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CENTRAL SPENT FUEL STORAGE FACILITY — REVIEW OF SPENT NUCLEAR FUEL TRANSPORTATION

1.0 Introduction
1.1 Project Background and Report Scope

In December 2005, NNEGC EnergoAtom (EA) signed an agreement with the United States (U.S.)-based
Holtec International (HI) to implement the Central Spent Fuel Storage Facility (CSFSF) project for
Ukraine's water-water energetic reactors (VVERs). October 2011, parliament passed a law related to
management of spent nuclear fuel (SNF), which was approved in the upper house in February 2012. The
law provides for construction of the dry storage facility within the Chernobyl-exclusion area, situated
between the evacuated villages of Buryakivka, Chystohalivka, and Stechanka in Kiev Region, southeast of
Chernobyl. Ukraine requires all spent fuel to be stored in double-wall, multipurpose canisters.

In April 2014, the government approved the 45-hectare site for the facility, to take fuel from the Rivne,
South Ukraine, and Khmelnytska nuclear power plants (NPPs). Fuel from the Zaporizhzhya NPP is
currently managed at an onsite dry storage facility and will not be taken to CSFSF. The total storage
capacity of the facility will be 16,529 used fuel assemblies, including 12,010 VVER-1000 assemblies and
4,519 VVER-440 assemblies.

The proposed method for transferring and handling the Spent Fuel Assemblies (SFAs) is similar to what is
already in place at the existing NPPs for transporting SNF to Russia. The HI system that has been
selected for SNF storage and handling consists of multipurpose containers (MPCs) that can be placed
within a transport overpack (HI-STAR) or a long-term storage module (HI-STORM). The fuel will be
transported from the NPPs to the CSFSF via rail using the HI-STAR overpack on a specialized rail car.

The scope of this report is to review the information available regarding transportation of the SNF from
the point at which it leaves the NPP until it reaches the CSFSF with regards to protection of the
environment. The Environmental Impact Assessment (EIA) considers some of the potential impacts of
SNF transportation through the exclusionary zone to the CSFSF. Specifically, the EIA assessed the
impacts of the following:

e Emissions and noise as a potential source of environmental impact
e Potential radiation impacts associated with spread of contamination due to the Chernobyl accident

However, the EIA did not consider potential accidents and radiological releases associated with SNF
transportation. This report is intended to be a companion document to the EIA and provides this
additional information.

1.2 Approach and Methodology

The approach taken in this report was to review available documentation and provide a summary of the
information regarding SNF transportation. The documents listed in the references section were
reviewed as part of the transportation evaluation and are included in Appendix A.

2.0 Results
2.1 Technology

The HI system that has been selected for SNF handling, transportation, and storages consists of MPCs
that are utilized throughout the entire process. Once loaded with SNF, the MPCs will be transferred to
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an overpack (HI-STAR) for transport to the CSFSF. At the CSFSF, the MPCs will be removed from the rail
transport and the HI-STAR overpack and moved to a HI-STORM long-term storage module.

The MPC is a double-walled, stainless-steel canister with a honeycomb inner basket sized to fit the SFA
specific to each NPP. The MPC will be loaded at the transfer tube of the power unit reactor department,
similar to what is currently being used to load spent fuel. A transfer cask (HI-TRAC) with the loaded MPC
will be positioned and aligned to the HI-STAR with a mating device. The MPC will be lowered into the HI-
STAR; once positioned, the closure lid of the HI-STAR unit will be placed and secured by bolts. The cavity
within the HI-STAR will be purged and backfilled with helium. Ports will be sealed and closed with
reusable seals and leak tested. The HI-STAR loaded with an MPC will be classified as a B(U)-type package
in accordance with “On Approval of Rules of Nuclear and Radiation Safety During Transportation of
Radioactive Material” (PBPRM, 2006). Type B packages must withstand the normal transport conditions
and provide additional resistance to release of radiation or radioactive material due to accidental
damage.

Once sealed and prepared, the HI-STAR will be loaded onto the specialized rail car and lowered into a
horizontal position. Impact limiters will be installed at the front and rear of the unit. Radiological surveys
and visual inspections of the unit will be performed, and any issues identified will be resolved. The tie-
down system will be installed and security seals applied.

The HI-STAR units are intended to be reused at the various NPP facilities, and once received at the NPP
for loading, they will be inspected to ensure there is no damage and the units are ready to receive the
next set of MPCs.

2.2 Rail Transportation and Routes

MPCs contained within HI-STAR shipping units will be transported via rail to the CSFSF. The train unit is
expected to consist of 10 cars, including five cars dedicated to transporting five HI-STAR units, one rail
car for shipping the HI-TRAC transfer cask to the CSFSF, one platform rail car housing welding and
auxiliary equipment, one convoy car, and two escort cars.

An estimated 20 HI-STAR overpacks will be transported yearly, with up to five loaded HI-STAR overpacks
per train. Existing mainline railways, under the jurisdiction of the Ministry of Transport of Ukraine, are
available to transfer the SNF from the NPP to the rail spur operated by the CSFSF. The transport will
occur on both national public railroads and railroads within the exclusion and compulsory resettlement
zone.

The closest railroad line to the CSFSF site is 5 kilometers (km) to the north (EnergoAtom, 2007), and the
distance to the nearest station (Yanov) is 10 km. This line is currently out of service and requires
refurbishment in the section between Vilcha and Shepelychi stations. The Ministry of Transport and
Communications of Ukraine operates the rail system and is responsible for refurbishing the line. The
CSFSF would be responsible for constructing a rail spur connecting the project to the existing track in the
vicinity of Shepelychi Station (approximately 6 to 7 km).

As part of the Investment Feasibility Study (EnergoAtom, 2007), an analysis was performed on the
potential routes to transport spent fuel to the CSFSF, including use of existing mainline railways:

e  Western - Ovruch-Vilcha-Shepelichi-Yanov
e Eastern - Chernigov-Nedanchichi-Yanov

This analysis found that the Western route was preferred. The transport distance from each NPP to the
CSFSF is as follows:

e Khmelnytska — 240 km
e Rivne—250 km
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e South Ukraine — 670 km

Based on current spent fuel inventory and annual reactor reloading at each NPP, it is anticipated that
the number of shipments each year will be:

e Khmelnytska — two shipments
e Rivne — four shipments
e South Ukraine — three shipments

2.3 Regulatory Controls

Transport will be in accordance with transportation rules for special consignments under the Ministry of
Transport. Transportation of radioactive materials in Ukraine is governed by State Nuclear Regulatory
Inspectorate of Ukraine (SNRIU) SNRI Order 30.08.2006 N 132, “About approval of Rules of nuclear and
radiation safety in transit radioactive materials” (PBPRM, 2006). These regulations incorporate the
requirements set forth in IAEA series of Safety Standards “Regulations for the Safe Transport of
Radioactive Material. 2005 Edition, TS-R-1" (1AEA, 2005)

The regulations establish controls to ensure the protection of persons and property and environment
from radiation exposure during transportation of radioactive material. It incorporates the principles set
out in “Safety Fundamentals on Radiation Protection and the Safety of Radiation Sources” (IAEA Safety
Series No. 120 [IAEA, 1996]) and “International Basic Safety Standards for Protection against lonizing
Radiation and for the Safety of Radiation Sources” (IAEA Safety Series No. 115 [IAEA, 1996]).

