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List of Abbreviations

ALG

AKR

AREVA NC
AtAV

AtG
AtSMV
AtVIV
AtZuv
AVK
AVR
AVV
BAFA
BAM
BBC
BBK
BfS
BGBI.
BLG
BMBF

BMU

BNFL
BVerwG

BWR
BZA

CEA
COGEMA

Abfalllager Gorleben

(Gorleben Interim Waste Storage Facility)
Ausbildungskernreaktor

(Training Reactor)

AREVA Nuclear Cycle (formerly COGEMA)
Atomrechtliche Abfallverbringungsverordnung
(Nuclear Waste Shipment Ordinance)

Atomgesetz

(Atomic Energy Act)

Atomrechtliche Sicherheitsbeauftragten- und Meldeverordnung
(Nuclear Safety Officer and Reporting Ordinance)
Atomrechtliche Verfahrensverordnung

(Nuclear Licencing Procedure Ordinance)
Atomrechtliche Zuverlassigkeitsiberprufungsverordnung
(Nuclear Reliability Assessment Ordinance)
Abfallfluss-, Verfolgungs- und Produkt-Kontrollsystem
(Waste Flow Tracking and Product Control System)
Arbeitsgemeinschaft Versuchsreaktor GmbH
(Experimental nuclear power plant at Jilich)
Allgemeine Verwaltungsvorschrift

(General Administrative Regulation)

Bundesamt fur Wirtschaft und Ausfuhrkontrolle
(Federal Office of Economics and Export Control)
Bundesanstalt fir Materialforschung und —prifung
(Federal Institute for Materials Research and Testing)
Brown, Boveri & Cie

Brown Boveri/Krupp Reaktorbau GmbH

Bundesamt fur Strahlenschutz

(Federal Office for Radiation Protection)
Bundesgesetzblatt

(Federal Law Gazette)

Brennelement-Lager Gorleben

(Fuel assembly storage facility at Gorleben)
Bundesministerium fiir Bildung und Forschung
(Federal Ministry of Education and Research)
Bundesministerium fur Umwelt, Naturschutz und Reaktorsicherheit
(Federal Ministry for the Environment, Nature Conservation and Nuclear Safety)
British Nuclear Fuels Ltd.

Bundesverwaltungsgericht

(Federal Administrative Court)

Boiling Water Reactor

Brennelement-Zwischenlager Ahaus GmbH

(Fuel assembly storage facility at Ahaus)
Commissariat a 'Energie Atomique (Paris)
Compagnie Générale des Matiéres Nucléaires
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CSD-C Colis Standard de Déchets Compactés
(Radioactive waste compacted under high pressure)
DBE Deutsche Gesellschaft zum Bau und Betrieb von Endlagern fiir Abfallstoffe mbH
(German Service Company for the Construction and Operation of Waste
Repositories)
DESY Deutsches Elektronen-Synchrotron
(German Electron Synchroton at Hamburg)
DIN Deutsches Institut fir Normung e. V.
(German Institute for Standardisation)
EAN European Article Numbering
EBA Eisenbahn-Bundesamt
(Federal Office for Railways)
EIA Environmental Impact Assessment
ENSTTI European Nuclear Safety Training and Tutoring Institute
ERAM Endlager fur radioaktive Abféalle Morsleben
(Repository for Radioactive Waste Morsleben)
ESK Entsorgungskommission
(Waste Management Commission)
ETSON European TSO Network
EURATOM European Atomic Energy Community
EUROCHEMIC European Company for the Chemical Processing of Irradiated Fuels
EU European Union
EVU Energieversorgungsunternehmen
(Electric Power Utility)
EW Exempt waste
EWN Energiewerke Nord GmbH
(Energy Utility North)
FH Fachhochschule
(University of Applied Sciences)
FR-2 Forschungsreaktor 2, Karlsruhe
(Research Reactor 2, Karlsruhe
FRG Forschungsreaktor Geesthacht
(Research reactor Geesthacht)
FRJ Forschungsreaktor Jilich
(Research reactor Jilich)
FRM Forschungsreaktor Miinchen, Garching
(Research reactor Munich, Garching)
FRMZ Forschungsreaktor Mainz
(Research reactor Mainz)
FzD Forschungszentrum Dresden-Rossendorf e.V
(Research Centre Dresden-Rossendorf)
FzJ Forschungszentrum Jilich GmbH
(Research Centre Jilich GmbH)
FzK Forschungszentrum Karlsruhe GmbH
(Research Centre Karlsruhe GmbH)
GDR German Democratic Republic
GKSS Forschungszentrum Geesthacht GmbH (formerly: Gesellschaft fur

Kernenergieverwertung in Schiffbau und Schiffahrt mbH)
(Research Centre Geesthacht GmbH)

GNS Gesellschaft fir Nuklear-Service mbH

GorlebenVSpV Gorleben-Verénderungssperren-Verordnung
(Gorleben Development Freeze Ordinance)



GRB

GRS
GSF
GSI

GSF

HASS
HAW
HAWC
HDB

HDR

HEU
HGF
HKG
HLW
HM
HMGU

HMI
HTR

IAEA
ICRP
IEC
ILW
IMIS

INES
INEX
ISO
ITU
KFA
KfK
KGR
KIT
KKN
KKR
KKS

KMK
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Sammelstelle Bayern fur radioaktive Stoffe GmbH

(Bavarian collecting facility for radioactive substances)

Gesellschaft fur Anlagen- und Reaktorsicherheit mbH

Gesellschaft fur Strahlenforschung (now: HMGU)

Gesellschaft fur Schwerionenforschung mbH

Helmholtz Zentrum Minchen - Deutsches Forschungszentrum fir Gesundheit
und Umwelt GmbH (formerly: Gesellschatft fir Strahlenforschung)
(Helmholtz Zentrum Miinchen — German Research Centre for Environmental
Health GmbH)

High-activity sealed radioactive sources

High Active Waste

High Active Waste Concentrate

Hauptabteilung Dekontaminationsbetriebe des Forschungszentrums Karlsruhe
(Central Decontamination Department of the Karlsruhe Research Centre)
HeilRdampfreaktor, GroRwelzheim

(Superheated Steam Reactor, GroRwelzheim)

Highly Enriched Uranium

Hermann von Helmholtz-Gemeinschaft Deutscher Forschungszentren
Hochtemperatur-Kernkraftwerk GmbH

High-level waste

Heavy Metal

Helmholtz Zentrum Minchen — Deutsches Forschungszentrum fur Gesundheit
und Umwelt GmbH (formerly: GSF)

Hahn-Meitner-Institut fur Kernforschung

Hochtemperaturreaktor

(High Temperature Reactor)

International Atomic Energy Agency

International Commission on Radiological Protection

International Electrotechnical Commission

Intermediate-level waste

Integriertes Mess- und Informationssystem zur Uberwachung der
Umweltradioaktivitat

(Integrated Measurement and Information System for Monitoring Environmental
Radioactivity)

International Nuclear Event Scale

International Nuclear Emergency Exercise

International Organisation for Standardisation

Europaisches Institut fur Transurane, Karlsruhe

(European Institute for Transuranic Elements, Karlsruhe)
Kernforschungsanlage Jilich (now: FZJ)

Kernforschungszentrum Karlsruhe (now: FZK)

Kernkraftwerk Greifswald

(Greifswald Nuclear Power Plant)

Karlsruher Institut fir Technologie

(Karlsruhe Institute of Technology)

Kernkraftwerk Niederaichbach

(Niederaichbach Nuclear Power Plant)

Kernkraftwerk Rheinsberg

(Rheinsberg Nuclear Power Plant)

Kernkraftwerk Stade

(Stade Nuclear Power Plant)

