two requirements: it
must accurately describe a large class of observations based on only a few arbitrary elements
(input parameters), and it must make definite predictions about the results of future
observations. Thus, showing that the model is useful by demonstrating that it can make
acceptable predictions lies at the core of validation. In order to build confidence in a model, it is
necessary to demonstrate that it:
•
•
•

builds on sound scientific reasoning,
is based on accepted scientific principles and
identifies those aspects of the problem formulation that are potential sources of uncertainty

Early in the INTRAVAL project it was obvious that validation is a purpose and situation
specific issue. There is therefore no such thing as a "validated model" that, after having been
validated, can be used indiscriminately. One important aspect of the validation process is thus
to define the range of applicability of the model. The degree of confidence that can be
attributed to the models will then depend on many different factors such as:
•
•
•
•
•

the appropriateness to the geological site or environment where they are being used,
the level of understanding and competence with which the models are applied,
the quantities that are being predicted,
the way this information is to be interpreted (e.g. in a regulatory sense) and presented, and
the way the models are supported by peripheral information (often soft information, i.e.
information that cannot be readily measured, e.g. evidence that certain processes have been
active over long time periods, evidence of predominance of certain retardation
mechanisms, etc.).

From what has been said it is obvious that validation is closely related to the scientific process
itself. The validation is a lengthy and iterative process testing of the model on different
experiments and sets of data plays an important role. The point in this process when a model
can be regarded as sufficiently validated is ill defined.
The approach to validation taken by the INTRAVAL project let the project groups analyse a
number of test cases using different models and analysis techniques. Each test case was based
on a laboratory experiment, a field experiment or investigations on a natural system (a natural
analogue study). All data from the experiments were made available to the project teams. In
some the test cases a possibility of carrying out additional measurements or experiments was
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offered, in order to optimise the data set with respect to model validation. In fact, analysis of
data and experimental set-up with respect to unanticipated biases and artefacts introduced by
errors in the experimental design was a central issue at the start of the project. As the project
progressed, the emphasis was shifted towards the development of validation procedures.
The test cases were relevant to a wide range of model concepts and physical situations
including:
•
•
•
•
•

groundwater flow and radionuclide transport in hard, fractured rocks,
natural radionuclide migration systems ("natural analogues"),
variable density flow in brine-rich formations,
movement of groundwater, air and radionuclides in unsaturated rocks and soils, and
advection and diffusion in sediments and in sedimentary rocks.

The approach taken to evaluate the validation issues was to evaluate the results of related test
cases using different conceptual models. This meant answering, for example, the following
questions:
•
•
•
•
•

does the conceptual model address all relevant processes?
is the geometrical structure of the system well described by the model?
are the underlying assumptions made in the conceptual model valid for the specific physical
and chemical environment being evaluated?
is the model able to simulate in an adequate manner appropriate experiments and field
conditions?
are spatial and temporal scales of the experiments or the field tests possible to incorporate
into the conceptual model?

The next step involved the more specific tasks of:
•
•
•
•

defining clearly the structure of the model in terms of incorporated processes, boundary
conditions and initial conditions,
identifying which parameters would be required and a procedure for producing estimated
values where data were missing,
constructing sampling strategies to obtain the requisite data, and
comparing the extracted parameter values with independent information and checking
whether a consistent picture emerged.

One way of quantitatively validating a model is to split the experimental data set into one part
that is used for model calibration and one part that is used for comparison with model
prediction. Different quantitative measure can then be applied to determine the acceptability of
the fit between the prediction and the experimental data. In the INTRAVAL study it was
shown that the results from such analyses sometimes depended very strongly on what criterion
that was used for evaluating the fit.
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Nordic Seminar on Waste Problems in Russia
Malgorzata Karpow Sneve,
Norwegian Radiation Protection Authority, Norway

The Nordic countries have been working actively for a long time to co-ordinate their
nuclear safety efforts in Russia as far as possible. It was in this context that a Nordic
seminar was held earlier this year focusing on the problems associated with waste disposal
in Northwest Russia. Particular attention was given to a repository which may be built on
No v aya Zemlya.
Considering the extensive experience and involvement of Sweden and Finland in waste
management, the Norwegian Radiation Protection Authority wished to discuss the problems
associated with Russian plans for waste disposal in Northwest Russia with the other Nordic
nuclear safety and radiation protection authorities. With this in view, a one-day seminar and a
one-day workshop were held on 17-18 February 1998.
The aim of the seminar was to exchange information on existing plans for the waste
management in Northwest Russia, and then to formulate a proposal for the Nordic nuclear
safety and radiation protection authorities regarding a joint policy for co-operative projects
with Russia in respect of the waste management in Northwest Russia, with a particular focus
on temporary storage and final disposal facilities.
Background
There is an acute need for satisfactory storage facilities for spent nuclear fuel which cannot be
reprocessed as well as for the other high-level waste accumulating in Northwest Russia.
Russia has plans on building a storage facility on Novaya Zemlya and would like to get an
international assistance, both technical and financial, to plan and carry out the project. Their
preferences in this matter may have been prompted by heavy opposition from local authorities
and populations towards mainland storage sites, as well as by the reluctance of the
management of the Mayak facility to accept non-reprocessing waste. The Norwegian
government has been asked to support a number of proposals for international projects aimed
at final repositories for radioactive waste on Novaya Zemlya.
The existing plans originated in a programme formulated by the Russian'Federation for the
period 1996-2005, titled: The Federal Programme: The Management of Radioactive Waste
and Spent Nuclear Fuel - Treatment and Final Disposal.
Regarding the disposal of radioactive waste, the programme provides for the construction of a
"demonstration" or "research" repository on Novaya Zemlya for waste from the operation and
dismantling of nuclear-powered vessels. Russian experts are convinced that storing the waste
in a. facility in permafrost bedrock on Novaya Zemlya will provided an added measure of
safety, as the waste will then be completely sealed.
Problem areas
The Nordic nuclear safety and radiation protection authorities have been collaborating quite
constructively among themselves for many years. Discussion of the problems surrounding
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waste management in Russia in general and a waste disposal facility on Novaya Zemlya in
particular led to a shared understanding of what the Nordic countries should aim for in
connection with the construction of a facility of this nature. The Nordic countries generally had
quite similar views regarding the Russian proposals for storage of spent nuclear fuel and other
radioactive waste. A number of considerations of particular relevance to the establishment of
facilities as well as for the Nordic involvement in Russia were also discussed. The salient points
of the different discussions are outlined below.
Waste management problems are a matter of growing urgency in the Russian Federation. It is
not always easy to tell the difference between official waste disposal plans and projects, and
concepts which are still on the drawing boards. It is essential to clarify the type of disposal
concept under consideration, the type of waste to be accepted, and not least, the type of
environmental impact and safety studies which will provide the basis for the various choices to
be made. Novaya Zemlya lies in an area where Norway and Russia both have fisheries
interests. Norway also maintains a keen focus on the Arctic environment because of its
vulnerability.
It is extremely important, therefore, that methods which minimise the risk of contamination to
the surrounding area are chosen. The certainty of this must be established on the basis of
thorough safety analysis backed by geological studies, etc. Repositories should meet applicable
standards and should ensure that the waste is adequately isolated from the biosphere. Packing
for transport should also ensure that the risk of contamination is negligible even in the event of
accident. Standards of maintenance in Russia, not to mention former practices, should also be
taken into account.
International efforts and "complete" solutions regarding storage and disposal facilities based on
commercial considerations may influence Russian officials to choose solutions without
adequate assessments or the involvement of relevant authorities in Russia and neighbouring
countries.
During the discussion, the point was made that geological conditions are a crucial factor in
waste disposal. The safety of waste disposal facilities must be analysed very closely. In
countries where waste disposal, particularly the disposal of spent nuclear fuel, is studied, a
great deal of emphasis is placed on geological factors. Rock stresses and water flow are given
particular attention in the design of storage and disposal facilities. In respect of final disposal in
permafrost, three alternatives should be recognised:
(A) Stable permafrost throughout the repository
(B) Permafrost which fluctuates in the repository
(C) Permafrost above the repository
The specific characteristics of the individual site are of pivotal importance.
The demands placed on waste management will depend to a large degree on the type of
waste. The normal practice is to give the waste an initial treatment (conditioning, packaging)
where it is produced. Temporary storage and final disposal of spent nuclear fuel and other
high-level waste call for a different type of barrier than that required for the temporary storage
of short-lived low-level waste. The types of barriers formed in the treatment process or
employed at the storage and disposal facilities will depend closely on the manner in which the
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waste was first treated. Initial treatment methods also depend on whether the waste will be
stored temporarily or disposed directly.
The type of waste is also a significant factor in determining the type of disposal facility and its
design. All such factors must be considered. Particular care must be taken in analysing various
pollution scenarios.
The safety analysis is a very complicated process which should be repeated from time to time
during the process of licensing a facility and for the entire lifetime of the repository. The safety
analysis documents must be updated at regular intervals and the benefits of new knowledge
incorporated, including new advances in geology, etc.
In keeping with internationally recognised principles, the documentation necessary for licensing
a nuclear waste disposal site must include not only a safety analysis report for the repository in
question, but it must also describe the role of the facility within a complete waste management
system.
The safety analysis consists of a safety report, with associated documentation and background
reports. With respect to the long-term safety of final disposal facilities, international standards
have grown out of the safety analysis reporting procedures of a number of countries.
As regards the process of developing a system of regulations in Russia, much work still
remains in some areas, while regulations in other areas conform to or may even exceed IAEA
recommendations. On the other hand, strict standards are not always observed. The prevailing
lax attitudes towards maintenance, and highly bureaucratic, inflexible and inefficient system of
co-operation in Russia may have a negative effect on the assistance provided by the Nordic
countries.
Conclusion and further action
The Nordic countries see definite advantages in co-ordinating Nordic efforts in Russia. Coordination of Nordic activities will prevent unnecessary duplication, hold costs down and keep
efforts focused. Russia is a huge country with many unresolved challenges. Nordic coordination at various levels reinforces co-operative efforts with Russia and improves our
chances for influencing Russian authorities to take Nordic interests into account. There was
widespread agreement among the Nordic authorities that the essence of our involvement in
Russia is "help for self-help". Despite its problems, Russia has extensive resources and a
wealth of its own expertise. Our assistance should function as a catalyst for the development of
a Russian waste disposal system.
Novaya Zemlya may be considered uninhabited territory. The psychological significance of this
circumstance is likely to make it easier to achieve general political assent from the population
of Northwest Russia for a site on Novaya Zemlya than for one on the mainland. However, a
storage facility located in this area will entail transport of radioactive waste through the
southern reaches of the Barents Sea for years to come.
Permafrost is the source of a major complex of uncertainties surrounding a waste disposal
facility on Novaya Zemlya. Western know-how concerning construction operations in
permafrost is available, so an international assessment of Russian construction plans is possible.
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It is important for the Nordic countries to become thoroughly acquainted with Russia's plans.
It is possible on the basis of international treaties and conventions to obtain further information
on Russian waste disposal plans in Northwest Russia. Updated information may be obtained
directly from the Russian authorities responsible for or involved in the planning and
construction of radioactive waste disposal facilities, particularly those on Novaya Zemlya.
The Nordic countries agree that if Russia wants it, they can provide advisory help in
developing these plans further, and that they can also provide assistance for specific projects as
well. Future Nordic co-operation with Russia on the disposal of radioactive waste should be
given high priority due to our close geographic proximity and concern for our own safety. At
the same time, there is general agreement that waste management, including the disposal of
radioactive waste, is Russia's own responsibility.
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Experience of NS Diposal at the Enterprise "Zvezdochka", in
Severodvinsk. Problems of Ecological Safety.
Yuri Kozlov
Arkhangelsk administration, Russia

Decommissioning and disposal of nuclear submarines become a problem of great concern in
our country. Up to date more than 150 nuclear submarines have been taken out from the fleet
and are expected for disposal. When constructing the ship-building plants the problems of
disposal were not considered, therefore the industry failed to be ready for the works on
separation of nuclear ships. Each year a new amount of nuclear submarines is removed from
the armed forces while the industry is not successful in disposal of the previous ones.
For January 1, 1996 the following operations have been implemented at the enterprises of
industry:
• Cutting and disposal of NS missile compartments - 34
• Preparation of NS for long-term storage afloat - 3
• NS disposal with the cutting of a reactor compartment for temporary storage afloat in
composition of three-compartment units -19
The nuclear vessels with the non-unloaded cores stay afloat and wait for their turn.
The ships often have the damages of the light shells and safety assurance systems. Accidents
of the ships with nuclear-powered facilities can cause global ecological catastrophes.
Considering the problem of NS disposal, it is necessary to note that the general arrangement of
disposal was defined 11 years ago by the Decree l 1095-296 of CC CPSU and MB USSR "On
the Order of Scraping the Decommissioned Navy's Vessels with NPF ". It defined:
• Decommissioning the ships;
• Unloading the weapon and stores;
• Reduction of the crew and displacement of NS in the laid-up places;
• Unloading SNF;
• Disposal according to the 8- and 3-compartment options;
• Transporting reactor compartments to long-term storage sites and assurance of nuclear
safety monitoring.
With the purpose of realization of the general arrangement of disposal in August, 1992 the
Government accepted the Decree1 644-47, in which all the spects of NS disposal are reflected
more fully, as well as the organizational and engineering policy concerning this matter and the
basic enterprises fulfilling the works on disposal are defined.
Murmansk Region
SRZ "Nerpa"
Arkhangelsk Region
GMP "Zvezdochka"
Primorye Territory
DVZ "Zvezda"
For establishment of the common order of organization and carrying out the works onNS
disposal the "Federal programme on the industrial disposal of V and VT for the period
till 2000" was developed and approved in 1994.
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In parallel with the Decrees of the Government and the Federal programme there has been
additionally accepted a number of the Decrees and Directives of the President on realization of
the top priority works and assignment of the status of the presidential programme to them.
The conferences and workshops have been also held in the Murmansk and Arkhangelsk
regions, and in Moscow.
For realization of the programme on disposal several international programmes function at
the enterprises:
• Early in the month the International Scientific & Development Centre took the decision
on financing the Project "Conception of complex disposal of nuclear submarines at the
enterprises of the State Russian Centre for Nuclear Shipbuilding (GRTsAS)", which will
allow to analyze the work experience at GMP "Zvezdochka", to make conclusions and to
extend them into other enterprises.
• The programme of Nann-Lugar "Cooperative Threat Reduction".
• The programme has been already carried out for more than two years. According to the
agreements the enterprises have received the equipment for more than 30 million USD in
total, including gas-cutting equipment, equipment for the mechanical cutting of a shell, and
a factory for cable reprocessing, etc. It is planned to extend the programme in two major
directions, including the delivery of a complex for radioactive waste reprocessing to the
enterprise. It is necessary to underline that the programme "Cooperative Threat
Reduction" is the most effective and dynamic one. Within the framework of the
programme Mr. Perry, the Minister of defense of the USA, Mr. Nann and Mr. Lugar, the
Senators, and the high officials of the Government of the USA visited our enterprise.
• The Russian-Norwegian programme. According to this programme Norway plans to
allocate about 40 million USD for carrying out the works on improving ecological
situation in the Northwest Russia. Besides, at GMP "Zvezdochka" it is planned to repair
• the liquid radioactive waste storage facility and special networks. A number of the projects
which the Norwegian government intends to finance, will allow to reduce the tension of
"fuel line-up" . These are such projects as:
- Vessel - containership for transportation of spent fuel;
- Special train for delivery of TK-18 containers to "Mayak";
- Temporary storage facility at NPO "Mayak" etc.
The start of the works under the projects is delayed. The Russian government could not
sign the Government-to-government agreement with Norway for over a year.
• The proposals of France. At present we negotiate with the "Technicatom" corporation
about the delivery of equipment for disposal of solid burnt radioactive wastes at the
enterprise.
I would like to tell about the experience of disposal at our enterprise in detail.
Under the agreement "Start-2" the GMP "Zvezdochka" is defined as one of the enterprises
dealing with the disposal of strategic nuclear submarines. 11 NS have been disposed at the
enterprise within the recent 7 years: including 3 NS - according to the eight-compartment
option, 8 NS of the second generation - to the three-compartment option. Thus, the Iabourintensiveness of disposal is permanently reducing, it is achieved through the improvements
of organizational and technological solutions. The disposal of nuclear submarines is fulfilled in
accordance with the state defensive order under the contracts with the Navy, on the basis of
the Working schedule approved by the Decree of the Government of the Russian Federation.
The disposal at GMP "Zvezdochka" is fulfilled according to the most economically expedient
three-compartment option. Realization of the works is carried out according to the key
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process engineering, developed by the leading research and development institute of nuclear
submarines disposal process engineering - NIPTB "Onega", included into the GMP
"Zvezdochka". According to the key process engineering the scheme of complex NS disposal
consists of the following:
• NS preparation to disposal;
• Core unloading;
• Placement of NS on the stocks;
• Cutting up a three-compartment unit;
• Preparation of the three-compartment unit for temporary storage;
• "Procedure" - cutting and separation of a missile compartment
• Disassembly of equipment, instrumentation, pipelines, electric cable;
• Cutting up a vessel into large sections, cutting up sections, equipment, separation of an
electric cable into a secondary raw material;
• Launch of three-compartment unit on water for transporting to temporary storage site.
The positioning method, referred to as the positions, ensuring fulfilment of the works on
disposal in a particular order at the particular equipped places, was accepted as the basis for
objects' disposal organizational process at the enterprise. In disposal at the enterprise NS
passes through 11 positions covering both the works on preparation of an object to disposal,
process of disposal of the object and its elements, and shipment of a finished product.
The enterprise has all the necessary infrastructures and objects for carrying out the
complex disposal.
Each position is equipped with the relevant complex of equipment, fittings, instruments,
systems of the centralized power supply. Completing different methods of optimization of the
disposal process, we have stopped on a method, which is based on the maximum dismantling
of equipment, mechanisms, systems prior to NS laid-up on the stocks during NS preparation
for unloading spent nuclear fuel. The advantage of this method lies in the fact that the period of
NS stay in a dock is reduced as much as possible. For this purpose at the enterprise the
leaktight removable shelters were manufactured practically for all the compartments, that
allowed to open simultaneously several premises, not violating the requirements on vitality and
insubmergibility of a ship. Prior to NS laid-up in dock up to 90 % of equipment is dismantled,
including turbines, main condensers, etc., only the vitality and fire-extinguishing safety systems
are left and supported in operational reliability state. The basic amount of the works on
object's disposal is fulfilled on the stocks. Thus, an object on the stocks is cut up into four
units with the subsequent dismantling of strong and light shells into large sections, as well as
the unloading of equipment. The sizes of large sections are selected depending on the liftingand-conveying machines at the enterprise. The equipment unloaded from the object is stored
in containers. In disposal of an object on the stocks the basic method of dismantling the casings
is thermal cutting and air - arc one. The gases - acetylene and oxygen - supplied in balloons to
a workplace until recently, are used for thermal cutting. This year we installed the systems of
the centralized gas distribution to distributing posts, which allowed to eliminate the
intermediate operation on filling in balloons and delivery them to the stocks, and to reduce
labour-intensiveness on ca 4,000 w/h for an object only on this operation.
In order to reduce the oxygen pipeline length and to ensure the necessary pressure in it, it is
planned to fulfill the feed of oxygen from gasifiers. For fulfilment of the dismantling of vessel
constructions in the areas of austenite welds the stocks are equipped with the multi-post
welding rectifiers for the air - arc cutting. The dismantled equipment on the stocks is loaded in
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containers. The removal of containers with equipment is carried out by common motor-car
transport. It is possible to simplifiy the containers transportation from the stocks by purchase
of a containership, which itself loads and unloads containers at the place of unloading-loading,
eliminating the use of cranes during operations on unloading equipment and casings directly
from the disposed objects, as well as at the places not equipped with the crane equipment.
Now in view of all the measures used in NS disposal, the period of stay in dock is reduced up
to 3 months instead of the 6 planned (object N 431), that allows to dispose 4 NS per a year.
Two specialized sites at the enterprise are equipped for the reprocessing of large sections of a
shell and the equipment elements from ferrous metals into scrap by thermal and mechanical
methods of cutting. The site for thermal cutting is equipped with a system of the centralized
gas distribution with its feed to distributing places, that greatly allowed to increase the
productivity and to improve production culture. At the site the high-performance gas-cutting
equipment dilevered from the USA is used; it is more convenient in service and more durable.
The use of gas stations allowed to increase the pressure of oxygen up to 16 kg/sm2, that in
turn raised the productivity of the gas-cutting works in 2.5 times, and allowed to pass to
propane-butane mixture instead of acetylene, the cost of such mixture is 11 times less.
The separation of large sections of a shell at sites is fulfilled with the use of equipment for
thermal cutting into a "piece" with further reprocessing on a stationary guillotine.
With this purpose the site of mechanical cutting is equipped with the stationary guillotine
of the "Harris" corporation and with two hydraulic scissors of the "Labaunty" corporation
installed on a caterpillar excavator of the "Caterpillar" corporation. The experience of
guillotine operation has shown its high productivity for cutting the casings of various
configuration and mass. For increasing efficiency of the discharge operations a transporter was
installed and a concrete platform was arranged this year. The application of the "Labaunty"
guillotine for cutting the thin-walled constructions has not justified itself, because of the very
high expenditures for fuel oil, therefore now this equipment is basically used for transport of
casings over the site. Regular crane equipment is used for loading-unloading. The use of the
"Mantissa" crane has proved the high efficiency of grab captures for transport of scrap-metal
cut up into the "Marten" pieces. It is planned to use a gantry crane of 35 tons load-carrying
capacity and to install it at the site in order to increase the effectiveness of operations on
loading-unloading vehicles, displacing sections over the site and loading guillotine bunker.
The basic operations on casings separation at the enterprise are carried out with the use of gas
and electric arc cutting. Thereby manganous, chromium, carbonic and nitrous oxides and
fluoric hydrogen, harmful for the man, are released in the atmosphere.
The analytical calculations were held, which have shown that during the disposal of 4 NS per
a year the concentration of harmful substances at the enterprise's territory and sanitaryprotective zone would not exceed MPC /maximum permissible concentration/.
The research works on test of the alternative process engineerings of cutting casings were
carried out at the enterprise.
The following installations and methods have been tested:
• Laser installation of the subsidiary of RNTs "Kurchatov institute",
• Installation for hydro-abrasive cutting of the Hydroflex corporation,
• Casings separation with the application of directed explosion was carried out under the
leadership of representatives of the Military Academy named after Dzerjzinsky.
As a result of these works it has been established, that the use of mechanical and gas cutting is
the most economically expedient one. These conclusions are well co-ordinated with the
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process engineering of casings separation accepted at the similar shipyard "Pugent Saunt" in
the USA, which our experts have visited.
The shipment of scrap after mechanical cutting is fulfilled into coaches by a vehicle. In order
to control the amount of loaded scrap it is planned to purchase and to install carriage scales at
the loading site, the installation of which will eliminate the operation of preliminary weighing of
scrap-metal prior to shipment. At the enterprise the building of a terminal for scrap-metal
shipment by water transport was initiated, which would allow to reduce the transportations
by railway coaches over the enterprise's territory up to 30 %, to accumulate scrap-metal up to
3-4 thousand tons, to improve the loading operations and to use at most water transport for
sending off scrap-metal, the cost of water transport is 1.5-2 times less than railway one.
The equipment of sites for mechanical and gas cutting will allow to reprocess not less than
50,000 tons of scrap-metal per a year after completion of all the planned works.
The cable produced during disposal is reprocessed at specialized site.
The site is equipped with cable-separation installation permitting to fulfill the reprocessing of
cable of various sorts. The electric cable reprocessing, except the basic operation fulfilled on
the installation, includes the preparatory - final operations, which require the technological
equipping for their mechanization. The preparatory operations include the initial cutting of
electric cable and delivering it to the cable-separation installation. It is possible to mechanize
the preparatory operations by purchase of: an installation for the initial cutting of electric cable,
an electric loading device with grabs and a device for electric cable selffeeding after initial
cutting. The final operations during electric cable reprocessing present the packing of scrap in
kind of chop into sacks, weighing and shipment to a customer. Mechanization of the
operations dealing with unloading, loading and transport of loads in the straitened conditions
at the site is solved by purchase of an electroloader of 5 tons load-carrying capacity with
rotation of pitchfork in the horizontal plane. The monitoring of the scrap amount obtained or
delivered to a customer, is solved by purchase of platform scales. The wastes from electric
cable reprocessing on a cable-separation installation are transferred to a bunker, whence they
are removed periodically into containers. Mechanization of the wastes loading into a container
is solved by purchase of a conveyor belt (conveyor). The abovementioned equipment will
allow at most to mechanize the process of cable reprocessing for the preparatory and final
operations and to reduce the rate of hand-operated labour.
Radioactive waste management is one of the most complicated problems, into which the
enterprise has run in disposal. Spent nuclear fuel unloading and removal is the most acute
problem for today.
The fuel overload scheme applied till present is carried out in the following consequence:
• Fuel overloading on the floating technical base;
• Fuel cooling;
• Temporary storage of shrouds with SNF;
• Shipment to TK-VG-18 coaches;
• Sending off to NPO "Mayak" for reprocessing.
The fuel overloading is implemented by the floating technical bases located at the
enterprise's territory. The unloaded fuel is cooled and temporarily stored on a ship in special
pond. Then fuel is loaded into TK-18 containers and coaches at a platform equipped with
special crane. One of the floating bases of the 2020 design was completely equipped, and at
present it allows to load the "cold" fuel from disposed objects directly into transport
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containers. All the works on fuel unloading are carried out by the Navy's staff with
involvement of the experts of the enterprise. The vessels built in 1960 and 1985 are used for
fuel unloading at the enterprise, one of which has already worked out the service life, and the
other has been operated without repairing for 12 years by now. Two sets of overload fittings
available at the enterprise have worked out the service life too. The equipment available at the
enterprise allows to overcharge no more than three NS per a year, that is explicitly
insufficient for the planned rates of disposal. For the resolution of this problem we offer at
territory of the enterprise to build a coastal base for spent fuel overloading from disposed
objects directly into transport containers of TK-18 type. The other complicated problem of fuel
unloading is a special train, which should remove fuel to NPO "Mayak". At present in the
country it is only one such echelon, it requires the major overhauling and does not explicitly
cope with the rates of fuel removal from Severodvinsk, Murmansk and Bolshoy Kamen.
In this matter we very much hope on the assistance of Norway, which in the Government-togovernment agreement provided for the allocation of means for building one more special
train.
A lot of liquid and solid radioactive wastes are produced in the process of disposal. The
wastes have not been removed from the enterprise and have been accumulated at the SRW
temporary storage site and in the liquid waste storage facility since 1993.
At present at the enterprise it is accumulated:
• LRW - 1,570 i3,
• SRW-2,037 i3.
Complex of the infrastructures for liquid and solid radioactive wastes reprocessing was
built and commissioned at the enterprise in 1965, but so far as it was easier to dump wastes in
the seas, the complex was not used with its direct purpose. After signing by Russia of the
London Convention and refusal from the marine RW disposal, it appeared that in the
Northwest Russia there were no enterprises for waste reprocessing and equipped according to
the ecological safety requirements for RW long-term storage facilities. At present VNIPIET in
St.-Petersburg is elaborating a Conception of RW Management in the North-European
Region of Russia. According to this conception three centres for RW reprocessing will be
established in the North, including one in Severodvinsk, as well as a repository will be built on
Novaya Zemlya archipelago.
We plan to create a scheme for wastes management in Severodvinsk as follows:
Liquid radioactive wastes will be unloaded from a ship and transferred throughout pipelines
into 4 containers of 2000 i3 total volume for temporary storage. The wastes from disposal and
special laundry will be reprocessed on purifying installations, concentrated radionuclides will
be solidified and put into containers, and purified water will be poured in a sewerage system
after control. Solid wastes in containers will be transferred for sorting and milling.
Metallic wastes are planned to decontaminate and to transfer to a scrap-metal site.
"Soft" wastes are planned to burn, and all the remains and ashes after a furnace - to press on a
super-press compactor and to put into containers. Containers with solidified wastes will be
stored at the SRW temporary storage site till the commissioning of a repository on Novaya
Zemlya. The complex is planned to equip with an updated system of monitoring external
medium and radiation state at the objects. The building of a complex will be financed from the
different sources, including the Russian state budget and involvement of the financial help from
Norway, USA, France. Completion of the works is planned for 1999. Till that time wastes will
be accumulated at the enterprise. In resolution of the current problems concerning the
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reducing of liquid radioactive waste amounts the great help was rendered to us by the
Government of Moscow and the Moscow plant "Radon", which delivered an installation and
partially financed the reprocessing of 400 i3 waters. After separation of NS's shells the byproducts of disposal are prepared for sale, reuse and burial.
• Scrap-metal is cleaned from coatings and cut up into the "Marten" pieces.
• Rubber coatings are used for manufacture of plummets (sinkers for fishing nets) and
rubber crumb, which one is applied in building roads, chemical industry etc. A part of
rubber coating is glued together on special fittings for a reuse.
• A part of the equipment disassembled from disposed objects is reconditioned and reused
or is sold. GMP "Zvezdochka" has mastered the repairing of fittings, pumps and other
equipment.
• Electronic instrumentation containing precious metals, is prepared for sale at the
specialized site. Cable is also separated; copper and a part of metal braiding are extracted
from it, and rubber is reprocessed in crumb. Non-ferrous scrap metal is remelted in furnaces
and prepared for sale.
In the conclusion I would like once again to underline, that the enterprise has the large
experience of disposal of the vessels with nuclear-powered facilities and it has got the
qualified staff and the equipment necessary for separation of 4 NS per a year, and even
more than four providing the small additional equipment. Spent nuclear fuel
management is the main reason, which may retard the rates of disposal from the
technical point of view.
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International Cooperation dealing with NS disposal
at the Enterprise GMP "Zvezdochka"
Yuri Kozlov and Vladimir Nikitin

