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Small modular reactors represent a promising technology for power generation, offering so-
lutions to the energy crisis and mitigating greenhouse gas emissions. As Ukraine considers
the deployment of NuScale, UK SMR, and SMR-160, it is crucial to address the safe manage-
ment of spent nuclear fuel. This study focuses on evaluating the radiological characteristics of
spent nuclear fuel from the selected small modular reactors and for comparison, from the
VVER-1000 reactor. Using the Monte Carlo code Serpent, depletion calculations were per-
formed for an assembly in an infinite 2-D geometry, and the activity, decay heat, and inhala-
tion toxicity of the spent nuclear fuel were assessed. We determined the main nuclides contrib-
uting to the radiological characteristics and quantified the mass content of these nuclides. The
total number of spent nuclear fuel assemblies produced during the entire life of each small
modular reactor type was estimated. The radiological characteristics assessed for the three
small modular reactors do not exceed those observed for VVER-1000 reactors currently op-
erating in Ukraine. So, spent nuclear fuel generated by the selected small modular reactors
will introduce no new challenges to Ukraine's radioactive waste management system. The re-
sults of this work provide valuable insights for identifying the optimal small modular reactor
technologies for Ukraine concerning safe spent nuclear fuel management.
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INTRODUCTION

By 2050, global energy consumption will in-
crease by almost 50 % [1]. Looking for ways to meet the
growing need for energy through clean and innovative
solutions, many countries of the world, including
Ukraine, plan to increase the use of renewable sources
and nuclear energy. Small modular reactors (SMR) can
effectively contribute to the decarbonization of the
power sector [2]. The SMR are reactors with electric
power up to 300-500 MW. The SMR offer a range of
anticipated benefits, including simpler designs, en-
hanced safety and reliability [3], the ability to work on a
balancing power market, power generation for a wider
range of users, and applications like commercial hydro-
gen production, district heating, and water desalination.
Their modular designs and compact footprints poten-
tially provide advantages in terms of construction, op-
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eration, and maintenance, allowing for placement in lo-
cations unsuitable for larger nuclear facilities. Further-
more, SMR are engineered with passive safety features,
relying on natural circulation, convection, gravity, and
self-pressurization [4].

Ukraine is an industrial country with a powerful
energy sector largely based on nuclear power. Nuclear
power plants (NPP) provide about half of the country's
electricity. Currently, 15 NPP units are operated in
Ukraine, of which 13 are VVER-1000 and 2 are
VVER-440. However, most Ukrainian nuclear units
have been in operation for decades and will soon need
to be replaced [5]. Due to the war, many fossil plants in
Ukraine have been damaged or destroyed. At present,
Ukraine is considering the possibility of building up to
20 SMR instead of thermal generation units destroyed
during the war [6]. Preliminary agreements have been
reached on co-operation with the American company
NuScale and the British Rolls-Royce to introduce
SMR technologies in Ukraine [7]. In 2029, the imple-
mentation of SMR projects is expected to begin after
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the completion of the technology certification and li-
censing procedures [7].

In addition to generating electricity and heat, NPP
produces spent nuclear fuel (SNF) and other forms of ra-
dioactive waste, requiring an appropriate infrastructure
for their safe management. In Ukraine, there are four op-
erating NPP. The biggest Zaporizhzhya NPP — now un-
der Russian control — has an on-site spent fuel dry storage
facility. Khmelnytska, Rivne, and South Ukraine NPP
are to use the Centralized Spent Fuel Storage Facility
(CSFSF) at the Chornobyl zone. The CSFSF has not
been damaged during the military operations in the
Chornobyl Exclusion Zone of the Russian army and is
completely ready for operation [7]. The SNF from the
closed Chornobyl NPP is stored at the wet interim stor-
age facility ISF-1 and the dry interim storage facility
ISF-2, both at the Chornobyl NPP site.

