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—Artorial

Prof. Dr.
Ralph Watzel

President
of the Federal Institute
for Geosciences and

Natural Resources

Dear Readers,

Germany is dependent on imports for its metalliferous natural resources. Al-
though prices have been declining significantly in recent months, numerous
raw materials such as platinum, cobalt and rare earth elements continue to be

exposed to price and supply risks.

To ensure that German industry can respond better to this situation in their
procurement activities, the German Mineral Resources Agency (DERA) at
BGR has developed a raw material monitoring system on behalf of the German
government. DERA experts have configured a screening method for the early
identification of possible procurement risks. This is the platform which enables
German companies to gain the specific advice they require. All of the most
important information on this issue is bundled within DERA ’s internet portal
(www.deutsche-rohstoffagentur.de). Find out more on this raw material moni-

toring in the interview on page 70.

BGR also provides its expertise in other important fields with great societal rele-
vance. BGR has been advising the national commission on “Storage of High-level
Radioactive Waste” since 2014. Due to their comprehensive research activities
in the field of radioactive waste disposal, BGR scientists are important technical
experts to which the commission can turn to for geological information and

advice. Read more about this in the article on page 6.

I hope you will find it an interesting read!
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Subsurface Use

Advice to the Commission for the “Storage of High-level Radioactive Waste”

Difficult selection process

BGR experts advise the repository commission on geoscientific issues

The Bundestag and the Bundesrat established a commission in 2014 to undertake prepara-
tory consultations for the search for a repository site for high-level radioactive waste. The 34
members of the committee receive advice from BGR on geoscientific issues. At least one
BGR expert is present at all of the meetings of the repository commission.

Galary in the international Mont Terri Rock Laboratory in Switzerland. BGR has been doing research here for 20 years, investigating the properties of claystones as a

host rock for a repository.

Transparent and fair - this is how the
repository commission should do its
work. All of the meetings are public,
and are transmitted live in the inter-
net. There are also audio recordings:
everyone can use the internet por-

tal to ask the commission questions
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and to make comments. The internet
portal also gives access to all of the
documents discussed by the commis-
sion — whose official title is “Storage
of High-level Radioactive Waste” - as
well as all of the documents which are

important for its work.

“The commission’s task is to do pre-
paratory work for the actual search
for a repository site,” explains Dr.
Volkmar Briuer, head of the “Under-
ground Space for Storage and Eco-
nomic Use” department at BGR. The

members of the commission not only



include politicians from the Bun-
destag and the governments of the
German states, but also representa-
tives from the scientific community
and society as a whole. The different
tasks are delegated to three working
groups. One group for instance devel-
ops regulations and criteria for soci-
etal dialogue and public participation
during the subsequent search for a
repository. The main priority here is
again transparency and the involve-

ment of the general public.

Transparency and public partici-
pation

The second working group is cur-
rently reviewing the existing Site Se-
lection Act, whilst the third working
group is elaborating decision-making
criteria. A site is being sought that
provides the best possible levels of
safety, and is also socially acceptable.
The committee plans to submit a final
report by the middle of 2016 which
provides the basis for the next steps

in the search for a repository.

The necessary expertise when it comes
to geoscientific questions is provided
by BGR scientists: the BGR President
and another scientist are present at all
of the commission’s meetings. Volkmar
Bréuer takes part in all of the meetings

of working group 3.

Valued experts

Thanks to BGR’s many years of com-

BGR scientists in the Mont Terri Rock Laboratory in Switzerland. They use high resolution geophysical
surveying methods to investigate whether claystone is suitable as a host rock for the final disposal of

high-level radioactive waste.

prehensive research experience on
the topic of repositories, the BGR
scientists are highly valued as experts
by the members of the commission.
“BGR is the institute in Germany
which boasts all-round technical
expertise on geoscientific and geo-
technical issues for the complete site
selection process, all the way to as-
sessing the suitability,” says Volkmar

Brauer.

The work undertaken by working
group 3 includes looking at various
disposal options, general safety re-
quirements, and the ability to correct
any possible defects. “The geoscien-
tific aspects are crucial here for the

safety of the repository. This is why

minimum geoscientific requirements
for the site regions, the exclusion cri-
teria, and the weighing criteria, have
to be defined with the incorporation
of the necessary technical expertise,”

reports Brauer.