I. DSWA Projects
The greatest volume of the enterprise re-equipping was carried out on the means allocated by
the US Government under the Programme of Nann-Lugar, including:
Equipment for metallic constructions cutting.
The greatest amount of the works in disposal is dealt with metallic constructions cutting.
A number of updated technological processes of cutting, including laser one and cutting by
hydraulic jet, etc. has been tested at the enterprise. As a result of these works it has been
established, that the use of mechanical and gas cutting is the most economically expedient one.
These conclusions are well co-ordinated with the process engineering of casings separation
accepted at the similar shipyard "Pugent Saunt " in the USA, which our experts have visited.
With this purpose the stocks and the site for thermal cutting were equipped with a system of
the centralized gas distribution with its supply to distributing places, that allowed greatly to
increase the efficiency and to improve production culture. A truck-tractor with a trailer was
purchased for the transporting of large-sized sections. Introduction of the modern gas-cutting
equipment and increase of the transported section sizes allowed to reduce the ship's stay on the
stocks up to 3 months. The high-efficient gas-cutting equipment delivered from the USA is
used at the site. The site for mechanical cutting was equipped with a stationary guillotine
of the "Harris" corporation and with two hydraulic scissors of the "Labaunty" corporation,
which were installed on caterpillar excavators of the "Caterpillar" corporation. The experience
of guillotine operation has shown its high efficiency for cutting casings of different
configuration and mass. This year a transporter was installed for increasing the efficiency of
unloading operations.
Equipment for cable cutting
The site for cable cutting is equipped with a cable-cutting installation permitting to implement
the reprocessing of cable of different sorts. The equipment purchased for mechanization of the
operations dealt with unloading, loading and transport of loads in the straitened conditions at
the site, allowed to improve the working conditions and to decrease the labour-intensiveness.
Crane equipment
Regular crane equipment is used for loading-unloading. Purchase of a crane of the
"Mantissa" corporation proved the high productivity of grab captures for transport of the
scrap-metal cut up into the "Marten" pieces. Gantry crane of 35 tons load-carrying
capacity was purchased for increasing the effectiveness of loading-unloading operations for
vehicles, displacing sections over the site for mechanical cutting, and loading a guillotine
bunker.
SRW and LRW reprocessing installations
The company Lockhid Martin (USA) jointly with SGN (France), Kvaerner (Norway) and
Aspect (Russia) started the works on mounting a complex of installations on liquid and solid
radioactive waste reprocessing according to the scheme accepted at the enterprise.
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It is planned to complete the works on the complex in 1999. The complex will allow to
reprocess and to concentrate 4 thousand cubic m of liquid radioactive wastes and 200 cubic m
of solid ones.
Coastal base for spent nuclear fuel unloading
For NS preparation for disposal the works on designing and building a coastal base for spent
nuclear fuel overloading from disposed units directly into transport containers TK-18 were
initiated at the enterprise's territory. The following overload plan is offerred:
• Fuel overloading into a container installed on a coastal overload base;
• Transporting of the container to a temporary storage site;
• Temporary storage of containers at territory of the enterprise;
• Shipment into carriages TKVG-18;
• Sending off to NPO "Mayak" for reprocessing.
It is planed to complete the works on designing at the beginning of the next year, and on
building - in 2020.
n. Projects financed by the Government of Norway
The Government of Norway pays great attention to improvement of ecological state in the
Northwest of Russia. With this purpose the Government-to-government Russian-Norwegian
Agreement on cooperation in the field of environment protection dealing with the Russian
nuclear submarines disposal was signed in May this year. A number of the projects
implementing within the framework of the Agreement, is dealt with realization of the works at
GMP "Zvezdochka", including:
LRW storage tanks repairing
The works on LRW tanks repairing were initiated in 1998 and are successfully carried on. The
Norwegian company Kvaerner Maritime is the general contractor of this project.
As a result of the project realization it is planned:
• To put into operation follow-up two vessels of 500 cubic m volume each,
• To change the object's control system,
• To repair LRW delivering pipelines,
• To purchase and to install updated monitoring equipment.
Realization of these works will allow:
1. To increase LRW storage volume up to 2 thousand cubic m,
2. To store LRW of different types separately by each type,
3. To put into operation a system of LRW collection and transporting.
Special train for spent nuclear fuel transporting
At present Kvaerner Maritime negotiates on the building of an additional special train for SNF
transportation. Commission of such special train will allow to remove all the fuel unloading
from disposed units in Severodvinsk town.
HI. Projects financed by the Government of France
Installation for burning the "soft" wastes
For decreasing the "soft" radioactive wastes volume the burning furnace constructed in the 80s
was used at the enterprise. The use of such installation allowed greatly to decrease the volume
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of buried radioactive wastes. At present jointly with the French "Technicatom" corporation the
works on assessment of recovery possibility of the old burning furnace or building a new one
are carried on at the enterprise.
Training the staff in RW management
The successful functioning of updated process engineerings on RW management is only
possible at high proficiency of the staff. Therefore GMP "Zvezdochka" and Technicatom
company intend to hold a workshop on the familiarization with updated process engineerings
and equipment for RW management in France next year.
IV. Projects financed by the Government of Great Britain
Installation for radioactive metal smelting
Great amount of the metals with induced activity will be produced during disassembly of a
reactor compartment. It is necessary to resolve this problem by now.
Therefore the enterprise jointly with the company BNFL studies the possibility of experimental
smelting of metallic radioactive wastes. Introduction of the above mentioned measures will
allow the enterprise "Zvezdochka" to carry out a complex disposal of NS up to 6 units per a
year, starting from 2001.
V. Work experience exchange
Realization of the works at GMP "Zvezdochka" allowed to accumulate the experience and to
complete the technological line-ups dealing with disposal of the ships with nuclear - powered
facilities. The similar problems will concern the enterprises of Great Britain and France, which
nuclear fleets are growing obsolete. With the purpose of generalization and exchange of the
experience we prepared the project financed through MSRC, on development of NS disposal
conception at GMP "Zvezdochka".
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Problems on Radioactive Waste and Spent Nuclear Fuel
Management in the European-Arctic Region of Russia

Evgeny B. Krukov
Ministry of Atomic Energy, Russia

In the European-Arctic Region of the Russian Federation at territories of the Murmansk and
Arkhangelsk Regions nuclear submarines and nuclear-powered above-water ships of the North
fleet are based and operated, radiation hazardous enterprises of the Ministry of the Russian
Federation for Transport, the Ministry of the Russian Federation for Atomic Energy and the
Ministry of the Russian Federation for Economy are located here too. Considerable amount of
radioactive waste (RW) and spent nuclear fuel (SNF), including non-reprocessing ones, is
accumulated and steadily produced once again in this region. At present there is no any
common RW and SNF management system in the region; separate complexes for RW
reprocessing and temporary storage do not meet the updated requirements of ecological safety.
Minatom of Russia as a state customer of the Federal purposeful program on RW and NSF
management developed an Action plan for radioecological state improvements in the North
region, but its realization is delayed because of deficiency in financing.
1. Analysis of Problems
The list of the main radiation hazardous enterprises and entities in the European-Arctic Region
contains:
• coastal and floating technical bases, nuclear submarines and nuclear-powered above-water
ships of the North fleet, ship-repairing plants of the Navy, as well as laid-up points for
nuclear submarines taken out of the Navy effective (more than 200 nuclear reactors);
• ship-building and ship-repairing plants of the Ministry of the Russian Federation for
Economy that provide for building, repairing, disposal of nuclear submarines and vessels
for nuclear technological service (Industrial Association "Sevmashpredpriyatie" in
Severodvinsk town, ship-repairing plant "Zvezdochka" in Severodvinsk town and shiprepairing plant "Nerpa" in Snezjnogorsk town);
• technological repairing plant "Atomflot" of the Ministry of the Russian Federation for
Transport in Murmansk that provides for fuel charge exchange and the repairing of
icebreakers in the civil fleet (13 nuclear reactors) and of vessels for nuclear technological
service;
• Kola nuclear power plant of the Ministry of the Russian Federation for Atomic Energy in
Polyarny Zory town where 4 WER-440 type nuclear reactors are operated;
• Murmansk special plant "Radon" which had accepted radioactive wastes for storage from
the enterprises of the Murmansk and Arkhangelsk Regions within the period from 1964 till
1994;
• more than 50 enterprises and organizations of the region use in their work ionizing radiation
sources.
1.1 Situation with Radioactive Wastes
Amount of liquid RW accumulated at the entities of the European-Arctic Region for 1997
and forecast of its accumulation until 2020 are shown in Table 1.
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Table 1
Enterprise

LRW volume, thousand cubic meters

1996
2020
LRW volume in groups

Total volume
(without special
laundries)
Operational

From the process
of
decommissioning

9.85
132,2

9.85
110,6

21,6

From special
laundries and
sanitary access
premises
2640

0.564
27,3

0.564
27,3

-

7,2

KolaNPP

6.39
165,4

6.39
55,59

109,8

-

TOTAL

16.804
324,93

16.804
193,53

131,4

2647,2

Objects of the
North fleet and
Mineconomiki
RTP
"Atomflot"

About 70 % of liquid RW is accumulated and produced in the Murmansk Region, in the
Arkhangelsk Region liquid RW is produced at the enterprises located nearby Severodvinsk
town.
Amount of solid RW accumulated at the entities of the European-Arctic Region for 1997 and
forecast of its accumulation till 2020 are shown in Table 2.
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Table 2
Enterprise

SRW volume, thousand cubic meters

1996
2020
SRW volume in groups

Total volume
Objects of the
North fleet and
Mineconomiki
RTP "Atomflot"
KolaNPP

TOTAL

10.2
36,292

I
19
9,073

5,6
21,775

n

III
0,7
5,444

0.826
5,365
6.606
17,74

0. 33
2,145
5.517
15,12

0,472
3,065
1,017
2,46

0,024
0,155
0,072
0,108

17.632
59,34

8.747
26,33

7,089
27,3

0,796
5,77

About 80 % of solid RW is accumulated and produced in the Murmansk Region, in the
Arkhangelsk Region solid RW is produced at the enterprises located nearby Severodvinsk
town.
Serious problem in the region is safety ensuring for long-term storage of reactor compartments
cut out of disposed nuclear submarines and large sections of disposed nuclear technological
service vessels. At present in the process of disposal of nuclear submarines they cut out units
containing a reactor compartment and two adjacent compartments for lack of transport and
technical means for reactor compartments treatment and absence of a storage point for them.
Such three-compartment units are stored on-float.
The main problems connected with RW are as follows:
• temporary storage facilities for liquid RW are nearly filled in full, and many of them are in
the emergency condition;
• greater part of floating means for liquid RW transportation became obsolete;
• improvements of the pilot /experimental & industrial/ facility for liquid RW reprocessing at
RTP "Atomflot" have not been yet completed till the present time; construction of a
complex for liquid RW reprocessing has not been yet started at the ship-repairing plant
"Zvezdochka" in frameworks of the Cooperation Program with the USA in realization of
the Treaty on Limitation of Strategic Offensive Arms;
• the existing temporary storage facilities for solid RW are in the emergency state and
overfilled, wastes are stored non-packed and non-sorted;
• . large amount of solid RW is stored on open grounds; contamination of the adjacent territory
by radionuclides occurs nearby such sites;
• there are no any industrial complexes for solid RW conditioning in the region;
• there are no any facilities for final disposal of solid and solidified RW in the region;
• only special transport means "Amur" may be used for solid RW transportation; at present it
is at the stage of modernization;
• there are no any transport and technical means for treatment of reactor compartments of
disposed nuclear submarines, and any special facilities for their long-term and safe storage;
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• at the Murmansk special plant "Radon" RW storage facilities are in the emergency state and
are sunk a little by ground waters.
1.2 Situation as regards Spent Nuclear Fuel
In connection with realization of the Treaty on Limitation of Strategic Offensive Arms nuclear
submarines in the North fleet are taken out of the Navy effectives in mass scale, and they are
transferred for disposal. Economic difficulties burdened on Russia at present do not allow to
speed up improvements of the available equipment and to build new facilities for unloading,
transportation and temporary storage of SNF from disposed nuclear submarines. At present it
is urgently necessary to unload SNF from more than 90 nuclear submarines that have been
already taken out of the North fleet effectives. Spent fuel assemblies unloaded earlier from
nuclear submarines and above-water ships with transport nuclear-powered facilities are stored
in temporary storage of the coastal technical bases of the North fleet. SNF unloaded earlier
from the nuclear vessels of the Murmansk Shipping Company has been stored on the floating
technical bases "Lotta" and "Lepse" for a long time. Greater part of SNF which will be
unloaded from nuclear submarines taken out of the North fleet effectives, as well as from
coastal and floating storage facilities is planned to transfer for reprocessing to PO "Mayak".
However a part of spent fuel assemblies which have got damages or complicated composition
can not be sent to PO "Mayak" for reprocessing. Such fuel is intended to leave in the region
providing long-term safe storage of SNF in special facilities. According to assessments about
3,500 damaged and non-reprocessing spent fuel assemblies are accumulated now in the
region.
The main problems connected with SNF are the following:
• the available equipment for SNF unloading from nuclear submarines taken out of the North
fleet effectives requires major overhaul, and the ship-repairing plants dealt with nuclear
submarines disposal have not at all got any equipment for SNF unloading;
• SNF coastal storage facilities are filled in full, engineering facilities are in the emergency
conditions;
• fuel assemblies are in the poor state at the floating technical base "Lepse";
• any transport vessel to remove SNF from damaged coastal storage facilities is not available
in the conditions of lack of railway and motor-car communication;
• there is no any point for long-term and safe storage of damaged and non-reprocessing SNF
in the region;
• shortage of railway transports does not allow to speed up removal of SNF for reprocessing
to PO "Mayak";
• SNF temporary storage facility at the PO "Mayak" is filled in full.
2. Action Plan for Resolution of the Problems
For improvement of radiation and ecological situation in the European-Arctic Region of Russia
the scientific institutes of Minatom of Russia carried out the technical & economic research
works for substantiation of RW and SNF management industrial infrastructure development.
The main technical proposals complied with the Defense Ministry of Russia, the Ministry of
Russia for Economy, the Ministry of Russia for Transport, and the Murmansk and Arkhangelsk
Administrations are as the following.
2.1 Concerning RW Management it is planned:
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• In the Arkhangelsk region at the ship-repairing plant "Zvezdochka" (Severodvinsk town) to
establish a specialized center for management of RW accumulated or newly produced
during the process of disposal of nuclear submarines that would include:
=> complex for liquid RW collection, reprocessing, solidifying and packing into standard
containers;
=> complex for solid RW compacting and packing into standard containers;
=> warehouse for interim storage of containers with solid and solidified RW.
• At the repairing technological enterprise "Atomflot" (Murmansk) to create a complex for
management of liquid RW produced in the military and civil nuclear fleets and at the shiprepairing plants that would contain:
=> facilities for liquid RW collection, reprocessing, solidifying and packing into standard
containers;
, => warehouse for interim storage of containers with solid and solidified RW.
• In the Murmansk region at the ship-repairing plant "Nerpa" (Snezjnogorsk town) to
establish a complex for management of RW accumulated or newly produced during the
disposal of nuclear submarines that would include:
=> complex for solid RW compacting and packing into standard containers;
=> warehouse for interim storage of containers with solid and solidified RW.
• On Novaya Zemlya archipelago and/or at territory of the Kola peninsula to create an
experimental & industrial /pilot/ object for final disposal of containers with solid and
solidified wastes of low- and medium-level activity.
• To build a new vessel or to modernize the available one for transportation of liquid and
solid RW to the sites of their reprocessing and final disposal.
• To conduct conservation of RW storage facilities which are in the emergency conditions at
the Murmansk special plant "Radon".
2.2. As regards SNF Management Problems it is planned:
• To construct and to start operation of a new railway wagons for SNF transferring to PO
"Mayak" for reprocessing.
• To complete construction of a temporary SNF storage facility or to build a new one at PO
"Mayak".
• To build a new vessel or to modernize the available one for SNF removing from coastal
storage facilities which are in the emergency conditions.
• To complete the licensing process and to start serial production of metal-concrete
containers for transportation and/or for long-term storage of SNF.
• To create sites for storage of metal-concrete containers with SNF at the ship-repairing
plants in the Murmansk and Arkhangelsk regions.
• To overload SNF from the emergency coastal storage facilities into metal-concrete
containers and to transfer the latter to PO "Mayak" or for long-term storage.
• To unload SNF from the floating technical storage facility "Lepse" and to dispose the
vessel.
3. Resources Support for Problems' Solution.
Financing for development and realization of the projects on improvements of radiation and
ecological state in the European/Arctic Region of Russia is carried out on means from the
Federal budget of the Russian Federation distributed in frameworks of the federal purposeful
programs on RW and SNF disposal and final disposal, as well as in frameworks of the program
on disposal of nuclear submarines taken out of the Navy effectives. However these means are

78

insufficient. A number of the projects is financed from the means of international assistance in
framework of the Government-to-government Agreements with the USA, Norway and
Agreements with the European Community Committee. The important work on cooperation
with Russia in the field of RW and SNF management is accomplished by the Contact Expert
Group formed of the formal representatives of involved countries on the IAEA's initiative.
Materials on the projects suggested by Russia in the field of RW and SNF management are
available in the CEG's database. Till the end of 1998 it is planned to submit a detailed list of
the projects connected with improvements of radiation and ecological state in the
European/Arctic Region of Russia, for CEG's consideration .
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Some Points in Legal Regulation of Radioactive Waste Management

Anatoly Tikhankin and Alexander Levin,
Gosatomnadzor, Russia

Gosatomnadzor of Russia is guided in its activity by a conception, that the national legislation
is one of the most important elements in the system of nuclear and radiological safety of the
country. The regulatory legal documents of Russian Federation regulating radioactive waste
management represent a hierarchical structure. The contents of the documents depends on
their place in the above hierarchical structure: so, the documents related to the top levels
contain legal provisions of a more general character and give effect to the lower-level
documents. The documents of the lower levels, after being co-ordinated with the higher level
documents, deal with concrete practical problems to a much greater extent.
At present, the system of the legal acts regulating radioactive waste management, is at the
stage of development. Some acts were accepted and put into force, others are at the stage of
elaboration or confirmation. The elaboration of the federal norms and regulations in the sphere
of the use of atomic energy is one of the lines in the activity of the Scientific and Technical
Centre of Gosatomnadzor of Russian Federation. In the development of regulatory technical
documents regulating radioactive waste management, Gosatomnadzor of Russia and its
Scientific and Technical Centre are guided by the provisions of the national law and
recommendations of international competent organizations, such as International Agency for
Atomic Energy and International Commission for Radiological Protection.
Further, I would like to describe in more detail the work carried out within the period
August 1997 - September, 1998. Within that period Gosatomnadzor of Russia was
proceeding with the work on the Federal Program of radioactive waste management. The
role of the Scientific and Technical Centre of Gosatomnadzor of Russia in the above
program consisted in the development of the legal documents regulating the questions of
radioactive waste and spent nuclear materials' management. In 1997, the Scientific and
Technical Centre, together with the 3-rd and 4-th Directorates of Gosatomnadzor of Russia
carried out the work for optimisation of the structure and the list of the regulatory legal
documents regulating safe management of radioactive wastes. The experts from other
organizations (apart from Scientific and Technical Centre and Gosatomnadzor of Russia)
were involved in the work (Minatom of Russia, Goscomecology of Russia, FUMB&EP of
the Ministry of Public Health (Minzdrav) of Russia, research institutes VNTIPIET,
VNIEPPT named after Bochvar, State Research Centre «Institute of Biophysics)), EEC
"NUCLIDE", MosNPO" Radon " etc.)
The works were carried out under the following two basic directions:
1. Completion of the conception and formation of the system of the regulatory documents
regulating safe radioactive waste management.
2. Elaboration of the new documents and completion of the draft regulatory documents meant
for regulation of safe management of radioactive wastes and spent nuclear materials.
Results of the work carried out under the first direction