The SNF management is an integral part of the
nuclear fuel cycle, its back-end. To choose appropriate
SMR concepts for Ukraine, it is necessary to analyze
fuel cycle performance, from fuel mining and fabrica-
tion to radioactive waste disposal, and environmental
impacts. Not all elements of the fuel cycle are present
in the fuel cycle of Ukraine. At present, Ukraine buys
Westinghouse fuel and has no reprocessing and final
disposal. After the used fuel is unloaded from the reac-
tor, it is stored underwater at the reactor site in a spent
fuel pool for several years. Then the spent fuel may be
moved to a dry storage facility at the NPP site, or trans-
ported to the centralized dry storage facility. Ukraine
has chosen the so-called deferred solution, which pro-
vides for long-term safe storage without final disposal
or reprocessing. Studies of the possibility of SNF dis-
posal are at the initial stage in Ukraine [5]. In the Re-
public of Serbia, research is underway to identify a
new location for the radioactive waste disposal, as the
current storage site near Belgrade, known as Vincha, is
unsuitable. This effort aims to align with international
standards, meet stringent spatial requirements, and ad-
here to national planning priorities for managing ra-
dioactive waste [8]. The application of a digital twin
ofaradioactive waste repository [9] promises substan-
tial benefits for the construction of such facilities, in-
cluding enhanced management capabilities and safety,
cost reduction, and more efficient response to acci-
dents.

At the moment there are many different SMR
projects in the nuclear power market, which are based
both on traditional and well-tested reactor technolo-
gies and on technologies that have not yet been tested.
A variety of SMR technologies means a variety of
wastes. Since non-water SMR introduce new materi-
als as fuels, coolants, and moderators, they provide
new issues for radioactive waste management [10].

Since each country is responsible for the manage-
ment of SNF produced on its territory, Ukraine needs to
consider various SMR technologies and then consider
how to manage the produced SNF, taking into account

the already existing structure and experience of SNF
management in Ukraine. Spent fuel and waste manage-
ment for the majority of water-cooled SMR is similar to
that for the LWR operating in Ukraine. Therefore, from
the point of view of SNF management, the light water
SMR are preferable for Ukraine. At the same time, light
water SMR have key differences from the large light
water reactors: power rating, footprint, simpler design,
more significant inner safety, integral design
(NuScale), natural primary circulation (NuScale,
SMR-160), no soluble boron in the primary circuit
(Rolls-Royce SMR), integrated dry spent fuel storage
and transportation system (SMR-160).

In this work, we investigate the characteristics of
spent fuel from three light water SMR: VOYGRTM
(NuScale Power Corporation, USA), UK SMR
(Rolls-Royce SMR Ltd, UK) and SMR-160 (Holtec
International, USA). The considered SMR projects
differ in design, nominal power, fuel assembly length,
and characteristics of nuclear fuel irradiation. All
these factors can affect the composition of the SNF
and, as a result, the SNF management. The considered
SMR projects include their solutions for on-site SNF
management. Evaluating these solutions should be
based on independent data on the characteristics of the
SMR SNF. The goal of this study is to estimate and
compare the key properties of the SNF, which affect
the SNF management, for the three SMR. We also
compare the data on the SMR with similar data on the
VVER-1000 reactors that operate in Ukraine.

MATERIALS AND METHODS

In this work, the Monte Carlo code Serpent was
used to perform depletion simulation in the infinite
2-D geometry. The ENDF/B-VII.1 nuclear data were
used in the simulations. Reflective or periodic bound-
ary conditions are applied on the assembly faces,
which means that instead of a real reactor core, an infi-
nite periodic structure of identical fuel assemblies
(FA) is simulated. So, no leakage of neutrons and vari-
ation of the neutron flux in the axial direction are taken
into account. Such a 2-D depletion simulation is ap-
plied for various SMR types [11, 12] and gives a suffi-
ciently accurate assessment of the SNF composition in
the middle part of the assembly in height, except the
assemblies that remain on the core-periphery for a sig-
nificant part of the irradiation period [11]. Another
simplification is to keep all parameters constant during
the calculation. The reports [13, 14] comprehensively
discuss the effect of the aforementioned simplifica-
tions on the spent fuel composition in water-cooled re-
actors and present the results of sensitivity studies on
the modeling and simulation input parameters. We
model FA of NuScale, SMR-160, UK SMR, as well as
VVER-1000 FA. For the SMR, we consider standard
LWR fuel UOz2 with enrichment less than 4.95 % in a
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Table 1. Some key properties of NuScale SMR, SMR-160 and UK SMR

Property NuScale SMR-160 UK SMR
Thermal power [MW] [4] 250 525 1358
Number of FA in the core [4] 37 57 121
Linear thermal power [Wem '] 33784 24893 40083
Active fuel length [cm] 200 [4] 370 [15] 280 [4]
Initial enrichment (% ***U) 4.55 4 4.55
Fuel rods with gadolinium 8% 1(? drzoois[l 1 - 8% ‘g) drzoois[l 6]
Discharge burnup [MWd/kgU] [4] 45 45 55
Boron concentration in water [ppm] 650 650 -
Coolant density [gem™] 0.753 [11] 0.761 0.705

