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Possibilities of applying the generated radioactive waste-specific volume per unit of produced
electricity are shown. This waste specific volume is used for retrospective assessment and forecast-
ing of radioactive waste volumes generated at Russian nuclear power plants. According to the
available data period covering 2008-2021, the mean and median values of the annual waste-spe-
cific volume for each nuclear power plant were obtained. The medians for solid radioactive wastes
divided into the categories of very low-level wastes, low-level wastes, intermediate level wastes
and high-level wastes are equal to 3.6:10-2, 3.2-10-2, 3.2-:10-3, 3.0-10~* m3(GWh)-1, respectively.
For liquid radioactive wastes of the low-level waste and intermediate level waste categories -
1.3-10-3 m3(GWh)1, 2.4-10-2 m3(GWh)-, respectively. The highest mean and median values of
waste-specific volume for all radioactive waste categories are typical for nuclear power plants with
LWGR (RBMK) reactor installations. The forecast based on the plans to increase electricity pro-
duction by Russian nuclear power plants indicates a likely increase in the volume of radioactive
waste generation by 0.7-7.4 % (depending on the waste category) in the period from 2022 to
2027. The waste-specific volume use makes it possible to rank the existing practices of nuclear
power plant operation by the volume of radioactive waste generation to justify the criteria for
compliance with the International Project on Innovative Nuclear Reactors sustainability meth-

odology.
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INTRODUCTION

The widespread application of technologies
based on radioactive substances (RS) and nuclear mate-
rials is determined by the unique opportunities or alter-
natives for obtaining demanded services or products.
Further development and extension of nuclear energy
use should not threaten the need of future generations to
preserve a favorable environment [1]. Radioactive
waste (RW) is a specific factor with long-term negative
impact on the environment, which always accompanies
the use of radioactive and nuclear materials. Safety for
humans and the environment when handling RW at all
stages of the life cycle, including the time-limited stage
of final isolation, in many ways determines the accept-
ability of the risks nuclear energy uses in the present and
future. According to the national Russian Federation re-
quirements, control and accounting are required at each
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stage of handling RW and RS [2]. The data on the an-
nual RW generation of each category allows us to
adequately predict the volume of RW generation for a
long-term period and prepare the infrastructure of facil-
ities for RW disposal in advance [3].

During the normal operation of a nuclear power
plant (NPP), the main sources of RW generation are
the replacement of worn-out materials and equipment
elements and structures containing RS, decontamina-
tion of rooms and equipment, and technological media
cleaning from RS. The physical and chemical proper-
ties of RW are determined by the structure and condi-
tion of the RW materials, the technological conditions
of their application, and the methods of handling dur-
ing generation and accumulation. The categories and
classes of RW formed at NPP depend on the aggregate
state and the specific activity of the radionuclide struc-
ture [4-6]. Basic information on the classification of
radioactive waste in the Russian Federation is pre-
sented in several regulatory documents [7-9].
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During the entire operation of NPP in Russia, a
significant amount of RW has been accumulated in
specialized storage facilities located on the territory of
the stations. Newly generated and accumulated RW
are registered by NPP specialists [10-12]. The volume
of annual RW generation (m® per year) information
during normal operation of NPP is presented in the an-
nual reports on environmental safety for the period
2008-2021, shown on the website of Rosenergoatom
Concern [13]. The content of environmental reports
involves safety culture aspects such as quantitative
and qualitative characteristics of all factors affecting
the population and the environment during normal op-
eration of NPP, including data on the management of
RW. The published information is characterized by in-
completeness. For instance, data integrity on all RW
categories ranges from 19 % for Beloyarsk NPP to
86 % for Smolensk NPP [14]. Under the assumption of
representativeness, it is possible to retrospectively re-
produce the missing data to estimate the total amount
of generation of each RW category for the considered
period based on information on the annual electricity
production of each NPP[15]. The key element for such
estimates is the specific waste rate of each category of
RW generation for each GWh of electricity produced.
The numerical values of the waste-specific volume al-
low us to compare the volumes of RW generation at
different NPP over time, regardless of the type and ca-
pacity of the reactor installations used, as well as to ob-
tain estimates of each category of RW generation in
the future based on electricity production plans. The
dimension of the waste-specific volume is m3(GWh)~!
for liquid (LRW) and solid (SRW) radioactive waste.
It demonstrates the scale of their annual generation
against the background of annual electricity produc-
tion and allows us to conclude environmental effi-
ciency in the field of RW management at Russian NPP.
The waste-specific volume is a convenient criterion
for comparing existing practices of RW generation at
NPP. The application of this indicator allows us to rank
the ecological performance of NPP in the following
categories: best, sustainable, and worst practices of
RW generation at NPP. The results of this ranking al-
low us to obtain quantitative criteria for assessing the
compliance of new NPP projects with the principles of
sustainability of national energy systems set out in the
International Project on Innovative Nuclear Reactors
(INPRO) methodology [16]. To implement the basic
principle of the INPRO methodology, the values of the
waste-specific volume of the designed power units
RW volume must not exceed the values of the
waste-specific volume corresponding median value of
the best practices currently operating at NPP. In this
paper, based on the published environmental
Rosenergoatom Concern reports period covering
2008-2021, the possibility of retrospective recovery of
missing data on the volumes of RW generation for the
selected time interval is demonstrated. This demon-

