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Introduction

The state plays a big part in the safe management 
of radioactive waste (RW) through relevant national 
policies and strategies adopted in this area [1]. Ac­
cording to fundamental safety principles, the ma­
nagement of RW from current activities should not 
pose an undue burden on future generations [2], [3]. 
The Joint Convention on the Safety of Spent Fuel 
(SNF) Management and on the Safety of Radioac­
tive Waste Management recommends that States 
consider minimizing the generation of RW as a 
key element of their national policies [2]. The In­
ternational Atomic Energy Agency (IAEA) proposes 
a number of steps aimed at addressing this issue 
and ensuring that appropriate and sufficient mea­
sures are taken given the safety implications during 
the management of generated waste including RW 
disposal.

A RW classification system developed on the 
principles contributing to both operational and 
long-term waste safety is viewed as a key step un­
der a reliable waste management concept and its 
implementation avoiding any liability of future 
generations.

To date, both the Russian Federation and the Re­
public of Belarus have adopted RW classes estab­
lished in regulatory legal acts that are applied in 
the development of conceptual documents and reg­
ulatory requirements, in the development of stor­
age facilities (disposal facilities) and their designs, 
waste conditioning, record keeping and in other 
cases, including those providing financial basis for 
relevant disposal activities.

Approaches of classification stand for a most 
actively discussed issue in the RW management 
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field [4]—[9]. A few published papers consider­
ing these issues in various countries and the 
IAEA [4], [6], as well as the evaluation of regulatory 
standards establishing the classification of dis­
posable solid RW (SRW) generated due to atomic 
energy uses and the proposed adjustments of legal 
regulations [7] and optimization of classification 
criteria for RW disposal [8], as well as other studies.

Several classification systems may be applied to a 
same group of objects (materials) depending on the 
pursued objectives [10, p. 5]. Thus, in the Russian 
Federation and the Republic of Belarus, a division 
by activity levels is applied under the ongoing RW 
management [11], [12], whereas waste categoriza­
tion according to disposal methods has been ad­
opted in the Russian Federation for the purposes of 
RW disposal [13].

A retrospective analysis of legal framework in the 
RW management field reveals the existence of com­
mon standards established for the union republics 
that were in force during the Soviet era [14]. The so­
lid legal foundation laid early in the nuclear power 
development along with the engineering designs 
and scientifically based approaches are viewed as a 
basis for further upgrading of the legal framework 
today and guarantees the radiation safety in the RW 
management.

The agreements concluded between the Rus­
sian Federation and the Republic of Belarus in the 
field of atomic energy use [15]—[17] indicate the 
increasing convergence of the States being party 
to the Treaty on the Establishment of the Union 
State [18] and contribute to the development of a 
unified technological, scientific, legal and informa­
tion space. Given the ongoing integration processes, 
consideration of the RW classification system es­
tablished in the regulatory legal acts of Russia and 
Belarus appears promising and relevant.

At the same time, it is worth noting that during 
the Soviet era, the “default” RW management strat­
egy provided for controlled waste storage and the 
issues associated with the final RW disposal were 
not given due attention. The situation changed 
significantly with the adoption of the Federal Law 
No. 190-FZ On Radioactive Waste Management 
and Amendments to Certain Legislative Acts of the 
Russian Federation of July 11, 2011. The principle 
of mandatory RW disposal was established at the 
legislative level and appropriate mechanisms were 
introduced to prevent its further accumulation. At­
tention to these issues paved the way for the devel­
opment of a concept providing for RW classification 
according to disposal purposes.

International cooperation in nuclear power aimed 
at safety enhancement and reducing the radiation 
risks cannot exclude relevant RW management 

aspects. One of the priority issues in this context 
accounts for the selection and justification of an 
adequate RW classification system that would 
most effectively contribute to the management of 
their generation sources and subsequent safe and 
cost-effective RW management. Application of a 
somewhat universal classification system based 
on specific activity levels and types of radioacti­
vity facilitates communication between specialists, 
organizations and countries in the discussion of 
relevant RW management plans [10].

