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Abstract

The Federal Republic of Germany intends to dispose of all types of radicactive waste in
deep geological formations. This waste comprises spent fuel elements, vitrified fission
product solution, nuclear power plant operational and decommissioning waste as well as
spent sealed radiation sources and miscellaneous waste originating from small waste
generators. The Atomic Energy Act gives the responsibility for the disposal of radioactive
waste to the Federal Government with the Bundesamt fur Strahlenschutz (BfS - Federal

Office for Radiation Protection) as the legally responsible authority.

The Federal Government has made a pronounced change in energy policy since 1998, the
most important feature of which is the abandoning or phasing out of nuclear energy. It is
intended to irreversibly phase out nuclear energy use for electricity generation. Essential
(basic) steps are the agreement which was achieved by the Federal Government and the
utilities on Junv;?_ 14, 2000, and signed on June 11, 2001, and the April 2002 amendment of

the Atomic Energy Act.

1. Introduction

Since the early sixties the German radioactive waste disposal policy has been based on the
decision that all types of radioactive waste (short-lived and long-lived) are to be disposed of

in deep geological formations.

The 1978 amendment of the Atomic Energy Act provided the legal basis for the disposal of
radioactive waste. According to section 9a, disposal of radioactive waste was assigned to
the Federal Government as a sovereign task with the Pysikalisch-Technische Bundesanstalt
(PTB-Federal Institute for Métrology) as the competent authority. On November 01, 1989,
this competency was transferred by law to the Bundesamt fir Strahlenschutz (BfS - Federal
Office for Radiation Protection). Thus, BfS is now responsible for the establishment and op-
eration of a repository, acting on behalf of the Federal Government. in this‘respect BfS is
supervised by the Bundesministerium fur Umwelt,” Naturschutz und Reaktorsicherheit (BMU-
Federal Ministry for the Environment, Nature Conservation and Nuclear Safety) which,
among other things, is responsible for nuclear safety and radiation protection in the Federal

Republic of Germany.



All other radioactive waste management activities, e.g. spent fuel storage, reprocessing,
conditioning, transportation and interim storage are within the responsibility of the waste
generators. The Federal States must establish and operate regional depots for the interim
storage of radioactive waste originating, in particular, from radioisotope application in indus-

try, universities and medicine.

2. Radioactive waste management

A broad variety of different waste types and amounts are generated in Germany. At the end
of 1999, an amount of approx. 33,000 m® of radioactive residues and of approx. 64,000 m® of
conditioned radioactive waste with negligible heat generation (i.e., low-level waste (LLW)
and intermediate-level waste (ILW)) was stored in engineered storage facilities. Due to a
forecast into waste amounts to be expected in future, approx. 303,000 m® of conditioned
waste with negligible heat generation and approx. 22,000 m® of conditioned heat-generating
waste (i.e., high-level waste (HLW) and spent nuclear fuel (SNF)) are expected up to the

year 2080.

Current issues

As a result of the 1998 federal elections a coalition of the Social Democrats and Alliance
'90/The Greens came into power. The political aims of the Federal Government are given in
the coalition agreement dated October 20, 1998. With respect to energy policy the most im-
portant feature is the abandoning or phasing out of nuclear energy. Thus, the Federal Gov-
ernment makes a pronounced change compared to the previous energy policy since 1998. It
is intended to irreversibly phase out nuclear energy use for electricity generation. This has
been performed in a stepwise procedure: in a first step so-called consensus talks with repre-

sentatives of the utilities took place and in a second step respective legislative measures

were taken.

The basic document on the future use of nuclear energy for electricity production in Ger-
many was initialled on June 14, 2000, and signed on June 11, 2001. According to this docu-
ment, the Federal Government and the utilities agree to limit the future utilization of the ex-
isting nuclear power plants. The most important agreements refer to operational restrictions.
For each installation the amount of energy it may produce is calculated from January 01,
2000, until its decommissioning. In total, about 2,620 TWh (net) can be produced. According
to this, the time of operation of a nuclear power plant amounts to 32 calendar years on aver-



age, starting at the beginning of commercial operation. The new policy is enforced by the

latest amendment of the Atomic Energy Act which became effective on April 27, 2002.



