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= UNDERSTANDING THE HYDRAULIC BEHAVIOUR OF A FRACTURED CRYSTALLINE ROCK
= STABILITY ASSESSMENT OF THE LANDING STATION OF SHAFT MARIE

= DEVELOPMENT OF HLW CONTAINERS FOR DISPOSAL IN CRYSTALLINE ROCKS

= CLOSING THE EMPLACEMENT CHAMBERS OF THE KONRAD REPOSITORY

= |JAEA WORKSHOP ON THE FEASIBILITY OF BOREHOLE DISPOSAL




Analysis of drill cores at URL Bedretto

Dear Readers,

As head of the newly established Numeri-
cal Modelling Department, it is a pleas-
ure for me to refer in this editorial to the
article on the geotechnical calculations
being carried out for the Morsleben re-
pository. It gives an insight into the great
work being done by the Numerical Mo-
delling Department for our parent com-
pany, BGE.

Understanding the
Hydraulic Behaviour of a
Fractured Crystalline Rock

In May 2022, BGE TECHNOLOGY GmbH
carried out water pressure tests on the
hydraulic behaviour of the Rotondo Gran-
ite at the Bedretto Underground Labo-
ratory for Geosciences and Geoenergies
(BULGG) in Switzerland, the granite being
used as an example for a fractured crys-
talline rock mass. The work is part of the
joint project PRECODE, funded by BGE,
where BGE TECHNOLOGY GmbH pursues
to create near-natural fracture fillings in
a crystalline rock mass in order to reduce
its permeability in the long term (com-
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Work for BGE has always been a major part
of our activities. In the past, such work
concerning HLW disposal was restricted
to projects about disposal in salt as host
rock formation. In the past two decades,
we have also carried out projects for the
development of disposal concepts in clay
and crystalline, but only in the framework
of national R&D projects financed by the
government or in international projects.

With the new German site selection proc-
ess implemented by BGE taking up mo-
mentum, we are also increasingly en-
gaged in projects for our parent company
that are related to HLW disposal in crys-
talline or clay as host rock. Two interest-
ing examples are described in this news-
letter: project PRECODE, which addresses
the closure of fractures around emplace-
ment locationsincrystalline rock,and ELB-
Rock, which is dedicated to the develop-
ment of disposal canisters for crystalline
environments.

Another interesting line of research,
which has recently gained increasing im-
portance for our international activities,

pare newsletter 4/2021). The investiga-
tion contributes to the current develop-
ment of suitable injection materials and
related injection process parameters. For
this purpose, three 10-m-long boreholes
were core drilled perpendicular to the
tunnel axis with a slight decline to inter-
sect with the anticipated fracture net-
work at multiple positions. The location,
which had been selected based on data
from ground-penetrating radar, drift
scans, and a fracture survey, turned out
to be suitable as each of the holes cut
through natural joints and furthermore,
even delivered a constant water flow.

The fact that dry fractures at the tun-
nel walls and wet fractures just behind

is the disposal of HLW and SNF in deep
boreholes (DBD). We started the corre-
sponding work 10-15 years ago with an
R&D project on the disposal of such waste
in 300-m-deep boreholes, coming from
the disposal level of a geological dispos-
al facility. In recent years, our activi-
ties have newly focussed on this dispos-
al concept in the framework of projects
carried out for NND (Norwegian Nuclear
Decommissioning) and CSIRO (Common-
wealth Scientific and Industrial Research
Organisation, Australia), which also led
to our participation in a respective IAEA
workshop, where we shared our experi-
ence concerning DBD concepts with other
interested organisations.

Closing, I would like to repeat our standing
general invitation to contact us should
you be interested in learning more about
our technical skills and experience, should
it concern the topics briefly described in
this flyer or in general.

Happy Reading!