The regulations are supplemented by guidelines on safety and security practices that meet requirements
in the following IAEA documents:

e Advisory Material for the IAEA Regulations for the Safe Transport of Radioactive Material, TS-G-1.1
(ST-2) (IAEA, 2002)

e Planning and Preparing for Emergency Response to Transport Accidents Involving Radioactive
Material, TS-G-1.2 (ST-3) (IAEA, 2002)

e Radiation Protection Programmes for the Transport of Radioactive Material, TS-G-1.3 (IAEA, 2007)
e The Management System for the Safe Transport of Radioactive Material, TS-G-1.4 (I1AEA, 2008)

The document “Construction of the CSFSF for VVER Nuclear Power Plants of Ukraine, Volume 1.1,
Explanatory Note,” 571402.201.001-P301 (EnergoProjekt, 2016) states that PBPRM (2006) also
establishes design criteria of biological protection assurance during SNF transportation for the HI-STAR
transport and storage container, which is classified under PBPRM (2006) as a type B(U) package.
According to these requirements, dose rate for HI-STAR 190 shall not exceed:

e 2 millisieverts/hour (mSv/hour) at any point of the package surface at normal operating conditions

e 0.1 mSv/hour at any point at the distance of 2 meters from the package surface at normal operating
conditions

e At accident conditions radiation rate at the distance of 1 meter from the package surface shall not
exceed 10 mSv (when at maximum radioactive content)

To ensure physical protection during nuclear fuel transport, measures are taken by the National Guard
to provide information security and protection of spent fuel shipments through Ukraine.
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2.4 Safety Analysis

The HI Accident Analysis Report (HI, 2016) examines various loading conditions on the HI-STAR transport
cask, including handling loads, normal transportation loads, and hypothetical accident loads. Normal
transportation loads include changes in external pressure, a free drop from a 0.3-meter height onto an
unyielding surface, and normal vibratory loads. The hypothetical accident loads include the following
cases:

e Free drop (9 meters)

e Puncture (1 meter drop onto a steel bar)
e Engulfing Fire of 800 degrees C

e  Waterimmersion of at least 15 meters

e Deep water immersion of 200 meters

These hypothetical cases are as described in TS-R-1 (International Atomic Energy Agency [IAEA] 2005)
and PBPRM (2006).

The results of these analyses are summarized below:

e Free drop — A structural analysis was performed on the closure lid, containment shell, containment
bottom forging, and lid bolts. The results showed that calculated stress intensities are less than the
allowable values in each case. It was concluded that the structural integrity of the HI-STAR package
remains intact in the case of drop onto an unyielding surface.

e Puncture — The structural analysis performed for this postulated case concluded that, while some
plastic deformation would occur locally around the puncture location, there is no through-wall
penetration of the containment boundary or the shielding enclosure shell. Also the stress limits are
below the allowable values. Therefore, the HI-STAR maintains its structural integrity and
containment boundary for this case.

e Fire — A thermal analysis was performed to evaluate an engulfing fire at 800 degrees C. The analysis
showed that the internal temperature and pressures for the fire accident scenario are all below the
maximum allowable design condition limits. Hence, it can be concluded that the fuel cladding
temperature and component temperatures are below the accident design limits and that the HI-
STAR is adequately designed for this design basis accident.

e Water immersion — The water immersion case is within the parameters of the deep water
immersion case described below.

e Deep water immersion — A structural analysis was performed to evaluate this accident. Analysis of
the HI-STAR containment shell for this condition showed no yielding of the vessel or instability of the
containment shell. Therefore, structural integrity and containment boundary of the inner shell is
maintained for deep submergence.

3.0 Summary and Conclusions

Spent fuel transportation has been occurring between Ukraine and Russia for 25 years and there have
been no transportation accidents that resulted in radioactive release from containers or violation of
nuclear safety requirements. The CSFSF project has undergone extensive analysis of the transportation
routes and potential accidents. The accident analysis shows that the design is compliant with regulatory
requirements and the structural integrity and containment boundaries are maintained during the
postulated accident scenarios. Any fuel movement is governed by a rigorous regulatory process and
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oversight that is based on IAEA safety requirements. As long as the work is performed in accordance
with the governing regulations, potential impacts to the environment during transport would be
negligible.

4.0 References

EnergoAtom. 2007. Centralized Spent Nuclear Fuel Storage Facility (CSNFSF) for VVER-Type Reactors of
the Ukrainian Nuclear Power Plants, Investment Feasibility Study, Analytical Summary.

EnergoProjekt. 2016. Construction of the Central Spent Fuel Storage Facility for the VVER Nuclear Power
Plants of Ukraine. Volume 1.1. Explanatory Note. Final. 571402.201.001-P301

Holtec International (HI). 2016. Accident Analysis Report. Revision 4. Holtec Report No: HI-2083899.
August 17.

International Atomic Energy Agency (IAEA). 1996. “International Basic Safety Standards for Protection
against lonizing Radiation and for the Safety of Radiation Sources” (IAEA Safety Series No. 115).

International Atomic Energy Agency (IAEA). 1996. “Safety Fundamentals on Radiation Protection and the
Safety of Radiation Sources” (IAEA Safety Series No. 120).

International Atomic Energy Agency (IAEA). 2002. Advisory Material for the IAEA Regulations for the Safe
Transport of Radioactive Material, TS-G-1.1 (ST-2)

International Atomic Energy Agency (IAEA). 2002. Planning and Preparing for Emergency Response to
Transport Accidents Involving Radioactive Material, TS-G-1.2 (ST-3).

International Atomic Energy Agency (IAEA). 2005. Regulations for the Safe Transport of Radioactive
Material. IAEA Safety Standards, No. TS-R-1, 2005 edition. Available at http://www-
pub.iaea.org/MTCD/publications/PDF/Pub1225 web.pdf.

International Atomic Energy Agency (IAEA). 2007. Radiation Protection Programmes for the Transport of
Radioactive Material, TS-G-1.3.

International Atomic Energy Agency (IAEA). 2008. The Management System for the Safe Transport of
Radioactive Material, TS-G-1.4.

PBPRM. 2006. On Approval of Rules of Nuclear and Radiation Safety During Transportation of
Radioactive Material.

MARCH 14, 2017 CH2M HILL ENGINEERS, INC. 5
CH2M NUCLEAR SECTOR CONTROLLED DOCUMENT






Appendix A
Supporting Documents






Appendix A
Supporting Documents






Appendix Al

EnergoAtom. 2007. Centralized Spent Nuclear Fuel Storage Facility
(CSNFSF) for VVER-Type Reactors of the Ukrainian Nuclear Power Plants,
Investment Feasibility Study, Analytical Summary.






Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs
Investment Feasibility Study — Analytical Summary

MINISTRY OF FUEL AND ENERGY OF UKRAINE

g
3
:

JHILL CRAP
State scientific-engineering center National
for control systems Nuclear Energy Generating Company
and emergency response “Energoatom”
Open Joint-Stock Company

Kiev .........

CENTRALIZED
SPENT NUCLEAR FUEL STORAGE FACILITY (CSNFSF)

FOR WWER-TYPE REACTORS OF THE UKRAINIAN
NUCLEAR POWER PLANTS

Investment Feasibility Study
Analytical Summary

Kyiv -2007

National Nuclear Energy @ENE%S =
=

State scientific-engineering center HaykOBO-iH)XEHEPHHUIT LIEHTP
Generating Company «EHEPTOATOM»

TEIIcrap 10r control systems and emergency response



Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs
Investment Feasibility Study — Analytical Summary

1.
2.