New developments in spent fuel managenient

Up to now, spent nuclear fuel is either shipped to the French and British reprocessing facili-
ties, stored on-site at the nuclear power plant or at centralized off - site interim storage facili-

ties. HLW originating from reprocessing which is returned to Germany is stored at the Gorle-

ben facility, too.

According to the agreement between the Federal Government and the utilities and to the
April 2002 amendment of the Atomic Energy Act, the management of spen* fuel will be re-
stricted to direct disposal. Up to July 01, 2005, transports for reprocessing will be permissi-
ble. In addition, the nuclear power plant operators must provide interim storage facilities on-
site. Subsequent to July 01, 2005, spent nuclear fuel may only be transported if no licensed
interim storage capacity exists at the nuclear power plant site and if the operator of this site

is not responsible for this situation.

As a consequence the utilities will construct and operate new engineered storage facilities at
the sites of the nuclear power plants or near them. As far as necessary, additional storage
places will be created on-site to bridge the time (up to 5 years) for licensing and erecting the
proper interim storage facilities. Until these new facilities have been brought into operation,
the utilities may transport sper'n nuclear fuel to the centralized interim storage facilities as
well as to foreign countries until reprocessing will discontinue. As a resuit of the intended
termination of reprocessing as well as the construction and operation of dry spent fuel in-

terim storage facilities on-site, the number of shipments of spent fuel elements will consid-

erably be reduced.

Regarding on-site engineered storage, starting in 1999 and continuing until fall 2000, appli-
cations were filed to initiate licensing procedures for the construction and operation of 12 in-
terim storage facilities and 5 storage places with capacities in the range of 120 tons heavy
metal (HM) to 2,250 tons HM and activities in the range of 7.6 x 10" Bq to 2.7 x 10%° Bq. BfS
is the competent licensing authority. All licensing procedures require a public hearing most of
which were successfully held in 2001. There were significant regional differences in public
interest and opposition. The number of objections varied between less than 2,000 against
the storage facility at Brunsbattel (Northern Germany) and more than 75,000 against the
storage facility at Gundremmingen (Southern Germany). All together 250,000 objections

were raised against the on-site interim storage facilities. In addition, a public participation for



citizens of the Republic of Austria was carried out for the six interim storage projects located
in the south of Germany with regard to transboundary environmental impact assessment.

The licenses for the interim storage places at Neckarwestheim, Philippsburg and Biblis were
issued by BfS on April 10, July 31 and December 20, 2001, respectively, as the first licenses
for on-site interim storage places in Germany. The first license for an interim storage facility
was issued by BfS on November 07, 2002; this facility is located at Lingen. It is intended to
issue all other licenses in 2003. Operation of all new interim storage facilities is expected by

2005.
Disposal-related aspects

In the Federal Republic of Germany all types of radioactive waste are to be disposed of in
deep geological formations. Up to now, according to the 1979 German radioactive waste

management_cbncept, two sites have been considered for disposal:

The abandoned Konrad iron ore mine in the Federal State of Lower Saxony has been
investigated for disposal of radioactive waste with negligible heat generation, i.e. waste
packages which do not increase the host rock temperature by more than 3 Kelvin (K) on
an average (LLW, ILW). At a depth of 800 m to 1,300 m the emplacement of up to
650,000 m® waste package volume was planned. A total activity in the order of 10'® Bq
and an alpha emitter activity of about 10" Bq are anticipated in this facility. The licensing

procedure was started on August 31, 1982,

The Gorleben salt dome in the north-east of Lower Saxony has been investigated for its
suitability to host a repository at depths between 840 m and 1,200 m for all types of ra-
dioactive waste, mainly for heat-generating radioactive waste originating from reproc-
essing and spent fuel elements (direct disposal). The accumulated inventory of
beta/gamma and alpha emitters is planned to be in the order of magnitude of 10*' Bq

and 10'"° Bq, respectively. Site-specific investigations were started in 1979.

