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The current Energy Strategy of Ukraine establishes that electricity production at NPPs in future retains at least
approximately equivalent to that currently produced. How this could be accomplished is hidden in general
statements, which also applies to the issues and challenges of the Nuclear Fuel Cycle. It is known that NFC is the
key indicator that determines the economy of NE. The uncertainty about which NFC options need to be developed
and which NFC stages and steps need to be implemented in the time perspective complicate making timely
decisions. This paper presents a summary of the cost options for an open and closed NFC with WWER and CANDU
reactors using the costs of stages currently accepted in the world.

INTRODUCTION

Nuclear Fuel Cycle is fundamental for the
functioning of Nuclear Energy. The use of potentially
hazardous nuclear materials in power generation brings
forth the demand for ensuring public safety during all

NFC steps and stages that is fulfilled by the reliable
isolation or disposal of all radioactive products formed
throughout the whole way of nuclear fuel management,
which is reflected in the diagram of full (complete) NFC
presented in Fig. 1.
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Fig. 1. Diagram of full (complete) NFC: a — open NFC, b — closed NFC

Due to the fact, that technological operations have
not been amply elaborated on a commercial scale and
because of the economic factors, currently, at some SNF
management stages in much of the world, the so-called
delayed decision prevails. It means that SNF is safely
stored until a decision is made on what should be done
with it: recycling and using useful products in
subsequent NFCs, or conditioning and disposal in
geological formations. Sweden and Finland chose the
latter option.

Today, when we speak about the Nuclear Fuel Cycle
in Ukraine, we mostly refer to the concept of delayed
decision on recycling WWER SNF and the need to
address the issues related to NFC closure.

ISSN 1562-6016. PAST. 2019. Ne2(120), p. 74-81.

Fig. 2 presents a diagram of the Ukrainian WWER-
1000 NFC developed based on the decisions adopted.
Attention should be paid to one of the main stages of
Ukraine’s nuclear fuel cycle — SNF reprocessing. In
accordance with the adopted decisions, part of SNF will
be reprocessed in the Russian Federation (RF) and the
products of reprocessing — radioactive waste (RW),
uranium and plutonium will be returned to Ukraine. The
services for all operations including SNF storage have
already been paid. The other part of SNF will be stored
in Ukraine until a decision on what to do with it is
made, which implies costs at all SNF management
stages that will have to be implemented.



Long-term
SNF storage

Uranium ore FNF
mining fabrication

Reactor

/o

SNF
reprocessing

RW storage

UFP 9
Storage

Fig. 2. Ukraine’s NFC with WWER-1000 reactors

Today, it is impossible even to predict when and
who will make a final decision on the of high-level
waste (HLW) (including SNF) management. It means
that SNF will be stored in Ukraine indefinitely. It is
quite possible that the announced 100-year period of
SNF storage in the centralized storage facility can be
significantly exceeded. Long-term storage of SNF
results in significant changes in the isotopic inventory of
material, including decreasing the amount of fissile
isotopes, which leads to increasing the costs of SNF
management. Expectation that introduction of fast
reactors (FR) will allow burning of unwanted (long-
lived) isotopes does not solve the problem as a whole.
To date, the considered options of FRs basically
substantiate possibility of implementation of the
equilibrium cycle: burning of isotopes, accumulated
during the previous cycle. For burning of large
quantities of long-lived isotopes, it will be necessary to
develop special-purpose  (systems) reactors and
substantiate their economic feasibility.

Special hopes are placed on hybrid thermonuclear
installations that are being considered at the level of
fundamental research. Due to large number of physical,
materials science and technological issues, it is
impossible to predict the time of practical
implementation of this idea. It is known that the dates of

implementation of the demonstration thermonuclear
facilities have been permanently postponed.