Kernkraftwerk Muhlheim-Karlich

(Mihlheim-Karlich Nuclear Power Plant)
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KNK I Kompakte Natriumgekuhlte Kernreaktoranlage, Karlsruhe
(Compact sodium-cooled nuclear reactor plant, Karlsruhe)
KRB Kernkraftwerk Gundremmingen
(Gundremmingen Nuclear Power Plant)
KTA Kerntechnischer Ausschuss
(Nuclear Safety Standards Commission)
KWL Kernkraftwerk Lingen
(Lingen Nuclear Power Plant)
KWO Kernkraftwerk Obrigheim (Obrigheim Nuclear Power Plant)
KwWU Kraftwerk Union AG
KWW Kernkraftwerk Wiirgassen
(Wurgassen Nuclear Power Plant)
LAA Landerausschuss fur Atomkernenergie
(L&nder (Federal States) Committee on Nuclear Power)
LAVA Lagerungs- und Verdampfungsanlage in der Wiederaufarbeitungsanlage
Karlsruhe
(Storage and evaporation facility at the Karlsruhe reprocessing plant)
LAW Low Active Waste
LBA Luftfahrtbundesamt
(Federal Civil Aviation Authority)
LLW Low-level waste
LWR Light Water Reactor
MAW Medium Active Waste
Mg HM 10° g (1 metric ton) heavy metal
MLU Ministerium fur Landwirtschaft und Umwelt
(Ministry of Agriculture and the Environment)
MOX Mixed oxide
MTR Materialtestreaktor
(Material testing reactor)
MZFR Mehrzweckforschungsreaktor, Karlsruhe
(Multi-purpose research reactor, Karlsruhe)
NCS Nuclear Cargo + Service GmbH
NDA Nuclear Decommissioning Authority
NEA Nuclear Energy Agency
NORM Naturally Occurring Radioactive Material
NPP Nuclear Power Plant
ODL Gamma-Ortsdosisleistung
(Gamma dose rate)
OECD Organisation for Economic Co-operation and Development
PAE Projektgruppe Andere Entsorgungstechniken des Forschungszentrum Karlsruhe

(Project Group for Alternative Waste Management Techniques, Karlsruhe
Research Centre)

PFB Planfeststellungsbeschluss
(Plan approval notice)
PKA Pilot-Konditionierungsanlage, Gorleben
(Pilot Conditioning Plant, Gorleben)
PSR Periodic Safety Review
PUREX Plutonium-Uranium Recovery by Extraction
PWR Pressurised Water Reactor
REI Richtlinie zur Emissions- und Immissionsiberwachung kerntechnischer Anlagen

(Guideline concerning Emission and Immission Monitoring of Nuclear
Installations)



ReVK

RFR

Ro6V

RPV
RSK

RWTH
SKB

SSK

STEAG
StrISchv

StrvG
SUR
szL
TBL
TBL-A
TBL-G
TH
THTR
TRIGA
TSO
TU

UKAEA
UVPG

VAK
VBA
VEK
VKTA
VLLW

VSLW
WAK
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Reststofffluss-Verfolgungs- und Kontrollsystem
(Software system for the documentation, methodical tracking and management of
radioactive materials and waste)

Rossendorfer Forschungsreaktor

(Rossendorf research reactor)

Rontgenverordnung

(X-Ray Ordinance)

Reactor pressure vessel

Reaktorsicherheitskommission

(Reactor Safety Commission)

Rheinisch-Westfalische Technische Hochschule Aachen
Svensk Karnbranslehantering AB (Swedish Nuclear Fuel and Waste
Management Co)

Strahlenschutzkommission

(Commission on Radiological Protection)
Steinkohlen-Elektrizitat AG

Strahlenschutzverordnung

(Radiation Protection Ordinance)
Strahlenschutzvorsorgegesetz

(Precautionary Radiation Protection Act)

Siemens Unterrichtsreaktor

(Siemens research reactor designed for training purposes)
Standortzwischenlager

(On-site interim storage facility)

Transportbehélterlager

(Transport Cask Storage Facility)
Transportbehélterlager Ahaus

(Transport Cask Storage Ahaus)

Transportbehalterlager Gorleben

(Transport Cask Storage Gorleben)

Technische Hochschule

(Technical University)

Thorium-Hochtemperaturreaktor, Hamm-Uentrop
(Thorium High-Temperature Reactor, Hamm-Uentrop)
Training, Research and Isotope Production Facility of General Atomic (Reactor)
Technical Safety Organisation

Technische Universitat

(Technical University)

United Kingdom Atomic Energy Agency
Umweltvertraglichkeitsprifungsgesetz

(Environmental Impact Assessment Act)
Versuchsatomkraftwerk Kahl

(Experimental nuclear power plant, Kahl)

Verlorene Betonabschirmungen

(Lost concrete shieldings)

Verglasungseinrichtung Karlsruhe

(Karlsruhe vitrification plant)

Verein fur Kernverfahrenstechnik und Analytik Rossendorf e. V.
(Nuclear Engineering and Analytics Rossendorf Inc.)
Very-low-level waste

Very-short-lived waste

Wiederaufbereitungsanlage Karlsruhe

(Karlsruhe reprocessing plant)



WENRA
WGWD
WTI
WWER
ZAB

ZAW

ZfK

ZLN
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Western European Nuclear Regulators’ Association
WENRA Working Group on Waste and Decommissioning
Wissenschaftlich-Technische Ingenieurberatung GmbH
Water-cooled and water-moderated energy reactor (Soviet design)
Zwischenlager fur abgebrannten Brennstoff, Greifswald
(Interim storage facility for spent fuel, Greifswald)

Zentrale Aktive Werkstatt, Greifswald

(Central active workshop, Greifswald)

Zentralinstitut fir Kernforschung, Rossendorf

(Central Institute for Nuclear Research, Rossendorf)
Zwischenlager Nord, Greifswald

(Interim Storage Facility “Zwischenlager Nord®, Greifswald)
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Status of power and research reactors in Germany

There are currently nine power reactors in operation in Germany. These are exclusively light-water
reactors (seven pressurised water reactors and two boiling water reactors whose fuel assemblies
are composed of low-enriched uranium oxide or uranium/plutonium mixed oxide (MOX)). With the
13™ amendment to the Atomic Energy Act of 6 August 2011 as a consequence of the events in
Japan, which led to a reassessment of the risks associated with the use of nuclear energy, the
licences to operate the Biblis A and B, Neckarwestheim 1, Brunsbittel, Isar 1, Unterweser,
Philippsburg 1 and Kriimmel plants expired. For the remaining nine nuclear power plants, the
operating licences will expire between 2015 and the end of 2022. Another 12 power reactors have
already been or are in the process of being decommissioned.

There were furthermore seven prototype and demonstration nuclear power plants operated in
Germany, which have all been decommissioned. Two of these, the HDR GroRwelzheim, which was
fully removed in 1998, and the VAK Kahl, which was also removed completely in 2010, were
boiling water reactors using low-enriched uranium oxide pellets (in the VAK partly also MOX) as
fuel. Two other reactors, the AVR at Jilich and the THTR at Hamm-Uentrop, were helium-cooled
graphite-moderate high-temperature reactors in which the medium- and high-enriched fuel
consisting of uranium/thorium oxide particles was enclosed in graphite spheres. The MZFR at
Karlsruhe was a heavy-water reactor using very-low-enriched (0.85 %) uranium oxide fuel. The
Compact Sodium-Cooled Nuclear Reactor (Kompakter Natriumgekihlter Kernreaktor — KNK I) at
Karlsruhe used high-enriched uranium oxide and uranium/plutonium mixed-oxide fuel. The
Niederaichbach NPP (KKN) was in operation between 1972 and 1974 as a prototype plant with a
heavy-water-moderated and CO,-gas-cooled pressure tube reactor using natural uranium as fuel.
Its complete removal was finished in 1995; the reactor was released from regulatory supervision.

There are at present three research reactors (MTR facility BER-II at Berlin; high-flux reactor FRM I
at Garching; TRIGA reactor at Mainz), three teaching reactors and one training reactor in operation
in Germany.

Spent fuel management facilities

Facilities for the management of spent fuel in terms of this Convention are:

¢ the interim storage facilities at the nuclear power plant sites,

e the central interim storage facilities at Gorleben (TBL-G) and Ahaus (TBL-A),

e the interim storage facility “Zwischenlager Nord” (ZLN) near Greifswald for the spent fuel from
the Rheinsberg and Greifswald nuclear power plants as well as the interim storage facility at
Jilich for the spent fuel of the AVR reactor,

o the pilot conditioning plant at Gorleben (PKA).
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(1) On-site interim storage facilities

At twelve nuclear power plant sites, decentralised interim storage facilities for spent fuel have been
licenced under atomic law, constructed and commissioned. They are designed as dry storage
facilities in which transport and storage casks loaded with spent fuel are emplaced.