A possible way that may reduce the radiation 
risks in this regard is to ensure waste generation 
at the minimum practicable level. Issues associ­
ated with RW reduction both in terms of its volume 
and activity must be considered both at the design 
development stage and during the operation and 
decommissioning of nuclear facilities [2]. The main 
methods providing RW minimization include, but 
are not limited to, the following measures [3]:
•• reducing the RW generation sources, in particular, 
in terms of their volume and activity and prevent­
ing cross-contamination;

•• recycling and reuse of radioactive materials from 
waste streams;

•• recycling of materials with zero radioactive con­
tamination or being only slightly contaminated;

•• optimization of their processing.
To minimize RW generation, it is necessary that 

the engineering designs, regulations and operating 
flowcharts for the RW generation sources shall fo­
cus on the adoption of relevant standards, including 
their periodic review based on positive operational 
experience, as well as the possibility of separating 
waste containing short-lived radionuclides only. 
Application of decontamination methods during 
decommissioning, as well as extraction of materi­
als with low radionuclide content from the waste 
streams that meet the requirements for waste ex­
emption from control accounts for a promising 
approach contributing to lower RW volumes [38]. 
These materials can be reused, recycled or disposed 
of as non-radioactive waste.

This paper examines the RW classification sys­
tem established under the regulatory framework 
of Russia and Belarus which is especially relevant 
given the fact that in 2021—2023 both countries 
introduced certain amendments to particular regu­
lations. For instance, in the Russian Federation, by 
the Government Decree No. 1929 of October 29, 
2022 amendments were introduced to the Gov­
ernment Decree No. 1069 On the Criteria Used to 
Categorize Solid, Liquid and Gaseous Waste as Ra­
dioactive Waste, the Criteria for Radioactive Waste 
Classification Either as Non-Disposable (Special) 
Radioactive Waste or Disposable Radioactive Waste 
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and the Classification Criteria for Disposable Ra­
dioactive Waste [13], and in the Republic of Be­
larus, the Radioactive Waste Management Strategy 
was adopted (Decree of the Council of Ministers 
of the Republic of Belarus of February 15, 2023 
No. 128) [19], amendments were introduced to the 
norms and rules for nuclear and radiation safety, 
i. e., Safe Management of Radioactive Waste. Gene­
ral Provisions (Decree of the Ministry of Emergency 
Situations of the Republic of Belarus of Septem­
ber 28, 2010 No. 47) and other regulations.

RW generation sources 
in the Russian Federation and Belarus

Classification of RW should take into account the 
characteristics that are primarily governed by the 
sources of their generation and their management 
methods. In this regard, we will consider the main 
ones depending on the availability and diversity of 
methods available in each state.

In the Russian Federation RW is generated:
1. Due to activities performed at enterprises re­

lated to nuclear industry:
•• exploration, mining and milling of uranium ore 
(RW is generated from naturally occurring radioac­
tive materials and includes the so-called “mining 
waste” and “tailings,” process water and leaching 
solutions; i. e., mostly low-level SRW) [20];

•• conversion and enrichment (resulting in the ge­
neration of uranium-containing waste. Depleted 
uranium is treated as a secondary resource and 
can be used to produce mixed oxide fuel (MOX 
fuel), in which case it is not referred to the RW 
category);

•• fuel production (uranium-containing waste, 
mainly very low-level);

•• fuel production by reprocessing (in Russia, SNF 
is reprocessed to produce MOX fuel. This process 
generates large quantities of high-level liquid 
(LRW), solid low-level (LLW) and intermediate-
level (ILW) waste, including minor long-lived 
actinides (Am, Np, etc.) [21], as well as gaseous 
waste [5]);

•• operation of nuclear reactors (NPP, transport and 
research facilities. The amount and activity of RW 
are specific to each type [22], [23]. During normal 
reactor operation, SRW (including solidified LRW) 
is generated due to fuel fission, as well as neutron 
activation of its various elements, i. e., 60Co, 59Ni, 
63Ni, etc.);

•• decommissioning of nuclear facilities (generates 
large volumes of building structures and equip­
ment. That portion of materials resulting from de­
commissioning that cannot be subject to limited 
or unlimited reuse is referred to the RW category).

