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Dear Readers,

Wide-ranging responsibilities, some surprising insights, fascinating field and la-
boratory work, exciting commitments on lakes and seas, and underground, often
together with competent partners, are what characterised our fields of activity
during the past year. Geotopics are in demand, as shown by the interest in society
in general, by media coverage and by the requests for consulting services from

policy makers and industry.

Everything you need to know in one compact booklet — that’s the objective of the
new “BGR Report”. A new layout, revised content structure and key additional
insights provide an even better overview of our work during recent years. “BGR
Report” will appear annually in future and replaces the previous “Activity Report”

and our “Resource” research brochure.

“BGR Report” is divided into three sections, describing the projects for 2012, in-
cluding an Outlook at future tasks and, in a People section, providing an insight
into the jobs and duties of BGR staff. Colour bars in each section allow fast and

edsy navigation.

I hope you enjoy a good read!
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Energy Resources

Geopotential German North Sea — Marine CSEM (Controlled Source Electromagnetic)

Shallow gas

Deneatn

the North Sea

BGR has been investigating the gelogical history of the
German North Sea since 2008. In September 2012, for
the first time, a team employed new electromagnetic me-
thods west of Heligoland island in a search for shallow gas

reservoirs.

Seafloor natural gas reservoirs re-
present a profitable energy source,
but may become a hazard when they
occur only a few hundred metres
below the seabed. BGR scientists led

by Dr. Katrin Schwalenberg developed

new methods and instrumentation to
identify such gas reservoirs as well as
other marine resources. In Septem-
ber 2012 the team tested two new
surveying systems developed at BGR

and the University of Toronto west of
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Heligoland using the research vessel
METEOR.

The scientists use the marine cont-
rolled source electromagnetic (CSEM)
method. This exploration method
images the electrical properties of
the seafloor. Free gas is electrically
resistive in contrast to conductive
seawater which is normally found in
the sediment pore space. CSEM can
therefore be used to image and quan-

tify gas filled sediments.

Schwalenberg and her colleagues are
optimistic: preliminary evaluation of
the CSEM data reveals a resistive layer
which possibly indicates gas-bearing
strata. This result is also in agreement
with a seismic anomaly observed in

the same region.

Launching the instrument platform ‘pig’

Preparation of the ‘pig) carrying the CSEM trans-
mitter, before deployment.

www.geopotenzial-nordsee.de

Contact: Dr. Katrin Schwalenberg



Energy Resources

NiKo: Oil and gas from shales

Shale with potential

BGR investigates oil and gas in shales for the NiKo project

Germany has a significant shale gas
resource potential. Thirteen trillion
cubic metres of natural gas are pos-
sibly hidden in three shale formations
below northern Germany and the
Rhine Graben.

This is the first result of the NiKo
project, in which BGR scientists in-
vestigate the potential of gas and oil
in shales in Germany. Sediments of
Carboniferous, Jurassic and Cretace-
ous age in particular represent possi-
ble target horizons. Natural gas found
in impermeable shales is a rather new
resource and therefore shale gas is
referred to as an unconventional re-
source. The USA already produces
large amounts of gas from unconven-
tionals, covering much of their de-
mand. The BGR study now provides a
first assessment of shale gas resources

in Germany.

The assessment is based on calcula-
ting the potential total gas volume in
the rocks, called gas-in-place. The re-
cent study estimates the gas-in-place
volume at 13 trillion cubic metres.
However, technically, only about ten
percent of this gas-in-place would be
recoverable today. That is around 1.3

trillion cubic metres, which is consi-

Computer tomography images of shales allow visualisation of density differences (left), pore spaces

(red areas, right) and pore interconnections (green areas, right).

derably more than Germany’s conven-
tional natural gas resources of around
0.15 trillion cubic metres. The present
database needs to be improved for a
more detailed evaluation of the natu-
ral gas potential and further assess-
ment of shale oil. Therefore, new po-
tential source rock data are collected
to characterise the organic material
in these rocks, from which hydrocar-
bons may be generated under specitfic
geological conditions deep down in
the Earth’s crust.

In laboratory experiments, the scien-
tists also investigate how mobile hy-
drocarbons are in the various rocks.
This depends primarily on the struc-
ture of the pore space. Pores in sha-

les are very small and it is extremely

difficult to determine their proper-
ties. Therefore BGR mineralogists are
using new analytical methods to study
these ultra-fine pores. Together with
colleagues from the Leibniz Institute
for Applied Geophysics (LIAG) they
are investigating how large the pores
are and how they are interconnected.
The data will provide new input pa-
rameters for further shale gas and oil

resource assessments.

The BGR geoscientists also examine
the hydraulic fracking method, which
is a key technology to develop shale
gas reservoirs. Fluids are injected with
high pressure into the reservoir rock
to create artificial fractures. Hydro-
carbons locked in the impermeable

shale can then migrate through these

BGR Report 2012
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Distribution of bituminous facies of target formations
(grey area). Red hatched areas correspond to the as-

sessment units where the screening criteria apply.

fractures into the wellbore for produc-
tion. Modelling carried out by BGR
demonstrates that hydraulic fracture
propagation in the subsurface can be re-
liably predicted. The escape of fracking
fluids from hydraulic fractures into
neighbouring formations and ground-
water aquifers can be prevented by ade-

quate site-specific planning.

Contact: Stefan Ladage

08 || BGR Report 2012

Mineral Resources

German-south African cooperation of mineral exporting countries

Opportunities
for INnvestors

DERA scientists assess potential of raw
materials in South Africa

South Africa is one of the world’s most important producers and
suppliers of mineral commodities. The reserves of platinum me-
tals, gold, steel additives and industrial minerals are so large that
the country will remain one of the world’s most important produ-
cers for the foreseeable future. To support the German industry in
its activities and investments in the South African mining sector,
the German Mineral Resources Agency (DERA), as an integral part
of the BGR, has maintained a cooperation with South Africa since
November 2011 in the area of mineral resources. DERA is currently
compiling an Investor’s Guide, in which strategically important mi-
neral commodities are analysed. ‘“The cooperation with South Africa
is a vital component on the road to sustainable resource supplies for
Germany’, said DERA head Dr. Peter Buchholz.

For the Investor’s Guide DERA and BGR scientists investigated heavy
mineral sands, rare earth metals, antimony, fluorspar, chromite and
platinum metals. Together with the Council for Geoscience (CGS -
the South African geological survey), they visit mines and other po-
tential deposits, collect samples for mineralogical and geochemical
analyses and carry out data evaluation and literature research. Du-
ring field work in May and September 2012 deposits of heavy mineral
sands, rare earths and antimony were investigated. The results will
be summarised in the first volume of the Investor’s Guide, which
will be available in autumn 2013. Chromite and fluorspar were in-
vestigated in March 2013 and the field work for platinum will follow
in November 2013.

Additionally, DERA, in cooperation with the German Chamber
of Commerce and Industry (AHK) for southern Africa and Ger-



many Trade and Invest (GTAI -
Germany’s foreign trade and inward
investment agency in Johannes-
burg), have prepared a general study
about the South African mining sec-
tor and the investment conditions
and opportunities for German com-
panies in this area. Here, the experts
compiled current data on metals, in-
dustrial minerals and coal. A total of
18 mineral commodities are charac-
terised in terms of reserves, resour-
ces and production. The economic,
political and legal framework of the
mining sector in South Africa is also
discussed in this study and the de-
mand for German technologies and
services in the South African mi-

ning industry is analysed.