stration is given both for all NPP as a whole, and taking
into account NPP with a given type of reactor installa-
tions. Also, using waste-specific volume, forecast es-
timates of the RW generation are given, taking into ac-
count the plan for electricity production at NPP in
Russia. These estimates can be considered targets for
each category of RW generation.

MATERIALS AND METHODS

Calculation of normalized measure and
retrospective assessment of the volume of
RW generation at Russian

Acretrospective assessment of the annual genera-
tion of RW can be made based on the results of statisti-
cal processing of data on the volume of annual genera-
tion of each category of RW (m? per year), not reduced
to electricity production. The main disadvantage of
this approach is that it ignores important characteris-
tics of reactor plants, such as power and operation fac-
tors. The use of normalized measures eliminates this
disadvantage. The normalization of the annual volume
of generation of each category of RW per unit of elec-
tricity produced makes it possible to correctly com-
bine or compare subsamples of data on nuclear power
plants with reactor installations of different power. To
calculate the normalized measures of RW generation
at Russian NPP, the following steps are performed:

— the sample of electricity production data [GWh]
for each NPP for each year in the period
2008-2021 was formed as the sum of electricity
produced by each NPP power unit, according to
the PRIS (IAEA) database [15],

— the subsamples of available data on the annual
generation of LRW and SRW [m?] of each cate-
gory of RW were formed based on the materials of
published environmental reports of Russian NPP
[13], and

—  foreach NPP, subsamples of the ratio of the annual
volume of each category of RW to the annual elec-
tricity production, m*(GWh) " for each year of the
considered period are formed.

To formalize the calculations and analysis of the
obtained data, the following symbols are introduced: V'
[m?] — the volume of annual RW generation, £ [GWh]
— annual electricity production, and S [m*(GWh)~!] -
the normalized measure of the generation of each cate-
gory of RW. The calculation of the required S;; value
for the i-th NPP is performed using all available data of
the j-th category of RW for the k-th year of observation

Vi

Sk ==

' E
ijk

The obtained medians of normalized measures

<§>, tab. 1, allow us to perform a retrospective assess-
ment of the volume of <V;;> generation of four cate-
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Table 1. Descriptive statistics of annual specific waste rate of RW generation by waste categories at

