&
Ab
—-—

= AO..

usluge zastite okolisa - ¢lan HEP grupe

e -

#

P SN a“.- & .
:-:,__..“ ‘. Il TR i '.} il sTH i unlfigl ’ "

Program of NPP Krsko Decommissioning
and SF & LILW Disposal
Revision 2

Text version 1

June 2010



Program of NPP Krsko Decommissioning and SF & LILW Disposal, revision 2 (2010)

APOQ Ltd, Environmental Services
(Member of HEP Group)

Savska cesta 41/4, Zagreb
Croatia

ARAO Agency
Parmova 53, Ljubljana
Slovenia

APQ Contract No.: 10-10-08-3146/06, 10-09-4044/06 & 10-10-1436/06

ARAQ Contract:

Project Title:
Revision 2

Prepared by:
Zagreb

ARAQ, Parmova 53, Ljubljana

APO Work Order: RN 002/08-06
ARAO Work Order: 08-1/01-01-027-00

Doc. Type: Study

APO Doc. No.: 25-09-3435/06

ARAOQ Doc. No.: 10-1/01-01-027-00
Date: June 28 2010
Project Team:

Ph. D. Vladimir Lokner (APO)
o

Ivica Levanat, B. Sc. (APO)

~

Andrea Raplc, B. (APO)
Sofr [C \;{

APO Director

APO Ltd Doc.No.: 25-09-3435/06; ARAO Doc. No.: 10-1/01-01-027-00

Contract with NEK fund 14/05/2008 and 113/09 from 11/12/2009

Program of NPP Krsko Decommissioning and SF & LILW Disposal,

APO Ltd., Environmental Services (member of HEP group), Savska 41/1V,

Ph. D. Nadja Zeleznik ARAO)

f“-&o[b-ﬂ /4/;

Ph. D. Metka Kralj (ARAQ).
L s é "

T

Prlmoz Stropnik, B. Sc. (GEN-Energija)
r=3E ; Froo

- Tekt \-fersion'l' '



Program of NPP Krsko Decommissioning and SF & LILW Disposal, revision 2 - Module 1 (2010)

Page 1/6

Contents

ToR for DP, rev.2

0 Module
1 Module
2 Module
3 Module
4 Module
5 Module
6 Module
7 Module
8 Module
9 Module

: Executive Summary

: Introduction

: Terms of Reference and other Project Assumptions

: NPP Krsko Decommissioning

: Storage of SF and Predisposal Management of LILW

: LILW Disposal

: SF Disposal

: Scenario Development and Costs Estimate

: Conclusions and Recommendations

: Appendices
Appendix 1.

Appendix 2.
Appendix 3.
Appendix 4.

Appendix 5.
Appendix 6.
Appendix 7.

Appendix 8.
Appendix 9.

Appendix 10.
Appendix 11.
Appendix 12.

Appendix 13.

Appendix 14.
Appendix 15.

Appendix 16.
Appendix 17.
Appendix 18.

Technical Specifications for NPP Krsko Preliminary Decommissioning
Plan with Plant Specific Inventory Database Development

PT Questions, Requests and Remarks to Advisory Board
IAEA and other Experts Reports

"Mini Study": Preliminary Analysis of Early Available Inputs for the
2nd Revision of NPP Krsko (APO & ARAO)

Actual CLC Amounts (2004-2009, Slovenian Decommissioning Fund)
Raw Data File

NPP Krsko Predisposal Decommissioning Plan, rev 5 (Simplekamp-
NIS)

PDP Cost tables final (Simplekamp-NIS)
PT Requests — Clarification of PDP Data
Communication PT — NIS

LILW Disposal Costs (Tables)

Revised Reference Scenario for Geological Disposal Facility in Hard
Rock with Cost Estimation for its Implementation (IBE)

EIPF Studies: "Inflation, interest and discount rates in
decommissioning program"

CNB Historical Data

Terms of References for all supporting studies (LILW Disposal, SF
Storage, RW Predisposal, SF Disposal ...)