2. Due to activities performed at enterprises not 
related to nuclear industry:
•• medical institutions (radiation technologies are 
used to calibrate medical equipment, for diagnos­
tic treatment and treatment of oncological and 
other diseases, for example, radiopharmaceuti­
cals, which in most cases involve some short-lived 
isotopes and require some decay storage provided 
their further release from regulatory control);

•• R&D (a range of radiation technologies, in par­
ticular, those involving the use of accelerators to 
study the structure of matter, the “tracer” method 
applied to monitor chemical reactions, the deve­
lopment of radiation-stimulated processes, edu­
cation and training of personnel using ionizing ra­
diation sources, calibration and testing of control 
and measuring instruments);

•• industrial enterprises (in these industries, ra­
dioactive materials are used for non-destructive 
analysis, sterilization of food and other products, 
process control and equipment calibration);

•• food industry (pre-sowing seed treatment by ir­
radiation with ionizing radiation implemented 
to combat diseases and eliminate the pests that 
cause them, improve quality, extend shelf life, 
etc.);

•• radioisotope production (conducted at particle 
accelerators and nuclear reactors);

•• decommissioning of facilities at enterprises not 
related to nuclear industry.
In the Republic of Belarus RW is generated in 

medicine, science, industry and other sectors of the 
economy [19]. Information on the RW inventory 
shipped for long-term storage to a specialized fa­
cility Ekores has been provided in the National Re­
port for the Joint Convention on the Safety of Spent 
Fuel Management and on the Safety of Radioactive 
Waste Management [24].

National nuclear power program being imple­
mented in the country will inevitably generate 
some additional RW inventories mainly from the 
Belarusian NPP [19], [25]. Given their forecasted 
volumes, this publication focuses on the RW gene­
rated due to the use of nuclear energy produced by 
the NPP. 

Normal operation of its power units results in 
SRW generation in the process systems due to pro­
cessing and treatment of liquid and gaseous RW (so­
lidified waste, filters, sorbents, spent ion-exchange 
resins, etc.), during maintenance activities (process 
equipment, sensors of control and measuring in­
struments, tools, special clothing, etc.) and during 
emergency situations.

In both countries, the RW inventories discussed 
above are characterized with different composi­
tions, properties, volumes and specific activity 
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levels depending on the source materials and the 
specific processes resulting in their generation. 
This variability as regards the technologies being 
in place complicates the RW management activities, 
which may be facilitated by an appropriate classi­
fication system taking into account, in particular, 
the radiation risks and/or their sources. The experi­
ence of the United States is also worth citing. The 
national classification system adopted in the US is 
based entirely on the RW generation sources and 
divides them into two large groups: nuclear fuel 
cycle (NFC) waste and non-NFC waste. Moreover, 
waste generated at NPPs is referred to the category 
of LLW and is divided into four subgroups: A, B, C 
and GTCC [26], [27].

Despite the diversity of RW sources in both coun­
tries, the primary objective accounts for their safe 
disposal (storage of long-lived ILW and high-level 
waste (HLW) for Belarus) taking into account the 
acceptance criteria. 

Radioactive waste generated due to past indus­
trial and defense activities, as well as accidents 
and incidents at nuclear facilities should be noted 
specifically. A large number of nuclear legacy facili­
ties accounts for the countries of the former Soviet 
Union.

Regulatory aspects of RW classification in Russia

The Federal Law No. 190-FZ On Radioactive 
Waste Management and Amendments to Certain 
Legislative Acts of the Russian Federation of July 11, 
2011 (190-FZ) is the fundamental legal act govern­
ing RW management in Russia. The key principles 
of RW management were enshrined in this law: 
mandatory disposal of all waste types; categoriza­
tion of accumulated waste either as disposable and 
non-disposable (special) RW; state responsibility 
for waste management; establishment of the in­
ternationally recognized “polluter pays” financial 
liability principle and etc. This law lays the founda­
tions for RW classification in Russia and states that 
the criteria for waste categorization as radioactive, 
disposable and non-disposable (special), as well 
as the principles for disposable RW classification 
are established by the Government of the Russian 
Federation. 

Categorization of accumulated RW inventories 
either as disposable or non-disposable (special), as 
stipulated in relevant provisions of the Federal Law 
No. 190, is based on a comparative assessment of 
risks associated with potential radiation exposure, 
costs and collective radiation doses considering the 
above RW management options. The first involves 
RW removal from the storage facility, its condition­
ing and disposal in a radioactive waste disposal 

facility (RWDF). According to the second option the 
safety is provided directly in-situ, which is viewed 
as a most appropriate way for mitigating the asso­
ciated risks. Based on this approach minimizing the 
radiation exposure and costs associated with each 
RW management scenario, the decision is made on 
waste assignment to one of these categories and on 
the management strategy for the final stage of its 
life cycle.

