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In the Republic of Belarus, both WWER-1200 
power units of the Belarusian NPP have been put 
into commercial operation. Therefore, the NPP is 
becoming the main radioactive waste (RW) genera-
tion source in the country. Solid radioactive waste 
(SRW) of all categories resulting from the NPP 
operation is placed in a conditioned form into its 
on-site storage facilities. High-level waste (HLW) 
inventory will be stored at the NPP site throughout 
its entire operational life. Temporary storage ca-
pacities envisaged for the final forms of solid very 
low-level (VLLRW), low-level (LLW) and intermedi-
ate-level (ILW) waste (in certified reinforced con-
crete non-returnable protective containers (NZK) 
and metal 200-liter drums) account for 10 years 
of the NPP operation. Well-arranged storage lay-
out ensures RW package retrieval from the storage 
compartments enabling their control and transpor-
tation to other storage or disposal sites.

The Management Strategy for the Radioactive 
Waste from the Belarusian NPP [1] also addresses 
the issues related to the development of a dispos-
al system intended for the RW expected from its 

operation and decommissioning. The main objec-
tives of this Strategy can be summarized as follows:
•• staged implementation of pre-construction and 
construction activities at the site of a disposal facil-
ity designed for VLLRW, LLW and ILW provided its 
possible expansion upon the NPP decommissioning;

•• elaboration of the issues associated with the con-
struction of a deep geological repository (DGR) for 
HLW.
[2] summarizes the advancements in the develop-

ment of a technical concept for a near-surface dis-
posal facility (NSDF) intended for VLLRW, LLW and 
short-lived ILW (SL ILW) seen to address the for-
mer task and completed in 2016—2018 by the State 
Scientific Institution JIPNR — Sosny jointly with the 
St. Petersburg branch of FCNIVT SNPO ELERON — 
VNIPIET (hereinafter, ELERON — VNIPIET) being 
the leading Russian organization engaged in the 
design development of RW repositories for the 
State Corporation Rosatom.

[3], [4] summarize the progress achieved in the 
development of the DGR options intended for HLW 
and long-lived ILW (LL ILW) expected from future 
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decommissioning of the Belarusian NPP and sub-
ject to deep geological disposal, which was men-
tioned above as the second task. The corresponding 
R&D were implemented in 2019—2020 at JIPNR-
Sosny also jointly with the St. Petersburg branch 
of ELERON — VNIPIET. Under the R&D, the types 
and volumes of HLW and LL ILW resulting from the 
operation of the Belarusian NPP were evaluated, 
acceptable options were proposed for their condi-
tioning and interim storage after the NPP decom-
missioning, as well as the conceptual DGR designs. 

High degree of detail has been provided in the de-
veloped NSDF and DGR design concepts thanks to 
the engagement of a competent organization from 
the country supplying nuclear technologies and 
having extensive experience in the design develop-
ment of RW management facilities.

The Radioactive Waste Management Strategy [5] 
approved by the Decree No. 128 of the Council of 
Ministers of the Republic of Belarus on February 15, 
2023 provides for the construction of a centralized 
modular-type disposal facility for all of the RW types 
existing and generated in the country. Development 
of design documentation for the centralized RWDF 
is planned to be finalized by 2030, as well as the con-
struction and commissioning of its first section.

In particular, as part of the Strategy [5], the fol-
lowing tasks shall be addressed in the short term:
•• to complete a series of exploratory studies under 
the RWDF site selection process;

•• to proceed with further improvement of the legal 
framework, including technical regulations in the 
field of RW management;

•• to elaborate the technical concept of the Belaru-
sian NPP RWDF provided the potential capacities 
for the long-term storage and disposal of institu-
tional RW in this disposal facility.
The RW disposal facilities of the Belarusian NPP 

are expected to be designed as modules constitut-
ing to a centralized disposal site. According to the 
IAEA’s methodological approach, the development 
of RWDF conceptual designs is seen as the initial 
stage of its design development process [6].