Russian NPP period covering 2008-2021

RW categories Number S Standard <§;> Minimum Maximum _ Ratio
g of values| [m*(GWh)'] | deviation | [m*(GWh) '] [m*(GWh)™"] [m*(GWh) "] S jI< 8>
LRW
LLW 18 1.4-10° 45107 1.3:107° 2.0-107 2.7-107° 1.1
ILW 58 3.4:107 1.9:102 24107 3.6:107° 1.3-10" 1.4
SRW
VLLW 15 9.8:1072 9.7-1072 3.6:1072 8.1:107 2.7-107" 2.7
LLW 73 6.1-107 5.6:107 3.2:1072 7.1-10* 5.4:10" 1.9
ILW 72 6.0:107 48107 3.2:107° 12107 4.0-107 1.9

gories of SRW and two categories of LRW for each
NPP for any year in the studied interval of 2008-2021
as follows
<Vijk> =Ey <Sj> (2)
This assessment does not apply to a specific NPP
but applies equally to all operational NPP in Russia.
This means that the calculated values <V;> do not ad-
equately reproduce the volume of RW at a particular
plant, but are used only to estimate the total volume of
each category of RW for all NPP for a single year <V >
and for the entire period under review <V>

(€)
4)

<ij> =Zi<V,yk>
Wy =% (Vi)

Determination of frequency distributions
quartile ranges of Russian NPP
waste-specific volume

The criteria for the implementation of the basic
principle of optimization and sustainable development of
nuclear energy INPRO can be determined based on the
studied NPP classification into three categories: the best,
sustainable, and worst practice of radioactive waste man-
agement. The categories of NPP can be defined as fol-
lows. First, the boundaries of the frequency distributions
quartile ranges of waste-specific volume, based on the
set of all the studied NPP for the period from 2008 to
2021, are calculated. Then, according to the time series
of annual waste rates 0, ,, m*(Gwh) ' eachi-th station for
the j-th year a rank depending on the correspondence to
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Figure 1. Dynamics of electricity
production at Russian NPP from 2008
to 2021 [10]
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the quartiles can be assigned (¢, — 25" percentile, ¢, —
50" percentile (median), and g5 — 75% percentile)
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The rank values R averaged over the entire ob-
servation period for each station indirectly indicate the
frequency of failing Q,; within corresponding
quartiles and allow classifying NPP by the required
categories. The categories boundaries by average
ranks are determined expertly and are taken 1-1.5 for
the best (Q, ; are more often in the Ist quartile), 1.5-2.5
— for stable (2" and 3™ quartiles) and 2.5-3 — for the
worst (mainly 4" quartile) practices. This approach
was used in works [17, 18].

RESULTS AND DISCUSSIONS

In the period covering 2008-2021, electricity
production at Russian NPP increased by 33.5 %.
In 2021 year, 202 939 GWh was produced, and in
2008 — 152 058 GWh, the total increment amounted
to 50 882 GWh, fig. 1. The contribution to the elec-
tricity production increase was made by NPP with
PWR (VVER) reactor unit — 47 424 GWh (93.2 %)
and with FBR (BN) reactor unit — 3 458 GWh (6.8
%). The total amount of power production for the
period under review is 2 462 191 GWh [15].

A continuous increase in electricity production,
except for 2013 and 2020, is likely to be accompanied
by an increase in annual RW generation. The assump-
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tion of a comparable increase in the production of RW
of all categories cannot be refuted or confirmed based
on fragmentary annual data published in the environ-
mental reports of NPP [9]. However, it is possible to
obtain more correct estimates of the volume of annual
generation of LRW and SRW by retrospectively repro-
ducing (interpolating) the values missing in the envi-
ronmental reports. For this purpose, the waste-specific
volume (S, for typical Russian reactor installations is
calculated in this study.

Each S value is specific and characterizes the
volume of generation of a specific category of RW:
low-level waste (LLW) and intermediate-level waste
(ILW) for LRW; very low-level waste (VLLW),
low-level waste (LLW), intermediate-level waste
(ILW) and high-level waste (HLW) in a particular year
at a particular NPP for each GWh of electricity pro-
duced. The complex of values (S ;) describes all possi-
ble variants of the values of normalized measures in
general, without taking into account the type and
power of reactor installations. The main statistical
characteristics of the normalized measures of the vol-
ume of RW generation at Russian NPP, calculated
from the entire available data set for the period cover-
ing 2008-2021, are presented in tab. 1.

In the reviewed environmental reports lack in-
formation about the LRW generation of the VLLW
category since this category is not provided in the Rus-
sian RW classification [7-9]. Information on the gen-
eration LRW of the HLW category is either not avail-
able or indicates zero values of annual generation.