Minutes of AB Sessions
Minutes of IGC Sessions 8 & 9
DP, rev.2 Time Table (rev 7)

APO Ltd Doc.No.: 25-09-3435/06; ARAO Doc. No.: 10-1/01-01-027-00

Text version 1



Program of NPP Krsko Decommissioning and SF & LILW Disposal, revision 2 - Module 1 (2010)  Page 2/6

List of Tables

Table 1. Schedule of Waste Management Activities in Different Scenarios

Table 2. Nominal costs of all DP activities in various scenarios (million €2009)

Table 3. Comparison of S1-S5 financing needs

Table 1.1. Main events in the siting process for LILW repository in Slovenia

Table 2.1. Boundary conditions proposal for DP Revision 2 ("New BC"”), and comparison with
Revision 1 (“Old BC")

Table 2.2. BC modifications from May, 2009

Table 2.3. BC maodifications from May, 2010

Table 2.4. Final Boundary Conditions for DP Rev.2

Table 2.5. Compensations to local communities in DP Rev.1

Table 2.6. Financial benefits to communities hosting RW management facility in different
countries

Table 2.7. Types of community benefits connected with nuclear facilities in municipality of
Krsko

Table 2.8. Annual compensations to local communities for all facilities in DP Rev.2 (million
€2008)

Table 2.9. Annual compensations to local communities for all facilities in DP Rev.2 (million
€2009)

Table 2.10. Level of Assessment and Inaccuracy

Table 2.11. Decommissioning costs contingencies in some countries

Table 3.1.  An Example of the CORA Database Output

Table 3.2. Masses to be handled in the Decommissioning Project

Table 3.3. Waste management options for component groups of controlled area

Table 3.4. Radioactive waste containers needed

Table 3.5. Decommissioning costs for NPP Krsko in both variants (million €2009)

Table 3.6. D&D full nominal costs for both variants (million €2009)

Table 3.7. Sensitivities and Risks

Table 3.6. Costs comparison of PDP 1 and PDP 2 in million €2009

Table 4.1. Storage costs for different types of SF storage facilities

Table 4.2. Start and duration of main activities related to SF storage

Table 4.3. Cost estimate for dry storage of SF from NPP Krsko for Scenario 1 (40-years of
NPP Krsko operation) and Scenario 2 (60-years of NPP KrSko operation).

Table 4.4. Comparison of cost estimates for the 2004 storage option and the revised option
(Variant 1 for 40-year NPP Krsko operation)

Table 5.1. NEK LILW inventory in SRSF at the End of 2008 Considering the Type of Waste
([10], [11])

Table 5.2. LILW in Decontamination building, December 2007, ([10])

Table 5.3.  The projection of the LILW Growth in the NEK Storage

Table 5.4. Expected Amounts of NEK Decommissioning LILW ([13])

Table 5.5.  Assessment of Total Amount of LILW

Table 5.6. Assessment of Total Amount of LILW, DP, rev.1 [1]

Table 5.7. Contingencies portions for engineering costs, [22]

APO Ltd Doc.No.: 25-09-3435/06; ARAO Doc. No.: 10-1/01-01-027-00 Text version 1



Program of NPP Krsko Decommissioning and SF & LILW Disposal, revision 2 - Module 1 (2010)  Page 3/6

Table 5.8.

Table 5.9.
Table 5.10.

Table 5.11.

Table 5.12

Table 5.13.
Table 5.14.
Table 5.15.
Table 5.16.
Table 5.17.
Table 5.18.
Table 5.19.
Table 5.20.
Table 5.21.
Table 5.22.
Table 6.1.

Table 6.2.

Table 6.3.
Table 6.4.
Table 6.5.
Table 6.6.

Table 6.7.

Table 6.8.

Table 6.9.
Table 6.10.

Table 7.1.
Table 7.2.
Table 7.3.
Table 7.4.
Table 7.5.
Table 7.6.