80

The regulatory legal document "Conception of Formation of the Regulatory Document System
Regulating Safe Radioactive Waste Management" was produced and co-ordinated with
Minzdrav of Russia, Minatom of Russia and Goscomecology of Russia.
The above document was approved by the Decree of Gosatomnadzor of Russia from
November 5, 1997 # 8 and the Decree of the Ministry of Public Health of Russia from January
15, 1998 # 2 and was put into effect beginning with July 1, 1998. The document was published
in the magazine "Atomic Energy" (volume 84, edition 4 - April, 1998). In the course of the
work with the conception of the regulatory legal documentation system, all the basic materials
related to radioactive wastes (national and international legal acts, regulatory technical
documents, recommendation of IAEA and ICRP) were analysed. Special attention was given
to the RADWASS regulations on radioactive waste management, developed under the IAEA
guidance since 1991. As a consequence of the fulfilled work, it is possible to develop the
regulations covering all the aspects of safe radioactive waste management and consisting of 22
regulatory documents, including: 10 regulatory documents containing federal norms and
regulations in the field of the use of atomic energy and 12 instructions on nuclear and radiation
safety. (For comparison - the RADWASS system developed by IAEA contains 55 documents,
including the following: 1) Basics of safety -1; 2) Standards of safety - 6; 3) Instructions on
safety - 28; 4) Methodical instructions -20.)
As a result of the work fulfilled under the second direction, the following regulatory legal
documents were approved in 1997 and put into force on July 1, 1998, by the decrees of
Gosatomnadzor of Russia:
• "Safety Rules in Radioactive Waste Management of Nuclear Stations. " The Decree of
Gosatomnadzor of Russia from September 29, 1997 # 7; PNAE G-14-41-97 (volume 84,
ed. 1, January, 1998 was published in the magazine "Atomic Energy ".)
• "Water-chemical Mode at Nuclear Stations. Safety Requirements. " The Decree of
Gosatomnadzor of Russia from December 8, 1997 # 11; RB G-12-43-97.
The following regulatory documents are now at the stage of completion and preparation
for approval and publication:
• "Safety Rules in Removal of Industrial Reactors from Service" - the final wording of the
document was developed and evaluated positively by the Minzdrav and Minatom of Russia.
The document has been submitted for publication in the official press.
• "The Requirements to Quality Ensuring Program for Radioactive Waste Management" - the
final wording of the document was developed and supplied with positive comments of the
interested organizations. The document was reviewed at the Working commission of
Gosatomnadzor of Russia on June 9, 1998. It was recommended to submit the document
for final approval, upon some adjustments.
• "Burial of Radioactive Wastes. Principles, Criteria and Basic Safety Requirements." - the
final wording of the document was developed and supplied with positive comments from
the interested organizations. The document will be put into effect within 6 months.
• «Processing of Spent Nuclear Fuel. Safety Requirements.» - the final wording of the
document was developed and evaluated positively by the interested organizations. The
document will be reviewed in 1998 at a Working commission of Gosatomnadzor of Russia.
• "Safety Rules in Transportation of Radioactive Materials"- the final wording of the
document was developed and got positive evaluation of the interested organizations. The
document was reviewed at the Working commission of Gosatomnadzor of Russia in
• December, 1997. Upon examination of the document it was suggested to continue its
elaboration in the form of two separate documents:
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1) "Safety Rules in Transportation of Radioactive Materials" - the document that would
cover all the technological and organisational requirements for safe transportation of
radioactive materials.
2) A regulatory legal document (to be approved by the Government of Russian
Federation), that would regulate the competence split-off among the executive federal
organizations responsible for atomic energy use management and for state regulation of
safe use of the atomic energy.
According to the decision of the Board of Gosatomnadzor of Russia (August 19, 1997), the
Scientific and Technical Centre, together with the 1-st, 3-rd and 4-th Management's of
Gosatomnadzor of Russia discussed the necessity of the development of the spent nuclear
materials' nomenclature subject to safety regulation, as well as the need of preparation of the
appropriate regulatory documents concerning their management. As a result of the work, it
was stated, that no need to develop the nomenclature of spent nuclear materials, or to produce
any special regulatory documents for their management, exists.
The Scientific and Technical Centre, together with Gosatomnadzor Management's are engaged
in the work for preparation to join the requirements of the "United Convention on Safe
Management of Spent Nuclear Fuel and Radioactive Wastes " (September 29, 1997). This
work is carried out in accordance with the decision of the Board of Gosatomnadzor of Russia
from February 24, 1998. In order to provide the most complete picture of the system of
regulatory documents under development covering all the aspects of radioactive waste
management the most detailed attention was given to all the important and actual issues related
to this problem, in addition to those directly related to the development of the regulatory
documents.
Such approach to the problem allowed to prepare and publish in 1997 two more reports (in
addition to the planned ones):
1. "International Legal Regulation of the Problems Related to Safe Radioactive Waste
Management" (Authors: R.B.Sharafutdinov, AB.Choporniak, S.G. Tchukhin)
2. "Cost Parameters of the Processing and Burial of Low-, Medium-, and High-level
Radioactive Wastes in the Leading Foreign Countries." (Authors: R.B.Sharafutdinov,
V.A.Neretin)
In 1997, the report covering the research work Participation in the Federal Program on
Radioactive Waste and Spent Nuclear Materials' Management, Utilisation and Burial in 19962005» (Authors: R.B.Sharafutdinov, A.A.Stroganov) was published and distributed to the
State Customer and Gosatomnadzor Management's for better familiarisation with the results of
the work carried out under the above Program. The discussion of the working plans took place
at the meeting of the section of Scientific and Technical Council of Gosatomnadzor of Russia "
Safety of Fuel Cycle Plants" held in March, 1997. There, the above reports were discussed and
recommended for publication in mass media. The results of the work were reported at the AllRussian Conference "Safety Regulations in Radioactive Waste Burial" (Comment: The meeting
was organised by: MosNPO "Radon" - Gosatomnadzor of Russia, on June 2-5, 1998). The
above results were also discussed at the sessions of the Interdepartmental Co-ordination
Council for federal program management at Minatom of Russia.
It was mentioned above, that the document "Burial of Radioactive Wastes. Principles, Criteria
and Basic Safety Requirements" is now at the stage of finishing and preparation for
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publication. I would like to describe this document in more detail. This document is of
principal importance. Therefore, I will give here some of the provisions which constitute its
basic structure.
The document consists of five sections and is composed, as follows:
1. Purpose and sphere of application of the document.
2. The purpose of radioactive waste burial. Principles and criteria of ensuring the safety of
radioactive waste storage facilities.
3. General requirements for ensuring safe radioactive waste storage.
4. Basic safety requirements in design and location of radioactive waste repositories.
5. Basic safety requirements for construction, commissioning, operation, removal from
operation and closure of radioactive waste repositories.
On main principles and criteria of ensuring safe radioactive waste storage facilities
The main principles of safe radioactive waste burial are the following:
1. Protection of the health of personnel and population.
2. Protection of natural environment.
3. Protection of the future generations.
4. Non-burdening the future generations with excess responsibility.
5. Graded safeguard.
6. Safety of the repository after closing, irrespective of further monitoring. ("Safety of
radioactive waste repository, irrespective of monitoring support)
7. Optimisation principle.
The «Safety Requirements ...» establish the infrastructure of safety criteria for different types
of activity in the sphere of radioactive waste management.
1. For all the stages of radioactive waste management, including the final burial (except for the
period upon termination of the established administrative monitoring after closing the
repository) safety criteria for population and personnel are set up. They are absolutely
similar to those, established by current legislation for any other types of radiological
hazardous objects.
2. A combined (hybrid) safety criterion is suggested for estimation of long-term safety of
radioactive waste repository systems, for the period upon termination of the established
administrative monitoring after closing the repository.
2.1. For normal radiation exposure a dose criterion is accepted .
The individual dozes of normal radioactive irradiation of population from radioactive waste
repository should not exceed the corresponding limiting values of the dose, established by
, federal norms and regulations for now-living generations (with due regard for the quota for
a unit source).
2.2. For potential radiation exposure a risk criterion is accepted:
The values of the individual risk connected with potential risk of irradiation of population
in the case of unlikely (low probability) accidents, should not exceed the potential exposure
risk limits established by federal norms and regulations for the now-living generations (with
due regard for the quota for a unit source).
( Comment: The quota = 0,1)
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2.3. Criteria for ensuring safety of radioactive waste repositories at different stages of their
service life cycle.
2.3.1. The radioactive waste storage facility meets the requirements of safety in the period
of its commissioning, operation, removal from service and closing, if its irradiation effect
on the personnel, population and environment, under normal operation, infringements of
normal operation, including the accidents within the design basis, does not lead to excess
dozes of exposure for personnel and population, increased releases and effluents, (as
compared to the norms), increased contents of radioactive substances in the environment,
and is limited in the case of the accidents beyond the design basis.
2.3.2. Safe exposure doze limits for personnel and safe exposure doze limits for population,
and if necessary, the limits of allowable emissions and releases into the environment and the
contents of radioactive substances in the environment are established according to the
federal laws and federal norms and regulations on radiological safety both for normal
operation, and for accidents. The exposure levels of irradiation of the personnel working at
the radioactive waste repository and of the population in the result of emissions or releases
of radioactive substances of any type from radioactive waste repositories should be lower
than the established limiting values and stay at a reasonably acceptable low level.
2.3.3. In normal operation of radioactive waste repository and in the case of any
infringements of its normal operation, including the accidents within design basis:
• the effective (not all body) and equivalent dozes (for separate organs) of irradiation of
the personnel should not exceed the radiation safety doze limits established by the
current radiation safety norms for the personnel DPpers.;
• the effective (not all body) and equivalent dozes (for separate organs) of irradiation of
the population in the form of effluents and releases of radioactive substances from the
repository at the boundary of sanitary-protective zone and beyond its limits, should not
exceed the values DP pop. x h, where DP pop. - is the value of radiation safety doze limits
established by the existing radiation safety norms for the population and h -is the quota
of the annual exposure doze of the population;
• established for the repository by a safety regulatory body; the values of emissions and
releases of radioactive substances from the repository, and also the contents of
radioactive substances in the components of the environment should not exceed the
norms established for the repositories by the federal bodies responsible for safety
regulation, i.e. -allowable emissions and releases and allowable contents;
• the value of the collective radiation dose of the population and personnel should be as
minimal as possible, with the given economic costs.
2.3.4. For the accidents beyond the design basis at radioactive waste repository:
• The value R a.t>.d.b. -i.e. the probability of occurrence of an accident beyond the design
basis should not exceed the allowable values R a.b.d.b.-add, established by the existing
regulatory documents for the accidents beyond the design basis at nuclear plants,
radioactive sources and repositories;
• the values of radiation doses for the personnel during the occurrence and in the process
of accidents, if they cannot be avoided, are not regulated;
• the expected values of radiation dozes for personnel during liquidation of the
consequences of an accident, should not exceed the allowable limits established by the
federal bodies responsible for safety regulations in the case of expected excess
irradiation;
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• the measures of protection of the population (counter-radiation measures) in the case of
occurrence of an accident beyond the design basis at a radioactive waste repository, as
well as the instrumental facilities and monitoring regulations of occurrence of the
accidents beyond the design basis should guarantee the application of specified counterradiation measures at the earliest stage of the accident, but in all cases -before irradiation
of the population living within the limits of the zone where the planned protective
measures should apply, with the effective radiation dozes (for corresponding periods of
time before the occurrence of an accident), exceeding the minimal values established (for
the site of location of the particular radioactive waste repository) by safety regulation
bodies and the values established by the existing norms of radiation safety (for all
country) and the values of predicted effective radiation dozes at which the counterradiation measures would be certainly necessary;
• effective (for all body) and equivalent (for particular organs) radiation dozes for the
population at the boundary and outside the zone where the planned protective measures
should apply, shall not exceed the values DP pop. x h;
• the contents of radioactive substances in the environment at the boundary and outside
the zone where protective measures should apply, shall not exceed the normal values
established for radioactive waste repository by the safety regulation body- i.e. allowable
emissions and releases and allowable contents.
2.3.5. The radioactive waste repository meets safety requirements if in the period from its
closing and up to the time of expiration of the designed period of monitoring, its
radiating effect on the personnel, population and environment under normal (most
probable) evolution of the radioactive waste repository, when radionuclides behaviour
and release from the repository is governed by the processes envisaged in the project as
basic (normal), with due regard for admissible deviations allowed by design through
some uncertainty in the meanings of protective barriers' characteristics and some
changes in the characteristics with the time:
• the radiation doses for the personnel carrying out routine operations according to the
program of the planned active monitoring, should not exceed the radiation doze limits
established by the existing radiation safety norms for the personnel -DP per*.;
• the effective (for all body) and the equivalent (for particular organs) dozes of irradiation
with nuclides from the repository, of the population living and working (any work,
including well drilling, etc.) at the boundary and outside the zone of monitoring, should
not exceed the values DP PoP. x h;
• the values of emissions and releases of radioactive substances from repositories should
not exceed the meanings established for the repository by the federal body responsible
for safety regulation - i.e. allowable emissions and releases, while the contents of
radioactive substances in the environment at the boundary and outside the zone of
monitoring shall not exceed the value of the established allowable contents;
2.3.6. The radioactive waste repository meets the requirements of safety if in the period
from its closing and up to the time of expiration of the designed period of monitoring, its
radiating effect on the personnel, population and environment under normal (most
probable) evolution of the radioactive waste repository, when radionuclides behaviour
and release from the repository is governed by the processes envisaged by the project as
basic (normal), with due regard for admissible deviations allowed by design through
some uncertainty in the meanings of protective barriers' characteristics and some
changes in the characteristics with the time:
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• the effective (for all body) and the equivalent (for particular organs) dozes of irradiation
with the emissions and releases from the repository, of the population living and
working (any work, including well drilling, etc.) everywhere beyond the boundaries of
the former repository site, should not exceed the values DP pop. x h;
• the effective (for all body) and the equivalent (for particular organs) dozes of irradiation
with the emissions and releases from the repository, of the population living and
working in the sphere of agriculture, everywhere within the limits of the repository site
(including the former site) should not exceed the values DP pop. x h;
• the additional radiation risk for critical groups of the population due to their economic
activity, other, than usual agricultural activity (e.g., connected with well drilling of etc.)
within the limits of the former repository site should not exceed the meanings PR PoP. x
h, where PR pop. is the potential radiation risk limit established by radiation safety norms
for the population; for near-surface repositories (see item 3.5) the potential dozes of
irradiation of the population should be additionally limited with the determined
irradiation effect threshold;
• the values of emissions and releases of radioactive substances from repository should
not exceed the meanings established for the repository by the federal body responsible
for safety regulations of the norms - i.e. allowable emissions and releases, while the
contents of radioactive substances in the environment everywhere in the area of location
of the repository and beyond its limits should not exceed the established allowable
contents;
• the value of collective doze of irradiation of the population should be as minimal as
possible with the given economic costs.
2.3.7. The radioactive waste repository meets safety requirements in the case of unlikely
(low probability) destructive events of natural or technical origin in the zone of potential
radioactive impact from the repository, before the expiration of the period of monitoring
stated in the project;
• the probability of occurrence of the specified destructive events should not exceed the
allowable values established by the existing regulatory documents for the accidents
beyond the design basis at nuclear stations;
• the dozes of irradiation of the personnel in the process of occurrence and development
of the destructive event through radionuclides release from the repository, (if irradiation
cannot be avoided,) are not regulated;
• the expected values of radiation dozes during liquidation of the effects of the destructive
events should not exceed the allowable limits established by the federal bodies
responsible for safety regulations in the case of expected excess irradiation;
• the effective (for all body) and the equivalent (for particular organs) dozes of irradiation
(in the result of emissions and releases from the repository during accidents), of the
population living and performing any type of economic activity at the boundary and
outside the zone of monitoring, should not exceed the values of the effective annual
radiation dozes equal to the minimal values out of those established by the existing
radiation safety norms as criteria for necessary application of counter-radiation
measures.
2.3.8. The radioactive waste repository meets the requirements of safety in the case of
unlikely (low probability) destructive events of natural or technical origin in the zone of
potential radiation impact from the repository after the expiration of the monitoring period
stated in the project, if the risk of irradiation (connected with irradiation during accidents,)
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of the population living in the zone of potential radiation impact from the repository,
, should not exceed the values PR pop. x h, where PR pop. is the value of potential radiation
risk established by the norms of radiation safety for the population; while for near-surface
radioactive waste repositories (see item 3.5) the potential dozes of irradiation of the
population shall be additionally limited with the value of determined irradiation effect
threshold.
Implementation of the conception of graded safeguard of radioactive waste repository
The safety of radioactive waste repository should be ensured by means of gradual
implementation of the conception of graded safeguard throughout the entire period of burial of
the radioactive wastes representing potential hazard for the people and for the environment.
The conception of graded safeguard is based on the application of the following components:
• a system of series of independent barriers on the way of ionising radiation and emission of
radioactive substances into the environment;
• technical and organisational measures for protection of the barriers and preservation of their
efficient condition.
The conception of safe radioactive waste repository implies the use of some elements of the
geological environment (embedding soils) as one or several physical safety barriers in addition
to the engineering safety barriers. Generally, the system of protective barriers of radioactive
waste repository consists of the following components:
• • Physical/chemical form of radioactive wastes;
• Walls of the container;
• Biological protection;
• Buffer materials;
• Tight protections;
• Engineering constructions;
• Materials used in the process of closing of the repository;
• Covering and underlying screens (for near-surface type of repositories);
• Embedding soils or rocks.
The system of technical and organisational measures should include, generally, the following 4
levels of graded safeguard:
Level 1
- prevention of the infringements in normal operation of the repository;
Level 2
- prevention of the accidents within the design basis;
Level 3
- planned counter - accident measures - adjusting interference management of accident;
Level 4
- planned counter - accident measures - adjusting interference for
protection of the personnel, population and the environment.
In so doing (generally) the priority should be given to the strategy of prevention of adverse
events, especially at the levels 1 and 2.
Service life cycle of the repository
The service life cycle of the repository can be subdivided into the following stages:
I stage
- selection of the site and planning of a repository;
II stage
- construction of a repository;
III stage
- commissioning of a repository;
IV stage
- maintenance (operation) of a repository;
V stage
- removal of a repository from service (operation) and its closing;
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VI stage
VII stage

- post-operation monitoring of a repository;
- post-operation decontrolled state of a repository;

Further on, the report will provide some items related to the 1-st stage of the repository
service life cycle and discussed in this document. The 1-st stage includes the selection of the
site for location of the repository. The document states a number of provisions regulating this
procedure. The document outlines the factors, which should be taken into account when
selecting the site. The following factors should be considered when evaluating a suitable site
for placing the repository: the environmental, economic, social, demographic etc. I would like
to dwell on the geological factors which are really important for safety of the repository. As
mentioned above, the geological environment is considered as one of the safety barriers. It
should be noted, that the role of geological environment would be different for the repositories
of different types. So, for deep repositories (hundreds of meters) the geological environment
plays the role of the main safety barrier. For near-surface repositories the geological
environment fulfils a number of safety functions:
1) serves as a reserve safety barrier in the case of probable occurrence at the repository of
the accidents beyond the design basis;
2) protects engineering safety barriers from the adverse impact of natural and technicalrelated character, typical for the given region.
The function of a reserve safety barrier does not reduce the requirements to the geological
conditions at the site of location of the repository. Since geological environment serves as a
safety barrier, rigid requirements are applied to the rock mass, where the repository will be
placed. This also concerns the quality of the prospecting works, which should provide the data
for selection of the site. In estimation of the suitability of the site for location of the repository
the geological structure in the area of construction as a whole, and at the site in particular,
should be studied in detail. That is, both the regional, and the local geological factors should be
investigated. The study of the geological structure implies the performance of complex
prospecting works. As a result of the above prospecting works, the following data should be
received:
• Structural- tectonic data,
• Stratographic data,
• The data on geological history of the region,
• Petrographic (lithologic) data,
• Mineralogical data,
• Geochemical data,
• Hydro-geological data,
• Engineering-geological data,
• The data on the current physical-geological processes and phenomena in the area,
• Geomorphological data,
• The data on the current movements of the earth's crust,
• The data on seismicity of the area.
The obtained data are used to predict the possible effects of geological processes on the
repository. The forecast covering opposite processes should also be made: i.e. the forecast of
thie changes in geological conditions and geological processes under the effect of the repository
operation. The geological environment serves not only as a safety barrier. Geological
properties (i.e. geological conditions) also serve for the selection of the optimal (for the given
site) type of engineering structures for construction of the repository. Multiple factors affecting
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the selection of the site for location of the repository show that the site for construction of
radioactive waste repository should be selected on the basis of several comparable alternative
variants. "The Requirements ..." also include the following provisions:
• at all the stages of the repository service life cycle the quality control of the fulfilled works
should be carried out,
• the report justifying the repository safety should contain, among other things, the estimation
of reliability of the used data.
The results of geological works can be considered reliable and qualitative, if the works were
carried out, as follows:
• with the observance of geologic research methods confirmed by corresponding norms and
rules, (the sequence of geological works should be observed; scale of research operations
should correspond to the set task; proper account of the former research experience to be
made, field and laboratory research methods to be applied, density of observation network
to be observed);
• combining various research methods, (i.e. the combination of geological, hydrogeological, geophysical and other methods);
• with application of field and laboratory methods of research.
The data used as geological justification of the correct selection of the site should be confirmed
by the results of the observations carried out by different methods. Accordingly, the report on
justification of the repository safety should contain the quality assessment of the geological
studies and geological data used for selection of the site.
The language of the document is laconic, therefore, I would like to illustrate the above
provisions by some geological examples and show how these provisions are applied in practice.
In our country the possibility to locate radioactive waste repositories in permafrost zones (e.g.,
on the islands of Novozemelsky archipelago) is considered. Such proposal is evident by the
following reasons:
• the permafrost area in the territory of the former USSR amounts to 47%;
• permafrost soils, such as clay or saline soils, have low water permeability.
This factor is very important, because the underground waters are the main radionuclides
transporting agent in the case of failure of leak-tightness of the repository. Probably, low water
permeability of permafrost rocks was the main reason why such suggestion was made. It is true
that in the process of freezing the water-bearing beds of the rocks become waterproof, that is,
transform into a cryogenic water confining stratum. The reverse process takes place during
melting- the cryogenic water confining stratum again turns into a water-bearing horizon. One
of the features typical for cryogenic water confining stratum (which can again turn into a
water-bearing horizon) is large contents of ice in the rock. However, besides the water in its
solid state, the permafrost rock mass contains water in its usual, liquid state. The following
types of underground waters can be identified in permafrost areas:
• the waters located above permafrost (melt-water layers of seasonal character and nonthrough taliks);
• seasonal melt-waters are widespread everywhere;
• the waters in between the permafrost layers -interpermafrost waters (water in the nonfrozen and thawed layers limited from above and from below with permafrost zones, such
waters are usually connected with other categories of underground waters) and the

89

intrapermafrost waters (waters contained in the layers and lenses, limited from all sides by
permafrost zones, these waters have no water exchange with other categories of
underground waters); interpermafrost and intrapermafrost waters are subdivided into two
groups:
a) saline waters and salt brines with negative temperature - cryopegs,
b) slightly-mineralised waters with positive temperature.
• waters under permafrost- the water arriving from the closest to the permafrost sole waterbearing horizon, complex or jointly zone (such waters are subdivided into contacting and
non-contacting waters located under permafrost zone, and non-contacting deep waters);
• through taliks.
Hence it follows that even if the site is situated in the permafrost zone a detailed hydrogeological study both of the site, and of the entire area would be necessary. It is also clear, that
the contents of ice in the massif should be identified. (Comment: Comprehensive geological
study should be carried out to identify a rock massif containing no underground waters, or to
prove that the lenses and horizons present in the massif are not dangerous for the repository.
Ice contents in the rock massif should be identified. The rocks with negative temperature, not
containing ice- the so called frozen rocks, would be preferable).
It is impossible to make the conclusion about the suitability of the massif for construction of
the repository if we have no data on hydro-geology and ice contents of the massif. (Comment:
The more porous and fractured the rock, the greater is its water permeability. Accordingly, the
greater ice contents is typical for porous and fractured rocks).
Special studies should be carried out in permafrost areas. The studies should be regulated by
the appropriate federal norms and rules (SNIPs, GOSTs, methodical instructions of MinGeo
and GosStroy). The application of corresponding norms and rules should be justified. In
particular, the following special research studies should be carried out in the territory of the
cryolite zone: temperature logging and permafrost survey.
Thermal logging.
Thermal logging would be necessary, since the permafrost temperature is different at different
depths, and each of the temperature layers has own thermodynamic characteristics. The
importance of the thermal data collected at different depths grows with the extension of the
observation period. The data is most valuable when obtained during multiyear survey with
given periodicity (e.g. every ten days). [In particular, such periodicity is typical for the
observations carried out in special observation wells located in the vicinity of important
technical objects. The observations allow to reveal the changes in permafrost temperature
mode, as a result of heat release from the object].
Long-term temperature measurements allow to reveal the changes in the temperature mode of
permafrost rocks, as a result of climate changes. So, at abnormally high summer temperatures
the thickness of seasonal melt-water layer sharply increases. The thickness of permafrost rocks
also depends on global climatic fluctuations (with short periods and long periods). Besides the
annual (seasonal) temperature fluctuations, we observe other periodical fluctuations of
temperature: every 11 years, approximately every 40 years, 300 years, thousands, tens of
thousands, hundreds thousand years. The shorter the period of fluctuation, the smaller is the
depth at which the fluctuation is damped. Temperature fluctuations with long periods affect the
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aggregate thickness of the permafrost layer (aggradation - degradation), while the fluctuations
with short periods affect the thickness of upper temperature horizons of the permafrost.
With global climate cooling the thickness of permafrost stratum is growing (aggradation
process), with global climate warming -it is decreasing (degradation process). Therefore, it is
necessary to have complete information about the tendencies of global climate changes in the
investigated area, when planning the construction of radioactive waste repositories. It is also
necessary to evaluate the rates of warming/cooling processes, and after that - the rates of
decrease / increase of the permafrost stratum thickness. [At present, the global climate
warming in the result of technical activity of a man has become a reality. Usually this statement
is not disputed. On this basis we can predict the reduction of both the total area of permafrost
rocks, and their thickness. The problem consists in the evaluation of the rates of permafrost
reduction process.] The vertical periodic fluctuation of the upper and lower zero isotherms
affects the state of the rocks interposed in between these intervals. The frost/thaw processes
are repeated in the geological history of the region, and at these intervals the rocks acquire
increased jointing, and consequently- higher permeability and lesser strength. (This process is
determined by the term " cryogenic disintegration of rocks".)
Permafrost survey
The permafrost survey is represented with the integrated field and laboratory operations aimed
to study the mechanisms of composition, formation and development of permafrost layers and
processes in the area. The results of permafrost survey (permafrost studies) are used for
permafrost forecasting and for permafrost processes' management. Permafrost forecast is the
evaluation of the changes occurring in permafrost characteristics under the influence of the
changes of environmental character as a result of technical activity of a man. In this case, when
deciding on the suitable site for the repository we are interested in which way the permafrost
characteristics can be affected by construction and operation of the repository. For ever-frozen
areas the permafrost forecast plays the primary role, serving as a basis for other types of
forecasts: engineering-geological, geographical, etc.. So, without the results of permafrost
survey and permafrost forecast we can not reliably evaluate the suitability of a site and the
adaptability of the repository to the given conditions. It should be noted that generally the
geological environment is considerably less variable than the geographical situation which
includes usually a series of surface conditions. In the permafrost area the situation is quite
different. Here the geological environment represented with permafrost rocks is a rather
changeable component of the natural environment. Quite frequently such changes cause
variations of the other components of the environmental complex, such, as relief, vegetation,
micro-relief and surface deposits, swamping, flooding, etc. The changes of temperature
conditions and moisture contents, especially during periodic freezing/thawing (at upper and
lower zero isotherms' intervals), cause variations in rock structure and properties, their
strength and bearing capacity, in the forces produced by frozen soils during soil heaving, the
heaving speed and value, the permafrost settlement speed and value during thawing ("thermal
settlement of rock "), thermal rock deformation, variation of filtration properties of the rocks
during frost/thaw process, development of thermokarst, solifluction, and other cryogenic
processes and formations.
The changes of permafrost conditions in the result of technical interference, that is, in our case,
by the construction of the repository, can proceed in two ways.
1. Spontaneous and unpredictable changes, with catastrophic ill effects for engineering
structures and the biosphere. It is clear, that in such case the construction of the
repository in permafrost area has no sense.
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2. The predicted changes thanks to application of the required measures for permafrost
process management. In such case the permafrost rocks will not cease to serve a
reliable safety barrier, and the adverse influence of cryologic factors on the repository
will be excluded.
As it was mentioned above, " The Requirements.." read that the choice of the optimal type of
engineering structures for the repository is determined by the geological conditions at the site.
The construction of the engineering structures in cryolithozone is carried out according to one
of the two principles:
Principle I
Principle II

- the soils at the foundation are in frozen condition during the entire
period of operation of the engineering structure;
- the soils at the foundation are in thawing and thawed condition.