The use of CANDU reactors in the structure of
nuclear power (NP) is primarily aimed at effective use
of nuclear fuel. The proposed two types of reactors
operating on natural or slightly enriched uranium
practically imply existence of an open NFC (Fig. 1,a).
The use of heavy water as a neutron moderator ensures
deep burning of #°U and #*°Pu produced, and makes
further reprocessing of SNF impractical. The possibility
of using natural enrichment uranium and simple fuel rod
design are most attractive in the economy of NFC with
CANDU reactors, and these factors arise increased
interest in terms of organization of domestic production
of fresh nuclear fuel when addressing the tasks of
introduction of CANDU reactors in the structure of the
Ukrainian NP. CANDU reactors operating on natural
uranium have a negative feature known as positive
reactivity coefficient at coolant loss. In Ukraine,
reactors having a positive reactivity coefficient are
prohibited. Using low-enriched uranium (= 1.2% **U)
as fuel allows eliminating this factor and ensures a
negative reactivity coefficient. In this case, CANDU
NFC economy is proposed to be considered in a tandem
cycle: WWER — CANDU reactors (Fig. 3).
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Fig. 3. NFC, tandem cycle WWER-CANDU



The purpose of this paper was to consider the most
economically viable Nuclear Fuel Cycles with WWER
reactors based on the NFC options currently
implemented in the world and that are realizable in
Ukraine. They are as follows:

1. Open NFC.
2. Closed NFC with WWER-1000 reactors.
Options:

2.1. Recycled uranium is subject to enrichment

by known methods, such as, gas-centrifuge
enrichment. Plutonium is stored for further use
(ReU);

2.2. Recycled uranium is re-enriched in U?®
from an internal source; plutonium is stored for
further utilization (ReU+°*°U);

2.3. Recycled uranium and plutonium are used
for fabrication of MOX fuel.

3. NFC with introduction of CANDU reactors in
the structure of Ukraine’s NP.

MATERIALS AND METHODS

This paper does not address NFCs with fast reactors
in the structure of Ukrainian nuclear energy. This issue
should be considered separately, and its solution largely
depends on whom Ukraine will cooperate with on all
problems of nuclear energy.

For the economic assessments of all NFC steps and
operations performed in relation to Ukraine, the values
used in the world are accepted (Tabl. 1), in order to
compare different options in a single approach. It should
be noted that for many operations, only laboratory
studies and economic indicators based on them are
available. Large-scale commercial implementation of
the technologies can significantly change the economic
indicators.

Table 1

Economic characteristics of NFC stages for WWER
reactors [1-9]*

Value
No Costs of NFC Stages used in
the study
1 | Natural uranium cost $/kg HM® 100
2 Conversion, $/kg HM 10
3 | Enrichment?, $/kg SWU 115
4 Fabrication of fuel from natural 275
uranium, WWER, $/kg HM
5 Fabrication of MOX fuel, 1200
WWER, $/kg HM
6 Fabrication of fuel from natural 65
uranium, CANDU, $/ kg HM
7 | FA transportation®, $/kg HM 5
8 | SNF transportation®, $/kg HM 69
9 SNF long-term storage, $/kg 230
HM
10 | SNF reprocessing, $/kg HM 800
11 | SNF conditioning, $/kg HM 510
12 | SNF disposal, $/ kg HM 100

" HM — heavy metal.
2 2% content in reject materials was taken to be
0.3%.

* FA — fuel assemblies.

* Calculation assumed that the costs of conversion,
enrichment and fabrication of fuel from recycled
uranium is 10% higher than the costs of these stages for
fresh nuclear fuel (FNF) of natural uranium.

Table 2
Economic characteristics of NFC stages for CANDU
reactors [7-9]*

Value
No Costs of NFC Stages usterfjem
study
1 | Natural uranium cost $/kg HM 100
2 | Conversion, $/kg HM 10
3 | Enrichment®, $/kg SWU 115
4 | Fabrication of fuel from natural 65
uranium, WWER, $/kg HM
5 Fabrication of MOX fuel, 558
WWER, $/kg HM
6 | FA transportation®, $/kg HM 5
7 | SNF transportation®, $/kg HM 5
8 | SNF long-term storage, $/kg HM 47
9 | SNF conditioning, $/kg HM 202
10 | SNF disposal, $/ kg HM 90
Let us consider the NFC options.