Scientific expertise

BGR has already made numerous
expert contributions since the first
meeting of the commission, including
lectures, data sheets, review articles,
and data collections. Topics included
geoscientific criteria for repository
projects in other countries, and eas-
ily understandable facts on claystone

research.

Contact: Dr. Volkmar Briuer
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Subsurface Use

BASAL: Distribution and properties of subhorizontally-bedded salt layers

Re-evaluation of salt deposits

BGR investigates subhorizontally-bedded salt layers

The search for a site for a repository for high-level radioactive waste was restarted in 2013,
All of the potential host rocks existing in Germany must be re-evaluated and compared as
a result. The list now also includes so-called “subhorizontally-bedded evaporite formations”.
BGR is analysing today’s knowledge base on these salt deposits as part of the BASAL project.

Parts of Germany were covered by
shallow seas or large salt lakes several
times over the last 250 million years.
These seas were sometimes even more
salty than today’s Dead Sea. Evapora-
tion led to the deposition of salt layers
in these waters, which were gradually

covered by younger sediments.

Salt minerals were originally laid

down on the seafloor in horizontal
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layers. Later on, the weight of over-
lying rock layers caused the salt to
rise up in some places as far as the
surface of the earth - giving rise to
mushroom-shaped or pillar-shaped

salt domes.

New start to the search for a
repository
For a long time, salt domes were

the main focus of the search for a

repository for high-level radioac-
tive waste. “BGR published rock salt
studies in 1977, 1982, 1983, 1991 and
1995, which all concentrated on salt
domes,” reports Dr. Jorg Hammer,
head of the “Geological exploration”
sub-department at BGR.

However, ever since the Site Selec-
tion Act came into force in 2013, the

search for a repository site has now



started from scratch again, and in-
cludes the whole of Germany. This
means that in addition to salt domes,
“subhorizontally-bedded evaporite
formations” are also now being in-
vestigated to see whether they are also
suitable host rocks for a repository.
These salt layers are often located
several thousand metres below the
surface, and their bedding conditions
have hardly changed since they were

originally deposited.

New distribution maps

BGR scientists headed by Klaus Rein-
hold and Jérg Hammer are currently
compiling all of the known data on
the salt formations in Germany as
part of the BASAL project. The sci-
entists have already prepared new

distribution maps. These reveal the

parts of the country where there are
evaporites of Rotliegend, Zechstein,
Rot, Muschelkalk, Keuper, Malm or
Tertiary age.

In addition, the BGR experts have
also compiled data from numerous
representative wells drilled into the
salt formations in question. Con-
cise datasets are now available on the
composition of the layers, the thick-
ness of the rock salt sequences, and
the depth of all of the differently aged

salt formations.

How well are radioactive toxins
contained?

Specific regions will be looked at in
much greater detail during the course
of the project. “We will prepare thick-
ness maps and depth maps,” says Jorg
Hammer. In addition, BGR scientists
also intend to analyse samples from
deep wells and mines. “We will an-
alyse the chemical composition and
physical properties of the rocks. We
are also looking at the influence of
fault zones and how heat generation,
raised fluid contents, and varying
geomechanical properties, affect the

barrier properties of the rock salt”

These questions are important to es-
tablish whether subhorizontally-bed-

ded salt layers may also be suitable

Distribution of evaporite rocks from various
geological eras in the Federal Republic of
Germany.

for the final disposal of high-level
radioactive waste. The next phases in
the project, which is scheduled to be
completed in 2019, involve scientists
in elaborating 3D geological models,
and using these to carry out numer-
ical modelling. The aim here is to
find out whether the final disposal
of heat-generating radioactive waste
alters the salt layers — and the effects
this could have on the properties of
the rock formations. In addition, the
scientists will also simulate how a
possible repository located in sub-
horizontally-bedded salt layers could
be affected by a glaciation.

Contact: Dr. Jorg Hammer,
Dr.-Ing. Sandra Fahland
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Subsurface Use

AnSichT: Safety Assessment Methodology for a German high-level Waste Repository in Clay Formations

Predicting the future

BGR develops a safety demonstration concept for a repository in claystone

Radioactive waste is to be safely stored in deep geological formations for the long term.
Experts are considering a period of one million years to demonstrate the safety of high-level
radioactive waste. BGR scientists are currently developing a concept to enable them to
systematically demonstrate the long-term safety of a repository in claystone. Two models
simulate the typical geological situations in North and South Germany.