(Comment: Apparently, the authors recommending to bury radioactive wastes in permafrost
rocks have in view the principle I.)
Therefore, the project should contain justification of the construction principle and it should be
shown, that the selected principle ensures safe operation of the repository. It is also clear, that
the construction principles should be different in the case of surface or deep repositories. The
principles of construction should also be different for the repositories of low/ medium-level
radioactive wastes and for high-level radioactive wastes. The permafrost forecast management
methods will also be different for the repositories of different types. By permafrost process
management we mean such effect on the elements of environmental and technical complexes,
which would cause such change of permafrost conditions as necessary for the construction. In
such case we can speak about guaranteed effective use of the permafrost properties. The
effective use of properties here means that the rocks do not cease to keep their protective
functions. (Comment: We must not rule out the possibility that the construction of surface
repositories in permafrost rocks may require more elaborate engineering decisions, as
compared to the construction of deep repositories. The problem consists in the infringement of
configuration of the seasonal-thawed layer during stripping, e.g. during digging foundation pits
and trenches. The measures ensuring restoration of permafrost conditions in the top horizons
for preservation of insulating properties of permafrost rocks, would be required. It is also
clear, that the permafrost properties will vary depending on the heat release from the
repository, especially, from high-level radioactive waste repository. It is clear, that such effect
should be taken into account and balanced. Appropriate engineering decisions should be
provided for in the management of permafrost process. For the time being, there is a number of
such decisions obtained in the result of construction in permafrost areas. Typically, they are
limited to the regulation of the temperature of enclosing/ bearing soils. The repository design
should foresee and justify the decisions related to permafrost process management. The
document contains the requirement to monitor the state of safety barriers of radioactive waste
repository. If the repository is located in permafrost rocks the monitoring of permafrost
conditions should also be carried out. Further, the measures preventing the development of
adverse processes should be forseen. The permafrost factors should guarantee such state of the
object during the entire service life of the repository which completely excludes any possibility
of the infringement of safe condition of the object under the effect of the above factors.
Here we have described in brief a sample analysis of the suitability of a site located in
permafrost area. For the site situated in other areas, specific features of the area should be
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taken into consideration. But in any case, the analysis should base on the requirements
stipulated in this document.
The requirements of the document govern and determine the following procedure in the
selection of a site:
• detailed study of the area;
• allocation of several (alternative) perspective sites;
• comparative analysis of the sites;
• allocation of the site with the most favourable conditions;
• additional study of the site and the analysis of geological conditions from the point of
view of their impact on the safety of the repository.
Further, the obtained data are used to devise the measures for adaptation of the repository to
the site conditions, and in drawing up of the report on justification of radioactive waste
repository safety. The given example demonstrates practical and scientific validity of the
Requirements included in the document, and we believe, that this document will play an
important role in the system of safety regulation of the storage/burial of radioactive wastes.
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Preliminary safety assessments in construction of the pilot-industrial
facility for final disposal of low- and intermediate radioactive waste
on archipelago Novaya Zemlya
V.V. Lopatin, N.F.Lobanov, V.I.Mankin, V.P.Karamushka, V.V.Ostroborodov
VNIPIP Promtechnology, Minatom, Russia

The report presents the results of the preliminary safety evaluation of radioactive waste burial
at the experimental plant located on Novaya Zemlya archipelago.
The following questions were considered:
• main provisions in the conception of radioactive waste burial in permafrost rocks.
• mining , geological and geocryological conditions at the experimental works' operating site.
• main properties of solid and solidified radioactive wastes.
• main parameters of the experimental works.
• , preliminary evaluation of safety.
The main principle of ensuring environmental safety during radioactive waste burial in
permafrost areas is formulated as follows: "If the effective capacity of a repository (storage
facility) is located within the limits of the cryolitozone continuous by area and depth, and if it is
isolated from the natural taliks, the waters inside and under permafrost with ground water
discharge, and if the depth of the burial place is sufficient to avoid the impact of seasonal
through thawing and the geological processes typical for permafrost rocks, then the only
necessary and sufficient condition for prevention of radionuclide release beyond the boundaries
of the repository (storage facility) during the entire period of possible hazardous impact from
the buried radioactive wastes, shall be the excess of engineering barrier serviceability period
over the period of natural restoration of isolating properties of the permafrost massif around
the storage facility, disturbed in the process of repository (storage) construction and (or)
affected by heat release from the radioactive wastes inside the storage facility."
The most important characteristics of the permafrost massif geocryology include:
• distribution by area and depth;
• structure and hydro-geological conditions;
• type of frost penetration (freezing);
• thermodynamic state;
• • composition and ice content.
The main requirements to geocryologic characteristics of the rock massif capacity intended for
radioactive waste burial in permafrost zone, are given. The main seasonal mining-geological
and geocryological conditions in the area of location of the experimental works are analyzed.
From the point of view of geological and structural conditions, the area is situated within the
limits of the southern Novozemelsky anticlinorium composed of the Silurian, Devonian and
carboniferous rocks of the Paleozoic group. By lithological composition, it is mainly limestone
and dolomite, showing in rock sequence the layers, benches and horizons of clay shales,
aleurolites, conglomerates and magmatic rocks covered with a thin Quaternary sedimentary
mantle on the surface.
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From geocryological point of view, the area of operations is characterized by the following
features:
• confluent continuous permafrost layer, no less than 300 m thick.
• seasonal thawing depth- from 0.5- to 2.0 m.
• ' annual zero temperature variations are 10-15 m by the depth, mean annual temperature of
the rocks is -4.5 - 5.0 C.
The main parameters of the experimental works are given.
The plant is defined as an independent enterprise supplied with all the required services for
industrial and communal/living purposes.
The main operating characteristics of the experimental works are:
• only solid and solidified radioactive wastes are accepted;
• the total volume of radioactive waste burial for the last 15 years is 50,000 m3 plus possible
allocation of the total of 100,000 cu.m of RW;
• annual capacity - 2,000 m3 of radioactive wastes within the first 5 years of operation, m3within the next few years;
• the works on radioactive waste burial are carried out from May to October, in three shifts'
mode of operation;
• maximal quantity of main operating and auxiliary personnel- 200 persons.
The following types of repositories are possible:
• , deepened trenches-repositories;
• vertical shafts- repositories;
• burials on the basis of former mine openings of the gallery (adit) type.
The following stages in radioactive waste management have been examined as a preliminary
safety evaluation:
• transportation of RW to Novaya Zemlya by sea;
• on-shore transportation/loading operations with RW on Novaya Zemlya archipelago;
• conservation of repository.
In normal operation no hazard for the environment exists.
As an example of a dangerous accident during transportation of RW by sea is the case when
the vessel carrying radioactive waste packages sinks. Two scenarios are discussed:
• free access of sea water to RW (i.e. the vessel sinks, its compartments together with
containers are destroyed, the containers with RW are destroyed);
• difficult access of sea water to RW (i.e. the vessel sunk, the compartments and containers
were destroyed, the containers with radioactive wastes lost leakproofhess (were
depressurized).
Iri preliminary safety evaluation at the stage of conservation of the repositories the following
hypothetic scenarios were discussed:
• fall of a celestial body/ flying object in the area of radioactive waste burial,
• earthquake with catastrophic consequences,
• global climate warming in the Arctic area.
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As a whole, the realization of the project of radioactive waste burial in permafrost rocks at the
experimental works on Novaya Zemlya archipelago is not considered as a factor of potential
hazardous impact on the health of personnel and population.
The preliminary safety evaluations, though fragmentary by character, still cover all the
necessary stages in radioactive waste management for their underground isolation (burial) at
the experimental works. The preliminary safety evaluations of radioactive waste burial at the
experimental works were carried out mostly on the basis of the determinist analysis.
In the design of the experimental works a comprehensive safety evaluation would be required,
including the evaluation on the basis of the probability analysis. In this case main attention
should be paid to safety evaluation in transportation of RW by sea and in conservation of the
repository (taking into account the probability evaluation of possible climate changes in the
area of Novaya Zemlya archipelago).
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Aspects of the State Safety Regulation dealing with Management of
Radioactive Wastes from Nuclear Vessels

Valentin G. Markarov
Gosatomnadzor, Russia

The problems of ecological safety of the North (Arctic) Region are closely linked with
accumulation of the radioactive wastes produced under operation and decommissioning of
nuclear fleet, including nuclear submarines. As regards ecological safety several governmentto-government agreements have been signed:
• Agreement between the Royal Norwegian Government and the Government of the Russian
Federation on co-operation in the field of environment protection, dated September 5,
1992;
• Agreement between the Royal Norwegian Government and the Government of the Russian
Federation on early notification about nuclear accidents and on information exchange about
nuclear facilities, dated January 10, 1993;
• Agreement between the Royal Norwegian Ministry of Defence and the Ministry of Defence
of the Russian Federation on co-operation in the military field regarding environment
protection matters, dated December 15, 1995;
• Memorandum concerning the Norwegian-Russian co-operation in the field of nuclear safety,
dated October 4, 1995;
• Agreement between the Royal Norwegian Government and the Government of the Russian
Federation on co-operation in the field of environment protection in connection with
disposal of the Russian nuclear submarines taken out of the Navy in the Northwest Region,
and of improvement of nuclear and radiation safety, dated May 26, 1998;
• Agreement between the Government of the Russian Federation and the Government of the
Kingdom of Sweden on co-operation in the field of nuclear and radiation safety regulation
in connection with use of nuclear power in peaceful purposes;
• Agreement between NRPA and Gosatomnadzor of Russia on technical co-operation and
. information exchange in the field of safety regulation in connection with use of nuclear
power, dated October 20, 1997.
The Government of the Russian Federation adopted the Federal Programme "Radioactive
Wastes and Spent Nuclear Materials Management, Disposal and Burial for the period 19962005". In accordance with the Statutes on Licensing Activity in the Field of Nuclear Power
Use (approved by the Decree ' 865 of the Government of the Russian Federation, dated June
14, 1997), RW management represents a kind of activity that is subject to licensing process.
The exclusive right to issue licences for RW management is assigned to Gosatomnadzor of
Russia. An integral part of a license is the condition of its operation. When developing the RW
management safety requirements which are included into the conditions of licence operation,
Gosatomnadzor of Russia proceeds from requirements of the Federal laws of the Russian
Federation, normative and legal acts of the executive authority, rules and standards on
radiation safety, basic principles of the International Atomic Energy Agency (IAEA), World
Organisation for Public Health Services (WOPHS) and international agreements.
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The requirements for RW management safety are aimed at the following:
• Public and future generations' health protection, environment protection in our state and at
adjacent territories of the neighbouring countries;
• Safety of facilities, minimisation of RW production.
Legal structure foreseen the clear terms of reference and assurance of independent regulatory
functions is defined by the Constitution of the Russian Federation, Federal laws, normative and
legal acts of the executive authority. The Constitution of the Russian Federation states that
nuclear power engineering and fissile materials are under the jurisdiction of the Russian
Federation. The Federal laws of the Russian Federation and the normative - legal acts of the
executive authority determine:
1. Legal infrastructure foreseeing clear terms of reference and independent regulatory
functions.
2. Legal basis for radiation safety assurance of the population. Principles of standardisation,
substantiation and optimisation of radiation safety assurance, as well as basic hygienic
specifications for exposures. In particular, the effective average annual dose is equal 0.001
Sv for the population or the effective dose is equal 0.07 Sv for the phase of life (70 years).
For the employees the effective average annual dose is equal 0.02 Sv, for the phase of
. labour activity (50 years) - 1.0 Sv.
3. Basic legal statutes on environment protection dealing with RW management, in particular:
• Set the necessity for introduction of specifications regarding maximum permissible levels
of radioactive substances content in the environment and food stuffs,
• Prohibit RW import from the other states with the purposes of RW storage or burial,
and RW dumping, sending off in space with the purposes of its final disposal,
• Set that production, application, storage, transportation and final disposal of radioactive
substances, including RW, and other radiation sources are allowed only by a SanitaryEpidemiological Service permission for these kinds of activity,
• Set that the enterprises, organizations, citizens are obliged to meet the safety rules
during storage, transportation, use, disposal, removal and burial of radioactive
substances (RW) and nuclear materials,
• Prohibit placement of wastes from nuclear industry at a territory nearby to the towns
and in the other places, where hazard for the population's health and the environment
state may occur.
At present in Russia it is still no federal law concerning RW management, therefore the special
place in making a structure for RW management belongs to the Federal law "On Use of
Atomic Energy ". It most concentratively defines the legal basis and principles of regulating the
relations occurred during RW management. The law sets the objects for use of nuclear energy,
including: points for storage of nuclear materials and radioactive substances, RW storages,
nuclear materials, radioactive substances, radioactive wastes. This law sets the kinds of activity
in the field of nuclear energy use, including such a kind of activity as RW management. It sets
some requirements for RW management, including that. During RW storage and burial its
reliable isolation from the environment should be provided, as well as protection of the present
and future generations, biological resources from radiation impact over the limits established
by the norms and rules. RW storage and final disposal are permitted only in the storage points,
specially intended for that. RW storage or final disposal should be stipulated by a design or
technical documentation as an obligatory stage of any nuclear technology cycle.
RW management safety is regulated by the federal norms and rules:
• Radiation Safety Norms (NRB-96),
98

• Basic Sanitary Rules (OSP-72, 87),
• Sanitary Rules for RW management (SPORO-85), etc.
A number of normative documents regarding RW management are elaborated at present and
will be put in force in 1999. For realisation of activity in the field of RW management the
organizations should obtain licences from Gosatomnadzor of Russia for the following kinds of
activity:
• Placement, construction, operation and decommission of RW storage points.
• RW management during its storage, reprocessing, transportation and burial.
• Designing and building RW storages.
• Construction and manufacture of the equipment for RW storages.
Licensing in the Field of Management of Radioactive Wastes from Vessels.
Licences are given to the operating organizations, and also to the organizations (applicants)
fulfilling the work and submitting services in the field of RW management.
For getting a licence an applicant represents to Gosatomnadzor of Russia (or to the
Interregional Territorial District) the justifying documents, including:
• Licence application with the indicating of kind of activity, name, legal address, bank account
and validity term for the licence;
• Certificate about the state registration,
• Document confirming the right of the applicant to own or to use nuclear facilities,
radioactive substances, RW storage facilities and nuclear materials,
• Duplicates of decisions concerning the placement, building or decommissioning of nuclear
facilities, radiation sources or storage facilities, and accepted by the relevant federal
executive authorities, state authorities of the subjects of the Federation and by the local selfmanagement authorities,
• File of documents justifying radiation safety assurance of a nuclear facility, radiation source,
RW storage facility,
• Conclusions of the state ecological expertise,
• Duplicate of a sanitary passport or other permit-document by the Sanitary-epidemiological
supervision body on the right for RW management,
• Document confirming the applicant's ability to guarantee financially the civil & legal
responsibility for losses and harm, caused by radiation impact, including an insurance policy,
• Document confirming the possibility of the subsequent transfer for burial of RWs that are
produced or temporary stored.
During licensing process the matters concerning safe activity of organisation, impact of this
activity on the staff, population and environment are first of all considered. A licence can be
received only by those applicants, who have got financial assets and production capacities for
realisation of safe activity, including also the following:
• quality assurance system,
• nuclear and radiation safety monitoring services,
• ' RW accountancy and control system,
• RW storage facilities and means for its transportation relevant to the radiation safety
requirements,
• conditions for storage, reprocessing and transportation of liquid and solid radioactive
wastes,
• staff who is permitted to work;
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• functioning system for training and retraining the staff.
One of the basic documents submitted to Gosatomnadzor of Russia, is a technical
substantiation of safety of the stated activity. In this document the following aspects of safety
assurance of activity should be surveyed: Philosophy of safety dealing with the
management of RW from vessels.
RW management must be carried out so that the exposure of the crew and passengers,
radioactive contamination of the environment would be reduced to minimum in view of the
sanitary-hygienic norms. The following principles of radiation safety assurance should be met:
• , principle of standardisation - non-exceeding of permissible limits of radiation doses;
• principle of substantiation - prohibition of those kinds of activity and process engineering, at
which the obtained advantage does not exceed a hazard from probable harm;
• principle of optimisation - maintaining at the possible low and accessible, in view of
economical and social factors, level of individual radiation doses and number of the
irradiated employees at RW management.
Radiation consequences of a possible accident within the design-basis should not result in
excessive radiation hazard both in internal premises of a vessel, and nearby to the latter. Thus
the total dose of internal exposure for the crew, passengers and limited part of the population
should not exceed the doubled annual dose, fixed for the crew (staff). RW management safety
should be ensured by the sequential realisation of the graded safeguards principle grounded on
application of a physical barriers system on the way of ionising radiation and radioactive
substances propagation, as well as of the technical and organisational measures on preservation
of these barriers. For radiation safety assurance dealing with RW management in parallel with
the protective barriers, the biological shielding of NR and other sources of radiation should be
stipulated.
Designing developments of RW management systems and elements of systems should be
integrated into the vessel's designed documentation. The list of accidents within the designbasis and beyond the design-basis, as well as analysis of their run should take into account the
designed peculiarities, including lack of a sanitary-protective zone around of the vessel.
When designing and operating the means for RW treatment and storage the following should
be taken into account:
• Permissible activity levels;
• Requirements for protection and cooling;
• Possible corrosive attack of radioactive gases and fluids;
• Detection of leakage;
• Possibility of formation of combustible gases, and measures for reducing consequences or preventing combustible gases explosion.
Capacity of RW storage facilities should correspond to the vessel's operation conditions.
Means preventing RW releases from storage facilities to the vessel's premises and to the
environment should be stipulated.
Basic safety requirements realised in the designing of RW management system
RW management systems of vessels should be designed according to the rules of Register
(Rules for classification and building of nuclear ships, Rules for classification and building of
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nuclear -technological servicing ships). A design should stipulate safe and reliable management
of all the kinds of RW. In the design the separation of systems for RW management and
systems not containing radioactive substances should be stipulated. Non-waste and/or lowwaste process engineering, and closed technological cycles should be used as a choice of the
methods for RW reprocessing. Designed documentation should indicate:
• sources of production, amount and physical & chemical composition of liquid, solid and
gaseous RW;
• annual planned amount of liquid and solid RW, its activity by separate radionuclides;
• methods of RW separation and segregation;
• substantiation for a choice of RW management systems;
• RW conditioning;
• methods for RW chemical and radionuclides composition control and quality control of
physical & chemical forms of conditioned RW;
• substantiation of protective barriers reliability;
• conditions for the safe operating of RW management systems and actions, which are
• necessary to be carried out, if these conditions are violated.
Pipelines and fittings used during storage and transportation of LRW, should have a biological
shielding of the relevant thickness. Calculation of the biological shielding for LRW tanks,
pipelines, fittings and equipment should be fulfilled for the ultimate activity and radionuclides
composition of water for the primary circuit of an operating reactor at the end of fuel lifetime
campaign calculated for 24 hour endurance. The design should stipulate:
• separation of "cold" wastes from radioactive ones during segregation;
• representative sample selection at all the stages of RW management and "cold" waste
handling;
• reliable and safe storage of reagents used in RW reprocessing;
• assurance of fire- and explosion safety according to the requirements of special norms and
rules;
• availability of a fire signalling system and means for fire extinguishing with an automatic
trigger and a trigger started by a command from the captain's bridge;
• radiation monitoring at all the stages of RW management.
The design should foresee an optimal layout of equipment with the purposes of assurance of
radiation protection, and conveniences for operation and repair.
Accidents
Organisation should submit:
• analysis of possible reasons for casual dispersal of radioactive substances (accidents dealing
with RW management, caused by containers' failures or extreme weather conditions;
equipment failure; violations of dynamic protective barrier; errors of the staff);
• description of protective means and means reducing radiation used for preservation of
protective barriers in case of an accident dealing with RW management.
Staff radiation exposure
Preliminary assessment of radiological influence of the conducted work on the staff
participating in RW management operations should be held. Control methods for the staff
radiation exposure (limitation of the obtained individual doses). Fulfilment of the
recommendations of the International Committee on Radiological Protection (ICRP).
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Calculations of collective and average individual doses. Measures foreseen in case of exceeding
individual doses.
Preliminary assessment of exposure dose
• Estimation of the dose obtained in the process of the planned normal work;
• Common dose for all the operations;
• Sites with the greatest exposure;
• Methods allowing to restrict a value of the ultimate obtained dose during maintenance.
Dosimetry control
• Places and ways for carrying out preventive measurements of radiation level, conditions of
radiation screening, personnel dosimetry;
• Equipment applied for radiation monitoring;
• Definition of the existing controlled parameters.
Fire-extinguishing protection.
Assessment of a fire hazard degree. Description of fire extinguishing equipment.
Any other hazards.
• Assessment of influence of the extreme weather conditions on safety;
• . Assessment of hazards connected with electric power use;
• Consequences which can be caused by failures in power supply;
• Measures accepted for elimination of such hazards.
• The existing requirements allow to determine potential hazards and to elaborate means for
their reduction, and to work out options for safety control in special cases.
Radiation Safety.
Protection of the staff from ionising radiation should foresee the following basic principles of
radiation safety:
• non-exceeding of the fixed ultimate individual exposure dose;
• exclusion of any non-substantiated radiation;
• decreasing of an exposure up to the level as possible as low;
• localisation of radioactive contamination of the air and surfaces.
Dose limits for the population, the permissible levels of ionising radiation and radioactive
contamination for territories and water areas which are not included into the sanitaryprotective zone, are determined by "Radiation Safety Norms, NRB-96" and "Basic sanitary
rules for the work with radioactive substances and other sources of ionising radiation".
Radiation safety of the personnel and environment is ensured by engineering solutions accepted
in the process of RF and vessel designing, their realisation during building, by maintaining
normal operation mode and organisational measures. Engineering measures include:
• Installation of biological shielding and localising systems;
• Fixing of radiation zones on a ship;
• Radiation monitoring;
• Radiation - technological monitoring;
• Availability of means for individual protection.
Basic organisational measures are the following:
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• Restriction of exposure time for the people;
• Preventing of people's approaching to radiation sources without need;
• Operations during the radiation - hazardous works and accidents - according to
developed guidance and plans.
Inspected, observed and free zones, as well as inhabited and uninhabited premises should be
defined within a vessel. Radiation factors in uninhabited premises are not regulated, it is not
allowed to visit them during reactor operation.
RF biological shielding, vessels and containers for radioactive wastes and localising systems
should be designed and accomplished so that the staff radiation doses set by radiation safety
norms for the personal are not exceeded on the posts and in the inhabited premises during
normal operation and in case of an accident within the design-basis. A computerised radiation
and radiation-technological monitoring system should be foreseen on a vessel, that would
provide for:
• Measurement of gamma and neutron radiation dose rates in the reference points;
• Measurement of gases and aerosols volumetric activity inside of a containment and
protective barrier.
The effective ranges of instrumentation should provide for the data obtaining under normal and
emergency conditions. Supply of a vessel by the sufficient amount of portable and individual
radiation monitoring means and individual protective means for emergency conditions
(pressurised dresses, pressurised helmets) should be stipulated.
RF design should contain analysis of composition and amount of solid, liquid and gaseous
radioactive wastes under normal operation, and their assessment for accidents within the
design-basis, as well as the measures for minimisation of their volume and activity.
Produced solid and liquid radioactive wastes should be accumulated and stored in special tanks
and containers. As a rule, their removal from a vessel is allowed only into coastal tanks and
containers or on the specially equipped vessels. Depressing air pressure in comparison with
other premises of a vessel should be maintained in RF containment for the preventing of
radioactive gases dissipation. Pumped-off air polluted with radioactive by-products, can be
released into the atmosphere provided that the requirements of norms and rules on permissible
release are met, or can be pumped into a container-storage until the moment of safe effluent.
Possibility of the use of contaminated air for internal needs should be eliminated.
The captain of a vessel should provide for the strict registration of radiation doses and not
allow overexposure of the staff under normal RF operation.
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International Projects on Radioactive Waste Management in the
Northwest Region of Russia
Nikolay Melnikov
Kola Mining Institute, Murmansk, Russia

Established April 28, 1993, by the Council of Ministers Decree N 375, Government of the
Russian federation
Chairman of the Commission:
Academician N.P. Laverov
Vice-President of the Russian
Academy of Sciences

Chairman depute:
Dr. N.N. Egorov
Deputy Minister
Ministry of Atomic Energy,
Russian Federation

Chairman depute:
Dr. V.P. Orlov
Minister
Ministry of Natural Resources,
Russian Federation

