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Currently, projects on design development and
construction of RW disposal facilities are being
implemented in Russia under the initiative on the
establishment of the Unified State System for Ra-
dioactive Waste (RW) Management. The regula-
tory framework that evolved over the last decade,
deployed managerial and material resources have
largely contributed to these efforts [1]. Measures
implemented under the development of the Uni-
fied State System for RW Management have dem-
onstrated the need for the development of national
approaches aimed at addressing the existing chal-
lenges in this area. This is the case of most impor-
tant issues associated with the safety of RW dispos-
al and their scientific and technical support: infor-
mation and analytical base and the knowledge base
required for research and fitted with complete and
adequate sets of parameters relevant to the inves-
tigated processes, software and the opportunities
for providing reliable forecasts on the evolution of
specific facilities and materials , which is especially
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relevant and necessary in terms of assessing the
long-term safety of RW deep disposal facilities.

RW disposal is a legislatively established preroga-
tive of the National Operator for RW Management
[2, 3]. The tasks of safe RW disposal addressed by
the National Operator are multi-subject in their
nature and require collective efforts of the scientif-
ic community and experts from various fields. Such
a knowledge platform is provided by relevant ex-
perts of the scientific and technical councils of the
State Atomic Energy Corporation Rosatom. One of
them, namely, the Scientific and Technical Council
No. 10 Ecology and Radiation Safety deals prima-
ry with the problems associated with RW disposal
safety, searching effective solutions and initiating
their implementation. As a crosscutting matter,
these problems are considered inter alia under the
auspices of scientific and technical councils No. 5
on the Final Stage of the Nuclear Fuel Cycle, No. 1
Nuclear Power Units and Plants and No. 8 on the
Advanced Technological Nuclear Power Platform.
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In addition to these four scientific and technical
councils, RW disposal issues are regularly discussed
under a task-specific section No. 1 Environmental
and Radiation Safety of Long-Term Storage, Con-
servation and Disposal Facilities for Radioactive
Waste established under the auspices of the Scien-
tific and Technical Council No. 10.

This article summarizes the key challenges and
the outcomes of a boosted decision-making on the
development of a RW management system in Rus-
sia and the safety of RW disposal discussed at the
meetings of the scientific and technical councils of
the State Atomic Energy Corporation Rosatom in
2009—2020.

The following processes and addressed tasks were
considered:

- study of problems and development of approach-
es aimed at establishing a system of criteria for
RW identification and classification;
establishment of a methodological basis and its
scientific and technical support enabling practical
efforts on the categorization of accumulated RW,
identification of their amounts and conditions at
relevant RW sites (primary registration);

- evaluation of optimal solutions and triggering
the decision-making on their implementation
under the stages suggested by deep RW disposal
strategy;

identification of effective approaches for URL
R&D planning aimed at assessing the deep RW
disposal safety;

evaluation of approaches providing safety at ex-
isting RW disposal facilities;

evaluation of approaches providing safety at new-
ly developed RW disposal facilities;

identification of areas and accelerated develop-
ment of computational and software systems used
for modeling and forecasting purposes under rel-
evant long-term safety assessments of nuclear
facilities.

The paper discusses the milestones providing so-
lutions to each of the above tasks.

Problem evaluation and development
of approaches aimed at establishing a system
of RW identification and classification criteria

Success in the establishment of an effective RW
management system in the Russian Federation [4,
5] providing the radiation safety of the population
and the environment and compliance with interna-
tional obligations under the Joint Convention on
the Safety of Spent Fuel Management and on the
Safety of Radioactive Waste Management [6, 7], on
the one hand, cannot be achieved without scien-
tifically sound and economically feasible criteria
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for RW identification and classification, and on the
other hand, a system of criteria addressing a num-
ber of practical issues inherent to the development
of the Unified State System for RW Management
(USS RW) [8]. It’s worth noting that these criteria
should be established with a due account taken of
three main factors: technical feasibility, economic
feasibility and social acceptance. At the same time,
relevant historical background should be consid-
ered taking into account volumes and character-
istics of RW accumulated by the time of USS RW
establishment and the geographical location of RW
sites.

Approaches to the development of criteria for
waste categorization as RW and their classification
by disposal methods and disposal conditions were
discussed at several meetings of Rosatom STCs.
A case in point is the joint meeting of STC No. 5 and
STC No. 10 held on February 29, 2012 [9] that in-
volved an extensive evaluation of criteria proposed
at the beginning of this meeting by the interested
institutions and varying by the degree of their elab-
oration and completeness.

To make a balanced interagency decision, the
scientific and technical councils had to develop a
coherent vision on the differing provisions of the
drafted proposal. Opinions expressed at the meet-
ing and ample discussion allowed the STC to de-
scribe the ways for further evolution of RW con-
cepts and the approaches to the establishment of
criteria supporting the decision-making on waste
assignment to RW category and recognizing it as
falling under the scope of RW management require-
ments; RW categorization as retrievable subject to
retrieval, conditioning and disposal at centralized
disposal facilities (RWDF); RW categorization as
non-retrievable subject to in-situ disposal; segre-
gation of retrievable RW into classes for disposal
purposes.

The basic structure of the documents was decided
upon by the scientific and technical councils based
on a harmonized core of the above vision. The nu-
merical values of RW assignment criteria, in par-
ticular, for solid waste containing technogenic ra-
dionuclides, were determined based on approaches
agreed upon in the drafts prepared by relevant insti-
tutions. As for liquid waste containing technogenic
radionuclides, for which the approaches proposed
by institution differed significantly, it was recom-
mended to consider multiples of intervention levels
(about 50—100) for all technogenic radionuclides,
except for tritium. As for tritium-containing LRW,
due to its specific properties, it was proposed to
choose a single criterion based on which the waste
could be assigned to LRW category. Regarding the
criteria for RW categorization as non-retrievable, it

29



Disposal of Radioactive Waste

was proposed to limit this category to waste gen-
erated as a result of defense activities and located
at sites contaminated due to radiation or nuclear
accidents.