TABLE OF CONTENTS
LIST OF ABBREVIATIONS ...ttt 4
INTRODUGCTION ...ttt bbbttt bbbt ne e 5
2.1, Baseling INFOrMALION ........coviiiiiieiese et 5
2.2.  Place and role of SNF Management ..........cccovieiiiiiiieniiesiesiesie et 5
2.3.  SNF Pileup Forecast for WWER-LYPE r€aCIOIS........cceeueiieiieiesiesieeieseesie e see e 7
2.4.  Potential SNF Management SCENAIOS ........coriauiierrieriesieniieie s siesie e sree e 9
2.5.  Current SNF Management Scenario for WWER-based Reactors at Ukrainian NPPs...9
2.6. SNF Management Solution Selection for WWER-based SNF at CSNFSF.................. 10
2.7.  IFS Primary Aim and ODJECLIVES .......cccueiiiiiiieiieie et nes 11
2.8.  Essential SNF Storage Requirements and Initial IFS Technical Assumptions............. 12
2.9. CSNFSF Major Lifecycle & DeSign StAgES......cccuerurriereeriesieenieeieseesieeieseesseeses e seas 13
CSNFSF CONSTRUCTION NECESSITY AND PRACTICALITY
SUBSTANTIATION L.ttt te et sa et et e ntestenteeneene e 14
TN I = T 1] 1T T= N o - USSP 14
3.2.  Potential SNF Management Scenarios at the end-of-life stage of the NFC................... 14
3.3.  Major SNF Management Options — Comparative Analysis Results............cc.ccocvvvnnens 16
CSNFSF CONSTRUCTION SITE SELECTION AND SUBSTANTIATION
PROGCESS . ...ttt et et et e st et e et e e seesa e st et e tetesteatesteaneaneeneas 17
4.1.  General CSNFSF construction site selection algorithm...........ccccooeviiineninininnn, 17
4.2.  Selection of three potential CONStrUCTION SItES ........ccecvveiieiiceciece e 17
4.3. “KhNPP” Site — Brief DeSCIIPLION ....c..oiviieiiieiiciieiieiee et 19
4.4.  ChNPP Site — Brief DeSCHPLION ......ccviieiicce et 22
4.5,  “SDF” Site — Brief DESCIIPLION ...c.eoieiiieiiiiiiesiieieeie et 24
4.6.  Analysis and comparison of ecological, radiation control, technical and economic
siting criteria for suggested CONSLIUCTION SITES........ccceiveieiiere e 26
4.7.  Most favorable CSNFSF construction site location selection...........cccocvcevvveiiinnnnnne. 27
PRIMARY TECHNICAL SOLUTIONS ..ottt 29
5.1.  Primary SNF Management technology SOIULIONS............cccooiiiiiniiiciec e 29
5.2. CSNFSF Facility SPecCifiCatiOnS..........cceciiiieiieiiiie e 31
5.3.  Primary CONStruCtion SOIULIONS .........cc.oiiiiiiiiiiieieee e 34
SAFETY PRACTICES ...ttt st 38
6.1, NUCIEAr SAFELY ....cieeie ettt aeeee e nas 38
6.2, RAAIALION SAFELY ....c.eiviieiiiciieiee e 40
T T 1 (=TT (-] Y/ SO PR 46
6.4.  OCCUPALIONAL SATELY .....veiiiiiiiiiec e 47
RADIOACTIVE WASTE MANAGEMENT ..ot 49
% O I VA AV - g F= Vo =T 1 01T o RSP RTRTR 49
7.2, SRW MANAGEIMENT........oiiiiiiiiiitieii et nn e 49
CONSTRUCTION MANAGEMENT .....oiiiiiiiieieeee e 51
8.1.  CSNFSF CONSIIUCLION PRASES ....cuveviieiiiiiiiiisiietieieie ettt sttt nneas 51
8.2.  Physical Volumes of Construction and Assembly WOrKS...........ccccooeiiniiinniniinnnnns 52
8.3.  Construction staffing reqUIrEMENES ........cceeveiiieiiiie e 52
8.4.  Construction Material NEEUS ...........coeiieiiiie e es 53
8.5.  Energy and water resources reqUIrEMENTS ..........c.ccevveieeieeiieeseesieseesreeseeseesree e sneesnas 53
CSNFSF OPERATION ...ttt sttt e tesnesreaneenaeneas 54
9.1, OperatioNal STAGES. ......cuiiuiiiieieieiese sttt 54




Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs
Investment Feasibility Study — Analytical Summary

0.2, Staffing REQUITEMENTS ......cviiieiieie et ettt esa e e nnaenns 54
9.3.  Estimated Energy & Water REQUITEIMENTS. .......ccouiiiiiieiieeiesee e e 54
10. CSNFSF WITHDRAWAL FROM SERVICE / DECOMMISSIONING ..........ccccoeunne. 56
10.1.  GeNeral PriNCIPIES.....cviiiee ettt ettt e ste e raenteenaesnaeees 56
10.2. CSNFSF DecommissSioNing Srategy .......ccceveerierieieeriiniesieesiesiesiee e seesee e sneesieeseens 56
10.3. RW Management during deCOMMISSIONING .....cc.eeveiverureriereesieeeeseesieseesnesseseessaeseens 57
11. ENVIRONMENTAL IMPACT ASSESSMENT .....coiiiiiiiiiesiteeseeiee e 58
11.1. Environmental Components and Impact Types analyzed by EIA..........ccccooeviieniennns 58
11.2.  Site environmental deSCrPLION ........viiieiieie e 59
11.3.  Social Environment DESCIIPLION........cccveiiiieiieie et se e 68
11.4. Technogenic environment deSCrIPLION. .......c.oveiiriirireriiesieee e 69
11.5. Geological environment impact aSSESSMENT..........c.ccveiiiiieiiereeie e 70
11.6.  Aerial Environment IMPact ASSESSIMENT .........ccuerierieriirireriseseeie e 70
11.7. Open/ ground waters impact aSSESSMENT .........ccviveieerieeiieieeseeresreeste e se e e eeesraeseeas 74
11.8. Ground surface iMpPact ASSESSMENT........ccurieieieierie et 75
11.9. Flora and fauna impact aSSESSMENT ..........cccueiierieiieiierie e ste et sre e 78
11.10. Social environment iMPACt @SSESSIMENT ........cveviriiriiriertirieseee e 78
11.11. Technogenic environment impPact aSSESSMENT.........cccveiiriieiieereeire e ese e e e e eeesee e 80
11.12. Environmental Impact Minimization Efforts ..........cccoconiniiiiiiecese 80
11.13. Controlled Access Area Definition. CSNFSF’s Permissible Emission Threshold
D] 10T 11 o] ST 83
11.14. Residual impacts summary. Ecological risks asseSSMeNt. .........cccccvveveeveeveereeiieseennnas 83
11.15. Environmental Impact Assessment in its Transboundary Context............ccocceevrvrnnnnne 83
12, CONCLUSIONS ...ttt b ettt et st benbeeneenes 91
REFERENGCES ...ttt bbb b st s e et et sbe st et beeneaneas 92




Centralized SNF Storage Facility for WWER-Type Reactors of the Ukrainian NPPs
Investment Feasibility Study — Analytical Summary
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2. INTRODUCTION
2.1. Baseline Information

2.1.1. The development of the investment feasibility study (hereinafter referred to as
IFS) for centralized spent nuclear fuel storage facility of the WWER-type reactors of the NPPs of
Ukraine (hereinafter — CSNFSF) is governed by the international treaties ratified by Ukraine [1-
4], laws of Ukraine [5-10,34], legislative regulations [11-15] and other documents.