Investment costs for Construction, engineering and decommissioning, repository
with 2 silos, scenario S1 [22], [23]

Operating costs, repository with 2 silos, scenario S1 [22][23]

Costs of establishing, operation and decommissioning of LILW storage on the site
for LILW repository in Croatia (without costs of site selection which are included
in LILW repository costs)

Costs of site selection, establishment, operation and decommissioning of LILW
repository on location in Croatia with the expenses for institutional control after
repository closure, costs related to LILW division and transport

Joint LILW storage/repository costs with VAT but without Compensations to local
community

Total nominal costs of Croatian Storage/Repository (in Mio€2009)

Nominal costs for LILW repository on Vrbina site for different scenarios

Time distribution of different summation costs for scenarios S1 and S3

Time distribution of different summation costs for scenarios S2, S4 and S5- part 1
Time distribution of different summation costs for scenarios S2, S4 and S5- part 2
Costs comparison for different LILW volumes

Costs comparison for different operating modes

Costs comparison for different repository types

Costs comparison of scenario S1 with previous revision SID 45

Summary of nominal costs for different scenarios

Some of important properties of the host formation. In brackets estimates for
fractured rock at 500 m depth are provided

Minimum number of canisters for encapsulation of SF generated until 2023 or
until 2043

Start and duration of main activities of the geological disposal programme
Cost estimates of Geological Disposal for Scenario 1 and Scenario 2
Sensitivity analysis of basic disposal scenarios (Scenario 1 and Scenario 2)

Main characteristics of the recommended revised reference disposal concept for
Scenario 1 (for disposal of SF from 40-year NPP operation) and for Scenario 2
(for disposal of SF from 60-year NPP operation)

Cost estimates for the recommended revised scenarios of geological disposal with
20 % increased number of boreholes + 10 m borehole spacing (for subscenarios
1.1.an 2.1)

Cost estimates for the recommended revised scenarios of geological disposal with
20 % increased number of boreholes + 9 m borehole spacing (for subscenarios
1.2. an 2.2)

Summarized cost estimates for the recommended revised scenarios 1 and 2

Comparison of cost estimates for the 2004 reference disposal scenario and the
revised reference scenarios (for 40-year NPP operation)

Preconditions for S1-S5 scenarios

Nominal costs of all DP activities in various scenarios (million €2009)
Discounting parameters

Projections based on different series of historical data

Comparison of S1-S5 financing needs

Scenario annuities with 2% discount rate

APO Ltd Doc.No.: 25-09-3435/06; ARAO Doc. No.: 10-1/01-01-027-00 Text version 1



Program of NPP Krsko Decommissioning and SF & LILW Disposal, revision 2 - Module 1 (2010)  Page 4/6

Table 7.7.
Table 7.8.
Table 7.9.
Table 7.10.
Table 7.11.
Table 7.12.
Table 9.1.

Scenario annuities with the revision 1 discount rate (3,53%)
Annuities for hypothetical "high" and "low" compensations in S1
Annuities for hypothetical "high" and "low" compensations in S2
Annuities for hypothetical "high" compensations in S5

Nominal costs of the revision 1 reference scenario SID-45
Comparison of the nominal costs of S1 and SID-45 (million €2009)
List of Relevant DP, rev.2 Supporting Documents

List of Figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 1.1.
Figure 3.1.
Figure 3.2.
Figure 3.3.
Figure 3.4.

Figure 3.5.
Figure 3.6.
Figure 3.7.
Figure 3.8.
Figure 3.9.

Figure 3.10.
Figure 3.11.
Figure 3.12.
Figure 3.13.
Figure 3.14.
Figure 3.15.
Figure 3.16.

Figure 4.1.
Figure 4.2.
Figure 4.3.
Figure 4.4.
Figure 4.5.
Figure 4.6.
Figure 4.7.
Figure 4.8.
Figure 5.1.
Figure 5.2.

SF Disposal Canister and Repository Layout

LILW Repository Facilities

LILW Disposal Silo and Repository Layout

Nominal costs of DP scenarios (million €2009)

Flow chart presenting process of financial estimations
Areas of the NPP Krsko

Estimated decommissioning masses for NPP Krsko
Distribution of waste produced in different NPP Krsko areas

Mass of different kinds of radioactive material produced in decommissioning of
NPP Krsko

Time Schedule for the Variant 2023

Radioactive Inventory

Increasing of inner contamination with time

Increasing of outer contamination with time

Decommissioning of reactor building

Decommissioning of spent fuel building

D&D waste management procedures

Cash flow - Variant 2023

Cash flow - Variant 2043

Total Risk

Comparison of D&D costs in DP Rev.2 and DP Rev.1

D&D costs escalation in Germany, by NIS

HABOG — Vault dry storage in the Netherlands, licensed for 100 years
Cross section of the Modular Vault Dry Storage in Paks