Based on regulatory requirements for RW dispos-
al methods and disposal practices existing in dif-
ferent countries, this study provides some propos-
als on how the conceptual engineering designs of 
near-surface disposal facilities intended for the RW 
resulting from the operation of the Belarusian NPP 
can be improved.

Regulatory framework

The Strategy [5] notes that to keep the national 
requirements for RW management up-to-date, one 
should systematically monitor the legal changes 

taking place in the developed countries having an 
experience in the management of different types 
and categories of waste.

In this area, a fundamental element accounts for 
the RW classification system viewed as a basis for 
the initial data supporting the development of re-
pository designs, including the development of RW 
acceptance criteria for disposal. 

In authors’ opinion the RW classification system 
introduced in 2017 to ensure their long-term dis-
posal safety and established in the appendix to the 
Norms and Rules for Nuclear and Radiation Safety [7] 
as amended by the Decree of the Ministry of Emer-
gency Situations of July 24, 2017 No. 33 has provided 
considerable progress in the development of the 
regulatory framework of the Republic of Belarus in 
the field of RW management. The system has been 
harmonized with the current Russian classification 
system for retrievable RW [8]. Thus, to address the 
RW management issues specific for the waste from 
the Belarusian NPP, the experts were able to resort 
to a methodological apparatus coupling RW classes 
with relevant acceptance criteria and disposal meth-
ods applied by Russian specialists. SRW were divided 
into four classes, similar to RW classes 1—4 accord-
ing to the Russian classification system [8]. Based 
on the previously applied (until October 14, 2023) 
classification system, the SRW awaiting transfer for 
disposal were divided into classes based on the spe-
cific activities (hereinafter referred to as SA) of the 
radionuclide groups (tritium; beta-emitters, except 
for tritium; alpha-emitters, excluding transuranic; 
transuranic) and their half-lives — more or less than 
31 years (in this article, long-lived and short-lived ra-
dionuclides are referred to as LL and SL respectively).

The SRW class is specified based on the waste cat-
egory (VLLRW, LLW, ILW and HLW), in accordance 
with Table 1 from Appendix 2 of SPORO-2015 [9] 
and the half-lives of the radionuclides contained — 
SL, LL. The classification has directly tied the waste 
to the SRW disposal options: a specific disposal 
method (deep or near-surface) and RWDF type (Ta-
ble 1) was specified for each RW class.

The mandatory requirement stated that SRW had 
to meet the acceptance criteria for disposal estab-
lished in the regulatory document [10]. It is impor-
tant to note that the considered edition of the reg-
ulation [7] states that the SA of each radionuclide 
important in terms of disposal in a waste disposal 
facility shall be specified in the designs based on 
the safety assessment and may differ from the val-
ues established for the classes, which is in line with 
the IAEA recommendations [11].

Article 45 of the Law of the Republic of Belarus No. 
198-Z of June 18, 2019 On Radiation Safety states 
that the procedure and criteria for RW classification 



Radioactive Waste № 4 (29), 2024 33

Conceptual Design Options Proposed 
 for the Near‑Surface Radioactive Waste Disposal Facility at the Belarusian NPP

are established by the Council of Ministers of the 
Republic of Belarus. Accordingly, the Regulation 
on the Procedure and Criteria for RW Classification 
According to Radiation Hazard Classes approved 
by the Decree No. 497 of the Council of Ministers 
of the Republic of Belarus on August 21, 2020 [12] 
divides SRW into four classes: I – the highest haz-
ard; II – high hazard; III – hazardous; IV – poten-
tially hazardous. SRW are referred to a specific class 
based on the SRW category, i.e., class I – HLW, class 
II – ILW, class III – LLW and class IV – VLLRW. The 
SA levels providing the basis for SRW assignment 
to a certain category specified in [12] correspond to 
those established in [9]. 

The appendix that had been specifying the RW 
classification according to waste disposal routes 
in the previous edition has been excluded from 
the new edition of [7] (as amended by the Decree 
of the Ministry of Emergency Situations No. 36 of 
June 5, 2023). The disposal option (near-surface or 
deep disposal) is selected taking into account the 
RW classification according to the radiation haz-
ard levels given in [12], as well as the half-lives of 
radionuclides contained in the waste and the heat 
release levels. Table 2 demonstrates the relation-
ship between the RWDF types and the RW classes, 
as well as the SRW categories.

