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— Radioactive Waste Classification and Disposal Routes

Non-Heat Producing

Waste Classification
following disposal
requirements

Heat Producing
Radioactive Waste
not suitable for Konrad

Radioactive Waste
suifable for Konrad

Exclusive option Exclusive option

Reprocessing SNF J
. until 1994 J { since 2005

Dis- Direct
assembling Disposal
b

All radioactive waste
in Germany to be
disposed of in DGR
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— History of German Radwaste Disposal Programme

» Agreement to dispose of radwaste in DGR, preferably in salt

» Start of research in the research mine of Asse salt mine

» Begin of disposal in Morsleben (ERAM)

+ Start of evaluation of the Konrad iron ore mine

* Implementation of AKEnd (Working group on siting methodology)

» 1st Gorleben moratorium (for 10 years)

* New radioactive waste disposal facility road-map

+ 2 Gorleben moratorium

- Site Selection Act for HLW Repository

)
)
)
)
+ “Entsorgungsnachweis” and begin of exploration in Gorleben ]
)
)
)
)
)
)

* German National Programme
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« KfK: Commission to review financial viability of nuclear phase-out ]
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Outline of Lecture

» Agreement to dispose of radwaste in DGR, preferably in salt

» Start of research in the research mine of Asse salt mine

» Begin of disposal in Morsleben (ERAM)

+ Start of evaluation of the Konrad iron ore mine

» “Entsorgungsnachweis” and begin of exploration in Gorleben

» 18t Gorleben moratorium (for 10 years)

* New radioactive waste disposal facility road-map

+ 2" Gorleben moratorium
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- Site Selection Act for HLW Repository

* German National Programme

)
)
)
)
)
» Implementation of AKEnd (Working group on siting methodology) ]
]
)
)
)
)
)

« KfK: Commission to review financial viability of nuclear phase-out
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— National Programme — Background

» Need for National Programme
» Council Directive 2011/70/Euratom of required preparation of
National Programme and submission to EC until 2015
» Approved by Federal Government on August 12th, 2015

= Main principles of National Programme
» Definition of the strategy for the responsible and safe
management of spent fuel and radioactive waste
» Support by a strategic environmental assessment (SEA)
» Regular review and update

» Key points of National Programme

» Radioactive Waste Managament in national responsibility
» Disposal of radioactive waste on the territory of Germany only
» Two disposal sites [BMUB]
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— National Programme - Structure

National Programme

Programme for the responsible and safe management
of spent fuel and radioactive waste

Report for the
Review Meetings
of the Joint Report on the
Convention on the Report on the Costs and
Safety of Spent Implementation Radioactive Waste | Financing of the
Fuel Management of Euratom Inventory Management
and on the Safety Directive 2011/70 of Spent Fuel and

of Radioactive Radioactive Waste
Waste

Management

All documents available via www.bmub.bund.de/P333-1/
[BMUB]
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— National Programme - Inventory

Spent Fuel and reprocessing waste
(until nuclear phase out in 2022):

= 1.100 storage casks with pe == ol
Spent Fuel from NPPs o { :
= 291 storage casks from reprocessing L

» 481 storage casks with Spent Fuel
from Research Reactors T g

Radioactive waste with negligible heat ,r
generation (until 2080) : q [

» 300.000 m® from decommissioning T e~

« 200.000 m?® retrieved waste from the V- PR
ASSE Il mine [ o

w 100,000 0¥ depistad yranitim e e
(potentially) Sonren ’....M. d S
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— KfK — Responsibilities

Situation before KfK

Utilities Federal

Government

[

jin.'““l!

D&D conditioning transport storage disposal
packaging

Utilities Eeceral
Government

Situation after KfK
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— KfK: Commission’s Recommendations

= April 27t 2016: Submittal of report with recommendations

Transfer to Government of responsibility and financial means (incl. risk premium
(3)) for storage, conditioning, and transport to disposal facility (1)

Transfer to Government of financial means
(incl. risk premium (3)) for disposal facility (2)

Transfer of governmental financial means .
into a fund under public law w
| =
Responsibility for safe decommission and g
packaging stays with industry R
with unlimited liability (4) o . A
Closure of gap (5) during remaining lifetime q: 5 lg
£ 10 L0
Direct decommissioning as only option : o o
- ol )

Waiving of industry's lawsuits
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— KfK: Implementation of Recommendations