It is not clear how the earth’s climate
will develop in the distant future.
Over the next million years, parts of
Germany could be covered several
times by thick sheets of ice during
new ice ages. However, if the climate
continues to warm up, and the sea
level continues to rise, central Europe
could also be covered by a shallow

sea.

Such developments need to be taken
into consideration when planning a
repository for radioactive waste. “It
is necessary to isolate the waste from
the biosphere for a period of around
one million years to prevent toxic
effects on people and the environ-
ment,” reports BGR scientist Sabine

Mrugalla.

Safety demonstration for claystone
Mrugalla is involved in the AnSichT
project. Together with its project part-
ners DBE TECHNOLOGY GmbH in
Peine, and the Gesellschaft fiir An-
lagen- und Reaktorsicherheit mbH

10 I BGR Report

(Plant and Reactor Safety Ltd.) in
Braunschweig, BGR is elaborating
new methods that can be used to car-
ry out a safety demonstration for a

repository in claystones.

“Together with our partners, we are
not only regarding the geology, but
also the technology and the build-

ings in a repository mine. We then

describe the possible development
scenarios,” explains Sabine Mrugalla.
It is usual international practise in
repository projects to initially make
a scientific description of the condi-
tions at the start. This is followed by
the documentation of the processes
which could influence the repository
system in the future. This includes

for instance the evaluation by various

3D block diagram of the NORD model covering north Germany.



experts of the physical properties of
the host rock, the corrosion of the
containers, underground transport
processes, and geological events — in-
cluding meteorite impacts in extreme
scenarios — all of which are then clas-
sified into conditions and processes.
BGRS task in the AnSichT project is
to describe the geoscientific processes

involved.

Geological repository site models

In the case of a repository in clay-
stone, different geological develop-
ments are possible depending on
whether the repository site is in north
or south Germany. “We have there-
fore decided to build up two mod-
els, one for north Germany and one
for south Germany; reports Sabine

Mrugalla.

In the NORD (north) model, the sci-
entists look at the Lower Cretaceous
claystones as the potential host rocks.
The model includes 17 geological
units from Zechstein to Quaternary.
The SUD (south) model consists of 16
layers and is more than 1,000 metres
thick in total. In this model, the sci-
entists chose the Opalinus Clay from
the Middle Jurassic as the host rock.

Long-term forecasts

BGR elaborated long-term geoscien-
tific forecasts for both models. These
forecasts describe how the models
could develop over the next one mil-
lion years when they are affected, for
instance, by several ice ages which
could cause erosion at the surface,
or whether and how the earth’s crust

could become deformed.

3D block image of the SUD model covering south Germany.

“One of the main objectives was to
structure the catalogue in which the
various conditions and processes are
documented, much more clearly and
unequivocally. We wanted to trans-
parently document the information
which is used for the development of
the scenarios,” says Sabine Mrugalla.
She and her colleagues have already
implemented this objective in the
catalogue for south Germany. The
probabilities of the processes actually
occurring are now being assigned to
the different processes. This makes
it possible to determine the more
probable and less probable future

development of the repository system.

Contact: Sabine Mrugalla
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Subsurface Use

BASTION: Influence of geological processes on the barrier properties of claystone formations

N action

ectonic Torces

Microstructures in claystones reveal how faults arose
and what influence they have

In the BASTION project, BGR experts are working on behalf of
the Federal Ministry for Economic Affairs and Energy to ana-
lyse samples taken from the underground rock laboratories
in Switzerland and France. They want to find out more about
the properties of claystones relevant for repository safety.
The most important questions: how do geological fault zones
affect the stability of claystones? VWhat influence do these

heterogeneities have”

The forces of tectonics can grind
down even the hardest rocks. In areas
where the earth’s crust moves under
the influence of the forces inside the
earth, it is often possible for fracture

zones to develop with thicknesses of

decimetres to kilometres. The origi-
nally hard rock is often ground down

to fine flour within these faults.