Thus, a RW classification system by radiation 
hazard levels (I-IV classes) is currently in place in 
Belarus but no RW classification system is in place 
to ensure the long-term disposal safety (classes 1-4 
according to the previous edition [7]).

It should be clarified that the introduced RW clas-
sification by radiation hazard levels is fundamen-
tally different from the one recommended by the 
IAEA Safety Guide [11] and adopted in the Russian 
Federation for the final disposal purposes due to 
the different goals that had been stated initially: 
to ensure the radiation protection of personnel at 

the stage of pre-disposal RW management and the 
long-term safety of the population after its disposal.

At the same time, if one compares the data from 
Table 1 and 2, the relationship between the disposal 
options and the SRW categories in the current edi-
tion [7] is similar to the one stated in the previ-
ous edition [7]: the type of RWDF is set according 
to SRW categories (VLLRW, LLW, ILW and HLW) 
based on the SA driven criteria for the radionuclide 
groups and their half-lives (SL, LL).

SA application as a criterion parameter with no 
account taken of the radiological hazard inherent 
in the individual radionuclides has few important 
drawbacks, which were noted by a few specialists 
after the classification system had been introduced 
in Russia [8] and discussed, for example, in [13]. In 
particular, one may note somewhat overstated re-
quirements to the containment level provided for 
the SRW high in SL radionuclides subjected to dis-
posal and the use of uniform numerical criteria for 
radionuclides differing according to their transport 
characteristics and dose coefficients. Threshold 
levels regulating the content of LL radionuclides in 
the SL ILW and SL LLW have not been established, 
and since their presence, albeit negligible, is always 
the case, then, for example, all SL ILW are referred 
to LL ILW requiring deep disposal.

What is important is that the exclusion of the RW 
classification system according to the final disposal 
route requires the revision of a few regulations cur-
rently effective in the field of RW management, in 
particular [10], [14], [15]. Particularly considerable 
revision is required for [10], which, to specify the 
RW acceptance criteria for disposal, operates with 
the RW classes that have not been explicitly defined 
by the legal framework and their implicit interpre-
tation appears to be quite difficult.

The following principles underlie the IAEA-rec-
ommended RW classification criteria set out in [11]:

Table 1. The relationship between the SRW classes and 
disposal options according to [7] as amended by the 

Decree of the Ministry of Emergency Situations No. 33 
of July 24, 2017

SRW 
class

Category of SRW handed 
over for disposal RWDF type

Class 1 Heat-generating HLW
Deep disposal facility for RW 
provided preliminary storage 

to reduce heat generation

Class 2 HLW and LL ILW
Deep disposal facility for RW 

provided no preliminary storage 
to reduce heat generation

Class 3 SL ILW and LL LLW Near-surface disposal facility at 
a depth of no more than 100 m

Class 4 SL LLW and VLLRW Near-surface disposal facility at 
the ground surface level

Table 2. Relationship between the RWDF types and RW 
classes, as well as SRW categories according to [7] as 
amended by the Decree of the Ministry of Emergency 

Situations No. 36 of June 5, 2023

RWDF type SRW 
class

SRW 
category

Deep disposal facility for RW provided 
preliminary waste storage to reduce heat 

generation
I HLW

Deep disposal facility for RW provided no 
preliminary waste storage to reduce heat 

generation
LL II LL ILW

Near-surface disposal facility at a depth of 
no more than 100 m

SL II and 
LL III

SL ILW and 
LL LLW

Near-surface disposal facility at the ground 
surface level

SL III 
and IV

SL LLW and 
VLLRW
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•• the general concept of RW classification is primar-
ily based on the long-term safety considerations;

•• radioactive waste classes are “tied” to the accept-
ed basic options of their disposal;

•• to select a waste disposal option, the thresholds 
set for the radionuclides contained in the RW and 
derived based on the safety assessment of the 
RWDF shall prevail over those established by the 
classification;

•• the regulatory body should establish the thresholds 
for the LL radionuclide concentrations in the RW 
subject to disposal based on the experience from 
previous safety assessments of various type RWDF.
Such approaches are generally applied by most 

countries taking into account some specific nation-
al aspects inherent in relevant RW management 
systems [16].