17 x 17 square configuration [4]. The key simulation
parameters [4, 11, 15, 16] are presented in tab. 1. The
latest publicly available data on 2022 have been used.
For the NuScale FA, the initial enrichment of 4.55 %
235U is taken from the report [11]. For the SMR-160
FA, the initial enrichment of 4.0 % 233U equals the av-
erage enrichment according to [4]. The initial enrich-
ment of 4.55 % 233U for UK SMR FA is a reasonable
value less than maximum enrichment 4.95 % accord-
ing to [4]. Actual core fuel loading patterns usually in-
clude several FA types with different initial enrich-
ment and burnable poison content (see, for example,
[17, 18]). In this study, we simulate the NuScale and
UK SMR fuel assemblies with rods containing gado-
linium, and the SMP-160 FA without rods containing
gadolinium. For the VVER-1000, the FA of the
TVS-A design and 390GO type was simulated. The
key parameters correspond to the benchmark [19]: lin-
ear thermal power is 51845 Wem™, active fuel length
is 355 cm, average initial enrichment is 3.9 % 2*°U, 6
fuel rods with 5 % Gd,0O;, boron concentration in wa-
ter is 525 parts per million (ppm), coolant density is
0.724 gem™. For the VVER-1000 FA we consider 55
MWday per kilogram of uranium (MWd/kgU) burnup
at discharge. We assume that 650 ppm soluble boron
for the NuScale SMR and SMR-160 considered in the
simulation approximately matches the average boron
concentration over the cycle. According to [4], the av-
erage core water temperature is 282 °C for SMR-160
and 310 °C for UK SMR, at a pressure of 15.5 MPa in
both cases. The coolant densities for the SMR-160 and
UK SMR were derived by applying bilinear interpola-
tion techniques to data from the NIST Compressed
Water and Superheated Steam tab. [20].

Figure 1(a)-1(c) shows fuel and control rod pat-
terns for square SMR assemblies and 1(d) hexagonal
VVER 1000 assembly. Fuel rods containing gadolinium
are marked in dark green. For the VVER-1000 FA, fuel
rods with an initial enrichment of 4 % are marked in yel-
low, and in light green — with an initial enrichment of 3.6
%. In an SMR assembly, the initial enrichment of all fuel
rods is the same: 4.55 %, 1(a) and 1(b), and 4 %, 1(c).

The depletion simulation was performed in
burnup steps from 0.1 to 5 MWd/kgU up to the dis-

charge burnup values specified above. Cooling of the
used fuel was simulated in time steps from 50 to 365
days up to 10 years.

In this work, we assess the radiological charac-
teristics of the SNF. The code Serpent calculates the
total activity, decay heat, and radiotoxicity as the sum
of the radiological characteristics of each nuclide cal-
culated by the formulas

A;(1)=N,; )V, (1)
D;(t)=4,(t)e; (2
R;(1)=4,(t)DCF; (3)

Here A,(f) [Bq] is the activity of the i-th nuclide at
the moment of time #, N() — the number density of the
i" nuclide at the moment of time ¢, V' — the volume (in the
case of 2-D calculation, is the cross-sectional area) of
the fuel assembly, A;—the decay constant, D,(f) —the de-
cay heat of the i nuclide, &, — the decay energy, R,(f) —
the radiotoxicity, and DCF; — the specific radiotoxicity
(dose conversion factor, in SvBq™). For each nuclide,
the decay constant, decay energy, and specific inhala-
tion toxicity were obtained from the ENDF nuclear data
files used in the simulations. In the next section, we also
calculate the expected total number of SNF assemblies
produced during the life of the plant.

RESULTS AND DISCUSSION

The SNF radiological characteristics depend on
many parameters and conditions of reactor operation
[14]: discharge burnup, cooling time, initial enrich-
ment, concentrations of soluble boron and burnable
poison, fuel density, moderator density, and specific
power (specific power is the power per unit mass of
initial heavy metals). A particularly important parame-
ter is the discharge burnup. Figures 2 and 3 illustrate
the dependence of the activity and decay heat of spent
fuel on the cooling time; for greater burnup (UK SMR
and VVER-1000), the level of activity and decay heat
is significantly higher.