Multi Purpose Canisters

Horizontal storage module loading process. No hot cell is needed
CASTOR cask

CONSTOR cask

TN24 casks at Doel dry storage

CASTOR — Tube V/19 cask

Cumulative Amount of NEK LILW at the End of 2008 in m3 ([10], [11], [12])
LILW Repository - silo type

APO Ltd Doc.No.: 25-09-3435/06; ARAO Doc. No.: 10-1/01-01-027-00 Text version 1



Program of NPP Krsko Decommissioning and SF & LILW Disposal, revision 2 - Module 1 (2010)  Page 5/6

Figure 5.3.
Figure 5.4.

Figure 5.5.

Figure 5.6.

Figure 5.7.

Figure 5.8.
Figure 6.1.
Figure 6.2.

Figure 6.3.

Figure 6.4.
Figure 6.5.
Figure 6.6.
Figure 7.1.
Figure 7.2.
Figure 7.3.
Figure 7.4.
Figure 7.5.
Figure 7.6.
Figure 7.7.
Figure 7.8.
Figure 7.9.

Silos structure in operating time: vertical and horizontal cross section [22]

Time Schedule Plan of the silo type LILW Repository, NEK shutdown in 2023
([22][23])

Time Schedule Plan of the silo type LILW Repository, NEK shutdown in 2043
([22][23]), part 1

Time Schedule Plan of the silo type LILW Repository, NEK shutdown in 2043
([22](23]), part 2

Costs portions of all 5 scenarios for LILW repository nominal costs. In scenario S3
and S4 also construction and operating costs for Croatian surface vault type
repository are included

Comparison of the LILW repository costs components in SID 45 and S1
Copper Canister with Cast Iron Insert

Deep geological repository lay-out with indicated UTF area and final repository
area

The disposal area of deep geological repository for Scenario 2 (571 canisters, 9 m
borehole distance)

Canister Disposal in Tunnel Boreholes

Cost Distribution — Scenario 1

Cost Distribution — Scenario 2

An overview of the scenario timetables
Scenario S1

Scenario S2

Scenario S3

Scenario 54

Scenario S5

Nominal costs of DP scenarios (million €2009)
Comparison of S1-S5 annuities for two funds
Comparison of DP nominal project costs with CLC and VAT expenses

Figure 7.10. Comparison of S1 and SID-45 activities nominal costs

Figure 7.11.

Comparison of S1 and SID-45 total nominal costs

Figure 7.12. Analysis of nominal costs increase from SID-45 to S1

Abbreviations

Abbreviation | Stands for

AB Advisory Board

APO APO Ltd. Environmental Services, Member of HEP Group (Croatia)
ARAO The Agency for Radwaste Management, Agency ARAO (Slovenia)
BC Boundary Conditions

CLC Compensations to Local Communities

CNB Croatian National Bank

APO Ltd Doc.No.: 25-09-3435/06; ARAO Doc. No.: 10-1/01-01-027-00 Text version 1




Program of NPP Krsko Decommissioning and SF & LILW Disposal, revision 2 - Module 1 (2010)

Page 6/6

Abbreviation

Stands for

DP Program of NPP Krsko Decommissioning and SF&LILW Disposal
D&D Decommissioning & Dismantling

DB Decontamination Building

EP Encapsulation Plant

ERDO European Repository Development Organization
GD Geological Disposal

HLW High Level Waste

IAEA International Atomic Energy Agency

IC Intergovernmental commission

IDDS In Drum Drying System

LILW Low and Intermediate Level Waste

LTS Long Term Storage

NEK Nuclear Power Plant Krsko

NPP Nuclear Power Plant

PA/SA Performance Assessment/ Safety Assessment
PDP Preliminary Decommissioning Plan