The mean values — S of specific waste rates of
all categories of RW exceed the corresponding median
values < §; >, which indicates the asymmetry of the
frequency distributions of the studied values, so it is
more correct to use the medians as indicators for retro-
spective and predictive estimates of the generation of
RW since they are more resistant to statistical outliers
in the analyzed sample data.

Figure 2 shows the structure of SRW categories
by the total volume of RW generated at Russian NPP,
according to the data available in environmental re-
ports and obtained by retrospective assessment for the
entire study period.

According to environmental reports for SRW,
the contribution of each category is ranked as follows:
LLW>VLLW >ILW >HLW with multiple LLW pre-
dominance. In terms of the total volume of LRW, there

B SRW VLLW
# SRW LLW
= SRW ILW
1 SRW HLW

is a multiple predominance of ILW (97 %) over LLW
(3 %).

The results of a retrospective assessment of both
the missed values and the values registered in the envi-
ronmental reports of the annual production volumes of
each category of RW for the period under review showed
an expected increase of 33.5 %, in proportion to the in-
crease in electricity production. At the same time, the
structure of LRW and SRW differs from the one that was
obtained from the available public reporting data fig.
2(a). In the total volume of LRW, the share of ILW was
95 %, which approximately corresponds to the analysis
of published data shows. The contribution of each cate-
gory of waste to the total volume of SRW changed multi-
directional: increased by 38 % for VLLW, decreased by
32 % for LLW, decreased by 5 % for ILW, and decreased
by more than 1 % for HLW fig. 2(b).

The values of the medians <S> in tab. 1 are ob-
tained from all available data, but without taking into
account the possible specifics of the generation of RW
at NPP with different types of reactor units. The given
specifics can be ignored only if the share of each station
in the total volume of power generation at the NPP is
preserved. However, in a period covering 2008-2021,
the growth of electricity production was 68.8 % at PWR
(VVER) and 91.5 % at FBR (BN), and reduction was
13.2 % at LWGR (RBMK) reactors, so for a retrospec-
tive assessment, it is necessary to take into account the
normalized measures of the RW generation at NPP with
one type of reactor. Despite the limited set of initial data
subgroups of the values of waste-specific volume for
the types of reactor installations were formed and their
median values < S;> type were obtained, tab. 2.

The data in tab. 2 clearly show that NPP with
LWGR (RBMK) reactor units generate more RW of all
categories except LLW of LRW one producing the same
amount of electricity at NPP than PWR (VVER) and
FBR (BN). A retrospective estimate of the volume of RW
generation, taking into account the type of reactor unit
<W,;> type, can be obtained according to the formula (2)
using < ;> type instead of <S>. The total volumes of
each category of RW for all NPP with one type of reactor
unit for a single year <WW;;> .. and for the entire period
2008-2021 <W;>,,. is calculated using eqgs. (3) and (4),
respectively.

Taking into account the specifics of the median
values of <S> type, the total volume of LRW <W>
type up by 11 % and by 79 % for SRW, tab. 3.

% mwviw  Figure 2. Structure of SRW
categories by volume of generated

fSHW "™ waste at all Russian NPP period
SRV IEE covering 2008-2021; (a) according to
© SRW HLW