The interim storage facilities are cooled by passive air convection which removes the heat from the
casks without any active technical systems. The leak-tight and accident-resistant casks ensure
safe enclosure as well as the necessary degree of radiation shielding and criticality safety during
both normal operation and in the case of incidents. The heat is released into the environment by
means of cooling fins. Protection against external impacts, such as earthquakes, explosions and
aircraft crashes, is ensured by the thick walls of the casks. It was demonstrated and confirmed in
the licencing procedure that the casks are suitable for at least 40 years of storage; the licences
limit the storage period correspondingly (starting with the emplacement of the first cask). A
prolonging of the storage requires an authorisation.

(2) Interim storage facilities at Gorleben and Ahaus

Central storage facilities containing fuel assemblies from various German nuclear power plants
have been licenced at Gorleben and Ahaus. Both facilities are designed as dry storage facilities.
The Ahaus facility is additionally licenced for storage of transport and storage casks of the types
CASTOR® THTR/AVR (in all 305 casks) und MTR 2 (in all 18 casks).

It is intended to use the Ahaus interim storage facility if necessary for the storage of further fuel
assemblies from the three operating research reactors BER-Il, FRM Il and FRMZ in casks of the
type CASTOR® MTR 2. No decision about this possibility has yet been made as it is intended to
repatriate the fuel assemblies from BER-II and FRMZ as well as from the already shut-down MTR
facilities at Geesthacht and Jilich in the USA. For the FRM II, the road to the USA is not open. The
fuel assemblies are therefore also to be put in interim storage at Ahaus with a view to their disposal
in a repository. The modification of the FRM Il to use lower enriched uranium instead of high-
enriched uranium (93 % U-235) is intended for 2018. In addition, the spent fuel from the
decommissioned research reactor at Rossendorf is also stored at Ahaus.

In September 2009, the Transport Cask Storage Facility Ahaus and the Gesellschaft fir Nuklear-
Service mbH applied for the storage of nuclear fuels in form of spent fuel of the former research
reactor AVR GmbH Jillich in a total of 152 transport and storage casks of the type CASTOR®
THTR/AVR in the Ahaus interim storage facility. Furthermore they applied for the storage of high-
pressure-compacted radioactive waste (the so called CSD-C resulting from reprocessing at La
Hague) in transport and storage casks of the TGC36 type.

In November 2009, the licence according to § 7 of the Radiation Protection Ordinance (StrlSchV)
[1A-8] for the interim storage of low and intermediate level waste at Ahaus was granted. The
storage period is limited to 10 years. On 21 July 2010, first waste packages were emplaced.

The interim storage facility at Gorleben is additionally licenced for the storage of vitrified HAW
glass canisters. In January 2010, a licence for the storage of casks of the type CASTOR® HAW
28M was granted. By the end of the year, there were a total of 97 casks with vitrified waste. The
storage of other conditioned radioactive materials in waste packages in separate areas of the
interim storage facility is in preparation.

(3) Interim Storage Facility “Zwischenlager Nord” (ZLN) at Greifswald and interim storage
facility at Julich

In the interim storage facility “Zwischenlager Nord” (ZLN) at Greifswald, spent fuel from the Soviet-
type reactors at Rheinsberg and Greifswald that were shut down in 1990 is stored.

The facility furthermore accommodates spent and fresh fuel from the Compact Sodium-cooled
Nuclear Reactor Plant (KNK Il) and from the Nuclear Ship Otto Hahn. The four transport and
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storage casks of the type CASTOR® KNK were taken back from France and emplaced in the ZLN
in December 2010. The ZLN is also licenced to store vitrified waste from the Karlsruhe vitrification
plant (VEK). By the end of 2010, the about 60 m3 of HAWC solution that had been generated
during the operation of the Karlsruhe reprocessing plant (WAK) had been vitrified in 140 stainless-
steel canister at the VEK. These canisters were then placed in five CASTOR® HAW 20/28 CG
transport and storage casks and shipped to the ZLN in February 2011.

The interim storage facility at Julich, licenced until 30 June 2013, contains the spent fuel spheres
from the operation of the experimental nuclear power plant at Julich (AVR). The interim storage
facility is to be closed and the 152 stored transport and storage casks of the type CASTOR®
THTR/AVR are to be transferred into the interim storage facility at Ahaus.

(4) Gorleben pilot conditioning plant (PKA)

The reference concept for disposal of spent fuel envisages the removing the fuel rods from the fuel
assemblies in an aboveground plant, the packaging of the fuel rods in self-shielding and sealed
thick-walled casks and emplacing them in deep geological formations for disposal. In order to
demonstrate the conditioning technique, a pilot conditioning plant (PKA) was constructed at
Gorleben in the year 2000. The plant is licenced for a throughput of 35 Mg HM/a. Pursuant to the
agreement between the Federal Government and the utilities of 11 June 2001, the licencing
procedure is complete, but use of the facility is licenced only for the repair of damaged casks for
spent fuel from light-water reactors and for vitrified HAW from reprocessing as well as for the
handling of other radioactive materials. As a prerequisite for the pilot operating start the licence
requires the naming of a repository site and the qualification of the conditioning procedure.

Spent fuel management policy and practices

Germany's objective regarding the management of spent fuel has changed. Until 1994, the Atomic
Energy Act (AtG) [1A-3] included the requirement of reusing the fissile material in the spent fuel.
This requirement changed in 1994, and the operators of nuclear power stations then had the option
of either re-use by means of reprocessing, or direct disposal. Since 1 July 2005, delivery of spent
fuel from power reactors for the purposes of reprocessing has been prohibited in accordance with
an amendment to the Atomic Energy Act to this effect of 2002. Now, only the direct disposal of the
spent fuel existing and being generated in future in Germany is permissible.

For the spent fuel which until 30 June 2005 was delivered for reprocessing to France and the
United Kingdom, proof of re-use must be furnished by the licencees of the non-hazardous re-use of
the plutonium separated during reprocessing. This is designed to ensure that throughout the
remaining residual operating lives of the nuclear power plants, all separated plutonium is
processed in the fabrication of MOX fuel and thus re-used.

The remaining and in future generated spent fuel in Germany will be stored intermediately at the
sites where it was generated until such time as a repository is commissioned. An application to
construct an interim storage facility for the dry storage of fuel assemblies has been submitted for
the Obrigheim nuclear power plant under decommissioning, where a wet storage facility is
presently in operation.

As there is yet no repository available for the spent fuel, it will be stored intermediately at the sites
where it was generated; corresponding storage facilities exist as needed. Usually, the spent fuel
from research reactors will be returned to its country of origin. If this is not possible, these too will
be intermediately stored until their final transportation to the repository.

There are conceptual considerations regarding the design of a repository. The concept of direct
disposal provides that following interim storage of several decades, spent fuel will be packed into
containers suitable for disposal and that these will be sealed leak-tight and emplaced in drifts or
boreholes in deep geological formations. The prototype of a facility for packaging spent fuel in
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containers suitable for disposal has been built. The aim is to commission a repository around the
year 2035.

In Germany, a total of 13 471 Mg HM in the form of irradiated fuel assemblies have been
generated by the end of 2010. Of these, a total of 6 801 Mg HM are in local storage at the NPP
sites, i.e. in the fuel pools, or in the centralised or decentralised interim storage facilities;
6 343 Mg HM were reprocessed mostly in other European countries, and 327 Mg HM were
otherwise disposed of.

Radioactive waste management policy and practices

Only stable (or fixed) radioactive waste will be accepted for disposal in deep geological formations;
liquid and gaseous waste is excluded from acceptance. The controlled, safe disposal of radioactive
waste therefore requires its conditioning.

Conditioning comprises several stages, depending on the quality and nature of the raw waste.
After targeted collection or grading (where necessary), the raw waste may first be pre-treated and
then either processed into interim products or directly into packages suitable for storage or
disposal.