The following RW classes have been set forth in 
[11] as the basis for the RW classification recom-
mended by the IAEA: VLLRW, LLW, ILW, HLW. One 
should note that they differ considerably from the 
current RW categorization system based on the 
total SA established in [9], [12] and nevertheless 
named similarly. The classes recommended by the 
IAEA are characterized by a wider range of param-
eters, in particular, the content of LL radionuclides. 
For example, ILW is defined as waste containing LL 
radionuclides in quantities requiring greater con-
tainment and isolation from the biosphere than 
those provided by near-surface disposal [11].

Since January 1, 2024, the Russian Federation 
has been implementing a RW classification system 
according to waste disposal routes [17], which is 
based on the above-mentioned IAEA recommen-
dations. The new classification system implies a 
somewhat limited influence of the SL radionuclides 
on the established waste class. Unlike the previ-
ously adopted regulation [8], the SA thresholds in 
the classification criteria [17] are established only 
for the LL radionuclides. At the same time, in ac-
cordance with the global practice, alpha-emitters 
and transuranic radionuclides are combined into a 
single group. Each RW class and, accordingly, the 
SRW disposal option, refers to a specific acceptance 
criteria set for a particular waste disposal facility. 
These criteria are established based on the safety 
assessment of the RWDF considering the actual RW 
characteristics, the siting region, the disposal site 
and the engineered barrier designs. Thus, the pri-
ority of the values calculated based on the safety 
assessment over the classification criteria has been 
established, which corresponds to the approach 
recommended by the IAEA. 

The above-mentioned internationally recognized 
approaches to the selection of RW disposal options 
demonstrate the need for further improvement of 

the national legal framework in this area and har-
monization of the established requirements be-
tween various regulations. Consideration of diverse 
aspects associated with the long-term RW safety 
demonstrates the advisability of a more flexible 
standardization option free of excessive conserva-
tism in the selection of an appropriate RWDF type. 
In this case, the key factors can be summarized as 
follows:
•• amending the document [7] allowing the thresh-
old SA levels for the radionuclides to be refined 
based on a detailed safety assessment of the de-
veloped RWDF with an account taken of its actual 
characteristics;

•• considerable revision of the standard [10] is re-
quired taking into account the change in the RW 
classification system and the possible establish-
ment of permissible levels for the LL radionu-
clides contained in SL ILW and SL LLW in the RW 
acceptance criteria for disposal.
The authors believe that an alternative approach 

to addressing the above-mentioned issues, i.e., es-
tablishing the RW classification system to ensure 
the long-term disposal safety, similar to the system 
recently introduced in Russia, is also promising and 
should be considered [17].

International experience and trends 
in the near-surface RW disposal

International requirements [11] state that differ-
ent types of near-surface disposal facilities are used 
for SL LLW and SL ILW, i.e., with the RWDF struc-
tures being installed directly on the ground surface 
or at a depth of up to several tens of meters. HLW 
and LL LLW and LL ILW are subject to final disposal 
in deep RW disposal facilities (in deep geological 
formations).

LLW and ILW with a limited content of LL ra-
dionuclides has been subjected to near-surface 
disposal in many countries with nuclear power. In 
this regard, there is no need to develop some new 
conceptual designs for such waste to select an ap-
propriate disposal option, but it is rather required 
to evaluate the existing practice and to provide 
evidence for the selection of an analogous facility 
taking into account the characteristics of the site 
proposed for the RWDF in the Republic of Belarus.

