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Foreword

A review of 2003 and 2004 immediately brings to
mind the Tsunami disaster on 26.12.2004 and its
horrendous consequences for the countries
bordering the Indian Ocean. Two partner countries,
Indonesia and Thailand, with whom the Federal
Institute for Geosciences and Natural Resources
(BGR) has co-operated for many years within the
framework of technical co-operation activities,
were particularly badly affected.

Two BGR experts made their way quickly to
Thailand at the beginning of 2005 to provide
advice to the Environmental Division of the
Department of Mineral Resources within the
framework of our ongoing project. The focus of
this advice was reconstruction of the badly
damaged coast of Phuket Island and the coast-
lines to the north.

In the project in Indonesia with the Directorates for
Geological and Mining Area Environment, general
recommendations for action and guidelines were
elaborated for five model locations with the aim of
reducing/preventing geo-risks. These recommen-
dations and guidelines are aimed at improving the
regional policy and regional planning management
of natural disasters — aspects intended for incorpo-
ration in the reconstruction projects with our part-
ner countries in the Tsunami disaster region.

Another important issue during the reporting
period was the boom in commaodities which saw
rapid rises in the prices of important resources such
as non-ferrous metals, iron ore, steel, oil and coke,
not to mention freight rates. After many years in
which commodities were always available on the
world market in adequate quantities at favourable
prices, resource supplies have now again moved
into the political limelight. BGR always behaved
anticyclically during this long stable period and
maintained its high level of consulting and research
competence within the commodities sector. Many
inquiries regarding natural resources, and requests
from the political sphere, industry and society for
lectures on this topic, highlight the high demand
for this expertise and the value of BGR's natural
resource competence.

Specific activities involving this sector include the
publication of the 2003 energy study "Reserves,
Resources and Availability of Energy Resources";
fundamental work on German and global energy
supplies; and the successful preliminary geothermal
test phase in the Horstberg Z1 borehole near
Uelzen — part of our GeneSys project to heat the
office buildings at the Geozentrum Hannover with
geothermal energy.
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Other important milestones in the broad spectrum
of BGR activities during the reporting period
include:

m Certification of the 1S27 German infrasound
station in the Antarctic, which is located close to
the Neumayer research station run by the Alfred-
Wegener Institute for Polar and Marine Research
(our co-operation partner). Certification was
undertaken by the Comprehensive Test Ban Treaty
Organisation (CTBTO) of the UN in Vienna. As the
national German data centre, BGR operates two
certified infrasound stations and two certified
seismic stations co-located at the GERESS location
in the Bavarian Forest and in the Antarctic.

m [ntensified co-operation with foreign partners in
underground laboratories to investigate alterna-
tive host rocks for the permanent disposal of
radioactive waste: such as the co-operation with
ANDRA, the French organisation for the
permanent disposal of radioactive waste which is
investigating the suitability of a clay formation in
the Meuse/Haute Marne (Bure) underground
laboratory.

m Running the office of the Commission of
Geoinformation Business (GIW Commission) on
behalf of the Federal Ministry of Economics and
Labour. The aim of the GIW Commission is to act
as a contact to simplify access to geoinformation
(i.e. location-specific information) mainly held
by local authorities and the German states, and
to make productive use of this information which
has an estimated value of Euro 8 billion according
to a consultation report. This process bundles
all the sectors which can benefit from this infor-
mation including tourism, utilities, real estate
development and insurance.

m BGR's commitment to the German government's
training campaign, aimed at increasing the num-
ber of training opportunities for young people, is
highlighted by the expansion of its trainee posi-
tions from 27 to 35, and the broader range of its
training opportunities:
chemical laboratory assistants,
electricians (since 2004),
office communications assistants,
media and information services staff
(since 2005),
precision mechanics,
informatics experts, system integration
(since 2005),
cartographers,
vehicle mechatronic technicians.
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The foundation committee of the Hans-Joachim-
Martini Foundation run by the BGR board of
trustees awarded three Hans-Joachim-Martini
prizes and/or Junior Science Prizes during the
reporting period.

In 2003, Dr. KurTt BraM of the Leibniz Institute for
Applied Geosciences (GGA Institute) received the
Hans-Joachim-Martini prize for his overall
operative and superb scientific work in the applied
geoscience field, carried out in part during his
earlier employment at the BGR.

The Hans-Joachim-Martini Junior Science Prize
2003 was awarded to Dr. CHrisTIAN MULLER of the
BGR for his scientific work on the seismic analysis
of underground gas hydrate resources.

In 2004, the Hans-Joachim-Martini Junior Science
Prize was awarded to SiLke HILLEBRAND and KATRIN
HaGemANN of the Lower Saxony Geological Survey
(our partner organisation at the Geozentrum
Hannover) for their scientific contributions to
implementing an internet information service for
farmers aimed at optimising sampling to deter-
mine the residual nitrogen content in soils.

| warmly thank the members of the BGR Board of
Trustees for their advice and support. | also wish to
thank the German ministries and our domestic and
international co-operation partners. And first and
foremost, | would like to thank all of the BGR staff
for their enthusiasm and commitment in the fulfill-
ment of our duties.

TN Wellea

Prof. Dr.-Ing., Dr. h. c. mult. F.-W. Wellmer
President



The German Minister for Economics and Labour
formed a Board of Trustees to provide the
Minister and the BGR President with advice on
all of the important aspects affecting the work
of the BGR.

The members of the Board of Trustees represent
the geosciences, industry and commerce, univer-
sities and non-university research organisations.

Chairman of the Board of Trustees

Dr. K. M. REINICKE
Institut far Erdél- und Erdgastechnik
der Technischen Universitat Clausthal
Clausthal-Zellerfeld

Members

Dr. H. K. AKER

Director
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Geological Survey of Finland
Espoo (Finland)

Dr. R. BETHKE

Management Board Chairman
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Kassel

Dr-Ing. D. BOCKER

Member of the Management Board
RWE Rheinbraun AG
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of the Federal Institute for Geosciences and Natural Resources

Prof. Dr. Dr. h.c. R. EMMERMANN
Management Board Chairman
GeoForschungsZentrum Potsdam (GFZ)
Potsdam

Prof. Dr. P. FRITZ

Scientific Managing Director
Umweltforschungszentrum
Leipzig-Halle GmbH

Leipzig

Prof. Dr. Dr. W. GOCHT
Forschungsinstitut fur internationale
technische und wirtschaftliche
Zusammenarbeit der RWTH

Aachen

Prof. Dr. H.-P. HARJES

Chairman

DFG-Senatskommission fir
Geowissenschaftliche Gemeinschaftsforschung
Institut fir Geologie, Mineralogie und Geophysik
der Ruhr-Universitat

Bochum

Dr. W. HOHLEFELDER

Member of the Management Board
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Munich
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Dr. P. KLAUS
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Prof. Dr. J. THIEDE

Director
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Bremerhaven

Dipl.-Ing. B. TONJES
Management Board Chairman
Deutsche Steinkohle AG
Herne

Peter VOS

Speaker of the Management Board
Basalt-Actien-Gesellschaft
Linz/Rhein

Reinier ZWITSERLOOT

Member of the Management Board
Wintershall AG

Kassel
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Technical Co-operation
with Developing Countries



The Geological Side of
Co-operation with
Developing Countries

One for All!

There is only one planet earth on which we live and
which we have to learn to respect. The global popula-
tion is growing faster and faster. But there is no
growth in the life support systems, even worse, the
natural resources are shrinking as a result of global
overexploitation and negligence. The global reserves
of oil and groundwater are not only decreasing, they
are also not distributed equally around the world.
The consequences are the headline-grabbing social
tensions and poverty in numerous countries reported
daily in the media. The gap between poor and rich is
increasing instead of decreasing. The future of
mankind can only be guaranteed by forward-looking

planning and development which conserves resources.
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Global Crisis
What is the Answer?

The German government pursues the declared aim of
de-escalating conflicts and reducing poverty. The Fed-
eral Republic of Germany is one of the biggest players
on the international development co-operation stage.
The aim of German development policy in its co-oper-
ation partner countries is to improve the quality of
people’s lives, especially of the poor. By using the
leverage of technical co-operation, the German gov-
ernment supports development processes in its part-
ner countries and empowers people and organisations
to improve the quality of their lives. This is achieved
by transferring technical, economic and organisational
skills and knowledge, and creating the political frame-
works for sustainable development.



The German government follows the
millennium development objectives of the
international community, and focuses its work
on three main areas:

m combating poverty

m  environmental and resource
protection

m  education and training

What Role does BGR play in
Technical Co-operation Activities?

With its in-depth technical expertise and many
decades of experience in projects in many countries
around the world, the Federal Institute for
Geosciences and Natural Resources (BGR) realises

the geo-relevant aspects of development co-operation
on behalf of the Federal Ministry for Economic
Co-operation and Development (BMZ).

Main areas of BGR activity:

m  Groundwater management,
e.g. "Where are there adequate quantities
of clean drinking water, and how can it be
sustainably exploited?”

m  Geo-environment protection and
resources protection,
e.g. "What is the best way of harmonising
regional planning with the protection of the
environment and natural resources?”

m  Geo-risk management,
e.g. "What preventative measures can be
implemented to protect against geohazards?”

m  Advice on mining and
mining environmental protection,
e.g. "How can the supply of resources be
harmonised with the needs of environmental
protection?”

m  Resources: energy resources, industrial
minerals, metallic resources,
e.g. "Where can we find construction materials?”

What does BGR do Specifically?

BGR is currently involved in over 30 technical co-opera-
tion projects in these five main fields of activity, co-oper-
ating with more than 20 partner countries and organi-
sations in Central and South America, Africa, Central
and Southeast Asia, and Southeast Europe. The project
partners are mainly government institutions, but also
include technical associations and companies involved in
the geoscientific, mining, water, regional planning and
environmental sectors. Assistance is mainly provided in
terms of technical advice, training, and consultancy
work supporting the establishment of efficient organisa-
tion structures and their institutional frameworks (insti-
tution building, sponsoring agency promotion).