Since 1971, short-lived low and intermediate level radioactive waste with an alpha emitter
concentration of up to 4.0 x 10° Bq/m® originating from the operation of nuclear power
plants and the application of radicisotopes in research, medicine and industry in the forrﬁer
German Democratic Republic was disposed of in the Morsleben repository, an abandoned
salt mine located near the village of Morsleben in the Federal State of Saxony-Anhalt. Since



German unity on October 03, 1990, the Morsleben facility has the status of a federal reposi-
tory in the sense of section 9a of the Atomic Energy Act. From 1971 through 1998 radioac-
tive waste with a total volume of about 37,000 m® and about 6,100 spent sealed radiation
sources were disposed of. The total activity of beta/gamma emitters amounts to 9.1 x
10" Bq, that of alpha emitters to about 8.0 x 10'° Bq. According to a September 25, 1998,
court order BfS has to immediately stop further radioactive waste disposal in the so-called
eastern emplacement field of the Morsleben repository. Thus, last waste emplacement op-

erations were carried out on September 28, 1998.

3. Approach to Radioactive Waste Disposal

Persuant to the coalition agreement and the agreement between the Federal Government
and the utilities, the German radioactive waste management and disposal concept is being
reviewed and will be adopted due to political decisions, new findings and specific evalua-

tions. Accordirig to the agreements the most important issues are:

The previous radioactive waste management concept has failed with regard to its content
and no longer has a technical basis. A national waste management plan for the legacy of
radioactive waste will be developed.

A single repository in deep geological formations is sufficient for the disposal of all types
of radioactive waste. The disposal of HLW by the year 2030 is the political objective for
the disposal of all types of radioactive waste.

There are doubts with regard to the suitability of the Gorleben site. Therefore, its explo-
ration shall be interrupted and further sites in various host rocks shall be investigated for
their suitability. The licensing procedure for the Konrad repository project shall be termi-

nated; the Morsleben repository shall be decommissioned.

According to the coalition agreement, activities to develop a new national waste
management plan have been initiated. This document will comprise main issues and
important boundary conditions for the new approach of the Federal Government to
radioactive waste management and disposal. About three years ago the BMU set up a
special project group for its preparation. According to the work hitherto performed, the waste
management concept (including the principles, radioactive residues, the waste management
task, waste conditioning and quality assurance/quélity control, interim storage and disposél),

inventory and prognosis of residues as well as waste management planning have basically



been elaborated. The national waste management plan will be presented within this

legislative period.

Nevertheless, the emplacement of waste packages into deep geological formations is still
the preferred option for the safe disposal of all types of radioactive waste. Otherwise there is
scientific evidence that a separate emplacement of radioactive waste with negligible heat
generation as compared to the co-location of all types of radioactive waste in one single re-
pository may have special advantage from a safety point of view, e.g. with respect to gas
generation in the post-closure phase. Thus, the political aim to construct and to operate one
single repository is still to be examined in detail focusing on safety-related aspects, specific

issues of the waste management concept, and economical considerations.

Safety criteria

In the Federar:,Republic of Germany the “Safety Criteria for the Disposal of Radioactive
Waste in a Mine* describes the basic aspects which must be taken into account to achieve
the objective of disposal. They qualitatively specify the measures to be taken to achieve the
protection goal of disposal and define the principles by which it must be demonstrated that
this goal has been reached. The Safety Criteria were issued in 1983 and are at present be-

ing revised on behalf of BMU. The overall aim of this revision may be outlined as follows:

Survey of the international status of the development of safety criteria for the disposal of
radioactive waste and its evaluation as compared to the German situation.