Explanation of the differences in radiological
characteristics between the reactor assemblies with
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(c)

(b)

Figure 1. Geometry of the computational model plotted by Serpent: (a) — NuScale FA, (b) — UK SMR FA,

(¢) — SMR-160 FA, and (d) - VVER-1000 TVS-A

identical discharge burnup is less evident. This effect,
most pronounced during several first years of cooling,
diminishes with time. For instance, after 1 year,
NuScale FA exhibits 19 % higher activity and 17 %
more decay heat than SMR-160 FA, but after 7 years,
this gap narrows to 4 % and 1 %. At identical dis-
charge burnup and similar coolant density (see tab. 1
for NuScale and SMR-160 fuel assemblies), the effect
can result from distinctions due to the presence of gad-
olinium rods in the NuScale FA and differences in ini-
tial enrichment and linear thermal power. Notably, our
additional computation for NuScale FA at the same
linear power of 24893 Wem™ as for SMR-160 FA has
revealed that NuScale FA exhibits slightly lower ra-
diological characteristics compared to SMR-160 FA.
The difference decreases from 1 % to almost 0 % for
activity and from 3 % to 1 % for decay heat throughout
10 years of cooling. These differences in radiological
characteristics result from greater initial enrichment
and the presence of gadolinium rods in the NuScale
FA. Returning to the dependencies shown in figs. 2
and 3, we can conclude that somewhat higher radio-
logical characteristics for the NuScale FA compared to

the SMR-160 FA are caused by higher specific power,
which affects predominantly short-lived nuclide com-
position (for the considered SMR assemblies, specific
power values are approximately proportional to linear
thermal power values, because of very close values of
mass of initial heavy metals per unit length). This
aligns with previous findings [14], that the gamma
source related to '#4Pr follows a power law relation-
ship of p*%3, where p is specific power. For the calcula-
tions corresponding to figs. 2 and 3, '**Ce (the half-life
is 285 days) and its short-lived daughter '“*Pr (the
half-life is 17.3 minutes), contribute about 1/3 to the
activity and decay heat after one year of cooling but
less than 1 % after 7 years. However, the contributions
for the NuScale FA are greater than for the SMR-160
FA. The same reasons are likely to explain similar dif-
ferences in radiological characteristics between UK
SMR and VVER 1000 FA, see figs. 2 and 3.

The values per fuel assembly depend on its di-
mensions. The SMR-160 FA is longer than the
NuScale FA, therefore, with the same burnup, the ra-
diological characteristics of the SMR-160 FA are
higher. Radiotoxicity, activity, and decay heat are im-
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Figure 3. Decay heat per unit length of the FA up to 10
years after discharge

portant characteristics for near-term spent fuel han-
dling, transportation, and storage, as well as for
long-term waste disposal planning. For the final geo-
logical disposal, radiological characteristics should be
analyzed on the time scale of centuries and millennia,
which can be the next research step. Table 2 presents
spent fuel radiological characteristics calculated per
assembly after discharge and 7 years of cooling in the
spent fuel pool.

The radiological characteristics of spent fuel and
the risks associated with them come from two groups of
isotopes — fission products and transuranic elements.
However, not all of them are equally important. We have
figured out the main contributors to the radiological
characteristics, together with their percentage contribu-

Table 2. Total inhalation toxicity, activity, and decay heat
per assembly after discharge and 7 years of cooling

Characteristic NuScale | SMR-160 | UK SMR
Toxicity [107° Sv] 1.18 241 243
Activity [10™"° Bq] 572 10.19 9.56

Decay heat [W] 466.9 855.2 856.5

tions to radiotoxicity, activity, and decay heat. They are
transuranic isotopes 2**Pu, 2*Pu, 24Py, 2Py, ! Am,
24Cm, and fission products *°Sr, PY, 3Cs, 37Cs,
371mB, 147py  154Ey. Each of them contributes at least 2
% to one or more radiological characteristics. The data in
tab. 3 are presented for the NuScale FA. For the SMR-
160, UK-SMR, and VVER-1000 fuel assemblies, the list
of nuclides contributing more than 2 % to the radiologi-
cal characteristics remains unchanged. For the UK SMR
and VVER-1000, which undergo deeper burnup, the
contributions of nuclide >**Cm to toxicity and decay heat
increase by a factor of nearly 1.5 and 2.0, respectively;
the contributions of other isotopes differ less.