As it comes to RW classification system for waste
disposal purposes based on the period of its poten-
tial hazard, the joint meeting unequivocally recog-
nized the compliance with the basic principle pro-
vided for in international recommendations.

The decisions made by the STC have formed a ba-
sis for interagency coordination of the draft provi-
sions and subsequent approval of these criteria by
the Government Resolution of the Russian Federa-
tion of October 19, 2012 No. 1069 On Criteria Used
to Categorize Solid, Liquid and Gaseous Waste as
Radioactive Waste, Criteria Used to Assign RW to
Non-retrievable and Retrievable RW Categories,
Classification Criteria for Retrievable RW (Gov-
ernment Resolution No. 1069) [10]. The Govern-
ment Resolution played a key role in arranging an
institutional basis for RW management activities
and establishing relevant financial mechanism en-
abling the operation of the Unified State System
for Radioactive Waste Management. Such impor-
tant issues cannot be addressed solely through the
adoption of some regulations, but also considering
the feedback from their practical application. For
this reason, approaches to the establishment of RW
classification criteria and law enforcement practice
concerning the requirements stipulated in provi-
sion of the Government Resolution No. 1069 were
iteratively evaluated at STC meetings.

Thus, a number of urgent challenges associated
with the implementation of practical activities
was revealed at STC No. 10 of April 11, 2014 [12]
based on the feedback from the implementation of
requirements stipulated in the Government Reso-
lution No. 1069 given relevant provisions of fed-
eral norms and rules in the field of atomic energy
use, namely, NP-093-14 RW Acceptance Criteria
for Disposal (NP-093-14) [11] and the experience
of operating organizations (OJSC Rosenergoatom,
FSUE NO RAQO, etc.). Listed below are some of the
revealed challenges: non-compliance of criteria
used to categorize waste as RW with relevant pro-
vision of the Federal Law On Radioactive Waste
Management and Amendments Introduced to Cer-
tain Legislative Acts of the Russian Federation of
July 11, 2011 No. 190-FZ (Federal Law No. 190-FZ)
providing opportunities for increasing the number
of facilities holding RW; excessive expansion of RW
inventory due to inclusion of materials contain-
ing short-lived radionuclides; assignment of RW
containing radionuclides from group “G” accord-
ing to the radiation hazard level [13] to RW Class 3,
even if its specific activity only slightly exceeds the
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minimum significant specific activity level, which
does not correspond to the actual radiological haz-
ard imposed by the waste.

The adopted decision specifically emphasized
that the entire complex of identified problems as-
sociated with the enforcement of the Government
Resolution No. 1069 had proved the reasonability
of introducing certain amendments to it.

The relevance of introducing such amendments
was acknowledged at a meeting of Section 1 of STC
No. 10, recognized at the meeting of STC No. 10 of
April 28, 2016 [14] in the course of discussions on
the establishment of RW cementing complex at PA
Mayak site. The urgency of this matter was stated
repeatedly by FSUE PA Mayak during a joint meet-
ing of STC No. 5 and STC No. 10 held on October 16,
2019 [15].

Conclusions and decisions of Rosatom’s STC on
the need of introducing certain amendments to
the Government Resolution No. 1069 were further
elaborated with relevant measures being intro-
duced into the Action Plan on the implementation
of the State Policy Fundamentals on Nuclear and
Radiation Safety in the Russian Federation (Ap-
proved by Order of the Government of the Russian
Federation of February 2, 2019 No. 139-1). Rostekh-
nadzor and the State Atomic Energy Corporation
Rosatom became responsible for the preparation
of the draft amendments, which was stipulated in
relevant provision of the Government Resolution
of the Russian Federation On Amendments Intro-
duced to the Government Resolution of the Russian
Federation of October 19, 2012 No. 1069 (Govern-
ment Resolution on amendments PP-1069).

The following provisions of Government Resolu-
tion No. 1069 were recognized as requiring some
amendment:

- criteria for RW categorization as non-retrievable

RW;

- retrievable RW classification for disposal purposes.

In 2018—2019, corresponding SC Rosatom pro-
posals on amending the above two key provisions
were presented at the meetings of the coordina-
tion interagency commission for USS RW develop-
ment and a special working group established for
these purposes. However, interagency coordination
on the proposed amendments has proved to be
unsuccessful.

As the result of further concurrent efforts of two
authorized departments, significant divergence
in the goals and outlook on the amendments re-
quired to be introduced to the Government Reso-
lution No. 1069 has manifested itself. This was
mainly associated with different interpretation of
reasonable safety limits, the approaches applied to
evaluate the amount of resources required for the
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implementation of relevant measures, the scope of

intentions and priorities in addressing the tasks.

In August 2019, a new area emerged under the
development of proposals on amendments to the
Government Resolution of the Russian Federation
No. 1069, which was due to the introduction of fun-
damentally new, not previously considered propos-
als on criteria for solid waste categorization as RW
and the classification criteria for retrievable RW to
the draft paper developed by Rostekhnadzor. It was
proposed to categorize industrial waste containing
man-made radionuclides as RW up to the level of
its release from radiation control. For objective rea-
sons, this proposal was not accepted by SC Rosatom.
The main reasons for that were as follows:

- USS RW infrastructure was not able to manage
such a big waste inventory;

- measures have been taken, including the estab-

lishment of an interdepartmental working group

to address the issues associated with the manage-
ment of such waste;

hazards imposed by such waste do not require the

implementation of the entire range of measures

provided for RW management;

- current environmental legislation governs activi-
ties in the field of industrial waste management,
including industrial waste contaminated with
technogenic radionuclides.

Discussions on the content of the Government
Resolution on the introduced amendments PP-1069
were supported by a series of articles in scientific
and technical journals [16, 17] presenting the argu-
ments of the parties, as well as elaborating on pos-
sible setbacks associated with the introduction of
a lower limit for RW categorization corresponding
to the level of waste release from radiation control,
which was proposed by the Federal State Budgetary
Institution Scientific and Technical Center NRS and
supported by Rostekhnadzor.