In addition to the German technical advisors from
BGR, these projects also include consultants from
industries in the partner countries. BGR also assists
supra-regional organisations such as ACSAD (“Arab
Center for the Studies of Arid Zones and Dry Lands”
run by the Arab League) which pursue a cross-border
approach to achieving their development objectives.
The sectoral focus of technical co-operation activities
involves major interdisciplinary programmes, in which
BGR participates with its whole geoscientific compe-
tence and works closely together with other actively
involved organisations in a pan-sectoral approach.

The Biennial Report of the BGR covering 2003/2004
presents three technical co-operation projects which
involve different continents and reflect in an exempla-
ry way the broad range of BGR technical co-operation
project work in the geo-sector.

Biennial Report BGR 2003/2004

15



‘2007 PUe £00Z UI ¥YDg buinjonur uoiesadooy (ed1uyda) JO SaLUN0d JaulIed

Biennial Report BGR 2003/2004

16



Mining Consultation and
Contaminated Mining Sites

in Chile

Historical Background

Mining plays a dominant role in Chile’s history and
economy. The country’s metallic and non-metallic
resources are located in the Cordillera, its strike
valleys and salt lakes — particularly in the north of the
country.

With a production of approx. 5 million t copper in
2003, Chile’'s mining output today makes it easily the
biggest producer in the world, accounting for around
36 % of global production. The copper industry is of
major significance for the Chilean mining industry and
the whole Chilean economy. Chile is also the world
leader in the production of lithium and iodine. It is
also the third largest producer of molybdenum and
silver.

Mine output in Chile has increased 500 % in the last
20 years largely thanks to the country’s exceptionally
open economic policy and the attractive investment
conditions. In 2002, mining accounted for 8.2 % of
gross domestic product and 41.6 % of its export
revenues.

Chile can look back on over 150 years of industrial
mining, primarily involving copper, but also saltpetre,
gold and silver.

8 Small scale gold mining using
a pan grinder.

In the pan grinder, mercury
is usually spread onto the
amalgamation sheets with
bare hands.

In the traditional mining area of the city of Andacollo, 380 km
north of Santiago, the mine waste extends right into the middle
of the urban area in some parts.

Huge volumes of mining waste have accumulated
during this period, particularly in the north of the
country. Most of the contaminated sites concern
residues from gold and silver processing, which in
some cases contain high concentrations of arsenic,
mercury and other heavy metals. There are also tail-
ings ponds with copper processing residues, and tail-
ings which are potentially unstable and at risk of
releasing acid water.

The risks to the inhabitants and the environment asso-
ciated with these contaminated mine sites come from
the toxicity of the substances they contain as well as
air-borne dust, hazards associated with the collapse of
large tailings ponds, the acid mine drainage (AMD)
potential, and to a lesser degree, unsealed and un-
secured shafts and other mining facilities.

The environmentally-compatible handling of natural
resources is becoming an increasingly important com-
petitive factor on the global market for the mostly
international mining companies involved in the
Chilean mining industry. It is now becoming more
important for companies to gain certification of their
own operations and to be able to demonstrate the
implementation of a sustainable development policy.

Biennial Report BGR 2003/2004
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Chile’s contaminated mine sites are therefore almost
exclusively derived from the period before the coming
into force of the country’s environmental law (1994)
and its implementation stipulations (1997). These now
require environmental impact assessments to be car-
ried out prior to the authorisation of all new industrial
projects. In addition, since January 2004, operating
mines have also been forced to submit abandonment
plans which adequately take into consideration mine
safety as well as environmental protection.

However, the law as it currently stands still completely
ignores considerable risks to the environment and to
the mining industry itself associated with some of the
old contaminated mine sites. Although the environ-
mental contamination is indisputable, and the number
of old and abandoned mines and processing plants is
far higher than the number of new mining operations

The Chuquicamata opencast mine belonging to the
state Chilean mining company “Corporacion Nacional
del Cobre de Chile” (CODELCO) which began
operations in 1910. This mine lies at a height of
2870 metres in Northern Chile and is the largest
opencast mine in the world with an area of 11 square
kilometres and a depth of over 700 metres.

It is also the world’s second largest copper producer
with an opencast mine production of 467,000 tonnes
of copper in 2003. This is in addition to another
140,000 tonnes of copper from SX-EW leach
processing in 2003. The mine also produced

16,430 tonnes of molybdenum, 160 tonnes of silver,
and 1.2 tonnes of gold in 2003 (photo: CODELCO).
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complying with the mining laws, Chile has so far no
regulations in place covering the inventorisation, clas-
sification and remediation of these hazardous con-
taminated mine sites.

Against this background, the State Geological Survey
and Mining Service in Chile, “Servicio Nacional de
Geologia y Mineria” (SERNAGEOMIN), decided in
2002 to make preparations for the establishment of
legislation and to find technical solutions to the prob-
lems of these contaminated mine sites. To this end, it
submitted an application to the Federal Ministry for
Economic Co-operation and Development (BMZ) in
Germany for a technical co-operation project with the
Federal Republic of Germany.

The BGR-SERNAGEOMIN Project

The “Basic principles for the remediation of contami-
nated mine sites” project jointly implemented by the
BGR and SERNAGEOMIN on behalf of BMZ aims to
establish the basic principles for the environmental
monitoring of contaminated mine sites and to initiate
the remediation process to clean up hazardous mine
sites of this kind.

Work began in August 2003 for an initial period of
five years divided up into three main aspects:

m Legal framework for contaminated
mine sites in Chile

Creating an effective legal framework dealing
with contaminated mine sites in Chile first
requires stipulation of a specific objective and a
number of basic conceptual principles which
define the terms, and clearly assign responsibili-
ties and accountabilities.

The second step will look at the existing legal
framework and assess its effectiveness in regulat-
ing the appropriate handling of contaminated
mine sites in the sense of the target definitions
and the conceptual principles. This then forms
the basis for drafting proposals for new legisla-
tion or amendments to the existing laws.

According to the current assessment, the main
challenge for contaminated mine site legislation
in Chile is to appropriately handle the property
rights and mining laws concerning the affected
areas, so that clean-up can actually take place in
cases brought before the authority.



The project training programme
included the preparation and
implementation of pilot clean-
up activities right at the start of
the first phase, as shown here
with the containment of a land-
fill which contains toxic residues
from the processing of gold ore.

- P O . - e Pt P

The historical exploration and analysis of
mine contamination often involves
painstakingly detailed investigation to collect
onsite information.

In addition, regulations are also required covering
institutional accountabilities and responsibilities.
The contaminated sites mainly involve historical
pollution where it is no longer possible to estab-
lish the legal successors to those originally
responsible for the contamination, or where
accountabilities are barred by the statute of limi-
tations when 20 years have elapsed. As a conse-
quence, the responsibility for cleaning up the old
contaminated mine sites will mostly be borne by
the state. However, exceptions are possible and
need to be properly taken into consideration in
contaminated mine site legislation.

The work on the legal framework for contaminat-
ed mine sites will be carried out by the project
team and a specially assembled committee,
advised by a team of legal experts. The commit-
tee comprises all of the main authorities respon-
sible for the mining and environmental sectors
(National Environmental Agency “Comision
Nacional del Medio Ambiente” (CONAMA), Min-
istry of Mining “Ministerio de Mineria”, SERNA-
GEOMIN in its function as the central mining
agency) as well as BGR and the UN Economic
Commission for Latin America and the Caribbean
“Comision Econémica para América Latina y el
Caribe” (CEPAL) as advisory bodies.

Financing the remediation of
contaminated mine sites

The second challenge is to finance a clean-up
programme for contaminated mine sites. Accord-
ing to current analysis, it is thought unlikely that
the state alone will be able to provide the neces-
sary funding. The project therefore includes elab-
oration of proposals for alternative means of
financing. These proposals are discussed with the
responsible departments and will be presented to
the legislative body at the end of the first project
phase together with the recommendations for
the new legal framework.

It can already be assumed that financing in most
cases will involve the direct or indirect participa-
tion of the mining sector. Possible instruments
may include funds, or sponsoring with appropri-
ate tax incentives, as well as the use of non-tax
government revenues such as income from the
sale of mining rights and fines.

Establishing the technical skills required
for cleaning up contaminated mine sites

The third aspect covered by the project is building
up the technical qualifications of the project
agency to enable it to raise awareness of the
need to clean up contaminated sites, and to com-
prehensively monitor future remediation meas-
ures. SERNAGEOMIN's founding decree makes it
responsible for monitoring the implementation of
mining sector standards. In addition to mining
law administration, this also includes monitoring
compliance with mining safety regulations and
environmental issues.

The legislation governing contaminated mine sites
in Chile will assign SERNAGEOMIN responsibility
for identifying and specifying the risks of contam-
inated mine sites, and in notified cases, responsi-
bility for technically monitoring clean-up pro-
grammes to ensure that they comply with the
stipulations.

To be able to fulfil these tasks, working groups
have been created and provided with appropriate
technical guidance to enable them to collect
information on specific contaminated sites and
prepare and supervise pilot-scale clean-up pro-
grammes. The pilot projects are mainly carried
out to enable the groups to acquire practical
experience in the identification, classification, and
preparation measures needed for cleaning up
contaminated mine sites.
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Outlook

The project is currently in the first phase scheduled to
last two years. Project duration is initially scheduled
for five years.

The second phase which is due to run from 2005 to
2008 will concentrate on further increasing the tech-
nical qualifications of the partner institutions who
supervise and manage the remediation of contaminat-
ed mine sites in Chile. Another important aspect is
implementing the proposals presented during the first
project phase for the legal framework and the finan-
cial instruments required.

The remediation measures elaborated during the first
part of the project were primarily realised under the
technical supervision of the project staff and external
consultants with the involvement of technical staff
from the partner institutions. During the second phase
however, the leading role in the planning and supervi-
sion of clean-up measures will be in the hands of local
experts. The intention is for the remediation measures
to be implemented as soon as the legislation comes
into force and the financing instruments become
available.