Bernt Haverkamp

them existed in parallel, underlines the
challenge to distribute injection mate-
rials in the fracture network. Irrespec-
tive of their actual water bearing, wet
and dry fractures are potential pathways
and thus, should be minimised around a
future emplacement hole.

Core samples and borehole videos helped
to identify the locations of the natural
fractures in the host rock. Then, step by
step, a double packer system, consisting
of two packers with an intermediate
testing space, was pushed to the respec-
tive location in a borehole to seal it
before and behind individual or groups
of fractures, depending on their spacing.
Finally, a high-pressure pump delivered a



Shaft landing station and surrou il_ g drifts and modelling results of
displacements

controllable flow of water into the test-
ing space and the connected fractures,
which resultedin a characteristicdynam-
ic pressure development. The tests give
a first impression of the hydraulic beha-
viour of the rock mass from elastic de-
formation to the widening of fractures,
up to the reopening of closed fractures.
Although the processing of the measure-
ment data is still ongoing, based on the
positive impressions from the first tests,
the three boreholes will be used again to
test injection materials under realistic
conditions.

Stability Assessment
of the Landing Station of
Shaft Marie

Shaft “Marie”, which is the discharge
ventilation and rescue shaft of the ERAM
LILW repository, celebrated its 125%
birthday this year. In August 1898, the
shaft, named after the mine owner’s
wife, was completed by miners working
with shovels, pickaxes, and buckets. It is
522m deep and has a diameter of 5.8m.
In search of potash salt, a shaft landing
station was established on the first level
at a depth of 360m. This station is locat-
ed in the main rock salt of the Stassfurt
series. The four drifts branching off the
shaft and a surrounding bypass drift form
low thickness pillars. Recently, deforma-
tion has been observed in the area of the
masonry between the pillars. Prior to a
comprehensive renovation of the shaft
landing station, it is necessary to iden-
tify the causes for this deformation and
to analyse the situation of its extended
area. Therefore, a stability assessment is
carried out, which combines geotechni-
cal measurements and numerical analy-
ses. Together with BGE's Department of
Geotechnics, a monitoring concept has
been designed, which consists of con-
vergence stations and long extensome-

ters that monitor the vulnerable areas in
the form of long measuring chains. Each
of the magnetostrictive extensometers
measures the displacements with high
precision (resolution: 70pum) at 20 meas-
uring points along a 5-metre-line. Fis-
surometers are installed as well. BGE
TECHNOLOGY GmbH currently conducts
stability investigations based on a 3D
numerical model. Incoming measure-
ment data are used to verify the model.

Development of HLW
Containers for Disposal in
Crystalline Rock

In spring of 2022, BGE TECHNOLOGY
CmbH and Gesellschaft fir Nuklearser-
vice mbH (GNS) started the joint project
ELBRock on behalf of BGE. Within the
scope of this project, which is led by GNS,
up to three different waste contain-
er concepts for high-level and heat-gen-
erating radioactive waste or spent fuel
will be developed for BGE's site selection
department. These waste container con-
cepts will be especially designed for dis-
posal in crystalline rock.

The first step in the project ELBRock is
to summarise the necessary boundary
conditions and inputs for the subsequent
development of waste containers. There-
fore, the geologic characteristics of
crystalline rock and the waste invento-
ry to be considered will be detailed first.
In a second step, the state of the art of
relevant inputs and boundary conditions
like disposal concepts and emplacement
technologies, waste container materials
and spent fuel treatment will be sum-
marised. In a next step, the respective re-
sults and the state of the art will be used
to derive the necessary waste container
requirements and the impacts that have
to be considered in container design. Fol-
lowing these first ideas, new or adapt-

able waste containers will be generated
and evaluated. Uptothree waste contain-
er ideas will then be further developed
to waste container concepts. At the same
time, corresponding safety assessments
have to be prepared for these container
concepts. Here, two aspects—operational
and long-term safety — have to be taken
into account. The key aspects of the
ELBRock project are:

e Summarising the state of the art of
final disposal in crystalline rock

e Compiling a list of waste container re-
guirements

» Designing up to three different waste
container concepts

e Describing the container-relevant
aspects for a future safety case

In the first steps of the ELBRock project,
BGE TECHNOLOGY GCmbH will focus on
describing the geologic conditions of
crystalline rock and on summarising the
state of the art regarding disposal in this
type of rock.