OPEN NFC

Open NFC (see Fig. 1,a) is characterized in that at
the stage of SNF management it is necessary to address
complicated tasks during two main steps. The first task
is to develop a technology for SNF conditioning. The
second task is to choose and substantiate geological
formations for SNF disposal. Works that must be done
within the frame of these tasks are complex and long-
term. Specialized organizations are needed for
performance of all research, design and technology
work. Of course, such works could best be
accomplished in cooperation with leading foreign
partners and with the use of all accumulated
international experience.

It is virtually impossible to expect that you can buy a
complete package of design and technological solutions
for SNF conditioning. Developers, such as Sweden,
conduct such works for specific designs and
characteristics of SNF in the form of fuel assemblies
(FA). Even if you buy the main technological solutions,
you will have to upgrade the technology to comply with
the specifics of WWER FA characteristics. For Ukraine,
the need to solve the problems at the stage of SNF
management is inevitable. It must be borne in mind that
in Ukraine, in addition to SNF from WWER reactors,
RBMK SNF is stored that is economically unfeasible to
reprocess, and this means that it must be conditioned
and disposed of in geological formations.

The tasks of searching and substantiation of
geological formations for disposal of high level
radioactive waste must be completed at a faster pace, as
vitrified HLW from reprocessed WWER SNF will start
to arrive in in Ukraine in the coming years, and the
problem of their safe management cannot be solved by
establishing temporary storage facilities.



The economic estimates show that for an open
WWER-1000 NFC with a 4-year fuel operation cycle, at
the current level of prices for uranium and fresh nuclear
fuel fabrication (Table 1), the fuel component of the
cost of electricity amounts to 7.84-107%¢/(kwh) (Tabl.
3).

Table 3

Fuel component of the cost of electricity for an open

NFC, 10 $/(kwh)

Stages, steps Costs
FNF fabrication from natural uranium 5.46
FNF transportation 0.01
SNF transportation 0.18
SNF storage 0.6
SNF conditioning 1.33
SNF disposal 0.26
Total 7.84

USE OF RECYCLED URANIUM
IN WWER REACTORS

It is estimated that by 2050, Ukrainian WWER-440
and WWER-1000 reactors operated at the current power
level, will produce 14906 t HM of SNF, which can be
used for fabrication of 13100 t of recycled uranium and
114 t of plutonium (at an average 1% content of ?*°U
and 0.8% of plutonium in the SNF), including 2800 t of
recycled uranium and 24.8 t of plutonium separated
from the SNF during reprocessing in the Russian
Federation [10-12], and 10300 t of recycled uranium
and 89.2 t of plutonium from the SNF that is stored in
Ukraine and will be reprocessed abroad in future.

Since SNF reprocessing in the Russian Federation
has already been paid, the recycled uranium and
plutonium have a zero cost and logically, they could be
used for manufacturing WWER-1000 fuel. The cost of
these products, in the equivalent of the natural uranium
cost, is estimated at $1 050 million. At first glance, it
seems that this value is the economic effect of the use of
useful fission products (UFP), however due to its
characteristics, the economic effect from the use of UFP
depends on the implemented NFC options. The
differences are determined by the final composition of
fabricated fresh fuel and the cost of manufacturing
steps. Besides, it is difficult to determine the cost of
fresh nuclear fuel as it depends on who will own the
UFP. Therefore, in our estimates, we take into account
only possible actual costs of UFP management.

It is known that during SNF reprocessing, when U
and U are extracted, the *°U and U content in
recycled uranium increases as compared to natural
uranium, which increases radioactivity of the material
and impairs efficiency of its utilization. Increasing the
number of recycles decreases NFC performance
[13, 14].

Additional consumption of natural uranium, due to
the need to compensate for the presence of 2*U and to
reduce the amount of *?U, degrades the efficiency of
reusing reprocessed uranium. Therefore, this study
considers economic indicators of the NFC for only a
single-cycle application of recycled uranium. The tasks

of using recycled uranium can only be considered in
relation to the cost of natural uranium. For future
introduction of the nuclear fuel cycle using recycled
uranium for fabrication of fresh nuclear fuel, a detailed
analysis is required of all issues related to the economy
of multiple use of recycled uranium, for example, in the
REMIX cycle.

