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Summary

During this reporting period, close contact was maintained with
the Physikal isch-Technische Budesanstalt (PTB) and the Deutsche
Gesellschaft zum Bau and Betrieb von Endlagern fuer Abfallstoffe
(DBE). These two organizations have key roles in the repository
development program for disposal of radioactive waste in the Fed-
eral Republic of Germany (FRG). Due to the construction accident
that occurred in Shaft #1 at the Gorleben candidate salt reposi-
tory on May 12, 1987, excavation activities at Gorleben have been
temporarily halted. The overall impact on the German schedule
for the exploration and later licensing of this candidate reposi-
tory site has not yet been determined. In the meant ime, the in-
vestigation concerning the cause(s) of the accident is continu-
ing. Also, an assessment is underway as to the technical impli-
cat ions of this accident, and a recovery plan is being developed.
A consultative visit was made to the U.S. A. and discussions were
held there concerning recent developments in both the SRP and FRG
programs.

Introduction

Beginning in early 1987, the long-term assignment of a represent-
ative of the Salt Repository Project (SRP) to the nuclear waste
disposal program in the Federal Republic of Germany (FRG) was
established as part of the ongoing interact ions between the two
countries under the U.S. /FRG Bilateral Agreement (Waste Manage-
ment). Through day-to-day contacts and close association of a
technically cognizant SRP representative with key aspects of the
FRG program, the objective of having a systematic exchange of
pertinent programmatic information and data on the nuclear waste
disposal programs of both countries is being realized. During
this reporting period, additional valuable contacts with key FRG
personnel were established and continued, and direct communica-
tion with SRP management was maintained.
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PTB

Regular contact is being maintained with the Physikalisch Tech-
nische Bundesanstalt (PTB) in Braunschweig. The PTB is compar-
able to the U.S. National Bureau of Standards and has a central
responsibility in the FRG waste program, namely, to ensure that
federal installations are constructed and operated for the long-
term storage and disposal of radioactive waste. In the way of
information concerning the PTB activities for long-term storage
and disposal of radioactive wastes, a copy of pertinent sections
of their 1986 annual Report is included as Attachment 1.

A recent summary by the PTB of the origin and amounts of radio-
active wastes in the FRG is contained in Attachment 2. This
information is updated annually by studies conducted by the PTB.

The responsibilities for disposal of radioactive wastes in the
Federal Republic of Germany (FRG) are shown in Attachment 3.
The PTB is accountable for different portions of its activities
to the federal ministries BMFT, BMU, and BMWi. In turn, the
PTB has contracted a third party, the Deutsche Gesellschaft zum
Bau und Betrieb von Endlagern fuer Abfallstoffe (DBE), to design,
construct and operate the federal facilities for long-term
storage and disposal of radioactive wastes.

Two candidate sites for geological disposal in the FRG have been
selected: Gorleben, a salt dome, as a high-level waste reposi-
tory, and Konrad, an abandoned iron ore mine, as a repository for
non-heat-producing wastes. The licensing procedure that must be
followed fcr a radioactive waste repository is also outlined in
Attachment 3. In the FRG, it is the state authorities who must
grant the licenses for radioactive waste disposal. Both the
Konrad and Gorleben sites are in the German State of Lower
Saxony. Therefore, it is the Lower Saxony authorities with whom
PTB must interact in the licensing processes for both reposi-
tories. For this purpose, the competent Lower Saxony authorities
are the Ministry for Ground Research (mining authority) and the
Ministry for the Environment.

A good description of the licensing process, particularly as it
has been followed for the Konrad Mine, is contained in Attachment
4. The current status of Konrad is that the license application
has been made, involving the submission of an extensive amount of
back-up information and data to the State licensing authorities.
Since the initial application, a licensing concern has been
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raised with respect to the adequacy of the modeling of long-term
releases from the Konrad Mine, and primary attent ion now is on

obtaining agreement that the predicted releases will be within
acceptable limits.

The PTE issues information sheets on a variety of subjects re-
lated to radioactive waste disposal. Attachment 5 is a copy
of a PTB information sheet on scenarios for water to enter
a salt repository of the design such as is planned for Gorleben.

Safety Criteria for Disposal of Radioactive Waste

The safety criteria that must be followed in the FRG for final
disposal of radioactive waste in a geologic formation were de-
veloped by the Reactor Safety Commission in 1982. A copy of
the not ice that appeared in the FRG Federal Gazette on January
5, 1983, is included as Attachment 6. These are roughly equi-
valent in scope and intent to the NRC's 10 CFR 60 for high-level
waste in the U.S.A., and serve to guide the FRG disposal program.

The German approach emphasizes the importance of site selection,
the disposal system and the multibarrier concept, and the use of
state-of-the-art technology. However, the criteria differ from
NRC's rules in that specific numerical, design, retrieval, and
marking criteria are not provided. Instead, the Reactor Safety
Commission has chosen to provide relatively broad upper level
guidance, leaving determinations to be made on an individual
case basis. Certainly, the lack of a retrievability require-
ment is significantly different from the situation for, geologic
disposal in the U.S.A. Also, the allowed radioactive releases
are determined with respect to maximum individual (not popula-
tion) exposures.

Status of the Gorleben Project

Salt excavation activities remained halted at the Gorleben candi-
date salt repository site during this report ing period as a re-
sult of the construction accident of May 12, 1987. The media
continued to carry stories concerning this accident which were
highly critical of the FRG nuclear waste disposal program, even
though nearly all of the technical community shares the opinion
that the accident has no connection, with the suitability of the
Gorleben site for disposal of nuclear waste.
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is a standard procedure whenever there has been loss of life due
to an industrial accident. It is, of course, not possible to
predict just when this investigation will be concluded.

A technical analysis of the conditions contributing to the acci-
dent is also being made and a recovery plan is being developed
for further work on this shaft. Close contact was maintained
with PTB and DBE during this reporting period so that the most
current information was available to the SRP.

Consultative Visit to U. S. A.

A consultative visit was made to the U.S.A. during this reporting
period, and discussions were held there concerning recent devel-
opments in both the SRP and FRG programs. Meetings were held
with cognizant ONWI and SRPO staff in Columbus, Ohio and
Hereford, Texas, as well as with OCRWM and Weston staff at DOE-HQ
in Washington, D.C. Because of the expressed interest in the
situation at Gorleben, it was agreed that close contact should
be maintained with the key FRG institutions. In summary, this.
consultative visit proved to be very useful in that meaningful
and current information was exchanged with all concerned parties,
and plans for continuing activities were made.

Activities Planned for August 1987

A major objective will be to stay in close touch with the situa-
tion at Gorleben. The usual activities will include planning for
future U.S.-FRG information exchanges and visits, meeting with
cognizant FRG part ies, and obtaining important information and
data for the SRP. Particular attention will be paid to preparing
a summary of the current status of the Gorleben project and of
the freeze shaft sinking technique.

Attachments

1. PTB Annual Report for 1986 on Division SE, Long-Term
Storage and Disposal of Radioactive Waste

2. PTS Information, Sheet -- Origin and Amounts of
Radioactive Wastes

3. PTB Information Sheet -- Responsibility for the Disposal
of Radioactive Wastes'



4. Paper by H. Roesel, "Legal Prerequisites for the Dis-
posal of Radioactive Waste -- Competencies and Responsi-
bilities"

5. PTB Information Sheet -- Scenarios for Water to Enter
a Salt Repository

6. Publication of the FRG Reactor Safety Commission
Recommendations -- Safety Criteria for the Final
Disposal of Radioactive Wastes in a Mine

dec

attachments (6)
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With the passing of the Act on the peaceful use of nuclear energy
and protection against nuclear hazards. briefly referred to as the
Atomic Energy Act of December 23. 1959. the PTB was entrusted.
among other things. with thc safe custody of nuclear fuel on behalf
of the state, with the granting of licences for the storage of nuclear
fuel and with the transport of nuclear fuel and large sources. With
the Fourth Act of August 30. 1976. amending and supplementing
the Atomic Energy Act. another important task was assigned to the
PTB: it is responsible for the construction and operation of federal
installations for the long-term storage and disposal of radioactive
waste.

In the performance of these tasks the PTB acts in accordance with
the technical instructions of the federal minister responsible for
safety in nuclear and radiation protection (Federal Minister of the
Interior. BMII: since June 1986 Federal Minister of the Environ-
ment. Nature Conservation and Reactor Safety. BMU). As far as
aspects of research and technology in the field of long-term storage
and disposal of radioactive waste are concerned. the BMU acts in
agreement with the federal minister responsible for nuclear
technology (Federal Minister for Research and Technology.
BMFT).

In view of the scope of the new task -long-term storage and dis-
posal of radioactive waste". a new division (SE) was established in
1977. It has also been entrusted with the fields of work covering the
storage and transport of nuclear fuel and the transport of other
radioactive material (large sources).

Under the Atomic Energy Act the PTB may enlist the services of
third parties in order to construct and operate federal installations
for the long-term storage and disposal of radioactive waste. These
tasks have been or will be assigned to the Deutsche Gesellschaft
zum Bau und Betrieb von Endlagern fur Abfallstoffe mbH-
(DBE. German Company for the Construction and Operation of
Repositories for Waste .Material) which was founded in 1979 for
this specific purpose as a company directly supervised by federal
authorities.