Disposable RW subject to disposal in various 
types of centralized RWDF are referred to certain 
classes for disposal purposes. The classification ap­
proaches laid out in the Federal Law No. 190 were 
further elaborated in one of the key bylaws regulat­
ing RW management, i. e., the Government Decree 
No. 1069 On the Criteria for Solid, Liquid and Gas­
eous Waste Categorization as Radioactive Waste, 
the Criteria for Radioactive Waste Categorization 
Either as Non-Disposable (Special) Radioactive 
Waste and Disposable Radioactive Waste and the 
Criteria for Disposable Radioactive Waste Classifi­
cation (Government Decree No. 1069). Disposable 
RW classification serves the following purposes:

a) forecasting the volumes of RW generated by 
organizations;

b) planning relevant disposal infrastructure;
c) providing contributions to a special reserve 

fund for RW disposal based on approved tariffs and 
projected generation volumes;

d) preparation of various types of reports, includ­
ing the National Report under the Joint Convention 
on the Safety of Spent Fuel Management and on the 
Safety of Radioactive Waste Management.

Quite rapid adoption of the RW classification sys­
tem for disposable RW in the Russian Federation 
was driven by the need for speedy implementa­
tion of the mechanisms stipulated by the Federal 
Law No. 190, including the financial ones. Given 
the tight deadlines for its initial development for 
disposal purposes, the emphasis was placed on the 
application of the existing RW categorization sys­
tem according to specific activity levels set forth in 
OSPORB 99/2010 [28]. This classification system 
provided for three RW categories specified accord­
ing to specific activity levels, i. e., low-level (LLW), 
intermediate-level (ILW) and high-level (HLW) and 
taking into account their radionuclide composition 
(containing tritium, beta-emitters, alpha-emitters 
and transuranic nuclides). To adapt the existing 
system according to the disposal purposes, a cat­
egory of very low-level waste (VLLW) was specified. 
The half-life characteristic was included in the clas­
sification criteria establishing a “stepwise” system 
of criteria whereby short-lived RW was assigned to 
a specific class given it activity category being one 
step higher than that of long-lived waste.
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Four RW classes were defined based on specific 
activity indicators, and two more — based on their 
process characteristics: Class 5 included LRW sub­
ject to final disposal in three existing deep disposal 
facilities; Class 6 included waste from uranium ore 
mining and milling, as well as mineral and organic 
waste containing naturally occurring radionuclides, 
which are placed of in a specific type of facilities 
(i. e., tailings) both in Russia and abroad.

Practical application of provisions set forth by 
the RF Government Decree No. 1069 revealed some 
flaws of the adopted disposable RW classification 
system that were highlighted by the expert commu­
nity [29], [30]. Typically, these included somewhat 
incomplete consideration given to the characteris­
tics of various radionuclides (transport rate, dose 
coefficients), the approach followed to categorize 
waste as spent sealed sources of ionizing radiation 
(SSI), etc. Moreover, the main system weakness of 
the adopted classification system was that it was de 
facto setting a priori boundaries for RW acceptance 
criteria for disposal, which were tied neither to the 
characteristics of the waste itself nor to the natural 
and climatic conditions of the repository site and 
its design features.

To address these flaws, in 2022, Government De­
cree No. 1929 [13] amended the Government De­
cree No. 1069. As part of amendments introduced 
to the classification criteria for disposable RW, the 
main systemic flaw has been eliminated, i. e., para­
graph 9 of the “Classification Criteria...” explicitly 
states that its principles do not impose restrictions 
on the parameters of RW acceptance for disposal in 
a particular RWDF. Thus, the functional scope of 
the classification criteria and waste acceptance cri­
teria was delineated: the former are responsible for 
RW disposal planning, forecasting the volume and 
the costs of their disposal covered by the RW gener­
ators; the latter determine safety requirements tak­
ing into account relevant designs and conditions at 
the RWDF.