Some kind of a consensus on this matter between
Rostekhnadzor and the State Atomic Energy Cor-
poration Rosatom was expected to be reached dur-
ing the meeting of STC No. 10 held on December
17, 2019. However, only partial consensus could be
reached at that time [18, 19].

In general, based on the discussion, a shared un-
derstanding has evolved between the State Atomic
Energy Corporation Rosatom as a governing body
in the field of RW management and Rostekhnad-
zor as a state nuclear regulatory on the need of
abolishing non-safety-related restrictions on
RW origin and location during the decision mak-
ing on RW assignment to the non-retrievable RW
category.

As for the other proposals discussed at this meet-
ing and in the report of STC NRS, namely, those
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associated with criteria for waste assignment to the
category of RW and retrievable RW classification, a
clash of opinions expressed by STC members still
persisted.

Most polar standpoints were expressed in the
discussion on the management of industrial waste
with a high content of technogenic radionuclides
and relevant challenges: on this matter the stances
of governing and regulatory bodies, as well as vari-
ous organizations were still poles apart.

Rostekhnadzor’s proposal on a significant expan-
sion in the inventory of industrial waste being at-
tributed to the RW category by reducing numerical
values of RW assignment criteria up to a level cor-
responding to unrestricted use of solid materials,
was judged by many experts as not being explicitly
elaborated also due to the lack of necessary finan-
cial and economic evaluations.

Scientific and Technical Council No. 10 adopted
some decisions on topical issues concerning the
proposed amendment to the Government Resolu-
tion No. 1069.

Supported were the proposals presented by Ro-

satom’s Project Office on USS RW Development in
a series of open access publications and at meet-
ings focused on practical applications and based on
evaluations concerning relevant safety aspects and
USS RW feasibility, in particular dealing with:
. abolishing restrictions on waste origin and loca-
tion during decision making on waste assignment
to the category of non-retrievable RW if these are
not based on safety principles;

expanding the list of retrievable RW classes and
preserving the numerical values for the specific
activities of individual technogenic radionuclides.
These provisions are supposed to ensure the op-
eration of the current financial model enabling
the replenishment of a special reserve fund for
RW disposal. The former list should also indicate
the targeted use of the waste classes and provide
standards allowing to identify specific RWDF con-
sidered suitable for the disposal of certain RW
based on numerical values of the acceptance cri-
teria established in accordance with federal norms
and rules.

Scientific and Technical Council No. 10 acknowl-
edged that consistent work is required to arrive
with a coordinated interagency decision on all is-
sues concerning the proposed updating of the Gov-
ernment Resolution No. 1069. Therefore, the STC
recommended that SC Rosatom arranged for addi-
tional consultations with Rostekhnadzor to discuss
the latest draft of the proposed amendments with
the draft itself being discussed at a meeting of a
coordination interagency commission for USS RW
development.
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As regards the inclusion of industrial wastes with
a high content of technogenic radionuclides into
RW management domain, STC No. 10 has recog-
nized that the following should to be taken into ac-
count in addressing this issue:
additional/repeated initial registration of RW and
RW sites;
redistribution of federal budget funds to cover the
management of the indicated industrial waste
category;

- amendments to the exiting FNP system regulat-
ing RW management to establish requirements
for the safe management of the industrial waste
based on the actual hazards imposed by the waste.
In general, STC has recognized the issue of in-

dustrial waste management with a high content of

technogenic radionuclides as an urgent one requir-
ing additional discussion with the involvement of

a wide range of specialists and departments, con-

sidering economic, managerial and other factors.

Therefore, this point was proposed to be put on

the agenda of the Rosatom’s STC No. 10 Ecology

and Radiation Safety for 2020 providing for a sub-
stantive review of this issue with due consideration
given to the best practices and plans of operating
organizations concerning the management of such
waste (Rosenergoatom Concern, JSC TVEL, FSUE PA
Mayak, etc.).

Establishment of a methodological base

and its scientific and technical support
enabling practical efforts on the categorization
of accumulated RW, identification of

their amounts and conditions at relevant

RW sites (initial registration)

Hands-on answers to the questions regarding
the RW amount and the setup at RW sites were ob-
tained during the initial inventory taking campaign
[20], provided for by the USS RW.

A lot of preparatory work was been done by
IBRAE RAS jointly with SC Rosatom, Rostekhnad-
zor, FMBA of Russia, Scientific and Research Center
for Nuclear and Radiation Safety and nuclear enter-
prises. These efforts were implemented under the
development of Scientific and Technical Guides for
the Preparation of Materials Supporting the Deci-
sion-Making on RW Assignment to the Category of
Non-retrievable RW [21—23] which was done pay-
ing due attention to the requirements of Russian
regulatory framework, regulations and recommen-
dations of international organizations in the field
of atomic energy use, environmental protection,
radiation safety and sanitary and epidemiological
welfare. Techniques and approaches adopted in the
Guide, as well as aspects of its pilot application to
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support the categorization of RW as non-retriev-
able RW located in the underground repositories of
plant 235 and reservoir V-9 of FSUE PA Mayak, at a
storage facility for of PA ECP (Sludge Collector stor-
age facility) were evaluated and discussed at sec-
tion No. 1 of STC No. 10 held on April 11, 2014 [12].

The approaches set forth in the Guide provided
for the development of supporting justifications
covering all criterial parameters, including waste
origin and location stipulated in the Government
Resolution No. 1069.

In keeping with the adopted approaches, to cat-
egorize RW as non-retrievable RW one should dem-
onstrate that under most conservative estimates
of collective effective radiation doses, risks of po-
tential exposure, overall potential environmental
damage and the costs associated with in-situ RW
disposal are lower than those estimated under the
option suggesting waste retrieval and its disposal.