Table 4 shows masses of the main isotopes per
unit mass of initial heavy metals for NuScale SMR, UK
SMR, SMR-160, and VVER-1000. Besides short-lived
and medium-lived fission products shown in tab. 3, tab.
4 includes also the isotopes with a very long half-life,
99TC, 135CS, 1291’ 107Pd, B7r.

Planning of the SNF storages (on-site, regional,
or centralized) for each of the SMR types requires the
number of SNF assemblies Ny, produced during the
entire life of the plant. This number can be roughly es-
timated using the available data on the basic parame-
ters of the reactor. The thermal energy E released by
the reactor during its lifetime # can be found as follows

E=Pynt (1)

where Py, is the nominal reactor thermal power and 17 —

the capacity factor. Knowing the average fuel burnup

B, which is the energy released per unit mass of ura-

nium, we then find the total mass of uranium my 4 re-
quired to produce the energy £

E

My tot B (2)

We assume that the average burnup is the same

as specified in tab. 1. Once my; , is known, the corre-

sponding number of assemblies N, is given by

My, 1ot
Npy =— 3)
My ra
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Table 4. Mass content of the isotopes in the fuel assemblies
(mg/g of initial heavy metals)

Isotope| Half-life | NuScale |SMR-160[UK SMR|VVER-1000
2¥py | 877y | 0.26 0.31 0.40 0.38
Pu 2.41-10%y| 5.91 5.73 6.11 6.21
*Pu 6.56:10°y| 2.62 2.65 3.07 3.11
#py | 142y | 113 1.10 1.33 1.37
*'Am [4.33-10%y| 0.52 0.52 0.61 0.61
*Cm| 18.1y | 0.04 0.05 0.10 0.13
NSy | 2879y | 0.61 0.58 0.71 0.69
“y | 64.6h |1510%|1.510%]1.810*| 1.7.10*
Bos | 206y | 0.02 0.01 0.02 0.03
YCs | 3017y | 137 1.34 1.68 1.70
"MBa | 2.55 min | 2.1-107 | 2.0-107 | 2.6:107 | 2.61077
"“pm | 2.62y | 0.03 0.03 0.04 0.04
By | 859y | 0.02 0.02 0.03 0.03
“Tc 2.11:10°y| 1.04 1.05 1.23 1.20
3Cs |2.3-10°y | 0.69 074 | 078 0.58
"I 116107y | 021 0.21 0.26 0.27
"pd | 6.5-10°y | 0.28 0.30 0.39 0.42
“zr 15310y 097 0.95 1.14 1.11

where my pa is the mass of uranium per fuel assembly.
We calculated this value from the Serpent FA models.
Table 5 shows the results evaluated using eqgs. (1)-(3).

It should be noted that the results of this study of-
fer just a general understanding of the expected SNF
characteristics, which can vary within certain limits.
The SMR projects continue to evolve with time to al-
low higher burnup at discharge and better utilization of
nuclear fuel. Depending on the in-core management,
the parameters of SNF assemblies will vary due to dif-
ferent individual in-core histories. The results pre-
sented above are an example of SNF characteristics,
based on the applied assumptions and currently avail-
able input data.

Compared to large reactors, SMRs have smaller
cores; that can lead to increased neutron leakage and
greater inhomogeneity of the neutron field within the
core. Burnup calculations performed in an infinite ge-
ometry (considering separate fuel assembly with re-
flective or periodic boundary conditions) do not take
into account neutron leakage and the heterogeneity of
the neutron field. Consequently, the error in such cal-
culations for SMR could be greater than for large reac-
tors. To accurately assess these effects, it is necessary
to carry out 2-D and 3-D full-core calculations. Such
an extensive analysis is beyond the scope of this work

and has not been carried out by other authors, to the
best of our knowledge. However, in large light water
reactors neighbor assemblies can also impact the neu-
tron spectrum and create strong inhomogeneity of the
neutron field. The previous investigation has revealed
[13] that neighbor assemblies typically impact the as-
sembly total fissile content by approximately 1 %, for
UO, fuel; frequently, the results obtained by disre-
garding neighbor assemblies were close to those ob-
tained from more comprehensive neighbor models.