Implementation of the tasks on the use of recycled
uranium begins with development of requirements for
the material separated during SNF reprocessing.

As a rule, large companies establish a single chain:
SNF reprocessing, operations with recycled uranium
and plutonium, fabrication of fresh nuclear fuel using
recycled uranium and plutonium. At the same time, all
requirements to composition and characteristics of the
materials for all operations of the technological cycle
are simply regulated. Today, for all reasons, AREVA is
the most acceptable company for Ukraine to solve the
problems of NFC closure. SE NNEGC Energoatom has
already taken the first steps in this direction and made a
statement on the possibility of reprocessing SNF from
WWER reactors by this company.

It is necessary to explore all issues on manufacturing
nuclear fuel using recycled uranium and plutonium for a
specific partner.

According to the estimates, the NFC option using
the operation of uranium re-enrichment with centrifuged
recycled uranium (ReU) ensures fabrication of 5080
FAs for WWER-1000 reactors, including 1085 FAs
from recycled uranium with a zero cost and 3995 FAs
from recycled uranium obtained during WWER SNF
reprocessing at world prices.

In case of re-enrichment of recycled uranium from
an external source of %°U, 30114 FAs can be
manufactured using recycled uranium, including 6436
FAs from recycled uranium with a zero cost and 23678
FAs from recycled uranium that will be obtained during
WWER SNF reprocessing at world prices.

Considering the NFC options with a single-cycle use
of recycled uranium, the option where UFPs have a zero
cost is considered as an open NFC. The option, in which
SNF stored in Ukraine can be reprocessed by Western
companies, is considered as a closed NFC, and the
economic estimates begin with the SNF storage stage.

For each option of WWER-1000 NFC closure, a
coefficient showing the amount of SNF that needs to be
reprocessed to produce 1 kg HM of fuel with the use of
recycled uranium was preliminary calculated, which is:
5.93 for ReU; 1 for ReU+°*°U; 4.18 for MOX fuel.

The cost of UFP is determined by the costs of SNF
reprocessing and is distributed in proportion to the
content of fissile isotopes in the material.

The cost of storage and disposal of SNF from
recycled uranium is assumed to be the same as the cost
of these steps for WWER-1000 SNF in an open cycle.

Tabl. 4 provides the economic estimates for the fuel
component of electricity generation using recycled
uranium and plutonium having a zero cost, and the cost
of  SNF reprocessing at  world prices.



Table 4

Fuel component of the cost of electricity of NFC at zero cost of recycled material
and at world prices*, 102 $/(kWh)

st ‘ NFC option
ages, steps ReU ReU+*°U MOX
SNF storage before reprocessing 2.79 0.44 1.85
SNF reprocessing (7.39)* (1.?6)* (5.83)*
Costs for production of uranium of required enrichment 2.10 4.80 0.00
Fabrication of FNF from recycled uranium 0.79 0.79 3.13
FNF transportation 0.01 0.01 0.01
SNF transportation 0.18 0.18 0.18
SNF storage 0.60 0.60 0.60
SNF conditioning 1.33 1.33 1.33
SNF disposal 0.26 0.26 0.26
Total 5.27 7.97 5.51 N
(15.35)* (9.57) (12.38)

*Values in parentheses account for SNF reprocessing at world prices

For the options using recycled uranium in the NFC,
the question remains what to do with plutonium.
According to the global data, plutonium storage is quite
expensive and raises many questions related to safety
and non-proliferation.

Taking into account all aspects of the problem, the
most attractive NFC option is the one using both
recycled uranium and plutonium — MOX fuel for
fabrication of fresh nuclear fuel. Practically, this NFC
option is the most attractive for implementation in the
world. The use of this option will allow to produce 7213
WWER-1000 fuel assemblies from the accumulated
SNF, including 1540 FAs from the products returned
from the Russian Federation and 5673 FAs from the
SNF that will be reprocessed in the future at world
prices. Since fuel re-enrichment is done at the expense
of plutonium, the remaining recycled uranium can be
used in other NFC options. It should be noted that while
using MOX fuel, it is necessary to determine the
quantity of MOX fuel that can be loaded into reactor —
30%, or 100%. For this purpose, it is necessary to
explore both the issues related to reactor physics and the
technological tasks on the manufactured fuel
composition.