The developed and adopted mechanism, adjust-
ed according to the results of pilot projects, pub-
lished scientific and technical Guide distributed to
operating organizations, conducted trainings and
consultations, as well as scientific and technical
support of relevant activities implemented at SC

"Rosatom” enterprises have prompted the initial in-

ventory taking campaign that took place in 2013—
2014. Its findings were acknowledged favorably on
May 26, 2015 at the meeting of Section No. 1 of the
STC No. 10 [24] and on July 8, 2015 at the meeting
of STC No. 10 [25]. In particular, the scientific and
technical councils have emphasized that:

- initial registration and inventory taking campaign
contributed to the establishment of an informa-
tion resource summarizing data on 2,100 facilities;

. operating organizations provided data by filling in
relevant questionnaires on each RW site and in-
terdepartmental commissions drafted acts of their
initial registration approved by SC Rosatom.

RW retrieval and in-situ disposal scenarios were
developed for each storage facility holding RW,
which was done to demonstrate whether it was
feasible to categorize the considered waste as non-
retrievable RW and to identify the compliance with
the criteria set forth in the Government Resolution.
Thus, collective doses to personnel and the public,
risks and costs associated with work execution were
estimated for each scenario, including relevant es-
timates of damage caused to environmental objects.
Supporting materials were prepared by operat-
ing organizations with the involvement of expert
and scientific and technical support organizations
(IBRAE RAS, SRC NRS, FMBA of Russia, FSUE "NO
RAO").

Based on the acts, SC "Rosatom" compiled lists of
long-term RW storage facilities, storage facilities
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for non-retrievable RW, facilities holding non-re-
trievable RW and RW disposal facilities, which were
subsequently approved by the Government of the
Russian Federation.

Establishment of specific timing and focus ar-
eas for further activities in relation to each facil-
ity is seen as a fundamental difference between the
implemented RW initial registration and inventory
taking campaign and all previously completed proj-
ects pursuing similar objectives.

Evaluation of optimal solutions and triggering
the decision-making on their staged
implementation of the deep RW disposal strategy

Developed disposal facility is considered as a key
element of the infrastructure and a most challeng-
ing element providing the long-term safety in RW
management. STC meetings were mainly focused
on the development of a deep disposal facility
(DDF) for RW Class 1 and 2.

For the first time ever, an unbiased evaluation
of the project on the development of a DDF RW in
the Nizhnekansk rock mass (hereinafter referred to
as DDF NKM) was provided at the meeting of STC
No. 10 held on September 5, 2013, which involved
the consideration of the progress achieved in the
development of designs and basic engineering so-
lutions for the construction of a deep RW disposal
facility in the bedrocks of the Nizhnekansk rock
mass [26]. Proposals on DDF NKM design devel-
opment were discussed at meetings engaging rel-
evant organizations involving the reports made by
design development organization JSC VNIPIprom-
tekhnologii which contributed to a common under-
standing of the general setup regarding the ongo-
ing work and future plans.

An apparent trend has manifested itself, namely,
the one associated with persistent clashes of opin-
ions between those responsible for DDF design de-
velopment and construction and those arguing for
areasonable guarantee of its safety. Reviewers from
the Geophysical Center of the Russian Academy of
Sciences, IGEM RAS, FBI STC NRS and IBRAE RAS,
as well as a number of STC members who took part
in the discussion of the reports were extremely
concerned on some issues associated with general
work program, R&D program to be implemented in
the URL, compliance with IAEA recommendations,
development of quantitative RW acceptance crite-
ria for disposal.

Based on preliminary evaluation of the state-
of-art in DDF development, opinions of reviewers
expressed at the meetings, statements made by
council members and experts during the discus-
sions, STC concluded that the progress achieved by
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the design organization and the baseline design ap-

proaches only reveal the general areas associated

with tasks at hand, but obviously are not sufficient
to achieve the ultimate goal — DDF RW establish-
ment. To address this goal even more extensive

R&Ds are required, the entire scope of which has

been not provided for in available design solutions.

To provide such an extensive list of R&Ds the fol-

lowing priorities should be addressed:

- Development of a conceptual long-term work plan
on DDF RW establishment, its commissioning, op-
eration and closure;

- Development of a detailed program for URL con-
struction and research;

- Arranging for scientific and technical support of
relevant activities;

- Arranging for international cooperation on DDF
RW development, including international safety
assessment also covering the post-closure period.

Challenges associated with DDF RW development

require consolidation of design development, re-

search and managerial resources to much larger ex-
tent than it was provided for by the terms of refer-
ences, decisions made and the powers of FSUE "NO

RAO".

STC has recommended SC Rosatom to identify the
measures that should be implemented to achieve
the specified goals, including those provided for
under the Federal Target Program for 2016—2025,
to arrange for international cooperation and public
outreach engaging its Public Council.

The Scientific and Technical Council has specifi-
cally emphasized that the international practice of
countries that have already started DDF RW con-
struction evidences the paramount importance giv-
en to the URL development and URL-based R&Ds
that allowed them to develop national data and
knowledge bases providing subsequent confident
design development and construction of DDF RW.

Critical evaluation of DDF RW design develop-
ment plans provided at STC meeting in 2013 trig-
gered a fundamentally deeper and more detailed
consideration of challenges associated with RW
Class 1 and 2, being largely focused on URL estab-
lishment, as well as development and implementa-
tion of a research program to validate safety-im-
portant design parameters considered essential for
future effective URL performance.

Effective advancement in the development of
balanced solutions to DDF challenges was made at
STC meetings held in 2016.

Important recommendations on the refinement
R&D program developed by FSUE "NAO RAO" and
the action plan for its implementation in URL NKM
were presented on March 16, 2016 at STC No. 10
meeting of section No. 1 [27].

33



Disposal of Radioactive Waste

Discussion focused on the disposal concept held
at STC No. 10 meeting on December 13 2016 con-
stituted a key pillar to the decision-in-principle on
DDF RW establishment [28]. During the discussion,
a number of issues requiring additional consider-
ation were acknowledged, namely: comprehensive
hydrogeochemical studies with additional well
cluster drilling had to be performed to investigate
ground water flows in the bedrocks; inventory of
waste pending disposal had to be clarified (waste
composition, type and volume); the time frame to
be accounted for in the safety case had to be speci-
fied; methodological and regulatory support had to
be provided to validate measured safety-important
indicators, bedrock properties and the processes
occurring in it; the order in which the problems
were to be solved had to be explicitly described, as
well as the scope of relevant challenges and the in-
terdependency of different activities.