Contact: Dr. Herwig Marbler

Chemical-biotechnological recovery of valuable elements from

lignite combustion ash

Ash with class

Lignite ash contains valuable resources

Lignite — a valuable resource.

More than one million tonnes of
ash are produced annually in cen-
tral Germany’s lignite-fired power
stations. The residues remaining
after combustion of the lignite
contain transition metals and rare
earth elements - including impor-

tant industrial raw materials.

In the Urban Mining - Power Stati-
on Ash collaborative BMBEF-project
(Federal Ministry of Education
and Research, BMBF), BGR and
nine other research and industrial
partners investigate methods sui-
table for recovering the substances

from the ash.

In a register, the project partners

record both the ash volumes accu-

Source: A. Weitze (LBEG)

mulated in the power stations, and
the stocks in landfill and backfilled
into exhausted pits. They also inves-
tigate which technologies are suita-
ble for concentrating and separating
the valuable metals. It is intended
to employ chemical, thermal and
biotechnological methods, such as
leaching by special microorganisms.
Finally, the project partners study
how well the concentrates can be
reused and which production pro-

cesses are most suitable.

www.r3-innovation.de/karte.php

Contact:

Prof. Dr. Axel Schippers

BGR Report 2012 I 09



Mineral Resources

Certifying Natural Resources: A Comparative Study on Global Standards
and Certification Schemes for Sustainability

Resources seal for high
standards

BGR investigates success factors for certifying mineral resources

Currently, there is no certification system in place for mineral resources such as industrial
metals. However, since 2008 BGR has supported the development of such a system for the
Central African Great Lakes region. The objective is to restrict trade with what are referred to

as conflict minerals.

Whether it is fish fingers, furniture
from tropical timber or diamonds -
certification systems are in place for
many internationally traded goods and
resources. Created in part thanks to
consumer pressure, they aim to gua-
rantee sustainable production, ethical
standards or transparent trade routes.
A quality seal often demonstrates the
unproblematic origin of the goods —
one example being the well-known
MSC seal for fish from sustainable
production. Currently, there is no cer-

tification system in place for mineral

Tin ore production in Rwanda.
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resources such as industrial metals.
Many conflict minerals still find their
way onto world markets. BGR has been
supporting the Central African Great
Lakes region in establishing such a sys-

tem since 2008.

In order to guarantee its effectiveness,
BGR commissioned the Ludwig-Maxi-
milian University of Munich to inves-
tigate which factors govern the success
of an initiative for existing standardi-
sation and certification initiatives. The

scientists analysed eight systems, for

Tin ore prior to processing.

example the Kimberley process for
diamonds or Fairtrade Labelling Or-
ganizations International (FLO), a fair

trade umbrella organisation.

As was demonstrated, the success of
FLO, for example, was primarily due to
regular inspections (police patrols) by
independent third parties, in order to
guarantee adherence to the rules. How-
ever, sanctions, which ca be imposed in
the Kimberley process, for example, are
not as effective. A strong steering body
and a well-equipped secretariat have
also proven to be important elements.
The steering body can integrate rele-
vant groups in decision-making, the
secretariat ensures that decisions can

be implemented timely and correctly.

Contact: Dr. Gudrun Franken
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Mineral Resources

GEOFLUXES: The Role of Fluid Exchange in Earth and Environmental Systems

VWeathered but precious

BGR scientists investigate unexploited platinum ores in South Africa

South Africa’s Bushveld Complex is the world's largest deposits of platinum metals. However,
some of the ores are heavily weathered and have not yet been economically exploited. BGR
scientists look into technical solutions.

Around two billion years ago enor-
mous volumes of magma ascended
from the mantle below what is now
South Africa. The liquid rock stayed
in the crust and cooled to form a
structure resembling a layer cake. In
some layers metals such as rutheni-
um, rhodium, palladium, osmium,
iridium and platinum are concentra-
ted - the so-called platinum group
elements (PGE).

These metals, which are chemically
very similar, are resources that are

now very much in demand, for ex-

Backscatter electron image of an oxidised plati-

num ore from the Platreef in South Africa. The
lighter phases are platinum oxides in an iron hy-
droxide matrix (mid-grey) and iron-rich silicates

(dark grey).

ample for exhaust catalytic converters
or in the chemical and electronics in-
dustry. 70 percent of global PGE re-
serves are located in that enormous
rock body in South Africa, the Bush-
veld Complex. South Africa is already
the most important exporter of these
coveted metals. However, some of
the platinum ores, located close to
the surface, are heavily weathered.
These ores are currently not being
mined and are simply stored on mine
dumps, as their processing is still un-
economic. ‘We don’t know anything
about the weathering behaviour of
platinum metals’, says BGR mineral
deposits expert Dr. Frank Melcher.
As the weathered ores still contain
sufficiently high concentrations of
technically extractable platinum me-
tals, they may prove profitable. How-
ever, suitable beneficiation methods
are not yet available. In the context of
the GEOFLUXES collaborative pro-
ject, Melcher and colleagues want to
discover in which minerals the plati-
num metals concentrate during wea-
thering. In the northern section of

the Bushveld Complex, known as the

Open cast mining in the South African Platreef.

The weathered rocks close to the surface can be

clearly recognised by their light brown colouring.

Platreef, they investigate both fresh
and oxidised ores. They also carry
out experimental investigations, in
addition to field and laboratory work.
They hope to model the path of the
metals during weathering — and the-
reby discover how best to recover the

platinum treasure.

Contact: Dr. Frank Melcher

BGR Report 2012 I
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Mineral BResources

New deposit potentials for metals of strategic economic importance

[he treasure In the pipe

In the Vergenoeg deposit in South Africa, BGR scientists are investigating how
deposits of high-tech metals form

Many high-tech metals are concentrated in minerals formed under complex geological con-
ditions. To allow them to be economically exploited, BGR develops innovative concepts for
deposit exploration, resource extraction and processing.

The rare earth metals, from lantha-
num through europium to lutetium,
are actually confusingly named.
That’s because the elements of the
third subgroup of the periodic sys-
tem of elements are not really rare.
However, they only occur very rarely
in concentrate deposits in the crust,

making exploitation very difficult.

This is a problem, because some of
the rare earth metals are coveted raw
materials for modern electronics in-

dustry. Accordingly, they are current-

Scanning electron microscope image of a niobi-

um-yttrium-rare earth mineral (sam-samarskite)
in mineralised rocks of the Vergenoeg deposit
(wol-wolframite; hem-haematite; fa-fayalite).
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ly scarce on world markets. To date,
China is the largest exporter of these
metals by far. Raw materials experts
around the globe are currently se-
arching for alternatives. They inclu-
de BGR scientists led by Dr. Torsten
Graupner: They have set their sights
on the Vergenoeg deposit in the north
east of South Africa. This deposit is a
volcanic pipe with a diameter of 600
to 900 metres, filled with minerals
from great depths. To date, the mine-
ral fluorite is primarily exploited. But
experts have long discussed whether
or not the deposit may also include
large quantities of interesting trace
elements, for example niobium, ytt-

rium and rare earth metals.

Graupner and colleagues have now
investigated the element distribu-
tions in a number of field campaigns,
searched for enrichments and develo-
ped models to explain deposit forma-
tion. They want to discover where the
most interesting elements may have
concentrated. In addition, the isotope

composition of the elements samari-

um and neodymium (both elements
also form part of the rare earth me-
tals) is investigated in order to con-
strain the enrichment processes and

to determine the age of the deposit.