Near-surface waste disposal facilities have been 
constructed in various nuclear power countries 
around the globe, including the Russian Federa-
tion. Engineering designs of existing and planned 
RWDF for LLW and ILW [16] indicate the variabil-
ity of possible disposal options. In particular, even 
in European countries, this diversity is manifested 
by waste disposal at various depths, i. e., surface 
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(France, Belgium), shallow (Russia, UK), mid-depth 
(Sweden, the Czech Republic), deep (Germany, 
Switzerland); in various types of host rocks (clays, 
salts, crystalline rocks) and based on different ap-
proaches followed in the selection of materials for 
the engineered safety barriers. This diversity is 
explained by the specific practices established his-
torically in different countries, particular aspects of 
the national legal frameworks and the differences 
in the characteristics of the waste disposal facilities.

Shallow-type RWDF option has been adopted in 
the previously developed conceptual designs of RW 
disposal facilities for VLLRW, LLW and SL ILW gen-
erated by the Belarusian NPP [2] (similar to the Rus-
sian RW disposal facilities). At the same time, con-
sidering the aspects related to the newly introduced 
RW classification system [17], [18], it seems that the 
shallow disposal practice can be feasibly replaced by 
surface RW disposal. Therefore, the design features 
inherent in this RWDF type are considered below.

The above near-surface disposal options and their 
application were analyzed in [18]—[20]. Shallow fi-
nal disposal designs are typical of regions with dry 
climate and favorable hydrogeological properties 
at the sites with low groundwater level. This RWDF 
type is recommended in cases when the underlying 
rocks are characterized by low or, conversely, good 
water permeability, and the soil extracted during 
pit excavation can be used to backfill the disposal 
compartments and/or to install a covering layer. 
This mainly concerns the sites located in areas with 
clay soils characterized by good insulating prop-
erties (Hungary — RWTDF, UK — Drigg) or highly 
permeable sands in arid regions (USA — Hanford, 
South Africa — Vaalputs). 

All three first Russian RWDF were designed ac-
cording to this option: disposal of Class 3 and 4 RW 
(according to the Russian Federation classification 
system) in shallow reinforced concrete structures 
(disposal compartments) with RW Class 3 inventory 
disposed of in reinforced concrete NZK in the lower 
part of the compartments and RW Class 4 inven-
tory — in metal containers of the KRAD, KMZ type 
and drums installed in the upper section.

However, [20] notes that the application of the 
above engineering designs at all disposal sites with 
no account taken of their specific features has yet 
been adequately proven neither scientifically nor 
technically.

In moderate and humid climates, packages in 
shallow RW disposal facilities suffer from flooding 
due to seeping atmospheric precipitation or fluc-
tuations in the groundwater level. This, in turn, re-
quires regular water pumping out of the disposal 
compartments during their filling and drives water 
accumulation at the post-closure stage.

The surface disposal method reduces consider-
ably the risks of groundwater inflow into the RW 
disposal zone. Therefore, it is sufficient to exclude 
precipitation seepage through the upper covering 
layer and capillary rise of groundwater through the 
underlying bottom layer, which can be done based 
on acknowledged engineering design solutions.

Advantages and disadvantages of near-surface fi-
nal RW disposal methods were compared in [19], [20]. 
Table 3 summarizes the data on surface and shallow 
types of RW disposal facilities and their characteristics.

Table 3. Comparison of near-surface RW disposal 
facilities

Advantages Disadvantages

Surface

Low capital costs of con-
struction (compared to 
underground RWDF). 
Less stringent require-
ments as regards the geo-
logical site conditions. 
Simple transportation 
flow chart as it comes to 
package disposal.

Suffer from seasonal temperature 
fluctuations. 
Large areas of alienated territories. 
Complex design of the covering layer.  
The covering layer requires mainte-
nance. 
Sensitivity to external impacts (es-
pecially during the waste disposal 
process)

Shallow

Low capital costs of con-
struction (compared to 
underground RWDF). 
Simple transportation 
flow chart as it comes to 
package disposal. 
Smaller dimensions of the 
covering layer compared 
to surface RWDF.

The same disadvantages as the 
above-ground option, plus: 
additional excavation; 
challenges faced when arranging 
the gravity drainage system to draw 
water from the disposal cells; 
potential flooding due to ground-
water level fluctuations (therefore, 
additional requirements to site 
hydrogeology).