2.1.2. CSNFSF IFS was developed under order from State Enterprise “National Nuclear
Energy Generating Company “Energoatom” (SE NNEGC «Energoatom», Kyiv) by Kyiv scien-
tific-research and design-and-engineering institute “Energoproekt” (KIEP, Kyiv).

2.1.3. This document is an analytical summary (hereinafter — AS) of the IFS documenta-
tion, comprised in order to raise awareness of the public at large with principal terms and condi-
tions of the IFS, including assessed social, sanitary, ecological and other implications resulting
from CSNFSF’s construction and operation. This document was developed by State scientific-
engineering center for control systems and emergency response (SSEC CSER, Kyiv) under order
from NNEGC “Energoatom”.

2.1.4. This AS presents summarized baseline information, assumptions and their sub-
stantiations, as well as provides general technical solutions and assessment results, as stipulated
by CSNFSF IFS and its corresponding sections and documents listed below:

e Baseline information for CSNFSF design, substantiation and feasibility study [16];
Alternative SNF Management methods and their evaluation and analysis [17];
Primary technology solutions [18];

Nuclear and radiation safety [19];

CSNFSF Sites evaluation and comparison [20];

General Site Layout and Transportation [21];

Primary Construction Planning & Management Solutions [22];
CSNFSF Technical and Economic Performance Indicators [23];
Overall Summary Estimate [24];

Environmental Impact Assessment [25,26];

Draft Environmental Impact Statement [27].

2.1.5. This AS is a summary document only. It does not contain any additional data,
original assessments or independent conclusions. It is entirely based on the information provided
in the CSNFSF IFS. At the same time some information in this document was structurally re-
ordered to improve general readability compared with the original IFS structure.

Information provided in Section 2 of this AS was detailed in the CSNFSF IFS documents
[16,23].

2.2. Place and role of SNF Management

2.2.1. Internal energy consumption growth, as well as growth of electrical energy export
supplies forecast for the coming decades, as well as limited fossil fuel deposits suitable for use in
conventional thermal power plants and respective ecological problems, combined with the ab-
sence of significant unused water-power resources in Ukraine and pessimistic forecasts for
commercial use of non-conventional power sources — all these factors imply that nuclear energy
sector, currently demonstrating high competitiveness, has no viable alternatives.

2.2.2. Nuclear power plants in Ukraine currently operate a total of 15 reactors, 2 of
which are of type WWER-440, the other 13 are type WWER-1000. The dynamics of nuclear
power generation in comparison with the total electrical energy generation in Ukraine in the past
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decade is shown in Figure 2.1 below.

As one can see, nuclear energy complex (hereinafter — NEC) has been generating a sub-
stantial amount (over 40%) of electric energy in Ukraine for an extended period of time. This
makes the stability of NEC operation a very import factor for stable economic development of
the whole country.

[X-axis: Years

Y-axis: Energy generated (terawatt/hours)

Dark-blue bars: Total amount of electrical energy generated
Yellow bars: incl. Energy generated by Ukrainian NPPs]
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Figure 2.1. Ukrainian Electric Energy Generation in 1990 — 2006.

2.2.3. Summarized data on NPPs currently in operation in Ukraine is provided in Table
2.1 below. Designed operating period for the nuclear power reactors currently in use has been
defined back in 1970es. NPP unit operating period was then set at 30 years, the underlying de-
sign data being quite conservative. At the same time, global experience and international practic-
es, as well as assessment data for nuclear power reactors in use at Ukrainian NPPs indicate a po-
tential technical possibility to extend the duration of the operating period beyond its designed
ending date. Based on this estimate, an extension of the ending date for the power reactors cur-
rently in use for additional 15 years has been adopted as a baseline for all assessments, design
estimates and substantiations in CSNFSF IFS (see Table 2.1).

2.2.4. Nuclear power generators operate on nuclear fuel. Nuclear fuel cycle (hereinafter
— NFC) has three basic stages — initial stage, reactor stage and an end-of-life stage. Initial stage
includes uranium ore mining and milling, uranium hexafluoride (UF6) fabrication, physical ura-
nium milling through U?%® isotopic enrichment to the values stipulated by the NPPs design doc-
umentation, uranium hexafluoride conversion into uranium dioxide, fabrication of nuclear fuel
(in form of reactor fuel pellets), nuclear fuel assemblies (hereinafter — NFA) and the delivery of
NFAs to the NPPs.

NFC’s reactor stage includes nuclear fuel consumption inside the reactor unit while gen-
erating electric energy and temporary spent nuclear fuel (SNF) storage in the spent fuel pools
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(SFP) at the reactor sites.
The end-of-life stage of the nuclear fuel cycle begins with spent nuclear fuel being dis-

charged from SFPs and ends with its reprocessing or storage.

Table 2.1. Operating NPPs of Ukraine: Summarized Data.

NPP Name Unit | Reactor type |Installed nu- | Reactor |Designed end- | Extended end-

Number clear capacity power ing date ing date
(MW) start-up (Decommis-

date sioning date)
Zaporizhzhia 1 WWER-1000/320 | 1000 10.12.1984 | 10.12.2014 10.12.2029
NPP 2 WWER-1000/320 | 1000 22.07.1985 | 22.07.2015 22.07.2030
3 WWER-1000/320 | 1000 10.12.1986 | 10.12.2016 10.12.2031
4 WWER-1000/320 | 1000 18.12.1987 | 18.12.2017 18.12.2032
5 WWER-1000/320 | 1000 14.08.1989 | 14.08.2019 14.08.2034
6 WWER-1000/320 | 1000 19.10.1995 | 19.10.2025 19.10.2040
Yuzhnoukrainsk | 1 WWER-1000/302 | 1000 31.12.1982 | 31.12.2012 31.12.2027
NPP 2 WWER-1000/338 | 1000 06.01.1985 | 06.01.2015 06.01.2030
3 WWER-1000/320 | 1000 20.09.1989 | 20.09.2019 20.09.2034
Rivne NPP 1 WWER-440/213 | 415 22.12.1980 | 22.12.2010 22.12.2025
2 WWER-440/213 | 420 22.12.1981 | 22.12.2011 22.12.2026
3 WWER-1000/320 | 1000 21.12.1986 | 21.12.2016 21.12.2031
4 WWER-1000/320 | 1000 10.10.2004 | 10.10.2034 10.10.2049
Khmelnytsky 1 WWER-1000/320 | 1000 22.12.1987 | 22.12.2017 22.12.2032
NPP 2 WWER-1000/320 | 1000 07.08.2004 | 07.08.2034 07.08.2049

2.2.5. SNF Management during end-of-life stage is one of the primary focuses of NEC
for all countries with developed nuclear power industry. This also remains one of the priority
concerns for IAEA. Addressing this concern, together with the general NPP safety, NPP de-
commissioning and radioactive waste (RW) Management draws most scrupulous attention of
public at large and shapes public perception of nuclear power industry in general.