The funding promised so far for the clean-up of old
mine sites comes exclusively from the private mining
sector. This highlights the serious interest of the indus-
try in solving the problem of contaminated mine sites,
and their future willingness to continue to participate
in the financing of a national clean-up programme for
contaminated mine sites.

Biennial Report BGR 2003/2004

Flotation tailings of the Salvador copper mine belonging
to the Chilean state mining company “Corporacion
Nacional del Cobre de Chile” (CODELCO), located

1100 kilometres north of Santiago. Mine tailings which
have been dumped into the sea for many decades have
extended the shore line over a large area with partially
contaminated material (satellite image: Landsat 7, BGR).



Environmental Geology

in Town and Regional Planning

in Malawi

Introduction

Malawi in southeast Africa is one of the poorest coun-
tries in the world. With its lack of natural resources,
this predominantly agricultural country faces many
problems during its development. Combating poverty
in the country is made difficult by the large number of
people infected by HIV/AIDS. This comes on top of
the only marginal slow-down in population growth
creating more and more pressure on its limited natural
resources. Every household has on average less than
0.5 hectares of agriculturally usable land at their dis-
posal — inadequate to feed a family. Unforeseeable
natural disasters regularly destroy their harvests. Fre-
guent flooding and landslides with associated repairs
to the damaged infrastructure place an additional bur-
den on public finances.

BGR-GSD Co-operation

The BGR has supported the Geological Survey Depart-
ment (GSD) of Malawi since 1990 with the aim of
improving its skills and making a contribution to
Malawi’s development. The technical co-operation has
the goal of mapping the country’s deposits of industri-
al minerals, assessing the mineral potential, and inves-
tigating potential “agro-minerals” which can be used
as fertilisers. Following a natural disaster in Phalombe
in 1991 where landslides killed over 500 people, tech-
nical co-operation since 1996 increasingly focused on
geo-risk assessment with the aim of implementing
preventative measures.

Environmental Geology
Project

The co-operation since 2001 focuss-

es exclusively on environmental geology issues to
enable the Geological Survey Department to provide
town and regional planners with the necessary level
of support.

That there is an urgent need for this advice is clearly
demonstrated by the city of Blantyre, the main indus-
trial centre in the country. With a population of less
than 600,000 as recently as 1999, the city has now
grown to over one million people. The few town plan-
ners at present are unable to effectively and system-
atically plan the rapid growth of this city. However,
there is an urgent need for careful planning so that
the inhabitants of this city in the Shire Highlands with
a relief extending from 750 to 1600 m are protected
from rock falls, landslides and debris flows, and to
establish the environmental conditions required to
ensure that future generations also have an adequate
quality of life.

Blantyre: recording a soil profile.
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Studies demonstrate the close connection between
geology and town and regional planning. The envi-
ronmental geological investigations carried out during
two years of field work in Blantyre covered many
aspects including the evaluation of geological risks
within the urban area, searching for suitable domestic
waste landfill sites, assessing the potential of mineral
construction materials, evaluating the sensitivity to
erosion, and detailed environmental geology investi-
gations for new town planning zones.

Geohazards

The urban area of Blantyre includes mountains with
steep slopes and a long history of debris flows and
rock falls. Rapid growth in the city’s population has
forced people to live on these steep mountain slopes.
Anthropogenic activity increases the risks of mass
flows being initiated during periods of heavy rainfall.

Erosion Sensitivity

Agricultural yields have declined by double figures in
percentage terms in recent years as a result of fertile
soil being washed away by heavy rain. This is exacer-
bated in the city of Blantyre by the inappropriate use
of steep slopes for the cultivation of maize. The small
businesses extracting construction sand and gravel
from the rivers naturally welcome the continuous
replenishment of their resources by the high loads of
sediment carried by the streams.

But when river beds become filled with sediment,
they represent a high level of environmental risk. This
is because the reduction in drainage capacity of the
rivers can cause unexpectedly strong flooding during
periods of heavy rain. Moreover, the increasing
amount of sediment in the river water increases the
costs of drinking water treatment in Blantyre as well
as reducing the amount of usable water.

Mt. Soche, Blantyre:

The extraction of brick clay can destabilise the slope

and generate debris flows which endanger the settlements
further down the slope.

Extracting brick clay from
a former debris flow on the
west flank of Mt. Soche.
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DwambadZzi River bridge:
Remains of the bridge swept away by floods in 1999.

This soil erosion also diminishes the amount of power
generated by the country’s three hydroelectric power
stations on the Shire river. The water depth in the
reservoir behind the three-year-old Kapichira
hydropower plant dropped from 8 m to 2 m. And fine
sand has abraded the turbine blades to such a degree
that turbine capacity has fallen to 30 %.

Search for Landfill Sites

The current Mzedi Hill landfill used to dump the
industrial and domestic waste generated in Blantyre, is
located in a spring area, and has already caused
irreparable pollution of a stream system. The city now
has to supply the people living along this stream with
drinking water pipes connected to a pipeline system
specially built for this purpose. These costs could have
been saved by advance planning of a safe landfill with
a geological contaminant barrier against pollutants,
and consequent protection of the surface water and
groundwater.

Now it is a matter of urgency to establish an environ-
mentally-compatible landfill because of the increasing
contamination of the water on Mzedi Hill and the
increasing quantities of waste generated by the city.

Musa, Blantyre:
Extraction of building sand
from the Likhubula River.

DwambadZzi River:
Destroyed auxiliary bridge in 2001.

The following criteria are used in the search for suit-
able sites for landfills in the urban area:

thick clay-rich soil cover over a sufficient area
gentle slope

adequate distance to housing areas

adequate distance to water courses

adequate depth of the water table

favourable transport location

Because the urban area in the Shire Highlands was
subject to strong peneplanation over geological time,
there are only a few level surfaces available with an
adequate level of soil cover. The only safe location

at an acceptable distance to the city centre is in
Chigumula.
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A landfill with a capacity adequate for the coming
decades can be constructed here thanks to an area of
over 20 hectares with an average soil thickness of 7
m, an average clay content of 55 %, a depth to water
table of 6.5 m and a gradient of below 2 %. The
morphology also allows an artificial wetland to be
constructed for the cheap treatment of the landfill
leachate.

Environmental-Geological Assessment of
the Malabada Town Development Area

Blantyre intends to build schools, churches, a ceme-
tery and housing in the Malabada town development
area. However, because this area lies below one of the
steep faces of Ndirande Mountain, an overall environ-
mental-geological evaluation of the area has been car-
ried out as part of a training measure for staff of the
Geological Survey Department of Malawi.

This evaluation revealed the following risks and
restrictions for the future use of the area:

m a school that has already been constructed lies
partially within a zone threatened by debris flows;

m the building ground is not load-bearing because
of the upwelling of slope water in some areas;

m  low quality roofing tiles are being produced from
fertile top soil which not only destroys soil for-
ever, but also hinders the gardening which tradi-
tionally takes place in housing areas;

m  because of the absence of a sewer network, it
was originally planned to build drainage pits for
the percolation of waste water. However, the pres-
ence of clay-rich soil derived from in-situ weath-
ered rock makes the ground virtually imperme-
able to water and therefore unsuitable for waste
water percolation. Drainage pits which have
already been built spill over and increase the risk
of epidemics during the rainy season and increase
the number of cases of cholera. It is recommend-
ed that this area should be connected to the
main sewer network.
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Mzedi Hill, Blantyre:
Polluted well at the Blantyre landfill.

As a result of these findings, there is a need to modify
the planning to reflect these local conditions and
avoid potential damage in future. The school that has
already been built needs to be protected by carrying
out suitable stabilisation measures in the nearby
stream bed, and it is also recommended as a precau-
tionary measure that it is closed during periods of
extreme rainfall.

The spring areas are unsuitable for the construction of
housing and could be used as an urban green space
instead.

Because the firing of clay tiles is not permitted in
housing areas in Malawi, and the tiles are of low
quality anyway, the planning authority should offer
alternative areas to the small businesses involved.

The treatment of waste water in drainage pits is not a
viable alternative in the planning area due to the
impermeability of the soil. The town planning should
therefore include connection of this area to the main
sewer network, especially because a considerable pro-
portion of faecal sewage can be expected from the
school.



Geological Mapping

— a Vital Contribution to the Protection
of Environmental Resources and
Improving Living Conditions —

an Example from Yemen

The "Yemeni-German Geological Mapping Project
(YGGMP)” was arranged at the end of the nineties
between the Yemeni and German governments. The
project was financed by the Federal Ministry for Eco-
nomic Co-operation and Development (BMZ).

BGR assisted the Geological Survey and Mineral
Resources Board (GSMRB) in the geological mapping
required for an official geological map at a scale of
1:100,000. In addition to establishing a modern
digital mapping department, BGR implemented
computer-supported image processing at GSMRB to
enable the Yemeni partner to evaluate satellite images
in a cost-effective and time-saving way for the pro-
duction of geological and other technical interpreta-
tions and to transfer the results to appropriate maps.
These measures were supplemented by a digital
geo-database.

Wadi Adim — window into the Precambrian.

Training measures were a vital contribution to this
project. These involved on-the-job training in the
Yemen as part of the daily project work, as well as
courses organised and implemented in Germany and
Jordan. In addition to the training of geologists, the
further education also included cartographers, who
were taught digital cartography and the application of
geographic information systems.

The geological work was rounded off by microscopic
and geochemical analysis of rock samples, and the
classification and interpretation of the geotectonic
setting.
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Fourteen geological maps were produced at a scale of
1 : 100,000. The figure below shows a section of the
Yafrus Geological Map in original size.

The focus of the project has shifted since 2002
towards environmental geology and groundwater. The
project therefore now makes a direct contribution to
the Yemeni water sector, which is the main area of
German-Yemeni development co-operation.