As can be seen, shallow disposal facility designs 
have certain disadvantages compared to the sur-
face repository designs. Another study [19] notes 
that nowadays they tend to abandon the practice 
of arranging such RW disposal facilities. In particu-
lar, out of more than twenty disposal facilities for 
LLW and ILW constructed or designed in European 
countries, only three can be referred to this type.

Standard designs have been developed to date for 
surface RW disposal facilities. They are based on 
the French model of the CSA RW disposal facility 
in the Aube region [6], which has been operating 
since 1992 and was designed based on the experi-
ence from the 1969—1994 operation of a similar fa-
cility in the La Manche region. The disposal facility 
is designed as a reinforced concrete module being 
25 m wide and 8 m high divided into sections. Dur-
ing its operation, a mobile frame structure (MFS) 
is installed to protect it from atmospheric pre-
cipitation. Under this roof, packages with RW are 
installed in a stack by a bridge or gantry crane. As 
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the sections get filled with the waste packages, the 
gaps between them are filled with a sand-bentonite 
mixture. The filled section is concreted from above 
to produce a reinforced concrete cube. After all sec-
tions are filled and concreted, the disposal modules 
are covered with a multi-layer covering layer ar-
ranged in a shape of a mound [19].

At the same time, at the initial stages of opera-
tion, the RW disposal facility is actually viewed as a 
long-term storage facility for RW providing for the 
option of possible package retrieval.

To date, the French LLW and ILW disposal con-
cept is seen as the most widespread in the world, 
has been replicated in Europe and is now viewed 
as a standard one. It has been implemented in RW 
disposal projects run in Spain, Lithuania, Ukraine 
and Bulgaria. A RW disposal facility of a similar 
design is now being developed in the South Korea. 
In Europe, 30 % of countries operating NPPs (5 out 
of 15) have adopted the French LLW and ILW final 
disposal concept.

Under this concept, inspection galleries are ar-
ranged in the cells of surface RW disposal facilities. 
They are fitted with systems designed to monitor 
and drain the leaks that may get released into the 
disposal structures after the waterproofing barriers 
in the covering screen lose their integrity. These 
systems require regular monitoring and mainte-
nance and, therefore, can be applied in case of final 
RW disposal only at the active monitoring stage. In 
this regard, [18] notes the feasibility of passive sys-
tems in removing possible leaks from the disposal 
facilities preventing water accumulation in the dis-
posal compartments and requiring no maintenance. 
In such cases, a filtration-sorption underlying layer 
made of natural sorbents such as zeolite can be ap-
plied: its hydraulic permeability would exclude wa-
ter accumulation in the disposal compartments.

Such an underlying barrier, when thought as a 
replacement for the waterproofing clay layer, is 
seen as a promising design option both preventing 
radionuclide transport due to the sorption mecha-
nism and uniformly drawing the groundwater flows 
away from the disposal zone. 

Conceptual designs proposed for the near-surface 
RW disposal facility at the Belarusian NPP

In 2016-2018, conceptual designs for a near-sur-
face RW disposal facility planned at the Belarusian 
NPP site were proposed and developed by the State 
Scientific Institution JIPNR-Sosny jointly with the 
St. Petersburg branch of ELERON — VNIPIET. The 
progress achieved was discussed in detail in [2].

As part of these conceptual designs, standard 
"on-glass" solutions were proposed provided no 

reference to any specific site. To address these tasks, 
Russian RW disposal facility designs were taken as 
a basis.

Based on the design data on the quantitative and 
radiation characteristics of SRW generated by the 
NPP, methods for their additional conditioning 
were recommended to bring them into compliance 
with the regulated [10] general disposal criteria. Re-
inforced concrete NZKs and 200-liter drums were 
adopted as final forms for VLLRW , LLW and SL ILW 
generated during NPP operation and expected from 
its decommissioning and subject to disposal. Thus, 
the forecasted design disposal capacity could be 
estimated: approximately 20,000 m3 for SRW re-
sulting from NPP operation and 10,000 m3 for SRW 
from its decommissioning. 