2.3. SNF Pileup Forecast for WWER-type reactors

2.3.1. The following estimates were used in CSNFSF IFS to forecast SNF pileup based
on the annual spent nuclear fuel assembly (SFA) discharge volumes from the respective reactor
types outlined below:

e \WWER-440-type reactors — 84 (72) NFAs per year;
e WWER-1000-type reactors:
- for Standard baseline-design NFAs — 48 NFAs per year;
- for modified (beyond-baseline-design) NFA[A]s — 42 NFAs per year.

2.3.2. SNF pileup dynamics forecast is outlined below (see Figs. 2.2, 2.3) and includes
Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk NPP only. Zaporizhzhia NPP is not includ-
ed in the forecast, as its SNF is piled up at an on-site storage facility, see Section 2.5.2 below).
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Fig. 2.2. SNF Pileup Dynamics Forecast for WWER-type reactor SFASs.
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Figure 2.3. Forecasted SNF pileup dynamics (recalculated as heavy metal weight).
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[X-axis: Years; Y-axis: heavy metal weight (tons);
Pale-blue segment: WWER-1000 SFAs; Cyan segment: WWER-440 SFAs]

2.3.3. A total of 5648 tons of heavy metals (hereinafter — HM) from SNF shall be piled
up as a result of reactor operation at Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk NPP
prior to their respective decommissioning / extended ending dates (see Table 2.1.). 90% of that
amount (approx. 5106 tons of HM) shall come from WWER-1000-type reactors. Most active
SNF input is expected in the first several years upon storage facility commissioning — approx.
169 tons of HM per year. This is caused by the necessity to maintain reserve requirements for
available storage in spent fuel pools, that would be kept in use temporarily to store SNF prior to
the CSNFSF commissioning date.

2.4. Potential SNF Management Scenarios

2.4.1. End-of-life stage of the nuclear fuel cycle potentially denotes two basic alterna-
tive SNF Management scenarios:
e Open nuclear fuel cycle (ONFC);
e Closed nuclear fuel cycle (CNFC).

2.4.2. In an open nuclear fuel cycle, upon SFA cooling time in a spent fuel pool (SFP)
SNF then undergoes the conditioning process and finally gets permanently stored at an under-
ground (geological) storage facility, that is designed to guarantee long-term radioactive waste
decay products hold-up / actinide elements hold-up necessary to prevent any potentially harmful
environmental impact.

According to the global assessment practices, conditioning and encapsulation of 1 ton of
SNF produces 0,2 cu.m. of intermediate level waste (ILW) and 1,5 cu.m. of high-level radioac-
tive waste (HLRW) in form of conditioned SNF.

2.4.3. Closed nuclear fuel cycle (CNFC) provides the opportunity to use the residual en-
ergy of the SNF. This is achieved through SNF reprocessing, that results in releasing uranium
and plutonium, that are subsequently used in nuclear fuel fabrication for fast fission reactors and
in MOX-fuel for thermal reactors.

2.4.4. Certain countries with highly-developed nuclear energy industry currently pro-
ceed with long-term SNF storage while deferring their decision on SNF Management scenario
selection for an indefinite time in future. This approach in the global practice is called “deferred
decision approach™.

2.4.5. Nuclear power plants worldwide generate approx. 10500 tons of heavy metal SNF
yearly, of which 7500 tons of HM are stored and 3000 tons of HM are reprocessed.

2.5. Current SNF Management Scenario for WWER-based Reactors at Ukrainian
NPPs

2.5.1. All WWER-based Ukrainian NPPs upon reaching target nuclear fuel burn-up ra-
tio discharge SFAs into SFPs, where SFAs are being cooled down for at least 3 years in order to
reduce SNF radioactivity and SNF residual heat.

2.5.2. Zaporizhzhia NPP utilizes a container-based on-site dry storage facility for further
storage of WWER-1000 SFAs.

2.5.3. Current SNF Management Scenario for other WWER-based Ukrainian NPPs
(Rivne NPP, Khmelnytsky NPP, Yuzhnoukrainsk NPP) utilizes design-based technical solutions
that were originally developed in 1970es:
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e Upon SFA cooling time, WWER-440-based SNF is being sent for reprocessing to Russia
(RT-1 Production Facility at Federal State Unitary Enterprise (FSUP) “Mayak” (special rail
car suitable for SNF transportation and handling belongs to RT-1). According to the current
contract, RT-1 facility undertakes to store spent fuel decay, re-process SNF, and prepare re-
processed vitrified HLRW for a return to Ukraine no later than 20 years after initial SNF
handover for processing (HLRW return costs are not included into the current contract);

e Upon SFA cooling time, WWER-1000-based SNF is being sent for reprocessing to Russia
(RT-2 Production Facility at Federal State Unitary Enterprise “Krasnoyarsk MCC” (KMCC)
(special rail car suitable for SNF Management and transportation belongs to RT-2).
According to the current contract, RT-2 Facility undertakes to store spent fuel decay, re-
process SNF, and prepare reprocessed high-level solidified waste (HLSW) and valuable re-
processed products for a return to Ukraine upon expiration of AFR storage period (HLSW /
valuable reprocessed products return costs are not included into the current contract). At the
moment RT-2 is only able to provide AFR storage services, as no on-site reprocessing facili-
ties are currently available).

2.5.4. Existing design-based technology solutions for Rivne NPP, Khmelnytsky NPP
and Yuzhnoukrainsk NPP are based on a concept earlier adopted in the USSR. This concept fa-
vored closed nuclear fuel cycle, where SNF had to be reprocessed in order to retrieve residual
enriched isotopes for reusal purposes. As of today, the deployment of this concept is actually
stalled at various stages thereof.

There are currently no national regulations defining the SNF Management scenario at an
end-of-life stage of the nuclear fuel cycle in Ukraine. Bulk amount of SNF generated earlier by
all Ukrainian NPPs is currently being stored at temporary locations. Therefore, a “deferred deci-
sion approach” is in fact applied to the SNF generated by Ukrainian NPPs, which is similar to
the national practices of the most countries that use nuclear-energy-based technologies.

2.6. SNF Management Solution Selection for WWER-based SNF at CSNFSF

2.6.1. «Energy Strategy of Ukraine for the period until 2030» [35] stipulates for the con-
struction of a centralized dry storage facility for WWER-based SNF.

2.6.2. Dry SNF storage facility essentially means that two types of technology solutions
can be used:
e Chamber storage;
e Container storage.
Both solutions provide comparable safety features and are similarly priced. It has to be noted,
that chamber storage solution would require larger capital investment amounts at an initial stage.

2.6.3. Solution selection for the CSNFSF has been accomplished through special bid-
ding, conducted by SE NNEGC “Energoatom” in 2003-2005 under the international *“turnkey
project bidding” procedure. Representatives of the Ministry of Energy and Coal Industry of
Ukraine, State Nuclear Regulatory Committee (SNRC) of Ukraine, National Energy and Utilities
Regulatory Commission of Ukraine and NNEGC “Energoatom” were appointed to the Evalua-
tion Committee Board.