Accordingly, the work concentrated on the elabora-
tion and compilation of environmental-geological
maps of various kinds for the Sana’a region. These
maps cover the following themes:

m  historical development of Sana’a

m  geology and shallow pit and quarry resources

m  hydrogeological map with potential recharge
dams

m  geomorphology
m  land use

m groundwater quality, e.g. nitrate content,
electrical conductivity

m  potential sources of air, soil, surface and
groundwater contamination
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Field orientation.

The work focused on the evaluation and display of
data from existing reports. These were presented in
the form of easily understandable maps. This was fol-
lowed by a data collecting exercise, looking in particu-
lar at potential sources of air, soil, surface water and
groundwater contamination.

The basic geological information collected in this way
forms an important source of information and the
basis for discussions with decision makers in the Min-
istry for Water and the Environment, as well as the
Sana’a local authority.

Because of its great success, the area covered by the
project was extended at the wish of the Yemeni part-
ner in 2004 to include the whole Sana’a basin.

Digital cartography in Sana‘a.




Sampling downstream of the urban
sewage works in Sana‘a.

Analysis of the surface and groundwater downstream
of the sewage treatment works for the city of Sana’a
revealed considerable contamination attributable to
the inadequate capacity of the sewage works. Thor-
ough and detailed discussions with the politicians in
charge formed the basis for the urgent provision of
funding for an immediate expansion of the Sana’a
sewage works.

The study of the dams installed in the Sana’a basin,
which are mainly intended for groundwater recharge,
produced another useful result. The geological field

work and the additional geophysical survey which was

carried out revealed that only some of these dams
were actually promoting groundwater recharge effec-
tively. The project partner is currently elaborating
appropriate recommendations to improve the situa-
tion.

The work carried out so far clearly highlights special
measures that are urgently required to monitor the
surface and groundwater quality. Moreover, appropri-
ate preventative measures must be put into place to
avoid further contamination of the neighbouring
water resources.

One of the major success stories of the project is that
the political decision makers and the co-operating
ministries, and sections of the parliament have recog-
nised the enormous significance of environmental-
geological information for town and regional plan-
ning. A vital element of this success was the early and
continuous dialogue between geologists, regional
planners and politicians.

Sampling contaminated surface water
in a recharge dam.
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Energy Resources



Energy Resources - the
Backbone of an Economy

Where would our daily lives be without energy?

Showering in a pre-heated bathroom, hot coffee and
toast for breakfast, the news on the radio — none of
these pleasant aspects of getting up in the morning
would be possible without energy. These small exam-
ples of individual consumption apply all the more to
the economy as a whole: huge quantities of electrical
power and fuel are required at all times for industrial
processes, transport and services.

30 Biennial Report BGR 2003/2004

What are the Ingredients Required in
the Energy Mix?

The primary energy consumption mix in Germany in
2003 depended on oil, gas, coal and nuclear power
to provide 96 % of the country’s needs. All of the
other sources of energy such as hydroelectric power,
biomass, wind, photovoltaics and geothermal energy
only account for a very small proportion to date. The
political intention of the German government is to
increase the share of renewable energies producing
electricity from the current level of around 8 % to
20 % by 2020. Or looked at from a different angle:
conventional sources of energy will still account for
80 % of power production in 2020 — in addition to
providing balance power to compensate for any
reduction in output from wind turbines on calm days.
This dependence will only diminish further in small
steps in subsequent years.



On top of all this, Germany is dependent to a high
degree on energy imports: 100 % in the case of ura-
nium, 96 % for crude oil, 79 % for natural gas, and
already 63 % for hard coal. The only energy source
for power production exclusively derived from domes-
tic reserves is lignite.

What is BGR's Role in this Context?

As a subsidiary institute of the Federal Ministry of Eco-
nomics and Labour (BMWA), one of our important
tasks is to provide the German government and
industry with forward-looking advice on the availabil-
ity of energy resources. We do this by continually
monitoring global developments in the energy mar-
ket. In addition to our core competence in the geo-
logical availability of energy sources, this work also
includes observing the availability of production and
processing capacities as well as developments in the
transport sector.

As an example, let us have a look at the develop-
ments in the “nominal prices” for the four most
important energy sources. For many months, the
media have reported in particular on the rapid
changes in the oil price. An “all time” high of

42 US Dollars per barrel was reached at the begin-
ning of July 2004, only to see oil prices breach the
50 US Dollar mark in London by mid-October. This
development is the consequence of many factors
including economic development, the growing
demand of the third world for energy and other natu-
ral resources, political instabilities in the production
regions, speculation, production capacity shortages,
natural disasters, and the availability of reserves.
Astonishingly — and barely communicated to date —
this trend is also being matched by the prices of the
other energy sources.

Unlike the situation in the 1970s when the parallel
development in fuel prices could be easily explained
by the two oil crises and a shift into other energy
sources, this mono-causal relationship is definitely not
the explanation for the situation we see today. The
reasons are varied and include in the case of hard
coal: the closure of mines in Europe, rapid growth in
Chinese steel production, and shortages in marine
transport capacities; in the case of uranium: the clo-
sure of mining capacities and market concentration
on a few suppliers; and in the case of gas: the cou-
pling of the gas price to the price of oil typical of
many countries.

To competently fulfil its advisory role, BGR uses
around 40 % of its capacities for research. In the the-
matic sector “energy resources”, this research looks at
areas which are not yet the focus of commercial
exploration. These activities cover a broad spectrum
from the evaluation of regions in which industry has
not yet become involved so far (e.g. very deep water,
circum-arctic areas) as well as subjects currently
ignored by industry (such as gas hydrates), the devel-
opment of equipment and methods, and pushing
ahead with geothermal resource development (heat
and power) to establish it in the market.

Because the use of fossil energy sources is always
associated with the emission of CO,, the “storage of
CO, in geological structures” plays an increasingly
important role in BGR’s activities. Currently this work
focuses on: establishing a national planning basis for
government and industry; research regarding storage
of CO, in mature gas fields; and the development of
gas-geochemical monitoring instruments.
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German domestic production and imports of primary
energy resources in 2003. All figures converted to
megatonne coal equivalents. The percentages refer
to dependency on imports.
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Magnetotelluric Surveys
in the North German Basin — a New Tool
for Deep Gas Exploration

The search for hydrocarbons moves from shallower to
deeper lying horizons in sedimentary basins. This
makes it necessary to continuously expand the gener-
al understanding of the geological and tectonic struc-
ture of those basin parts and to gain a more accurate
insight into the conditions governing basin building
processes and the associated spatial and temporal dis-
tribution and generation of hydrocarbons. The mag-
netotelluric method was used in the North German
Basin for this purpose.

Magnetotellurics (MT) is a geophysical method based
on the principle of electromagnetic induction and is
used to measure differences in conductivity in the
earth’s crust. Unlike other electromagnetic methods
which use an artificially generated source field, MT
measures the natural variations in the electromagnetic
field of the earth. These are caused by variations in
electric current systems in the ionosphere, and the
magnetic fields induced in underground bodies by
these variations.

Magnetotelluric (MT) surveys conducted by various
institutes in the 1970s and 1980s surprisingly con-
firmed the presence of a layer with good conductivity
in the pre-evaporitic, pre-Permian underground
seqguence. The in some places extremely high conduc-
tivity was initially attributed to fluid-filled pores and
fractures. However, such an explanation implies the
presence of unrealistically large pore spaces for the
given depth of the horizon. Analysis of the conductivi-
ty of Lower Carboniferous black shales in the Miin-
sterland 1 borehole revealed that the high conductivi-
ty could be explained by the presence of highly
matured and therefore quasi-metallic conducting
organic matter (electronic conduction mechanism).

Petrophysical analysis of black shales in other bore-
holes also revealed that the high conductivities were
not only caused by the organic matter, but also by the
cross-linkage of sulphides. This explains why highly
conductive layers also occur in areas with a relatively
low degree of carbonisation. Because black shales are
known to be a potential gas source rock there is great
economic interest in being able to confirm their pres-
ence.

Against this background, BGR began a new magne-
totelluric surveying programme in 1993 which has
now measured 226 points. The field surveys are car-
ried out by METRONIX GmbH (Braunschweig) and the
Institute for Geophysics at the University of Munster.
The institute is also closely involved in the interpreta-
tion of this data.

The magnetotelluric surveys show that there are no
pre-Permian beds with good conductivity in the NW-
SE striking depocentre of the North German
Rotliegend basin (south-eastern North Sea, western
Mecklenburg-Vorpommern). This is interpreted to
indicate the absence of pre-Westphalian gas source
rocks in this area. This area is therefore not favourable
for further exploration for deep gas.

Whilst the good conductive horizons lying to the
north of the Central Rotliegend Basin can be correlat-
ed with the Cambro-Ordovician black shales (Scandi-
navian Alum Shale) penetrated by the G14 Baltic Sea
borehole, the good conductive beds south of the
depocentre can be correlated with the Lower Car-
boniferous black shales. These organic rich shales
explored by the Prottlin 1, Minsterland 1 and
Versmold 1 boreholes are potential gas source rocks
depending on the degree of maturity of the organic
matter.
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The latest MT data of the Gllckstadt-Graben area
(Schleswig-Holstein) reveal the presence of a good
conductive horizon within the graben at a depth of
approx. 8.5 = 11.0 km. This possibly indicates the
presence of Lower Carboniferous black shales. If this
is correct, the graben must already have been tectoni-
cally active during the Lower Carboniferous and
would therefore be much older than previously
thought.

The sources of gases in the Rotliegend gas fields of
the Ems estuary were identified by integrating magne-
totelluric, paleogeographic, tectonic and isotope-geo-
chemical data. This confirmed for the first time that

these are mixed gases comprising highly mature dry
gases from marine (sapropelic) organic matter (Rheno-
Herzynian Alum Shale facies of Lower Carboniferous
age — possibly closely related to the Lower Carbonifer-
ous Bowland Shale facies of central England or their
equivalents in the southern North Sea) and less
mature gases sourced from humic (terrestrial) organic
matter (Westphalian coal).