The initial results are promising: the
BGR team discovered numerous ty-
pical niobium, yttrium and rare earth
mineral phases. The scientists also
demonstrated that these metals are
very irregularly distributed within
the deposit, but are more abundant in
certain lithological units. In some mi-
nerals they discovered unusually high
amounts of the heavy rare earths,
which are particularly important for

high-tech applications.

Contact: Dr. Torsten Graupner



Mineral Resources

INDEX: Indian Ocean Exploration activities

Searching for treasure in
the Indian Ocean

BGR scientists explore the sea floor south east of Mauritius

BGR continued the search for mi-
neral resources in the Indian Ocean
during 2012. The aim of the INDEX
2012 expedition was to provide ad-
ditional indicators as to whether it
would be judicious to submit an ap-
plication for an exploration licence
for this region to the International
Seabed Authority (ISA).

Copper, zing, gold and silver - in
autumn 2011 BGR scientists found
these coveted metals on the floor of
the Indian Ocean. In December 2012
the team led by Dr. Ulrich Schwarz-
Schampera returned to the survey
area south east of Mauritius to ex-
plore new sections of the south-east

Indian ridge.

Black smoker in the Indian Ocean.

The scientists’ destination was what
are referred to as black smokers —
hot springs on the sea floor, exuding
both metallic ores and caustic flu-
ids. Black smokers generally occur
in small fields, in particular along
what are known as spreading zones.
Here, the tectonic plates forming the

Earth’s crust drift apart.

The scientists mapped an area 980
kilometres long and 65 kilometres
wide. They also investigated deep
sea environmental parameters and
ecosystems. At a depth of 3,000 me-
tres they discovered a previously
unknown, now inactive field con-
taining zinc- and copper-rich ores.
The abundant fauna, typical of
active fields, was absent here. “We
were able to considerably expand
our knowledge of potential mineral
resources in this part of the Indian
Ocean’, says BGR expert Schwarz-

Schampera.

Contact:

Dr. Ulrich Schwarz-Schampera

BGR Report 2012 I 13



Mineral Resources

ROBEHA: Sustainable use of mineral resources

[he treasure In mining heaps

Valuable resources are hidden in mining and smelter heaps of the western Harz

Mining heaps represent a hazard to the environment but also a potential source of raw ma-
terials. How the contained residual substances can be sustainably processed and optimally
utilised will be investigated by the ROBEHA collaborative project.

ROBEHA

Utilization of the raw material poten-
tial of mining and smelter heaps consi-
dering sustainability using the example

of the western Harz region.

The Harz Mountains region was
once one of Germany’s most impor-
tant mining districts. From as early
as the young middle ages miners ex-
tracted silver, copper, lead and iron,
later adding gold and zinc. As a con-
sequence, numerous mining heaps
are dotted between the mountains of
this range - artificial hills, contai-
ning the waste from the mines and

the slag from the smelters.

Because the worldwide demand for
resources has increased drastically
in recent years, the previously ne-
gelected resource deposits are now
in the sights of the raw materials ex-
perts — as a potential source of non-
ferrous metals, high-tech metals and
construction aggregates. BGR scien-
tists will investigate mining heaps in
several Western Harz mining dis-
tricts as part of the BMBF-funded

14 I BGR Report 2012

Installing electrodes for a geophysical survey of a

mining heap in the western Harz.

(Federal Ministry of Education and
Research) ROBEHA collaborative
project. The scientists intend to car-
ry out more detailed investigations
on one or two promising mining
heaps in order to discover whether
the residues can be economically re-

processed.

The problem: mining heaps are ext-
remely heterogeneously structured.
In order to successfully recover me-
tallic resources the mining heaps
contents must be characterised in
detail. Innovative exploration me-
thods and processing technologies

are required to facilitate this. BGR’s

Sampling a mining heap by means of percussion

coring.

duties within the project consist of
analysing samples geochemically
and mineralogically and characte-
rising the recoverables. BGR also
works on improving geophysical
methods in order to investigate the
internal structure of the mining he-
aps as economically as possible. Fi-
nally, the results are evaluated in an

economic assessment.

Contact: Dr. Ursula Noell



Mineral Resources

Technical cooperation project: Introduction and implementation of a certification
system for mineral resources (DR Congo)

Difficult conditions
N the Congo

BGR supports government in resource certification system

The Bibatama Mine in the Democra-
tic Republic of Congo is barely more
than a mud pit. Mining operations
all over eastern Congo are similar to
here in the province of North Kivu:
the local population dig for ores such
as coltan, cassiterite, wolframite and
gold at their own risk. Experts talk
of ‘unregulated and informal small-
scale mining’. Nobody knows exact-
ly how much ore is produced from
these mines or what its destination is
after being sold. However, after years
of war and mismanagement, income
from resource trading may even ena-
ble the rebuilding of this republic in
the heart of Africa.

To help establish transparent and
responsible supply chains, BGR sup-
ports the Congolese mining ministry
in developing and implementing a
certification system. The objective
is to register ore volumes, track ore
origins, improve working conditions
in mining and secure tax income for
the state.

In the first part of the project a wor-

king group in Kinshasa developed

Tunnel entrance in a tin mine in Nyabibwe, South

Kivu province.

a national certification system with
BGR support, which was implemen-
ted in law in the Democratic Repub-
lic of Congo in 2011. As the project
progressed mine site evaluations were
carried out for pilot sites. The first au-
dits could not begin until the end of
2011 due to the poor security situa-
tion. Compliance audits performed
to examine adherence to regulations,
took place in early 2013. It was pos-
sible to certify the first mines by the
middle of the year. Project Manager
Uwe Niher is satistied: “The working
conditions in some pilot mines have

already improved’

Contact: Antje Hagemann

Separating tin ore using magnets, Lulingu, South

Kivu province.

Woman washing ores, Manono tin mine.
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Mineral Resources

POLINARES: POLlIcy for NAtural RESources

A world In turmaoll

When resources become scarce, political tensions may increase. BGR analyses
the risks together with research institutions from other European countries

Open cast chromite ore mining in South Africa.

How will the world differ in 20407
Will China be the ruling economic
power, or will the international com-
munity disintegrate into numerous
blocks, chiefly powered by internal
trading? The EU POLINARES (PO-
Llcy for NAtural RESources) project
addressed such questions between
2010 and 2012.

The project focused on resources —
oil, gas and mineral resources. Sci-
entists from twelve European insti-
tutions investigated how changing
demand and supply issues may lead
to tensions in the future and what the
risks are for the European economy,

in particular. ‘From a geological per-
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spective, no bottlenecks are antici-
pated; says Dr. Henrike Sievers from
BGR. The scientist led a working
group analysing the availability of and
demand for the most critical resour-
ces. However, Sievers can’t sound the
all clear: “The greatest risks for sup-
plies to the EU depend more on geo-
political factors. In terms of metallic
resources, in particular, the EU is
entirely dependent on imports of raw
materials like rare earths, vanadium,
magnesium, cobalt and platinum me-
tals, to name just a few. A large share
of the global production of these raw
materials may be located in countries
without a market economy or that are

politically unstable. Sievers and her

colleagues therefore assess possible
supply risks with the aid of indicators
such as import reliance, country pro-
duction concentration or the political

stability of the supplier nations.