Closing the Emplacement
Chambers of the Konrad
Repository

In Germany, non-heat-generating, ra-
dioactive waste is to be disposed of in the
Konrad repository. The waste packages
are to be stacked in emplacement cham-
bers that are up to approx. 1 km long. The
packages will be placed in sections of
50 m length. Then, shotcrete will be ap-
plied to the last stack of packages, thus
creating a wall that allows backfilling of
the section with a high-flowable mor-
tar. At the entrance to the emplacement
chambers, there are areas for reloading
packages and for turning vehicles. Large
ventilation boreholes open into these
areas. These areas and boreholes are also
to be backfilled.
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At the chamber entrances, however, it is
not possible to apply shotcrete to waste
packages. The task was therefore to
compile options for a support and to
evaluate the technical feasibility of its
construction in the controlled area of
the repository and to assess whether
the construction can be integrated into
the work processes. The support mate-
rials must not be combustible and must
be transportable underground and to
the place of use in sufficient amounts. It
must be possible to erect the support in
a short time, with little effort, and with
existing equipment. After shotcrete has
been applied, all walls must meet the
static requirements and be solution-
tight.

For example, empty containers (dum-
my containers), formwork blocks, mo-
bile formwork systems, and the creation
of walls with flexible plastic tubes were
considered. The options were evaluated
by BGE TECHNOLOGY GmbH based on
a specially developed evaluation matrix
with weighted factors. In this context,
our extensive practical experience
gained in the context of backfilling and
sealing measures was of great benefit.
In the end, reference solutions were

selected in cooperation with mining
engineers from the site. This way,
another cornerstone was laid for the
smooth execution of the emplacement
operations in the Konrad repository.

IAEA Workshop on
the Feasibility of Borehole
Disposal

Deep borehole disposal (DBD) allows
efficient isolation of small volumes of
all kinds of radioactive waste from the
biosphere. A simple basic concept can
be adapted to the waste inventory and
the geologic and hydrogeological con-
ditions. This increases the probability of
being able to use a host rock with op-
timum properties. Moreover, the foot-
print of a facility and the possibility of
human intrusion are very small. Due to
these facts, many countries are consider-
ing this disposal option. So far, disused
sealed sources have been disposed of in
boreholes. For the realisation of deeper
borehole projects, an exchange of expe-
rience between experts is essential.

The International Atomic Energy Agency
(IAEA) promotes the exchange of know-

ledge and experience gained. Working
meetings are to identify and coordi-
nate research needs. A recent meeting at
the IAEA headquarters in Vienna offered
many countries the opportunity to pres-
ent their statuses of work. BGE TECHNO-
LOGY CmbH has extensive knowledge
in the design of transport and disposal
containers, of borehole disposal in geo-
logical disposal facilities, and has alrea-
dy carried out studies on DBD projects
around the world. At the IAEA meeting,
options for transporting and emplacing
containers as well as a corresponding
hoisting system were presented, the per-
formance and reliability of which have
already been proven. In addition, a pro-
cedure for developing sealing systems
that have a very high level of reliability
due to the selection of long-term sta-
ble materials and the concept of redun-
dancy and diversity was described. The
findings of quality assurance measures
are an essential basis for demonstrating
functionality. For this reason, BGE TECH-
NOLOGY CmbH presented the structure
of a proven programme that was devel-
oped for sealing boreholes. This way, the
expertise of BGE TECHNOLOGY CmbH
significantly contributes to the success
of borehole disposal projects.

For further information, visit www.bge-technology.de or scan the QR code below.
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