These results support the interpretation of the mag-
netotelluric data of this area with respect to source
rock distribution. The investigations show, that the
integration of magnetotelluric data opens up new
opportunities for deep gas exploration.

Stratigraphic interpretation of pre-Permian horizons with
good electrical conductivity in the Emsland-Ostfriesland area
shown in a geological cross-section.
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Gas Hydrates and Free Gas
— an Example from the Continental Margin
of Northwest Borneo, Malaysia

Gas hydrates refer to the hard, crystalline-like struc-

tures made up of water molecules and natural gases
like nitrogen, hydrogen sulphide, carbon dioxide and
various hydrocarbons, primarily methane.

In gas hydrates, the water molecules form a crys-
talline-like lattice with gas molecules trapped in the
spaces. Gas hydrates are only formed under special
pressure and temperature conditions and in the pres-
ence of adequate quantities of gas. These conditions
are met in permafrost zones, on the shelves of active
and passive continental margins, and in the sediments
of deep lakes and seas.

The base of gas hydrate accumulations is often shown
in marine reflection seismic lines by the “bottom sim-
ulating reflector” (BSR). A BSR shows the base of the
gas hydrate stability zone within sediments. This
means that the sediments overlying the BSR contain
gas hydrates, whilst free gas can be present beneath
the BSR. It is called the BSR because it runs almost
parallel to the ocean floor. Because the BSR is caused
by pressure and temperature conditions, it can also
cross sedimentary boundaries and is therefore particu-
larly easily identifiable in reflection seismic lines.

Gas hydrates have gained a great deal of general
attention recently because they are seen both as a
potential future energy source as well as a geo-risk

factor. Gas hydrates represent a geological risk Burning ice: gases can combine with water to form
because changes in pressure and temperature condi- gas hydrates under suitable pressure and temperature
tions could release huge quantities of the greenhouse conditions.

gas methane and thus intensify the greenhouse Gas hydrates were recovered from the west coast of
effect. In addition, a reduction in cementation of the North America by the SONNE research ship. Before
sediments associated with gas hydrate destabilisation they decomposed, they formed white lumps in the
could cause the sliding and slumping of underwater deep sea mud which could be ignited.

sediments and therefore generate catastrophic

tsunamis.

It is therefore important that gas hydrates are investi-
gated in more detail.
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seismic line BGR 01-A2 ‘

BGRO1-A2 seismic line along the continental margin of northwest Borneo. the BSR can be seen lying at around 250 to 300
ms (two-way travel time) beneath the sea floor. The lateral change in the amplitude of the BSR directly reflects the amount
of free gas beneath the BSR. The amount of free gas varies between 0.5 to 3 %.

One of the main factors for estimating the value of
gas hydrates as a potential future energy source and
as a climate factor is an estimate of the amount of
methane locked up in the gas hydrates and the
underlying sediments.

A method already well known in oil and gas explo-
ration (AVA — angle-of-incidence versus amplitude
variations of the seismic signals) which was modified
specially for the gas hydrate case, was used to esti-
mate the volume of free gas and applied to the data
from the continental margin of northwest Borneo. Of
particular interest was whether this technique would
reveal the presence of large volumes of methane in
this promising hydrocarbon exploration area.
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Analysis showed that the gas hydrate zone and the
underlying volumes of gas only accounted for a minor
percentage of the total sedimentary pore volume.

Gas hydrates occupied around five per cent of the
sediment volume whilst the amounts of free gas
below the gas hydrates ranged between one and four
per cent.



How Long will the
Oil Reserves Last?

A Wrongly Formulated Question

for an Obvious Problem

QOil currently accounts for approx. 37 % of global pri-
mary energy consumption, and is therefore the main
energy source. This natural resource and its manufac-
tured products are primarily used by the transport sec-
tor, and secondarily for heating and as a raw material
for the chemicals industry. Stimulated by the rapid rise
in prices in the crude oil market and their knock-on
effect on petrol prices, we are all forced to consider
the problem of the availability of oil in future.

When looking at the availability of oil, many experts
are guided by the known reserves R and consumption
C. These two parameters give rise to the static life-
time L = R/C, which as the name already implies, is a
static approach. However, reserves and consumption
are always changing and continuously adapting to
new conditions.

The dynamic processes behind the global demand for
oil are easily explained. These include factors such as
changes in economic development, trends in motor-
ization and mobility, changes in the retail price of
petrol, and indirectly also climatic changes.

But what about the Reserves?

The reserves are defined as the amount of oil eco-
nomically exploitable using existing technologies —
and should not be confused with the term
“resources” which refers to the amounts of oil which
are not currently economically exploitable or are
thought to exist on the basis of geological findings
but have not yet been proven. This definition high-
lights the dynamic character of reserves because tech-
nical innovation can take place at any time and make
previously unexploitable resources economically pro-
ducible. Rising oil prices also mean that more
resources are reclassified as reserves because the high-
er price makes them economically exploitable.

How are Reserves Calculated?

billion tonnes (Gt) It is more honest to talk about reserve estimates
300 because even before the first well is drilled the oil
250 industry experts involved have to use seismic surveys
and their own experience to make assumptions on
200 82 I Oil shale the size of a reservoir, its porosity and permeability,
Oil sand/ the oil saturation of the pore spaces, the degree of fill
] sy e 184 f the reservoir, not to mention the recovery factor.
150 ol o} : y
59 Right from the start, the determination of reserves is
100 66 } therefore clearly subject to a certain degree of uncer-
tainty.
* I65|
50 E 3
-50
-100 Cumulative production, reserves and
resources of oil (per end 2003).
-150 The non-conventional oil — heavy oil, bitumen
conv. Oil non-conv. Oil | and tar sands and oil shale — are dealt with separately.
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Given the fact that the static lifetime has hardly
changed in the last 15 years — remaining stable at an
estimated lifetime between 40 to 50 years — it looks
as if the oil industry is able at any time to replace the
oil consumed each year by additional reserves. Despite
this, there is a consensus that more oil has been con-
sumed around the world every year since the 1980s
than has been found in new accumulations. The
annual growth in reserves reported since then is large-
ly attributable to improved recovery factors thanks to
technological innovations or the re-evaluation of
known fields.

So the key question is not so much:
how long will oil last?

But rather: how long will we have
adequate quantities of oil

at our disposal?

The answer to this question can in principle be shown
in a lifecycle curve. This bell curve shows in an ideal
way the production and consumption of oil — whether
for a single field, all fields within a sedimentary basin,
or on a global basis. The area beneath the curve rep-
resents the available amount, and the curve itself is
the production or consumption profile over time. Ide-
ally, peak production coincides with 50 % resource
depletion (the depletion mid-point). Production then
continues along an unstoppable declining trend.

Production dmp = depletion mid-point

production
increase

Plateau-
phase

production
decrease

Time

The bell curve used by M. K. HusserT for the first time in
1956 to depict US oil production.
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Improvements in production methods — also including
unconventional oil reserves — and the shifting of
resources into reserves can only change the steepness
of the curve on the declining side of the bell curve.

One can therefore plausibly assume that once the
depletion mid-point has been crossed, it will no
longer be possible to balance supply and demand.
According to BGR’s database, we expect this point to
be reached sometime in the next two decades. It is
unfortunately not possible to pin down this time more
precisely, mainly because of the lack of transparency
of the oil potential of the most important OPEC coun-
tries around the Arabian Gulf (Saudi Arabia, Iran, Iraq,
United Arab Emirates, Kuwait, Qatar). We also ques-
tion whether it will be possible to cover the projected
oil demand of well over 5.5 Gt in 2025 estimated by
EIA (2004).

|——— Projection

Non-conventional
oil

Extra heavy oil,

Oil sand,

Oil shale

1900 1925 1950 1975 2000 2025 2050 2075 2100 2125 2150

Global oil production between 1900 and 2150:
History and an attempted forecast.



Back to the Underground
— a Contribution to Reducing CO, Emissions

As a signatory to the Kyoto Protocol, Germany is
obliged by 2008/12 to reduce its greenhouse gas
emissions by 21 % with respect to output in 1990.
We are confident that this objective will be reached

— however, the reduction targets of 25 % for CO,
(by 2005) and 40 % (2020) and 80 % of all
greenhouse gases (2050) are much more ambitious in
comparison. The underground storage of CO, could
be a bridging technology to fill this gap.

To make a significant contribution to the reduction of
CO, emissions in this way, it will be necessary to sepa-
rate the CO, from the flue gas at the major point
sources (power stations, refineries, steel works) and to
compress it for transportation. Only these sites have
the potential to separate the large CO, volumes per
time unit necessary for economic storage.
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The main potential sinks in Germany are depleted gas
fields as well as deep, highly saline water-bearing
aquifers. Storage in coal seams (with simultaneous
coal seam gas production) will probably not be fea-
sible at an economically interesting scale. German oil
fields are also usually too small, fractured, or too shal-
low to be suitable for the storage of CO,. Virtually the
only oil field with the potential for CO, storage is the
Mittelplatte oil field — but it will only reach the appro-
priate production stage in around 10 years time. The
storage capacity of salt mines is low and should there-
fore preferentially be used for the disposal of other
“wastes”. Coal mines have numerous connections to
the earth’s surface — either natural or created by min-
ing — and are therefore unsuitable for safe storage.

Pressure [kg/m3]
0 200 400 600
\ | | |

— | = 100 % CO,
e 97.25 % CO,

5

Density/depth graph of pure CO,, and CO, contami-
nated with 2.75 % oxygen and argon.

Biennial Report BGR 2003/2004

e

The quarry shown here highlights the typical
appearance of the Bunter — a potential aquifer
for the sequestration of CO,.