It should be noted that considered options of the use
of recycled uranium in the fresh nuclear fuel production
(ReU and ReU+?®U) have been technologically
elaborated on a commercial scale and are either being
implemented or can be implemented with minor
improvements by the world's leading companies.

A technology for manufacturing MOX fuel for light
water reactors exists in AREVA. More attention has
been given in the world to elaboration of the processes
of making fuel rods and fuel assemblies with MOX fuel
for fast reactors.

Therefore, considering the issues of manufacturing
WWER fuel rods and FAs with the use of UFP in
practical terms, Ukraine has to identify a chain of
partners for fabrication of fuel using recycled uranium,
or envisage implementation of these options while
establishing its own fuel rod and fuel assembly
fabrication plant.

CANDU REACTORS

A working group established by the Ministry of
Fuels and Energy of Ukraine in 2007-2008 to address
the problems of introduction of CANDU reactors in the
structure of Ukraine’s NP made a conclusion on
possibility of this process, which means that all formal
and legal issues can be resolved. Therefore, we will
focus only on the economic aspects of the nuclear fuel
cycle with CANDU reactors.

When natural uranium is used as fuel, it is necessary
to manufacture a large quantity of fuel rods per unit of
energy generation, and approximately 5.8 times more
SNF is produced as compared with WWER reactors.
For an open NFC, this means that the costs for SNF
removal from CANDU reactors per 1 kg HM are 5.8
times higher than for WWER reactors. Assumptions that
they may be lower for CANDU due to a lower
radioactivity have not been proven in practice.
Therefore, for the economic assessments performed to
compare nuclear fuel cycles with CANDU and WWER
reactors, two variants were considered. In the first
variant, the cost of the main stages of CANDU NFC
was taken to be the same as for WWER NFC (Table 1);
in the second variant, the values of the cost of the stages
for CANDU NFC (Table 2), which are predicted for
future manufacturing processes for SNF management
stages of CANDU reactors, were used.

For comparison, Tables 5, 6 show the results of
calculations of the economic estimates of the fuel
component of electricity generation with CANDU
reactors for the following options:

1.  Fuel is made of natural uranium (0.71% 2*U).

2. Fuel is made of slightly enriched uranium
(1.2% V).

3. Reprocessing of SNF from WWER reactors;
recycled uranium is used for manufacturing fuel for
CANDU reactors (1.2% Re?°U).

4. Reprocessing of SNF from WWER reactors;
recycled uranium and plutonium are used for
manufacturing MOX fuel (1.5% (U + Pu)).



Table 5

Fuel component of the cost of electricity for CANDU NFC, 107 $/(kWhe) (the same cost of stages as for WWER)

NFC Option

NFC Steps 0.71%%°U | 12%%°U | 1.2%Re”U 1.5%

(U+Pu)
NFC storage before reprocessing - - 211 1.12

Fabrication of FNF from natural uranium 2.53 3.31 - -
SNF reprocessing - - 4.28 5.29
Re-enrichment - - 0.31 0.00
FNF fabrication using UFP - - 0.64 4.12
FA transportation 0.08 0.04 0.04 0.04
SNF transportation 1.05 0.62 0.62 0.51
SNF storage 3.48 2.06 2.06 1.70
SNF conditioning 7.73 4.57 4.57 3.76
SNF disposal 1.52 0.90 0.9 0.74
Total 16.38 11.50 15.54 17.28
Table 6
Fuel component of the cost of electricity for CANDU NFC, 10 $/(kWhe) (estimated cost of stages)
NFC Option