The Commission of 18 members includes top administrators of the corresponding ministries
and departments, as well as the most prominent Russian scientists and specialists in the
relevant areas of knowledge.
1. The Inter-Departmental Commission on Geological Substantiation of the Safe Disposal of
Radioactive Wastes executes interagency co-ordination of the scientific-technical and
environmental-protection activities on substantiation of the safe isolation of radioactive
wastes in geological formations.
2. The Commission acts in compliance with the RF Constitution and laws, Decrees of the
Duma and of the Federation Council, Decrees and Directives of the RF President and
Government.
3. The main Commission objectives are as following:
• scientific-methodological guidance over development of the conception, criteria and
technological basis for safe disposal of radioactive wastes in geological formations;
•
co-ordination of the scientific-technical and environmental-protection activities of the
State institutions and organizations and of the international cooperation on geological
substantiation of the safe disposal of radioactive wastes;
• participation in elaboration of the RF legislative and normative acts on the problems of
radioactive wastes disposal in geological formations;
• participation in the development of a system of normative, organization and technical
measures for ensuring radiation protection of population and of the environment from
the impact of radioactive waste disposal systems;
• elaboration of a system of the principal geological and geophysical data and
specifications for building, reconstruction and exploitation of an underground facilities
for radioactive waste disposal;
•
organization of an expertise of the technical solutions on disposal of radioactive wastes
in geological formations, and elaboration of recommendations on practical utilization in
implementation of these activities of the innovative scientific and technical
achievements.
4. Commission
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implementation of these activities of the innovative scientific and technical
achievements.
4. Commission
a) ratifies:
• the conception, criteria and technological principles of safe disposal of radioactive
wastes in geological formations;
• record of principal geological and geophysical data and specifications for building,
reconstruction and exploitation of an underground facilities for radioactive waste
disposal;
b) examines:
• programmes on scientific, economical and environmental protection activities of the RF
institutions and organizations on disposal of radioactive wastes;
• projects of the Federal and intergovernmental programmes, of the basic research and of
the State scientific-technical programmes on development and introduction of the new
techniques, technologies and materials for safe disposal of radioactive wastes;
• proposals concerning the RF position in the bilateral and multilateral scientific-technical
cooperation on the problems of safe disposal of radioactive wastes;
• proposals of the RF executive authorities on the problems which are within scope of the
Commission competence and demand decision of the Council of Ministers, RF
Government;
c) gives recommendations on introduction of the scientific-technical innovations in the
radioactive wastes disposal practice;
d) participates in elaboration of the RF legislative and other normative acts on the problems
of radioactive wastes disposal in geological formations.
5. The Chairman and Commission members are approved by the Council of Ministers, RF
Government. On the questions demanding decision of Council of Ministers, RF Government
Commission introduces corresponding proposals in the established procedure.
6. Commission forms a scientific-technical council for comprehensive consideration of
scientific- technical problems linked with the development of conception, criteria,
technological basis and system of geological and geophysical data for substantiation of safe
disposal of radioactive wastes in geological formations, for expertise and introduction of
scientific-technical innovations in the radioactive wastes disposal practice.
The Chairman of the Commission ratifies proposition on scientific-technical council and its
personal content.
Improvement of the safety of radioactive waste management in the Northwest of Russia
Regional radioactive waste management Tacis R 4.13/95
Composition of Regional Steering Committee:
• Russian Academy of Sciences (Chairman)
• Minatom (First Vice Chairman)
• Mining Institute of Kola Science Centre (Vice Chairman)
• Murmansk Administration
• Arkhangelsk Administration
• Northern Fleet
• Gosatomnadzor, Arkhangelsk
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1. Regional Steering Committee for solving the problems of radioactive waste and spent fuel
management in the Northwest of Russia, hereinafter as "Committee", will be established by
the RF Ministry of Atomic Energy, Russian Academy of Sciences, RF Interdepartmental
Commission on the Problem of Geological Provision of Safe Disposal of Radioactive
Waste and Administrations of the Murmansk and Arkhangelsk Regions based on the
Russian Federation President's Decree N 1149 "On coordinative and consulting bodies,
established by the President of the Russian Federation, Government of the Russian
Federation, Ministries and agencies of the Russian Federation" of September 30,1992.
2. The Committee provides for co-ordination of work and decision-making on operating
projects of the European Commission (EC) within TACIS Programme "Improvement of
Safety of Radioactive Waste Management in the Northwest of Russia".
The Regional Steering Committee for solving the problems of radioactive waste and spent fuel
management in the North west of Russia was established of October 8, 1998.
Scope of work
TASK 1
Detailed Organization
TASK 2
Set up of a Regional Committee for the management of radioactive waste
TASK 3
Development of one common waste management policy for North-West Russia
TASK 4
Development of guidelines for the storage of radioactive waste
TASK 5
Development of guidelines for the storage of spent fuel
TASK 6
Selection of the site for the repository for radioactive waste
TASK 7
Development of guidelines for transport of radioactive waste to the repository
TASK 8
Identification of radioactive waste management issues to be improved
TASK 9
Set up of an organization to construct and operate the repository
TASK 10
Final report
Objectives
• To clarify and improve radwaste and spent fuel management organization in NW Russia
• To harmonize radwaste and spent fuel management in the Regions of Murmansk and
Arkhangelsk and implement a common policy
Organization
BENEFICIARY

Liaison Group
• Academy of Sciences
• Minatom
• Murmansk and Arkhangelsk Regions
Steering Committee
CONTRACTOR
Consortium ANDRA (leader) - ONDRAF
RUSSIAN SUBCONTRACTOR
Mining Institute of Kola Science Centre
BUDGET
300,000 ECU
DURATION
.
3 years (Mid 1997 - Mid 2000)
R 4.10/95
Disposal of Radioactive Waste
Consortium: SGN, Antea and Belgatom
R4.ll/95
Interim Storage
Company: Belgatom
R 4.12/95
Spent Fuel
Consortium: AEA and SGN
R 4.13/95
Regional Rad. Waste Management Consortium: ANDRA and ONDRAF
The Kola Mining Institute is involved directly in the projects R 4.10 and R 4.13 as the local
subcontractor. For the other two projects VNTPIET and others will be involved.
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Assessment of potential sites for the disposal of radioactive wastes generated in the
North-West of Russia
Contents
• Project overview
• Identification of the suitable sites
• Next steps
• Conclusions
Project overview
• Selection of a potential suitable site for a Regional Waste Repository Kola, Arkhangelsk
and Novaya Zemlya areas;
• Definition of a Conceptual Repository Design;
• Safety Assessment;
• Evaluation of Costs and Schedule
Project overview - Organization
• 3 MECUs - 3 years (beginning April 1997)
• Beneficiary: the Liaison Group (later: Regional Radioactive Waste Management Steering
Committee)
• Consortium Companies = SGN (leader), ANTEA - BRGM Group, BELGATOM
• Subcontractors ANDRA (F), CEN - SCK (B), ONDRAF (B)
• Russian partners MIK (RAS) VNIPIET (MINATOM)
Project overview - Breakdown into tasks (according to approved Terms of Reference)
Tl
Detailed project organization
T2
Conceptual repository design
T3
Identification of suitable sites
T4
Identification of necessary site surveys
T5 ' Identification of necessary in-situ experiments
T6
Preliminary safety assessment of conceptual repositories
T7
Evaluation of suitable.sites
T8
Draft repository waste acceptance criteria
T9
Conceptual design of surface infrastructures
T10 Outline of the future programme (with input from the R4-13/95)
Til
Final report
Project overview - Summary of Task 2
• Spent fuel not considered in the project (Liaison Group Decision - Nov. 1997)
• Assessment of wastes: Until 2015, ca 160,000 cu-m of concrete - conditioned low and
intermediate level wastes, from Kola NPP, Navy bases and shipyards, RTP "Atomflot",
MSCo
• Generic repository design: Subsurface caverns with access tunnel and shaft, allocation of
wastes to caverns, then backfilling, volume excavated ca - 500,000 cu-m.
Project overview - Task 3
3.2 - Data collection about potentially appropriate areas
• 3 regions (Kola peninsula, Arkhangelsk, Northern islands)
• Only available data e.g. from geological funds
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• In total, 25 areas examined
• Sites
1 - Dandy cape, Guker Island - in the Creataceous basalt sheets
2 - Krestovaya Bay - in the perennial permafrost carbonate Devonian rocks
3 - Bashmachnaya Bay - in the perennial permafrost carbonate Devonian rocks
Location of sites in the Northern Islands
3.3 - Screening process (= Combination of criteria and data)
• Identify less suitable sites,
• 7 sites selected (List and Task report approved by Beneficiary on Sept. 9, 1998)
Next steps for the presently selected sites (following Task 3)
Task 4: Design of investigation programmes (to be carried out later) Including e.g.
• surface geophysical investigations
• borehole drilling
• sample collection and examination
• (Task nearing completion)
Task 5: Design of underground testing programme (to be carried out at the time of repository
excavation) Including e.g. - rock-mechanics investigations groundwater flow investigations
etc...(Task nearing completion)
Task 6: Preliminary safety assessment for repository supposed to be built on the selected sites
(in progress)
Task 7: Multi-criteria evaluation of the suitable sites (started)
Task 10: (Concerted) Identification of the preferred site and repository concept
Conclusions
• Works performed by Russian and International experts according to a logical sequence of
selection procedure.
• Use of Russian and International recommendations and requirements.
• Works performed according to the schedule
• Half of the project performed
=> Waste quantities and characteristics
=> Conceptual design repository (near surface disposal)
=> Site selection
=> 7 sites, among 25 sites selected and investigated according to geoscientific
criteria, are remaining to be evaluated more in detail with other criteria
The following table puts together the present list of recommended sites/areas, as a result of Task 3 work
Region
Kola Peninsula

Arkhangelsk
Northern Islands

Site n° and name
n° 4 - Kijavr
n° 6 - Dalny Zelentsy
n° 9 - Poyakonda-Nigrozero
n° 12 - Kuzreka
n° 1- Bolshaya Torozhma
n° 5 - Shapjchka
n° 3 - Bashmachnaya Bay

Main features
Ultrametamorphic granitoid
Ultrametamorphic granitoid
Garnet amphibolite
Intrusive granitoid
Argillite of Vendean age
Proterozoic basalt
Permafrost Devonian limestone
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Organisation of the State Supervision and Regulation of Storage
Facilities for Low- and Intermediate Level Radioactive Waste in the
Northwest Region of Russia
Sergey Novikov
Gosatomnadzor, St. Petersburg, Russia

The North-European Interregional Territorial District of Gosatomnadzor of Russia was
established in March 1992 and in accordance with its objectives it carries out supervision of the
RF legislative requirements concerning nuclear and radiation safety in production, management
and use of nuclear energy, and of nuclear materials and radioactive substances. The District
fulfills its activity at the territory of 14 Subjects of the Russian Federation which cover 1,
969,000 square meters of total area with 18, 351, 000 population. Near 1,300 enterprises and
organizations, 3 NPPs with RBMK type of reactors, 4 research reactors are under supervision
of the District.
DATA concerning territories which are under supervision of the District

1
1.
2.
3.
4.

Subject of the Federation

Area
(thousand sq.km)

2

3
-

Saint-Petersburg
Leningrad oblast
Murmansk obi.
Republic of Karelia
5. Arkhangelsk obi.
6.
Nenets Autonomous area
7. Republic of Komi
8.
Vologda obi
9.
Novgorod obi.
10. Pskov obi.
11. Smolensk obi.
12. Bryansk obi.
13. Kursk obi.
14. Kaliningrad obi.

85.9
144.9
172.4
587.4
176.7
415.9
145.7
55.3
55.3
49.8
34.9
29.8
15.1

Population
(thousand
people)
4
4,860
1,546
966
738

1,461
42,0
1,067
1,286
722
850

1,121
1,512
1,384
796

% of urban
population
5
100%
65%
89%
77%

73%
60%
70%
58%
65%
55%

61%
58%
48%
77%

Total area - 1, 969 thousand square km, Population - 18, 351 thousand people
Two special enterprises for acceptance of low- and intermediate-level solid and liquid
radioactive wastes are located at the territory which is under supervision of the District. One of
them is the Murmansk special plant "Radon", which is closed at present. Its liquidation and
rehabilitation of its territory are on the agenda. In this context the situation concerning
radioactive wastes in the Murmansk Region continues to be tense. However, due to the
Gosatomnadzor employees' efforts accumulation of RW at enterprises and in organizations is

109

suspended at the expense of increasing the acceptance volumes by the enterprises which have
got special storage facilities. They are the following:
- Kola nuclear power station;
- PTB "Imandra" of the Murmansk Shipping Company;
-RTP"Atomflot";
- SRZ "Nerpa";
- Institute of chemistry and technology of rare elements and minerals of the Kola Scientific
Center of the Russian Academy of Sciences (IHTREMS KNC RAN).
The Leningrad special plant "Radon" located in Sosnovy Bor town of the Leningrad Region
and commissioned in February, 1962, in practice functions for the whole North-West. At
present the plant covers the territory of 35 hectares and represents a technological complex
provided acceptance and transport of radioactive wastes of liquid and solid types, its
reprocessing, conditioning and long-term storage; decontamination of overalls and individual
protection means; discharge, interim storage and burial of incapsulated gamma and alpha
radiation sources. For the recent years beyond 500 thousand cubic meters of radioactive
wastes have been reprocessed and more than 60 thousand cubic meters of solid and solidified
radioactive wastes have been sent to long-term storage.
Solid radioactive wastes of the I-st group (dose rate at the distance of 10 sm from the surface
is 0.3 mSv/h (30 mrem/h)), graded into combustible and non-combustible ones, are packed
into paper or polyethylene sacks and are put into a transport container - a metallic box of 0.8
m3, manufactured from stainless steel.
SRW of the Il-nd group (from 0.3 mSv/h till 10 mSv/h) and the IH-rd group (beyond 10
mSv/h) are packed in situ into a metallic package (drams of volume from 5 till 501) and are
filled in by cement solution and put into special protective containers with the shield thickness
through lead 100 H 200 mm respectively. The containers are loaded and fastened in a special
truck (up to 4 containers for SRW of group I and one container for group II and one - for
III), and delivered to the plant.
Non-combustible SRW without reprocessing and conditioning is loaded through special
overloading devices into the compartments for relevant groups which are located in the landbased storage facilities for solid wastes. Since 1996 all the SRW is loaded from the transport
containers into the metallic casks of 2001 volume and temporary stored until a compacting
facility to be start up.
Long-term storage of SRW in shallow storage facilities is possible only under exclusion of
moisture penetration into the filled trenches. Operation experience showed that from 1 up to
10% of atmospheric precipitation might penetrate inside the trenches with SRW. Liquid
accumulation has reached 0.4 m3 per square meter of a trench for 10-15 years of the
operation.
LSK "Radon" site is located at the distance of 1,000 m from the Gulf of Finland coach. The
average absolute mark of the daily surface over the sea level is equal 20 m. The bed rock at the
depth of 6-10 m is represented by the blue Cambrian glue stratum with the thickness not less
than 25 meters, beneath which the Lomonosov fresh aquifer is located. The Gulf of Finland
coach is a border for the Lomonosov aquifer.
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Till the recent time the LSK storage facilities for SRW have been the sources of radioactive
substances contamination for underground waters located at the depth from 1 up to 5 meters.
Taking into account the hydrological circumstances the Lomonosov fresh aquifer might be
considered to be safely protected from the contamination by the natural barrier. Model
assessments and laboratory measurements prove that the area of contamination of grounds and
underground waters of surface horizon is existed within the LSK site. The programme of the
initial conservation of the repositories filled with solid wastes including metallic cover of a
roof, water decreasing and arranged accumulation of atmospheric precipitation, collection of
water from the trenches, and sealing of the walls, strongly allowed to improve the radiation
state.
Liquid radioactive wastes (LRW) arisen at the enterprises of the Northwest of the Russian
Federation are delivered to the LSK "Radon" by means of a technological pipelines system,
special trucks and containers (till 3.7xlO8 Bq/1 (lxlO"2 CM)) - 30 1. Delivered wastes are
characterized by the large rate of salt content, chemical components and radionuclides
content, and are collected into separate tanks and in LRW storage facility which has 15 tanks
of 300 m3 each. In these tanks wastes are accumulated and handled (till 10"5 Ci/1) for the
consequent reprocessing in the system of special chemical water clean-up (SHVO). Boiled
residues (till 1%) produced in SHVO, as well as concentrates with the salt content up to 200
g/1, delivered by special transport from the regional enterprises for the next reprocessing at the
facilities for solidifying, are stored in the special tanks. Condensate purified till the
concentration less than acceptable Emits for open reservoirs (for beta - 6x10'10 Ci/1, for alpha 3x10"11 Ci/1) is used in the LSK system of closed water supply. The output of SHVO twovessel evaporator is 110 m3 /per day with the consequent completed cleaning of produced
condensate in coal and ion-exchange filters (with clean-up coefficient till 104).
Spent sources of ionizing radiation are specific types of radioactive wastes which require high
level of culture and safety when carrying out the works. Spent sources of ionizing radiation are
accepted from enterprises in special transport containers and are transported by special LSK
transport means. All the entered sources are accounted in computerized data base. Two
principal storage methods are used depending on engineering parameters of sources and
radionuclide type.
The first method is applied to gamma and neutron radiation sources constructed in the kind of
sealed metallic capsules from stainless steel or aluminium. Technological procedures are
remotely carried out in the protective chambers equipped with manipulators. A tank-storage
from stainless steel is mounted at the depth of 1.5 m, it is connected with the protective
chamber by two curved loading pipelines. Sources are thrown by manipulators through the
loading pipelines into this tank.
The second method is applied to alpha and beta radiation sources. Such works are carried out
in a special "glove" compartment where the sources are unloaded from the containers, devices
and products, and put into sealed "pencil-cased" containers from stainless steel. "Pencil-cased"
containers filled in with sources are packed into a special container, the inside space of which is
poured up with concrete. After sealing such container is set into a separate compartment of
SRW storage facility for long-term storage.
The priority problem of LSK "Radon" affected the issues of radiation safety of all the
Northwest region is related to exhausting the capacity for SRW acceptance (the total useful
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capacity of the storage facility is 60,460 m3, the remaining capacity for 01.01.98 - 1,178 mJ,
under the ready filling - near 600 m3). The storage capacity may be exhausted to the end of
1999.
Discussions concerning an establishment of the Northwest Centre on radioactive waste
management have been under way for several years. But the works were stopped at the stage
of feasibility study with the involvement of the Community of the European Commission
(CEC) because of the lack of financing. At present an application of LSK "Radon" for getting
the licences for the main activities is under consideration in Gosatomnadzor.
During the first six months of 1998 the North-European District actively continued the work
on issuing licences for the activity in nuclear energy field which was initiated at the end of the
last year. 231 applications on issuing were considered and 150 licences were issued. 1800
inspections had been conducted for the six months. This year there were no any accidents,
incidents and other events concerning the use of ionizing radiation sources.
However, it is necessary to note that the enterprises do not renew their main technical means
on the basis of radioisotope devices, a significant number of enterprises went over to the mode
of storage of such techniques and radioactive wastes.
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Radioactive Waste Management Strategy at the Production
Association «Mayak»
Yu.V.Glagolenko, E.G.Dzekun, E.G.Drozhko, G.M.Medvedev, SJ.Rovnyi, F.P.Suslov
Production Association «Mayak», Ozersk, Russia

The main approaches in current radioactive waste management at the Production Association
«Mayak» (PA «Mayak»), has been examined. The description of the properties of high-,
medium-, and low-level radioactive wastes is given, together with a brief description of the
methods of storage and reprocessing.
The Production Association «Mayak» (the former Chemical Engineering Plant «Mayak») was
founded in the late forties with the aim to produce plutonium for military purposes and to
process fissionable materials in order to reach parity in the sphere of nuclear weapons. Later
on, the well-developed infrastructure of the enterprise allowed to start non-military production
of nuclear fuel cycle, radioactive sources and radioactive preparations. In 1955, a radioisotope
plant was put into operation, in 1976 a radiochemical engineering plant dealing with
reprocessing of spent nuclear fuel from nuclear power stations, transport and research plants
was put into service. In 1986, the radiochemical engineering plant stopped to reprocess
irradiated fuel and to produce plutonium, and some time later 5 industrial uranium-graphite
reactors and a number of other production facilities of defensive character were removed from
operation. To approach the problems of radioactive waste management and environmental
restoration, the Production Association «Mayak» developed a comprehensive program
covering the entire range of the problems accumulated during the past and current activities,
with due regard to the new perspective spheres of operation.
High-Level Liquid Radioactive Wastes (HLW)
In the course of defence program performance about 19000 m3 of high-level radioactive wastes
and high-level radioactive suspensions with total radioactivity 135 million Ci were accumulated
at the PA «Mayak». The chemical and radionuclide composition of the suspensions is rather
complicated, as concentration by sedimentation was applied to the solutions obtained as a
result of reprocessing of different types of irradiated units and fuel assemblies (hydrate, sulfide,
ferrocyanide sediments). Part of the wastes (about 8000 m3) remaining after the reprocessing
of fuel assemblies by extraction methods is stored in reservoirs as high-level radioactive nitrate
solutions with total radioactivity 200 million Ci. The above solutions with nitric acid
concentration up to 3 mole/1 were obtained by evaporation (concentration by boiling) and
contain the following chemical elements: aluminum (1-3 g/1), natrium (2.5-3 g/1), fermium (110 g/1), nickel (1-5 g/1), chromium (0.3-2.0 g/1), calcium (0.2-2.0 g/1), sulfate ion (1-3 g/1),
platinoides and rare-earth elements. Besides, about 2,000-3,000 m3 of HRW with total
radioactivity up to 100 million Ci is produced annually at the radiochemical engineering plant
in the course of reprocessing of spent nuclear wastes from Navy power facilities and reactors.
The aqueous tailing solution remaining after reprocessing of enriched fuel assemblies contains
salts- up to 200 g/1 and nitric acid- up to 250 g/1. The radioactivity of the solution reaches 30
Ci/1. The solution obtained in the result of reprocessing of the fuel assemblies of nuclear power
reactors contains salts- up to 10 g/1 and nitric acid- up to 250 g/1, with radioactivity -up to 60
Ci/1. Some information on the volumes of high-level radioactive liquid wastes (for 01.03.95.) is
given in Table 1.
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Table 1. The volumes of high-level radioactive wastes accumulated at PA «Mayak»
Type of wastes
Suspensions
Nitrate solutions
Vitrified wastes

Volume, m3
19000
11700
1974

Total radioactivity, million Ci
135
249
246

The accumulated high-level radioactive nitric solutions are stored in 18 special reservoirs with
the total capacity 316 m3 and the effective capacity 285 m3, diameter 9 m. and height 5 m. The
reservoirs are made of stainless steel X18H9T in the form of cylinders with covers and bottom.
The reservoirs are supplied with measuring instruments of the level, pressure and temperature
control, overflow indicators, blow-off gas collectors, air feed collectors for dilution of the
evolved radiolytic gases. For heat abstraction purposes, the reservoirs are fitted with coil pipes
(made of three sections) with cooling surface 60 m2. Each reservoir is incorporated into a
canyon of stainless steel. The canyons are fitted with indicators and pipe-lines located in special
pits and serving for identification of possible leaks and for collection of the liquid. Evaporated
nitric solutions are stored in 3 reservoirs made of stainless steel X 18H10T with the effective
capacity 1500 m3 each. The diameter of the reservoir is 22 m., height - 4.25 m., total capacity1553 m3 Each reservoir is located in a separate canyon lined with stainless steel. For heat
abstraction the reservoirs are fitted with 16 sectional coil pipes uniformly distributed over the
area. The total area of the cooling surface is 300 m2. 20 storage reservoirs are used for storage
of the suspensions. The reservoirs are the concrete compartments as big as 19.5 x 9.5 x 7 m.,
lined with stainless steel, with effective capacity 1170 m3. 12 reservoirs are fitted with the
internal cooling system and with the meters checking level, pressure, temperature and gas
emission. In order to remove or dilute the hydrogen and methane released in the process of
radiolysis, the air over the surface of the solution is blown off. Inside the vitrification
compartment there is a storage facility designed for storage of the vitrified wastes with
maximum heat release -5 kW/m3. The storage facility is divided into 7 compartments, each
supplied with independent ventilation. Each of the compartments has 338 pockets (racks).
Each bed is designed to accommodate 2 cases containing three cans of vitrified mass (2001
each). The first compartment contains 13 control racks that hold the cases which are to be
monitored for leakproofness. In accordance with the concept of closed-circuit water-supply
system and safe radioactive waste management, a basic process scheme for handling the liquid
radioactive wastes of any radioactivity level was developed at the PA «Mayak» (Fig. l).The
scheme consists of three process chains intended for processing of the solutions with high-,
medium-, and low-level of radioactivity, respectively. In accordance with the requirements of
safe radioactive waste storage the phosphate glass is used as matrix for HRW, while bitumen
or concrete matrixes are used for LRW.
The liquid HRW obtained during spent fuel assembly reprocessing are evaporated (boiled
down). The boiled residues first partly mix with the HRW accumulated at the earlier stages,
and then, upon fluxing with phosphoric acid and Na nitrate, are vitrified in the electric
furnace(3II-500) of direct heating with the furnace capacity (output) up to 500 I/hour (Fig.
2). Information on the volume of vitrified wastes is given in the Table 2. The produced vitrified
mass is cast into special containers (cans) holding 200 liters. The cans are packed into the cases
(3 in each one) and are placed in the temporary storage pockets. The designed specific
radioactivity of the vitrified mass is 2500 Ci/1, the specific radioactivity of the produced glass200-600 Ci/1. The condensed matters produced as a result of the above process, merge with
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medium-level radioactive wastes. At the present time, all the current HRW are reprocessed in
this way. Further reprocessing of the accumulated HRW can be fulfilled only after special
treatment of the wastes according to one of the following techniques: e.g. fractionation in the
operating electric furnace or using some other alternative plants (electric furnace with insulated
electrodes and bottom discharge, induction melter with cold melting pot). A new type of
fractionation plant UE-35 for fractionation of HRW has been recently produced at the
enterprise. It is designed for strontium and cesium extraction from the wastes by chlorinated
Co dicarbide. The technology is in the stage of development.