Underground Properties of CO,

When buried underground, CO, can only be in either
a liquid or gaseous form. The critical point of carbon
dioxide lies at a pressure of 7.38 MPa and a tempera-
ture of 31 °C. The changes in density of CO, with
depth can be calculated using as an example the
hydrostatic pressure gradient (10 MPa/km) and a
geothermal gradient of 30 °K/km. Under these condi-
tions, CO, is gaseous and has a low density at depths
shallower than around 600 m. Once the critical point
is reached at around 700 to 800 m depth, even
minor changes in temperature or pressure can result
in strong variations in CO, density. Below around
1000 m, however CO, is only very slightly compress-
ible — a supercritical fluid whose density only changes
very slightly with increasing depth. The changes
described, however, are only valid for pure CO,. As
soon as contaminants — e.g. oxygen and argon result-
ing from “oxyfuel-combustion” — are admixed, the
densities tend to be lower.



CO, Storage in Gas Fields

Depleted or almost depleted gas fields are highly
interesting locations for CO, storage because their
seals have been proven at a geological time scale —
i.e. millions of years. Due to their geological history it
can be confirmed that most of the gas fields in North
Germany were filled with gas around 80 — 90 million
years ago and that this gas has remained in place over
this enormous period of time. The production history
of the gas fields also provides detailed information on
how these reservoirs have emptied during production.
This information could also be of enormous value in
future if these fields are subsequently used for the
storage of CO,. Moreover, an infrastructure already
exists in the form of drilling sites, boreholes and con-
nections to a pipeline network which could be partial-
ly used or adapted for the new purpose.

There is also another aspect which boosts the eco-
nomic efficiency of the subsequent use of gas fields in
particular: during conventional gas production,
around 75 to 80 % of the reserves in a field are
recovered. If it were possible to begin the injection of
CO, at the right time in an almost depleted gas field,
and to thereby increase the recovery factor by displac-
ing the hydrocarbon gas with CO,, this extra produc-
tion could cover some of the costs of CO, storage.

North Germany is the only area in the country where
there are gas fields with the economically required
storage potential of at least 10 Mt CO,. The five
largest German gas fields — Salzwedel-Peckensen,
Hengstlage, Siedenburg-Staffhorst, Goldenstedt-Vis-
beck, Rotenburg-Taaken — have estimated storage
potentials of 572 to 110 Mt. The way injected CO,
spreads out in a gas field (Salzwedel-Peckensen) was
simulated by BGR in co-operation with the Lawrence
Berkeley National Laboratory in California using spe-
cial computer software. Depending on the assumed
permeabilities of the reservoirs, simulation revealed
that it would take between 3 to 10 years before CO,
could “break through” into one of the boreholes still
used for gas production. This means that the injection
of CO, in an almost depleted gas field can increase
the lifetime of a field at the same time as increasing
the recovery factor.

CO, Storage in Deep Highly Saline
Aquifers

Beneath the required minimum depth of 800 to 1000
m a large number of aquifers filled with highly saline
water are present in many geological formations with-
in sedimentary basins. These rock sequences are not
considered to have any potential for future drinking
water extraction because of the water quality and
their great depth. The potential CO, storage capacity
of these deep highly saline aquifers is considered to
be ten times higher than the gas fields.

There are, however, restrictions: information on the
lateral extent, thickness, porosity and permeability of
the aquifers is based on relatively few boreholes. Not
only can rock properties change over short distances,
there is also often not enough information available
on the geometry of the structural traps and their spill
points. Moreover, differences in viscosity between the
CO, and the formation water, and the heterogeneity
of the aquifers can give rise to preferential migration
of the injected CO, along specific horizons. This fin-
gering of the injection front reduces storage capacity
as well as increasing the solubility of CO, in the for-
mation water. The spread of CO, in the storage hori-
zon can be optimised (flooding efficiency) by appro-
priate reservoir management — using several injection
wells for instance.

Notwithstanding the many unanswered details, CO,
storage in an aquifer instead of the better explored
gas fields has the advantage that it is not necessary to
wait until gas production has been completed.
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Water - the Most Widespread
Natural Resource and
Essential for Life

44

Groundwater is the most widespread and most highly
used natural resource. It is also unique, completely
irreplaceable and absolutely essential for biological
life. People, animals and plants can only survive for a
short period without water. It is priceless, particularly
in the world’s arid zones. The importance of ground-
water resources as a safe, high-quality source of water
supplies will grow considerably in future. Ground-
water can help us solve the global water crisis if it is
used sensibly and sustainably.

Groundwater is a basis for sustainable development
and is increasingly becoming an important economic
commodity. Several international conferences (Dublin
1992, Rio de Janeiro 1992, Bonn 2001, Johannesburg
2002, Kyoto 2003) looked at the need to handle
water resources more carefully, and agreed on the
principles of sustainable water management.
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The United Nations designated 2003 the International
Year of Fresh Water because of its concerns about
water as a natural resource.

In its liquid form, water is the most important nutrient
for humans as well as a fundamental requirement for
hygiene and health, not to mention being a source of
energy and a production factor in agriculture, industry
and mining. Its value as the most important compo-
nent in the environment requiring protection is partic-
ularly highlighted when it is not available in adequate
guantities or quality. Groundwater forms the hidden
underground part of the natural water cycle which
mainly comprises precipitation, evaporation, percola-
tion and drainage at or below the ground surface.
Groundwater forms continuous water bodies above
impermeable layers and follows the pull of gravity. It is
formed by precipitation entering the ground (under-
ground drainage, percolation water) and flows into
surface waters or forms springs at the earth’s surface.



The height of the groundwater surface (the water
table) is subject to natural fluctuations depending on
the level of precipitation and the river conditions (e.g.
high water). Groundwater is perfect for drinking
water. It is normally completely hygienic, tasteless,
fresh, clear and cool. Undisturbed natural ground-
water contains no pathogenic germs or toxins, and is
therefore preferentially used for the supply of drinking
water.

Water was considered to be an inex-
haustible natural resource until only a
few years ago.

The earth contains an excess amount of water
because over 70 per cent of the earth’s surface is cov-
ered with water. However, most of this is salty and
only 2.5 % of global water resources consist of fresh
water — corresponding to around 35 million cubic
kilometres or 700 thousand times the volume of Lake
Constance in southern Germany. The amount of avail-

able fresh water shrinks considerably because around
69 per cent consists of ice and snow lying mainly in
the Antarctic and Greenland. The reserves of fresh
water are mainly stored as ice and snow and in
groundwater. Only around three thousandths are in
surface water in rivers and lakes. This is the fraction
which is largely regenerated and strongly exploited
during the course of a year.

Although there are adequate quantities
of water on the planet overall, it is
spread irregularly amongst the various
climatic zones.

Plants and animals in natural communities are adapt-
ed to the local living conditions so that problems only
occur during unusually wet or dry periods. Water
shortages only arise because of the needs of humans.
The wide-ranging anthropogenic exploitation of the
environment inevitably leads to the contamination of
valuable water resources which can only be reduced,
prevented or cured by technical means. Population
and economic growth increase the demand for water,
e.g. as drinking water or water for irrigation. At the
same time, globally available water resources are
shrinking as a result of overexploitation or contamina-
tion. Moreover, population growth in those parts of
the world already suffering from water shortages also
gives rise to distribution conflicts.

However, such problems and conflicts can be identi-
fied and ameliorated by concepts aimed at achieving
the sustainable use of the available water. The gap
between supply and demand is growing continually.
Real shortages arise in countries which depend on
renewable resources within their own small national
boundaries, e.g. Singapore or Malta. The degree of
water exploitation in these countries is very high
because of the minor amount of water available and
the high demand. This corresponds to major spending
on water management measures for storage, purifica-
tion and recycling. Some of these countries can use
alternative resources: cross-border river water such as
in Egypt (Nile) or stored groundwater in the case of
Libya. The countries around the Arabian Gulf with
very limited fresh water resources but cheap sources
of energy can generate large volumes of good quality
water in seawater desalination plants. In general, the
levels of drinking water supplies do not so much
affect the amount of locally available water but rather
the degree of economic development and the finan-
cial strength of the countries. The discussions on
future water shortages — and especially the supply

of drinking water — are therefore distorted by the
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mistaken view that there is a strong dependency
between the population of a country and its water
resources. The truth is that inadequate supplies of
healthy drinking water are frequently not so much
caused by a shortage of water resources, but by a
lack of financial resources, i.e. poverty.

Distribution of global fresh water resources
after UNESCO 2003.

Global Fresh \X/ater Resources

ice and snow 68.7
fresh groundwater 30.1
permafrost 0.86
lakes 0.26
wetlands 0.03
rivers 0.006

To protect and maintain valuable groundwater
resources, they first need to be explored, evaluated,
assessed and continuously monitored. The aim is to
ensure that groundwater is not contaminated in the
first place, and to protect the resources to preserve
their natural state in the long term. Preventative
groundwater protection is therefore an important
responsibility for the water industry. The EU Water
Framework Directive which came into force in 2000
extends water protection to all waters within Europe
and defines clear targets to ensure that all European
waters can be classified as being of “good water
quality” by 2015. The overall aim is to guarantee sus-
tainable water usage.
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Anyone who has seen the large catchment areas of
rivers such as the Danube and the Rhine knows that
water does not stop at national borders. This is why
water is best managed within the framework of inter-
national co-operation. Implementation of the Water
Framework Directive is unique. It involves the partici-
pation of all affected parties. It offers the European
Commission, member countries, EU applicant coun-
tries, and other interested parties the unprecedented
opportunity of forming a new partnership to steer the
process and guarantee effective and coherent imple-
mentation.

The global supply of renewable water
is estimated to average around
43,000 cubic kilometres per year.

This corresponds to half of the fresh water contained
in all natural lakes, or ten times the volume of all arti-
ficial reservoirs. This means that every person on earth
has an average of over 7000 cubic metres of renew-
able water at their disposal. However, there are still
water shortages in many regions around the world.
Global water extraction by different sectors can be
classified as follows: agriculture 70 per cent, industry
20 per cent, households 10 per cent. These propor-
tions vary from region to region and according to the
degree of economic development: industrial water
consumption dominates in Europe and North Ameri-
ca, while irrigation accounts for the main proportion
of water resources used in Asia and Africa.