= Agreement on Draft Act by Federal Government in October 2016

= Approval by Parliament for enactment necessary

= Mandatory transfer of money from Utilities into public fund
for transportation, storage and disposal (17.2 bn €)

» Voluntary transfer of risk premium (35,5 %: 6.1 bn €) into public fund
releasing Utilities from any later liabilities

= State owned organisation for storage to be founded

= Transfer of storage facilities (mostly owned by utilities) into new organisation
= Envisaged timing for heat producing waste: January 1st, 2019

» Envisaged timing for non heat producing waste: January 1st, 2020
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— StandAG - Background

= StandAG - Site Selection Act

= Act on the Search and Selection of a Site for a Disposal Facility for Heat-
generating Radioactive Waste and the Amendment of other Acts

= Enacted July 23rd, 2013
= QObjectives

= Site selection process for, in particular, heat producing radioactive waste
repository in Germany

= “Best suitable site” regarding safety for a period of one million years
= Science-based and transparent selection process

» Unbiased selection, i.e., “white map” of Germany as starting point
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— StandAG - Development of Site Selection Process

Disposal Commission

- 33(34) members attributed to Parliament (quorum more than 2/3 of members)
+ 1(2) chairman (not entitled to vote)
+ 16 politicians (not entitled to vote)
« 8 scientific representatives

« 2 representatives of each: unions, churches, industry and
environmental groups

* Preparation of Site Selection Execution
* Preparation of Report assessing the main principle issues on disposal
» Preparation of proposals
* Build an opinion on variants of disposal to be assessed
« Site selection criteria
« Criteria on error correction
* Requirements on organisation and approach
* Requirements on public involvement
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— StandAG - HLW Disposal Programme

Phase 1

+ Assessment of Available Data
» Step 1: Exclusion Criteria and Minimum Requirements
+ Step 2: Weighing Criteria
» Step 3: PSAR + Land Planning Criteria

Phase 2

* Surface Exploration
» Exclusion and Weighing Criteria
* Advanced PSAR

Stage 1
Site Selection

Phase 3

* Underground Exploration by BGE
« Exclusion and Weighing Criteria
* Comprehensive PSAR

Stage 2 Stage 3 Stage 4

Opening of mine Disposal of Waste Meonitoring before
Closure with possibility
for retrieval
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— Stand AG - Stage 1: Site Selection Timeline
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— Stand AG - Former RWM Organisation

A 4

construction and
operation; applicant,
li d

authorities
mine licensing

BMWi

Supervision & control

Asse GmbH

Third party assistant

B. Raapke, DBE
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— StandAG - Restructuring of RWM Organisation

BMUB
Supervision & control
BMWi
Supervision & control

-

r

BfE
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1
1
1
1
1
]
1
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1
1
1
]
1
1
: Licensing and
1
]
1
]
]
1
1
1
1
1
]
]
1
1
L]

supervising body
BGE

New Waste Management Organisation:
In charge for Planning, Licensing, Construction and
Operation of Disposal Facilities
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— StandAG - Involved Bodies in Site Selection

Societal Support
for Site Selection

Technical Support
for Site Selection

Symposia T s National

‘Subregions‘ and Accompanying
‘Council of Regions* Body

Representative
for Participation

Local Affected
Public

‘\\

Scientific
Advisory Board
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— Overview on German Projects

Operated by Asse GmbH

= Asse mine used only as URL since
1978, currently under
decommissioning

Operated by DBE:

» Gorleben: Heat-generating waste,
underground survey starts 1990’s,
on hold

» Konrad: Non heat-generating waste,
under construction

« Morsleben: Operational Waste
(1980’s until 1998), planning for
decommissioning

-
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— DBE Projects — Gorleben

1977 Gorleben designated as preferred HLW
repository site

1979 Start of Surface exploration
1980/81 Four deep boreholes
1983 Comprehensive suitability

statement
1986 Ground braking shaft 1
1996 Excavation and characterisation of

infrastructure area

2000 15t Gorleben moratorium  (stand-by
operation only)

2010 Continuation of site exploration
2012 2nd Gorleben moratorium
2014 ‘Putting Chain before Gorleben’

™]
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— DBE Projects — Gorleben
Activities
= According to Site Selection Act
= Exploration activities at Gorleben are prohibited with immediate effect
= Preservation of mine as is until the site is deselected at one of the defined
decision points:

= selection of regions

= selection of sites for
above ground exploration

= sjtes for below ground exploration
» final site selection

= Corresponding current activities

= Backfilling of drillings
= Abandoning of exploration area and as far as possible of the infrastructure area
» Removal of all equipment and infrastructure (e. g. cables) from abandoned areas
= Removal of the major part of the security system