According to [21], the lower SNF discharge
burnup for light water SMR can result in a greater
amount of spent fuel per unit of energy produced,
compared to conventional large reactors. However,
the quantity of fission products per unit of energy pro-
duced remains the same, while the quantity of trans-
uranic elements per unit of energy produced (such as
238py, 241y, 241 Am, 2*4Cm, which contribute signifi-
cantly to radiological characteristics) decreases rap-
idly with decreasing burnup [14]. As a result, lower
discharge burnup of SMR SNF can lead to reduced de-
cay heat, activity, and toxicity, thereby facilitating the
handling and storage, while also reducing associated
costs.

All SMR projects considered in this study incor-
porate on-site dry storage facilities for the entire dura-
tion of reactor operation. However, it may be desirable
to transport SNF from SMR as it accumulates, to a cen-
tralized storage facility. If SMR are deployed at multi-
ple locations throughout Ukraine, a comprehensive
plan for SNF transportation throughout the country
will need to be developed. Since the CSFSF in the
Chornobyl Exclusion Zone is designed to store SNF
from existing large reactors, it will need to be ex-
panded or new storage facilities will need to be con-
structed. Furthermore, in light of the plans to deploy
SMR in Ukraine, expediting the resolution of the final
geological disposal issue is essential. A comprehen-
sive and timely addressing of SMR SNF management
issues will help to gain the necessary support of local
communities and contribute to the development of nu-
clear energy in Ukraine.

CONCLUSIONS

At present, Ukraine considers the possibility of
deployment of water-cooled SMR in the near future,
VOYGRTM (NuScale Power Corporation, USA), UK

Table 5. The total number of SNF assemblies produced during the SMR lifetime,

at the capacity factor of n = 0.95

NuScale SMR SMR-160 UK SMR
Value t=60y t=80y t=60y
Py, =250 MW Py, =525 MW Py, =1358 MW
B =45 MWd/kgU B =45 MWd/kgU B =55 MWd/kgU
my o [kg] 116000 324000 514000
my ga [kg] 250 470 350
Nia 464 690 1470
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SMR (Rolls-Royce SMR Ltd, UK) and SMR-160
(Holtec International, USA). Operating nuclear reac-
tors in Ukraine, are of the VVER type. In this work, we
perform 2-D infinite-core depletion calculations of the
SMR fuel assemblies and the VVER-1000 assembly
using the Monte Carlo code Serpent. Main SNF char-
acteristics affecting the SNF management were evalu-
ated: activity, decay heat, and inhalation toxicity (per
unit length of the assembly and assembly), the contri-
butions of nuclides that exceed 2 % of activity, decay
heat, and inhalation toxicity, and mass content of these
nuclides per unit mass of heavy metals. We also evalu-
ated the total number of SNF assemblies produced
during the entire life of the plant, for each SMR type.
From the obtained results, the following conclusions
can be made.

The inhalation toxicity, activity, and decay heat
per unit length of the SNF assembly, are close for the
considered SMR and the VVER-type reactors. There-
fore, SNF from the considered SMR will not create
new issues for radioactive waste management in
Ukraine. For the three SMR, the evaluated radiologi-
cal characteristics do not exceed those for large
VVER-1000 reactors currently operating in Ukraine.

Compared to UK SMR and VVER-1000 SNF,
NuScale and SMR-160 SNF fuel assemblies exhibit
lower inhalation toxicity, activity, and decay heat per
unit length, and require shorter cooling time in the
used fuel pool before moving to dry cask storage.

Among the studied SNF assemblies with identi-
cal discharge burnup (45 MW/kgU for NuScale and
SMR-160, and 55 MW/kgU for UK SMR and VVER-
1000) the NuScale and VVER-1000 assemblies ex-
hibit noticeably higher radiological characteristics
throughout several initial years of cooling in the pool.
These differences are related to significantly higher
specific power for NuScale and VVER-1000 com-
pared to SMR-160 and UK SMR, correspondingly.
The effect of specific power on the radiological char-
acteristics dominates over the effect of other distinc-
tions between the studied assemblies with identical
discharge burnup (in initial enrichment, burnable poi-
son content, and coolant density), at least during the
first 5 years of cooling. The power-dependent alter-
ations in the nuclide composition of SNF assemblies
can be of potential importance for safeguard measures
and nondestructive testing of the SMR SNF.