The scientists draw several conclusi-
ons for mineral resources. For examp-
le, the price structure will change in
future due to the increasing demand
from emerging nations. Price fluctu-
ations will be more common. Recyc-
ling, according to one of the results,
will not be sufficient to cover the
increasing demand. The substances
regarded as critical can quickly alter
depending on the political situation
and technological developments. Ac-
cording to the scientists, long-term
forecasts on the criticality of raw ma-
terials are not possible, meaning that
the situation must be regularly ana-

lysed.

www.polinares.eu

Contact: Dr. Henrike Sievers



Geothermal Energy

GeneSys: Developing exploitation concepts for deep geothermal energy

Full speed ahead for Genesys

The salt plug blocking the Gro3 Buchholz Gt1 well is cleared

BGR's GeneSys geothermal energy project aims to demonstrate that geothermal energy can
even be produced from northern Germany'’s deeper rock strata. The well, located in Buch-
holz, Hannover, and blocked by a salt plug since 2011, is now clear again.

Some parties had already given up
on the GeneSys geothermal energy
project. Production of geothermal
energy from a depth of 3,900 metres
at the Hannover GEOZENTRUM was
threatened with failure, because pre-
cipitated salts had blocked the well.
Hot water pumping was no longer
possible. However, things took a turn
for the better in November 2012: The
Dutch company Coil Service was able
to remove the plug and recall the well
to life.

The engineers forced fresh water into
the well through a flexible tube. They

Wellhead being prepared to flush the well clean.

were thus able to dissolve and remove
the salt blocking the production string
between 650 and 1,300 metres. They
then filled the well completely with
fresh water to prevent further salt
precipitation. So GeneSys may yet be
a success story after all. In 2009 the
well had already reached a depth of
3,901 metres, where the temperature,
at 170 degrees Celsius, was substan-
tially higher than anticipated. How-
ever, hydraulic testing revealed that
the rock was relatively impermeable.
To produce geothermal energy with
the aid of hot water it is necessary to

create artificial flow paths.

This happened in May 2011 by means
of massive hydraulic stimulation, also
referred to as fracking. As many as
seventeen high pressure pumps forced
a total of 20,000 cubic metres of water
into the well for five days. In contrast
to fracking operations of the petrole-
um industry, only pure water contai-
ning neither proppants nor chemicals
was used. The operation presented no
technical problems. With the excepti-

on of some unavoidable noise during

daytime, no nuisance was noted in the
immediately adjacent residential area.
The fracking process generated a crack
surface of around 0.5 square kilomet-
res at depths between 3,500 and 3,800
metres, with high hydraulic permeabi-
lities. However, when the injected and
now heated water was pumped to the
surface again in November 2011, un-

anticipated salt precipitation occurred.

The well is now clear again down to a
depth of 3,700 metres. Additional tests
will clarify whether repeated freshwa-
ter injections can flush the salt from
the adjacent rocks. Moreover, the BGR
scientists aim to investigate how much
geothermal energy can be extracted
from the rock via the generated crack

surface.

Contact:

Dr. Johannes Peter Gerling

BGR Report 2012
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Geothermal Energy

MAGS: Concept for mitigating microseismic activity of deep geothermal systems

Transparency in Insheim

BGR monitors commissioning of geothermal power station

Development of geothermal energy at risk due to weak earthquakes close to geothermal
power stations. BGR develops new monitoring methods for the MAGS project, together
with project partners, and evolves concepts for mitigating microseismicity.

In November 2012 the second indus-
trial scale geothermal power station
in the South Pfalz region (Germany)
was commissioned in the small town
of Insheim. The Pfalzwerke geofu-
ture GmbH pumps hot water with
a temperature of 160 degree Celsius
from a depth of 3,600 metres to the
surface in order to generate heat and

electricity.
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MAGS
power supply

Schematic drawing of mobile station configurati-
on around Insheim: ground movement is registe-
red at the seismometer. The digitiser transmits the

data to the BGR data centre in real-time.

Operating seismic monitoring station. The box
is closed following installation or servicing. The
monitoring stations continuously record ground

movements and send the data to BGR.
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Because earthquakes up to mag-
nitude ML 2.4 occurred in neigh-
bouring Landau from operating
the geothermal power station, the
public has become sceptical of the
power station. BGR therefore moni-
tors the commissioning process as
well as subsequent operation in the
context of the MAGS research pro-
ject. To facilitate the best possible

o

GPS antenna

seismometer

=

digitizer

transparency, a scientific monitoring
network consisting of eight seismo-
meters has been installed in the In-
sheim region since August 2012. It
records the very smallest vibrations,
not even perceptible to people, from
deep inside the Earth. The data are
transmitted to BGR in real-time and

can be viewed online.

Using the collected data, the MAGS
project scientists aim to develop an
automatic evaluation algorithm to
calculate the strength and location

of an earthquake in real-time.

Later, the power station operators
will have information on the seismic
hazard during stimulation at their
fingertips — and can react imme-
diately if seismicity exceeds a given
threshold.

www.mags-projekt.de

Contact: Margarete Vasterling



Nuclear Test Ban

Inspector training by the Comprehensive Nuclear-Test-Ban Treaty Organisation (CTBTO)

Veritication following the test

Two BGR scientists being trained to be CTBTO inspectors

Nuclear weapons tests have become
rare in recent years. North Korea was
the last country to enter the spotlight
because of suspicious underground
explosions. The Comprehensive Nu-
clear-Test-Ban Treaty (CTBT), passed
by the UN General Assembly in 1996,
aims to prohibit nuclear weapons
tests of all kinds. However, it has not
yet come into force, because not all
nations have signed or ratified it. The
monitoring organisation, CTBTO

(Comprehensive Nuclear Test Ban

Health and safety of the inspectors during an
on-site inspection has the highest priority and is
trained again and again. Special clothing, as seen
in this image, is used to protect the inspectors

against any possible hazards from radioactive

substances in the inspection area.

Treaty Organisation), with headquar-
ters in Vienna is still a provisional or-
ganisation, but has been developing
a global monitoring network since
1997. Its aim is to monitor compli-
ance with the treaty in the future and
it is already capable of tracking down

any possible treaty violations.

In the meantime, almost 300 monito-
ring stations are in operation, regis-
tering seismic or infrasound waves,
for example, caused by nuclear ex-
plosions. If the monitoring system
cannot verify a test without a shadow
of a doubt, the international commu-
nity has a last resort for verifying a
possible treaty violation: the on-site
inspection, OSI. A team of inspec-
tors travels to the suspect region for

monitoring.

The inspectors carry out a number of
investigations. Among others, they
monitor aftershocks, search for sur-
face signatures indicative of under-
ground tests, measure concentrations
of radioactive substances or employ
geophysical methods to track down
cavities or changes in the water table,
for instance. Two BGR scientists, Ni-
colai Gestermann and Malte Ibs-von

Seht, have been undergoing a three-

year OSI inspector training schedule
since 2010.

On two to three training courses per
year, together with 64 other delegates
from around the world, they learned
about the rights and obligations of
inspectors, role-played through pos-
sible scenarios during an inspection
and practised geophysical survey
methods in terms of their applicabi-
lity during an on-site inspection. In
practical field exercises in Austria
and Hungary they sharpened their
communication, navigation and
sampling skills. During the winter
of 2014 an integrated field exercise
in Jordan is planned to complete the
training. The aim is to run through
all phases of an inspection under re-

alistic conditions.

Contact: Nicolai Gestermann

BGR Report 2012
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Geohazards

GMES Terrafirma: A Pan-European Ground Motion Hazard Information Service

World In motion

BGR scientists involved in the EU Terrafirma project measure subsidence in
North Germany with millimetre precision

Slow land subsidence and uplift continue to be very difficult to monitor. The EU Terrafirma
project aims to create a European information service that will identify such ground move-
ments using satellite-borne radar. BGR scientists investigate which areas of the marsh in
the Elbe-Weser region are endangered by flooding.