Fig. 1. The scheme of HRW management
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Fig. 2. The scheme showing radioactive waste vitrification process in the electric furnace
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It is planned to complete the development of the plant IPHT (induction melter with cold
melting pot) within 1998.
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Table 2. The quantity of vitrified wastes.
Year
1987-1990
1991
1992
1993
1994
1995
Total:

Wastes mass, t
162
178
563
448
407
216
1974

Wastes radioactivity, million Ci
3.96
28.2
77.7
46.8
57.4
31.7
245.76

Further steps in HRW management are connected with the development of matrixes of mineral
origin suitable for long-term storage and burial.
Intermediate - Level Liquid Radioactive Waste (ELW)
The MRW are usually discharged into open reservoirs (basins) # 9 and #17 (Table 3)
About 2.5 million m3 of liquid wastes has been discharged into the basin #9 (Karachay lake)
since the start of operation in 1951. The total radioactivity accumulated during this period is
about 120 million Ci. Radionuclides are distributed among the mobile bottom sediments
(60%), the loam bed of the basin (35%) and the water phase (5%). In the recent years the
disposal of the wastes to basin #9 reached approximately 20000 m3/per year. Specific
radioactivity is 104 Ci/1
Table 3. Parameters of the basins # 9 and #17
Index
Area, .km2
Volume, million m3.
Strontium-90
Cesium-137

Basin
#9
#17
0.16
0.17
0.3
0.3
3
1.7xlO
7xlO-4
1.2xlO2
4xlO"4

Concentration in water, Ci/1

Concentration in bottom sediments, Ci/1

Total a-sources
Strontium-90
Cesium-137
In the water

1.4
8.4xlO6

3.3xlO-2
4.5xlO3

At present, the MRW are represented with desorbent solutions from drainage, solutions
obtained in the result of washing and deactivation of equipment, solutions from washing of
extragents and extractors, solutions from deactivation of covers and cases, condensates
obtained in the result of special gas cleaning. The total annual MRW volume is 16-20 thousand
m3per year (less than 1 million Ci). Specific radioactivity of the wastes is 2 x 10~2 Ci/1.
In order to stop discharge of MRW into the basin # 9 a new industrial MRW reprocessing
complex is under construction. The complex will contain the facilities necessary for
preparation, evaporation and bituminous grouting of the solutions, as well as for storage of the
accumulated product, ie. the bitumen compound.

116

Plan of the reservoir water area.
1962- the area of water basin is 51 hectare
1963- the area f water basin is 36 hectares
1995- the area of water basin is 16 hectare
Table 4. The stages of closing of reservoir #9
Year
1984-86
1987
1988
1989
1990
1991
1992
1993
1994
1995
Total:

Number of units PB-1, pcs
1426
1476+32 slabs
977+12 slabs
2188
614
1363
1400
-

Rock volume, thousand m3
56,1
33,5
36
165
193
253
265,5
270
66

9444+44 slabs

1457,3

As a result of the fulfilled works, the area of the reservoir reduced from 36 hectares to 16
hectares by the end of 1995 (Fig. 3). The right selection of strategic and tactical solutions
when dealing with the problem of closing of the reservoir, (e.g. arrangement of locks) allowed
to reduce considerably the carry-over of radioactive aerosols from the water surface with the
wind (through separation of drops from the wave crest) and reduce the hazardous impact of
water-spouts' and whirlwinds' transit over the water surface of the reservoir. Nevertheless, it
should be noted that complete elimination of the source of wind raise and radioactive aerosols
in the air is possible only upon complete closing of the reservoir. In order to provide concrete,
practical and scientifically proved recommendations concerning elimination of the source of
radionuclide-polluted underground waters, we need to carry out the following work:
• to carry out comprehensive investigation of the geological and hydrological properties of
underlying (bedding) rocks in the area of Karachai lake.
• to develop a predictive model of polluted water migration ways.
The above information allows to generalize the problems connected with Karachai lake. In
1995, the calculations were made for evaluation of the area polluted with radioactive
substances. The forecasts will serve as a basis for concrete, practical recommendations and
undertakings in this sphere. However, even now we can assume that practical measures for
elimination of the area of pollution will depend on realization of the following steps:
• blocking the frontal zone of the polluted waters with a network of weep (release) holes;
• pumping-out and cleaning of the polluted drain water;
• discharge of purified water into the Mishelyak river
In this connection certain work was carried out for the development of underground water
plume clearing technology. A comprehensive analysis of the reference (control) wells was
carried out showing that such waters have the following properties: high salt content, presence
of complex-formation elements, contamination with strontium-90 and actinides (uranium). The
investigations carried out by means of sedimentation and sorption methods have not allowed to
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develop an effective technology of underground water cleaning. At the present time, the
studies connected with the use of electric membrane technologies are being carried out.
Low-Level Radioactive Wastes(LLW)
Among the low-level radioactive wastes (at PA «Mayak) are the collected leaks (special
plumbing system) arriving from the plants. The collected leaks (total volume 0.7-1.0 million
m3/per year, specific radioactivity-1,5 x 10"5 Ci/1 and average salt content -up to 1 g/1) are
subjected to demineralization and radionuclide clearing by ion exchanger at the sewage works.
The cleaning process includes the use of crystal (quartz) filters for mechanical cleaning, and the
application of H- and OH- ion exchangers, connected in pairs.
For regeneration (recovery) of H-cation exchangers a 5% nitric acid solution is used, for OHanion exchangers- a 3-4% sodium hydroxide is used. The purified water with radioactivity 2 x
10"7 Ci/1 is discharged into the circulating water supply reservoir #2 (Table 4).
The regenerated purified water from the sewage works (up to 0,1 million m3/per year, specific
radioactivity -10"4 Ci/1) is discharged into the reservoir #3- one of the series of storage
reservoirs. At the present time, a series of reservoirs accepts annually about 2500 Ci/1 of
radioactive substances. During the entire period of operation of the PA «Mayak» about 1,8 x
105 Ci of radionuclides was discharged into LRW reservoirs, the major part being accumulated
in the reservoir #10.
Table 5. Brief summary of the reservoirs used at PA «Mayak»
Reservoir
#3
#4
#10
#11
#2
#6
#9
#17

Reservoir area, m2

0.5
1.3
19
44
19
3.6
0.16
0.17

Reservoir volume, million m3
0.17
4.1
76
230
83
17.5
0.3
0.3

Accumulated kCi
44
7.3
230
26
22
0.3
120000
2000

Solving LRW problems greatly depends on application of the efficient methods aimed at
reduction of the volumes of starting (initial) solutions. We plan to test the method of repeated
evaporation with further finishing of the process for the needs of industrial use. In the near
future, the development of experimental plant DOU-10 will be completed. The still bottoms
(residues) are supposed to be solidified by grouting methods.
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Two large operating nuclear power plants - the Kola NPP and the Leningrad NPP - are located
in the Northwest region of Russia at present.
1. Brief characteristics of the plants and prospect of development.
Kola NPP has four generating units with tank-type water-pressure power reactors (WER).
The peculiarity of the plant is that it was erected and works on the Kola peninsula behind the
Polar circle.
Leningrad NPPwas built on the coast of the Baltic sea and it has four generating units with
channel-type water-graphite reactors of high power (RBMK).
The brief characteristics of these nuclear plants are represented in Table 1.1.
Table 1.1. Characteristics of Kola and Leningrad NPP.
NPP

Type of reactor

The set output,
MW (electric)

Year of
commissioning

Termination date
of operation

1973
1974
1981
1984

2003-2008*
2004-2009*
2011
2014

1973
1975
1979
1981

2003-2008*
2005-2010*
2009-2014*
2011

Kola
Unitl
V-230
Unit 2
V-230
Unit 3
V-213
Unit 4
V-213
Leningrad
Unitl
RBMK-1000
Unit 2
RBMK -1000
Unit 3
RBMK -1000
Unit 4
RBMK -1000
* Taking into account prolongation of operation

440
440
440
440
1,000
1,000
1,000
1,000
life of unit.

The units 1 and 2 of Kola and Leningrad NPP are related to the first generation, and 3 and 4
to the second generation of W E R and RBMK types of reactors correspondingly. Kola NPP
has got the licences for operation of all four units. Leningrad NPP has got the licences for
operation of the units 3 and 4. The licences for operation of the units 1 and 2 are at the stage
of drawing up in Gosatomnadzor of Russia. At present the wide-scaled works concerning
modernisation, technical re-equipment and reconstruction are carried out at Kola and
Leningrad NPP.
The programme on nuclear power engineering industry development both for 1998-2005
and for the period until 2010 in the Russian Federation that was approved by the Decree ' 8 1 5
of the Government of the Russian Federation dated July 21, 1998, on the basis of
modernisation of the operating NPP foresees prolongation of terms of safe operation; the
decommissioning of those units which resources have been terminated; as well as development
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and the beginning of building the head units of new generation on the basis of the
technologies backgrounds. In the frameworks of this programme it is continued realisation of
the measures on safety improvements for units land 2 at Kola and Leningrad NPP and
prolongation of their service life. It is supposed to carry out the decommissioning of the units
1 and 2 at Kola NPP and the unit 1 at Leningrad NPP in 2006-2010. The programme foresees
the building and commissioning of new generation units WER-640 of higher safety with V407 reactors at the sites of the Northwest Scientific & Industrial Centre (the Leningrad NPP-2,
Sosnovy Bor town) in 2001-2005 and at the territory of the Kola NPP-2 in 2006-2010. The
designs for NPP of new generation meet the updated international safety requirements. The
licence for building the Leningrad NPP-2 has been issued by the Federal Nuclear and Radiation
Safety Authority of Russia. The programme also foresees improvement of radioactive wastes
management at these NPP in framework of the federal purposeful programme "Radioactive
wastes and spent nuclear materials management, disposal and burial for the period 19962005" approved by the Decree N 1030 of the Government of the Russian Federation dated
October 23, 1995, as well as solving the ecological problems as regards impacts of power
engineering technologies on the environment and man's health. The programme has passed the
state ecological expertise and got the positive conclusion approved by the State Committee of
the Russian Federation on Environment Protection.
2. Safety control dealing with radioactive waste management at NPP.
Gosatomnadzor of Russia regularly conducts the so-called target inspections on safety
assurance concerning radioactive wastes (RW) management at NPP. Such recent inspection
was carried out at all NPP of Russia in the 3rd quarter of 1997. The North-European District
of Gosatomnadzor of Russia carries out supervision of nuclear and radiation safety at the
Leningrad NPP at the regional level. The Don District of Gosatomnadzor of Russia carries
out supervision of nuclear and radiation safety at the Kola NPP at the regional level.
When conducting verification of radiation safety assurance dealing with RW management at
NPP the commissions of Gosatomnadzor of Russia considered the following matters:
• Availability of a permission (licence) for units' operation;
• Availability and quality of administrative, normative-engineering and operating
documentation in the structural subdivisions of NPP which activity is dealt with RW;
• Organisation of radiation safety and progress in RW accountancy;
• Characteristics of storage facilities and technological schemes for RW management;
• State of technical means for RW reprocessing and compliance of their working
performances to the designed ones;
• Correspondence of the process engineering for RW conditioning to the updated
requirements;
• Availability and realisation of an action plan on reduction of RW amount;
• Organisation of RW transportation over the plant's territory;
• Leaktightness of NPP storage facilities and technical state of control-observational wells
around of them;
• Radiation monitoring of RW management and correspondence of RW management safety
to the requirements of norms and rules, functioning in nuclear industry;
• Fulfilment of actions on realisation of the federal purposeful programme "Radioactive
wastes and spent nuclear materials management, disposal and burial for the period 19962005";
• Fulfilment of the Directions earlier issued by Gosatomnadzor of Russia;
• Violations detected during the inspections.

120

The outcomes of generalisation and analysis of the inspection materials of the Leningrad and
Kola NPP in 1997 are represented below, as well as the suggestions on improvement of
regulatory and supervision activity in control of RW management safety in view of the
problem's state at all NPP of Russia.
3. State regarding radioactive wastes at NPP.
During the NPP operating process the following RW are produced:
• liquid radioactive wastes (LRW) - collected leaks containing radionuclides, sludge of
filtering materials, solutions of inorganic substances, solvents, etc.;
• solid radioactive wastes (SRW) - products, details, elements of pipelines, building wastes
etc., contaminated by radionuclides;
• gaseous radioactive wastes (GRW) - inert radioactive gases (IRG), aerosols [short- (SLN)
and long-lived nuclides (LLN)], radioiodine (J-131).
3.1. Liquid radioactive wastes.
LRW is stored in special storage facilities at NPP. Terms for temporary storage are not
defined. With the purposes of reduction of volumes the method of LRW evaporating on
installations for deep evaporation (DDE) is used, it allows to reprocess LRW with deriving
saline melt which is the intermediate phase of LRW conditioning. Organisation of accountancy,
collection, reprocessing and storage of LRW at NPP is assigned to a chemical workshop
(CW). Radiation safety division (RSD) is responsible for monitoring radiation safety of RW
management at NPP. Collection, reprocessing and storage of LRW at NPP are carried out in
accordance with the current operating instructions and regulations.
At Kola NPP LRW is reprocessed on the evaporating installations, and the ion-exchange filters
are regenerated. The excesses of purified water (disbalanced water) after definition of isotope
composition and drawing up a passport are poured into the storm-water drain. The secondary
reprocessing of boiled residue partitioned into liquid-solid fractions is performed on the
evaporating installations at plant. The average volume of partitioned residue secondary
reprocessing amounts 500 and 1,100 i3 at the 1-st and 2-nd stages of construction respectively.
The design foresees temporary storage of LRW in tanks in the integrated special buildings of
the 1-st and 2-nd stages (LRW storage facility-1 and -2). The tanks for boiled residue and lowlevel sorbents are produced from stainless steel and are located in separate compartments
which have got a metallic liner and a system for collection of possible leakage. Boiled residue
and low-level resins enter into the tanks through pipelines, spent mediate-level resins through pipelines for hydraulic unloading. Slush of collected leaks is deposited in settlers for
collected leaks. The LRW storage facility-1 was commissioned in 1973, the LRW storage
facility -2 - in 1980. The average monthly inflow of LRW amounts 50 i3 for a stage. LRW is
classified as the waste of low or average groups depending on its activity. High-level LRW is
not produced in the mode of normal plant operation. The precise data concerning the value of
accumulated LRW activity at the plant is not available.
At Leningrad NPP'LRW is reprocessed on installations for collected leaks purification by the
evaporation method. Condensate of the secondary vapour passes through ion-exchange
purification and is reverted in the technological cycle of the plant. The boiled residue produced
in the process of evaporating, is completely evaporated and is pumped over into the tanks for
temporary storage of boiled residue. The sludge of ion-exchange resins are also pumped over
into the tanks for temporary storage. Completely evaporated boiled residues are solidified by
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the bituminous method and the produced bituminous compound is stored in special storage.
The total amount of bituminous compound was 18,279 m3 in September 1998, whereas the
designed storage capacity is 24,000 m3. The information about filling up the LRW storage
facilities at Kola and Leningrad NPP for September 1998 is shown in Table 3.1.1.
Table 3.1.1. Storage of liquid radioactive wastes at Kola and Leningrad NPP.
NPP
Kola
Leningrad

Capacity of LRW
storage, m3
17,052
13,820

Amount of LRW,
m3
14,142
12,030

Filling up LRW storage,
%
83
87

Thus, in the third quarter this year the rate of filling up the LRW storage facilities at Kola and
Leningrad NPP amounted about 85 %.
3.2. Solid radioactive wastes.
SRW is stored in special concrete facilities and on industrial grounds of NPP. Terms for
temporary storage of SRW are not defined. The primary SRW reprocessing at NPP includes
the sorting of wastes into combustible and non-combustible ones, as well as the milling of
metallic wastes up to the established dimensions. Sorting SRW depending on groups of
activity is carried out in accordance with the "Sanitary rules for designing and operation of
nuclear plants" (SP-AS-88/93). Radiation safety monitoring of SRW management at NPP is
assigned to RSD. Organisation of accountancy, collection, storage, handing over,
transportation and burial of SRW at the Kola NPP is carried out by the decontamination
workshop (DW). At the Leningrad NPP accountancy of SRW transported from the buildings
to solid radioactive wastes storage facilities is assigned to the RSD.
Collection, reprocessing and storage of SRW at the plants are carried out according to the
current operating instructions and regulations. In accordance with the design at the Kola plant
for each group of wastes the separate storage facilities are foreseen. Mediate-level SRW at
each stage has its own storage facility (MWS-1 and MWS-2) in special buildings. MWS-1
represents a reinforced concrete building with hydraulic isolation which contains special tanks
for different types of wastes (filters, long-length ones, large-sized etc.). The commission date 1973. The designed volume is 1,375 i3, the filling up for September 1998 was 88%. MWS-2
represents a land-based reinforced concrete building with a hydraulic isolation which contains
12 special tanks, equipped with a fire extinguishing system. The commission date was 1982.
The designed volume is 6,098 i3, the filling up for September 1998 was 14%. Isotope
composition of SRW: Cs-134, 137; Co-58, 60; Mn-54. Storage facility for weak-level activity
wastes (WWSF) of 12,000 i3 volume is located in the sanitary-protective zone. WWSF is
intended for storage of non-combustible SRW by the bulk method. Filling in WWSF is carried
out through removable overlapping plates and amounts 47%. Besides, two repositories for
storage of high-level SRW and ionising radiation sources (MCZ-1 and MCZ-2) and two
repositories for storage of out-of-order ionisation chambers (MIK-1 and MIK-2) are located in
the strict mode zone. SRW reprocessing is carried on by two methods: pressing and burning.
Two installations "Briket-1" and " Briket -2" are intended for wastes pressing. The pressing
factor is 5-8. "Soft" wastes of 1,070 i3 have been pressed for the operation period. The
installation for SRW burning with output of 35 kg/hour has been used since 1984.
Combustible wastes of 740 i3 have been burnt for the operation period. At present the works
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on reconstruction of the system of purifying flue gases and fuel supply for RW burning furnace
are carried on. The sanitary passports for MWS -1,2 were drawn up.
Leningrad NPP had not its own storage facility and sent SRW to a storage of the Leningrad
special plant "Radon" till November 1996. At present it was commissioned the 1-st stage of
storage facility which is under construction at the territory of the plant and will contain 23
compartments (4,600 i3). The total SRW amount in it was 2,695 i3for September 1998. The
building of the storage is carried on. Low-level SRW is stored on the grounds of four points
for wastes temporary storage (GTSW), equipped according to the designs agreed with
Gossanepidnadzor. On the average, about 2,000 i3 of SRW is produced under normal plant
operation, and 2,500-3,000 i3 - under reconstruction. Thus, SRW of the 1st group amounts
approximately 77 % ; the 2nd group - 21 %, the 3rd group - 2 %. The data concerning the
rate of filling up the SRW storage at Kola and Leningrad NPP for September 1998 is shown in
Table 3.2.1.
Table 3.2.1. Storage of solid radioactive wastes at NPP.
NPP

Capacity of SRW storage, m3

Kola
Leningrad

19,912
28,600

Amount of SRW,
m3
8,017
20,974

Filling up SRW storage, %
40
73

Thus, in the third quarter this year the rate of filling up the SRW storage amounted 40 % at
Kola NPP, and about 75 % - at Leningrad NPP.
3.3. Gaseous radioactive wastes.
Maximum permissible values (PV) and reference levels (RL) for radionuclides releases in the
environment have been fixed and agreed in the set order. Gaseous effluents at plants are
carried out through stacks (1 stack for each stage) of 100-120 m height. The continuous
monitoring of IRG content, aerosols and J-131 in effluents, as well as the monitoring of
effectiveness of stack filters is carried on. Counting channels, instrumentation and measuring
techniques of gaseous effluents from NPP were certificated. Clean-up of IRG is carried out in
a system of special gas clean-up (cooling chambers, UPAK), clean-up of radioactive aerosols in filters FPP-15, of J-131 - in filters FP-200. The values of radionuclides releases according
to the daily monitoring at Kola and Leningrad NPP in September this year are indicated in
Table 3.3.1.
Table 3.3.1. Daily average radioactive releases at NPP in September, 1998.
NPP
Kola
Leningrad

IRG
Ci/day
7.76
7.20

%PV
0.39
0.36

LLN
mCi/day
0.01
0.42

%PV
0.02
0.85

J-131
%PV
mCi/day
0.45
1.13
0.60
0.49

As the table shows, gaseous aerosols effluents from NPP are below the permissible values and
did not exceed 2 % for IRG (Kola NPP), for LLN - 1 % (Leningrad NPP) and J-131 - 2 %
(Kola NPP).
However it is necessary to note, that the indicated here figures are not characteristic for the
Leningrad NPP, because only one unit N 4 was under operation in September. The values of
gaseous aerosols effluents exceed the values indicated in table 3.3.1 in 4-8 times when all four
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units are under operation. Besides, sometimes the exceeding of releases RL which is several
times less than PV takes place under transient modes of unit operation. Therefore, the
commission at Leningrad NPP stressed the necessity of realisation of a project on closed
system of premises ventilation of multiple forced circulation circuit in order to reduce effluents
of aerosols and J-131 radically.
3.4. Organisation of SRW transportation over NPP territory.
From premises of the main building of NPP by means of special pump /montage/ LRW are
entered throughout pipelines for reprocessing and temporary storage. Transportation of SRW
to storage facilities is carried out by a specially equipped vehicle. Special trucks have the
emergency sets and sanitary passports. The routes of movement were agreed with the
regulatory bodies according to the requirements of the "Safety rules for transportation of
radioactive substances " (PBTRV-73). Transporting is carried out in containers. SRW of the 1st group is transported in containers-assemblies, and of the 2-nd and 3-rd groups - in special
containers with biological shielding. After filling up containers are decontaminated up to the
fixed norms and then are sent to storage. When transporting containers with SRW inside
industrial buildings, regular and special means of mechanisation for lifting-and-conveying
operations are used.
3.5. Leaktightness of NPP storage and engineering state of control-observational wells around
them.
The engineering state of control-observational wells around RW storage facilities is inspected
twice a year. Radionuclides content monitoring of the controlled wells along the perimeter of
LRW and SRW storage is carried out at plants not less than once per a quarter. Any
exceeding of the set limits on activity of ground waters was not fixed at Kola and Leningrad
NPP in the period 1996-1998.
3.6. Violations of the requirements of normative - technical documentation at RW
management at NPP.
The commissions have set that the systems of RW management at Kola and Leningrad NPP, in
basic, correspond to the requirements of documents on safety, though violations of separate
items of the operating instructions and regulations take place at the plants. The administrative
and operational documentation on the work with RW at NPP is available in the full volume
foreseen by the normative documents. When inspecting these plants the violations of
requirements of the current normative - technical documentation (NTD) on RW management
were detected, they are typical for all the NPP of Russia. Thus, the deviations from the
requirements of NTD at LRW management at NPP are resulted mainly in the following
violations:
• LRW produced at NPP is not reprocessed into the forms, suitable for burial;
• tanks of storage have no ventilation linked to the systems of gas blowers, and they are not
under rarefaction;
• tanks are not equipped with level meters and devices for sampling from different depth;
• there are no any doubled control of LRW level and any reserve tanks;
• there are no devices for taking samples.
The deviations from the requirements of NTD at SRW management are resulted in the
following items:
• SRW is not reprocessed with the purpose of decreasing its volume;
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• SRW is not transformed into the forms that ensure preventing the environment from
radionuclides propagation; sites and methods for long-term storage of wastes are not
stipulated;
• SRW storage facilities are not equipped with mechanical devices for wastes loading and
unloading, ventilation, fire extinguishing and fire signalling systems;
• Lack of a roof above SRWS or the construction of overlaps do not exclude the possibility
of atmospheric precipitation penetrating into the vessels.
Besides, the following violations were detected at the Kola plant, for example:
• The waste burning installation was not equipped with filters of gaseous and aerosols cleanup, therefore at present the works on reconstruction of the system of flue gases clean-up
and fuel supply of the RW burning furnace are carried on;
• In the premises of MWS-2 the "Schedule for wet sweeping and decontamination of
premises " was not kept;
• In the sanitary sluice of WWS the brief operating instructions on use of devices for
contamination monitoring were not hung out;
• The duty of doing additional functions - ensuring the common safety and industrial sanitary
was imposed upon the subdivision (RSS) which carried out the radiation monitoring and
methodical guiding of works on radiation safety assurance at NPP.
At the Leningrad plant the commission noted the following violations:
• There were no any controlled wells foreseen by the design along the perimeter of the SRW
. storage which was under construction (the places of their disposition were occupied by
crane rails and building constructions);
• An engineering substantiation of safety dealing with SRW management was not developed;
• A lack of analysis of RW amount composition, which could be produced during accidents
within the design-basis;
• The rate of building SRW storage did not correspond to the rate of SRW creation,
therefore the cases of overfilling the accumulative points for SRW collection in the main
technological buildings took place;
• The overloads of GTSW took place (for example, GTSW ' 1 has not been sorted and
unloaded since 1982);
• The deviations from the set form were detected at filling the passports on a batch of
wastes, etc.
On the results of inspections the meetings with the Management and experts of the NPP were
held, the Directions concerning elimination of the detected violations were issued to the
Directors of the plants.
4. Building and reconstruction of radioactive waste storage facilities and improvement of
process engineering for radioactive waste management.
Within the frameworks of realisation of the federal purposeful programme "Radioactive
wastes and spent nuclear materials management, disposal and burial for the period 19962005" the SRW storage - accumulator of 18,000 i3 volume (60 compartments for the 1-st
group of wastes,. 16 compartments for the 2-nd group and 4 compartments for the 3-rd group)
is under construction at Leningrad NPP. As it was mentioned above, 23 compartments have
been already commissioned. The designing of the 2-nd stage of low-level waste storage facility
is carried on at Kola NPP too.
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With the purpose of improvement of the RW management system and reducing of RW
amount the exploiting organizations - Concern "Rosenergoatom" and Leningrad nuclear
power plant - have developed the conceptions of liquid and solid RW management for
1995-2000.
According to these conceptions modernisation of the complex for LRW reprocessing at
Leningrad NPP is carried on, which foresees:
• Installation of the evaporating apparatus from molybdenum steels which have higher
corrosion resistance in solutions contained chlorine;
• Elaboration of a facility for reprocessing the waters from special laundries by the method of
foam floatation and biofiltration;
• Filtering material sludge and slimes reprocessing by their extraction from temporary storage
vessels, preliminary condensation and inclusion into a slag-cement matrix in a reinforced
concrete container;
• Development and introduction of a low-waste process engineering which is alternative to
the bituminous method.
It is also supposed the development of a complex for reprocessing and temporary storage of
SRW at territory of the plant, which contains:
• Special building with installations for the sorting, burning, pressing, decontamination and
smelting of metal;
• Storage for modular packaging of 6,000 i3 volume, into which compacted wastes from the
special building will be entered for long-term storage (not less than for 50 years).
The works are carried on by GI VNTPIET, SverdNlIHIMMASh, NPO "Radium Institute",
VNIIAES and "Nuclear Electric" corporation. Completion deadline - 2000.
In frameworks of re-equipping and modernisation of the units 1 and 2 the works on creation of
a • complex for LRW reprocessing are carried on at Kola NPP:
• The works on the hot pressing of radioactive polymeric materials are planned;
• The actions on extraction of radioactive wastes from the operating storage facilities and on
transferring to the organised storage have been developed;
• The sorting of wastes is planned, that will allow to separate low-level wastes, combustible
materials and scrap-metal with their subsequent disposal.
Besides, within the frameworks of the purposeful programme it is supposed to fix the terms for
temporary storage of RW at NPP and to define the sites for their permanent burial.
5. Ecological safety of NPP.
According to the results of long-term observations the average annual staff radiation exposure
at NPP was from 0.3 up to 0.8 mSv for NPP with WER-440 type of reactors, and from 0.5
up to 1 mSv for NPP with RBMK-1000 type of reactors at the current norms of radiation
safety NRB-96 (the individual staff radiation exposure at NPP is lower than 2 mSv per a year).
The radiation state in the region of NPP location is mainly defined by natural ionising emitters.
In practice it is impossible to distinguish radionuclides of the reactor origin in the external
medium on the background of global radionuclides in view of their inappreciable amount.
Under normal operation of NPP outside its industrial site contamination of the external
medium (soil, vegetation, water) is at the level of background values. The level of external
gamma-radiation outside the industrial site of NPP does not exceed 15-18 m R/h, it is not
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practically increased in the course of time and is not changed with the increasing of distance.
The given level is largely stipulated by local fluctuations of natural background radiation.
On the basis of the available vast practical material on radionuclides content monitoring in the
environment's objects in the region of location of operating generating units of Kola and
Leningrad NPP it is possible to make the conclusion, that their impact on ecological situation is
negligible and does not represent hazard to the population and environment. For the recent
years the ecological passports for all the operating NPP of Russia have been introduced as
agreed with the regional bodies for environment state monitoring, these passports contain the
NPP basic performances dealt with its impact on environment both in normal operation, and
during accidents. The ecological passports of Kola and Leningrad NPP are ones of the basic
documents proved ecological safety of the plants.
In the "Strategy of development of nuclear power engineering branch" elaborated by the
Ministry of Russian Federation for atomic energy in 1994-1995 the matters of legislative,
scientific & technical and social character have been solved, as well as the aspects of
environment protection dealt with safe development of nuclear power engineering for the
period till 2010. The Strategy was reviewed by the State expert board on ecology and natural
resources, the Ministry of fuel and power engineering of the Russian Federation, by the
Russian Academy of Sciences and was approved by the Ministry of the Russian Federation for
atomic energy. According to the clauses 28 and 30 of the Federal Law "On Use of Atomic
Energy" and the clauses 36 and 37 of the Law of RSFSR "On Environment Protection" the
state ecological expertise for LNNP-2 within the framework of the engineering & economic
substantiation was held in December, 1994, and for the design of Kola NPP units ' 5-7 - in
December, 1995. All this is the evidence of safety of the operating, designing and building
NPP of the Northwest region of Russia.
6. Improvement of regulatory and supervision activity in safety assurance dealing with
RW management at NPP.
In the frameworks of carrying out the common state policy in NPP safety and with the
purposes of increasing effectiveness of state regulation of safety and supervision of RW
management at NPP Gosatomnadzor of Russia considers that during licensing activity in the
field of use of atomic energy it is necessary to include into the licences conditions the
following requirements:
• Carrying out safety analysis of RW management at NPP;
• Minimisation of amount of the produced radioactive wastes;
• Safety increasing of operating facilities, dealt with RW management;
• Optimisation of RW management in view of radiation hazards, etc.
Besides, according to the Decision of Board of Gosatomnadzor of Russia the District
Directorates have taken under control and give reports in separate part on action progress
within the framework of the federal purposeful programme on RW and spent nuclear materials
management (Board's Decision ' 12 dated 17.12.96). At present it is under development the
project of an administrative document of the Government of the Russian Federation on
entrusting Gosatomnadzor of Russia with the competence, power and resources necessary for
realisation of clauses of the "Joint Convention on Safety of Spent Fuel and Radioactive
Wastes Management, dated September 29, 1997".
Involvement of Gosatomnadzor of Russia in realisation of the Joint Convention requirements
will allow to combine efforts of Russia with the other countries on safety assurance dealing
with RW management at the various objects of nuclear industry.
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Determining «Best Practicable Environmental Options» for Final
Waste Disposal of Radioactive Waste
Graham Smith
QuantiSci, UK