NFC Stages 0.71%U | 1.2%2°U | 1.2%Re™U 1.5%

(U+Pu)
NFC storage before reprocessing 211 1.12

FNF fabrication from natural uranium 2.53 3.31 - -
SNF reprocessing - - 4.28 5.54
Re-enrichment - - 0.31 0.00
FNF fabrication using UFP - - 0,64 4,12
FA transportation 0.08 0.04 0.04 0.04
SNF transportation 0.08 0.05 0.05 0.04
SNF storage 0.71 0.42 0.42 0.35
SNF conditioning 3.06 1.88 1.81 1.49
SNF disposal 1.36 0.81 0.81 0.66
Total 7.82 6.44 10.48 13.35
RESULTS NFC options will be approximately 18 to 47% higher

The assessments performed for NFC with WWER
reactors show that the simplest technological option of
using recycled uranium with a zero cost in the
fabrication of fresh fuel consisting in utilization of the
stage of uranium re-enrichment, for example, by the
gas-centrifuge enrichment operation, provides the best
economic effect (ReU). The cost of the fuel component
in this case can be 33% lower as compared with the
conventional open NFC with natural uranium for
WWER reactors. The total real saving for this option
when using all recycled uranium with zero cost can
reach about $ 467 million.

Economic estimates of the fuel component of
electricity generation when using MOX fuel in WWER-
1000 reactors show that at zero cost of initial products
(SNF reprocessing in the Russian Federation), the cost
of electricity generation is about 30% lower than that
for an open NFC. At today's price levels, the use of
uranium and plutonium in the NFC with MOX fuel
would save Ukraine about $ 600 million.

In case of future implementation of a closed NFC
with SNF reprocessing at world prices and attributing
the reprocessing cost to UFP, the assessments show that
that the fuel component of electricity generation for all

than for an open NFC. This justifies the lack of will to
implement a closed NFC at today's world prices for
natural uranium.

The results of assessments performed for the option
in which the cost of SNF management stages is assumed
to be similar to that of WWER reactors (Table 5) show,
that with introduction of CANDU reactors into the
structure of Ukraine’s NP, the fuel component of
electricity production with CANDU reactors which use
natural uranium fuel, is much higher than for an open
NFC with WWER reactors.

In case of using predicted minimal values of the cost
of NFC steps (Table 6) of manufacturing FNF for
CANDU reactors, the fuel component of electricity
generation for CANDU reactors using natural uranium
is comparable to that produced by WWER reactors in an
open NFC. If enriched uranium is used, the fuel
component for CANDU reactors is approximately 18%
lower than for WWER reactors in an open NFC.

CONCLUSION

The functioning of NP in the world is supported with
resolving the issues associated with the uncertainty
about the final NFC stage - SNF management. Taking
benefit of safe and long-term SNF storage, most of the



states using NP are waiting for fundamental decisions
on when it will be economically expedient to introduce
fast reactors in the NP structure, and further to resolve
the whole range of problems associated with NFC,
developing and implementing specific closed NFC
options. The most important stages of closed NFCs are
SNF reprocessing, HLW conditioning and disposal.

As mentioned above, in Ukraine, a decision was
made earlier on recycling part of the SNF from WWER
reactors. The question is which options of useful fission
products management are most economically viable:
should they be removed for long-term storage until a
decision is made on what to do with them, or should
they be used in the NFC with WWER reactors that will
continue to be operated in the structure of Ukrainian NP
for a long time.

The above results of economic evaluations of the
costs of the fuel component of electricity generation for
various NFC options show that the cost of electricity is
the smallest at a zero cost of reprocessing useful
products from SNF. In any case, it is necessary to
implement the NFC options with these products in a
realistic perspective, primarily the options with recycled
uranium. As shown above, the costs of NFC in this case
can be approximately $ 467 million lower than those of
an open NFC with WWER-1000 reactors.

At the same time, it must be noted that storage of
these products, especially of plutonium, results in
changes in the isotopic composition and chemical state.
This implies additional costs not only for storage, but
also for restoration of performance of materials used for
manufacturing FAs for WWER reactors.

If a decision is made on the use of UFP in Ukrainian
WWER reactors, the following steps should be taken:

— develop relevant regulatory documents for all NFC
stages;

— develop specific NFC options using recycled
uranium and plutonium;

— identify partners for manufacturing fresh nuclear
fuel using UFP.