The disposal facilities are designed as modular 
reinforced concrete sections, the buried part of 
which (up to the 6.8 m mark) is intended mainly 
for the SL ILW packages and the part rising above 
the ground (up to the +1.2 m mark) — for LLW and 
VLLRW packages (Fig. 1). This unified design con-
cept meets regulatory disposal requirements estab-
lished for various RW classes.

The multiple barrier principle combining both 
natural and engineered safety barriers, such as the 
physical waste form subject to disposal, container 
walls, buffer sorbent material in the compartments 
of the disposal facility, its concrete structures, clay 
cap constituting to the underlying layer, layers of 
clay, sand and crushed stone, bentonite blankets 
and high-density polyethylene in the covering layer 
has been implemented in the designs.

30,000 m3 of RW packages will be disposed of in 
3 modules with a capacity of 10,000 m3: each mod-
ule features 30 compartments and is fitted with an 
individual multilayer cover. A section of 10 com-
partments is used to dispose of the SRW generated 
during the first decade of the NPP operation, which 
should be feasibly developed first during construc-
tion [2].

It should be explained that, although the above 
concept is focused on the disposal of RW from the 
Belarusian NPP only, the completed designs can 

Fig. 1. General design concept of a shallow disposal facility 
developed for the RW from the Belarusian NPP



Radioactive Waste № 4 (29), 2024 77

Conceptual Design Options Proposed 
 for the Near‑Surface Radioactive Waste Disposal Facility at the Belarusian NPP

be adopted to the corresponding modules of the 
planned, according to [5], centralized disposal fa-
cility intended for the final disposal of other RW 
inventories accumulated and generated in the Re-
public of Belarus. Taking into account the current 
design maturity level, they can be adopted in the 
designs of this facility provided the engagement of 
a competent Russian organization.

However, the shallow disposal designs adopted in 
the considered concept is not lacking of the above-
mentioned faults primarily associated with the sus-
ceptibility to RW package flooding and are not ap-
plicable for sites with high groundwater levels. Un-
derneath the base of the foundation slab and along 
the perimeter of the lower part of the outer enclos-
ing walls, a so-called clay retainer made of crushed 
fatty clay should be installed to waterproof the dis-
posal facilities and prevent radionuclide releases 
into groundwater. At the operational stage (loading 
of RW packages), maintenance wells (pits) are ar-
ranged in the compartments to collect and pump 
the water out provided relevant visual monitoring. 
At the post-closure stage, no design solutions are 
provided to drain the water from the disposal area, 
since gravity drainage system is impossible. Mois-
ture transfer models show that, in case of possible 
leaks through the covering layer, clays would not 
allow water to drain from the disposal structures. 
Thus, its level rises and the radionuclides get car-
ried away with the flow bypassing the underlying 
layer [18].

The site for a centralized disposal facility in the 
Republic of Belarus has not been selected yet. It 
can be assumed conservatively that the site will 
be characterized by high groundwater level. In this 
case, deepening the base of the disposal compart-
ments by approximately 7 m relative to the disposal 
site layout level is supposed to bring the RW pack-
ages closer to the aquifers and drive the risks as-
sociated with their flooding in case of groundwater 
level rise with perched water that may appear in the 
inter-season period.

In this regard, it seems advisable to consider the 
surface disposal concept for the BelNPP RW. The 
feasibility of this disposal method for VLLRW, LLW 
and ILW generated at BelNPP is indicated by a nu-
merical assessment performed during the concept 
development [2] based on the correlation factor 
for SA of LL radionuclides contained in the waste. 
Under normal NPP operation, in the total inven-
tory of generated SRW, such waste would account 
for no more than 10,000 Bq/g for beta-emitters 
and 400 Bq/g for alpha-emitters. These levels are 
considered low and acceptable for various near-
surface disposal options, i. e., according to the cur-
rent Russian classification [17] such SRW refers to 

Class 4 RW. Obviously, adequate safety level of the 
proposed surface disposal option shall be demon-
strated based on a detailed safety assessment with 
due account of the proposed region, site and the 
designed physical barriers, in particular, via numer-
ical modeling of transport processes under various 
(or most probable) repository evolution scenarios.