environmental reports [13] and
(b) obtained by retrospective
assessment
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Table 2. Median values of waste-specific volume of RW generation, m’ (GWh)’l, for NPP with different types of
reactor units <§; > type
LRW SRW
Type of reactor unit LLW ILW VLLW LLW ILW HLW
LWGR (RBMK) 1.3-107 4.0-102 2.1-10" 55107 47-107 7.1-10*
PWR (VVER) 22-107° 18107 15107 1.9-107 2.1-107 23107
FBR — 2.7-107 - 7.7-10° — 7.2:10°
Table 3. Retrospective assessment of the volume of each category of SRW and LRW generated at all
Russian NPP period covering 2008-2021
Volume SRW [m”’] Volume LRW [m’]
Method of t
criod of assessmen VLLW | LLW ILW | HLW | Total SRW| LLW ILW | Total LRW
Without taking into account the | ¢ ¢5.10¢ | 778.10¢ | 7.83-10° | 7.37-10* | 1.75-10° | 3.28:10° | 6.02-10° | 6.35-10°
type of reactor unit <>
Taking into account the type of | 5 57,105 | 795.10* | 7.38:10° | 7.11-10% | 3.14-10° | 434-10° | 6.60-10° | 7.03-10°
reactor unit <W> .
<WPiype! <W> 2.57 1.02 0.94 0.96 1.79 1.32 1.10 1.11
90.6 % 91.5%
71.8%
. 65.6 %
Figure 3. Share of RW at NPP with a given = s gy
type of reactor unit in the total volume for =
each category of RW = 39.3 % —
o 33.6 %
28.2% :::
= 9.4%
= 4% 0.8%
LRW LLW LRWILW  SRWVLLW  SRWLLW SRWILW  SRW HLW

The volume of LRW of the LLW category is less
by 32 % and by 10 % of the ILW category in compari-
son with the retrospective assessment without taking
into account the type of reactor unit; the volume of
SRW of the LLW category changes multidirectional.

Despite a significant increase in electricity pro-
duction at PWR (VVER) reactor units (93.2 %) and
FBR (BN) (6.8 %) in the period covering 2008-2021,
the bulk of RW of each category (except LRW of cate-
gory LLW) formed during this period falls on NPP
with LWGR (RBMK) plants, fig. 3.

Since there was no growth of power generation
at LWGR (RBMK) reactors during this time, it can be
expected that the increase in the total RW volumes of
all NPPN, calculated retrospectively taking into ac-
count the normalized measures for different types of
reactors, will not be proportional to the increase in
electricity production (33.5 %). In particular, our cal-
culations show that the volume of waste has increased
from2008 to 2021 as follows: LRW of LLW category -
41.9 %; LRW of ILW category 17.8 %; SRW of VLLW
category — 6.7 %; SRW of LLW category — 5.2 %j;
SRW of ILW category — 14.2 %. Category HLW of
SRW has decreased by 9.7 %. In the long run, the re-
placement of LWGR (RBMK) reactor plants with
PWR (VVER) will be accompanied by a reduction in
RW volumes while maintaining the achieved level of
electricity production.

® LWGR (RBMK) % PWR (VVER) =1 FBR (BN)

According to the plans for the nuclear power in-
dustry of the Russian Federation development, the
amount of electric power generation by NPP NPPs lo-
cated on the territory of Russia in 2027 — at least 221.7
billion kWh per year [19]. Thus, electricity production
will grow by 9.3 % relative to 2021. When using the me-
dian values of <S> normalized measures of RW genera-
tion without taking into account the type of reactor instal-
lation, tab. 1, the forecast estimate of waste volumes in
2027 will be 5.72:10° and 1.57-10* m* for LRW and
SRW, respectively. By 2027, the volume of each cate-
gory of RW will grow in proportion to the growth of elec-
tricity production by 9.3 %. tab. 4.

To predict the volume of RW generation, taking
into account the median values of normalized mea-
sures <S> .. specific for each type of reactor (tab. 2),
it is assumed that the entire growth of electricity pro-
duction will occur at NNP with PWR (VVER) reac-
tors, and the electricity production at RBMK and FBR
will remain unchanged — 57.8 billion kWh and 7.2 bil-
lion kWh per year, respectively [12].

By 2027, the volumes will increase by 0.7-7.4 %,
depending on the category of RW, tab. 4.