Consideration of respective activities being performed by international institutions such
as the International Atomic Energy Agency (IAEA) (e.g., the RADWASS programme and
the Joint Convention on the Safety of Spent Fuel Management and on the Safety of Ra-
dioactive Waste Management), the Organisation for Economic Co-operation and Devel-
opment/Nuclear Energy Agency (OECD/NEA) and the International Commission for Ra-

diation Protection (ICRP).
Status of Gorleben, Konrad and Morsleben

Though the Federal Government has expressed doubts with respect to the suitability of the
Gorleben site, it is not considered to be unsuitable and will be included in the future site se-
lection process. According to the agreement between the Federal Government and the utili-

ties a further exploration of the Gorleben salt dome can contribute nothing to clarify the



doubts of the Federal Government. For this reason the underground exploration will remain
interrupted for at least 3, but at most 10 years (Gorleben moratorium); the moratorium be-
came effective on October 01, 2000. A rapid clarification of these doubts has been initiated

focussing on 13 research projects and studies:

- Isolation time frame - Safety indicators

- Retrievability - Probabilistic safety assessments

- Human intrusion - Geochemical processes

- Nuclear criticality - Safeguards

- Gas generation - Multi barrier concepts

- Chemotoxic substances - Comparison of host rocks (synthesis)

- Nature observations

These investigations aim to the clarification of conceptual and safety-related issues and are

envisaged to _b'é finished by the end of 2004.

The licensing procedure for the Konrad repository project was finished. On May 22, 2002,
the competent licensing authority Niedersachsisches Umweltministerium (NMU - Ministry for
the Environment of the Federal State of Lower Saxony) issued the license. Subsequently,
the license was handed over to the licensee BfS on June 05, 2002, and published in the Ga-
zette of Lower Saxony on June 12, 2002. According to the agreement between the Federal
Government and the utilities BfS withdrew the application for immediate enforcement of the
license on July 17, 2000, thus enabling court examination of the license. This withdrawal in
particular means that the re-construction of the Konrad mine into a repository for all types of
radioactive waste with negligible heat generation will only be possible after final court deci-
sion. The court cases are assumed to last for about four years; then further decisions on the

Konrad project will have to be taken.

The Morsleben repository will not resume emplacement operations. An application for the
licensing procedure for decommissioning was already filed on May 09, 1997. The
assessment of the safety in the post-closure phase is of special importance. The site-
specific safety assessment was originally based on a preliminary backfilling and sealing
concept; more detailed site specific information and respective safety analyses proved this
concept not to be acceptable. Thus, two alternative concepts have been developed. The
sealing concept and the concept on extensive backfilling are being combined and the final
concept is expected by the end of 2002. BfS is concentrating its activities on the licensing

procedure and the preparation of respective documents. Latest important issues comprise
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the backfilling of the so-called southern emplacement field with crushed salt from November
18, 2000, until March 09, 2001, and the statement of BfS dated April 12, 2001, that the
Morsleben repository will definitely never again be used for radioactive waste disposal
(renunciation of those parts of the Morsleben repository operation license dealing with the
emplacement of radioactive waste). In addition, BfS intends to advance backfill measures in
the central part of the Morsleben repository in order to maintain geomechanical stability and

integrity. It is planned to start these backfill measures at the end of this year.

The siting process for a repository

According to the new approach to waste management and disposal, further sites in various
host rocks shall be investigated for their suitability. The final site shall be selected upon a
- subsequent comparison of potential sites, including thé Gorleben site. Thus, BMU set up a
special expert group to develop repository site selection‘criteria and respective procedures
ona scientiﬁca')ly sound basis. The criteria and procedures aim at finding the relatively best
suited site in different host rocks in Germany. Such a set of criteria was not availabie when

the Gorleben site was chosen in the seventies.