Strenuous efforts on preliminary study of safety-
important issues associated with the geological
disposal of RW, ways of addressing future problems
and their discussion at STCs resulted in an essen-
tial conclusion suggesting that a single strategic
document enabling coordination and optimization
of activities carried out by various design and sci-
entific organizations should be developed, as well
as detailed specific action plans, a basic tool for
continuous iteration of the results achieved and
their expert assessment. All these considerations
resulted in the Strategic Master Plan Supporting
Long-Term Safety Assessments and Safety Case
Development for DDF RW Intended for RW Class 1
and 2 Disposal in the Nizhnekansk rock Mass (here-
inafter SMP NKM), including the disposal concept,
detailed discussion of preparatory work addressing
the priority tasks, requirements to the source data
and the results associated with specific implement-
ed activities and stages.

SMP NKM is not only focused on URL NKM estab-
lishment and operation. Its results should provide
basic answers to the questions raised by public and
safety regulatory authorities on the safety of Class 1
and 2 RW disposal at the proposed site. Draft SMP
NKM provisions were issued in 2016 [29].

As it comes to the design solutions proposed for
URL and DDF RW construction, STC stated that
these should be considered at a joint meeting of
STC No. 5 and STC No. 10 to provide a fully-fledged
study of the issue and a detailed evaluation of the
basic design and engineering solutions. This pro-
posal was implemented which has necessitated
enormous preparatory efforts.

Following a series of preliminary discussions with
FSUE NAO RAO, key milestones and focus areas for
DDR RW and URL establishment were identified at a
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joint meeting of STC on Basic Design and Engineer-
ing Solutions for URL and DDF RW (Nizhnekansk
Rock Mass) held on October 27,2017 [30]. Scientific
and technical councils analyzed and discussed the
Strategy for the Development of a Deep Radioac-
tive Waste Disposal Facility (hereinafter referred
to as the Strategy), envisaged basic design and en-
gineering solutions for the coming years, and the
Strategic Master Plan Supporting Long-Term Safety
Assessments and Safety Case Development for DDF
RW Intended for RW Class 1 and 2 disposal in the
Nizhnekansk rock mass.

Presentations, expert statements and views ex-
pressed at the meeting repeatedly noted that ad-
equate profoundness and reliability of data pre-
sented in the safety case and covering extensive
time periods should provide an essential contribu-
tion to addressing the challenge of HLW disposal.
International deep disposal practice demonstrates
that DDF RW development is advisable to be start-
ed with URL construction enabling detailed geo-
logical studies of the proposed site structure and
the interactions between structural elements of
the facility and the bedrocks, testing of proposed
engineering solutions to be applied during DDF
RW construction and operation and acquisition
of necessary reliable data. It was emphasized that
practical implementation of any decisions should
be based on detailed knowledge and account for
public acceptance.

Scientific and technical councils have acknowl-
edged that the tasks being addressed are interdisci-
plinary by their nature and require the engagement
of a wide range of experts, a balanced approach to
decision-making and their adjustment depending
on the results obtained. These tasks could be ad-
dressed based on generalized knowledge and expe-
rience gained in various areas of modern science
and technologies.

On the whole, the discussion revealed a consen-
sus on such fundamental issues as the need for a
phased DDF RW construction strategy, complete
and iterative validation of all decisions made, the
goals of URL establishment and time frames for
research conducted therein, the possibility of con-
ducting reviews of certain important decisions and
its binding nature including public reviews. All
these aspects contributed to a favorable position
on the proposed iterative adjustment of the devel-
oped designs, construction tactics and methods for
R&Ds planning which was reflected in relevant de-
cision of the STC.

At the same time, representatives of the state
safety regulatory body shared their balanced atti-
tude being focused solely on the safety assessment
and safety demonstration.
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STC No.5 and STC No. 10 have generally ap-
proved the draft Strategy and the SMP NMP and
have recommended their interagency coordination
and subsequent approval following the consider-
ation of the expressed remarks.

Decision made by the scientific and techni-
cal councils suggested that URL and a Research
& Demonstration Center would be considered by
the National Operator as fully-fledged phases un-
der the DDF RW development project. SC Rosatom
was recommended to consider the establishment
of governing bodies responsible for project imple-
mentation; to introduce amendments to the feder-
al target program Nuclear and Radiation Safety in
2016—2030 (hereinafter referred to as FTP NRS-2)
to decompose the focus area on URL development
into relevant types of activities; to specify the pro-
cedure for the establishment of a scientific coor-
dinator under the URL and DDF RW development
projects represented by IBRAE RAS, to approve the
chief designer and chief engineering constructor
under DDF RW development project, to consider
whether it’s needed to expand the list of chief spe-
cialists under FSUE NO RAO structure.

The discussion was concluded by a statement
of the Member of Russian Academy of Sciences
L. A. Bolshov who expressed his conviction that the
only correct and honest way to interact with public
is to abandon the idea of RW Class 1 and 2 disposal
at the considered site if URL research performed to
demonstrate the long-term safety of DDF RW do
not yield positive results. In this case, as in other
countries, it will be necessary to initiate another
siting process for the DDF RW.

It should be noted that on March 28, 2018, the
Strategy for the Development of a Deep Radioactive
Waste Disposal Facility was approved by the Direc-
tor General of the State Atomic Energy Corporation
Rosatom A. E. Likhachev [31].

The decision made by the scientific and technical
councils providing for regularly review of the prog-
ress achieved in URL and DDF RW development
has been consistently implemented, and already in
2018, this matter has been already considered twice
at Section No. 1 of the STC No. 10.