Flat, green meadow, as far as the eye
can see: this is what marsh looks like,
North Germany’s typical landform.
The flat, alluvial terrain, a mixture
of loam, tidal mud and fine sand
washed up by the sea, and peats, is a

postglacial feature.

This barely consolidated soil conti-
nues to settle to this day - especially
when heavy structures are placed on
it. In the north of Bremerhaven, for
example, the ground subsides by up
to seven millimetres per year. The
house fronts in some residential are-
as are covered in cracks. In many
places the ground beneath our feet
is really not as solid as it appears to
be. Not only sediment consolidation
can, with time, force the surface of
the Earth up or down by a few mil-
limetres or even centimetres, the
pressure exerted by tectonic plates,
the magma beneath a volcano or
mining activities can have the same

effect. This up and down can present

20 BGR Report 2012

hazards: because it is subsiding, the
marsh around the Elbe and Weser
rivers, for example, is becoming

more susceptible to flooding. In mi-

earthquake-prone region may, under
certain circumstances, be recognised
in advance based on ground move-

ments.

Residential area in Bremerhaven: cracks and tilted buildings as a result of insufficient foundations in

the marsh sediments.

ning districts such as the Ruhr, sub-
sidence may indicate where an aban-
doned mine is in danger of collapse.
Landslides may also be indicated
in advance by slow soil creep. And

the increase in tectonic stress in an

BGR works with partners from
around Europe in the EU Terrafir-
ma project to develop an information
service to identify, assess, investiga-
te and monitor such ground move-

ments. The project is part of the EU



Copernicus programme, which is
intended to create a modern infra-
structure for Earth observation and
geoinformation services. To track the
barely perceptible pulsing of Earth’s
surface, the scientists employ the
persistent scatterer interferometry
technique (PSI). To do this, they uti-
lise data from the European radar
satellites ERS-1 and ERS-2, which
have been available since 1992. The
satellites have already scanned some
areas more than 100 times, using ra-
dar waves, and recorded the reflec-
tion data. The radar signal is most

intensely reflected by objects on

* CuxRhavan

ted with a precision in the millimetre

range.

A method known as wide-area pro-
cessing (WAP), allowing larger re-
gions than previously possible to be
analysed, is being tested as part of
the Terrafirma project. BGR scien-
tists Corinna Wolf and Dr. Fried-
rich Kithn have taken on the task of
investigating the data provided by
German Aerospace Centre (DLR) for
the North German Plain, in particu-
lar the marsh around the Elbe and
Weser estuaries. The scientists ex-

amined the data for plausibility and
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PSI motion data in the investigation area: subsidence in marshes along the Elbe and Weser rivers (green:

stable ground, yellow/red: subsidence, blue line: boundary between marsh and Geest).

Earth’s surface, such as buildings,
industrial installations, bridges and
electricity pylons. For these fixed
reflectors, providing a stable signal
during the entire monitoring period,

ground movements can be calcula-

carried out a geological interpretati-

on of regions with high motion rates.

For this they analysed a total of 191
ERS-1 and ERS-2 images, recorded
between 1992 and 2001. Around half

a million points suitable for the PSI
method were located on an area of
21,000 square kilometres. The result
of the survey: the inland Geest ridge
appears predominantly stable. Large
sections of the marshes, however, are
subsiding by between one and seven
millimetres per year. The cause is
assumed to be the consolidation of
the marsh sediments. For example,
the Bremerhaven urban area is par-
ticularly strongly affected, where the
very weak building ground is subjec-
ted to heavy loading. The scientists
noted additional subsidence in re-
gions where natural gas is produced
or underground storage facilities are

in operation.

Contact: Corinna Wolf
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Geophysics

AIDA: From Airborne Data Inversion to In-Depth Analysis

~rom numbpers to iImages

BGR scientists aim to enhance the usability of airborne geophysical data

Extracting illustrative information on the subsurface from an extensive data set can often be
a difficult task. In the AIDA collaborative project, BGR works with several partners to achieve
this objective: geophysical survey data are successively converted into useable information.
BGR focuses on helicopter-borme electromagnetic methods.

Helicopters and aeroplanes are po-
pular with geophysicists, because
airborne surveys allow for fast ac-
quisition of detailed information
using a variety of measuring inst-
ruments simultaneously - and co-
vering large areas. One important
parameter, for example, is electrical
conductivity. This geophysical pa-
rameter provides an indirect indi-
cation of subsurface structures. For
instance, high conductivity values
indicate saline groundwater or clays
in the ground. However, data inter-
pretation is often ambiguous. This
makes it more difficult for the users
— for example structural geologists,
hydrogeologists or engineers — to de-

velop geological models.

In the AIDA (from Airborne Data
Inversion to In-Depth Analysis)
project, BGR and the project part-
ners develop methods to successively
convert geophysical data into user-
oriented information. Using nume-

rical methods, spatial structures are
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visualised in three dimensions, for
example. BGR’s project task is to
combine various modelling approa-
ches to analyse the helicopter-borne
electromagnetic (HEM) data. The
scientists, led by Dr. Bernhard Sie-
mon, utilise existing data from are-
as already extensively investigated,
both by airborne and ground based
geophysics, such as seismic or down-

hole logging.

Helicopter-borne electromagne-
tic methods are already fairly well
optimised in order to determine
electrical conductivity as precisely
as possible. The objective now is to
optimise data interpretation. To ob-
tain a model of the subsurface from
the data geophysicists use a method
referred to as inversion: firstly, they
specify a simple model and calculate
the data expected for this given case.
By comparing those data to the true
data, the model is successively im-
proved until both data sets coincide.

However, airborne electromagnetic

surveys often acquire such extensive
data volumes that the entire 3D in-
version of a large investigation area

is no longer practical.

Common practice in helicopter-
borne electromagnetics is currently
to develop inversion models for one
dimension only. Hence, the scien-
tists obtain the conductivity distri-
bution in the subsurface beneath a
given point. The conductivity for
the entire area is visualised in three
dimensions by merging several 1D
models. This method only works if
strong lateral conductivity contrasts
are absent in the subsurface. The
BGR scientists Angelika Ullmann
and Dr. Bernhard Siemon are now
developing methods to automati-
cally detect such contrasts. The re-
sulting anomalies are then modelled
in three dimensions and integrated
in the regional model. Inversion re-
sults can be improved if additional
information on the subsurface is

considered in the models - for in-



Automatic detection of areas (right) which are not 1D interpretable (white) derived from HEM results

(left, in this case: half-space resistivity in the region of the Cuxhaven buried valley at two system fre-

quencies, i.e. at different depths).
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stance geological information based
on borehole data. The BGR scientists
are developing a new program pa-
ckage that integrates additional da-
tasets in the inversion. Finally, the
program, called HEM1D+, merges
all results to a consistent result. The
program has a practical GUI, which
controls data import and export and
combines various models. The team
anticipates two improvements: the
1D inversion of the HEM data will
be more precise due to the use of ex-
ternal data and complex structures
can also be more easily interpreted

if 1D and 3D models are combined.
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One beneficiary would be industry,
where airborne geophysics has been
used for years in exploration. The
aim is to provide German industry
with an economic advantage by me-

ans of improved analysis methods.

www.geotechnologien-aida.de/

Contact: Angelika Ullmann
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Classification of HEM results (in this case: half-
space resistivity in the region of the Cuxhaven
buried valley) in local anomalies (3D) and linear

anomalies (2D).
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Geophysics

D-AERO: Airborne geophysical investigations along the German North Sea coast

The search tor salt water

The D-AERO project investigates where salt water may enter aquifers along

the North Sea coast

Coastal aquifers around the world are threatened by salinisation as a conseqguence of cli-
mate change. The Elbe and Weser estuaries are also affected. BGR investigated this area
via helicopter as part of the D-AERO project. The objective of the geophysical surveys is

to investigate the distribution of freshwater versus salt water.