In general, both approaches give approximately
the same result of the forecast for the total volume of
RW in 2027:

—  LRW without taking into account the type of reactor
~572:10° m3, taking into account — 5.64- 10° m3;
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Table 4. Forecast assessment of volumes of each category of RW <W;> and <W;>, at all Russian NPP 2027

v Volume LRW [m’] Volume SRW [m’]
ar
¢ LLW ILW VLLW LLW ILW HLW
<Wp (2021) 2.70-10? 4.96-10° 7.27-10° 6.42:10° 6.45-10 6.07-10'
<Wp (2027) 2.95-10? 5.42:10° 7.94-10° 7.01-10° 7.05-10° 6.63-10'
<>ty (2021) 3.74-10° 5.01-10° 1.47-10° 5.82:10° 5.57-10 4.50-10'
<W>iype (2027) 4.02-10 5.24-10° 1.48-10° 6.06-10° 5.84-10° 4.53-10'
Volume increase [%] 7.4 4.6 1.3 4.1 4.8 0.7
K-S d = 13083, p < 20; Lilliefors p < 0.1
68.95 % — Expected normal
30
c
S 25
=
@
% 20
& 5
28.13 % E 15
E
3
< 10
271 % 0.21 % 5
SRW VLLW SRW LLW SRW ILW SRW HLW - . 2w

Figure 4. Forecast assessment of the structure of solid
RW categories by the volume of waste generated at all
Russian NPP in 2027

—  SRW without taking into account the type of reactor
—1.57 -10* n?’, taking into account — 2.15-10* m’.
In2027, the volume of LRW by 93 % will consist
of the category of ILW. The structure of SRW by RW
categories expected in 2027 is shown in fig. 4.
More than 97 % of the predicted volume of SRW
in total for all nuclear power plants will belong to the
category of VLLW and LLW.

Determination of frequency distributions
quartile ranges of Russian NPP
specific waste rate

Percentiles ¢, ¢,, and g5 of frequency distribu-
tions of waste-specific volume at Russian NPP NPP
for2008-2021 were calculated separately for two cate-
gories of LRW and four categories of SRW, tab. 5.

Since the reporting data is characterized by a
large number of gaps, the estimates given may have
some statistical bias. To reduce this effect, it seems ap-

Figure 5. Frequency distribution of logarithms of the
waste-specific volume of SRW LLW category with a
the oretical normal curve

propriate to obtain quartile estimates from the
corresponding theoretical curves of the best approxi-
mations of the frequency distributions of waste-spe-
cific volume. The analysis of the data under consider-
ation showed the presence of a positive skew of the
waste-specific volume of each category. The hypothe-
sis of a normal distribution of values in all cases was
rejected according to the Kolmogorov-Smirnov and
Shapiro-Wilk criteria; the lognormal distribution law
turned out to be the best approximation. As an exam-
ple, fig. 5 shows the frequency distribution of loga-
rithms of the waste-specific volume of the SRW LLW
category from 2008 to 2021 as the most representative
sample among all the studied populations. It can be
seen that according to the Shapiro-Wilk criterion, the
hypothesis about the normality of logarithmic values
cannot be rejected, therefore, the assumption about the
lognormal distribution of the initial data is valid (in
this case, the lognormal approximation is the most
preferable of all studied).

Table 5. Percentiles and frequency distributions quartile ranges of waste-specific volume at Russian NPP according to the

reporting data of 2008-2021

Radioactive waste category o ([25;‘;8%;3?1@ [qnz‘l 3(&1}%11133)] 8 ([Z;nggﬁﬁﬂt]ﬂe) Quarti[ifl;(a(r}lgﬁlg% — )
LRW LLW 1.13-10° 1.33-10°° 1.53-107 4.01-10™
LRW ILW 1.72:1072 2.45.107 4.15-107 2.42-107
SRW VLLW 1.49-107 3.58-10°7 2.18-107" 2.03-10"
SRW LLW 9.03-10° 3.16-102 5.67-102 4771072
SRW ILW 2.07-10° 3.18:10°° 6.71-10° 4.64-10°
SRW HLW 3.16:107° 2.99.107 7.60-107* 7.28107"
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Table 6. The values of percentiles and quartile ranges of waste-specific volume restored on the basis of the lognormal
approximation of the frequency distributions of the initial data

Radioactive waste category | 1 (25, pereentile) | gz modian) | g (75, percenyile) | Quartlle fange (g, - )
LRW LLW 8.23-107* 1.23-10° 1.84-107° 1.02:10°°
LRW ILW 1.72:107* 2.69-107 4.22-107 2.50-10
SRW VLLW 1.95-10° 4.70-107 1.13-10™" 9.35.107°
SRW LLW 9.53-10°° 2.53.10° 6.73-10° 5.77-10>
SRW ILW 1.48-107 326107 7.19-107 571107
SRW HLW 425.10° 1.67-10°* 6.54-10* 6.12:10*

The obtained lognormal approximation of the
frequency distributions of the initial data allows us to
give theoretical estimates of the percentiles of
waste-specific volume, which could be expected with
the complete absence of gaps in the studied popula-
tions, tab. 6.