Das Entsorgungskonzept des Bundes
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The federal waste management concept

In the mid-sixties a comprehensive research and development
programme for the disposal of radioactive waste was initiated in
the Federal Republic. In spring 1965. the Federal Government
purchased the Asse rock-salt mine abandoned a short time before
and transferred this plant to the -Gesellschaft fur Strahlen- und
Umweltforschung mbH (GSF. Company for Radiation and
Environmental Research) as a research centre. Since then.
emplacement techniques have been tested and basic research and
development work for the disposal of radioactive waste carried out
in this mine.

To complete the fuel cycle and to allow the radioactive waste pro-
duced within its scope to be disposed of without harm to man and
the environment. in 1974. the Federal Government produced for
the first time the concept of an integrated waste management
centre. All the installations required for the storage of fuel ele-
ments. reprocessing. uranium processing. production of plutonium
fuel elements final treatment of waste and disposal of all radio-
active waste produced in these processes were to be constructed on
one site.
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From March 28 to April 3, 1979, the government of Lower Saxony
organized the so-called "Gorleben Symposium". On this occasion
the problems of the waste management centre were discussed
detail by more than 60 international scientists. From this sym
posium and from the comments of the Reactor Safety Commission
and the Radiation Protection Commission. in its statement of po
icy of May 6. 1979. the government of Lower Saxony conclude.
that from the aspect of technical safety. the implementation of.
waste management centre is basically feasible: it recommended
however. that for political reasons the planning work for the centre
be discontinued. It nevertheless gave its assent to a speedy invest-
gation into the Gorleben salt dome's suitability as a repository for
the disposal of radioactive waste.

From then on. an integrated waste management concept" was
aimed at in order to complete the fuel cycle. In contrast to the
waste management centre. the integrated waste management con-
cept does not assume that all the installations are built on the same
site. The PTB's contributions within the framework of the inte-
grated waste management concept concern the licencing proce-
dures for the Gorleben and Ahaus interim stores for fuel elements
and the speedy establishment of radioactive waste repositories.

Protection goals of radioactive waste disposal

The aim of the disposal of radioactive waste in rock strata of the
deep geological subsoil is the long-term protection of man and the
environment from the harmful effects of the ionizing radiation of
the radionuclides contained in the waste. The repository's radiolog-
ical effects must not exceed legally defined limiting values.

In 1983. in the "Safety criteria for the disposal of radioactive waste
in a repository". the BMI defined the basic aspects to be allowed
for in the disposal of radioactive waste. According to these criteria.
a site-specific safety analysis must be carried out in order to prove
that the protection goal has been attained. This analysis must take
the respective overall geological situation. the technical concept of
the repository mine and the kind of radioactive waste into account.

The carrying-out of safety analyses for the planned repositories is
one of the focal points of the Division's work. and it enlists the
cooperation of third parties for this purpose. The 'Gesellschaft fur
Reaktorsicherheit" (GRS. Company for Reactor Safety for exam-
ple was entrusted to obtain safety engineering data on the Konrad
mine.

Gorleben site exploration programme

For the investigation of the Gorleben salt dome, a comprehensive
site investigation programme has been elaborated in cooperation
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The Gorleben hydrogeological investigation programme and the
subsequent special investigations were aimed at exploring the
hydrogeological system in the area of the planned repository in its
natural condition. The findings from these investigations provide
the basis for understanding the relation between the medium salt
earmarked for reposition and the groundwater. and potential
hazards for the groundwater to be estimated and evaluated as a
whole. In addition. site-specific data will be determined and docu-
ments compiled which will be used in the plan-approval procedure
and which may serve as evidence of the present unaffected state of
the groundwater if a repository is constructed.

In a summarizing interim report dated May 1983. the PTB has
evaluated the results of the site investigation obtained up to 1982
and has come to the conclusion that the findings confirm the salt
dome's suitability. As certain data which can only be obtained by
underground exploration are still lacking. the information on the
site is not sufficient for the further planning of the repository or to
answer all the questions arising in connection with technical safety
precautions. As a result. at the cabinet meeting of July 13. 1983.
the Federal Government approved a speedy commencement of the
underground exploration.

For this purpose. two shafts are at present being sunk. Sub-
sequently galleries will be driven and from these galleries
boreholes will be driven into the surrounding rock. The two
exploratory shafts are being sunk by the Arbeitsgemeinschaft
Schachte Gorleben" (ASG. Gorleben shafts pool) of the firms of
Deilmann-Haniel GmbH and Thyssen Schachtbau GmbH. From
the point of view of approval. the work both for the aboveground
and the underground exploration is essentially subject to the
Federal Mining Act (BBergG) and the Mining Ordinances. not
yet, however, to atomic law, as the results of the exploration are
required for carrying out the plan-approval procedure under
atomic law.

With progressive underground exploration work, the findings on
the salt dome's interior are continuously improving. It will prob-
ably be possible to make a final statement on the salt dome's suita-
bility in 1992. Only after the plans have been approved can the con-
struction of the repository mine be started. It is to be expected that
the Gorleben repository can be put into operation about 5 years
later. i.e. at the end of the nineties.

The Konrad mine

The Konrad mine is the most recent of all former iron ore pits in
the Peine-Salzgitter area. The iron ore horizon opened up by two
shafts was deposited in the Upper Jurassic (Malmi about 150
million years ago and discovered only in the early thirties when oil
wells were drilled. Ore mining started in 1965 was stopped in
autumn 1976 for economic reasons.

Water is the most important medium for 'transporting radio-
nuclides into the biosphere. As the Konrad mine is exceptionally
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The present-day mine workings south of Konrad 1 shaft allow a
reposition cavity of about I million cubic metres to be driven.
Depending upon the expected annual waste package volume. a
period of operation of up to 40 years results (utilization of the
cavities by 50% ). In the case of a higher rate of utilization the oper-
ational phase would be correspondingly longer. This would mean
that during the period of the Konrad mine's operation. about 95%
of all radioactive waste produced in the Federal Republic of Ger-
many could be disposed of.

Providing there is a positive outcome of the plan-approval pro-
cedure. the emplacement of radioactive waste could be started by
1990. Besides the plan-approval procedure pursuant to atomic law.
the approval procedure under mining law is being pursued for the
pure mining work.

Long-term safety

The disposal of radioactive waste is defined as a maintenance-free
and safe disposal of radioactive waste unlimited in time and with-
out intended retrievability. In order to achieve this goal. it is
intended in the Federal Republic of Germany to dispose of all
types of radioactive waste in underground strata. For the long.
term safety of such toxic element dumps (this applies not only to
the disposal of radioactive waste ). the following questions arise:

1. For what periods of time can dumped toxic elements be held
off from the biosphere?

2. For what periods of time can the potential stressing of man by
dumps be calculated

3. Is it possible to ensure long-term safety for the underground
dump?

The present-day geological and mineralogical-geochemical state of
the earth is the result of a development process of 4.6 thousand
million years which will also continue in future. Characteristic fea-
tures of this complex process are cycles of matter and element
redistributions which take place in and between the atmosphere.
hydrosphere, pedosphere and lithosphere with varying intensity
and rapidity: The causes of these phenomena are crustal move-

ments, magma mobilization. weathering, water balance and cli-
mate.
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Only in the deeper strata of the lithosphere do the natural trans-
port processes take place so slowly that toxic elements dumped can
be held off from the biosphere for up to millions of years. In con-
trast to this. the average periods of time for such cycles in and be-
tween pedosphere and hydrosphere are of the order of about 100
years and in the atmosphere one year. This means that toxic ele-
ments disposed of in dumps near to the surface disperse much
more rapidly than in the lithosphere.

In order to prove long-term safety. safety analyses must be carried
out which must allow not only for the geological and hydro-
geological conditions below ground but also for changes in mans
environment. We are living in an interglacial interval which began
about 10000 to 14000 years ago and whose thermal optimum was
exceeded about 6000 to 4500 years ago. From the geological point
of view, a new glacial period could begin in some thousand to ten
thousand years. Before this background and with regard to the
influence man exerts on the climate (e.g. the CO, problem). sub-
stantial changes in man's environment due to the climate and, thus.
in the hydrogeological conditions cannot therefore be excluded in
the next 10000 years.

The protection goal for the time after the shutdown of a repository
is defined in the Safety criteria for the disposal of radioactive
waste in a mine". The requirement has the wording: -Even after
the shutdown radionuclides which could get into the biosphere
from a sealed repository as a result of transport processes which
cannot be completely excluded must not lead to individual doses
exceeding the values of article 45 of the Radiation Protection Ordi-
nance." This means that the dose must be kept within the range of
variation of the natural radiation exposition. i.e. 0.3 mSv/a
(30 mremia).

The computation of individual doses required here is therefore
reasonably carried out for a period of about 10000 years for which
changes in man's environment can still be predicted with sufficient
accuracy. This limitation in time of safety analyses with individual
dose calculation is sufficient. When. for example. the disposal of
waste from reprocessing and definite concepts of mixing radio-
active waste from reprocessing with other wastes to be disposed of
are considered. it can be stated that if the geological systems are
efficient for a period of 10000 years. the potential risk connected
with the disposal will have been reduced to the natural radiation
risk which existed in total before uranium was used. and that the
potential risks remaining after this period will be smaller than the
risks resulting from the solid waste of the most important alterna-
tive energy source. i.e. from the combustion of coal.

For periods of 10000 to 1 million years, the calculated individual
doses are intended, among other things. to nuclide-specifically
evaluate the foreseeable insulating capacity of geological systems.
This allows, for example. the safety reserves connected with the
disposal to be made evident and decisions on options for
repositories and disposal techniques to be given a sate basis.