“Rocks with deformation fabrics” of

this kind, as they are called by the

A fault zone in a claystone under the electron microscope (1.) and in a drill core (r.). The slickenside

surfaces reveal the direction of the movement.
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experts, are often problematic for
mining. This is because the deformed
fault zones often behave in unpredict-
able ways. The experts planning a
repository for high-level radioactive
waste also need to know how the host
rock reacts to mechanical stresses of
this kind. “To prepare for the imple-
mentation of the Site Selection Act,
we have intensified our investigations
of claystone as a host rock,” reports
Dr. Jorg Hammer, head of the unit
“Geological exploration” at BGR.

Comparison between claystone and
rock salt

He and his colleagues are particularly
interested in comparing the defor-
mation processes taking place in salt
rocks and claystones — with the aim
of finding out how potential faults
heal up again in these plastic or brittle
rocks respectively. “We have been in-

vestigating claystones since 1991, and

Drilling activities carried out by BGR in the
international Mont Terri Rock Laboratory in the
Jura canton in Switzerland.



are involved in several international
co-operation projects,” emphasises

Jorg Hammer.

As part of the BASTION project, BGR
will be looking until 2019 at how for
instance, deformation processes, the
addition of heat, and the bedding
relationships, influence the properties
of claystones. This involves the scien-
tists analysing samples from the Mont
Terri Rock Laboratory in Switzerland,

as well as from other locations.

Boreholes in the underground
laboratory

The BGR experts are looking first at
undisturbed rock samples from the
Opalinus Clay - a rock formation of
Jurassic age, which has been inves-
tigated in Switzerland as a potential
host rock for radioactive waste, and
which is also widespread in South
Germany. The investigations revealed
that the clay content and the pro-
portion of other minerals, such as
pyrite, quartz or carbonate, can vary
considerably, and thus also affect the

properties of the rock.

In other samples, Tilo Kneuker and
his colleagues are identifying artificial
fracture patterns created for instance
during drilling, or during the exca-
vation of the underground galleries
in the underground laboratory. They
then compare these samples with

cores taken directly from a borehole

drilled in the Mont Terri Rock Labo-
ratory in Switzerland. This borehole
cut through a fault zone with a thick-
ness of several metres, and therefore
provided important insights into nat-

ural deformation processes.

Geological interpretation

“These investigations enable us to
understand in detail how natural
deformations affect the structure
of claystones — at a microscopic as
well as a macroscopic level,” says
Tilo Kneuker. Moreover, geophysi-
cal and geotechnical measurements
are also being carried out by BGR
colleagues in Mont Terri to charac-
terise the area directly surrounding
a borehole. “This interdisciplinary
approach enables us to gain a bet-
ter understanding of the geological
processes taking place in the rock”

explains Tilo Kneuker.

BGR is also investigating natural ana-
logues of a repository for radioactive
waste, in claystones that were heated
up by natural processes. Numerical
modelling is carried out in parallel
to the mineralogical investigations.
Findings from the BASTION project
therefore provide an important basis
for comparing all of the potential
repository host rocks existing in Ger-

many.

Contact: Tilo Kneuker,

Dr. Jorg Hammer

Source: Nussbaum et al. 2011

Fault zone outcrop in claystone in the Mont Terri

Rock Laboratory.

Claystones often contain fossils, such as this

ammonite.
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Source: Dohrmann, R., Kaufhold, S., 2014, Clays & Clay Minerals, 62
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Technical mineralogy and clay mineralogy: “Prototype Repository”

Replacements In bentonite

What happens when groundwater comes into contact with the barrier?

BGR scientists are investigating samples from the Swedish underground rock laboratory in
Aspd to find out which geochemical processes are involved in the final disposal of radioac-
tive waste in underground rock formations: such as when the clay buffer in the geotechnical
barrier comes into contact with groundwater.

Design of the “Prototype Repository” emplacement tests with radioactive waste in the Aspd Hard Rock

Laboratory in south Sweden.