The Best Practicable Environmental Option (BPEO) for a particular job is clearly an interesting
concept and something useful to try and identify. The term BREO was coined at least as early
as 1976, and has been developed in practice through the 80's and 90's. but it still seems to
mean different things to different people. This presentation discusses some ideas on what the
BPEO process should include.
1. Best Practicable Environmental Options
The term BPEO was probably first used in the UK in 1976, though the general idea must have
existed well before then. The concept was certainly developed and applied to a variety of
problems during the 80's and 90's, but it was not always clear what the scope of a BPEO
study should include.
Safety: Now or later?
Long term issues have sometimes not considered, even to the extent of excluding
decommissioning stages of a project, let alone post-closure issues. Radwaste studies have
generally been better at this than other work, considering timeframes which others consider
ridiculous.
Human health: Radiation, other impacts, workers, public?
Radwaste studies sometimes do not take account of the non-radiological environmental
implications. Or perhaps only the public are considered and not workers. In the UK the
working environment is included as part of the environment so far as the Environmental
Protection Act 1990 is concerned.
Protection of the environment: Biodiversity, Rare species?
Most radwaste studies have limited consideration to human health effects, relying on the
contention made by ICRP that adequate protection of individual humans will adequately
protect other species. Probably the ICRP view is correct in many circumstances, but probably
not all circumstances, and in any event, omission of specific consideration of environmental
consequences would mean provision of less than a fully transparent BPEO argument.
High consequence - low probability events: Transport, construction, containment failure?
Sometimes only routine effects are considered in BPEOs. Abnormal circumstances should also
be considered, including accident or unplanned releases as well as planned releases occurring in
abnormal conditions.
Long term low-level pernicious pollution: acceptable levels, multiple sources?
Often only local and immediate effects are considered in environmental studies. The combined
effect of other sources and the potential for long term accumulation in media should be taken
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into account, especially if non-linear concentration-effect relationships are relevant to the
pollutants under consideration.
Resource Implications: Sustainability, land use, groundwater.
Impacts on resources should be taken into account. Bringing the sustainability principle within
the study may also be necessary for evaluation of major projects. However, different
interpretations of sustainability are offered.
Technology: old-tested, new-untried?
Options considered may not be equally tested or robust.
Approval: Regulatory, Public?
The scope of a BPEO study may be influenced by the audience. Regulatory approval may
place different requirements on an assessment from public approval.
Cost of Protection: what's it worth? who pays?
In comparing options, costs are certainly a factor. The financial cost of carrying out some
engineering can reasonably be estimated and the experience and opinion of a quantity surveyor
is more relevant than that of other people. But the financial evaluation of environmental
detriment and the appropriate trade-off between spending money and avoided detriment is
much more a social or political decision.
2. Not Just Post-Closure Safety
A BPEO study to help develop a radioactive waste management strategy should not only look
at post-closure safety of a facility. Other stages in waste management should be considered,
eg:
•
•
•
•
•
•
•
•

Waste characterisation ,
Waste treatment
Waste packaging
Waste transport
Interim storage
Emplacement in Disposal facility
Surrender of control over facility
Final disposal decision

3. Legal Framework for BPEO
In the UK there is a legal framework for BPEO studies.
• The concept was developed from the 1976 «Royal Commission on Environmental
Pollution»
• The Environmental Protection Act 1990 provided a link to 'Integrated Pollution Control'
and demonstration that 'operators of prescribed processes' use 'Best Available Techniques
Not Entailing Excessive Costs' (BANTEC)
This is similar to concept of optimisation -As low as reasonably achievable (ALARA)
economic and social factors being taken into account, as given by the International
Commission on Radiological Protection.
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4. Practical Implementation?
• In the UK there was a 1986 Study of BPEOs for management of low and intermediate level
radioactive wastes. This was intended to help develop radioactive waste management
policy by answering important strategic questions
• such as:
-What are the practicable options;
-Which wastes should go to shallow burial;
-Which wastes should go to sea disposal?
-How does storage compare with disposal;
-What are the cost and environmental trade-offs.
The work is summarised in 'Assessment o/Best Practicable Environmental Options (BPEOs)
for Management of Low- and Intermediate -Level Solid Radioactive Wastes. Report prepared
for the Radioactive (Professional) Division of the Department of the Environment, March
1986, Her Majesty's Stationery Office.
But what was done to answer these questions?
5. What was done: Waste types and quantities!
A much better national radwaste inventory was developed taking account of
Fuel manufacture
Reactor operations (Magnox, AGR, FBR, MTR, PWR)
Reprocessing Wastes
Decommissioning
Military
Research, hospitals, non-nuclear industry radioactive wastes
NOTE: No uranium mining or milling wastes arise in the UK but just about everything else you
can think of.
Inventories were projected in to the future based on two nuclear energy production scenarios,
each with a 40 y arisings schedule.
6. What was done: Options
- Disposal on deep ocean seabed
- Shallow-land burial, trench and fully engineered
- Deep land disposal, alternative rock types,
- Off shore boreholes in marine continental shelf,
- Long term storage followed by disposal,
Provisional activity limits were set for disposal via each option, according to the then existing
standards of waste acceptance. An important option which might be additionally considered
toady would be indefinite surface storage.
7. What was done assessed for each option
The following measures were assessed.
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8. What was done: Comparison of Options
• Identified acceptable options for each waste type, ie acceptable disposal routes were
determined for each waste stream.
• Identified preferences among options summing over factors:
-Cost
-Occupational collective dose
-Public doses from storage
-Peak individual doses
• With each factor weighted so that direct conversion between, say cost and a given level of
dose could be made.
• Since such weighting factors include social as well as technical judgements, 4 sets of
weighting factors were used, intended to represent four perspectives, those of operators,
regulators, local concerns, and global impact concerns.
9. What was done: Optimisation
• Linear programming techniques borrowed from operational research were used to
calculation a schedule of storage, transport and disposal operations for all waste streams
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taking into account the schedule of arisings and minimising overall impact according to the
weighting sets, thus proving four strategic plans for waste management.
• The process does not prove that one option is best, but it does provide a good picture of the
alternatives and what the implications are of adopting one plan rather than another. And, if
you find you do not like one particular option, it helps to identify what is important to you.
10. Outcome of the BPEO Study
• Major improved effort to characterise waste (national inventory)
• Much greater quantitative understanding of where and when the real costs, and
environmental and radiological impacts arise
• All options would be useful within a national strategy
• However some options are no longer available to UK
-seabed
-shallow burial of short-lived intermediate level waste.
This is because of issues of national and local political acceptability.
11. What now?
The lessons are recognition of the need for:
resolution of political acceptance problems,
integration of policy with other hazardous waste management,
stronger legal framework.
12. Regulatory Technical Guidance on BPEOs
Some contributions to solving the problems have come from regulators. The Environmental
Protection Act 1990
• Defines
-environmental harm
-releases into the environment, and what the environment consists of.
And work done to implement the Act:
• Provides a generic BPEO methodology, which takes account of
- natural ambient
- combined effects of multiple sites
- defines insignificant releases
- defines environmental assessment levels
- defines environmental quality standards
- provides a basis for determining costs
- provides a basis for arguing when further costs would be disproportionate to detriment saved.
Site specific studies are on-going to evaluate BPEOs.
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Technological Challenges in the Retrieval of Spent Fuel from
Storage in Sea Vessels
Egorov N.N., Ershov V.N., Tchernaenko L.M., Yanovskaya N.S. (Minatom of Russia)
BarskovM.K., Grigorov S.I. (Ministry of Defence of Russia)

In condition of the nuclear opposition of 1950-80's Russia, as well as other nuclear powers,
had been creating powerful nuclear shield, one of the basic element were nuclear submarines
(NS). The problem which Russian Navy faced required to use floating technical platform for
reloading and intermediate storage of spent nuclear fuel (SNF) from NS. The similar
technology was established for SNF of nuclear icebreaker fleet.
At contemporary conditions of maintenance of a reasonable sufficiency of the defense arms and
in accordance with its international agreements, Russia is carrying out a considerable reduction
in number of the Navy's NS. At the same time decommissioning proceeds of the naval nuclearpowered ships with expired service life. Both factors have caused a peak in accumulation of
out-service NS. Civil and military shipyards have failed to deal with recovery of the increased
number of NS and service ships. However, the existing technical possibilities are presently not
used at full because the financial means are insufficient not only for decommission, but for
maintenance of the decommission infrastructure as well. Projects of creating additional
decommission capacities at the shipyards were halted. Land-based facilities for long-term
storage and disposal of SNF and Radioactive waste (RW), including the reactor compartments,
were not built.
Therefore, a big number of NS intended for decommission are now laid up with the nonunloaded nuclear fuel. Such position does not satisfy neither Russia nor its neighbours, first of
all because of high potential risks for population and environment, exerted by the moored
submarines and the floating storage facilities with SNF. The RF President and Government
have taken very important decisions aimed at acceleration of loading the spent fuel out of the
floating units.
Below I shortly inform you about the urgent tasks set at the Russian industry, and principal
technical solutions to be performed to terminate the practice of storing the dangerous radiation
objects on water.
The decommission infrastructure consists of seven main elements (Structural Scheme No. 1):
(1) - Maintenance of nuclear submarines laid up on float (performed by the Navy and the
shipyard);
(2) - Preparation of NS for discharge of SNF (Performed by Shipyard);
(3) - Discharge and temporary storage of SNF, treatment and storage of RW (performed by
a naval technical base or a specialized civil industrial enterprise);
(4) - Packing of SNF into transport containers (performed by shipyard or specialized civil
industrial enterprise);
(5) - Delivery of the containers to the plant for regenerating SNF (performed by the
regeneration plant or the specialized civil industrial enterprise);
(6) - Decommission of NS including separation of three- or one-compartment units
(performed by shipyard);
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(7) - On-float storing of a three-compartment unit or dry storing of one-compartment unit
(performed by the Navy or the specialized civil industrial enterprise).
The infrastructure established simultaneously with building of the first nuclear submarines was
intended only for technical servicing of the war ships. Inadequacy of the infrastructure for
massive decommission has resulted in that some decommissioned naval NS and storage
facilities are laid up during 10-15 years or more, and the floating and coastal storage facilities
for RW and SNF are filled up. Now the discharge of SNF is the narrowest bottle neck in the
decommission process. The naval fleets have three floating storage facilities to discharge fuel
from the laid-up submarines. Without an increase of the fuel discharge capacities, the
decommission will take more than 30 years. In planning of decommission we proceed from a
consideration that the discharge of floating facilities and NS should exceed the rates of their
decommission. Such an approach admits to essentially reduce risks of large-scale radiation
accidents. It is primarily true for floating storage facilities.
To implement the decommission plans, capacities of the individual elements could be enlarged
by ordinary building them in more quantities. For this capacities of civil enterprises can be
used. However, for other systems an essentially different approach shall be used. Special
technical solutions are needed, aimed at discharging the floating facilities where damaged and
accident fuels are stored for a long time. At present, such fuels can not be taken for
regeneration.
The structural diagram shows that the Navy performs a large volume of technological
operations for decommission. These functions are excessive and inappropriate to it and should
be transferred to shipyards and specialized civil industrial enterprises. Such function transfer to
civil specialist would essentially simplify the institutional structure and lower the
decommission costs.
To discharge fuel, it is planned to create coastal complexes at larger shipyards on the North
and the Pacific regions of Russia. These complexes will provide two- or three- times higher
rates of discharge. Additionally, in the North region the Nuclear icebreaker fleet's floating
storage facility is planned to use for discharge. The coastal complexes will be equipped with
the accumulating pads for temporary storage of containers with spent fuel. The idle time of the
rail transport delivering the fuel to "Mayak" will be more short. The coastal complexes are
built with the US technical and financial support in the frame of Cooperative Threat Reduction
(CTR), and we expect a considerable success in this direction.
To transport fuel to "Mayak" there are used stainless containers TK-18 that have proved their
advantage (Fig. 1). But the existing containers are insufficient to implement the whole
decommission programme. At present, the development of double purpose metal-concrete
containers for storage and transport (Fig. 2) is near to end. The development should be
completed this year. In 1999 comprehensive tests on a specially built unique test facility and
certification of the container should be fulfilled, and manufacture of containers would be
launched at Izjora Plant in Saint-Petersburg. The metal-concrete container is 3-4 times
cheaper than a metallic one. The containers are intended primarily to enlarge the existing stock
of transport containers. Another object to resolve with the metal-concrete container will be a
backing coastal container storage of damaged and other untreatable fuel that is still stored in
the expired floating facilities. In further, when the rate of fuel discharge from submarines
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exceeds "Mayak" processing capacity, the metal-concrete containers with fuel will be placed
on the accumulating pads in the surface expedite storage facilities.
Increase of fuel unloading must be provided with adequate increase of opportunities of the fuel
for reprocessing. In frameworks Russian-Norwegian cooperation in a near future the
construction of 4 rail cars for transport containers with fuel is planned.
Owing to their low cost and possibility of being produced in quantities at the machine-building
plants, the metal-concrete containers give an opportunity to increase the capacities for
discharge, storage and transport of spent fuel at minimal coats and in the shortest times. The
metal-concrete container programme is executed in line with the Arctic Environmental and
Military Cooperation between Norway, Russia and USA, and the CTR stipulates to use the
containers at the coastal discharge complexes.
A matter of topical interest is the creation of additional capacities for long-term storage of
spent nuclear fuel. "Mayak" does not have such capacities, and its capability of regeneration at
the peak stage of discharge is obviously inadequate. Two options are planned. The first one, as
I said, considers the build-up of temporary container storage facilities on the North and the
Pacific regions where metal-concrete containers would be used. The second option is a
temporary storage facility at "Mayak". This dry storage facility had been designed by a
consortium of enterprises of Norway, Sweden, United Kingdom and France. Russia is
interested to complete a water storage facility. It is the element of the technological scheme of
processing the SNF. The CTR programme and the Russia-Norway agreement suppose
forwarding of the project in accordance with the Russian accepted technological scheme.
Russia has yet mastered decommission of the nuclear submarines by an intermediate variant. A
three- or multicompartment unit is formed for further storing on float. The need is assumed to
change for one-compartment variant and, at the same time, to finish the design of land facilities
for long-term storage of reactor compartments. We agree that this task is a priority, and it is a
focus of efforts of a few research and design entities of MTNATOM. These land facilities are
planned to be used for long-term storage of the proper floating storage compartments. The
CTR programme provides for funds for this work. The one-compartment variant requires
creation of a transport ship. The ship would perform delivery of reactor compartments from
shipyards to the long-term storage facility. We are also planning to reconstruct a ship to have
a container carrier for transportation of containers with fuel and RW between enterprises. Here
we expect cooperation of Norway.
It should be separately said about the laid-up floating storage facilities. It is most complex to
discharge SNF from the first generation ships. The damaged fuel is disposed without
additional canisters at such storage. Russian designers and firms of France and United
Kingdom have examined different options of discharge of such facilities, referring to "Lepse", a
ship of the nuclear icebreaker fleet (Fig. 3). Specialists recommend to discharge such facilities
by mechanical cutting of the facility's canals together with thermal fuel assemblies. Russian
enterprises are now ending testing of the relevant equipment to be applied to discharge military
floating facilities. We expect a successful implementation of an international project for
decommission of the floating base "Lepse". The assurance of success is fed by an agreement
signed in May between Norway and Russia and by an agreement with the European
Community. Russia considers this project as a pilot one. In further it will be extended for
similar naval ships.

135

In general, the problems of civil nuclear fleets repeat those of the Navy. Besides "Lepse", the
icebreaker fleet has been using for a long time a floating facility "Lotta" for passive
accumulation. The facility is completely filled up with unbeatable fuel. We are planning to
discharge the facility into metal-concrete containers of other modification and to site them on
shore, a nd to use the ship for active loading out of the floating and coastal storage facilities.
At the beginning of this report I have said that technical decommission initiatives are
accompanied by a structural change. At present Minatom that is charged with not only leading
functions in the spent nuclear fuel and radioactive waste management, but also to direct
decommission, is establishing an appropriate management system On the base of leading
enterprises of Minatom, a concern RosRAO is created to be properly a specialized civil
industrial enterprise which will perform all the functions of decommissioning of the nuclear
objects, and of managing the dangerous man-made waste. On the base of former naval
technical bases for management of SNF and RW, civil enterprises are being established to deal
with the spent nuclear fuel, radioactive waste and reactor compartments produced from
decommission of nuclear submarines. Such enterprises will appear in the North and the Pacific
regions.
For financial support of the newly established enterprises, an accumulating Interregional
Ecological Fund "Radioactive waste and decommission of weapons" is created, having regional
divisions. The specialization of the fund will be consolidation of the amounts recycling the
valuable components of decommissioned nuclear objects, decommission of nuclear weapons,
deductions from enterprises using nuclear technologies, deductions from nuclear assurance,
etc.
Scheme 1.

1.
2.
3.

4.
5.
6.

7.

Technological stage
Maintenance of nuclear submarines laid
up on float
Preparation of nuclear submarines for
discharge of spent nuclear fuel
Discharge and temporary storage of
spent nuclear fuel, treatment and storage
of radioactive waste
Packing of spent nuclear fuel into
transport containers
Delivery of the containers to the plant
for regenerating spent nuclear fuel
Decommission of nuclear submarines
including separation of three- or onecompartment units
On-fioat storing of a threecompartment unit or dry storing of a
one-compartment unit

Current performer Planned performer
Shipyard
Navy
Shipyard

Shipyard

Naval floating
technical base

Specialized civil
industrial enterprise

Shipyard

Specialized civil
industrial enterprise
Specialized civil
industrial enterprise
Shipyard

Regeneration
plant
Shipyard

Navy
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Problems Related to Final Disposal
of High-level Radioactive Waste in Russia

Vasilyl. Velichkin
Russian Academy of Sciences, Moscow, Russia

1. RW types and quantity, stored at different departments.
All types of radioactive wastes (RW), considered in IAEA (1994) classification, are accounted
for in the different Russian organizations and enterprises:
• unprocessed liquid high-level wastes (HLW) from nuclear weapons production;
• liquid and solid low-(LLW), intermediate-(ILW) and HLW from nuclear power industry
operations in the framework of the closed nuclear fuel cycle and from the transport nuclear
reactors;
• liquid (LRW) and solid (SRW) radioactive wastes from ionization sources.
Total RW volume, accumulated in Russia to date, ranges about 6-108 m3. Its bulk radioactivity
reaches 1.5-109 Ci. RW distribution analysis on different departments and enterprises,
illustrated in table 1, shows, that 99.9% of wastes are accumulated at the enterprises of
Minatom of the Russian Federation.
Table 1 (from data of N.N.Egorov, 1998).
lin
order

RW source

RW type

RW volume
(m3)

Activity

Storage type

(Ci)

Minatom enterprises
1.

Radioactive ore
mining and
processing.

2.

Atomic power
plants.

3.

Radiochemical
enterprises.

Sludge's and
barren rock
heaps.
LRW, SRW
LRW, SRW,
solidified RW

Sum

1.0-108

1.8-105

Surface storages,
open plots.

2.72-105

4.4-104

Storages,
containers.

5-108

1.47-109

Containers,
storages,
reservoirs, basins

6108

1.47109

Ministry of Defence (Navy)
4.

Exploitation of
Nuclear
Submarines (NS).

2.7-104

LRW, SRW

137

9.8-102

Storages, land
storage facilities
and mother ships.

5.

Exploitation of
atomic icebreakers.

LRW,SRW.

Sum

1.9103

2.0-104

2.910 4

2.110 4

Land storage
facilities.

Former Goskomoboronprom of Russia
6.

NS construction
and utilization.

610 2

Land storage
facilities and
mother ships.
Storages.

2-105

210 6

Storages, 16
special combines
«Radon».

610 8

1.47109

4-103

LRW, SRW.

Ministry of Russia
7.

Utilization of
ionizing radiation
sources (IRS).

LRW, SRW,
solidified RW,
IRS in
ampoules.

Sum total

Spent fuel (SF) quantity
8.

8.5-10 3 1

Fuel mounting of
RBMK, VVR, of
transport and
research reactors.

4.45-109

APP storages, PA
«Mayak», mother
ships of Research
Institutes.