It is not reasonable to evaluate the barriers for periods exceeding
some million years which are typical of cycles of matter in the
lithosphere. Dumps in lower strata of the lithosphere basically can
hold off the dumped toxic elements from the biosphere for these
long periods of time - at least predominantly but certaintly not
for periods beyond those of the natural cycles of matter.

The long-term safety analyses which were carried out for the
Konrad repository show that during the period of about 10000



[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]

The SE Division does not carry out basic research work of its own.
It follows up this work sponsored by the BMFT and takes the
results into account in the planning. construction and operation of
these plants and also suggests such work. To solve the problems
arising during the planning work. plant-related investigations are
generally carried out by third parties. This commissioned work is
initiated, coordinated and examined by the PTB. The Division car-
ries out its own investigations only with a view to optimizing the
design and assessing the stores for long-term storage and disposal
as regards aspects of technical safety. and in connection with the
transport of nuclear fuel.

In coordination with the competent federal departments. the tasks
of the PTB and the BMFT and thus of basic and plant-related
R - D work have been defined as follows:

- The BMFT is responsible for the development and prototype
testing of new methods. instruments. procedures and models
which are necessary to prove that the concepts of long-term
storage and disposal are basically feasible from the safety
engineering aspect: it is furthermore responsible for substantial
changes of these methods, instruments, procedures and models
if these can only be approved after a new prototype test has
been carried out.

- The PTB is responsible for obtaining data on the respective site
and plant for the approval procedures. the application of known
methods, instruments, procedures and models on these sites
and in these plants and their adaptation to the requirements of
stores for the long-term storage and the disposal of radioactive
waste operated on a large industrial scale.

The PTB cooperates in the BMFT projects. in particular in time
scheduling and the stipulation of basic repository-related condi-
tions. It furthermore elaborates alternative proposals when the
expected results are not obtained.

Waste containers

The prerequisite for a smooth emplacement process and simple
handling is a system of standardized waste containers adapted to
the necessities of safety engineering and operation. This also takes
into account the request of the waste producers for generally bind-
ing requirements for waste containers. At present. work is concen-
trated on the standardization of containers earmarked for disposal
in the Konrad mine.

The standardization of the containers has been achieved step by
step in a harmonization process between the PTB. DBE and the
waste producers. Among other things. marginal conditions of the
planning work for the Konrad mine which has meanwhile made
progress. the requirements of the licensing authorities and sugges-
tions of third parties have been included in the considerations.

Todays standardization covers a total of 12 types of containers
packagings. Their shapes and dimensions allow for the marginal
conditions for the handling and emplacement in the Konrad mine.
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The standardization of containers is based exclusively on gen-
erally binding requirements. The waste producers and waste
suppliers are thus given the opportunity of designing containers
and/or packagings according to their respective needs by choosing
suitable materials. wall thicknesses etc.. or optimizing them pro-
vided that they are in compliance with the external dimensions and
masses stated. that they meet the disposal safety requirements and
that the other requirements (e.g. of the type A and type B tests
according to the transport regulations are observed.

Amount of radioactive waste produced

On behalf of the BMU. the PTB registers the amounts of radio-
active waste annually produced in the Federal Republic of Ger-
many. In 1985. the stock of unconditioned and conditioned
radioactive waste was determined for the first time for the year
1984 on a producer-specific basis Table 2).
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Waste package quality control

The radioactive waste supplied for disposal must meet the waste
acceptance requirements specified by the PTB. It is the purpose of
quality control to check whether these requirements are met. The
intention is to ensure product quality primarily during radioactive
waste processing and to guarantee it by qualified procedures by
means of

- preliminary checks. e.g. of the primary waste and the immobi-
lization materials.

- requirements for the equipment of the process lines with
apparatuses.

- process instrumentation. and
- process control and monitoring.

The waste package quality control and the spheres of responsibility
of all those concerned are organized as follows:

- The waste suppliers guarantee compliance with the disposal
conditions by measures taken on their own responsibility and
furnish proof of the effectiveness of these measures.

- The quality control group judges whether disposal conditions
have been complied with by examining the documentation sub-
mitted bv the waste suppliers by sampling tests of waste
packages and by the qualification and inspection of condition-
ing processes.

- The DBE carries out the work connected with the recall and
emplacement. for example. checking of the shipping docu-
ments accompanying the waste packages and of the waste data
documentation. Upon arrival at the respository. the waste
packages are subjected to tests (intake control). particularly
with respect to radiation protection.

- The operator of the repository (PTB) supervises the orderly
execution of the waste package quality control and takes the
necessary decisions concerning the future fate of this waste if
deviations or faults are detected.

The supervision of the conditioning plants by the Laender remains
unaffected by these regulations.

- Der Endlagerbetreiber (PTB) uberwacht die ordnungsgemaBe
Durchfuhrung der Produktkontrolle und entscheidet bei der
Feststellung von Abweichungen und Mangeln fiber die weitere
Behandlung dieser Abfallgebinde.

Die Aufsicht der Lander uber die Konditionierunesanlagen wird
von diesen Reeelungen nicht beruhrt.
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Advance payments of waste producers

The construction of federal installations for the long-term storage
and disposal of radioactive waste under section 9a para. 3 Atomic
Energy Act involves considerable costs. Pursuant to section 21b
Atomic Enerev Act these costs must be borne by the waste produc-
ers. To this end, on April 28. 1982. the Verordnung uber Voraus-
leistungen fur die Einrichtung von Anlagen des Bundes zur
Sicherstellung und zur Endlagerung radioaktiver Abfalle End-
laeervorausleistungsverordnune-Endlaeer VIVI' (Ordinance on
advance payments for the construction of federal installations for
the long-term storage and disposal of radioactive wastes was
issued. On the basis of this ordinance the PTB requires advance
payments for the amounts to be paid to cover the outlay necessary
for the construction of these installations.
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Prior to the apportionment, the costs and charges levied by the col-
lecting depots of the Laender for the respective year and paid to
the PTB are deducted from the requisite outlay.

Since 1982. on the basis of an invoice, the PTB has required from
the waste producers an annual reimbursement of the requisite
costs which the Federal Government has incurred for work pertain-
ing to the plant. From 1977 to 1985. overall costs to the amount of
636.2 million Deutsche Mark accrued. Of this amount. 387.3
million Deutsche Mark was spent on the Gorleben project. 221.7
million on the Konrad project. 0.07 million Deutsche Mark on the
tritium project and 27.1 million Deutsche Mark as general
expenses for all projects. The diagram shows the distribution of the
costs in the years 1977 to 1985 and between the projects.
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Transport of radioactive substances

The following radioactive substances must be transported to and
from various facilities during the most important stages of the
nuclear fuel cycle. for the supply of medical, technical and scien-
tific centres and within the scope of the management of the nuclear
waste produced by such centres:

- natural uranium to the enrichment plants.
- enriched uranium and plutonium to the fuel element works.
- fuel elements containing uranium and plutonium to the nu-

clear power plants.
- spent fuel elements to interim stores or to the reprocessing

plants.
- waste to the collecting depots of the Laender. interim stores or

repositories, and
- other radioactive substances. such as cobalt-60. cesium-137.

molybdenum-99.

Tight regulations have been established for the transport of these
radioactive substances - a distinction being made between nuclear
fuel and other radioactive substances - inside the Federal Republic
and for transport across borders. As far as the traffic law regula-
tions are concerned, the national regulations correspond to the
recommendations of the International Atomic Energy Agency
(IAEA. Regulations for the Safe Transport of Radioactive Mate-
rials) which also form the basis of international traffic regulations
and of the national traffic regulations of all IAEA member states.
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Within the scope of application of German law. the provisions of
the Atomic Energy Act and the Radiation Protection Ordinance
are also applicable, these presupposing. among other things. that,
the regulations of the traffic law are complied with.

The traffic law regulations essentially regulate the safety of persons
who may be affected by the transport. These are in particular
inhabitants living along the transport routes and persons who
handle and transport the packages or consignments. Reference is
made here both to safety during accident-free transport and to
safety in the case of assumed incident scenarios.

In compliance with the underlying safety philosophy and in view of
the aim of establishing uniform regulations for all carriers, the
safety was made intrinsic to the package itself (package = packag-
ing with radioactive content).

Three different means of achieving this were chosen:

1. Limitation of the radioactive content of non accident-proof
packagings (type A packages).

2. Prescriptions for substances of low specific activity, the total
activity of which has not so far been limited. Here. too, non
accident-proof packagings are concerned. safety being guaran-
teed by the limited specific activity.

3. No general limitation of the permissible content in "accident-
proof" packagings (type B(U) or type B(M) packages. -U-
standing for unilateral and -M- for multilateral).

National and international traffic regulations prescribe obligatory
approval of the accident-proof packagings and of packagings for
nuclear fuel, a distinction being made between:

- unilateral approvals issued by the competent authority of the
country of origin of the package. and

- multilateral approvals recognized by the competent authorities
of all countries through which the consignment passes.

In general. approvals of packages for nuclear fuel must be recog-
nized by all countries through which the respective consignment
passes: this is also in compliance with IAEA recommendations.

In the Federal Republic of Germany. the PTB is the authority
responsible for the approval of packages. In accordance with a
directive of the Federal Minister of Transport and in close co-
operation with the Federal Institute for Materials Testing. within
the scope of the approval procedure. the PTB tests and assesses in
particular. compliance with the following requirements:

- mechanical stability.
- thermal resistance.
- adequate shielding effect.
- safe observance of subcriticality in the case of nuclear fuel, and
- quality assurance measures during manufacture and operation.