= Prohibition of public and technical visits

-
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— DBE Projects — Gorleben
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— DBE Projects — Konrad

1965 — 1976 Iron Ore Production

1975 Preliminary survey

1982 License application

1992 75 days public hearing

2002 License granted

2002 — 2007 Litigation

2007 Start of repository construction
> 2022 Commencement of operation

™]
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— DBE Projects — Konrad

* Underground facilities
» Refurbishments of shaft 1 (for conventional transport / ventilation inflow)
* Refurbishment of shaft 2 (for waste transport / ventilation outlet)

* Refurbishment and upgrade of
infrastructure facilities

» Erection of disposal area in undisturbed rock

* Aboveground facilities

+ Refurbishment of shaft tower of shaft 1
(industrial monument)

+ Replacement of buildings and equipment
* New build of buildings and equipment

* Infrastructural measures

« Construction of connections
to public infrastructure

« Security fence
* Precaution measures (eg. water pollution

Control, World.war 2 remnants)
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— DBE Projects — Konrad
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— DBE Projects — Morsleben

1897 — 1969 Salt and Potash Production

1971 Experimental LILW disposal

1981 Temporary License for LILW disposal
1986 Permanent License for LILW disposal
1990 Federal facility following re-unification
1990 Disposal suspended

1994 — 1998 Resumed Disposal

1997 Mine closure application on request

Verantwortung
B. Raapke, DBE fir Generationen
Presentation at NUMO, Tokyo, December 16%, 2016 26

DBEZO ok — EFILAL—ARY

1897-1969%F FIREN DEH

1971F EERME- pLARILRSTEREYL S
19814 {E-PLANLMSHEREMLS DEEEXEFA
198645 {E-tHLA)LRSTEBEEMNS DEAEFEFT
1990 B#fi—(EUERERRIC

19905 A5 EikE

1994-19984 5D EE

1997% EFICLHUTERAHBE

26



— DBE Projects — Morsleben

= Planning for closure

= New planning assumptions in 2013 requiring successive work until 2019

= Especially requirements on backfill and
sealing have tightened

= Plan Approval Process
= Start in mid 2017
= Execution at least 8 years

= Successful conduction of
large scale sealing experiment
= QOther activities
= Extension of licence for waste in storage
= Above ground
= Refurbishment of facing of tower building

= Below Ground
= Erection of new workshop
= Maintenance activities

B. Raapke, DEE
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— DBE Projects — Morsleben
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— Gorleben DGR Concept — Surface Exploration
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— Gorleben DGR Concept — Underground Exploration
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— Gorleben DGR Concept — 2D Geological Model
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— Gorleben DGR Concept — 3D Geological Model
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— Gorleben DGR Concept — Concept Variants
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— Gorleben DGR Concept — Concept Variants

Reference Concept Additional Concepts

POLLUX® BSK 3 DIREGT

On site storage CASTOR®V CASTOR*V CASTOR*V

Preparation for Fuel element ~ Fuel element

Disposal after disassembling disassembling

interim storage = 2
POLLUX® BSK 3

Transforto (L transfer cask
final disposal i
vertical : horizontal

Final disposal borehole borehole

Emplacement Emplacementﬁ 1 Feasibility
demonstrated - demonstrated studies
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Verantwortung i -
B. Raapke, DBE far Generationen | y | s

Presentation at NUMO, Tokyo, December 16%, 2016

Status

J7L—A_RUDGR (R ELNIG)#E — KBHE

LI7LU AR BN

POLLUX BSK 3 DIREGT
Bt N AR CASTOR V CASTOR V CASTOR V
HRFETEER D AR ERBA AR ERBEA
W5 D=8 DA

POLLUX BSK 3
RRLD~DFAT BITXYRY
=05 KEGTE FEEAR—IVTH  KER—UUT
Bk EB%EE EB&EE Al ST AR A

34



— Gorleben DGR Concept — Demonstration Tests

-
Verantwortung 8
B. Raapke, DBE - fur Generationen 4.; N TN o

Presentation at NUMO, Tokyo, December 16%, 2016

J7L—AUDGR(GGE#EBUSG) e — EIEER

35



— Gorleben DGR Concept — Layout of Facility
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— Organisational Background — The Group
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- |GSC-Expert-Group
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¥ GD-TP
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— DBE TECHNOLOGY GmbH — R&D for Clay
T e T S e i B R T )