The design concepts proposed for the surface 
RWDF structures at the Belarusian NPP have been 
developed based on the standard French SRW mod-
el discussed above (Fig. 2).

The surface disposal module is a reinforced con-
crete structure of 18.4 × 60.4 × 7.4 m divided into 
10 sections of 17.6 × 5.6 m. Their walls are provided 
with transport openings. No roof is in place above 
the sections at the RW loading stage. A prefabri-
cated mobile roof is installed above the work area 
to protect it from precipitation. Th roof is equipped 
with an overhead crane, lighting and video surveil-
lance systems.

The voids between the RW packages in the dis-
posal sections are filled with a buffer material 
based on sand, clay and cement. After the filling 
operations are completed, a reinforced concrete 
floor with waterproofing properties is installed 
above the section. As the sections get filled and 
isolated, the roof moves along the rail track to 
the next ones, and when the loading of an entire 
module is completed, it is disassembled and trans-
ferred to the next one.

Low-level (VLLRW and LLW in drums and NZK) 
and intermediate-level (SL ILW in NZK) waste 
packages are disposed of in different modules dif-
fering by the biological shield thickness of the en-
closing walls and the use of different buffer materi-
als. A differentiated approach to the final disposal 
of SRW differing considerably in terms of the po-
tential hazard inherent in them tend to reduce the 
final disposal costs.

As noted above, a seepage and sorption underly-
ing layer based on natural sorbents is a promising 
design solution that may provide passive safety of 

Fig. 2. Fundamental design layout proposed for the surface 
RW disposal facility at the Belarusian NPP
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the repository at the post-closure stage. Therefore, 
a natural permeable sorbent (clay-sand mixture, ze-
olite-containing tripoli, a mixture of sand and peat 
or other material) is placed under a 700-mm-thick 
permeable concrete base (bottom) of each module 
between the layers of the sand cushion. Thus, the 
water can be drained from the RW disposal area in 
case if the covering layer loses its sealing capacity 
and the radionuclide releases into the underlying 
soils and aquifers can be prevented due to the sorp-
tion mechanism. The barrier effectiveness should 
be monitored via a network of observation wells 
drilled along the perimeter of the disposal facilities. 
Scientific justification is required to determine the 
layer thickness, type and composition of the sor-
bent material and buffer backfill.

A total of four sections consisting of two modules 
(for low- and intermediate-level SRW packages) 
each will be required to dispose of the entire RW 
inventory from the BelNPP. Fig. 3 shows the layout 
of the surface repository structures of the BelNPP 
disposal facility during their operation. 

In case of surface repository structures, the area 
of the covering layer is larger compared to the bur-
ied ones, therefore it is installed after the loading 
and isolation operations are completed in all mod-
ules. Installation of a single covering layer over all 
disposal compartments reduces the development 
area, volumes of applied materials and efforts 
needed. It is important to note that in this case the 
disposal facilities are available for visual control for 
a long time and, if necessary, additional safety mea-
sures can be implemented before the covering layer 
is installed (for example, additional waterproofing). 
Also, in this case, package retrieval from the dispos-
al facility in case of possible RW characterization 
errors or regulatory changes is easier to implement 
(this will require the dismantling of the reinforced 
concrete structures of the disposal modules and 
buffer material extraction). 

Unified and standardized construction approach-
es, as well as the initial technical requirements for 
non-standardized equipment have been developed 
for the considered engineering concepts proposed 
for the RW disposal facilities at the Belarusian NPP. 
Designs of the structures specified for the planned 
centralized RWDF shall be selected with due ac-
count of all characteristics inherent in the RW dis-
posal system at a specified repository site.

Conclusion

Internationally recognized approaches to the se-
lection of RW disposal options indicate the need for 
further improvement of the national legal frame-
work in this area and harmonization of the estab-
lished requirements between various regulatory 
instruments.

As it comes to the republican centralized RW dis-
posal facility and namely its design development 
stage, it appears feasible to consider the surface 
design option among the engineering concepts 
proposed for the disposal facilities at the Belaru-
sian NPP intended for LLW and ILW with a limited 
content of LL radionuclides.
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