Red Swedish houses in the middle
of an idyllic skerry landscape - this
is the setting of the Aspo Hard Rock
Laboratory near the town of Oskar-
shamn in south Sweden. Most of the
research facility is invisible: the ex-
periments undertaken by the Swed-
ish scientists and their international
colleagues to test various repository
technologies take place under the

ground.
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A spiral tunnel winds down from
the surface into the solid granite to
a depth of around 500 metres. Nu-
merous side tunnels and niches are
used by scientists to investigate the
processes taking place underground
when containers filled with heat-gen-
erating radioactive waste are stored
under such conditions. “The under-
ground rock laboratory resembles

a future repository in many ways,’

says Dr. Reiner Dohrmann, head of
the “Technical mineralogy and clay
mineralogy” unit of BGR. “However,
there is one crucial difference: Aspo

contains no radioactive waste”

Dohrmann and his colleague Dr.
Stephan Kaufhold are involved in a
particularly important experiment:

»

“Prototype Repository”. “This is an
emplacement test at a scale of 1:1,
says Stephan Kaufhold. “We use the
exact dimensions of a planned reposi-
tory so that the investigations provide

the most realistic picture possible”

Long-term tests since 2001

The prototype repository consists of
six vertical, seven-metre-deep bore-
holes with a diameter of 1.75 metres.
Between 2001 and 2003, cylindrical
copper containers were lowered into
each of these large holes. The contain-
ers have electrical heaters which can
be used to heat up the surface of the
containers to around 90 degrees Cel-
sius. The metal cylinders are encased

in thick rings of compacted bentonite



Source: SKB

Employees of the Swedish company SKB install the dummy containers for the radioactive waste emplacement test in underground test tunnels in the Swedish Aspé

Hard Rock Laboratory.

with a thickness of almost 60 centi-
metres. This clay buffer is considered
to be very suitable for the contain-
ment of radioactive nuclides, and
thus to prevent them from spreading.
Experts classify bentonite as a geo-
technical barrier: because the granite
host rock is riddled with fractures
through which groundwater flows,
the radioactive waste also needs to be
embedded within a material which
is as impermeable as possible in or-
der to retard the toxins. “However,
we do not yet fully understand the
properties of bentonite,” reports BGR

scientist Reiner Dohrmann.

Complicated replacement processes
When the first two copper contain-
ers were removed in 2011 after eight
years in the prototype repository,
BGR received samples from several

of the bentonite rings. Dohrmann and

Kauthold already knew that cation
exchange processes were taking place
between the swelling clay minerals
and the groundwater: over a period of
a few years, this mainly involves the
substitution of sodium ions, which
were previously bound up in ben-
tonite, by positively charged calcium

ions.

Barrier remains stable

When they investigated the barri-
er material, the BGR scientists were
therefore not surprised to see that
the concentration of calcium ions
in the clay buffer had risen during
the experiment. However, they also
found out that this substitution had
not caused any damage to the bar-
rier material. Another observation:
magnesium ions from the benton-
ite were shown to have migrated to

the contact surface with the copper

containers during the emplacement
period. “Although this phenomenon
has already been observed in other
in situ tests with bentonite barriers,
it is not completely understood so
far,” says Reiner Dohrmann. This
phenomenon does not take place in
laboratory experiments. The BGR sci-
entist is convinced: “This highlights
the value of large-scale experiments
of this kind.”

Contact: Dr. Reiner Dohrmann,
Dr. Stephan Kaufthold

BGR Report I

Source: SKB
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Subsurface Use

THM processes (thermal, hydraulic, mechanical) in claystones

Heating up systematically

Numerical calculations and experiments go hand-in-hand in repository research

Conditions change in many ways when radioactive waste is stored in the underground
repository: the changes can be thermal, hydraulic, mechanical and chemical. Before final
disposal takes place, these complex processes need to be understood and numerically
simulated. The BGR scientists use the OpenGeoSys computer code for modelling clay-

stones.

The experiment gallery of the Japa-
nese Horonobe Underground Labo-
ratory on the island of Hokkaido

lie 350 metres below ground

level, and are surrounded by

soft claystone. Researchers

working for the Japanese

Atomic Energy Authori-

ty JAEA, set up a unique
experiment here in 2014:

they installed an electri-

cal heating device into a
4.20-metre-deep hole with a
diameter of 2.40 metres, and em-
bedded it in a mixture of sand and
bentonite, a clay mineral. This set up

was then sealed with a cement plug.