The principle objective of the site selection procedure to be developed is to identify - with
public participation - potential disposal sites in a comprehens.ible and reliable wéy. Step by
step and based on criteria which have to be defined beforehand, those areas, site regions
and eventually sites shall be selected that offer particularly favourable conditions for the later

demonstration of the site's suitability and its confirmation in a licensing procedure.

Of utmost importance for any site selection procedure is the question at which step of the
procedure a decision on the host formation(s) has to be made. According to the expert group
it is less this host formation but rather the integral geological setting at a site that provides
for the necessary long-term isolation of the waste and for the justified assumption that even
thereafter there should be no unacceptable releases. Therefore, the development of a site
selection procedure is pursued which does not start with the fixing of host formations, but
rather attempts to get host formations as a result of a selection process which is based on
general criteria describing an integral geological setting with favourable properties for the

disposal of radioactive waste.

The advantage of this approach is obvious: it avoids the never-ending protest of people living

in the vicinity of, say, a salt site praising the merits of granite, and vice versa. Based on



these considerations, the present status of the site selection procedure's structure is as

follows:

Step 1:  Sorting out areas with potentially negative geological conditions.

Step 2:  Identification of areas with potentially positive integral geological conditions.

Step 3:  Sorting out areas with unfavourable societal conditions.

Step 4:  Narrowing down to regions for which best favourable geological conditions can be
expected.

Step 5: Narrowing down to sites where public acceptance for further site investigations
can be achieved (local positive interest).

Step 6:  Site investigations without mining activities.

Step 7:  Evaluation of siting alternatives considering requirements from the

safety/environmental viewpoint and local concerns.

The expert group has so far worked on steps 1 to 3. Results were presented and discussed
in two workshobs hold in fall 2000 and 2001, respectively. The final workshop will take place

in October 2002.

Public acceptance is considered to be of central importance for the success of a site

selection procedure:

- The site selection procedure needs a clear and transparent structure and must be based
upon well founded criteria in order that progress, fairness and objectivity of the
procedure can easily be followed and respective decisions are understood in the general
public.

- The evaluation basis and criteria associated with the selection procedure must be fixed
beforehand to avoid decisions which the public may perceive as not sufficiently justified
or even arbitrary.

- Public participation is indispensable from the very beginning and in all phases of the
selection procedure, particularly before and during the definition of the “rules of the

procedure”

The time needed for the development of repository site selection criteria and respective pro-
cedures is estimated to be about 3 years. In February 1999 work started; completion of work
is envisaged for December 2002. The recommended criteria and procedures will subse-

quently be discussed in detail (including stakeholders, environmental groups, other inter-
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ested initiatives and the general public) and, after all, legally be implemented. During this

criteria development phase, new sites will neither be selected nor investigated.

Provided that the site selection criteria and procedures will be available in 2002 and their
discussion as well as implementation performed in 2003/2004, it may be possible to nomi-
nate potential sites, carry out respective investigations and finally select the site by 2010. In
this case, for detailed site investigations, repository planning, licensing procedure and con-
struction of the repository approximately 20 years would be available in order to start opera-

tion by 2030.

The ultimate goal of the site selection procedure to be developed is that it is accepted by
virtually everybody as suitable and fair before it will be applied and local interests become

effective.

4. Conclu'siéns

Having the present radioactive waste disposal-related situation in mind, it is to be recognized
that future developments and decisions will particularly be determined by the agreement
between the Federal Government and the utilities and the April 2002 amendment of the
Atomic Energy Act. Regarding-the on-site interim storage of spent nuclear fuel, applications
were filed, the licensing procedures are in progress and three licenses for interim storage
places as well as one license for an interim storage facility were already issued. With respect
to waste disposal, first steps have already been taken. In particular, the rapid clarification of
the doubts on the suitability of the Gorleben site raised by the Federal Government has been
initiated. The next important issue will be the final preparation and publication of the site se-

lection criteria and procedures at the end of 2002.