PT Project Team

RPV Reactor pressure vessel

RW Radioactive waste

SF Spent Fuel

SID Strategy of immediate dismantling

SRSF Solid Radwaste Storage Facility

ToR Terms of References

TTC Tube Type Container

UTF Underground Test Facility

WAC Waste Acceptance Criteria

APO Ltd Doc.No.: 25-09-3435/06; ARAO Doc. No.: 10-1/01-01-027-00

Text version 1




B3URJUDP RI 13@Detainkissioning and SF &

LILW Disposal, revision 2

- Module 5 (2010 ) Page40/52

Scenario &RVWYV Yo || used 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
NET +NET 14.453 1.737 7.805 4.103 2.063 9431 | 17595| 32.919 7.860 8.167 5.346 4.927 4.986 5572 | 11.791| 12.107 5.130 5.219
NET 14.453 2.171 9.756 5.129 2579 | 11.780| 21.993| 41.149 9.824| 10.208 6.683 6.158 6.233 6.965 | 14.739| 15.134 6.412 6.524
NET Costs with VAT 17.344 2.606| 11.708 6.155 3.005| 14.147| 26.392| 49.379| 11.789| 12.250 8.019 7.390 7.479 8.357| 17.687| 18.161 7.695 7.828
s1
(ClTuETEiE (D 1.534 555 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208
communities (CLC)
Total costs w ith TAX
. 18.878 3161 | 16.916 | 11.363 8303 | 19.355 | 31.600 | 54587 | 16.997 | 17.458 | 13.227 | 12598 | 12.688 | 13566 | 22.895 | 23.369 | 12.903 | 13.036
NET - NET 14.453 1.737 7.805 4.103 2.063 9.431| 17.595| 32.919 7.850 8.102 4.184 3.732 3.758 3.734 3.696 5.219 3.668 3.793
NET 14.453 2.171 9.756 5.129 2579 | 11.780| 21.993| 41.149 9.812| 10.128 5.230 4.666 4.697 4.668 4.620 6.524 4,585 4.742
NET Costs with VAT 17.344 2.606| 11.708 6.155 3.005| 14.147| 26.392| 49.379| 11.774| 12.153 6.276 5.599 5.636 5.602 5.544 7.829 5.502 5.690
s3
ClipET=EiEn T [eeel 1.534 555 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208
communities (CLC)
Total costs with TAX
. 18.878 3.161 | 16.916 | 11.363 8303 | 19.355 | 31600 | 54587 | 16.982 | 17.361 | 11.484 | 10.807 | 10.844 | 10.810 | 10.752 | 13.037 | 10.710 | 10.898
Scenario &RVWYV v || 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043
NET - NET 6.305 3.732 3.799 3.766 3.500 3.468 3.561 4.963 3.500 3.531 3.468 3.468 3.296 1.692 1.692 2.637| 12.673 8.372
NET 7.881 4.666 4.749 4.708 4.375 4.335 4.451 6.204| 4375 4.413 4.335 4.335 4.120 2.115 2.115 3.206 | 15.841| 10.464
NET Costs with VAT 9.458 5.599 5.699 5.650 5.250 5.202 5.341 7.444 5.250 5.296 5.202 5.202 4.944 2.538 2.538 3.956 | 19.009| 12.557
s1
CheiipRr=Eiiz 1 el 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208
communities (CLC)
VG 1/°405ts LI 14.666 | 10.807 | 10.907 | 10.858 | 10458 | 10410 | 10549 | 12.652 | 10458 | 10.504 | 10.410 | 10.410 | 10.152 7.746 7.746 9.164 | 24217 | 17.765
NET - NET 4314 3.441 3.510 3.475 3.441 3.441 3.568 4.938 3.222 3.284 3.222 3.256 3.254 1.692 1.692 2637 12.673 7.877
NET 5.392 4.302 4.388 4.344 4.302 4.302 4.460 6.173 4.027 4.105 4.027 4.070 4,067 2.115 2.115 3.206 | 15.841 9.846
NET Costs with VAT 6.471 5.162 5.265 5.213 5.162 5.162 5.352 7.407 4.832 4.926 4.832 4884|  4.881 2.538 2.538 3.956| 19.009| 11.815
s3
CipRrEien 1 e 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208 5.208
communities (CLC)
Total costs with TAX 11679 | 10370 | 10473 | 10421 | 10.370 | 10.370 | 10560 | 12.616 | 10.040 | 10.134 | 10.040 | 10.092 | 10.089 7.746 7.746 9.164 | 24217 | 17.023

Ya

Table 5.15 Time distribution of different summation costs for scenarios Sland S3
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