In order to increase conservativeness, the main
criterion for compliance with the basic INPRO princi-
ple is the median value of waste-specific volume for
the best practices of operating NPP. Accordingly, for
the implementation of this principle, it is necessary
that the values of the waste-specific volume of the pro-
jected power units do not exceed the values of the me-
dians of the waste-specific volume of the best prac-
tices currently operating at NPP. However, at present,
there is not enough initial data to obtain a stable assess-
ment of the boundary between the best and worst prac-
tices of RW generation at Russian NPP,

Since the completeness of the reports in most
cases does not exceed 50 %, it is not possible to cor-
rectly calculate the values R/ ranks averaged over the
observation period for each station, and accordingly
classify the NPP to required categories. To obtain sta-
ble boundaries, it is proposed to use the percentiles of
the frequency distributions of waste-specific volume
reconstructed by the lognormal approximation. At the
same time, the value of the lower quartile ¢, of the cor-
responding RW category can be taken as the INPRO
compliance criterion. The choice of the lower quartile,
which is essentially the boundary of the best practices
category, as the main guidelines for the design of new
NPP reactor installations fully corresponds to the basic
principle of the INPRO methodology, since it ensures
that the radiation impact of RW generation is not ex-
ceeded in comparison with the current experience of
operating NPP.

CONCLUSIONS

Information about the volume of RW annual
generation of Russian NPP, presented in the public en-
vironmental reports of Rosenergoatom Concern JSC
period covering 2008-2021, is fragmentary. This does
not allow us to adequately assess the structure of RW
by category and make a firm conclusion about an in-

crease or decrease in the volume of their generation,
taking into account a significant electricity production
increase (by 33.5 %). At the same time, the available
data allow us to obtain mean and median values, as
well as quartile ranges of frequency distributions of a
waste-specific volume of two categories of LRW and
four categories of SRW for each NPP.

For compliance with the basic principle of the
INPRO methodology, projects of new NPP reactor in-
stallations should have waste-specific volume no
worse than values of the lower boundary of the best
practices category, m>(GWh)!:

— for LRW LLW — 8.23-10°%,

— for LRW ILW — 1.72:10°2,

— for SRW VLLW — 1.95-10°2

— for SRW LLW —9.53:10°°,

— for SRW ILW — 1.4810°, and
— for SRW HLW —4.25-10°°.

The application of the obtained waste-specific vol-
ume will allow the introduction of new criteria for an in-
dependent assessment of the sustainable development of
nuclear energy in Russia. If the contribution of each NPP
to the total amount of electricity produced is constant,
retrospective and forecast estimates of the volume of RW
generation can be performed without taking into account
the type of reactor installation using the median values of
the entire sample formed. In this case, the estimate of the
change in the volume of any category of RW will exactly
correspond to the change in electricity production. How-
ever, taking into account the tendency for a significant in-
crease in electricity production at PWR (VVER) reactor
plants and almost fixed annual production at LWGR
(RBMK) and FBR (BN), it is advisable to use median
values of the waste-specific volume to each type of reac-
tor plant, especially since the analysis showed multiple
excesses of the waste-specific volume of any category at
NPP with LWGR (RBMK) reactors compared to PWR
(VVER) and FBR (BN). The waste-specific volume ap-
plication for each type of reactor installation leads to an
increased retrospective assessment of the volume of
LRW and SRW for the period covering 2008-2021 and a
comparable forecast estimate for 2027 in comparison
with the waste-specific volume use without taking into
account the type of reactor installation. Both over the past
period and in the future until 2027, the main volume of all
categories of LRW and SRW is formed at NPP with
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LWGR (RBMK) reactors. In perspective, the replace-
ment of LWGR (RBMK) installations with PWR
(VVER) will be accompanied by a decrease in the vol-
ume of RW while maintaining the achieved level of elec-
tricity production.
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Henuc [I. IECJATOB, Anekcej A. EKUIUH,
Koncrantun JI. AHTOHOB, Bukrop A. ITATAJINH