The IAEA safety concept and consequently that of the traffic law
regulations are entirely based on the fact that safety is guaranteed
by the package. For this reason transport licences are required only
in particular cases. e.g. for
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The PTB is responsible for the granting of the transport licences.

The Atomic Energy Act and the related ordinances. e.g. Radiation
Protection Ordinance and Atomrechtliche Deckungsvorsorge-Ver-
ordnung (AtDeckV. Ordinance Concerning Financial Security Pur-
suant to the Atomic Energy Act). comprise regulations which refer
on the one hand to traffic law regulations and which on the other
hand define additional prescriptions and prerequisites. in particu-
lar of the administrative type:

Proof must be furnished that

- the applicant, carrier and persons engaged in the transport are
reliable.

- the persons involved have the required technical knowledge.
- observance of the traffic law regulations is guaranteed (this

regulation links traffic law and atomic energy law),
- financial security is provided covering any legal liability to pay

damages.
- the necessary protection against interference from third parties

is ensured. and
- that the type. time and route of transport chosen does not con-

flict with public interests.

A survey and comparison of the regulations issued under traffic law
and atomic energy law show that the two series of laws supplement
each other without being contradictory. The regulations as a whole
regulate the following aspects:

- safety during transport.
- liability in the case of accidents. and
- safeguard of radioactive substances.

Storage of nuclear fuel

Pursuant to sections 6 and 23 paragraph 1 No. 4 Atomic Energy
Act, the storage of nuclear fuel outside government custody
requires approval by the PTB. The approval must be granted when
the prerequisites provided in section 6 paragraph 2 Atomic Energy
Act are complied with. In order to reach a decision. use is made in
the approval procedures of. for example. expert opinions. com-
ments of technical authorities and opinions expressed within the
framework of public discussions (if necessary: public hearings in
approval procedures for the storage of spent fuel elements and of
the results of the PTBs own tests. In the past the PTB approved
the storage of both unirradiated and spent nuclear fuel.

Uranium hexafluoride enriched with uranium or in natural isotopic
composition comes under the category of unirradiated nuclear
fuel. Its storage at several sites in the Federal Republic of Germany
has been approved by the PTB. These stores serve as stockpiles to
ensure the power supply of the Federal Republic of Germany and
to meet international obligations.
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In September 1983 the PTB approved the storage of a maximum of
1500 t of uranium in the form of spent fuel elements originating
from light-water reactors in four types of packages in an interim
store in Gorleben. At present this approval cannot be made use of
as actions have been instituted against the PTB's approvals on
which no final decision has yet been taken; Supplementary applica-
tions concerning other types of fuel elements and storage con-
tainers) for the Gorleben interim store have been submitted to the
PTB.

For the Ahaus site. approval procedures under the Atomic Energy
Act are at present in progress for the storage of light-water reactor
fuel elements and spent spherical fuel elements from the thorium
high-temperature reactor. The building permit granted by the town
of Ahaus for the fuel element interim store has been contested. In
May 1985. in a summary proceeding. the Munster higher adminis-
trative court ordered that construction work for the interim store
be stopped.

Government custody of nuclear fuel

Since May 4. 1981. as the executive authority under the technical
supervision of the BMU. the PTB has operated a Government
storage facility in Hanau. In particular. plutonium from the La
Hague reprocessing plant in France is stored here: under private
and public law the operators of German nuclear power plants and
the Federal Republic of Germany are under the obligation to take
this material back. Plutonium from the Karlsruhe reprocessing
plant is also stored in Hanau.

In addition to plutonium kept here in the form of plutonium oxide
and plutonium nitrate. nuclear fuel is stored here. i.e. fuel rods and
fuel elements which are at present not required in the nuclear fuel
cycle: a part of the primary core of the SNR-300 (Kalkar sodium-
cooled nuclear breeder). for example. is stored here.

Public relations work in the field of the disposal
of radioactive waste

A large numberof institutes in the Federal Republic are concerned
with public relations work in the field of the disposal of radioactive
waste. Research and development work in this field was carried
out as early as the beginning of the sixties. in particular by the GSF
whose activities were coordinated by the BMFT. This is why public
relations work was initially in the hands of the BMFTand the GSF

When the Gorleben site investigation programme was initiated.
the PTB started its o n public relations work in the field of the dis-
posal of radioactive waste which is supplemented by the DBEs
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public relations work centred on the Gorleben site. closely coordi-
nated with that of the PTB.

The Federal Government is also engaged in site-related public rela-
tions work. For this purpose a "disposal" information centre has
been established in Gartow. For Gorleben. the Federal Govern-
ment and the Land of Lower Saxony are represented in the Joint
information centre on nuclear waste management" in Luchow: at
the Konrad site the Federal Government has opened an informa-
tion centre in Salzgitter. Both centres deal with information cover-
ing the areas of responsibility of the Federal Government and the
Land: they coordinate requests for visits. relieve the technical insti-
tutes of work and act as intermediaries in the contact with local
politicians. Special questions are directly answered by experts
from the technical institutes concerned.

The large number of institutes involved makes it imperative that all
concerned speak with one voice: a close exchange of information
between the respective institutes is therefore indispensable. and
for this. the PTB is solely responsible as far as questions of long-
term storage and disposal of radioactive waste are concerned.

All results of the site investigations are published. The respective
documents are made available by the information centres which
also give any explanations necessary. In addition, all intermediate
results of the site investigation are published in attractive leaflets.
Up to 1986. 12 issues of the -PTB aktuell" leaflet had been pub-
lished. With more than 60000 copies per issue. they serve both as a
regional and supra-regional information source.
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Tasks performed on the basis of laws
and ordinances

Act on the peaceful use of nuclear energy and protection against
nuclear hazards (Atomic Energy Act) as amended by the publica-
tion of 15. 07. 1985 (Federal LawGazette 1. p. 1565). last amended
by article 9 of the First Law Validating the Administrative Practice
Law of 18. 02. 1986 (Federal Law Gazette 1. p. 265).

Ordinance of 13. 10. 1976 on the protection against hazards from
ionizing radiation (Radiation Protection Ordinance) (Federal Law
Gazette 1. p. 2905). last amended by the First Ordinance of
22. 05. 1981 (Federal Law Gazette 1. p. 445).

Ordinance of 25. 01. 1977 on financial security pursuant to the
Atomic Energy Act (Federal Law Gazette 1. p. 220).

Ordinance of 28. 04. 1982 on advance payments for the construc-
tion of federal installations for the long-term storage and disposal
of radioactive waste.

Federal Mining Act (BBergG) of 13. 10. 1980 (Federal Law
Gazette 1. p. 1310).

Ordinance on the national and international transport of danger-
ous goods by road (GGVS) of 22. 07. 1985 (Federal Law Gazette 1.
p. 1550 with appendix 1. No. 40 of 30. 07. 1985).



[COULD NOT BE CONVERTED TO SEARCHABLE TEXT]

Convention concerning international carriage by rail (COTIF).
appendix B. annex I - Uniform Rules concerning the carriage of
goods of 9. 05. 1980. as amended on 22. 07. 1985 (Federal Law
Gazette 1. p. 1560 with appendix II. No. 40 of 30. 07. 1985).

Ordinance on the transport of dangerous goods by sea of 5. 07.
1978. as amended on 27. 07. 1982.

International Maritime Dangerous Goods Code.

Ordinance on the transport of dangerous goods by inland water
crafts on the river Rhine (ADNR) of 23. 11. 1971. as amended on
24. 03. 1983 (Federal Law Gazette 1. p.367. with appendix A).

Decree on the permission for the transport of dangerous goods
with aeroplanes of 31. 05. 1968 - LS-582-38P/67 (News for avia-
tion. part 1. of 13. 06. 1968. No. 84) in connection with the Interna-
tional Air Transport Association - Restricted Articles Regulations
(IATA-RAR).
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10th Meeting

Radioactive Waste

Acceptance Requirements for the Disposal of Radioactive Waste in the

Konrad Mine

Haus der Technik e.V.

Legal prerequisites for the disposal of radioactive waste - competencies and

responsibilities

by

Henning Rosel

Physikalisch-Technische Bundesanstalt. Braunschweig

I. Legal and organizational boundary conditions

On September 5. 1976, the Fourth Law Amending the Atomic Energy Act

(AtG) of August 30. 1976 (Federal Law Gazette, 1. p.2573) entered Into force

which provided the legal bases for the disposal of radioactive waste

(article 9a AtG). Pursuant to article 9a para. 3 AtG. "the federal

government has to establish installations for the long-term storage and

disposal of radioactive waste". i.e. the disposal of radioactive waste has

been assigned to the federal government as a sovereign task. According to

article 23 para. 1 No. 2 AtG. the compentency has been assigned to the

Physikalisch-Technische Bundesanstalt (PTB). Accordingly. the PTB is

responsible for "the establishment and operation of federal installations for

the long-term storage and disposal of radioactive waste."

Acting In accordance with this competency, in agreement with the federal

minister responsible for nuclear safety and radiation protection (article 23

para. 1 sentence 2 AtG) - at present the Federal Minister for Environment.