Proven methods and reliable mobile or stationary installations already exist for the pre-treatment
and conditioning of radioactive waste. Mobile conditioning installations are the preferred choice for
the treatment and packaging of operational waste from nuclear power plants. Stationary
installations which are capable of conditioning various different types of raw waste tend to be used
primarily in the major research centres; there are also a number of other stationary conditioning
installations which are operated on site by the respective waste generators.

In addition to German facilities, facilities in other European foreign countries are also utilised for
waste management. Radioactive waste generated from the operation of nuclear installations is
delivered to Sweden for conditioning and subsequently returned to Germany. Waste from the
reprocessing of spent fuel from German power reactors is conditioned in France and the United
Kingdom (e.g. vitrification of the high-level fission product solutions) and are then also returned to
Germany.

Both centralised and decentralised storage facilities are available for the interim storage of
radioactive waste with negligible heat generation from nuclear power plants and the nuclear
industry. For waste generated from the use and handling of radioisotopes in research, industry and
medicine, Land collecting facilities operated by the Lander are available for interim storage.

For the interim storage of heat-generating radioactive waste, decentral and central interim storage
facilities are available as well; the waste from the reprocessing of spent fuel of German utilities in
France and the UK is stored at two centralised storage facilities at Gorleben and Ahaus. In
addition, heat-generating radioactive waste is stored at research institutions and, to a low extent,
also in Land collecting facilities.

Compliance with the waste acceptance requirements is verified within the scope of the product
control procedure. Here, the waste acceptance requirements for disposal as they apply to the
licenced Konrad repository, which is currently under construction, are the relevant criteria. The
product control measures refer to already conditioned waste as well as to radioactive waste to be
conditioned in future. They are devised such that a reliable detection of waste packages that are
not in compliance with the specifications is ensured.

In Germany, a total of 96 513 m3 of conditioned waste with negligible heat generation were in
storage at the end of 2010, stemming mainly from research institutions, nuclear power plants and
the nuclear industry, including reprocessing, as well as from the medical sector and other
industries. As for heat-generating, conditioned radioactive waste, a total of 673 m3 of mainly
vitrified high-active waste from reprocessing as well as 1252 m3 of interim products from
decommissioned nuclear power plants (irradiated fuel spheres from the Hamm-Uentrop nuclear
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power plant) are in storage. Between 1967 and 1978, a total of 124 494 waste packages holding
low-active waste were emplaced in the Asse Il mine, partly with so-called “lost concrete shieldings”
with higher activities, and 1 293 drums holding medium-active waste were also emplaced. In the
Morsleben repository for low-level and medium-level radioactive waste (ERAM), some 36 753 m®
of solid waste with comparatively low concentrations of alpha emitters and 6 617 sealed radiation
sources were emplaced.

Classification of radioactive waste

In Germany, the intention is that all types of radioactive waste should be stored in deep geological
formations. This applies to waste from reprocessing of spent fuel from German nuclear power
plants at facilities in other European countries, as well as to waste from the operation and
decommissioning and/or dismantling of commercially operated nuclear facilities, as well as waste
originating from the use of radioisotopes in research, trade, industry and medicine. The intention to
dispose of all types of radioactive waste in deep geological formations also makes it unnecessary
to differentiate between waste containing radionuclides with comparatively short half-lives and
waste containing radionuclides with comparatively long half-lives. As such, there are no measures
or precautions required in order to separate the radioactive waste generated in this way.

In order to meet the requirements concerning the registration and categorisation of radioactive
waste from the point of view of disposal, the authorities have chosen to distance themselves from
the terms LAW, MAW and HAW and opted instead for a new categorisation: Initially, waste is
subjected to a basic subdivision into

e heat-generating waste and
¢ waste with negligible heat generation

followed by a detailed classification according to the categorisation scheme established for this
purpose. This basic subdivision into heat-generating waste and waste with negligible heat
generation was implemented with particular regard for repository-relevant aspects.

Heat-generating radioactive waste is characterised by high activity concentrations and therefore by
high decay heat output; this waste includes in particular the fission product concentrate, hulls,
structural components and feed sludge from the reprocessing of spent fuel assemblies, and the
spent fuel itself if there are no plans to reprocess it but instead to dispose it of as radioactive
waste. All heat-generating waste from the reprocessing of German LWR spent fuel at La Hague
and Sellafield is vitrified and filled into canisters (gross volume 180 litres, filling quantity 150 litres).

Waste  with  clearly lower activity concentrations from the  operation and
decommissioning/dismantling of nuclear installations and facilities as well as from the application of
radioisotopes is classified among the radioactive waste with negligible heat generation. This
encompasses e.g. disused plant components and defective components such as pumps or piping,
ion exchange resins and air filters from waste water and exhaust air decontamination and
contaminated tools, protective clothing, decontamination and cleaning agents, laboratory waste,
sealed radiation sources, sludges, suspensions and oils.

This classification makes it possible, in particular, to register the data for waste/waste packages
required for description and characterisation, and therefore ensures the necessary degree of
flexibility with respect to waste generated in future, as well as any changes/new developments in
conditioning. It subdivides the different waste streams according to origin, waste container,
immobilisation and waste type. With regard to the origin of the radioactive waste a distinction is
strictly made between different waste producers. Cast-iron containers, concrete containers or box-
shaped containers are predominantly used for packaging radioactive waste, whilst glass and
cement/concrete are widely used for the purposes of immobilisation. This categorisation scheme
allows the description of radioactive waste to be systematised in a way which fulfils the
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requirements for proper registration and description of all existing waste and waste generated in
the foreseeable future.

Responsibilities in the area of spent fuel and radioactive waste management

The management of spent fuel and radioactive waste is based on the polluter-pays principle.
According to 8 9a, para. 1 AtG [1A-3], the producers of residual radioactive material are required to
ensure their non-hazardous recycling or their orderly disposal as radioactive waste. This also
means that, as a general principle, the producers are responsible for the conditioning and interim
storage of the spent fuel and the radioactive waste.

According to 8 9a, para. 2 AtG, as a general principle, anyone possessing radioactive waste must
deliver it to a repository or to a Land collecting facility. When delivering radioactive waste to a Land
collecting facility, the ownership is transferred to this facility. Thus, the responsibility for
conditioning is assumed by the operator of the Land collecting facility. According to § 9a, para. 3
AtG, the Lander are required to establish Land collecting facilities for the storage of radioactive
waste generated within their territory. The producers of radioactive waste generated from the use
of nuclear energy are responsible for its interim storage and conditioning.

According to 8§ 9a, para. 3 AtG, the Federation required to establish radioactive waste repositories.
According to 8§ 23 AtG, the BfS is responsible for the planning, construction and operation of
radioactive waste repositories as well as for the compliance with the legal requirements and the
requirements stipulated in the licence. The other waste management facilities are supervised by
the Lander within the frame of federal executive administration.

The licences for waste management facilities, with the exception of interim storage facilities for
nuclear fuel, are granted by the Lander. Interim storage facilities for nuclear fuel are licenced by
the BfS.

Funding of spent fuel and radioactive waste management

The polluter-pays principle also applies to the funding of the disposal of spent fuel and radioactive
waste. Regarding the disposal of spent fuel and radioactive waste and for the actual
decommissioning of nuclear installations, the respective private operators are obligated to build up
sufficient financial reserves. The public operators set aside the corresponding funds for dismantling
and decommissioning in their respective current budgets.

The necessary expenditures of those obliged to hand over the waste to plan and construct a
repository are refinanced by the Federation via advance payments on contributions. The use of
repositories and Land collecting agencies is refinanced via charges and fees that the delivering
parties have to pay.

As the continued monitoring of a repository after its closure is a federal task, the funds necessary
for this purpose are provided by the Federation.

Legislative and regulatory framework in the area of spent fuel and radioactive waste
management

The Federal Republic of Germany is a Federal State. The responsibilities for law-making and law
enforcement are assigned differently to the organs of the Federation and the Lander according to
the respective regulatory duties. Specifications are regulated by the provisions in the Basic Law of
the Federal Republic of Germany.