The heating is set to maintain a
temperature of almost 100 degrees
Celsius until 2020. Sensors in the
backfilled material, in the gallery, and
in the surrounding rock register how
the material reacts to the heat. In this
way, the scientists hope to establish
the effects caused by the heat gener-

ated by radioactive waste.
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Coupling mechanisms of thermal (T), hydraulic
(H), mechanical (M) and chemical (C)
processes.

International co-operation

They are supported in their activities
by BGR scientists Dr. Jobst Maimann
and Dr. Hua Shao as part of the in-
ternational DECOVALEX project
(DEvelopment of COupled models
and their VALidation against EXper-

iments in nuclear waste isolation).

“We develop numerical methods to
simulate the complex processes tak-
ing place in repository locations,’
reports Jobst Maflmann. To do
this, BGR experts use the open

source code OpenGeoSys.

OpenGeoSys is managed by

the Department of Environ-
mental Informatics at the
Helmholtz Centre for Envi-
ronmental Research (UFZ) in
Leipzig. The main focus of this
software is to numerically mod-
el coupled thermal-hydraulic-me-
chanical-chemical processes within
porous and fractured media. In addi-
tion to its use in repository research,
OpenGeoSys is also used in research
on CO: storages, or on geothermal

energy for instance.

Benchmark studies

Every time a source code is changed,
the scientists involved use well-known
examples to test whether the results

remain valid. The team documented



The temperature distribution of the heating experiment in the Horonobe Underground Laboratory on the
Japanese island of Hokkaido calculated using the OpenGeoSys computer code.

Measured and calculated change in temperatures and moisture levels over time in the Mont Terri Rock

Laboratory in Switzerland.

the results of these benchmarks in
a book in 2015 that was published
by the Springer publishing house as
part of the “Terrestrial Environmental
Sciences” series. One of the editors
was the BGR scientist Hua Shao.

However, the final disposal of radi-
oactive waste is a very special chal-
lenge for the modelling experts. “All
physical processes are very closely
linked to one another,” emphasises

Hua Shao. For instance, the degree to

which the fine pore spaces in the rock
are saturated with water depends on
the temperature. On the other hand,
the degree of saturation of the rock
determines how well it can conduct
heat. The repository scientists there-
fore first have to carry out laboratory
experiments to determine which laws
govern the capillary pressure and the
propagation of the temperature. This
is a necessary step before they can en-
ter the proper formulae in their com-
puter code. Amongst other things,
Shao and Mafimann have simulated
how the water saturation and tem-
perature develop during the heating
experiments in the Horonobe Un-
derground Laboratory in Japan, and
in the Mont Terri Rock Laboratory in
Switzerland. The Japanese experiment
is a vertical borehole at the same scale
as planned for subsequent repository
use. The Swiss experiment is at a scale
of 1:2, and has been running since
2012, and models horizontal emplace-
ment. It was shown that there is good
agreement between the calculated
and the measured temperatures and
moisture levels in both underground

laboratories.

Contact: Dr.-Ing. Jobst Mafimann,
Dr.-Ing. Hua Shao
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Subsurface Use

Underground facility in Neckarzimmern / Baden-Wirttemberg

Stapility verified

Underground facility of the German army is not endan-

gered

BGR has evaluated the stability of the army stores in Neck-
arzimmern in Baden-Wurttemberg since the middle of the
1960s. The BGR experts carry out regular investigations of
the underground workings, develop surveying programmes
to monitor the facility, and evaluate the stress and deforma-
tion measurements recorded in the rock.

Development over time of the calculated subsidence at two points in the roof of two old underground
extraction chambers (A, B) and at ground level (GL). The position of the points is marked in the other
figure. Most of the subsidence has already occurred in the past. There will only be minor additional
subsidence in future. Total failure of several pillars in the abandoned part of the underground workings
would have very little effect on the development of subsidence underground, and no effect at all on the

ground level.

Hornberg Castle, the ancient home
of the knight G6tz von Berlichin-
gen, dominates the surrounding area
from its lofty position high up on
the steep slopes of the Neckar valley.

The magnificent castle is not the only
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attraction, however, of the village
of Neckarzimmern in Baden-Wiirt-
temberg: a labyrinth of underground
tunnels used by the German army
to store materials is located directly
beneath the castle.