As regards introduction of CANDU reactors in the
structure of NP of Ukraine, evaluation of the fuel
component of the cost of electricity demonstrates that
without determining the real value of the stages of SNF
management it is impossible to substantiate the
economic benefit of the CANDU NFC as compared
with the WWER NFC.

In general, regarding the development of NFC in
Ukraine, taking into account the capabilities of all SNF
management options in the world and the state of SNF
from RBMK and WWER reactors stored in Ukraine, it
is necessary to elaborate the technologies for
conditioning SNF, such as HLW, and address the issues

of searching and substantiation of geological formations
for the disposal of HLW.
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O BAPUAHTAX AJEPHOI'O TOIIVIMBHOTI'O IIUKJIA YKPAUHBI
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CymiecTByIomas cTpaTterus pa3BUTHS aTOMHOH sHepreTuku (AD) Ykpawmsbl o0oO3HawaeT, IO KpaifHel Mmepe,
COXpaHCHHE B JaJbHEHIIeM oObeMa NPOM3BOACTBA 3JIEeKTpodHeprun Ha ADC TpPUMEpPHO SKBHBAJICHTHBIM
MPOM3BOIMMOMY Ha ceronHs. Kak 3To cremaTth, CKpbIBaeTcs B O0MHKX (QOPMYIHMPOBKAX, 3TO KAacaeTcs W PELICHUsS
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npoOiieM W 3amad 1o sigepHomy TorutuBHOMY 1wkiy (SATID). M3sectHo, uto ATIl — 3TO OCHOBHO# MOKa3aTels,
onpenensomui S5koHoMuky AD. HeonpeneneHHocTh BuneHNH, kakue STL] HeoOX0auMo pa3BUBaTh, KAaKHUE CTAIUH
W JTambl Peai30BEIBATh BO BPEMEHHON IEPCIEKTHBE, 3aTPYAHSACT NPHHATHE CBOEBPEMEHHBIX pemieHuid. B
oboOmraromem Buze MpeicTaBieHbl oneHkn BapuaHTOB 3atpaT ATL ¢ peakropamu tnma BBOP u CANDU mns
OTKPBITOTO U 3aKPHITOTO IIUKJIOB C UCIIONB30BAaHIEM 3aTpaT I10 dTaraM, IPHHIMAEMBIM Ha CETOIHSI B MHUpE.

ITPO BAPIAHTH SITEPHOI'O MAJIMBHOI'O ITUKJIY YKPAIHH
B.C. Kpacnopyuskuii, O.C. Kipcanosa

IcHyroua crpateris po3BUTKY aToMHOI eHepreTukd (AE) VYkpainu o3Hauae, mpuHaiMHI, 30€peKeHHS B
MOJANTBIIIOMY 00cary BHpoOHHITBa enekrpoeHeprii Ha AEC npuOmM3HO EKBiBaJIEHTHHM BHPOOJIIEMOMY Ha
cporofHi. SIK 11e 3poOUTH, XOBa€ETHCA B 3arabHUX (POPMYITIOBaHHIX, IIE CTOCYETHCS 1 pillIeHHS MpoOJIeM i 3aBIaHb 3
simepHoro manuBHOTO IuKTy (SITL). Bimomo, mo SIIL[ — e ocHOBHHMIT MOKa3HUK, 1[0 BH3Hadae eKOHOMIKy AE.
HeBusnauenicte Oauennsa, ski Al HeoOXimHO po3BHBATH, fAKi CTamii 1 eTamm peami30ByBaTH B YacOBii
MIEPCIICKTHBI, YCKIAAHIOE NPUHHATTSA CBO€YACHUX pPIillleHb. B y3araabHIOIOWOMY BUTJLAI TPEICTABICHI OLIHKA
BapiaHTiB BUTpar s Biakpuroro i 3akpurtoro SIII[ 3 peakropamu tunmy BBEP i CANDU, 3 BukopucTaHHSAM
BUTPAT I10 €Tanam, 10 NPUHMaThCs Ha COTOJIHI B CBITI.