The legislative competence for the use of nuclear energy for peaceful purposes lies with the
Federal Government. The further development of nuclear law is also a task of the Federal
Government. The Lander will be involved in the procedure dependent on the subject matter.
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The Atomic Energy and the statutory ordinances based thereon are implemented by authorities of
the Federation and the Lander, with many tasks related to the execution performed by the Lander
on behalf of the Federal Government. With respect to the lawfulness and appropriateness of their
action, the competent Land authorities are subject to the oversight by the Federal Government.

Assurance of the safe handling of disused sealed sources

Nearly 100 000 of sealed sources are used in research, trade, industry, medicine and agriculture in
Germany. The most common fields of application for sealed sources in industry are the calibration
of measuring devices, materials testing, exposure and sterilisation of products, as well as level and
density measurement. In medicine, the sealed sources are mostly used for radiotherapy and for
the irradiation of blood. The radionuclides in sealed sources are mostly Co-60, Ir-192, Cs-137,
Sr-90 and Am-241 whose activity reaches some kBq for test and calibration emitter and some TBq
of radioactive sources for irradiation facilities. In Germany, the safety of disused sealed sources is
ensured by a legal framework in accordance with European and international legal standards and
by an extensive system of licencing and supervision. In the majority of the very rare cases of lost or
found so-called “orphan sources” in Germany, radioactive sources of low activity are concerned.
Loss and discovery of radioactive materials are recorded in the annual reports of the BfS.

Re-entry of disused sealed sources

According to § 69, para. 5 StrlISchV [1A-8], high-active radioactive sources that are disused or for
which no further use is intended have to be transferred to the manufacturer, the carrier or another
licencee or have to be handed over as radioactive waste or kept in interim storage. Recycling of
disused radiation sources after their return is also possible in principle, e.g. at the manufacturer's
or by another authorised company possessing an appropriate licence. The previous user is
therefore not allowed to continually keep a source after termination of its use. This is intended to
prevent forgetting about a disused radiation source, which might then be managed without
precautionary measures. The manufacturer and the carrier of high-active radioactive sources are
obliged to take back these sources or have to ascertain that they are taken back by third parties,
as has been outlined above.

Disused sealed sources may only be returned to Germany as other radioactive material if the
delivery is exclusively to the manufacturer of supplier who fulfils the above-mentioned
requirements or if the recipient can demonstrate that he will either continue to use them as
licenced radiation sources or recycle them.

Shipment within the EU is not subject to licencing requirements. Transboundary shipment within
the EU is regulated by Directive 1493/93/EURATOM [EUR 93]. With respect to sealed radiation
sources, the prior notice of the competent authority based on a declaration of the addressee is
essential (in Germany: the Federal Office of Economics and Export Control (Bundesamt flr
Wirtschaft und Ausfuhrkontrolle, BAFA)). The competent authority of the country of destination
must also be notified of the completion of the shipment. As far as transboundary shipment is
subject to legal requirements for licencing or notification, e.g. for re-entry of a radiation source from
a non-EU country, the competent authority according to 8§ 22 AtG [1A-3] is the BAFA.

Main developments in Germany since the Third Review Meeting

With the amendment of the AtG of 17 March 2009 it was stipulated that for the operation and
closure of the Asse Il mine in the future the provisions of the Atomic Energy Act on repositories of
the Federation shall apply (88 23 and 57b AtG [1A-3]). The Federal Office for Radiation Protection
as a new operator will be both responsible for the closure of the Asse Il mine in the context of a
nuclear plan approval procedure in accordance with § 9b AtG and for continued operation of the
installations until its closure; the continued operation does not require the performance of a plan
approval procedure.
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The 11™ amendment to the Atomic Energy Act of 8 December 2010 extended the operating life of
the nuclear power plants in operation at that time by an average of twelve years. With the 13"
amendment to the Atomic Energy Act of 6 August 2011 as a consequence of the events in Japan,
which led to a reassessment of the risks associated with the use of nuclear energy, the licences to
operate the plants BiblisA and B, Neckarwestheim 1, Brunsbuittel, Isar 1, Unterweser,
Philippsburg 1 and Krimmel expired. For the remaining nine nuclear power plants, the operating
licences will expire between 2015 and the end of 2022.

The 12" amendment to the Atomic Energy Act — also of 8 December 2010 — introduced the
obligation to conduct regular reviews and assessments of the safety of other nuclear installations,
as e.g. local interim storage facilities, on the basis of Council Directive 2009/71/EURATOM of the
European Union of 25 June 2009. Up to now, this obligation has only been applicable to nuclear
power plants.

Germany will rapidly transpose COUNCIL DIRECTIVE 2011/70/EURATOM of 19 July 2011
establishing a Community framework for the responsible and safe management of spent fuel and
radioactive waste [EUR 11] into national law.

The 60 m3 of liquid high active fission product solutions from the operation of the Karlsruhe
reprocessing plant were vitrified in the period from September 2009 to June 2010 at the Karlsruhe
Vitrification Plant (VEK). 140 canisters were produced from vitrification and subsequent flushing. At
the end of November 2010, the vitrification plant was again shut down after successful and
complete fulfilment of its task. The five casks of type CASTOR® HAW 20/28 CG filled with
canisters were transferred to the interim storage facility “Zwischenlager Nord” (ZLN) of the EWN
GmbH at Lubmin near Greifswald in February 2011.

Requirements for Germany resulting from the Third Review Meeting
(Rapporteur's Report 2009)

The Rapporteur's Report to the Third Review Meeting 2009 summarises the planned measures for
improving safety as well as the as yet outstanding requirements that were identified as a result of
the German presentation before the Country Group. The progress made with these points during
the review period is described in the following.

(1) Planned measures to improve safety

o Adoption of the “Safety Requirements Governing the Final Disposal of Heat-Generating
Radioactive Waste”

The BMU has developed safety requirements for the disposal of heat-generating radioactive waste
in Germany in accordance with the current international recommendations and standards on
radiation protection and disposal of radioactive waste. The safety requirements put the state of the
art in science and technology in concrete terms that is to be complied with regarding the
construction, operation and closure of a repository for heat-generating waste and to be reviewed
within the plan approval procedure by the respective licencing authority. The “Safety Criteria for the
Final Disposal of Radioactive Wastes in a Mine” were adopted by the Lander Committee for
Nuclear Energy (LAA) on 30 September 2010 and replace the “Safety Criteria for the Permanent
Storage of Radioactive Wastes in a Mine” published in 1983.

e Progress in the decision for developing a repository for heat-generating radioactive waste

After the expiry of the moratorium on 30 September 2010, the underground exploration work at the
Gorleben salt dome was resumed. In parallel, a preliminary safety analysis for the salt dome is in
progress. The assessments on the preliminary safety analysis are to be performed in accordance
with the “Safety Requirements Governing the Final Disposal of Heat-Generating Radioactive
Waste” of the BMU of 30 September 2010. The results of the preliminary safety analysis are
expected to be available in 2012 and will be subjected to an international peer review process in



Summary -29-

2013 to review the safety assessment according to the state of the art in science and technology,
and to document this review in a traceable and transparent manner. The decision on further
actions will be taken on the basis of the resulting knowledge and assessments of the salt dome.

e Closure of the Asse Il mine

Since 1 January 2009, the Federal Office for Radiation Protection (BfS) has been the operator of
the repository mine Asse Il. This was preceded by the decision of the Federal Government of
5 November 2008, to transfer the Asse Il mine, which had so far been operated according to
mining law, to the area of application of nuclear law and to operate it in future as a radioactive
waste repository according to 8 9a of the Atomic Energy Act (AtG) [1A-3]. The BfS was charged
with taking over the facility on 1 January 2009 from Helmholtz Zentrum Miinchen — Deutsches
Forschungszentrum fur Gesundheit und Umwelt (HMGU), and operating and closing it according to
the provisions applying to repositories. As an administrative assistant for the BfS, the federally
owned Asse-GmbH was founded who is operating the mine on behalf of the BfS. Within the
framework of a comparison of three closure options, the BfS examined how the Asse Il mine can
be safely closed. The options considered were the retrieval of the radioactive waste, the internal
relocation of the radioactive, and the complete backfiling of the mine. As a result of the
comparison of options, the BfS concluded that, taking the present state of knowledge into account,
the preferred closure option would be the complete retrieval of the waste, since, at present, the
long-term safety case can only be established for this variant. On 21 April 2011, the Lower Saxony
Ministry for the Environment and Climate Protection granted the licence for drilling into two
representative emplacement chambers upon application of the BfS for further fact finding.