Nature Preservation and Reactor Safety (BMU) -, the PTB filed the
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application for the initiation of the plan approval procedure pursuant to

article 9b AtG for the establishment of the Konrad Mine as a repository for

radioactive waste. According to article 24 para. 2 AtG. the Highest

Authority of the Land - in Lower Saxony since July 15, 1986. the Minister

for Environment (NMU) - Is the plan approval authority.

With regard to the First Law Validating the Administrative Practive Law of

February 18, 1986 (Federal Law Gazette 1. p.265), the articles 72 to 78 of

the Administrative Practice Act (VwVfG) of May 25. 1976 (Federal Law

Gazette 1, p.1253) as amended by article 7 No. 4 of the Adoption Act of

July 2. 1976 (Federal Law Gazette 1, p.1249) apply to the plan approval

procedure pursuant to article 9b AtG.

According to article 73 para. 1 sentence 1 VwVfG, the body responsible for

the project - in the case of the Konrad Mine. the PTB - has to submit the

plan to the hearing authority In order that the hearing procedure might be

carried out. As the Atomic Energy Act does not prescribe a separate hearing

authority in addition to the Highest Authority of the Land responsible for

the plan approval. the NMU is also the hearing authority in this case.

Article 73, para. 1 sentence 2 VwVfG prescribes that "the plan... consists of

the drawings and explanations which reveal the project. its grounds and the

premises and Installations concerned by the project".

This prerequisite was not yet met by the plan documents submitted by the

PTB together with the application for initiation of the plan approval

procedure on August 31. 1982. The documents submitted were essentially

based on results of the investigations carried out by the Gesellschaft fur

Strahlen- und Umweltforschung mbH. Munich (GSF = Company for Radiation

and Environmental Research) and the Karlsruhe Nuclear Research Centre

(KfK) from 1975 to 1982 with a view to proving the fundamental geological

suitability of the Konrad Mine for the disposal of radioactive waste /1/.
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Until the beginning of 1985, the PTB had the necessary planning work for

the aboveground installations of the planned Konrad repository carried out.

An essential component of the work commissioned by the PTB was the

execution of the underground exploration required by para. 6.2 of the BMI

Safety Criteria of January 5, 1983 /2/. The work carried out by the PTB

itself and the work commissioned by it served to prove that the

prerequisites of article 7 para. 2 No. I to 3. 5 and 6 AtG which apply. also

within the framework of the plan approval procedure are met.

It is the object of the plan approval procedure "to examine the sufficiency

of a project which is important for the region concerned, weighing and

compensating the interests of the body responsible for the project and the

public and private interests affected by the planning in one procedure and

to come to one decision which is legally binding in relation to third

parties" /3/. The procedure ends with the plan approval decision which

unfolds the so-called integration effect, i.e. it replaces all other approvals

/4/. Hence it follows that the authorities competent under the individual

laws no longer have Jurisdiction which is transferred to the plan approval

authoritly as the only competent authority. Furthermore, only one decision

Is provided which In the case of article 9b AtG covers the establishment

and operation of a repository for radioactive waste. The question of the

sufficieny of a partial plan approval is in issue , 5/. In my opinion. a

partial plan approval is not permissible as it is not provided by law and in

contrast to the object of the procedure (cf. above /3/) /6/. This procedural

prescription has, however. the disadvantage that - other than for

installations pursuant to article 7 AtG - the institute of the partial

establishment approval cannot be taken as a basis.

With respect to the integration effect of the plan approval, article 9b has

defined a specific commitment with respect to mining law.

Pursuant to article 9b para. 5 No. 3 AtG. the integration effect does not

apply to the sufficiency of the Konrad repository according to mining law.
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i.e. an integration of the approval procedure under mining law Into the plan

approval procedure under atomic law is excluded. As pursuant to article 126

para. 3 of the Federal Mining Act (BBergG) of August 13, 1980 (Federal Law

Gazette 1. p.1310). articles 39, 40, 48, 50 to 74 and 77 to 104 and 106

BBergG apply by analogy to the establishment and operation of federal

repositories, the Konrad Mine can be operated only on the basis of

approvals under federal mining law. The Goslar board of mines is the

competent mining authority.

The regulation of the competencies for the procedure under atomic law on

the one hand and the procedure under mining law on the other hand raises

the fundamental question what measures applied for by the PTB require a

plan approval under atomic law and what measures an approval under

mining law. In this connection, it is to be taken into consideration that the

plan approval procedure ends with the decision and its execution, whereas

the procedure under mining law is a dynamic procedure which permanently

accompanies the operation of the mine and ends only with the shutdown of

the mine and the recultivation of the terrain.

The PTB has submitted a proposal to the NMU which in the PTB's opinion

allows activities and measures subject to plan approval and approvals under

mining law to be clearly and competently distinguished.

In the PTB's opinion, the plan approval procedure should comprise

- the preservation of evidence.

- the precautionary measures,

- the verification of the suitability of the site, e.g. of the barrier systems,

- the verification of the nuclear safety of the essential installations,

systems and components (taking delivery of the radioactive waste.

handling above ground. transport below ground. buffer hall, emplacement.

backfilling, sealing of emplacement rooms and sealing of the shafts and

their ventilation),
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- the definition of the requirements to be met by guidance and

communication engineering, radiation protection measures and fire

protection.

- the approved values for the discharge of radioactive waste with exhaust

air and waste water (related to the discharge In one year).

and

- the approved values for the total quantity of waste to be emplaced

(selected radionuclides, overall activity for beta/gamma and alpha

emitters.

This allows the necessary flexibility to be maintained during the long

period of operation and thus assigns the necessary complementary function

to the regulation of article 9 para. 5 No. 4 AtG, i.e. the approval procedure

under mining law covers those parts of the installation, systems, components

and projects which must continuously be developed as they are of a dynamic

nature and subjected to the progress of operation.

The NMU has not yet decided on the PTB's proposal. A delimitation of

competencies might at present be ensured by the fact that the mining

authorities are involved in the NMU's procedure within the scope of the

prescribed participation of authorities and within the scope of plan

appraisal. Furthermore, the PTB is at present arranging for a proposal being

prepared which is Intended to show what approvals under mining law must
have been given at the beginning of the conversion in addition to the plan

approval decision.

The interaction between plan approval procedure and approvals under

mining law can be seen In the annexed diagram.

Pursuant to article 9a para. 3 AtG, the federal government can enlist the

services of third parties to fulfil its obligation i.e. also the services of

natural and juristic persons governed by private law.
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The PTB has made use of this possibility and has enlisted the services of

the Deutsche Gesellschaft zum Bau und Betrieb von Endlagern fur

Abfallstoffe mbH (DBE = German Company for the Construction and Operation

of Repositories for Waste Material) as a third party within the meaning of

article 9a para. 3 AtG. The DBE's tasks are in particular to plan the

establishment of the Konrad Mine as a repository, to carry out the

conversion and to operate the repository.

Both the PTB and the DBE start from the assumption that the DBE will join

the plan approval procedure as a party concerned pursuant to article 13

VwVfG. i.e. the PTB is the only applicant in the plan approval procedure

and the only addressee of the plan approval decision.

Furthermore, the PTB and the DBE jointly assume that by analogous

application of articles 29 and foll. StrlSchV, the PTB's president is the

person responsible for radiation protection. The person responsible for

radiation protection will appoint a radiation protection commissioner at the

PTB who in turn will appoint a commissioner by delegation at the DBE. The

commissioner by delegation will appoint radiation protection agents at the

DBE. In my opinion, this form of organization is in agreement with

articles 29 and foil. StrlSchV and allows in a balanced way for the

particular relationship between PTB and DBE without eroding the overall

responsibility of the PTB.

The PTB is also entrepreneur within the meaning of the BBergG. i.e. it is

the addressee of the approvals under mining law. Notwithstanding this fact,

the PTB has assigned to the DBE all obligations and powers of an

entrepreneur which can be assigned pursuant to article 62 sentence 1

BBergG.

During the operation of the Konrad Mine as a repository. the PTB will

supervise the DBE's work. Pursuant to article 19 in connection with
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article 24 AtG, a supervision of the Land over federal installations

pursuant to article 9a para. 3 AtG is not provided. The supervision under

mining law is exercised by the Goslar board of mines.

For geoscientific and geotechnical questions, the PTB can have recourse to

the Federal Institute for Geosciences and Raw Materials (BGR) in Hanover

and to the GSF.

II. State of the plan approval procedure

At the end of March 1986. the PTB submitted to the NMU the Konrad plan

with the exception of the chapter "Long-term safety". By June 1986. the

PTB had completed this plan which is based on the following conception:

- The handling devices of Shaft Konrad 1 whose capacity is sufficient for

the handling of debris will be modernized. The handling device of Shaft

Konrad 2 must be renewed and designed for waste package masses of up

to 20 t.

- The transport of waste packages and the handling of debris will take

place in separate galleries and shafts.

- Old chambers will not be used for disposal.

The new emplacement cabins to be constructed will be adapted to the

geological conditions, the technical requirements and the safety

requirements to be met by operation. They can be driven in the formation

proposed for emplacement by a rock-saving method and will be stable over

prolonged periods of operation if the pillars are sufficiently dimensioned

and if they are provided with an anchor support system.
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- Part of the debris produced when the openings are driven can be used for

the residual backfilling and the closing-off structures. The rest will be

commercially utilized (e.g. smelting, road construction) or stored at the

former open pit Haverlahwiese.