Saline groundwater is widespread
in Lower Saxony and Schleswig-
Holstein. Further inland, the main
contributors are shallow salt domes.
Additionally, saline seawater has dis-
placed fresh groundwater in a broad
strip along the North Sea coast. Fu-
ture climate change may lead to sali-
nisation of additional large areas, for
example around the Elbe and Weser
estuaries. If sea level rises, the water
level in the rivers will also rise, and
their brackish water may penetrate

surrounding aquifers.

Hydrogeologists estimate the like-
lihood of this hazard with the aid
of geological models and hydraulic
flow models. To form the basis for
this they require data on the struc-
ture of the subsurface and where the
groundwater-bearing strata, referred
to as aquifers, are located. BGR sci-
entists, in cooperation with the Sta-
te Authority of Mining, Energy and
Geology and the Leibniz Institute
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for Applied Geophysics are current-
ly investigating the subsurface in
the Weser-Elbe region as part of the
D-AERO project. BGR’s survey he-
licopter has therefore recently been
out and about north of Hamburg
and Bremen. Its job was to map the
sediments in the uppermost hund-
red metres of the subsurface over a
wide area. The scientists hoped to
discover how sandy and clayey se-
diments are distributed in the sub-
surface and where salinisation zones

and freshwater regions are located.

The BGR experts are using three
different geophysical methods for
the D-AERO project: electromagne-
tics, magnetics and radiometry. The
magnetic and electromagnetic sen-
sors are housed in a ten metre long,
cigar-shaped tube, which is towed by
the BGR survey helicopter in parallel
lines approximately 30 metres above
the ground. The third instrument, a

gamma-ray spectrometer, is installed

in the helicopter, flying at 70 to 80
metres altitude. During the surveys
electromagnetic signals at various
frequencies, penetrating to different
depths, are generated. The result ob-
tained is the electrical conductivity,
which in turn allows the type of rock
and the groundwater salinity to be

determined.

The scientists can differentiate va-
rious sediments at the surface with
the aid of radiometry. Because the
marine sediments in the marshes
contain a lot of radioactive potas-
sium isotops, for example, they are
characterised by high natural gam-
ma radiation. Sands, and high moors
in particular, have lower natural ra-

diation.

The results of the electromagnetics
survey also coincided with the geo-
logical map. Sand has a lower elec-
trical conductivity than boulder clay

or clay. In the survey data the glaci-
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The electrical conductivity distribution reveals salinisation zones (red) and predominantly clayey (yellow) and sandy (blue) regions.

al moraine sediments of the Geest
ridge, consisting predominantly of
sand, are therefore clearly differen-
tiated from the more conductive
marsh sediments, due to their low
conductivity. The scientists were
also able to identify landfills or regi-
ons with saline groundwater at shal-
low depth. The surveys also revealed
saline groundwater and Quaternary
channels at greater depth. These are
depressions in the subsurface, in-
cised into deeper sediments during

the last ice age and now often filled

with clay. They were recognised by

their moderate to high conductivity.

The magnetic surveys predominant-
ly produced data on the structure of
the North German Basin to depths
of several kilometres. Once this data
was processed, however, shallower
structures were revealed, for ex-
ample the flanks of the Quaternary

channels or salt domes.

The subsurface structure can now

be modelled in detail using all three

datasets. These geological models
are not only very useful to hydro-
geologists, they can also be used for
regional planning or water pollution

control concepts.

Contact: Dr. Uwe Meyer,

Dr. Bernhard Siemon
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Soll

GS Soil: Development of geodata services for European soil data

Puzzle with obstacles

The GS Soil project harmonizes soil data in Europe

Access to digital environmental information is becoming increasingly important — even
across European borders. The EU GS Soil project will create a European infrastructure to
ease access to digital soil data. BGR's task consisted of demonstrating technical solutions
for standardised digital data exchange and to develop concepts for data harmonisation.

The Upper Rhine Valley is symme-
trical: the scenic Rhine flood plain
is followed to the east and west by
broad flats, then by a narrow belt
of foothills, rapidly transitioning to
high mountains - the Black Forest
on the German side, the Vosges on
the French side. Because the soils and
geology on the left and right banks of
the Rhine are generally identical, the
Franco-German region was an ideal
testing field for the GS Soil project

researchers.

A total of 34 partners from 18 EU
countries have been working on this
project for three years to improve

access to digital soil data. The tech-
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Exchange of digital soil data in Europe.
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nical component was an important
element: the project will facilitate
data exchange using web-based ser-
vices. Harmonisation of data con-
tent also played an important role.
With regard to BGR’s role in Germa-
ny, both of these tasks are the result
of the national Geodata Access Act,
which came into force in 2009. The
act implements a 2007 EU directive
requiring development of a European
infrastructure for environmental spa-
tial data (INSPIRE). The aim of the
GS Soil project, completed in 2012,
was to harmonise as far as possib-
le typical soil data products across
Europe, such as maps, for example,
and to make them available through

standardised Internet-based services.

The BGR team led by Dr. Rainer Ba-
ritz dealt with two GS Soil emphases:
processing thematic data for web-
based services and harmonisation
of soil maps. In the past, different
countries developed their own me-

thods for describing, classifying and

mapping soils with certain features.
This means that soil maps from dif-
ferent countries cannot always be

compared.

This became obvious after close-
ly studying the soil data along the
Upper Rhine. Annett Pétzold from
BGR and Joélle Sauter from Region
Alsace took on the task of compa-
ring cross-border soil maps for the
Freiburg and Colmar areas. The map
content has a similar structure, but
the descriptions of the mapping units
in the legends are very different. This
means that maps showing individual
features (for example the carbona-
te content of the topsoil) have a very

different appearance.

The two scientists attempted to clas-
sify the data in line with the World
Reference Base for Soil Resources,
the internationally adopted soil
classification system. They still met
with problems, however. While se-

veral parameters in the map databa-
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Cross-border harmonisation of soil maps: soil type according to international soil classification WRB

(top), and carbonate content according to the FAO-field manual for soil profile description (bottom).

se were differently defined, others,
such as pH, for example, used dif-
ferent measuring methods; in some
cases, parameters were missing. On
the combined cross-border map that
the two of them developed together,
the Franco-German border therefore
remains clearly recognisable. ‘At the

technical level, we have successful-

ly amalgamated the data. Content
harmonisation, however, cannot be
achieved with the help of the inter-
national soil classification alone’, said
Annett Pétzold.

To allow soil data to be exchanged
more easily in future, at least within

Europe, the BGR scientists developed

an easily understandable instruction
manual — a type of cook book. ‘Ex-
changing soil data between institu-
tions is difficult, because everybody
has their own data structures’, exp-
lains INSPIRE soil expert Dr. Einar
Eberhardt from BGR. The scientists
have developed an open data ex-
change format, through which the
content of a wide range of soil da-
tabases can be transformed into a
standardised structure. It includes
instructions on how to convert data
from in-house databases into this for-
mat. This will guarantee technically
correct data exchange. The scientists
oriented themselves on a recently de-
veloped concept for soil exchange de-
veloped by an International Standar-
dization Organization (ISO) working
group, and successfully developed it
further into an operational solution.
‘The text of the corresponding ISO
DIS 28258 is highly technical, how-
ever, says project leader Baritz. The
BGR scientists have therefore drawn
up the cook book as a manual to sim-
plify the application of the standard.
It will be published in autumn 2013
together with the international stan-

dard.