o Development and presentation of a national waste management programme

Germany will rapidly transpose Council Directive 2011/70/EURATOM of 19 July 2011 establishing
a Community framework for the responsible and safe management of spent fuel and radioactive
waste into national law. A national programme in compliance with the Directive that includes
comprehensive measures for the sustainable management of radioactive waste and irradiated fuel
assemblies already existing and expected to arise in future will be presented within the timeframe
specified by the Directive, presumably in 2015.

o Update of the German rules and regulations on the decommissioning of nuclear installations
and on the interim storage of spent fuel following the WENRA process

The review of the relevant German rules and regulations for the interim storage of spent fuel and
radioactive waste, concluded in 2009 within the framework of the Western European Nuclear
Regulator's Association (WENRA), showed that there are differences compared to the safety
reference levels of the WENRA in the regulatory equivalence of the subject areas management
system, emergency planning and periodic safety review requiring adaptations of the German non-
mandatory guidance instruments. The respective national action plan has been prepared. In a first
step, the Nuclear Waste Management Commission (ESK) developed recommendations in 2010 for
guides to the performance of periodic safety reviews for irradiated fuel assemblies and heat-
generating radioactive waste. The revision of the safety guidelines for interim waste storage
facilities and for dry interim storage of irradiated fuel assemblies in storage casks by the ESK takes
place in 2011 and 2012.

e Planned revision of clearance levels

Due to the changes in waste law, the clearance levels for the clearance of waste for disposal
(dumping and conventional waste incineration) were revised. It is planned to make these
mandatory in the forthcoming amendment of the Radiation Protection Ordinance.
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(2) Still existing requirements from earlier Rapporteur's Reports

e Repository concept and siting for heat-generating waste

The commissioning of a repository in deep geological formations for the disposal of heat-
generating radioactive waste is planned for around the year 2035. Exploration of the Gorleben salt
dome was continued again in October 2010. It is expected that the exploration activities will come
to an end around the year 2020, with a final statement on the site's suitability.

¢ Konrad: conversion of the mine into a repository

The Konrad mine has been licenced as a repository for radioactive waste with negligible heat
generation. The plan approval decision notification for the Konrad repository served on 22 May
2002 became legally valid on 26 March 2007 following the dismissal of claims and rejection of
appeals launched against it.

The conversion of the Konrad mine into a repository for radioactive waste with negligible heat
generation has begun in the meantime. Preparatory measures have been carried out at the
building sites, such as the search for unexploded ordnance and the removal of industrially
contaminated soil layers. The planned demolition of old structures with no further use has been
completed.

The building site installations and the first structures (underground media ducts, foundations of
new buildings) are already in place within the grounds of the Konrad repository. The necessary
structural refurbishment of the Konrad 1l and 2 mines is largely complete; excavation of
underground side chambers and the first emplacement chamber has begun. Underground, work to
overhaul the large vehicles as well as the hauling and transport machinery is pushed on. Parts of
the emplacement area are currently being prepared.

Comprehensive competitive tendering procedures were prepared and tenders invited. At the
present stage, construction of the repository is not expected to be complete before 2019.

The work in connection with the construction of the Konrad repository also includes the adaptation
to the “Konrad Waste Acceptance Requirements for Final Disposal’. These include above all the
consideration of additional waste-specific provisions from the plan approval notice and the
expansion of the radionuclide spectrum.

o Asse Il Mine: stabilisation of the underground workings to ensure radiological long-term safety;
performance of a safety analysis

After having taken over the operatorship on 1 January 2009, the BfS first performed measures to
improve stability and precautionary measures regarding the influent solutions. In addition, an
emergency planning was set up for the case that the inflow of solutions reaches an uncontrollable
level.

As part of the measures for hazard control, the complete filling of the remaining cavities in the
former mine workings of the southern flank, where no radioactive waste has been emplaced, was
initiated. At the time of taking over of the operatorship, nearly all mine workings of the southern
flank were filled with salt rock (crushed salt). However, adequate stabilisation could not be
achieved this way, since crushed salt has a high proportion of trapped air. Compression
(compaction) of the injected material led to the formation of horizontal clefts at the roofs of the mine
workings with an average height of 35 cm. Since 2009, these remaining cavities have been
successively filled with a special type concrete consisting of rock salt, magnesium oxide and
magnesium chloride solution (Sorel concrete). The aim of the measure is to slow down rock
deformation thus improving the safety situation. Emplacement areas have not been affected by the
backfilling measures taken so far. Since 8 July 2010, the Assell mine has a licence for the
handling of radioactive substances pursuant to 8§ 7 StriISchV [1A-8] for keeping the mine open.
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e Final closure of the Morsleben repository and sealing of the emplacement chambers

Between 1971 and 1992, low- and medium-active waste from nuclear power plants as well as
waste from research, medical and industrial application was emplaced in the Morsleben final
repository for radioactive waste (ERAM). Also stored beside the radioactive waste emplaced there
are sealed sources and low amounts of solid medium-active waste. Within the framework of the
plan approval procedure for decommissioning, an application was made to move this waste to a
repository.

Meanwhile, documents for the plan approval procedure for the backfilling and sealing of the
Morsleben repository have been submitted to the competent licencing authority, the Ministry of
Agriculture and the Environment of Saxony-Anhalt (MLU), and laid down for public inspection.
Within the procedure for the planned closure of the ERAM, all citizens have the possibility to
inspect the documents for the closure applied for from 22 October 2009 to 21 December 2009 and
to raise objections at the MLU. After expiry of this period, the objections received will be examined
and finally discussed in a public hearing conducted by the MLU. The MLU plans to conduct this
hearing in the period from 13 October to 10 November 2011.

Parallel to the involvement of the general public in the plan approval procedure, the further
planning of the decommissioning of the ERAM are also pushed on. These also comprise an “in-
situ” experiment relating to the sealing structure in the salt rock as well as hazard control measures
on the basis of mining-law-related licences. This is to ensure the stability of the mine by backfilling
cavities in the central part of the mine. As part of this measure, 24 workings with a total cavity
volume of about 914 500 m? had been backfilled by the end of 2010. The intention is to bring the
plan approval procedure for the closure of the facility to a conclusion in 2014 and subsequently
start with the sealing of the repository.

¢ Rules for financing spent fuel and radioactive waste management to guarantee transparency

The management of spent fuel and radioactive waste is based on the polluter-pays principle. The
generators of residual radioactive materials have to ensure that these are re-used in a non-
hazardous manner or properly disposed of as radioactive waste. This means that on principle the
generators have to take care of the conditioning and interim storage of spent fuel and radioactive
waste.

The polluter-pays principle also applies to the funding of the disposal of spent fuel and radioactive
waste. Regarding the disposal of spent fuel and radioactive waste and for the actual
decommissioning of nuclear installations, the respective private operators are obligated to build up
sufficient financial reserves. The public operators set aside the corresponding funds for dismantling
and decommissioning in their respective current budgets.

The necessary expenditures of those obliged to hand over the waste to plan and construct a
repository are refinanced by the Federation via advance payments on contributions. The use of
repositories and Land collecting agencies is refinanced via charges and fees that the delivering
parties have to pay.

As the continued monitoring of a repository after its closure is a federal task, the funds necessary
for this purpose are provided by the Federation.
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A. Introduction

A.l. Structure and content of the report

The Federal Government will continue to meet Germany’s existing international obligations,
particularly with regard to fulfilment of the Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste Management. In submitting this report,
Germany is demonstrating its compliance with the Joint Convention and how it ensures the safe
operation of facilities for the management of spent fuel and radioactive waste, including the
decommissioning of nuclear installations. At the same time, there is also still a need for future
action in order to continue maintaining the required high standards of safety and ensure disposal.