Agriculture is the largest consumer of water world-
wide, followed by industry and households. Whilst
considerable efforts have already been made to
reduce the water consumption of the latter sectors,
there is still a great deal that can be done to achieve
the potential water savings possible by agricultural
irrigation technologies. There is particular concern
about the increasing use of barely renewable ground-
water for the irrigation of marginal locations in arid
zones. The proportion of groundwater used for irriga-
tion in many semi-arid and arid regions has already
risen to 30 per cent today, and the trend is upwards.



Many of these groundwater resources include (fossil)
reserves of groundwater formed thousands of years
ago. Deep groundwater basins within some of the
world’s arid regions locally contain huge reserves of
groundwater with excellent drinking water quality.
However, there is virtually no renewal today. Once it
has been extracted, mankind loses it forever.

The current use of water exacerbates
the water shortage situation in many of
the world’s arid regions.

Unlike Germany, where daily water consumption per
capita has shrunk from 130 litres per day to less than
120 litres per day in the last ten years, water con-
sumption in the USA and many countries around the
Arabian Gulf has doubled or quadrupled. Numerous
countries with poor water resources subsidise the sup-
ply of water. The exploitation of valuable fossil
groundwater reserves for the uneconomic production
of food in arid regions should be reduced as a matter
of urgency. A partial solution to this problem is the
recycling of treated waste water.

Global classification of water consumption by agriculture,
industry and households.

agriculture industry households

1900 "25 *50 75 200025 1900 25 "50 '75 200025 1900 25 50 75 2000 25
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The demand for water in the Federal Republic of Ger-
many is covered by the extraction of “real” and
“enriched” groundwater from wells and springs, as
well as water from rivers and man-made reservoirs.
The water production and supply equipment and
infrastructure are owned by public water works as
well as industry and agriculture. In addition to extract-
ing their own water, many industrial operations cover
the whole or some of their needs by purchasing water
from the public water supply. The reserves of ground-
water are generally larger than the volumes of surface
water stored in lakes and artificial reservoirs. This is
why groundwater reserves are not seriously affected
by short droughts. Given the numerous and increasing
demands for water, it is essential that adequate and
effective legislation is in place to safeguard water
resources for future generations.

The importance of water for life as a whole and as an
element in the global ecosystem is becoming increas-
ingly apparent. It is a resource which not only satisfies
humankind’s basic needs, and forms the vital platform
for its development — in particular to create and main-
tain prosperity through agriculture, commercial fish-
ing, power generation, industry, transport and tourism
— it is also much more significantly the most vital ele-
ment in all the world’s ecosystems.
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Nitrate in Groundwater in Southern Africa
— a Problem for Drinking Water Supplies

The supply of drinking water is affected by the prob-
lem of raised nitrate concentrations in groundwater
reserves in the Kalahari in Botswana, South Africa and
Namibia.

Drinking water with high levels of nitrate increase the
risk of “blue baby” syndrome (medically termed:
“methemoglobinemia”) which can be deadly, particu-
larly for babies and small children who take in the
nitrate in baby food. The international limit for nitrate
in drinking water is therefore only 50 mg nitrate per
litre.

This problem also affects cattle farming which is an
important sector of the economy in this region: high
nitrate concentrations have frequently led to the
death of animals.

Potential sources of nitrate in the Kalahari:
precipitation

vegetation

wild animals, ground dwelling animals
cattle farming

soil processes

nitrate salts in rock

groundwater rising up from deeper horizons

Unlike intensively farmed areas where raised nitrate
concentrations in groundwater are fairly common,
one would not tend to expect an area like the virtually
uninhabited Kalahari to have a nitrate problem. The
causes for the high nitrate concentrations in the
groundwater of the Kalahari are so far largely unex-
plained. Scientists in South Africa, Namibia and
Botswana are therefore working together with BGR in
a research co-operation project to discover the cause
of the nitrate contamination problem in the Kalahari.
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BGR'’s contribution here involves research projects in
Botswana carried out in co-operation with the Geo-
logical Survey of Botswana (DGS). The aim is to identi-
fy the nitrate sources in the Ntane Sandstone aquifer
in Botswana with its deep water table and to investi-
gate the processes giving rise to nitrate enrichment in
the soil zone or underlying rocks and the transport of
nitrate into the groundwater.

Much higher nitrate concentrations are
found in soil water beneath natural
vegetation and termite hills.

The investigation looks at aspects including the depo-
sition of nitrate associated with precipitation, the
nitrate concentrations in soils under natural conditions
and in the vicinity of livestock ponds. These investiga-
tions revealed that concentrations of 50 — 500 mg
nitrate per litre are possible in soil water beneath natu-
ral vegetation. Very high nitrate concentrations of
over 1000 mg nitrate per litre were found beneath
termite hills and particularly in the vicinity of livestock
ponds. Unlike the nitrate deposited by termite hills,




which are of natural origin and typical for the Kala-
hari, the deposition of nitrate arising from cattle
breeding is of anthropogenic origin and has only
existed for about fifty years.

High nitrate concentrations in soils
around livestock ponds are a
groundwater hazard.

In addition to the soil zone, groundwater is also sub-
ject to intensive research within the Kalahari in
Botswana. Alarmingly high nitrate concentrations
within the groundwater in some cases were already
revealed by initial analysis of water samples carried
out on site and by the subsequent precise analysis in
BGR laboratories in Hannover. Extreme variations in
nitrate concentrations were not only shown from
borehole to borehole, but also vertically within the
boreholes themselves. Because the groundwater is
stored within a highly cemented sandstone, it is only

possible for significant water movement to take place

along major fractures and faults within this rock.

Detailed field studies revealed that the heterogeneous

distribution of the nitrate is determined by the com-
plexity of these fractures and faults, as well as the
nitrate sources and hydrochemical processes within
the aquifer.

Groundwater samples from the Ntane
Sandstone below the Kalahari revealed
very high nitrate concentrations in part.

Analysis of the noble gases and isotopes in the
groundwater samples revealed that the nitrate could
only have entered the groundwater from natural
sources. Evaluation of the radioactive carbon isotope
showed that the groundwater with high nitrate con-
centrations not only differs chemically from ground-
water with low concentrations of nitrate, but also that
they are only 1000 to 5000 years old and therefore
“relatively young”. Waters with generally low nitrate
concentrations have a different chemical composition
and are up to 15 000 years old. In addition, the noble
gas analysis revealed that these waters were formed
under completely different infiltration conditions and
therefore also climatic conditions. A comparison of
the age determined for the groundwater and the cal-
culated age of the soil water clearly demonstrates that
only nitrate from natural sources has so far entered
the groundwater. The nitrate in the vicinity of live-
stock ponds is obviously still moving in the direction
of the groundwater and will only cause considerable
additional contamination of the groundwater at some
time in the future.
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Hydrogeological Base Map (HUK 200)

— a Foundation for the Implementation of the
European Water Framework Directive

50

Standard nationwide hydrogeological maps and land
use data are required to implement the EU Water
Framework Directive which came into force in
December 2000.

The EU Water Framework Directive sets up water
management for the first time based on the natural
catchment areas of major river systems. Implementing
the directive therefore completely transcends national
boundaries — which therefore lose their significance in
this context. This makes it clear that the previous
practice in Germany of allowing each German state to
separately collect hydrogeological data within their
own borders, largely without any co-ordination
between states, is now no longer adequate for the
realisation of the new tasks. It therefore became
essential to produce base maps of the hydrogeological
conditions in the whole of Germany (and beyond) tai-
lored to the needs of the European Water Framework
Directive.

The state Geological Surveys reacted early on to this
new situation and launched the production of the
digital Hydrogeological Base Map of Germany. The
hydrogeological base map (HUK 200) was developed
and implemented as a GIS-based information system
according to the concept put forward by the state
Geological Surveys.
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The hydrogeological mapping instructions of the state
Geological Surveys defined hydrogeological mapping
as follows: “Hydrogeological base maps are synoptic
presentations of hydrogeological information in gen-
eralised form. They compile information on an area
and reveal large-scale relationships.” This principle
also applies in full to the “Upper Aquifer Map” of
HUK 200 which has been worked on since 2001.
Three years after beginning work on the Hydrogeo-
logical Base Map of Germany 1:200,000 (HUK 200),
the last sheets of the Upper Aquifer Map for the
whole of the Federal Republic of Germany were fin-
ished at the end of 2003. The 55 sheets of this map
display the hydrogeological situation in Germany for
the first time according to standard criteria. Although
base maps at comparable scales (1: 100,000 to
1:500,000) have already been published for some
German states in recent years, the only recent cross-
border maps currently available are the Berlin and
Bern sheets of the International Hydrogeological Map
of Europe 1: 1,500,000 which describe the whole of
the Federal Republic of Germany in a standardised
methodical way.

The HUK 200 maps are a joint project
involving the Geological Surveys of
the German states and the Federal
Institute for Geosciences and Natural
Resources (BGR).

The overall concept for the Hydrogeological Base Map
(HUK 200) reflects modular implementation in three
thematic groups with subordinate specific themes and
the following general classification:

m  Part 1 Hydrogeological structures:
These maps show the areal extent and relation-
ships between relevant hydrostratigraphic units.
Interpreted rock properties are used to delimit
hydrogeological structures and document their
thickness, structure and distribution.

m  Part 2 Groundwater dynamics:
The "Groundwater dynamics” maps show the
main hydraulic relationships and water regime
conditions.



m  Part 3 Groundwater attributes:
These maps primarily show the various separate
hydrochemical parameters.

The state Geological Surveys were responsible for
preparing the hydrogeological maps, whilst BGR man-
aged project co-ordination and financing.