8 5001 of spent nuclear fuel (SF) with total radioactivity of 4.5-109 Ci (Table. 1), is
accumulated also in APP and temporary storages of Minatom radiochemical enterprises, of
which 60001 with activity 3.0-109 Ci ranges SF from reactors RBMK and 2 5001 SF from
reactors VVR - with activity 1.5-109 Ci. Last mentioned are to be processed and represent an
additional potential RW source.
2. Practice of RW management in Russia.
Russia develops its nuclear energetic on the base of closed nuclear-fuel cycle concept,
providing SF processing. However, there is no consensus in the country concerning practice of
RW management for all nuclear-radioactive enterprises. A method of liquid LRW and ELW
injection into the deep-seated reliably isolated aquifers is employed from the early 1960s at the
Siberian Chemical Combine (SCC, Tomsr-7), at the Mining Chemical Combine (MCC,
Krasnoyarsk-26) and at the State Scientific Centre of the Scientific Research Institute of
Nuclear Reactors (SSC SRINR, Dimitrovgrad). At the PA «Mayak», because of the absence of
the appropriate geological conditions of liquid wastes disposal, liquid LLW and ILW were
released into the artificial reservoirs and Karachay lake, respectively. Liquid HLW at all
radiochemical enterprises are stored in special tanks in the interim storage facilities. At PA
«Mayak» a part of these wastes (more then 2 0001 of solidified HLW with total activity near
300 mln. Ci was solidified in alumophosphate matrices which are stored in special engineering
facilities. In locations of nuclear fleet bases at the north-western region and at the East of
Russia, about 150 nuclear submarines (NS), 60% of which with the not unloaded spent fuel
(SF), are by now forced out of operation and require safe management. RW and SF interim
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storages of these regions are filled practically up to project levels. Enterprises on RW
conditioning are absent.
3. Conceptual essentials of underground RW disposal strategy on the base of new
technologies.
Underground RW disposal is accepted as the most ecologically, technically and economically
reasonable way for the safe RW isolation from the ecosphere for the whole period of its
potential radiobiological hazard. This way dependably allows to guarantee a sociallyacceptable risk at all cases of radionuclides escape to the environment independent of the.
Preparation of liquid LLW and ILW for disposal is accomplished by LLW solidification in
cement and bituminous matrices and ILW - in glasslike compositions. Two new technologies,
which will allow to alter fundamentally common strategy of RW underground disposal, are
planned. The first - a technology of synthesization from mineral mixtures, containing titanates,
zirconium-titanates and alumosilicates, new high-stable mineral matrices, which include
radioisotopes in its crystallic structure on the base of isomorphic replacement mechanism.
Mineral matrices, containing zirconolite and murataite are very effective for actinides
immobilization, These matrices are three orders of magnitude more stable than
alumophosphatic glasses, used so far at RW solidification. They firmly confine from 10-12%
up to 18-20% of Uranium and Cerium, imitating in experiments presence of transuranic
radioisotopes (Laverov e.a., 1997). The second «know how» is a technology of all liquid RW
types grading, whereby radionuclides fractions, which characterized by different duration of
existence, dissimilar toxicity, specific radioactivity and physical volumes, are selectively
separated from the bulk of wastes. This technology is elaborated in pilot variant at PA
«Mayak» (Dzekun e.a., 1996). Extractive-sorptive-industrial method of liquid RW separating
at actinide, caesium-strontium, rare earth and palladium fractions makes its basis. Industrial
assimilation of this technology will allow to solve customary a problem of appropriate safe
localization of new-formed RW fractions, which contain:
• long lived high toxic radioisotopes (actinides and radionuclides, close to them on its
protraction of existence), containing a less part of RW common volume and characterizing
by half-decay periods at tens-hundreds of thousands of years and more;
• medium lived high toxic and heat releasing caesium-strontic and similar half-life
radioisotopes, dominating in RW common volume and having half-decay periods of a fear
tens of years;
• last, short lived, less toxic radionuclides with half-decay periods up to 10-20 years.
Thus, for prevention of toxic action on ecosphere of liquid RW fraction, containing long-lived
radionuclides, its reliable isolation is required on many thousands of years. Such isolation
conditions may be created by including long-lived radioisotopes in previously named high
stable mineral matrices and by disposal of these latter in the Earth crust at the depth not less
than 2-3 km. Geoblocks, which are in a state of long-term tectonic rest and are formed by
rocks, possessing of effective protective properties, are suitable for construction of deepseated repositories. Liquid RW of caesium-strontium fraction demand reliable isolation from
the environment at a term of 500-1000 years. For providing its secure localization it is
necessary to transform radionuclides to glass-like forms and to dispose these matrix materials
in underground repositories at the depths of the first hundreds of meters. Geological medium
may consist vulcanites of basic composition, clays, salts and other rocks, ensuring required
isolation. For providing secure localization of short-lived LLW and ILW, it is worthwhile to
condition it and dispose at subsurface ferroconcrete repositories, constructed in clays.
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4. Selection of sites and conditions of RW disposal.
Subsurface repositories of short-lived LLW and ILW is worthwhile to construct near sites of
production and temporary storage of these wastes. For disposal of Cs-Sr fraction of vitrified
RW it is proposed to construct regional repositories, which are to be placed in the regions of
radiochemical Minatom combines location; these combines are actual (PA «Mayak») or
potential (MCC Krasnoyarsk-26) liquid RW producers. Production Association (PA) «Mayak»
is located at the Eastern slope of Ural mountain ridge in Chelyabinsk oblast (Fig. 4). Enterprise
was founded at 1948. Prior to the year 1986 it produced weapons plutonium and since 1976
spent nuclear fuel processing (plant RT-1) is underway. Accumulated and producing RW are
solidified to glass-like alumo-phosphatic matrices. In immediate prospect all RW types are to
be fractionated with separating caesium-strontium and actinides solo fractions (Glagolenko
e.a., 1996,1997). RW repository construction is projected on the area of PA «Mayak»
sanitary-protective zone (SPZ); having regard to structure, composition and state of geological
medium, it is worthwhile to use this repository for disposal of fractionated RW, containing
radioisotopes of Cs and Sr. Vulcanites of basic composition with total thickness near 2 km
serve as the most suitable medium for localization of mentioned RW in the limits of PA
«Mayak» site. This thickness is formed by andesite-basaltic porphirites, by its tuffs and lavas,
which possess low (-0.2-0.3%) effective porosity and high mechanical and thermal stability.
As a whole, vulcanite's thickness is characterized by relatively homogenous chemical
composition. According to experimental investigations data, porosity in vulcanites at
temperature -200 C and elevated pressure leaves unchanged. Primary vulcanites minerals (CaNa plagioclases, pyroxenes, olivines) in the presence of heated water are subjected to
replacement by secondary minerals (epidote, chlorite, hydromicas of Fe, Mn, mixed-layered
and clayey minerals); last named possess high sorption properties in relation to radionuclides
and therewith «heal» porosity and rocks microcracks, since they occupy more volume than
primary minerals. Recorded vulcanites properties characterize these rocks as suitable for RW
disposal. At the same time PA «Mayak» site shows intensive but uneven tectonic disturbance.
Regional fault zones of various orientation and thickness are separated. Inside it rocks are
subjected to intensive schistosity, cracking, are dissected by tectonic seams, complicated by the
shifts of post-Quaternary age. These zones possess high permeability and are a main medium in
a rock basement of underground water transport. Considering its high water conductivity, as
well as, probability of its alteration by the late tectonic movements, areas, occupied by fault
zones, are considered as unsuitable for locating there engineering facilities of repositories
(Velichkin e.a., 1997). Essentially less disturbed blocks are located between outlined zones. In
those which are in the limits of PA «Mayak» SPZ and formed by volcanogenic rocks of basic
composition, possessing, as was shown above, by dependable isolating properties, three plots
were selected, which may be recommended for further more detailed examination with the
purpose of site selection for construction of underground laboratory and subsequently - RW
repository. Taking into account relatively small dimensions of separated sites (from 1.5 up to 3
km2) it is evident that it is impossible to position there the complex of engineering facilities,
necessary for construction of shaft type repository. Using for disposal of wells of large (not
less than 600 mm) diameter, experience on heading which is in Russia, represents more actual.
Based upon peculiarities of territory SPZ geological structure, formed by suitable for disposal
volcanogenic rocks, the most optimal level of proposed repository deeping is depths interval
500-1000 m, in which limits it is possible to provide dependable isolation of Cs-Sr RW fraction
on demanded 500-1000 years. One further regional RW repository is designed to create at the
region of Mining Chemical Combine (Krasnoyarsk-26). On the territory of this enterprise
underground radiochemical plant, which processes SF and therewith produces RW, acts, as
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well as, construction of even larger plant RT-2 of similar profile was began. At placing it in
operation, RW quantity at MCC will rise sharply. Taking into account this situation,
investigations on the selection of sites, suitable for underground RW disposal, in
Nizhnekanskyi granitoide massif, located in the immediate vicinity of MCC SPZ, were began.
Complex of required geologic-geophysical investigations were conducted, on which results
two sites were selected with the area near 7 km2 each (Anderson e.a., 1998), recommended for
the further more detailed investigation with the purpose of revealing polygon for creation of
underground laboratory and then - RW repository. Both sites are formed by biotic granites and
granodiorites, which in undisturbed state possess by only a slight porosity (~ 10"7 Md)
(Anderson e.a., 1998). Taking into account high isolating properties of noted rocks and
location of marked prospective sites in the lateral part of vast Eastern-Siberian platform,
characterized by resistant tectonic stability during last hundreds of millions of years, it is
possible to realize, in the limits of investigated territory of Nizhnekanskyi granitoide massif, of
underground disposal of fractionated and then solidified RW just as of caesium-strontium, so
of actinidic fractions. Disposal depth in interval of 500-1000 m from the present surface is
quite sufficient for Cs-Sr-containing matrices. For providing dependable isolation of actinidecontaining RW and exception of probability of subjection at repository of regional erosion,
disposal depths not less that 2-3 km are necessary. Taking into account possibility of noted
RW fractions disposal at different depths, a variant of location of two repositories in the limits
of the sole site, represents to be quite realizable.
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High-level Radioactive Waste Disposal Problem in Russia

Vasily I. Velichkin
Russian Academy of Sciences, Moscow, Russia

Conditions Selection for RW Disposal
It is proper to construct shallow subsurface repositories for disposal of short-lived LLW and
ILW proximate to the waste producing enterprises and facilities for the waste interim storage.
For disposal of HLW loaded by vitrified Cs-Sr fraction it is recommended to create several
regional repositories, which should be located in the regions of radiochemical Minatom
combines (South Ural, Krasnoyarsk Region), as well as in the region of high RW and SF
accumulation at the Northwest of Russia. For reliable isolation of HLW forms loaded by the
actinide fraction, it is reasonable to construct one or two-three national repositories, which
location should be selected in Russia in the regions characterized by the prolonged tectonic
stability and availability of geological formations suitable for underground disposal. Selection
of geological medium and of the sites for disposal of Cs-Sr and actinide HLW fractions should
be carried out on the base of integrated studies and comparative analysis of protective
properties of the various types of rocks, on the results obtained from screening of the Russian
territory and evaluation of the potential geoblocks with use of the maps depicting landscapegeochemical conditions, distribution of potentially promising geological formations and
expected seismic-dynamic conditions.
Conceptual Basis for RW Underground Disposal
Underground RW storage or disposal are the most technically and economically reasonable
ways for RW isolation from the biosphere, which realization should guarantee socially
acceptable risk in the case of radionuclides escape to the environment. All kinds of liquid RW
are to be reprocessed and transformed into solidified form. The most practical techniques for
liquid LLW solidification are cementation and bituminization, and for ILW solidification vitrification. Liquid HLW must be subjected to isotope separation with recovery of the rare
earth-actinide and Cs-Sr fractions. For immobilization of the Cs-Sr fraction could be used
borosilicate or aluminophosphate glasses. Ceramics of essentially zirconolite or murataite
composition were synthesized as HLW matrices for rare earth-actinide fraction. Technology of
isolation in the shallow surface ferroconcrete storage facilities, located in clays, is used for
disposal of the short-lived LLW and ILW. HLW of actinide and Cs-Sr fractions, taking into
account different time of their prescribed isolation, should be disposed separately. Vitrified
HLW of Cs-Sr fraction is reasonable to dispose in the underground repositories at the depths
of first hundred meters in volcanites of basic composition, clays, salts and other rocks, which
provide physical and geochemical isolation of radionuclides for 500-1000 years. For disposal
of solidified actinide-loaded HLW fraction, which require assured isolation for many thousand
of years, repositories should be located at the depths of 1.5-2 km and more in seismically stable
geoblocks, formed by racks with effective protective properties.
Type and Quantity of RW Stored at the Enterprises of Different Departments
All kinds of radioactive wastes (RW), considered in IAEA [1994] classification, are accounted
for in the different Russian organizations and enterprises:
• unreprocessed liquid high-level wastes (HLW) from nuclear weapons production;
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• liquid and solid low- (LLW), intermediate- (ILW) and HLW from nuclear power industry
operations in the framework of the closed nuclear fuel cycle and from the transport nuclear
reactors;
• liquid (LRW) and solid (SRW) radioactive wastes from ionization sources.
The bulk of RW in volume and radioactivity are at the enterprises of Minatom of the Russian
Federation.
Department

RWtype

RW volume, m

Activity, Ci

Navy

LRW (LLW),
SRW (LLW)

1.4 104
1.3 104

1.8 102
8.0 102

Land storage
facilities and
mother ships

Civil nuclear
power fleet

LRW (LLW),
SRW (HLW)

2.9 103
1.0 102

3.1 102
2.5 104

Land storage
facilities

"Radon"
enterprises

SRW (LLW,
ILW, HLW)

2.0 105

2.0 106

The system of the
"Radon" storage
facilities

2.4 105

2.1 106

-5.8 108

~10 9

TOTAL
Minatom
enterprises

LRW, SRW,
pulps, sludges
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Storage place

Storage facilities
at radiochemical
combines and
atomic power plants
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Radiation Safety Ensuring and Environment Protection dealing
with Radioactive Waste Management
in the System of the Special Plants "Radon"

Lidia Zenkina,
Gosatomnadzor, Russia

Wide production and use of ionising radiation sources inevitably entail production of
considerable amount of radioactive waste. Reliable isolation of radioactive wastes from the
biosphere for all the period of their potential hazard is the major task in the common problem
concerning radioactive substances management. With this purpose at territory of the Russian
Federation 16 regional special plants dealing with radioactive wastes management are
functioned.
Long-term activity of the special plants "Radon" was arranged according to the territorial
principle with a system of regional service of plants, irrespective of their departmental
membership. As the practice showed, the activity of the centralised system special plants
"Radon" has justified itself. The main function of special plants "Radon" is its systematic work
on the centralised radioactive waste collection, transportation and burial. This work is carried
out in tight contact with the Administrations of the territories, which enterprises are served by
the concrete plant. Each of them serves definite region, as well as several adjacent ones. Two
of them, the Murmansk and Grozno plants, are closed. The plants fulfil radioactive waste
collection, transportation, storage and burial, as well as radiation monitoring at all the stages of
wastes management. At the MosNPO "Radon" and the Leningrad special plant "Radon" the
systems for harmless radioactive waste rendering and reprocessing are created, the separate
elements of which are also used at some other special plants. The majority of plants does not
accomplish radioactive waste reprocessing. Special plants serve the research & development
centres, medical entities, industrial enterprises which use ionising sources and radioactive
substances, and accept for final disposal the wastes produced as a result of recultivation of
distorted grounds and decontamination of building constructions, exposed to radioactive
contamination.
1. Characterisation of entering radioactive wastes
The plants are intended for acceptance of solid radioactive wastes (SRW) and liquid
radioactive wastes (LRW) of low and medium levels of activity for reprocessing and final
disposal, radioactive waste classification by activity levels is shown in Table 1. SRW are
divided into burnt, pressed, and non-reprocessed ones. LRW are divided into non-combustible
and combustible. Storage facilities for SRW burial are intended for radioactive waste, nonreprocessed and reprocessed ones, by the methods of incineration, compacting, bitumenimpregnating with the subsequent inclusion them into matrix material on the basis of cement
solution.
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Table 1. Radioactive waste classification according to activity levels
Level of activity
Specific or volumetric activity
Liquid, Bq/1
Solid, Bq/1
Alpha-radioactive
5
Low-level
Up to 3,7510
7,45103... 3/75105
Medium-level
3,7510s... 3J510 10 3,7510s... 3,75108

Beta - radioactive
7,45104... 3,75106
3,75106... 3J510 9

2. Radioactive waste storage facilities construction.
Storage is carried out in the shallow land-based facilities representing a reinforced concrete
hydroisolated rectangular reservoir of 5,000 cubic m volume. After filling in a reservoir up to
the full capacity its conservation is carried out. Monolithic radioactive waste are coated with
concrete layer of 0.5 m thickness, then they are covered by hydroisolating bed of asphalt of 0.1
m thickness and rolled in by clay soil. The thickness of rolling layer is selected depending on a
depth of seasonal freezing in order to eliminate impact of freezing and through-thawing
processes on cement stone. Spent ionising radiation sources are buried in the shallow landbased storage facilities of well type (canyons) with the use of metallic matrix. At greater
number of special plants the burial of LRW is not carried out owing to lack of installations for
radioactive waste reprocessing.
3. Preparation of radioactive wastes for burial.
From clients special plants accept the wastes sorted correspondingly to the indications,
explained in part 1, for final disposal. With the purpose of reducing waste volume and/or
transformation it into a phase which ensures safety of burials, its reprocessing is carried out.
At MosNPO "Radon" and LSP "Radon" radioactive waste reprocessing is carried out as
follows:
• Compacting;
• Incineration;
• Cementation;
• Bitumen-impregnating.
As an intermediate one the method of LRW concentrating is used, the works on its vitrifying
are carried on. Quality of reprocessing is controlled by the evaluation of alkalinity factor,
mechanical strength, thermal samples stability of the wastes prepared for burial.
4. Selection of a site for special plant's location.
According to the requirements of regulations /the normative - engineering documents (NTD)/
a site for special plants 's location should be outside of a territory of the perspective
development of settlements, suburban zones used for rest and treatment of the population.
Boundaries of the site should be fixed at the distance not less than 500 m from the surface of
reservoirs and locations of underground water intakes, on non-flooded and non-swamped area,
combined from the ground surface by dry loose sedimentary strata of 20 m thickness and more.
The minimum depth of ground water table should be not less than 4 m from a container's
bottom. When building some special plants the requirements were partially violated, and
special plants were located in the outskirts of towns, nearby to farmlands, at the territories of
reserves.
5. Organisation of radiation safety service at plant.
At all the special plants radiation safety services (SRB) provided with the necessary devices
and equipment were established. Main objectives and functions of SRB are the following:
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• Monitoring radiation state parameters (RO);
• Control of realisation of the requirements of norms, rules, operating instructions, and other
operating regulations in ensuring radiation safety;
• Issue of permissions for carrying out the radiation hazardous works;
• Involvement in the work dealing with the staffs training and examinations in the field of
radiation safety (RS);
• Involvement in development, organisation and fulfilment of the measures aimed at reduction
of radiation impact;
• RO forecasting at possible accidents, participation in development of emergency action
plans, RO parameters monitoring in case of an accident rise.
6. Division of special plants territory into zones.
special plants 's site and the adjacent territories are divided into 3 zones: strict mode zone
(SMZ), sanitary-protective zone (SPZ) and zone of observation (ZO). Containers for
radioactive waste burial, premises for radioactive waste segregation, radioactive waste
reprocessing installations, decontamination sites, radiation measurement and monitoring
laboratories are located in SMZ. The works carried out in SMZ depending on nuclide
radiotoxicity and its activity at a working place are divided into 3 classes. The principle of
premises' division into 3 zones depending on a degree of possible radioactive contamination is
put into the layout basis of the premises intended for carrying out the class 1 works. Radiation
monitoring is carried out in SMZ, the works are fulfilled in accordance with special
permissions. Radiation monitoring is conducted in SPZ, as well as restriction mode on the use
of earth in the agricultural purposes is carried out there. Location of inhabited buildings,
children's and medical entities, industrial infrastructures not concerning the special plants
activity is prohibited in SPZ. Radiation monitoring is carried out in ZO.
7. Realisation of radiation monitoring.
Radiation monitoring is carried out in the following directions:
• Measuring specific or/and volumetric radioactive waste alpha and beta - activity or gammaradiation dose rate, neutron radiation or neutron flow density from the surfaces of
radioactive waste packages;
• Measuring volumetric activity of gases, air aerosols of industrial premises, effluents in the
atmosphere, free air, radioactive fallout density;
• Measuring volumetric activity of sewage, underground waters, waters of near-surface
pipelines;
• Measuring volumetric activity of soil, grounds underlying radioactive waste storage
facilities, ground deposits, vegetation and forages of local production, hydrobionts of open
reservoirs;
• Definition of alpha and beta contamination levels of the surfaces of premises, equipment,
transportation means, territory, roads;
• Definition of contamination levels of individual protection means by alpha -and beta-active
substances, as well as of the dermal integument and personal clothes of the staff;
• Definition of an individual dose of external exposure, radionuclides content in the man's
organism;
• Definition of radionuclides composition of the measuring objects.
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8. Accident preventing and elimination of its consequences.
Emergency instructions have been developed at special plants, in which it is defined, that the
reasons of accidents may be violations in technological mode operation of radioactive waste
reprocessing facilities, violations of leaktightness of packages with radioactive substances,
separate elements of technological installations, special truck bodies, fallout of sources from
protective devices or containers, violation of leaktightness of radioactive waste storage
facilities, violation of ventilation work, etc. For liquidation of radiation accidents at special
plants there have been established the permanently operating and correspondingly trained
emergency teams provided with the emergency sets which include radiometric and dosimetric
instruments, warning signs and barriers, individual protective means, means for liquidation of
abnormal contamination and decontamination solutions. For prospecting the centres of
radioactive contamination and monitoring the decontamination results an auto radiometric
laboratory is attached to the emergency group. Quality of transport packing sets is confirmed
by a certificate - permission. For the safety-related equipment the regulations for verification,
repairing, preventive maintenance are set, backup of the significant elements is stipulated.
When implementing the radiation hazardous works the emergency signalling and blocking
systems are involved. Emergency drills are regularly conducted with the personnel.
9. Training, preparation and access of the staff for the radiation hazardous works.
The engineers and workers who have taken a training course and passed an examination in
radiation safety, are occupied at the radiation hazardous sites. The examinations are carried out
under special programmes annually, the instructing - ones per three months. The radiation
hazardous works are carried out according to access-orders under the RS service supervision.
10. Sanitary treatment of the staff and equipment decontamination.
Sanitary inspection rooms and sanitary sluices for treatment of the staff are equipped at special
plants. Separate industrial sites furnished with decontamination solutions and installations are
foreseen for conducting decontamination of special trucks and equipment.

Separate problems of the special plants "Radon" state.
Non-fulfilment by the Government of the Russian Federation of the commitments concerning
activity financing of the radiation hazardous productions and plants everywhere results in
aggravation of RS state at the plants. Partial financing of special plants "Radon" at the expense
of the regional budgets (budgets means of the subjects of the Federation), the ecological funds
and enterprises is enough only for the existence, but not for reconstruction of the plants and for
resolution of the tasks concerning radioactive waste management. So, free volume of the
storage facilities of the Leningrad special plants "Radon" which serves all the Northwest region
of Russia, compounds hardly more than 1,00013. At the average annual inflow of 60013 solid
radioactive waste for burial, even in view of its simultaneous reprocessing in amounts of about
40013, the acceptance of wastes can be ceased in 1999.
Rather intense problem concerning radioactive waste management remains in the NorthEuropean District because of the Murmansk special plants "Radon" closure. The conditions for
radioactive waste storage at the plant continue to remain potentially dangerous. As the result
of measures, accepted by the Kola Inspection, radioactive waste accumulation at the plants and
in the organizations in the Murmansk region is suspended at the expense of increasing
acceptance of volumes for final disposal by five plants which have radioactive waste special
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storage facilities (Kola NPP, Murmansk Shipping Company, RTP "Atomflot", SRZ " Nerpa ",
IHTREMC KNTs RAN). Besides, the Leningrad special plants "Radon" through the AOZT
"Spetsavtomatika", operating in the Murmansk region, is involved in the final disposal of lowlevel sources. The Leningrad special plants "Radon" was forced to accept radioactive waste
also from the enterprises of the Arkhangelsk region. But for the Leningrad special plant the
cardinal problem affecting radiation safety aspects for all the Northwest region of Russia, is
connected with exhaustion of the reserve volumes for solid radioactive waste acceptance.
It is necessary to mention the separate class of radioactive wastes storing at the plants. These
are the spent sources of ionising radiation. The radioactivity of one source reaches (can
reach) thousands Ci. At present their burial is carried out in shallow land-based storage
facilities of the well type. In 1997 the selective inspection of the existing similar storage's at
special plants "Radon" showed seriousness of the problem regarding reliability of spent sources
burial.
The principal conclusion of the conducted measuring inspection states that it is necessary to
stop the burial of ionising sources containing radionuclides with the half-life more than 30
years, in storage facilities of the well type. The existing storages are not able to provide for
safe storage of such sources for all the period of their potential hazard. At the same time, the
storages are not adjusted for extraction of such sources from them in the future. The spent
sources containing long-lived nuclides are necessary to store temporarily (until the completion
of a new process engineering) in transport containers in separate section of solid wastes
storage facility.
With the purpose of solution of this problem Gosatomnadzor of Russia jointly with the
Moscow NPO "Radon" continued the inspection programme of the well type special storage
facilities at five special plants (the programme was approved on 03.04.98) in 1998. The
inspection of special storage facilities in 1995-1997 allowed to elaborate the recommendations
for their further operation with the purpose of safety assurance of the staff, population and
protection of the environment. The Managers of the plants have been familiarised with the
recommendations for practical fulfilment. In 1997 analysis of radiation state parameters for
radioactive waste burial at special plants "Radon" showed, that the exposure dose rate at the
working places, the average annual volumetric activity of radionuclides in the air, water, soil,
the level of surfaces' contamination in the premises did not exceed the permissible values and
the acceptable levels established by the regional Gossanepidnadzor bodies.
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