When disposable RW are referred to particular 
classes, as provided for by the Government Decree 
of the Russian Federation No. 1929 [13], specific 
activities are measured only for long-lived nuclides, 
since in case of short-lived isotopes, the threshold 
specific activities are set based on current safety re­
quirements and depend to a great extent on waste 
processing and conditioning methods, the trans­
port and process flowchart implemented to manage 
them at RWDF, etc. Limitations on the specific ac­
tivity of short-lived nuclides were attributed to the 
scope of waste acceptance criteria. The number of 
RW classes did not change with only two RW groups 
that remained (tritium was excluded from the short-
lived isotopes and alpha-emitting and transuranic 

radionuclides were combined into a single group 
taking into account the international experience). 
For RW Class 2, the energy release is limited (which 
is in line with the international practice). The new 
classification system was described in more detail 
in [30]. 

It should be also noted that implicit indicators 
available in the classification system and arising 
from the requirement on the “compliance with the 
RW acceptance criteria for disposal established in 
accordance with the requirements of federal norms 
and rules in the field of RW management” (i. e., the 
RW acceptance criteria for disposal in a particu­
lar RWDF), required some additional clarifications, 
which were presented in the provisions of Unified 
Industry Guidelines for the Establishment of Ra­
dioactive Waste Classes for Disposal Purposes [31].

RW classification system in Belarus

In the Republic of Belarus, main provisions on 
the safe RW management are set forth in relevant 
laws [32], [33] and by-laws [12], [34]–[37]. Accord­
ing to the Law of the Republic of Belarus of June 18, 
2019, No. 198-Z On Radiation Safety [33], RW ac­
count for sources of ionizing radiation used during 
economic or other activities, the use of which is not 
envisaged in the further and containing radionu­
clides with activity levels exceeding those set forth 
by the hygienic standards. The criteria for RW clas­
sification during its management are established 
depending on the state of aggregation and specific 
activity levels of radionuclides, requirements for 
the radiation safety of personnel and the popula­
tion established by the Decree of the Ministry of 
Health of the Republic of Belarus No. 142 of De­
cember 31, 2015 [34, paragraphs 15—17] with refer­
ence to a hygienic standard, i. e., Criteria for Radia­
tion Exposure Assessment [37] approved by the De­
cree of the Government of the Republic of Belarus 
No. 37 of January 25, 2021 (with amendments and 
additions) providing unification and optimization 
of sanitary and epidemiological requirements. Pre­
liminary SRW segregation is implemented based on 
the gamma radiation dose rate from the RW sur­
face [34, paragraph 19].

The regulation on the Procedure and Criteria for 
Radioactive Waste Classification by Radiation Ha­
zard Classes approved by the Decree No. 497 of the 
Council of Ministers of the Republic of Belarus of 
August 21, 2020 On the Implementation of the Law 
of the Republic of Belarus of June 18, 2019 No. 198‑Z 
On Radiation Safety [36] establishes RW classifica­
tion system according to radiation hazard levels 
based on the established specific activity criteria. 
For SRW, the surface radioactive contamination 
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levels are provided, as well as the gamma radiation 
dose rates.

In accordance with the legal framework [19], [34], 
[36], SRW is divided into four categories: very low-
level waste (VLLW), low-level waste (LLW), interme­
diate-level waste (ILW) and high-level waste (HLW). 
For LRW, three categories are established based 
on specific activity levels: low-level waste (LLW), 
intermediate-level waste (ILW) and high-level 
waste (HLW). In cases when, according to the given 
characteristics of radionuclides [34, p. 20], RW are 
referred to different categories, the highest of the 
obtained values is set for them.

The RW classification, as set out in the Decree 
No. 497 of the Council of Ministers of the Repub­
lic of Belarus of August 21, 2020, is used to plan 
and implement measures seen to minimize the RW 
generation, arrange its safe management and its 
accounting and control. It is aimed at preventing 
and minimizing the harmful effects of ionizing ra­
diation on human health and the environment [36].

The Strategy for Radioactive Waste Management 
in the Republic of Belarus describes the final stage 
of RW management (taking into account the man­
datory compliance of the final RW forms with waste 
acceptance criteria for disposal) [19]. Its provisions 
establish a direct link between the RW classifica­
tion by radiation hazard levels and relevant dispo­
sal methods [19, paragraph 57] taking into account 
the half-life of the radionuclides contained in the 
RW and their heat release levels.