- The driving concept for the emplacement fields and cabins allows the

driving operations to be separated from the emplacement operations so

that the safety of the underground waste package transport and

emplacement will not be affected. Moreover, the return air currents from

the emplacement areas will not strike working points in which personnel

will be permanently present.

- The present mine workings south of Shaft Konrad 1 allow about

I million m3 of disposal openings to be driven. In dependence upon the

waste packages to be emplaced per year. a period of operation of up to

40 years will result for a 50% utilization of the openings. In case a

higher degree of utilization is achieved, the period of operation will be

accordingly longer.

- After completion of the disposal of radioactive waste and the residual

backfilling of the repository, the shaft will be backfilled and sealed

according to the present state of science and technology so that it is

water-tight.

The repository concept prepared for the Konrad Mine illustrates that

radioactive waste can be safely disposed of on a long-term basis without

the biosphere being endangered. Large transport units serve to utilize the

mine's handling devices to an optimum extent and to reduce the handling

steps.



- 9 -

Particular importance for a positive plan approval decision is to be

attributed to the proof that radioactive waste with negligible heat

generation - as will be disposed of in the Konrad Mine - -can safely be

disposed of on a long-term basis. The basis for the proof of the long-term

safety has been provided by the PTB and Its partners.

The NMU and its experts subjected the plan to a first control in order to

verify that it is complete and meets the preconditions of examination. After

this control, the PTB reworked the plan and at the same time, prepared an

abridged version.

After the NMU had approved the plan and the abridged version. this

document was forwarded on October 17 and 21, 1986. to the authorities to

be involved (article 73 para. 2 VwVfG) and other institutions. With that,

another essential procedural step was taken according to schedule. The

further progress of the procedure can be seen in the annexed skeleton

schedule.

With the preparation of this plan, the PTB has been the first institute all

over the world to prove the safety of a repository for radioactive waste

with negligible heat generation under operational, incident and long-term

conditions.

It will now be the PTB's task. in agreement with the competent authorities,

to take care of the further handling of the procedure both with respect to

the time schedule and costs and with the putting into operation of the

Konrad repository according to schedule, to provide a decisive contribution

to proving that a repository is available for the disposal of radioactive

waste.
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Skeleton schedul

March

June

September -

October

December

March

June

August

October

February

e for Konrad (as of August 1986)

1986 filing of the last plan chapters (without chapter

"Long-term safety")

1986 filing of the last plan chapter

1986 completion of the reworking of the plan; submis-

sion of the abridged version to the NMU

1986 forwarding of the abridged version and of the

plan to the authorities to be involved

1986 submission of the comments of the authorities

to be involved, particularly on the complete-

ness of the plan and its fitness for being

examined

1987 completion of the incorporation of the comments

of the authorities to be involved; filing of

the reworked plan with the NWU

1987 presentation of the printed plan to the NMU

1987 publication of the project and start of the

design work

1987 completion of the design work

1988 discussions



Conduction of the plan
approval procedure and
of the procedure according
to the Mining Law

This diagram shows the
interconnection of the
parties involved in the
plan approval procedure
and in the procedure re-
lated to the Mining Law
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October 1988 plan approval decision

November 1988 start of the conversion of the Konrad Mine

into a repository

end 1991 completion of the conversion; start of the

emplacement work
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Einleitung

In den folgenden Ausfuhrungen werden Szenarien dargestellt,

bei denen Wasser oder Salzlosungen in das Endlagerbergwerk

zuflieBen konnten. Mit den Szenarien sollen Storfallbetrachtungen

begrundet und in ihren Randbedingungen festgelegt werden. Da-

durch werden in konservativer Weise wenig wahrscheinliche, aber

nicht vollstandig auszuschlieBende radiologische Belastungen

Uber den Wasserpfad erfaBt.

Unter dem Begriff 'Wasser' werden ZuflUsse verstanden, die aus

dem Neben- oder Deckgebirge stammen; 'Salzlosungen' sind an

Chloriden und Sulfaten untersattigte oder gesattigte Zuflusse.

Die Salzlosungen werden im Salzberabau als Laugen bezeichnet.

Die Szenarien und quantitativen Aussagen basieren auf lager-

stattenkundlichen Kenntnissen aus dem Kali- und Steinsalzberg-

bau Uber einen Beobachtungszeitraum von rd. 100 Jahren und

wurden im Hinblick auf ein Endlagerbergwerk.fur alle Arten radio-

aktiver Abfalle entwickelt, das entsprechend geplant, errichtet,

betrieben und stillgelegt werden muB.

Die betrachteten Zeitabschnitte umfassen

1) die Betriebsphase und

2) die Nachbetriebsphase.

Dies ist 1) der Zeitabschnitt, wahrend dessen radioaktive

Abfalle eingelagert werden und 2) die Zeit nach der Stillegung

des Endlagerbergwerks.
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PHYSUJAKISCH-TECHNISCHE BUNDESAMSTALT
Braunschweig und Berlin

re: Incidents as a result of the ingress of waters and

salt solutions into a salt mine in steep bedding for

the final storage of radioactive waste

Introduction

In the following, scenarios will be described which would allow

waters or salt solutions to ingress in the final repository.

These scenarios will provide the basis for the examination of

incidents and the definition of their boundary conditions.

The radiological loads thus determined in a conservative

manner with the aid of the water path are highly improbable

but cannot be precluded completely.

By the term "waters" influxes from the adjoining and/or over-

lying rock and by salt solutions" influxes undersaturated or

saturated with chlorides or sulphates are understood. In salt

mining, the salt solutions are referred to as brines.

The scenarios and quantitative statements are based on the know-

ledge of mineral deposits in potash and rock salt mining gained

over about 100 years; they were developed with respect to a

final repository for all kinds of radioactive wastes, which

must be suitably designed, erected, operated, and closed down.

The periods examined comprise

(1) the operational phase and

(2) the post-operational phase,

(1) being the period during which radiocative wastes are stored

and (2) the time after the closing-down of the final repository.

-2-
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Shafts

The PTB arranged for the preparation of documents which show

in quality that an influx of waters or brines through the

lined portion of a modern shaft (reinforced concrete compound

lining with asphalt backfilling) which would result in the

flooding of a final repository, is not possible during the

period of operation, as far as one can judge. Even when con-

servatively assuming an influx, technical measures can be

taken to prevent the mine from being flooded completely. The

following are given as examples of such measures:

(1) Controlled catching of influxes limited to the smallest

possible number of places of small size, as well as their

controlled evacuation and safe transfer;

(2) Regrouting of foundations; reinforcement of the existing

or provision of a new support foundation;

(3) New support column with a reduced internal diameter

(advancing column);

(4) Extension of the support column.

For the questions to be studied here, the documents referred to

above are important only with respect to the statements on the

shafts after sinking. The study does not answer the question

whether it will be possible for water or brine to enter a final

repository by way of the non-lined part of a shaft.

A possible flooding of the mine by influxes from the non-lined

portion of the shaft is also precluded, as the shaft area is

thoroughly explored. This exploration begins with the preliminary

drilling of the shaft. The cores obtained serve to describe the

sequence, the run, and the structure of the strata in the area

of the shaft to be sunk. In addition, geophysical methods (such

as high-frequency reflection measurements) are used to gain
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information about the subsurface within a radius of 50 to 60 m

from the shaft as, for example, about the existence of solid

anhydrite and other rocks.

When sinking the shafts, detailed geological surveys of the

faces are made and interpreted. The information gained about

the rock strata together with the knowledge of mineral deposits

are evaluated with respect to rocks susceptible to store brine

as well as to potential paths the brines might take. In addition,

the geometric arrangement with respect to the shaft and the

run of rock strata which are of particular interest as, for

example, anhydrites, can be explored separately using geo-

physical methods.

As experience has shown, shaft sinking can result in changes

in the rock of the shaft area, which are due to

(1) changes in the state of stress around the new cavity

(removal of load, establishment of a new state of stress) or

(2) the effects of cooling (ventilation).

When due to (1), these changes in the state of stress appear

within the first one or two years and when due to (2), within

the first two to four years after the total depth has been

reached and the shaft is ventilated. At this point, the

operational phase (storage of radioactive wastes) has not yet

commenced, as the exploration takes 3 or 4 years and the sub-

sequent erection at least 2 years.

Potential sources of danger are, thus, known before the beginning

of the operational phase, so suitable measures can be taken

prior to starting storage.

The effects (potential changes in stress) on the shaft by heat

transfer into the salt rock strata must be taken into account

when dimensioning the shaft. These effects can in their turn
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be influenced by the geometric arrangement and the distance

of the storage fields with respect to the shaft as well as

by the determination of the nature and quantity of the wastes

to be stored.

Drifts and storage openings

During the operational phase, any substantial influx of water

and brine into accessible mine openings can practically be pre-

cluded because of the three or four-year exploration of the

storage area. Prior to running a drift, its planned run is

explored by preliminary drilling. The underground exploration

begins with horizontal drillings from the shaft at the level

of the prospect drifts. The prospect drifts are run in areas

which were explored during the preliminary drilling work.

From these prospect drifts, horizontal and inclined prospect

drillings are run. On the basis of the findings gained within

the scope of the exploration programme (drifts and drillings),

suitable areas for the final storage of radioactive wastes

within the salt dome are defined. The different areas can be

assigned for suitable kinds and quantities of waste.