2.6.4. The following technical and financial bids were received during the bidding pro-
cess:

e Bid from a joint consortium consisting of: CIJSC "Ukratomenergobud", CJSC “Novokrama-
torsk Machinery Factory”, LLC "Energetychni Investycii”, NPIC “STRUM” (all companies
mentioned herein — Ukraine);

e Bid from "Holtec International™ (USA).
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Both bids received were based on the dry SNF storage solution with the use of multipurpose
(“transportation” + *“storage”) canisters (hereinafter — MPC).
The bid by the consortium suggested the use of container-based dry storage technology, jointly
developed by GNB (Germany), Skoda J.S. (Czech Republic) and Joint-Stock Company "I.1.
Polzunov Scientific and Development Association on Research and Design of Power Equip-
ment" (NPO CKTI, Russia) specifically for WWER-based (WWER-1000, WWER-440) SNF.
This technology solution featured:
e The use of metal or reinforced concrete MPCs intended to store 19 WWER-1000 SFAs or
84 WWER-440 SFAs each;
e SFA discharge and on-site loading into MPCs (in the reactor rooms);
e SNF MPC transportation to the CSNFSF location;
e Landfill-type SNF MPC storage (on the reinforced concrete basement slabs) at the CSNFSF
location.

2.6.5. Technology submitted by «Holtec International» suggested:
e The use of MPCs intended to store 31 WWER-1000 SFAs or 85 WWER-440 SFAs each;
e SFA discharge and on-site loading into MPCs (in the reactor rooms);
e SNF MPCs to be transported to the CSNFSF in a special protective containment cask (ship-
ping cask);
e SNF MPCs to be stored in special ventilated storage containers for further landfill-type stor-
age or underground (near-surface) storage CSNFSF location.

2.6.6. Technical offers submitted by both bidders were considered acceptable for further
deployment under existing conditions in Ukraine. As a result of further supplementary assess-
ment the offer submitted by “Holtec International” was recognized to be more advantageous.

2.7. IFS Primary Aim and Objectives

2.7.1. The primary aim of the CSNFSF IFS was the justification of the necessity and
practicality of the project aimed to construct a site suitable for long-term SNF storage / perma-
nent disposal [dumping] of SNF from Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk NPP,
as well as its technical and economic feasibility, based on the basic principles of Ukrainian state
policy on utilizing nuclear energy.

CSNFSF IFS was not intended to provide justification for the choice of the potential SNF
Management scenario at an end-of-life stage of the nuclear fuel cycle at the Ukrainian NPPs
(open nuclear fuel cycle / closed nuclear fuel cycle), or to specify any definite dry storage tech-
nology solution for safe long-term SNF storage / permanent disposal [dumping] of SNF.

2.7.2. The following primary objectives were achieved by the conducted IFS:
Justification of the necessity and practicality of the CSNFSF construction;
Specification of the list of facilities of the CSNFSF;

Dimensions specification for the CSNFSF construction site;

Definition of the initial infrastructure necessary to commission CSNFSF;

Selection of the most appropriate location for the CSNFSF construction site;

CSNFSF Environmental Impact Assessment;

CSNFSF Construction Costs Assessment;

CSNFSF Staff Radiation Exposure Assessment;

Specification of primary construction management solutions as well as definition of
CSNFSF construction milestones and deadlines;

e Initial Project Overlay Specification, Initial Layout Drawings Evaluation, Initial On-Site In-
ner Tracks and intrasite roads Planning;
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Most Comfortable Delivery Route Recommendation based on the SNF Delivery Routes
Evaluation (NPPs to CSNFSF);

Cost Assessment for CSNFSF Start-Up Facility Commissioning;

Specification of the Cost-Performance-Indicators for CSNFSF Design Capacity & Start-Up
Facility;

CSNFSF Deployment Milestones Definition;

Drafting CSNFSF Deployment conclusions and recommendations; defining residual uncer-
tainties; composing early project execution plan.

2.8. Essential SNF Storage Requirements and Initial IFS Technical Assumptions
2.8.1. The following essential SNF Storage Requirements and initial technical assump-

tions were adopted in the course of drafting the IFS:

CSNFSF design lifetime shall be at least 100 years;

CSNFSF’s SNF storage technology shall be compatible with the existing SNF Management
technology, as well as with the existing NPP’s handling and transportation equipment for
SNF;

CSNFSF design capacity shall accommodate deposition and storage for:

- WWER-1000 SFAs - 12 500 pcs.;

- WWER-440 SFAs - 4000 pcs.;

Total CSNFSF SNF Storage Volume shall amount to approx. 5650 tons HM;

CSNFSF’s start-up storage capacity shall be gradually expandable;

CSNFSF Start-Up Storage Capacity shall accommodate:

- WWER-1000 SFAs — at least 2 500 pcs.;

- WWER-440 SFAs- at least 1 080 pcs.;

CSNFSF shall provide SNF Pre-Storage Processing capabilities for:

- WWER-1000 SFAs - at least 504 pcs. /year;

- WWER-440 SFAs — at least 192 pcs. /year.

2.8.2. The following initial assumptions were adopted in the process of developing the

IFS:

Basic technical solutions and IFS performance indicators shall assume the use of HI-
STORM 100S SNF storage technology (Holtec International, USA), as stipulated by the
turnkey international bidding procedures for CSNFSF;

Environmental Impact Assessment (hereinafter — EIA) within the IFS shall be conducted
based on the Design Basis Accident data provided by “Holtec International”;

Considering the fact, that the most suitable construction site for the CSNFSF deployment is
located within the Exclusion Zone (Territory that suffered from radioactive contamination as
a result of Chernobyl Disaster) (hereinafter — EZ), one of the primary objectives for the EIA
is to assess potential CSNFSF impact on the existing radiation situation within the EZ;

IFS shall evaluate the necessity and practicality for CSNFSF construction, considering the
current and estimated future cost assessment information (provided by SE NNEGC “Ener-
goatom”) with regards to the cost of SNF removal and transportation to Russia and its com-
parison to the cost of CSNFSF capital equipment (provided by Holtec International);

IFS shall define CSNFSF’s major cost-performance indicators for the SNF storage technol-
ogy selected as a result of bidding procedures;

IFS shall take into consideration that an automated radiation situation monitoring system
(ARSMS) within the EZ is already in place. No additional monitoring system within the
CSNFSF controlled access area (CAA) and control area (CA) shall be required.
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2.9. CSNFSF Major Lifecycle & Design Stages
2.9.1. CSNFSF major lifecycle stages correspond to the stages stipulated by the current

legislative and regulatory guidelines of Ukraine for nuclear facilities (hereinafter — NF):

design;
construction;
commissioning;
operation;
decommissioning.
CSNFSF Operation stage is planned to have two basic sub-stages (periods):
active use period (45-50 years), stipulates delivery of multipurpose canisters (MPCs) with
spent fuel assemblies (SFAS), as well as gradual filling of storage capacity;
passive use period (50-55 years), stipulates long-term SFA storage prior to the decision-
making process on further SNF Management Scenario in Ukraine and subsequent deploy-
ment thereof.

2.9.2. In accordance with the regulations [14] on designing complex facilities, CSNFSF

design shall be accomplished in three sub-stages:

Investment feasibility study (IFS);
Design Planning;
Detailed Design Documentation.
This particular approach allows for refinement and rectification of the decisions and es-

timates initially made during the IFS stage, as well as consideration of refined and/or updated
baseline information and additional design engineering details. This, however, stipulates that
such refinements and rectifications shall not lead to any revisions within the IFS principal scope
or conclusions thereto.
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3. CSNFSF CONSTRUCTION NECESSITY AND PRACTICALITY
SUBSTANTIATION

Information provided in this Section 3 of the AS has been thoroughly detailed in the
CSNFSF IFS documentation [16,23,24].