The report to the Joint Convention follows the guidelines on form and structure of national reports.
As such, it is divided into sections which address the individual articles of the Convention as
prescribed in the guidelines. An introduction considering the historical and political development of
nuclear power use is followed by a comment on each individual obligation. Statements made in the
report tend to be of a generic nature, although plant-specific details are given wherever necessary
in order to illustrate compliance with the requirements of the Convention.

In order to demonstrate compliance with the obligations, explanatory comments are given on the
pertinent national laws, ordinances and standards, and descriptions are provided of the manner in
which essential safety requirements are met. In the current national report, special emphasis is
placed on describing the licencing procedure and state supervision, as well as the measures
applied by the operators at their own responsibility for maintaining an appropriate standard of
safety.

The annexes to the report contain a list of nuclear facilities currently in operation as defined by this
Convention with their safety-relevant design characteristics, a list of installations in the process of
decommissioning and dismantled installations, plus a comprehensive list of the legal and
administrative provisions, statutory regulations and guidelines in the field of nuclear power which
are relevant to the safety of the facilities as defined by this Convention and which are referred to in
this report.

The fourth German national report does not merely include modifications of the previous reports
but provides an integrated overall description. Any major amendments since the report for the third
Review Meeting in May 2009 are summarised at the beginning of the respective sections in an info
box (Developments since the third Review Meeting).

The information provided by the report applied as at the deadline of 31 March 2011 unless
expressly specified otherwise.

The fourth German report under the Joint Convention on the Safety of Spent Fuel Management
and on the Safety of Radioactive Waste Management was jointly revised and updated by
organisations dealing with the safe disposal of spent fuel and radioactive waste in Germany. These
are the nuclear regulatory authorities of the Federation and the Lander, supported by expert
organisations, as well as the energy utilities as important waste generators, involved by a
representative of their joint most important service provider, Gesellschaft fir Nuklear-Service
(GNS) mbH. The report was approved by the Federal Cabinet at its meeting on 31 August 2011.

According to the national regulations of the Federal Republic of Germany, which are in line with the
international requirements, the residual materials generated from former uranium ore mining are
not counted among the radioactive waste, which is why these activities are - as in the National



A Introduction -34 - Structure and content of the report

Report for the second and third Review Meeting - presented in a separately annexed report
describing the status of the ecological restoration as at the end of the year 2010.

To justify this procedure, reference is made to the fact that according to § 118 of the Radiation
protection Ordinance (StrlISchV) [1A-8] pursuant to Art. 9, para. 2 in conjunction with Ann. 11,
Chapter XIl, Section Ill nos. 2 and 3 of the Unification Treaty of 31 August 1990 (Federal Law
Gazette 1l 1990, p. 885) [1A-4] individual regulations of the former GDR shall continue to apply in
new Lander to the ecological restoration of the legacies of former workings as well as to the
decommissioning and ecological restoration of the operational installations and sites of uranium
ore mining if any radioactive materials, especially the decay products of radon, are present. These
regulations are:

o the Ordinance on the Guarantee of Atomic Safety and Radiation Protection (VOAS) of
11 October 1984 together with the implementing regulation regarding the Ordinance on the
Guarantee of Atomic Safety and Radiation Protection, and

e the Regulation for Guaranteeing Radiation Protection in Connection with Heaps and Industrial
Tailings Ponds and the Use of Materials Deposited there (HaldenAO).

Compared with other regulations on radioactive waste, both ordinances ensure a different
treatment, taking into account the slight radioactivity and the special characteristics of the former
Wismut workings and the current Wismut ecological restoration actions. Materially, radiation
protection is fully taken into consideration.

Such an approach is necessary as the StrISchV can only be applied with restrictions or not at all to
ecological restoration in the area of former mining activities. The VOAS is based in its radiation
protection principles on the recommendations of the International Commission on Radiological
protection (ICRP 26 of 1977 and ICRP 32 of 1981). Regarding the classification of the materials
generated at the uranium ore mining locations and other legacies (contaminated sites), it is
necessary that the terminology and exemption limits of the above-mentioned regulations of the
former GDR be used due to their continued application. In the case of heap materials and tailings
as well as other waste materials at the Wismut sites and the contaminated sites of uranium ore
mining, the generated waste is generally not radioactive waste according to the VOAS or the
implementing regulation regarding the VOAS. More detailed technical explanations regarding these
regulations were already provided in the report and the answers for the second Review Meeting in
2006.

A national legal consideration of the residues from uranium ore mining and processing according to
the regulations of the VOAS and the HaldenAO does not contradict the requirements or the
purpose of the Joint Convention. What is essential for reaching the objectives of the Convention
(Chapter 1, Art. 11 to iii) and their review is a transparent structure of the measures. This
transparency is to be ensured by the respective National Reports. In its previous reports, Germany
provided comprehensive information at the Review Meetings on the ecological restoration activities
and the progress made; the intention is to keep doing so. The only difference to other views which
hold that information in this respect is mandatory is that the accounts are given not as part of the
National Report but rather in a separately annexed report. This approach does not, however, mean
that those Contracting Parties which interpret the purpose of the Joint Convention differently from
Germany are denied any information that they need for the mutual verification of whether the
safety objectives formulated in the Joint Convention have been reached.
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A.2. Historical development

Beginnings of the use of nuclear energy in Germany

In the Federal Republic of Germany, research and development in the field of the civil use of
nuclear energy began in 1955 after the Federal Republic of Germany had officially renounced the
development and possession of nuclear weapons. The research and development programme was
based on intensive international co-operation and included the construction of several prototype
reactors, as well as the elaboration of concepts for a closed nuclear fuel cycle and for the disposal
of radioactive waste in deep geological formations.

In 1955, the Federal Government established the Federal Ministry for Nuclear Affairs and Germany
became a founder member of the European Atomic Energy Community (EURATOM) and the
Nuclear Energy Agency (NEA) of the OECD. With the aid of US manufacturers, German power
plant manufacturers began to develop commercial nuclear power plants (Siemens/Westinghouse
for PWR, AEG/General Electric for BWR).

In subsequent years, the following nuclear research centres were founded in West Germany:

1956 in Karlsruhe (Kernforschungszentrum Karlsruhe, KfK, now Karlsruhe Institute of
Technology (KIT),

in Julich (Kernforschungsanlage Jiilich, KFA, now Forschungszentrum Jilich, FZJ),

in Geesthacht (Gesellschaft flir Kernenergieverwertung in Schiffoau und Schifffahrt,
GKSS, now Helmholtz-Zentrum Geesthacht Centre for Materials and Coastal Research),

1959 in Berlin (Hahn-Meitner-Institut fur Kernforschung, HMI, now Helmholtz-Zentrum Berlin),
in Hamburg (Deutsches Elektronen-Synchrotron, DESY)

1964 in Neuherberg near Munich (Gesellschaft fir Strahlenforschung, GSF, now Helmholtz
Zentrum Minchen - German Research Centre for Environmental Health)

1969 in Darmstadt (Gesellschaft fur Schwerionenforschung, GSI).

Many universities were equipped with research reactors. The FRM research reactor at Garching
was the first to go critical on 31 October 1957, and the most recent licence was granted on 2 May
2003 (3" partial licence for the operation) for the FRM Il research reactor at the same site. The
operation was started in the year 2004.

Construction of power reactors in the Federal Republic of Germany

In 1958, the first German nuclear power plant, the 16 MWe experimental nuclear power plant
(VAK) in Kahl, was ordered from General Electric and AEG, and became operational in 1960.
Between 1965 and 1970, this was followed by further orders for power reactors with 250 -
350 MWe and 600 - 700 MWe respectively.

In the years that followed, larger power reactors (PWRs and BWRs) of the 1 300 MWe class were
built, the last of which commenced operation in 1989. The capacity of almost all new reactors has
meanwhile been increased to over 1 400 MWe.