Proposals on the content and coordination of
activities performed to implement the Strategy
were put on the agenda of a meeting held on July 9,
2018 [32]. It has been acknowledged that SMP NKM
project enabled the development of an R&D pro-
gram presenting a harmonized and complete list of
time-based and interrelated design, research and
development tasks. Starting from 2019, it was rec-
ommended that SC Rosatom put in place necessary
financial provisions to cover the costs associated
with addressing the key tasks specified under phase
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No. 1 of the Strategy, namely Preliminary Efforts on
URL establishment that was planned to be imple-
mented in no more than 5 years (2017—2021). It
was emphasized that a delayed funding suggesting
that some R&Ds stated under the program would be
launched later than 2019, in particular, the R&Ds
focused on the identification of subsoil parameters
under an undisturbed state, entails the risk of de-
laying the start of the pre-construction phase.

A wide range of research goals and objectives
requires the closest possible interaction between
scientific organizations and FSUE NO RAO as a re-
sponsible subsoil user and a customer of URL con-
struction. Provisions of STC decision acknowledge
the active engagement of the Russian Academy of
Sciences, namely, IBRAE RAS, IGEM RAS, IHEP RAS,
St.Petersburg Branch of the Institute of Geoecology
RAS, Geophysical Center of RAS. Along the prog-
ress achieved in the implementation of the Strategy,
the list of scientific organizations will tend to be-
come more and more extensive. Centralized infor-
mation and analytical resource PULSE may serve a
knowledge base platform and an information basis
providing interaction between different scientific
organizations. Given the structure of the tasks and
the expected period of intensive (2019—2030) cal-
culations supporting DDF RW safety assessments,
it was decided to arrange for the development of a
new computational cluster.

Considerable attention has been paid to the fact
that research results may be recognized by the
scientific community and general public only pro-
vided maximum transparence and open access to
scientific papers in peer-reviewed Russian and in-
ternational publications. Moreover, the research
results and DDF RW safety case materials can get
international recognition only provided active and
long-term engagement of Russian experts in inter-
national working groups, commissions, expert com-
munities, etc. TAEA, OECD Nuclear Energy Agency,
etc.) and presentation of these results in top-tier
scientific journals.

It was recognized that the accomplished efforts
have set the scene for the implementation of the
decision made at the joint meeting of STC No. 5 and
STC No. 10 of SC Rosatom held on October 27,2017
on additional funding to implement measure 2.1,
namely, Construction of a Final Disposal Facility
(deep disposal facility) for Radioactive Waste of
Class 1 and 2 (Krasnoyarsk Territory, Nizhnekansk
Rock Mass), First Section under FTP NRS-2 given
corresponding expenditure items on an annual ba-
sis until 2025.

Proposed URL layout was discussed at the second
meeting of Section No. 1 of STC No. 10 held on Oc-
tober 10, 2018, focused on the completeness of URL
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experiments [33]. The layout will be discussed in
a below section dealing with approaches enabling
R&D planning.

Identification of effective approaches
for planning R&Ds in the underground
research laboratory aimed at assessing
the safety of a deep RW disposal facility

As noted above, in demonstrating the safety of
DDF RW the scientific and technical council attach-
es primary importance to R&Ds performed in URL.
Plans for such R&Ds in terms of their scientific and
managerial structure are discussed in the Research
Program for the Underground Research Labora-
tory in the Nizhnekansk Rock Mass developed by
FSUE "NO RAO", which was discussed by a num-
ber of leading scientific and design organizations
of SC Rosatom, Rostekhnadzor and RAS, and the
Action Plan for the Implementation of a Research
Program in the Underground Research Laboratory
in the Nizhnekansk Rock Mass to Validate Safety-
Important Design Parameters for the Underground
RW Disposal for RW Class 1 and 2 providing for the
R&Ds to be implemented simultaneously with URL
construction. The latter was discussed at a meeting
of Section No. 1 of Rosatom’s STC No. 10 held on
March 16, 2016 [27].

It was recognized that the debaters had proposed
a large number of activities and measures, with
some of them being related to the fundamentals of
the disposal concept.

A decision was made at the section recommend-
ing FSUE "NO RAQO" to consider these proposals to
finalize the plan.

In 2016, during the compilation of the activities
it was considered feasible to expand it, providing,
in particular, the development of a draft strategic
master plan supporting long-term safety assess-
ments and justifications (SMP).

By 2016, some specific activities have been iden-
tified as the priority ones by the STC, in particular,
to build a structural model of the NKM fractured
domain, to simulate the transfer of radionuclides
with groundwater flows in a fractured rock mass, to
build thermodynamic, and geomechanical models,
to study the protective properties of natural and
engineered DDF RW barriers, to provide a well-
founded list of parameters describing the scenarios
associated with natural and technogenic impacts
given the setup at the proposed site, to summarize
the results of previous studies (including interna-
tional ones) given their application within the safe-
ty case developed for the DDF RW.

As mentioned earlier, another substantive dis-
cussion focused on the content of the experiments
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planned in the URL and providing necessary data
for DDF RW long-term safety assessments took
place on October 10, 2018 at the meeting of Sec-
tion No. 1 of STC No. 10 [33]. Its presentations were
devoted to the composition of the planned R&Ds,
evaluation of international and national experi-
ence, the goals and expected results of the experi-
ments, main conditions for their implementation.

The possibility of using radioactive substances
during the URL research was also discussed at the
meeting.

By the end of the meeting, STC acknowledged
that public obligations of FSUE "NO RAQ" ruling
out the presence of radioactive substances at the
facility impede the use of radioisotope methods to
study the geological environment given the effec-
tive legislative provisions and have nothing to do
with actual RW disposal.

Based on the compiled R&D list, STC concluded
that the general research program contains about
150 interrelated design, research and development
tasks with some 50 of them being focused on pilot
URL installations.

For further elaboration of this work package,
proposals on the composition of the planned ex-
periments supporting DDF RW safety assessments
both at operational and post-closure stages were
developed. It includes about 40 experiments cov-
ering 9focus areas. These experiments should
be launched under the first and second phases of
the Strategy implementation including the min-
ing stage. Requirements for their implementation
should be set forth in the provisions of the URL
upgrading designs. Some 10 more experiments
devoted to RW emplacement technologies will be
conducted no earlier than at the third phase of
the Strategy implementation. URL research pro-
gram and the planned experiments were subse-
quently discussed at a joint meeting of STC No. 5
and No. 10 held on October 16, 2019: discussions of
URL NKM layout were supported by the estimates
on the scope of research activities required to dem-
onstrate the long-term safety of DDF RW [15].