The three SMR significantly differ in total number
of SNF assemblies produced during the entire life of the
plant, mainly due to different reactor heat power and ac-
tive length of the fuel assembly. This could be important
for the siting of plants (including on-site dry storage) as
well as options for the development of decentralized and
centralized SNF management in Ukraine.

The estimates of SNF characteristics obtained in
this work can help to evaluate the NuScale, UK SMR,
and SMR-160 projects under consideration for con-
struction in Ukraine in terms of SNF management and

their inclusion in the radioactive waste management
scheme in Ukraine, to reasonably inform the public
about the risks associated with SMR radioactive
waste, and to prepare public opinion for the introduc-
tion of new SMR technologies in Ukraine.
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Onena KOTUJAMHLEBA, Boroguvup KOTUJANHIIEB, Boxoguvup I'YJIUK

PAINJAIIMOHE KAPAKTEPUCTHUKE YTPOIIEHOI' HYKJIEAPHOT IT'OPUBA
MAJ/INX MOOAYJAPHUX PEAKTOPA Y PASMATPAILY
3A YIIOTPEBY Y YKPAJUHUN

Manu MojynapHu peakTOpU TMpefcTaBbajy obehaBajyhy TexHOJIOrHjy 3a NpPOU3BOALY
eJIeKTpUYHE eHepruje, Hyfaehu peliema 3a eHEPreTcKy Kpu3y U yOnakaBamke eMUCHja FacoBa CTAKIIEHE
6amre. ITomTo YkpajuHa pasmaTtpa pacnopebuBame NuScale, UK SMR u SMR-160, on kmbyuHe je
BaXKHOCTH JIa ce 03a0aBU CUTYPHOCHHUM YIIPaBIbamkheM UCTPOIICHUM HyKjIeapHuM ropuBoM. OBa cTynuja
¢oxycupa ce Ha IPOLEHY pajidjalliOHAX KAPAKTEPUCTHUKA YTPOIIEHOT HyKJIE€apHOT FrOpuBa U3 oJadpaHux
MalluX MOJlyJIapHUX peakTopa u, pagu nopebema, n3 peakropa VVER -1000. Kopucrehu Monte Kapio
KOJ Serpent, U3BpIIEHU Cy IPOPAauyHHU OCHpOMaIIeHha 3a FOPUBH CKJION Y 6ecKOHa4HOj 2-D reomeTpuju u
MpOLEEHA je aKTUBHOCT, TOIUIOTHO CIA0JbeHe M MHXANAMOHA TOKCUYHOCT YTPOIICHOT HyKJIeapHOT
ropuBa. Opfpegunn cMO TIJIaBHE HYKIHE KOJU JAONPHHOCE pajdjalliOHUM KapaKTepHCTUKaMa u
KBaHTU(DUKOBAIU MacCeHU cajipxkaj oBUX HyKauja. IIpouemwmeH je ykynmaH Opoj YTPOILIEHHX CKIIOHNOBA
HYKJIEApPHOT FOpUBa HACTAJIUX TOKOM YUTABOT XUBOTHOT BeKa CBAKOT MaJIOTr MOlyJIApHOT TUIA PEaKTOPA.
Papujanmone KapakTepucTUKe MPOLEHEHE 3a TPU Majla MOJlyJIapHa peakTopa He Ipelia3e OHe youeHe 3a
peakrope VVER-1000 koju TpenytHO pame y Ykpajunu. OTyAa, yTPOIIEHO HYKJIEApPHO TOPHBO
IPOU3BEJEHO y OflabpaHUM MajuM MOJyJapHUM peakTopuma Hehe mpefcraB/baTH HOBE HM3a30BE 3a
YKPajUHCKU CHCTEM YIpaBibaka PaJUOAKTUBHUM OTHAfoM. PesynraTtu oBor paja mpysxKajy fparoueHe
yBHfIe 32 MACHTU(UKALH])Yy ONTHMATHUX TEXHOJOTHja MalMX MOAYJIApPHHUX peakTopa 3a YKpajuHy y
NOTJIE[ly CHTYPHOCHOT YIIPaBJ/bakha YTPOIIEHUM HYKII€APHIM FOPUBOM.

Kwyune peuu: masu MoOyaapHu peakiiop, yiipasmsarbe YpoueHum HyKAeapHUM 20pUBOM,
NuScale, UK SMR, SMR-160, Serpent, kapaxitiepuciiuka yiipouieHoz HyKaeapHo?2
2opusa