Further findings are gained when running the various develop-

ment drifts in the phase of erection and operation. These drifts

are predrilled as well. In the event of brine reservoirs

existing in an important area at a significant distance from

the mine openings, these reservoirs can be detected at a very

early date, i.e. prior to running the drifts, when drilling

the test holes as well as during the execution of the geo-

physical investigations (as, for example, HF reflection measure-

ments). All essential statements on the occurrence of brines

as well as their genetic interpretation are prepared in the

course of the exploration work. Influx into accessible mine

openings during the operational phase (i.e. the phase of storage)

are, therefore, highly improbable. Should influxes occur never-

theless, they can be mastered, as far as one can judged On

the basis of the genetic interpretation of the brines and the

results of further investigations, the influx area is grouted,
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and a horizontal support column and a dam structure are erected,

or the field is rejected as a potential repository.

Water or brine influx into parts of the mine which were aban-

doned and plugged (at Gorleben, the storage of the wastes will

be made by retreating) are highly improbable. Should they appear

nevertheless, these field parts can no longer be observed

directly and it will be almost impossible to take countermeasures.

The dam structures sealing the abandoned and plugged mine

openings prevent at least any uncontrollable discharge of brines

into mine openings not yet refilled.

As experience has shown, the residual liquids enclosed in salt

domes can be estimated to be of the order of litres up to

103m3 (solution reservoir), deviations from these volumes being

possible. The reservoir rock can be jointed anhydrite but also

chloride rock (as, for example, definite parts of the Aller

and Leine rock salt).

Geological surveys of mineral deposits have shown that in the

geological past, liquid paths existed in the hydatogenous rock.

It is assumed that stresses caused by heat can result in the

formation of new paths between the storage fields (cavities and bor

holes) and the potential brine reservoirs.

If potential reservoir horizons are traversed by drifts, paths

will possibly be formed through the abandoned drifts (when re-

treating) towards the wastes.

In salt mining, "natural" residual liquid influx rates into

open mine workings are known to the amount of ml/min up to

1/min. This is not to be expected for cavities in the final

repository (because of the precedent investigations) which are

dry when established. For conservative reasons, it is, however,

assumed that the influx referred to above will reach the wastes

forthwith upon abandonment of the storage field.
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Observations carried out on refilled joints (chloride minerals

as halite, sylvine, and carnallite) and on joints in an-

hydrite and salt horizons have proved that there are brine

paths in these rocks. When former paths form anew between

brine reservoir and salt dome boundary, contacts can be

established between the waste stored and the adjoining rock.

The transition of anhydrite and salt clay horizons into the

adjoining/overlying rock will represent a potential discharge

area for contaminated brine from the final repository area if

adequate stresses are produced by the heat-generating wastes.

With respect to the spread of brines, a partially jointed an-

hydrite horizon will be less favourable than plugged drifts

and shafts with their barrier effect. This applies to a still

greater extent to deep boreholes.

For the post-operational phase, it is not precluded - for

conservative reasons as well - that waters and brines will

flow into the refilled parts of the mine. Here, the same applies

as above.
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1. Introduction

In nuclear medicine and nuclear research, in nuclear power

plants, in the nuclear fuel cycle industry and other indus-

tries, various types of radioactive wastes are produced which

are divided into different categories according to their

specific activity and physicochemical condition. Their ra-

diologic risk potential - which determines the scope of the

safety measures to be taken - depends not only on the above-

mentioned characteristics, but also on the activity inventory,

the type of radiation and the half life of the radionuclides

contained therein.

In order to exclude, on a long-term basis, inadmissible con-

centrations of radionuclides in the biosphere, the radioactive

wastes have to be converted to a form which is sufficiently

resistant to corrosion and lixiviation. For the purpose of

final disposal they can be introduced into an appropriate

geological formation. Only this form of final disposal is

considered in the present criteria. When these preconditions

are met, basically no further measures are necessary upon

termination of the emplacement and refilling and after seal-

ing of the repository mine.

For the choice and investigation of a site as well as for the

planning and operation of a repository mine it is advisable

to develop criteria which guarantee the protection goals

dealt with in the following chapter. They also serve the

international harmonization of the planning, construction

and operation of repositories and of the definition of re-

quirements on radioactive wastes.

As the engineering concepts for the repository mine and the

requirements on the products to be stored depend on the over-

all geological situation under consideration, which cannot

be standardized, no generally valid quantitative safety

criteria can be defined.
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The necessary safety of a repository mine in a geological

formation must therefore be established by a site-specific

safety analysis which takes into account the entire system,

namely geological conditions, repository mine and waste

product/packages.

The criteria compiled in the following refer to the final

disposal of radioactive wastes which has been defined as

"a safe, maintenance-free removal of these wastes, unlimit-

ed in time". In the case of final disposal on an industrial

scale, methods and procedures are used which make retrieva-

bility of the wastes unnecessary.

The criteria deliberately allow of discretionary decisions.

Their concretization takes place within the scope of the

plan approval and licence procedure in accordance with the

state of science and technology valid at the time, with due

regard to the individual case.

The present criteria for the final disposal in mines are

valid for all categories of radioactive wastes which are

stored in mines.

2. Protection goals

The final disposal of radioactive wastes in mines shall

guarantee the protection of man and environment against

damage caused by ionizing radiation of these wastes. In order

to achieve these protection goals certain requirements must

be met.

The protection goals valid for the operation of a repository

mine are predetermined by the Atomic Energy Act and the Radia-

tion Protection Ordinance. In addition, all other relevant

regulations are to be observed.
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Upon termination of the operating phase the entire repository

must be securely sealed off from the biosphere. Even after

decommissioning, radionuclides which - as a consequence of

transport processes which cannot be completely excluded -

might enter into the biosphere from a sealed repository shall

not lead to individual doses exceeding the values specified

in § 45 of the Radiation Protection Ordinance (StrlSchV).

3. Measures for the realization of the protection goals

On the basis of the given geological conditions, technical

measures and procedures are to be carefully coordinated in

order to achieve the protection goals.

For the "repository" system comprising the overall geologi-

cal situation, the mine as well as waste forms and packages,
the protection goals are achieved by the following procedure:

3.1 Choice of the site

The choice of the site is not only important to the construction

and operation of the repository mine, but above all to

the long-term safety. The repository formation in connection

with the overall geological system is decisive for the choice.

3.2 Multiple barrier concept

The multiple barrier concept has proved successful in tech-

nical engineering. In the case of the repository, a combina-

tion of the following possible barriers is considered for

the secure sealing from the biosphere:

- form of waste

- packaging

- filling

- repository formation

- overlying strata/surrounding.
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Individual barriers or the total of all these barriers must

guarantee that, as far as is humanly possible, no radio-

active material is released into the biosphere in an inad-

missible way. Depending on the assumed incident the individual

barrier contributes to an adequate prevention or delay of the

diffusion of radioactive material.

3.3 Accepted rules of technology

The accepted rules of technology must be applied to the

installation, operation and decommissioning of a repository.

Sufficient allowance is to be made for the further progress

in science and technology.

4. Site qualifications

The site must be chosen in such a way that compliance with the

protection goals can be guaranteed during the operation, de-

commissioning and the time after the decommissioning of the

repository mine.

4.1 Topography

Topographic aspects are of secondary importance to the in-

stallation of a repository mine.

4.2 Population density

The population density in the surroundings of a repository

mine is only relevant with regard to the above-ground in-

stallations.

4.3 Mineral resources

The conservation of deposits of economically important mineral

resources, including ground water, must be taken into account

when choosing the site.
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4.4 Repository formation, overlying strata and surrounding

The repository formation must consist of rocks which make

a construction and utilization of underground openings pos-

sible with due regard to the special requirements valid for

the final disposal of radioactive wastes.

The physical and chemical properties of the minerals and

rocks as well as possible mineral reactions under the in-

fluence of the packages to be stored are to be taken into

account.

If radionuclides are released from the repository mine, overlying

strata and surrounding. must contribute to the prevention of

inadmissible concentrations in the biosphere. A high sorption

capacity with regard to radionuclides is therefore an advantage

for overlying strata and surrounding to comply with their barrier

function.

Preference must be given to geological formations which show

visco-plastical reactions with regard to stress or which at

fractures do not allow the development of potential paths for

inadmissibly large liquid quantities.

4.5 Tectonics

The site of a repository mine shall be characterized by in-

significant tectonic activity; it shall lie at such a distance

from areas with strong tectonic activity that the integrity

of the repository is not endangered by it.

4.6 Hydrogeological conditions

Water paths between the biosphere and the repository mine in

operation represent a possible path for the release of radio-

nuclides. In the case of repository formations, such paths
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may at the most be so small that the protective function of

the geological and technical barrier system is maintained.

Possible effects of the emplacement of radioactive material

(e.g. heat input) must be taken into account.

After the decommissioning of the repository mine, water or

brine occurring in the repository formation or possibly

entering into it shall not reach the biosphere, at least

not to an inadmissible extent.

5. Prerequisites for the construction and operation of a

repository

In order to achieve the protection goals mentioned in section 2

the following has to be taken into account:

5.1 Compliance with layout data

The essential data from the site investigation are to be

evaluated and taken into account for the planning. Compliance

with the assumptions and layout data must be checked during

the construction, operation and decommissioning of the repos-

itory.

5.2 Safety analyses

Incident scenarios must be accounted for in detail and their

marginal conditions defined. On the basis of the examination

of these incidents, site-specific safety analyses are to be

carried out in accordance with scientific methods. For the

safety analyses, part systems and the course of events in

the overall system are imitated by means of appropriate models

on the basis of sufficiently conservative assumptions.