In the 1950s, West Germany likewise began to independently develop reactors, with close
collaboration between the nuclear research centres and industry. This led to the construction of a
number of prototype and demonstration power plants. Worth mentioning in this connection are the
order placed in 1958 with BBK/BBC for the experimental 15 MWe Arbeitsgemeinschaft
Versuchsreaktor (AVR) high temperature pebble-bed reactor at the former Jilich Nuclear
Research Facility, and the order placed in 1961 with Siemens for the 57 MWe multi-purpose
research reactor (MZFR), a heavy water PWR. As early as 1960, the experimental nuclear power
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plant Kahl started operation as the first nuclear power plant in the Federal Republic of Germany,
followed in 1966 by the nuclear power plant Gundremmingen A (KRB-A) as the first commercial
boiling water reactor, and in 1968 the nuclear power plants in Lingen (KWL) and Obrigheim
(KWOQO). Development work on a fast breeder at the former Karlsruhe Nuclear Research Centre
also began in the early Sixties. This was later followed by the construction of two prototypes, a high
temperature pebble-bed reactor on the basis of thorium (Thorium High Temperature Reactor —
THTR 300) and a fast breeder (SNR 300), each with a capacity of 300 MWe. The THTR was shut
down after six years of operation (1983 until 1989) and is currently in safe enclosure; the spent fuel
is stored in the Ahaus Transport Cask Storage. Although the SNR was completed, it was never
loaded with spent fuel. The SNR fuel that had been produced already is being processed in France
into mixed-oxide (MOX) fuel for light water reactors.

Construction of power reactors in the former GDR

In 1955, the GDR began developing its nuclear programme for the peaceful use of nuclear energy,
and was supported by the Soviet Union. In 1956, the Central Institute for Nuclear Research (ZfK)
was founded in Rossendorf near Dresden, where a research reactor supplied by the Soviet Union
started operation in 1957. At the turn of 1991/1992, the facilities went into the ownership of the
FZR Rossendorf Research Centre (now Forschungszentrum Dresden-Rossendorf e. V. (FZD))
(research tasks) and Nuclear Engineering and Analytics Rossendorf Inc. (Verein fir
Kernverfahrenstechnik und Analytik Rossendorf e. V. — VKTA) (operation of nuclear installations).

The first commercial reactor - a 70 MWe pressurised water reactor of Soviet design - was built in
Rheinsberg and reached criticality in 1966. It was decommissioned on 1 June 1990. Between 1973
and 1989, five pressurised water reactors, four of the WWER-440/230 type and one of the
WWER-440/W-213 type, started operation in Greifswald. During the course of German
reunification, all these five reactors were shut down and are now being dismantled. At the same
time, the construction of five further WWER reactors at Greifswald and Stendal was discontinued.

Political development since 2000

In 1998, the former Federal Government agreed to phase out the use of nuclear power for the
commercial generation of electricity.

The Act on the structured phase-out of the utilisation of nuclear energy for the commercial
generation of electricity of 22 April 2002 [1A-2], based on the agreement between the Federal
Government and the utilities of 11 June 2001 [BUN 00], established new boundary conditions for
the use of nuclear energy in Germany. The structured phase-out was formulated as one of the
purposes of the Atomic Energy Act (AtG) [1A-3]. The starting point for a gradual phase-out of the
operation of the nuclear power plants was an average operating lifetime of 32 years. Other parts of
the Atomic Energy Act that are relevant for the Joint Convention are as follows:

e The reprocessing of spent fuel from power reactors is abandoned and replaced instead by the
direct disposal of the spent fuel. Since 1 July 2005, delivery of spent fuel to other European
countries for reprocessing has been ended, spent fuel is kept on the premises of the nuclear
power plants in interim storage facilities until their delivery to a federal facility for the disposal of
radioactive waste.

e Suitable precautionary measures have to be taken for the nuclear fuels returned from
reprocessing. It has to be demonstrated in particular that the separated plutonium can be
recycled in the German nuclear power plants. This evidence is provided by presenting
corresponding plans for the use of plutonium.

e The whereabouts of the waste resulting from reprocessing have to be documented with
evidence.
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e The requirements for the kind and contents of the verifications have been put in concrete terms
by corresponding provisions in the Atomic Energy Act.

The 11"™ amendment to the Atomic Energy Act of 8 December 2010 extended the operating life of
the nuclear power plants by an average of twelve years. With the 13" amendment to the Atomic
Energy Act of 6 August 2011 as a consequence of the events in Japan, which led to a
reassessment of the risks associated with the use of nuclear energy, the licences to operate the
plants Biblis A and B, Neckarwestheim 1, Brunsbiittel, Isar 1, Unterweser, Philippsburg 1 and
Krimmel expired. For the remaining nine nuclear power plants, the operating licences will expire
between 2015 and the end of 2022.

Current situation

Reactors with a lower capacity from the early years of nuclear power use have meanwhile been
taken out of operation, and are in different stages of decommissioning. Three of them have been
dismantled and the land recultivated. Four larger power reactors have likewise been deactivated.
Dismantling at Wirgassen is far advanced, whilst in the case of Muilheim-Karlich it has been
started in 2004. Dismantling of the Stade nuclear power plant is also far advanced, and several
decommissioning licences have been granted, the last in February 2011. The Obrigheim nuclear
power plant was closed down on 11 May 2005; the first decommissioning and dismantling licence
was granted on 28 August 2008.

In total, 19 nuclear power plants in Germany are currently in the process of decommissioning or
have been dismantled, or their decommissioning has been applied for (cf. Table L-14). In
Germany, nuclear energy accounts for almost 23 % of the gross electricity production (as at 2010).

The geographical locations of the operating and decommissioned German nuclear power plants
are shown in Figure A-1.
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Figure A-1: Nuclear power plants in Germany
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Considerations and strategies on the disposal of radioactive waste

As early as in the 1950s, nuclear waste management was included in all planning activities. A
Memorandum of the German Atomic Commission, an advisory committee to the former Ministry for
Atomic Issues, of 9 December 1957 already pointed out the need for comprehensive development
in the field of waste management. The importance of safe radioactive waste management was
emphasised by the legislator in an amendment of the Atomic Energy Act (AtG) [1A-3] in 1976
which included the new § 9a that demanded the proper disposal of radioactive waste. Furthermore,
the Principles Relating to the Provision to be Made for the Handling and Disposal of Spent Fuel of
Nuclear Power Plants, which were amended by decision of the heads of government of the
Federation and the Lénder on 28 September 1979 (printed paper of the German Bundestag
11/1632) to include the disposal of the German nuclear power plants, stipulated as a prerequisite
for licences to commission and operate the nuclear power plants that the guaranteed safekeeping
of the spent fuel had to be demonstrated six years in advance.

Nuclear fuel cycle

Regarding the commercial use of nuclear power in Germany, in addition to power reactors, other
nuclear fuel cycle facilities and especially facilities for the orderly disposal of all generated
radioactive waste also began to emerge.

In the past, facilities for the fabrication of uranium, HTR and MOX fuel were operated at the Hanau
site. However, these have since all been closed and dismantled; only facilities for groundwater
remediation remain in operation at one site. A new MOX facility was built to replace the old one at
this site but was never commissioned. One uranium enrichment plant at Gronau and one fuel
fabrication plant at Lingen remain operational.

In Karlsruhe, the Karlsruhe Reprocessing Plant (WAK) was built under the leadership of the local
research centre, and put into operation in 1971. As a pilot plant, it had the task to gain experience
for planning, construction and operation of a larger German reprocessing plant. In addition,
methods for reprocessing and waste treatment were to be further developed. The technical scale
was chosen such that direct application of operating experience to a large industrial plant was
possible.

In the 1970s, the German utilities planned to build a centre where all activities connected with the
fuel cycle and waste management would be concentrated on one site, the so-called “integrated
disposal centre”. This nuclear disposal centre (Nukleares Entsorgungszentrum, NEZ), consisting of
a reprocessing plant, fuel fabrication plants for uranium and MOX fuel, waste management
facilities for all types of waste and a repository for all this waste, was to be constructed at the site
of Gorleben in Lower Saxony (cf. details in Chapter H.3.2). Plans for the centre, with the exception
of the repository project, were later shelved in 1979, whereupon the utilities turned instead to plans
for a scaled-down project which would be confined to the reprocessing, the