Contact: Dr. Rainer Baritz,
Dr. Einar Eberhardt
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Soil

e-SOTER: World Soils and Terrain Database

SOl database with
extra benefit

The EU e-SOTER project investigates how digital environmental data can be

exploited for soil mapping

Solls are the Earth’s living skin. Government agencies and scientists need comprehensi-
ve information on their properties to facilitate their sustainable use. Such data is often not
available, neither in Europe nor globally.

In the e-SOTER project, BGR scien-
tists around Dr. Rainer Baritz have
now developed an efficient method
to integrate terrain data with local soil
knowledge. The primary data sources

are geology and relief.

The classical methods for collecting
soil data are ponderous and expensi-
ve: field mapping takes a lot of time
and traditional processing in printed
map format with corresponding tab-
les is no longer state of the art. Users
are now looking for digital soil data to

download from the Internet.

Geomorphographic map, sheet Fes (Morocco).
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The original SOTER concept has its
origins in a set of 1980s mapping ins-
tructions. The scientists led by Baritz
adopted up-to-date digital, baseline
relief data from elevation models.
Geological data was taken from exis-
ting geological maps. ‘If relief and
geology are superimposed, the resul-
ting spatial units are meaningful, but
need further refinement so that the
dominating soils are correctly repre-
sented. Thus, regional information
about the formation of soils under
specific physio-geographic condi-
tions is also needed, said Jan Willer,
pedologist and GIS modeller at BGR.
If this information is available, map-
ping blanks can be filled using this
new method, for example for a new
soil map of Europe at 1:250 000 scale.
Regions with a considerable lack of
data, for example Africa, can at least
be draft-mapped to allow pedological
field work to be efficiently planned.

In cooperation with the Saxon State
Office for Environment, Agriculture
and Geology and other project part-
ners, the BGR scientists have tested the
new method based on the 1:250 000
Chemnitz sheet and the Fes, Moroc-
co, sheet. The data situation for the
German-Czech pilot region around
Chemnitz was extremely good, even
including geophysical airborne survey
data. In Morocco, in contrast, there is
an acute lack of data. The e-SOTER
method was to be explicitly tested in

two contrasting data environments.

The BGR scientists concentrated in
particular on improved parent rock
mapping. Soil maps often deviate
from geological maps on this point,
because the shallow source rock has
been altered by weathering and re-
distribution. A focus of the BGR work
was to uniformly record and repre-

sent the rock data. Currently, two



K-concentration in top soils (gamma ray data)

Soil type (field mapping)

Soil texture (modelled)

Example maps for modelling in the Chemnitz sheet (Saxony section).

rock classifications are used in Europe
for pedological purposes. One is the
European Soil Bureau Network, and
the other is a United Nations Food
and Agriculture Organization (FAO)
system. ‘Neither of these classification
systems is intrinsically consistent,
says BGR expert Dr. Ulrich Schuler.
Moreover, geological map legends
cannot be simply reinterpreted for
soil mapping. Schuler has now revised
the FAO parent rock classification
and presents the draft for discussion

in scientific circles.

The methodological results of the
e-SOTER project will be integrated
in a global soil information system,
providing soil data from a variety
of origins in a web services format.
‘BGR pedology intends to participate
more actively in the development of
the GEOSS global earth observation
system, in particular by the provision
of baseline data and transformation
tools, says Dr. Rainer Baritz, head of
the BGR groundwater and soil infor-
mation systems unit . “The new me-

thods represent the cornerstone for

Soil type (modelled)

this! In regions where data is scarce
the digital soil maps may open up
whole new perspectives - for examp-
le, they may facilitate modelling of the
consequences of climate change for

land use.

Contact: Dr. Rainer Baritz
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Soll

Soil conservation/soil awareness: The soil memory game

Soil facts

N a flash

BGR wants to raise awareness for the importance of soil, a vital resource

Soils are one of the most important factors facilitating human life. They are densely popula-
ted environments, produce foodstuffs and protect our groundwater. However, the public is
only vaguely aware that soils are both valuable and endangered. To change this situation,
BGR is targeting the youngest members of society — in a playful way.

Today, every child knows that wa-
ter, air, plants and animals need to
be protected against pollution. The
soil below our feet, in contrast, gets
very little attention. ‘Policy makers
and the public are currently only
insufficiently aware of increasing
soil contamination and threats to
the soil’, says Klaus Kruse, BGR soil

scientist.

And this is despite the fact that
healthy soils are at least as impor-
tant as clean air and water. But nu-
merous hazards threaten the natural

resource that is soil: erosion, com-

Memory game: Soil facts in a flash.
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paction, pollutants, acidification,
salinisation and sealing mean that
more and more valuable soil is lost.
‘Every day in Europe alone, we con-
sume an area larger than the city of
Berlin for urban and transport uses’,
says Klaus Kruse. Soil erosion is one
of the greatest global environmental

problems.

BGR has now adopted a new ap-
proach to firmly anchor the topic
of soil in people’s minds, Kruse re-
ports: ‘Soil scientists really need to
cooperate closely with educators.’
Sensitisation and awareness-raising
must begin very early — preferably
at kindergarten age, because: ‘We
generally tend to protect what we
know’, says Kruse. ‘Soil education in
schools and for the public is therefo-
re absolutely necessary if we are to

conserve soil as a valuable resource’.

‘Children often have a completely
different perspective on nature than

us adults’, says Kruse. ‘They turn

over every stone and want to know
what it is that is crawling around
in the grass or the compost heap.’
Children initially learn about the
world through playing, but with
increasing age they begin to think
things through and arrive at their
own conclusions. ‘By using practical
games, and attractive teaching and
demonstration materials, we can
raise their awareness of the envi-
ronment and the soil’, says the BGR

scientist.

BGR, State Authority of Mining,
Energy and Geology (LBEG) in
Hannover and the Federal Environ-
ment Agency (UBA) in Dessau are
now working in unison on this. The
three institutions have developed a
memory game based on flash cards,
with the German title Bodenwissen
im Handumdrehen (Soil facts in a
flash). 24 pairs of pictures show the
soil’s multitude of functions. Among
other topics, they deal with soil’s re-

levance to the global climate, or how
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BGR president Prof. Dr. Hans-Joachim Kiimpel (right) with the State Authority of Mining, Energy and Geology (LBEG) president Ralf Pospich and
Bundesverband Boden (BVB) president Prof. Dr. Gabriele Broll at the joint presentation of the new game on 15 March 2012 in the Berlin Natural History

Museum.

soil forms - how rocks weather, how
humus gradually develops from a
layer of leaves or a moor from bog
plants. Aesthetics also play an im-
portant role. Cross-sections through
various soils, with their finely inter-
laced brown tones, are reminiscent
of abstract watercolours. The game
brings fascinating treasures to light:
for example a moorland corpse from
the Emsland, known as Red Franz,
or the European soil map. Others

show soil researchers at work.