“The mine was originally used to
extract gypsum,” reports Dr. Jiirgen
Hesser from BGR. Since 1957, when
the German army first leased the
underground workings, the facility
was expanded and converted into
a material store, up until the 1960s.
The army and the airforce still store
equipment underground here because
there is hardly any corrosion, and the
material is safe from theft. Neckar-
zimmern is one of the largest and
most modern underground facilities

operated by the German army.

Legacy of mining

However, the previous mining ac-
tivities have left their mark. “The
former chambers from which the
gypsum was extracted were only par-
tially backfilled and not secured,’
says Hesser. On occasions, rocks in
the abandoned chambers can loos-
en. This alters the stress distribution
within the rock formation. “This gives
rise to additional loads on the neigh-
bouring chambers used for storage,”
reports BGR expert Ralf Eickemeier.
Some cracks can already be seen in
the pillars between the old chambers,
and the rock is peeling off in layers
in some places. This situation is also

observed in other abandoned mines.

A team headed by Hesser and
Eickemeier has now investigated the

stability of the underground facility in



Calculated distribution of stresses in the rock mass after the total failure of three pillars in the abandoned part of the underground workings. The stress in the rock
mass is clearly reduced in the area above the abandoned extraction chambers (zone around points A and B) (yellow). Stresses are higher at the sides of the
underground workings (green). The stress arch which has formed there transfers the weight of the overlying rock to the sides.

detail. The scientists calculated what
the consequences would be if some of
the pillars collapsed in the abandoned
part of the mine. They modelled var-
ious scenarios and investigated the
stability of the facility, as well as any

potential effects at the ground level.

Arches as protection

“We incorporated very realistic
models of the geology and all of the
underground workings in our simu-
lation,” explains Ralf Eickemeier. The
scientists even took into considera-
tion the sequence in which the un-
derground tunnels were drifted. The
model was tested by matching it with
the results of the actual measurement
data. The results of the analysis: a

type of arch has developed above the

old underground workings, which is
supported by the intact zones outside
of the area affected by the chambers,
and not by the already brittle pillars.
“The strength of this arch will be
hardly affected even if three adjacent
pillars failed,” says Jiirgen Hesser. Cal-
culations reveal that the rock above
the old underground workings would
also hardly deform in the event of

such a scenario.

Only minor subsidence of the
ground level

“We would also not expect any major
subsidence of the ground level arising
from failure of this kind,” says Ralf
Eickemeier. The BGR expert comes
to the conclusion that most of the

deformation within the underground

workings took place in the past. This
means that the galleries used today
will hardly experience any deforma-

tion in the future.

“We have impressively demonstrated
with these findings that the stability
of the drifts and chambers used to
store material is guaranteed for the
next 30 years, even if a few individual

pillars fail,” wrote the BGR scientists.

Contact: Dr.-Ing. Jiirgen Hesser,
Ralf Eickemeier
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Source: Dorothee Rebscher
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CO2Quest: Techno-economic Assessment of CO2 Quality Effect on its Storage and Transport

Purity and its problems

Trace gases play an important role in the storage of CO:z

Carbon dioxide streams separated from flue gases of power plants contains gaseous im-
purities. This changes the chemical and physical properties of the gas stream. BGR experts
use numerical simulations to investigate how different trace gases affect the storage rock.
Their test object: a pilot site in Israel.

Investigations on geological COx storage are performed at the Heletz pilot site in Israel.

The Heletz pilot site lies ten kilo-
metres to the south-east of the town
of Aschkelon in Israel. Oil has been
produced in the area for more than
50 years. The sandstones at a depth
of about 1,600 metres at the edge of
the oil reservoir are now being tested
for CO: storage. Several international
research projects are investigating
how the greenhouse gas spreads out
underground, and which chemical
reactions take place within the rock

formations.
Two research wells are available for

the scientists to carry out their exper-

iments: one to inject carbon dioxide
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into the underground rock formation,
and a second well for monitoring.
BGR scientists in a team headed by
Dr. Dorothee Rebscher are also in-
volved in this pilot project. As part of
the CO2QUEST international co-op-
eration project, they are investigating
how impurities in the separated car-
bon dioxide stream will influence the
rock in Heletz. “An injection test with
pure CO: is to be carried out in the
middle of 2016,” reports the BGR sci-
entist. “An experiment with COz and

SO2 will follow shortly afterwards.”