A comprehensive research program has been fi-
nalized and adopted under the first phase of the ap-
proved Strategy to assess the long-term safety of RW
disposal and to optimize SMP NKM provisions for the
planning period until 2030. The following measures
were specified as the priority ones (2019—2021):

- pre-design feasibility study on URL layout upgrad-
ing specifying the list of research facilities, their
locations, research equipment, systems providing
their performance;

- deployment of integrated long-term observation
systems to monitor the main safety-important
processes;
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. geological exploration, including the identifica-
tion of structural disturbances and undisturbed
rock units, specification of the tectonic setup
within the DDF RW siting area and forecasts of
its further evolution, refinement of groundwater
characteristics;

- addressing the issues associated with the outfit-
ting of experimental units, methodological sup-
port of activities performed at the site and in labo-
ratories, materials and calculation tools.
Accounting for engineering and design docu-

mentation required to perform research during
URL construction was stipulated as an important
task that had to be addressed in the nearest future
(late 2019 — early 2020). The developed Program
for the Scientific Support of Mining Operations
and its findings at phases I and II of the Strategy
implementation are viewed to become a key ele-
ment of URL licensing process and its international
review.

STC proposed the following list of activities to be
accounted for as top-priority ones during the ad-
justment of design documentation:

A) during URL construction:

- in-depth geological surveys under each excava-

tion cycle allowing to map the fractures, describe

the geology of exposed areas, perform prompt hy-
drogeological surveys, etc.;

purpose interval hydrogeological and geome-

chanical surveys focused on identified challenging

areas within the rock mass;

construction and operation of experimental units

fitted within mine shafts.

B) during URL operation:

thermomechanical, geomechanical, hydrogeo-

logical, microbiological, geochemical and barrier

experiments;

- operation of observation network and experimen-

tal nodes fitted within vertical shafts;

testing of engineering solutions providing RW

emplacement and installation of backfilling mate-

rials to seal the excavations.

Relevant activities should be implemented under

specifically developed design documentation on

URL operation during its expansion. It’s considered

advisable to start the development of new design

provisions no later than 2022.

Evaluation of approaches providing safety
at existing RW disposal facilities

At present time, there are four operating LLW and
ILW disposal facilities, namely: three facilities for
deep LRW disposal (hereinafter, DDF LRW) operat-
ed by SC Rosatom (FSUE MCC, JSC SCC, JSC SSC RF
RIAR) providing for LRW disposal via its injection
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into deep reservoir beds and the first section of a
near-surface SRW disposal facility at UECC site.

All of the LRW disposal facilities, Pilot-Industrial
Disposal Site (Ulyanovsk Region, Dimitrovgrad),
Disposal sites 18 and 18a (Tomsk Region, Seversk),
Severniy Disposal site (Krasnoyarsk Territory, Zhe-
leznogorsk) being under federal ownership are now
operated by FSUE NO RAO.

In 2013, TAEA pear-review mission was held to
evaluate the Russian deep-well LRW injection prac-
tice. Its findings revealed some main limitations as-
sociated with the approach applied to demonstrate
the long-term safety of DDF LRW due to which one
could not suggest a full compliance of the Russian
safety demonstration practice with the require-
ments of JAEA SSR-5.

Based on its findings, DDF LRW safety-important
issues were evaluated at the meeting of STC No. 10
held on April 17, 2014 [34]. Discussed were the pro-
posals presented by FSUE "NO RAO" considering a
program of computational and experimental DDF
LRW studies (hereinafter referred to as the Pro-
gram) addressing the expressed remarks and sup-
porting the development of a detailed program for
DDF LRW closure. The latter one was supposed to
include the following key areas: conceptual and
mathematical description of DDF LRW evolution,;
materials and structures that will be applied at the
closure stage; regulatory aspects associated with
DDF LRW closure.

As it comes to the progress achieved in certain
areas indicated under the Program, in particular,
noted were the discrepancies in the requirements
on the mipmapping level of the developed models
and interactions between the considered processes;
the key role of radiation-induced thermal effects
and the importance of microbiological research;
accumulated experience of IBRAE RAS in the de-
velopment of a modern three-dimensional geomi-
gration geofiltration model of the Severniy disposal
site and the need for well-targeted arrangement of
similar type research at different disposal sites and
applying already available and purpose-developed
models; the need for continued elaboration and ex-
pansion of a safety-important FEPs list; discrepan-
cies in the significance of the parameters measured
under experimental studies for the safety demon-
stration findings.

STC No. 10 has also recommended that the re-
fined Program should be supported by computa-
tional and experimental DDF LRW studies to dem-
onstrate the safety and feasibility of a detailed re-
pository closure concept and to address the flaws
noted by IAEA peer-review mission.

Over 25 research projects have been implement-
ed in this area, a number of experimental research
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programs was developed. A number of documents
supporting the long-term safety demonstration in
accordance with international standards is being
developed, amendments are being introduced to
relevant provisions of DDF LRW closure concept
with some particular technologies enabling wells
decommissioning being worked out. The sup-
plemented program has been recommended for
approval.

Evaluation of approaches providing safety
of developed RW disposal facilities

Compliance of the developed disposal facility for
RW class 3 and 4 (on the basis of SRW storage facil-
ity at FSUE Radon site) with already available simi-
lar facilities, including those constructed abroad,
in terms of their performance and environmental
safety was discussed at a meeting of Section No. 1
held on May 25, 2015 [35].

A detailed discussion allowed to recognize the
developed design documentation for RW class 3
and 4 disposal facility proposed for construction at
FSUE Radon site as generally complying with both
IAEA recommendations and similar international
designs, in particular, Center De LAube (ANDRA) in
France, El Cabril in Spain (LILW, ENRESA), Dessel
in Belgium, Dounreay in the UK. It was recognized
that these materials can support the long-term
post-operational safety case developed at the stag-
es of Environmental Impact Assessment (EIA) and
Pre-investment Feasibility Study that would com-
ply with the requirements and recommendations of
modern legal and regulatory framework and inter-
national approaches.