‘It is important that our children

learn that there is more than just

simple dirt beneath our feet’, Nicole
Engel from LBEG emphasises. They
should also know that a handful of
earth contains more organisms than
their are people living on earth -
and especially that soils cannot be
propagated, and that erosion or soil
sealing can cause permanent de-
struction. Because flash cards alone
cannot provide all this informati-
on, the game is accompanied by an
eight page brochure, describing the
pictures in easily understandable
sentences. This all aims to serve as
encouragement for continued inte-

rest in the soil. This plan appears to

have come to fruition. The soil me-
mory game, available free to schools,
kindergartens and other educational
institutions in the environmental
field, was out of stock after only a
few months. Klaus Kruse promises:

‘A new supply will soon be available.’

www.bgr.bund.de/boden-memo

Contact: Klaus Kruse
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Groundwater

MAR: Managed Aquifer Recharge

VWell protected underground

BGR scientists develops guideline for artificial groundwater recharge

In Jordan, water is an extremely scarce resource. One strategy to combat water scarcity
consists of recharging overexploited aquifers with excess rainwater. BGR hydrogeologist
Dr. Anke Steinel has identified the options available for artificial groundwater recharge in
Jordan. She has also produced a guideline for similar projects.

When it does rain in Jordan, it
pours. In some regions in the Jorda-
nian desert not a drop falls for years.
But when it does, it often rains cats
and dogs. The rainfall collects and
rushes in torrents toward the valleys.
‘The water often flows into the Dead
Sea or collects in closed basins whe-
re it evaporates’, reports Dr. Anke
Steinel from BGR.

It therefore seemed obvious to exa-
mine whether this unused resour-
ce could be better exploited. Under
certain conditions the water can be
collected and diverted underground.
Here it is protected against evapora-
tion and at the same time recharges
exhausted groundwater reservoirs.
The procedure, known as managed
aquifer recharge, MAR, may be ca-
pable of alleviating the kingdom’s

water problems.

Water scarcity in Jordan is already

at a critical stage and according to
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experts will become considerably
worse in the coming years as a result
of population growth and climate
change. On behalf of the Jordanian
water ministry, Steinel investigated
two large catchments to find possi-
ble sites for small dams for managed

aquifer recharge.

One of the investigation areas was
the Amman-Zarqa basin, a region
with an area of 3,700 square kilome-
tres, located in the north of Jordan.
More than 65 percent of the popu-
lation of Jordan live here. In cont-
rast, the second investigation area,
the 11,000 square kilometre Azraq
basin further east, is predominantly

covered by desert.

The most economical method of
using excess rain water is to im-
pound it behind a dam and to allow
it to infiltrate into the subsurface.
The requirement for this is a perme-

able soil above an aquifer. However,

the most important question is whe-
ther enough surface runoff is even

available.

In order to identify suitable catch-
ments, Steinel collected informati-
on on precipitation, slope, land use,
soils and hydrogeology. She inclu-
ded only rural areas in the managed
aquifer recharge evaluation, where
more than 75 millimetres of precipi-
tation fall per year and no reservoirs
exist. In the second stage, she incor-
porated additional criteria such as
the subsurface properties, ground-
water quality and infrastructure
in order to assess whether a site is
suitable for infiltration into an aqui-
fer. She then superimposed the two
maps to locate a suitable catchment

area upstream from suitable sites.

The result of the survey indicates
that there is not enough rain in large
parts of the investigated area. Suf-

ficient runoff was only available in



Example of a small infiltration dam in Wadi Madoneh, Jordan.

3 percent of the catchment area and
there were barely any suitable sites
for infiltration basins. A detailed site
investigation appeared expedient for
9 percent of the area. ‘The analysis
shows that the availability of water
is the limiting factor in arid regions’,
Steinel says. Another important li-
mitation: the torrents carry large
quantities of suspended sediments,
sand and waste. Infiltration facilities
would therefore need to be regular-
ly serviced. ‘In Jordan, however, the
lack of funding for servicing is also

a great problem’, says Dr. Anke Stei-

nel. Provision of funds for servicing
should be obligatory for the new
MAR projects.

The BGR expert has summarised
her insights in a guideline. It in-
cludes recommendations on imple-
menting managed aquifer recharge
in arid regions such as Jordan. The
approach used can be transferred to
other countries and the criteria ad-

apted to local conditions.

Contact: Dr. Anke Steinel

Source: A. Steinel

BGR Report 2012 I 33



Groundwater

INFLUINS: Integrated fluid dynamics in sedimentary basins

SUZzINg over
the Thuringian Basin

Scientists trace shallow fault zones from the BGR helicopter

The INFLUINS research project investigates how liquids and gases migrate in the subsur-
face. The survey ranges from the uppermost sail layers down to aquifers at depths of a few
kilometres. In this collaborative project, IPHT Jena, Supracon AG, IGW at Friedrich-Schiller
University in Jena and BGR have the task of investigating anomalies in the Earth's magnetic

field from the arr.

During the summer of 2012 the BGR
helicopter clattered over the small
towns of Ohrdruf and Bad Salzun-
gen, and the Schmalwasser dam in
Thuringia, at an elevation of only 40
metres, carrying beneath it a stran-
ge teardrop-shaped sensing system.
The orange-white probe hanging
below the helicopter contained the
most sensitive magnetic field sensor
currently available. “‘We measure
distortions in the Earth’s magnetic
field’, explains Ronny Stolz from
the Institute of Photonic Techno-
logy (IPHT), where the system was
developed. ‘These anomalies provide
information on the movement of wa-

ter along geological structures’.

The magnetic field measurements
in Thuringia form part of the IN-
FLUINS project (Integrated Fluid

Dynamics in Sedimentary Basins).
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In the Thuringian Basin case, a
total of 50 scientists from a wide
range of research establishments
led by the University of Jena aim to
find out how fluids - i.e. gases and
liquids - make their way through
the earth’s crust. The scientists are
especially interested in uncovering
relationships between deep and shal-
low substance fluxes. In twelve sub-
projects they gain insights into the
hidden fluid paths and the variously
permeable rocks in the subsurface.
The results of this interdisciplinary
project are important for future ex-
ploitation of the subsurface, for ex-
ample for geothermal energy, CO,
storage, gas and compressed air as

energy stores, and for water supplies.

The Thuringian Basin is a low-
land area in the centre of Thurin-

gia, framed by a number of moun-

tain ranges. It has the structure of
a broad, flat bowl. The subsurface
sediments were formed around 250
to 180 million years ago. Today’s
basin configuration only developed
around 80 million years ago, when
Africa collided with Europe. Rup-
ture zones occurred, where the rocks
were displaced laterally, tipped and
in places folded. These fault systems
are especially interesting to the IN-
FLUINS team, because they can al-

low fluids to pass along them.

One method for uncovering these
faults is to log the Earth’s magnetic
field as precisely as possible. Some
fluids, such as mineralised ground-
water, for example, have good elec-
trical conductivity. If they flow
through a fault, they may cause an
anomaly in Earth’s magnetic field.

In addition, the regular stratification



The specially equipped BGR helicopter with

sensing instruments in flight.

of the rock is interrupted at a fault.
This can also lead to anomalies in
Earth’s magnetic field. IPHT, Sup-
racon AG, IGW at FSU in Jena and
BGR have organised an airborne
helicopter survey of four large are-
as in the Thuringian Basin and its
boundary zones for 2012 and 2013.
The logging equipment used is the
white-orange, teardrop-shaped pro-
be. It contains what is known as a
magnetic full tensor system. This
highly sensitive detector logs chan-
ges in the Earth’s magnetic field in
all three spatial orientations. The
heart of the system is formed by ex-
tremely sensitive detectors, so-called
SQUIDs (superconducting quantum
interference detectors). The logging
system is designed such that even
the tiniest deviations from a ho-
mogeneous magnetic field provide

signals. A great advantage of this

The BGR helicopter ready to go.

method: the cost and time require-
ments are low. The system operates
mainly on its own, an engineer only

goes along to check the system.

The aim of the project as a whole is
to com