Ambitious climate goals

The project is based on the idea of

separating out carbon dioxide from
the flue gas emitted by convention-
al power plants, and storing it un-
derground. Known as CCS (Carbon
Capture and Storage) this technology
could play a part in helping to achieve
the German government’s climate
goals. Germany’s target is to reduce
CO: emissions into the atmosphere
by 80 percent by 2050.

“However, the COz2 streams gener-
ated by conventional power plants
do not consist of pure CO2,” reports
Dorothee Rebscher. Depending on
the method used to separate the
greenhouse gas from the flue gas,
CO:z2 streams can also contain a range
of impurities, such as sulphur diox-
ide, nitrogen, or water. “Although the
purity can be influenced, the options
are not only governed by the technical
possibilities, but also by economic

considerations,” says Rebscher.

Complex simulation calculations
She and her colleagues are now sim-

ulating the thermal, hydraulic, and



ulations provide information on the
spatial and temporal changes in pres-
sure, gas concentration, and pH, as a
result of COz2 injection. In addition,
the model calculates which minerals
react chemically with the injected
fluid, and where and when these al-

terations take place.

Development of the gas saturation Sg in a 2D simulation after the injection of a carbon dioxide/sulphur
dioxide mixture after ten years. A dry-out zone develops around the injection zone, which can be easily

identified from the high gas saturation values (red). gas stream contains Sulphur dioxide,

the proximal zone around the injec-

The results of the simulations: if the

tion site is mainly chemically influ-
enced by sulphur dioxide, while more
remote areas are mainly influenced
chemically by carbon dioxide. Differ-
ent minerals can dissolve or precip-
itate depending on the composition

of the CO: stream, the minerals and

fluids in the reservoir formations, as
Development of the pH in a 2D simulation after the injection of a carbon dioxide/sulphur dioxide mixture.
The change in pH in the upper part of the sandstone reservoir in a zone with a maximum distance to the
injection well of around 200 metres is observed after ten years. The lower the pH, the higher the corrosive conditions. This also changes the pore
attack on the reservoir rock.

well as the temperature and pressure

space in the reservoir rock. The pore

space is important for the injectivity
- a parameter measuring how easily
a liquid or gas (here the CO2 stream)
can be injected into the subsurface.
“The exciting challenge we now face
is to compare the predictions from
the simulations with experimental

data,” says Rebscher’s colleague Dr.

Changes in the porosity A¢ in a 2D simulation ten years after the injection of a carbon dioxide/sulphur Jan Lennard Wolf.
dioxide mixture. The complex interaction of fluid transport with the precipitation and/or dissolution of
minerals creates a complicated pattern. Porosity compared to initial values is slightly reduced along the
boundary between zones with higher and lower permeabilities (dark blue). The red to yellow colours, Contact: Dr. Dorothee Rebscher,
however, mark zones in the sandstone where the porosity has slightly increased, i.e. improved fluid flow.

Dr. Jan Lennard Wolf

chemical processes taking place in TOUGHREACT software package
the underground. These THC sim- from Lawrence Berkeley National

ulations are performed using the Laboratory in California. The sim-
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Exploration of Polar Regions

Case 17/18: Circum-Arctic Structural Events; PANORAMA-2: Analysis of the potential of the Arctic North Atlantic

and adjacent marine areas

N the realm of the Artic Ocean

BGR combines work on land and sea for the first time in the Svalbard archipelago

In BGR’s largest Arctic campaign so far, the three expedition teams were on their way around
Spitsbergen simultaneously in summer 2015. Two groups investigated the onshore geology
on the group of islands, whilst a third team studied the sedimentary basins of the northern
Barents Sea from the OGS Explora research vessel. The aim of the campaign: to clarify the
genesis of the European Arctic.

The face of the Esmarck glacier on the north coast of Isfjorden (Spitsbergen) in the area investigated by the CASE 17 expedition. The mountains are built up of
folded, 350 to 250 million year old rock layers of Carboniferous and Permian age.

Lined overalls, hats, lined gloves
and thick working boots — the typi-
cal workwear of the scientists on the
OGS Explora research vessel 