Short-lived RW, the activity of which due to de­
cay storage drops to a level at which such waste is 
released from control, may be subjected to decay 
storage provided that the storage period does not 
exceed the established interim RW storage peri­
od [19], [12, paragraph 30]. The decision on waste 
release is made by the operator of the ionizing 
radiation source in accordance with legal require­
ments; the list and procedure for relevant measures 
and their implementation are established by sepa­
rate technical regulatory legal acts [35], [37]. Such 
waste shall be handled as non-radioactive waste 
[34, paragraph 21].

Comparative analysis of RW classification 
systems in Russia and Belarus

The following conclusions can be drawn based on 
a comparative analysis of RW classification systems 
applied in Russia and Belarus:

1. Prior to the adoption of the Russian Govern­
ment Decree No. 1929, the criteria for RW assign­
ment to classes 1—4 for disposal in the States be­
ing Parties to the Treaty on the Establishment of 
the Union State were generally quite similar. The 

similarity of RW classification approaches stems 
from the unified regulations applied both in Russia 
and Belarus, which were influenced by Soviet tradi­
tions. Until 1992, uniform regulatory requirements 
were in place in both countries. The difference is 
reflected in the absence of RW Classes 5 and 6 in 
the classification of the Republic of Belarus, which 
is explained by the structure of the RW generation 
sources.

2. Some differences can be identified in the cri­
teria established for waste categorization as RW. 
In the Russian Federation, they were established 
by the Government Decree No. 1069 in 2012 and 
correspond to the minimum significant specific ac­
tivities (in the terminology of this document, the 
MSSA). If the levels of unlimited use are exceeded 
for the considered waste, but are still below the 
MSSA levels the waste is not considered radioactive 
and is referred to the category of industrial waste 
with an increased radionuclide content. Such waste 
is managed in accordance with the provisions set 
forth by the Federal Law No. 89-FZ of June 24, 1998 
On Production and Consumption Waste [48]. In the 
Republic of Belarus, industrial waste with increased 
radionuclide content is not allocated to a separate 
category and is referred to the RW category in ac­
cordance with the established requirements [37]. 

3. The Russian RW classification system adopted 
in 2022 [13] has been considerably revised: explicit 
restrictions remained only for long-lived radionu­
clides, while the content of short-lived radionu­
clides is limited by the acceptance criteria for RW 
disposal in a particular waste disposal facility. It 
should be noted that these criteria shall be met 
at the time of waste transfer for disposal (i.e., the 
waste management strategy, including its storage, 
should be taken into account), which yields some­
what considerable shift in the waste activity if com­
pared to the time of its generation. Furthermore, 
transuranic nuclides were combined into a single 
group covering alpha-emitting nuclides with higher 
permissible values established, which is consistent 
with the internationally accepted approach.

Conclusions

The similarity of legal and regulatory RW mana­
gement frameworks in the Russian Federation and 
the Republic of Belarus is driven largely by the his­
torical and legislative continuity followed during 
the adoption of technical requirements in the Re­
public of Belarus. In this regard, it seems expedient 
to conclude that the RW management provides for 
some features of technological, scientific and legal 
unity in the Member States of the Union State. The 
differences in the RW classification systems noted 
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in this publication are primarily explained by the 
volume and specific nature of their generation in 
each State.

The issues associated with further unification of 
the RW classification systems may be relevant when 
dealing with the return of SNF reprocessing prod­
ucts. The Agreement between the Governments of 
the Russian Federation and the Republic of Belarus 
on Cooperation in Spent Nuclear Fuel Management 
enacted on May 22, 2023 provides for the return to 
the Republic of Belarus of RW generated from the 
reprocessing of irradiated nuclear reactor fuel as­
semblies imported from the Republic of Belarus to 
the Russian Federation for reprocessing.

It is proposed to harmonize and unify legal 
provisions dealing with RW management in the 
countries being party to the Treaty on the Estab­
lishment of the Union State through the adoption 
(development) of secondary legislation providing 
for common approaches to legal regulation based 
on the RW classification systems adopted in these 
countries.

Provided such harmonization of legal regulations 
based on this approach, it seems advisable to con­
sider the volume and specific nature of RW genera­
tion and its properties in both States.
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