In this way potential weak spots can be identified. In the

course of the analysis of the overall system, adequate preven-

tive measures or an improved layout of other part systems

can compensate potential weak spots.
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Such safety analyses are necessary for the running and

close-down phases as well as for the time after the close-down

of a repository mine. If necessary, potential transport pro-

cesses of radionuclides into the biosphere after the emplacement

phase must be taken into account.

6. Site investigation

In order to determine whether a site in a geological formation

is suited for the final disposal of radioactive wastes, investi-

gatory work must be carried out above ground as well as under-

ground, taking into account the radionuclide inventory earmarked

for emplacement.

6.1 Above-ground site investigation

Above-ground investigatory work must be carried out in order

to provide data for first statements on the suitability of a

geological formation for the final disposal. They serve to

obtain knowledge of the sequence of strate in the overlying

strata/surrounding and in the repository formation as well as

of the hydrogeological situation. This knowledge is also

necessary for the determination of appropriate shaft sites.

Exploration boreholes sunk from the surface into a potential

repository area are to be limited to a minimum in order to

maintain the functions of the natural barriers. In the case of

a later driving of the repository mine, safety pillars have to

be maintained around these boreholes. The loss of rock sections

suitable for the final disposal, which would result from the -

safety pillars around these boreholes, must be kept as low as

possible by limiting the number of these boreholes.

All drillings have to be sunk, documented and evaluated in

accordance with the rules valid in mining and in deep drilling

technique and the experience of geosciences. Using the
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boreholes for the determination of basic values or the super-

vision of the running phase shall not cause damaging changes

in the rock formation.

After having made use of the boreholesthey have to be back-

filled in such a way that the barrier effect of the rock

mass including the safety pillars, is not restricted.

6.2 Underground site investigation

Shafts and galleries - these approximately up to the farthest

edge of the prospective emplacement fields have to be constructe

for the underground site exploration. Techniques

shall be applied which guarantee rock-saving driving and

which keep effort and outlay for maintenance work as low as

possible.

Additionally necessary exploratory boreholes in the repository

formation as far as the surrounding are to be carried out

with due regard to safety aspects.

If necessary, additional geophysical working methods must be

used in order to obtain further information on the structure

of the repository formation, especially with regard to its

barrier function.

7. Construction and running

The laws, ordinances and other regulations for the protection

of the staff and population against radiation damages as well

as the mining law regulations and the ordinances and other

rules of the responsible mining authority must be applied to

the construction and running of a repository mine.

Emplacement work in the repository begins upon granting of

the operation permit for the emplacement of radioactive
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wastes as scheduled and ends with the close-down of the

repository mine.

In addition to the aspects to be considered for a conventional

mine, the following has to be allowed for as regards the constructi

and operation of a repository, in accordance with

the special safety requirements for a repository mine.

7.1 Shafts

The shaft sites have to be fixed paying due regard to optimal

utilization of the geological and hydrogeological conditions

and the geomechanical properties of the overlying strata/surroundin

and the repository formation. An appropriate shaft lining

shall guarantee that a water inrush during running and also

after close-down can in all probability be excluded.

The number of shafts shall be minimized, although at least

two shafts are necessary for reasons of haulage, ventila-

tion and safety technology.

7.2 Underground openings and excavation systems

Galleries and working areas shall be so dimensioned that

undisturbed emplacement work is possible with due regard to

rock hauling.

Working areas shall be situated in such a way that they are of

little impediment to emplacement work, even in the case of incidents.

Storage transport and rock hauling shall take place in separate

galleries, if possible.

Transport installations for the emplacement are to be so

designed that exposure of persons is kept as low as possible

and that damages to storage containers can be avoided, even

in the case of faults in the transport installations.
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All openings must be prepared in such a way that their

stability can be maintained until they are backfilled as

planned. To this end, among other things, adequately

dimensioned safety pillars have to be left between the

storage rooms.

An optimal storage geometry must guarantee that - especial-

ly with regard to the development of heat as a consequence

of the final disposal of highly active wastes - the stability

of the open mine workings is not endangered. Keeping an appro-

priate safety distance between the boundaries of the repository

formation and the emplacement area must also guarantee that

the flow conditions in the water-bearing overlying strata/surround

rock are not thermally influenced in an inadmissible way.

When heat-generating wastes are placed into salt formations,

sufficiently large safety distances to carnallite seams must

be kept.

The repository mine is to be divided into emplacement fields

with individual storage rooms. During or after the filling

of a storage room with radioactive wastes the remaining space

has to be backfilled with appropriate filling material. The

same procedure shall be followed in the case of other under-

ground openings in the repository area which are decommis-

sioned. When certain parts of these fields have been used for

emplacement, these parts and finally the fields will be aban-

doned. To this end, after backfilling, the fields must be

sealed off from the open mine in such a way that no uncontrol-

lable influxes can take place into the open mine workings

from the abandoned parts of the field.

Emplacement work shall be carried out in retreat working.

The number of open storage rooms (galleries, chambers,bore-

holes) must be minimized with due regard to an advance main-

tenance necessary for the operation.
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The storage rooms must be kept open for as short a period

of time as possible, the respective provisions being

specified in the emplacement plan.

7.3 Ventilation

As a rule, the various emplacement fields and transport gal-

leries shall be arranged in ventilating districts which can

be independently separated from one another in order to avoid

spreading of an occurring contamination in unaffected areas.

7.4 Operational supervision

Although the site for the repository is investigated accord-

ing to an intensive survey program, the repository mine in-

stalled in accordance with guaranteed technical knowledge

and the emplacement of radioactive wastes carried out by

means of well-tested techniques, a supervision program for

the repository in operation is necessary in addition to the

routine control measures with regard to operation and radia-

tion protection.

This supervision program serves to confirm the operating param-

eters which to a certain extent have entered into the safety

analysis forming the basis of the installation work.

Special attention must be paid to the thermomechanical reac-

tion of the repository formation to the emplacement of highly

radioactive wastes as well as the geomechanical processes.

When significant deviations from the basic data are noticed,

their effects on the safety of the repository mine have to

be analyzed and, if necessary, taken into consideration by

a modification of the further operation of the repository.
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8. Wastes

Based on the results of the safety analysis, specifications

are to be laid down for the various products to be finally

disposed of. The specifications must in particular comprise

requirements on the respective activity inventory and the

chemical and mechanical stability of the products which, in

connection with the other barriers, guarantee compliance

with the above-mentioned protection goals.

The definition of repository-specific requirements on the

waste forms is determined by physical and chemical conditions

which may occur in the repository and which can cause a

release of radionuclides.

Accordingly, it has to be clarified by means of specific in-

vestigations in connection with safety analyses, whether

and to what extent radionuclide releases may be induced due

to potential interactions between the stored radioactive

wastes and the repository formation or water influxes or salt

solutions. The effects of temperature and ionizing radiation

as well as the mechanical stress which the rock mass exerts

on the packages must be included in these considerations.

When conditioning and packaging heat-generating radioactive

wastes, the disintegration heat and its potential influences

on the integrity of the waste packages must be taken into

account.

Packages, i.e. containers, packing materials and the radio-

active wastes contained in them, as well as the handling,

transport and emplacement techniques are to be coordinated

in such a way that safe emplacement is guaranteed.

Requirements on the packages, which will be defined in

specifications, must be complied with.
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The mechanical impacts on the packages (e.g. in the case of

a fall) may only lead to such insignificant damages of the

packing material or to changes of the product that a potential

radionuclide release will remain limited in its effects.

The packages must be laid out in such a way that even with

due regard to potential fires, no inadmissible radionuclide

releases can occur. Here the special properties of inflammable

wastes must be taken into account.

For the final disposal of heat-generating wastes the heat

output and surface temperature of the packages must be defined

in such a way that the specified properties of the packages

are preserved and the integrity of the geological formations

is not endangered.

The prescribed limiting values of contamination and dose rate

must be complied with.

The technical data of the packages (e.g. dimensions, material,

tightness, capacity) must be documented. The origin is to

be documented accordingly.

9.Close-down

After the running phase the repository mine shall be closed-

down. Parts of the repository are already closed-down

in the running phase. The close-down of the

entire repository mine shall be concluded with the backfilling

of the shafts.

The backfilling and sealing of the openings are to be carried

out using appropriate materials and techniques, the aim being

to contribute to an increase in the stability by reducing the

openings to impede or prevent the access of transport media,
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such as water, into the radioactive wastes and to reduce a
potential radionuclide release to an admissible degree.

The measures taken with regard to the close-down are a final

contribution to the long-termin compliance with the protection

goals.

10. Post-running phase

The post-running phase refers to the time after close-down

of the repository mine.

10.1 Environmental control

The installation, operation and close-down of the repository

mine are carried out and controlled in such a way that a special

control and supervision program is unnecessary in the post-

running phase.

Teneral measurements carried out as a matter of routine for

environmental protection purposes as well as site surveys give

information about the radiology and the long-term thermomechanical

behaviour of the repository formation, the overlying strata and

the surrounding.

10.2 Documentation and marking

The survey data of the repository mine, the characterization

of the wastes stored, as well as the essential technical measures

taken for the construction, running and close-down of the reposi-

tory mine must be documented. Complete sets of documents must be

well protected and kept separately in appropriate places.

An above-ground marking of the repository with regard to regular

measurements carried out for environmental protection purposes

and site surveys is not necessary. Information on the location of

the site must be adequately guaranteed by the documentation.
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