3.1. Baseline data

3.1.1. In the process of substantiation of the necessity and practicality/justifiability of
the CSNFSF construction the IFS has reviewed several different SNF Management scenarios for
the SNF at the end-of-life stage of the nuclear fuel cycle at Rivne NPP, Khmelnytsky NPP, Yu-
zhnoukrainsk NPP and compared economic and cost parameters thereof, with regard to the exist-
ing national and worldwide practices. The following parameters were used as baseline data.

3.1.2. International studies indicate that the estimated cost of SNF transportation by rail
between the NPP and intended storage location amounts to US$40-60 per 1kg HM. [28].

3.1.3. CSNFSF storage scenario assumes that a special train shall be used to transport
SNF between the NPP and CSNFSF by rail. One trip shall ensure SNF transportation in the
amounts sufficient for one core refueling of the reactor unit.

3.1.4. Internationally assessed cost of a long-term SNF storage for the period of T years
for IFS purposes is calculated as follows:
PRICE (US$/1kg HM)=50+T *5

3.1.5. Direct SNF handling and transportation cost (including handover and preparation
for storage) for SNF stored at CSNFSF amounts to UAH 1807 /1kg HM. This cost estimate in-
cludes:

Capital investment costs;

Operating costs for CSNFSF active operation period,;

Accrued costs for SNF storage during CSNFSF passive operation period;
Accrued costs for CSNFSF decommissioning.

3.1.6. Upon expiry of long-term SNF storage period SNF can be reprocessed or dumped
as liquid radioactive waste (LRW). OECD NEA estimates the cost of SNF reprocessing in the
rage of US$540 — 720 /1kg HM [28]. Nuclear operators estimate this cost to grow up to
US$1000 — 1100 /1kg HM by the year 2030.

3.1.7. The cost of SNF reprocessing offered by Russian facilities has a tendency to grow
annually. The estimated cost of such services by 2030 is therefore expected to reach the average
world prices (US$1000 — 1100 /1kg HM).

3.1.8. OECD NEA estimates [28] indicate that the average cost of HLRW disposal
[dumping] upon SNF reprocessing ranges between US$80 — US$200 /1kg HM (average cost of
$140/1kg HM is used for IFS assessment and evaluation purposes).

International studies estimate the cost of LRW direct disposal in the range of US$300 -
US$600/1kg HM [28] (average cost of $450/1kg HM is used for IFS assessment and evaluation
purposes).

3.2. Potential SNF Management Scenarios at the end-of-life stage of the NFC

3.2.1. The following options were reviewed in the process of modelling potential SNF
Management scenarios at the end-of-life stage of the NFC:
e SNF Reprocessing;
e Long-term SNF storage;
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e Long-term HLRW storage (HLRW resulting from SNF Reprocessing);
e Deep geological SNF disposal;
e Deep geological HLRW disposal.

Final goals of SNF reprocessing (MOX-Fuel fabrication, valuable materials recovery, etc.) were
not taken into consideration as such that do not influence the necessity and justifiability of
CSNFSF construction.

3.2.2. A total of 10 potentially available options for SNF Management scenarios at the
end-of-life stage of the NFC were defined in the IFS. The practicality of certain options and their
deployability in Ukraine or at the alternative location outside Ukraine was taken into account.
(see Table 3.1.) For the purposes of IFS Russia was considered as an alternative location outside
Ukraine, as the current provider of SNF reprocessing services to Ukraine.

Table 3.1. Potential NFC end-of-life stage options

Option # | SNF Re- | SNF Re- |Long-Term|Long-Term|Long-Term|Long-Term| Deep geo- | SNF Dis- | Deep geo- | HLRW
processing | processing | SNF Stor- | SNF Stor-| HLRW | HLRW |logical SNF| posal logical Disposal
Location age age storage Storage | disposal | Location | HLRW | Location
Location Location disposal

1 + Russia + - + Ukraine - - + Ukraine

2 - - + Ukraine - - + Ukraine - -
3 + Ukraine + Ukraine + Ukraine - - + Ukraine
4 + Ukraine + Russia + Ukraine - - + Ukraine
5 + Ukraine + Russia - - - - + Ukraine
6 + Russia + Russia + Russia - - + Russia
7 + Russia + Russia - - - - + Ukraine

8 - - + Russia - - + Ukraine - -
9 + Russia + Ukraine + Ukraine - - + Ukraine
10 + Russia + Ukraine - - - - + Ukraine

Quialitative analysis of the potential options conducted within the IFS has resulted in the
conclusions below: Options 3,4,5 imply a reprocessing facility in Ukraine is / shall be made
available, which is not currently intended. Besides that, worldwide best practices for SNF repro-
cessing indicate SNF reprocessing to be economically feasible only if the volumes subject to re-
processing are substantial and are aimed at subsequent reuse of nuclear fuel in the NFC. Ukraini-
an SNF volumes from its four available NPPs cannot be considered substantial. Options 3,4,5
were therefore excluded from further consideration within IFS.

Option 6 implies both storage, reprocessing and subsequent HLRW waste disposal is to
be done in Russia. Whereas current Russian legislation does not allow the disposal of other
countries’ LRW on the territory of Russia, Option 6 was excluded from further consideration.

Option 7 differs from Option 1 only as it does not include long-term HLRW storage prior
to its disposal in Ukraine. Therefore, cost parameters of Option 7 are similar to Option 1, which
deemed separate consideration of Option 7 inadvisable.

Option 8 differs from Option 2 only by implying a different SNF long-term storage loca-
tion. Therefore, separate consideration of Option 8 was deemed inadvisable.

Options 9 and 10 differ from Option 1 only by implying SNF Long-Term Storage prior to
its transportation for reprocessing. Therefore, separate consideration of Options 9 and 10 was
deemed inadvisable.

Therefore, as a result of qualitative analysis within IFS, Options 1 and 2 were selected for
further technical and cost parameter analysis.
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3.3. Major SNF Management Options — Comparative Analysis Results

3.3.1. Option 1 («Reprocessing in Russia») implies that SNF shall be exported from
Ukrainian NPPs over to Russia, where it will be temporarily stored. SNF export shall continue
until the nuclear power reactors currently in operation shall be decommissioned. SNF shall be
temporarily stored in Russia until the reprocessing facility [in Russia] is put into operation. Gen-
eral SNF reprocessing shall commence in 2020 and continue for 30 years in equal annual propor-
tions. Reprocessing shall include low-level and intermediate level radioactive waste disposal, as
well as vitrification and temporary storage of HLRW in Russia for 50 years, after which HLRW
shall be returned to Ukraine for permanent disposal.

3.3.2. Option 2 («<CSNFSF»), implies that prior to CSNFSF launch SNF shall be export-
ed from Ukrainian NPPs over to Russia in minimally required volumes subject to the SFPs max-
imum allowed storage levels. SNF exported to Russia is subject to temporary storage and repro-
cessing. HLRW produced as a result of such reprocessing shall be returned to Ukraine in accord-
ance with the procedure specified in Option 1.

After 2011 SNF discharged from Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk
NPP shall be transported to CSNFSF for temporary storage for the term of 50 years. Upon expiry
of such temporary storage term, SNF is subject to deep geological SNF disposal.