Meeting held on April 12, 2019 by Section No. 1
of STC No. 10 was devoted to challenges associated
with the design development ensuring the long-
term safety demonstration for near-surface dispos-
al facilities intended for SRW Class 3 and 4 [36].

Timely commissioning of near-surface disposal
facilities for RW class 3 and 4 (hereinafter NSDF) is
considered as a top-priority task for USS RW devel-
opment with the initial radionuclide composition
of the RW being viewed as a most important param-
eter affecting NSDF long-term safety. The lack of
data on the radionuclide composition relevant for
the long-term safety of NSDF for RW class 3 and 4
results in the need of considering most conserva-
tive safety analysis scenarios implying the use of
maximum radionuclide specific activities set forth
in the Government Resolution No. 1069. Such an
approach seems to be acceptable in terms of safety
justification, but can result in excessive costs. Fur-
thermore, its effect is greatly enhanced due to the
commitment of design organizations on the use of
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common engineering solutions and the imperfec-
tions of the retrievable RW classification system set
forth under the Government Resolution No. 1069.

Based on the discussion, Section No. 1 of the STC
No. 10 decided:

1. To prioritize the task of developing a consoli-
dated industry-wide stance on introducing amend-
ments to the Government Resolution No. 1069.

2. RW classification criteria for disposal purposes
shall provide for:

- their establishment based on preliminary (frame-
work) long-term safety evaluation and more flex-
ible consideration of individual radionuclide char-
acteristics, such as: half-life, radiotoxicity, migra-
tion ability;

greater flexibility (partial or complete exclusion,
setting ranges, use of descriptive language, etc.)
with respect to the establishment of boundary
specific activities for radionuclides;

the need for further elaboration of requirements
concerning NSDF for certain RW types (graphite,
spent sealed radionuclide sources (SSR), very low-
level radioactive waste (VLLW)). It was recom-
mended to FSUE NO RAO and main RW generators:
to analyze the practice of RW transfer for disposal
and possible changes in it after the amendment of
Government Resolution No. 1069;

to develop a strategy for RW Class 3 and 4 disposal
taking into account the introduced amendments
to the Government Resolution No. 1069, more
clearly defined data on RW disposal volumes, RW
radionuclide composition and the results of long-
term and operational safety assessment under
various scenarios.

It should be noted that at present time, SC Ro-
satom’s Project Office for USS RW Development
has initiated the development of a safety guide
providing for some recommendations on the list of
radionuclides, the composition of which should be
monitored and reflected in RW packaging passports.

Identification of areas and accelerated
development of computational

and software systems used for modeling
and forecasting purposes under long-term
safety assessments of nuclear facilities

Software tools are viewed as a must during the
research performed to demonstrate RW disposal
safety. At the same time, in many cases, foreign
software products are involved addressing these
problems on a non-alternative basis. Their use is
fraught with obvious risks associated with the de-
pendence on the developer and the loss of national
competence. In addition, it’s often considered im-
possible to use foreign codes in the development of
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purpose-specific models of complex facilities, such

as DDF RW NKM.

The state-of-art and strategic needs of computer
code systems needed to demonstrate radiation and
environmental safety of nuclear legacy and RW dis-
posal facilities were considered at a meeting of STC
No. 10 held on October 24, 2018 (a follow up one to
the meeting of STC No. 10 of October 29, 2015 [37],
which recommended two software systems, namely,
NIMFA (FSUE RFNC VNIIEF) and GeRa (IBRAE RAS
and INM RAS) to be considered as relevant indus-
try-specific codes addressing geomigration and
geofiltration modeling problems). Priority tasks in
this area were stated, namely, those concerning the
upgrading of software tools to a level considered
adequate to enable their submission for an expert
review and providing reliable experimental data
suitable for software verification [38].

Views expressed at this meeting suggest that the
development and implementation of national soft-
ware tools is currently considered as a strategic task
for the development of import independent Rus-
sian technologies. Moreover, the development of
complex three-dimensional computational models
and algorithms, as well as evaluation of calculation
errors using such models and algorithms, requires
significant efforts for their verification and valida-
tion. Therefore, verification (validation) of software
products is believed to be of a particular relevance.

STC decision emphasized that the main focus ar-
eas recommended by STC No. 10 of March 12, 2015
providing for the development of software and
mathematical models are being successfully ad-
dressed. In particular, the following codes are being
developed:

« FENIA (heat release and stress-strain state
modeling);

« Destruct (methodology and analysis of processes
occurring within the system of engineered safety
barriers);

« GeRa v.2 (modeling of processes occurring in the
geological environment);

- CORIDA (assessment of RW characteristics and
calculation of doses from external exposure);

« MOUSE (sensitivity and uncertainty assessments).
Software and mathematical models’ develop-

ment should result in a national safety justification

methodology.

Efforts addressing the development of a software
system designed for comprehensive safety demon-
stration of nuclear legacy and RW disposal facilities
got positive recognition. It was recommended to
provide for the following arrangements: technical
specifications for operations should be amended
to introduce a required examination of comput-
er software products and arrange for additional
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measures ensuring the adequacy of their maturity
level for such examinations which has to be done
until 2025; requirements on the identification and
formatting reliable data for verification (validation)
of software should be specified within the terms of
reference for planned comprehensive engineering
and radiation survey.

Conclusion

The paper evaluates the activities implemented
by scientific and technical councils of the State
Atomic Energy Corporation Rosatom on addressing
problems and accelerating the decision-making on
RW disposal safety in Russia in 2009—2020.

The paper provides a comprehensive discussion of
key processes related to RW disposal safety, namely,
the dynamics of relevant managerial efforts imple-
mented by scientific and technical councils of SC
Rosatom, thus, providing an in-depth understand-
ing of the thoroughness and validity involved in the
decision making on the best approaches, as well as
initiatives providing accelerated and more efficient
decision-making on the issues relevant for the final
RW management stage.
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