CIIEHUOUIIHA 3ANNPEMHMHA OTHAJA 3A PETPOCHEKTHUBHE,
NPEJUKTUBHE ITPOLIEHE 1 PAHTUPAILE ITPAKCE TOKOM HOPMAJ/IHOTI
PAJA PYCKUX HYK/IEAPHHUX EJIEKTPAHA

IIpuka3ane cy MoryhHocTu IpuMeHe crenuuyHe 3alpeMUHE NPOU3BOAE PAJUOAKTUBHOT
OTIajia 10 jeJUHULIU IPOU3BeNieHe elleKTpuuHe eHepruje. Opa cnenuuyHa 3allpeMIHa OTIIajia KOPUCTH ce
3a PETPOCIEKTUBHY NPOLEHY M NpefBubame KOJIUYMHA PAJUOaKTUBHOI OTMAfa HACTANOr Y PYCKUM
HYKJIeapHUM ejiekTpaHama. [Ipema gocrynmHum mopauuma 3a nepuop 2008-2021, mobujeHe cy cpefme
BpPEIHOCTU U Me[lujaHe TOMUIlbe chelupuiIHe 3alpeMHUHE OTHaja 32 CBAKYy HYKJIEApHY €JIEKTpaHy.
Mepujase 3a YBPCT pajuOaKTUBHU OTIAJ, KOjU CE €M Ha KaTeropuje BeoOMa HUCKOI PaJuOaKTUBHOT
OTHajIa, HICKOAKTUBHOT OTIIA/a, OTNajla CPEIEbET HUBOA M BUCOKOAKTUBHOT OTNajia, u3Hocuie cy 3.6:1072,
3.2:1072, 3.2:107% u 3.010* m*(GWh)™!, pecnextuBHO. 3a TeuHM PaMOAKTUBHU OTIAJ, KATETOPHje
HUCKOAKTUBHOT OTNAjla U CpebeakTUBHOr otnafa oune cy 1.3:107 u 2.4-1072, pecnexkrusno. Hajsehe
Cpefbe BpeJHOCTHU U MejijaHe crielupuyHe 3allpeMUHE OTIa/a 3a CBE KaTeropuje pafloakTUBHOT OTIIajia
TrnmdHe cy 3a HykieapHe enektpane ca LWGR (RBMK) peakropckum mHcTananmjama. I[1pornosa
3aCHOBaHAa Ha IJIaHOBHMMA 3a NOBchamwe NMPOU3BOAHKE EJIEKTPUUHE EHEPruje y PYCKUM HyKJIECapHUM
eJeKTpaHaMa ykasyje Ha BepoBaTHO nosehame o6uma npous3Bombe paguoakTuBHor otnaja 3a 0.7-7.4 %
(y 3aBHCHOCTH Off KaTeropmje ormaja), y mepuony ox 2022. mo 2027. rogune. Ynorpeba crenuuaHe
3alpeMuHe oMoryhaBsa paHrupame nocrojehux npakcu paja HyKJleapHUX €JleKTpaHa IpeMa KOJUYUHK
HAacTalor paJUOaKTUBHOI OTHAfa KakKo OW ce OIpapfald KPUTEPUjyMU 3a YycCarjalleHocT ca
METOJ0JIOTHjOM OfIP>KMBOCTH IpeMa MebhyHapogHOM IpojeK Ty 0 ”THOBATHUBHUM HYKJI€ApPHUM peakTopuma

Kwyune peuu: paouoakiiusHu oitiiiao, cileyupuqHa 3aiapemuna oiitada, peakitiopcko nociipojerse,
HYKAEAPHA eAeKIpanad, UHOBATIUSHIL HYKAeADHU DeaKiiop