GEIST
TEE
GENESIS
TEMTON
MACH-2
ERATO
ANSICHT
SANTOS
GEIST Comparison of repository concepts in salt and clay
TEE Participation in in-situ experiments at URLs in Bure (France) and Mt. Terri (Switzerland)

GENESIS Repository layout for a generic repository in clay stone in Northern and Southern Germany
TEMTON  Investigation of thermo-hydro-mechanical behavior of clay stone (participation in Bure and Mt. Terri)
MACH-2 Feasibility study for in-situ experiment in Mt. Terri (THM-simulations)

ERATO Development of a German reference concept for a repository in clay stone
ANSICHT Development of a method for proving the safe containment of waste in clay stone in Germany
SANTOS  Safety analytical investigations for a planned repository in Russia
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— DBE TECHNOLOGY GmbH - R&D for Hard Rock

R&D Projects in Hard Rock Formations carried out by DBE TECHNOLOGY

= & R S e e P R R B [ B

Coord. Russland
ASTER
MUSTER
WIBASTA
URSEL

COORDINATION RUSSIA  Coordination of geoscientific work in alternative host rock formations
ASTER Requirements for the site exploration for HLW repositories in hard rock (crystalline) formations
MUSTER  Investigations on the thermo-hydraulic behavior of bentonite barriers in granite

WIBASTA Investigation on the performance of geological and geotechnical barrier systems in regard to the site selection
in magmatic rocks

URSEL Investigations on the robustness of safety statements concerning HLW repository systems in magmatic rocks
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— DBE TECHNOLOGY GmbH - Techno B&C, Belgium

* "R&D on the Feasibility of Operating a Geological Disposal
Facility for High-Level and Long-Lived Radioactive Waste

* ONDRAF/NIRAS is preparing the first Safety and Feasibility
Case (SFC-1) for geological disposal in poorly indurated clay

- Development of concepts for very specific Belgian
conditions:

+ Hoisting system for shaft transport of the waste
packages

* Underground transport.and waste emplacement system
+ Ventilation system
+.Reference backfill material

« Project duration: 2004 - 2020

[ONDRAF/NIRAS]

™ y=
Verantwortung ﬂ ) .
#ir Generationen , j -
B. Raapke, DBE = b s -

Presentation at NUMO, Tokyo, December 16%, 2016

DBET#4./0Y—%t — Techno B&C. N)LF¥F—

s BLRNILBLIUERFORSERZEYMDI=6H D MBS iR E D RIS
(bl sy e 5
e ONDRAF/NIRASIE . EIEFEDF L BICH T 5 BN DI=HDRTDE
;77"4"7»(—“)5')‘7‘4(%"cé’l‘ftﬁé:lﬁ%ﬁﬂﬁ'é’l‘i)’7‘—Z(SFC-1)€Z§ﬁ%
o EBITHBENILF—DEHED=-HDESDRF:
s BREMNVIT—DDIAMIARERDORY EIFORT LA
o MITHELREEMEES AT L
« BRVATL
e LI7LURIBRLM
o O YRR 2004-20205

41



— DBE TECHNOLOGY GmbH - Cigéo, France

+ Development of DAC (le dossier.de demande d’autorisation
de création de Clgéo) describing the facility in more technical
detail until 2015 to initiate the Ilcensmg process for the
construction of Cigéo

- Technlcal design of the hoisting system for the material
transport shaft

» Technical solutions for loading and unloadmg operations
at the surface and underground

« Checking the feasibility of the planned activities and the
associated fluxes

* Involvement in the general conceptual design of the
underground facilities and the planning and optimisation
of repository operations

« Projectduration: 2013 - 2017

[ANDRA]
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— DBE TECHNOLOGY GmbH - Kozloduy, Bulgaria

Conceptual Design of two Fe| osit
at two possible Ioeatlons and a umher of sub-variants

Preparation of a Tecl'ﬁ'llcalﬁ's@ﬂ' anﬁ B
Intermediate Safety Ana!ygibjeport. b

Preparational work for Technical Speclf catlons

Consortium: Westinghouse Spain, DBE TECHNOLOGY GmbH,
ENRESA

* Project duration: 2011 — 201
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— DBE TECHNOLOGY GmbH - Al-Tuwaitha, Iraq

Conceptual DeSIQn for'a

'. Technical Deslgn for a Surface Reposnory'
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