3.3.3. The following CSNFSF cost factors were taken into account for the purposes of

estimating the cost of Option 2:

e CSNFSF start-up facility estimated construction cost;
Subsequent construction stages’ estimated construction cost;
CSNFSF running costs during active operation stage;
CSNFSF running costs during passive operation stage;
Standard depreciation costs for CSNFSF facilities and equipment;
Maintenance and repair costs for CSNFSF facilities, systems and equipment for the duration
of its respective operation;
e CSNFSF decommissioning / withdrawal from service costs;
e Additional expenses that account for CSNFSF construction and operation in EZ.

3.3.4. A comparison of the aggregate SNF Management costs at Rivne NPP, Khmelny-
tsky NPP and Yuzhnoukrainsk NPP at the end-of-life stage of the nuclear fuel cycle (NFC) and
its respective itemized distribution for Options 1 and 2 is outlined in the Table 3.2 below.

Table 3.2. NFC End-of-life Stage — SNF Management Cost Comparison (million UAH)

Option 1 Option 2
including including
SNF Transfer, Stor- HLRW SNF Transfer SNF Disposal | HLRW Disposal
Total age and Disposal Total and Storage (SNF export until
Reprocessing 2011)
Lowest
costesti-| 31198 27 985 3213 15 362 5875 8 556 931
mate
Average
costesti-| 33608 27 985 5623 | 24332 9868 12 835 1629
Highest
costesti-| 36017 27 985 8032 29 651 10210 17 113 2 328
mate

Total expenditures under Option 1 are estimated in the range of UAH 31bn — 36bn (aver-
age cost estimated at UAH 33,6bn. Major expenditures fall for the cost of transportation, storage
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and reprocessing services rendered by Russia. Expenditures attributed for return and permanent
disposal of HLRW in Ukraine are estimated in the range of UAH 3,2bn — 8,0bn, which amounts
to 10-22% of total expenditures.

Potential cost fluctuation under Option 2 may lead to a double increase in total cost,
which is therefore ranged between UAH 15,4bn — 29,7bn (at 2006 values). 40% of the total cost
Is attributed to SNF transportation and storage costs at CSNFSF, less than 10% fall for HLRW
permanent disposal (reprocessing products from SNF exported to Russia prior to 2011,), and the
majority of expenditures (over 50%) is related to SNF disposal.

3.3.5. Option 1 implies that the majority of expenditures falls for the active operation
period of the nuclear power reactors currently in use in Ukraine (2007 — 2049), peak expendi-
tures fall for 2018 — 2032. Cost of SNF storage and reprocessing in Russia in 2011-2049 is esti-
mated at approx. 93% of the total expenditures under Option 1. For the period between 2007 and
2049 nuclear power plant units at Rivne NPP, Khmelnytsky NPP and Yuzhnoukrainsk NPP shall
produce approx. 1656 billion kwh of electrical energy. Therefore, electricity rates for respective
NPPs shall account approx. 1,9 — 2,2 kopecks/kWh [for these purposes].

Option 2 calculations indicate that electricity rates for the above-mentioned NPPs shall
account 0,9 — 1,8 kopecks/kWh [for these purposes].

3.3.6. Based on calculations and assumptions related to aggregate cost and expenditures
distribution over time, IFS concludes that Option 2, that implies CSNFSF construction and sub-
sequent operation, is more favorable when compared to Option 1, that implies SNF export, stor-
age and reprocessing in Russia with subsequent return and disposal of HLRW, generated from
SNF reprocessing, in Ukraine.

3.3.7. CSNFSF construction complies with the fundamental principles of state nuclear
energy usage policy. It shall further support safe operation of the nuclear power plants in
Ukraine over the long term, regardless of the state of future relations with Russia in the field of
SNF storage and reprocessing.

3.3.8. CSNFSF shall support the execution of “deferred decision” approach in Ukraine
with respect to the subsequent final decision on the optimal Management scenario for the end-of-
life stage of the nuclear fuel cycle (SNF reprocessing or permanent disposal).

4. CSNFSF CONSTRUCTION SITE SELECTION AND SUBSTANTIATION
PROCESS

Information provided in this Section 4 of the AS has been thoroughly detailed in the
CSNFSF IFS documentation [20,23].

4.1. General CSNFSF construction site selection algorithm

4.1.1. CSNFSF construction site selection and substantiation within IFS included three
stages:
e Stage 1 — Selection of three potential construction sites;
e Stage 2 — Analysis and comparison of ecological, radiation control, technical and economic
siting criteria for suggested construction sites;
e Stage 3 — Summarizing the comparative results and selection of the most favorable con-
struction site.

4.2. Selection of three potential construction sites
4.2.1. Selection of tree potential construction sites to host CSNFSF included:
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Legislation and regulatory requirements analysis;

Defining general initial selection criteria for potential CSNFSF construction sites;
Selection of CSNFSF location options;

Defining criteria for comparative analysis of options;

Selection of potential construction sites for subsequent consideration.

4.2.2. According to the provisions of the Law of Ukraine “On the use of nuclear energy
and radiation” [6], CSNFSF shall have a nuclear facility status.

The analysis of Ukrainian legislation and regulatory framework conducted as a part of
IFS has shown lack of sufficient direct regulatory framework for potential CSNFSF construction.
In this respect IFS has taken the requirements of the direct regulatory requirements stipulated by
HIT 306.2.105-2004 performance requirements document [36], as well as a number of extra per-
formance requirements for construction sites of:

e Nuclear power plants (as nuclear facilities);
e LRW storage facilities (in its long-term storage requirements section);
e Standard manufacturing facilities.

It was further taken into account that CSNFSF is subject to all Ukrainian norms and regu-
lations governing radiation and nuclear safety and LRW Management.

In addition to nuclear and radiation safety requirements, IFS has summarized require-
ments on environmental protection in the CSNFSF area, as well as technogenic environmental
impact protection regulations, including those on:

e Social and ecological environment protection;
e Natural environment protection;
e Technogenic environment protection.

4.2.3. IFS assumed the following general initial selection criteria for potential CSNFSF
construction sites:

e Construction sites that require new project land allocation shall not be considered, as the
most of Ukrainian territory is allocated for social-economic use, whereas project land alloca-
tion, including substantiation, review and approval thereof for any new nuclear facility shall
require significant amount of time;

e The following options shall therefore be considered (in order of preference):

- Existing NPP sites;
- Territories adjacent to existing NPP sites;
- Exclusion Zone territory.

4.2.4. As a result of performed analysis, IFS has identified the following options as po-
tentially suitable CSNFSF construction site locations:
Rivne NPP Site and adjacent territory (“RNPP” Option);
Khmelnytsky NPP Site and adjacent territory (“KhNPP” Option);
Yuzhnoukrainsk NPP Site and adjacent territory (“YuNPP”” Option);
Zaporizhzhia NPP Site and adjacent territory (“ZNPP”);
Exclusion Zone territory (“EZ ChNPP” Option).

4.2.5. The following comparison criteria, organized in two sub-groups, were identified
in IFS for CSNFSF location analysis:
e Technical criteria, comprising technical factors, natural geographic factors, as well as con-
struction sites’ technogenic factors;
e Licensing criteria, describing land allocation process, CSNFSF construction approval pro-
cess, as well as participation of public at large in this approval process.

4.2.6. The analysis of initial options has resulted in following conclusions:
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