Most of the map sheets span two or more German
states. Intense co-operation was required between the
state Geological Surveys involved in a particular sheet
to ensure that there were no inconsistencies at the
boundaries between the states and the sheets. All of
the work carried out on HUK 200 was carried out
with the technical support of the “EU Water Frame-
work Directive Sub-Working Group”, the ad-hoc
hydrogeological working group of the Federal/State
Geological Committee.

The first thematic map “Upper Aquifers” from HUK
200 Part 1 “Hydrogeological Structures” was based
on data from the 1:200,000 Geological Base Map of
Germany (GUK 200) which was only partially available
in digital form when work began on the Hydrogeo-
logical Base Map. This was integrated step-by-step
into the 55 sheets of the 1:200,000 Topographic
Base Map (TK 200).

The Geological Base Map (GUK 200) was however
digitally finished before the work on HUK 200 itself
had been completed.

The hydrogeological information presented in the
Upper Aquifers Map refers to the areally significant
continuous aquifers of relevance to water resources
management. The hydrogeological attributes were
worked out on the basis of the petrographic, litholog-
ical, genetic and stratigraphic details of the Geological
Base Map (GUK 200). The classified attributes were:
“consolidation”, “rock type”, “porosity type”, “geo-
chemical rock type” and “permeability” together with
the associated class information. All of these attrib-
utes are shown in separate maps.

An aggregated map covering the “Upper Aquifers”
compiles and displays the separate pieces of hydrogeo-
logical information extracted by reattribution. This
map is primarily classified according to hydraulic per-
meability within the major hydrogeological structures
in the unconsolidated sediment and consolidated sedi-
ment zones — here again divided up into cover rock
and basement.

The figure shows a smaller scale base map (scale
approx. 1:7 million) of the Upper Aquifers Map for
Germany — compiled from 55 separate sheets. Similar
small scale base maps are available for all of the
aforementioned thematic maps.

The areal information displayed in this way in each of
the thematic maps can also be used to prepare other
hydrogeologically informative map combinations, e.g.
geochemical rock type and porosity type, or porosity

type and permeability.
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Diminished section of the Thematic Map
“Geochemical rock type”.
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All of the HUK 200 data is integrated within the BGR's
technical information system which makes it available
to all of the staff from the state Geological Surveys
involved in the project. This simplifies the exchange of
data during elaboration and production of the maps.
The data is also archived in a MAPSERVER for easy
access to individual maps. Subsequent use of the proj-
ect data as part of the Federal Institute for Geo-
sciences and Natural Resources website is also
planned.

The comprehensive database can now be used to sup-
port the reporting obligations laid down within the
European Water Framework Directive as part of the
“Inventorisation”. In addition, the data is also suitable
for a broad spectrum of uses by the water industry,
waste industry, for soil protection and nature protec-
tion, as well as for planning activities. They are also
available in digital form to interested parties.

In addition to the existing maps, work is currently
being carried out on the preparation of 40 hydrogeo-
logical cross-sections covering the whole of the Feder-
al Republic of Germany in accordance with the cross-
section map agreed by the state Geological Surveys.
More detailed work is now also being planned cover-
ing “Groundwater dynamics” and “Groundwater
attributes”.



Afghanistan

Improving Groundwater Protection

in the Kabul Basin,_

Almost three years after the end of over 20 years of
aggression, Afghanistan is still in the reconstruction
phase. In addition to the political and social reorgani-
sation of Afghan society which has been initiated and
is showing the first signs of success, further develop-
ment is still being seriously hampered by the drought
and its associated effects. As a result of the five-year-
long drought, surface water, e.g. the Kabul river, only
flows a few weeks during the year (see figure above).
The shortage of water has already led to cuts in agri-
cultural production because not enough surface water
is available for traditional crop irrigation. In addition,
many of the traditional irrigation systems have fallen
into disrepair and are no longer usable.

A large number of refugees moved into the Kabul
area during the war, and especially when the war
ended. The population of Kabul has grown from only
around 800,000 inhabitants 20 years ago to around
three million today. Because of this huge increase in
numbers, the built-up area now stretches in some
places as far as the slopes of the mountains surround-
ing the city which are covered in snow in the winter
(see figure below). These mountains are vital for the
city's water supply. As the old Kabul saying goes:

“... Kabul can do without gold, but not without snow
on the mountains...”. This applies just as much today
as it did then because groundwater regeneration
relies almost exclusively on the short season when the
rivers are in flow, and this only comes about in spring
if there are adequate quantities of melting snow.
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Kabul has a long-term annual precipitation average of
less than 300 mm. These extreme climatic conditions
have meant that groundwater has been exploited for
hundreds of years to supply the inhabitants with
drinking water. Whilst this previously only involved
extracting water from hand-dug wells, water today is
pumped up from thousands of small hand-pumped
wells located on every corner in the city. This overex-
ploitation of the groundwater reserves has unfortu-
nately lowered the water table to such a degree that
one third of these shallow wells have already run dry.
Although Kabul had a public water supply network
before the war — which was almost completely
destroyed during the fighting and is now being recon-
structed at huge expense — the immense investment
in the public drinking water network will not be able
to supply more than 35 % of the city’s inhabitants
with clean drinking water in the foreseeable future
(up from the current level of approx. 15 %).

In addition to the general water shortage, increasing
groundwater contamination also threatens the supply
of drinking water. Sanitation in the city is catastrophic
— most of the sewage percolates into the ground
untreated from countless ditches, not to mention
thousands of utterly basic cess pits, and filthy ponds.
It then enters the shallow groundwater. Because there
is no systematic sewage disposal system in the city,
over 50 % of the shallow hand-pumped wells are
already contaminated with faecal bacteria. The cata-
strophic state of the sanitation is undoubtedly one of
the reasons for the high level of child mortality in
Afghanistan. According to the United Nations High
Commission for Refugees (UNHCR) and the United
Nations Children’s Fund (UNICEF), 148 new born
babies per thousand die before they are one year old.
Diarrhoea infections caught from contaminated water
account for approx. 70 % of these deaths.
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Typical wells with hand pumps
in the urban part of Kabul.
Some of the groundwater in
the urban area of Kabul is of
very poor quality.




solved chemicals and salt within the water. The values
recorded in many wells exceed by several times the
limits laid down in the German Drinking Water Directive.

Groundwater protection in practice can only be initiat-
ed if local staff are first trained in how to collect basic
water management and drinking water hygiene data.
Our Afghan partners are therefore being taught how
to measure the most important water management
and drinking water hygiene parameters of the Kabul
Basin groundwater. Without these training measures it
would not be possible for our Afghan partners to pro-
vide the hydrological and hydrogeological planning
data required such as maps, databases and geoinfor-
mation systems (GIS). The sustainable management of
groundwater resources is only possible with a proper
information base.

Our Afghan colleagues collecting data on the chemistry and

hygiene of groundwater in the urban area of Kabul. The BGR experts are therefore teaching our Afghan
partners the skills needed to tackle the challenging
tasks of water framework planning themselves in the
near future, and to monitor groundwater attributes
and groundwater hygiene.

Groundwater levels are now very low because of the
lengthy drought and overexploitation of the ground-
water reserves. And if the water table rose again
under more favourable climatic conditions, there is a
risk of a hydraulic short-circuit between the ground-
water and the percolating waste from the countless
sewage pits and broken sewage pipes. The main
water supply problem is therefore not only the limited
availability of groundwater, but also the serious deteri-
oration in water quality.

At the request of the Working Group for Humanitari-
an Aid of the Foreign Office in Berlin, BGR experts
have therefore begun to make an initial assessment of
the state of the groundwater reserves and to imple-
ment measures to protect these valuable groundwater
resources for drinking water supplies within the Kabul
Basin. There is an old maxim which still applies to all
the work carried out by experts in the water sector:
every type of preventative measure is much more ben-
eficial and cheaper than any type of remedial meas-
ure. To put this into effect, investigations are being
carried out jointly with our Afghan colleagues to
determine the attributes of the shallow and deep
groundwater. The results so far emphatically confirm
that numerous wells have much higher concentrations
of nitrate and sulphate compared to measurements
carried out at the end of the 1960s. The electrical
conductivity of the water has also risen strongly, indi- :
cating a marked increase in the concentration of dis- Well construction in Afghanistan — a training measure
in applied hydrogeology at BGR Hannover.
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Geotechnical Safety
— Who is Responsible?

Reliable supplies of electric power have become an
unquestioned part of our daily lives. Very few of us
ever ask ourselves whether the food we put in the
fridge has always been kept cold, whether the lift will
stop in the shaft, or the underground train will come
to a stand-still in the darkness, or what farmers would
do if there was no power to run their milking
machines. Our experience teaches us that we will
always have enough power at our disposal to switch
on equipment and processes that we take completely
for granted at home, at work, in industry, in hospitals,
and all sorts of means of transport. And experience
has also shown us that societies which depend on
technology can be faced with enormous costs if
power supplies are suddenly cut: the damage caused
by the power cut in North America in August 2003
totalled several billion US dollars.

Biennial Report BGR 2003/2004

Everyone knows that electricity does not come out of
the socket by magic. Nevertheless, we rarely spend
much time thinking about the amount of effort and
expense involved in guaranteeing the extremely high
reliability of electricity supplies we depend on so
much. To ensure that we can make adequate volumes
of power available at any time independent of the
weather, we have to operate power stations running
on fossil fuel or nuclear fuel. It is not possible using
present day technology to supply all of the power we
need from renewable energy sources. The generation
of exhaust gas and waste is therefore unavoidable if
we are to have a reliable system for the supply of
electricity. The generation of 1000 kilowatt hours of
electric power produces around 1000 kg CO, in a
coal power station or 3 g spent nuclear fuel in a
nuclear power station.



Dealing with these gaseous effluents and waste in a
responsible way goes without saying for an industrial
country like Germany, which has a sustainable devel-
opment strategy. Sustainability in terms of today’s
supply of electricity specifically means that we reduce
as far as possible the emissions of climate-relevant
gases, and that we safely dispose of the radioactive
waste generated in nuclear power stations.

This means that the state faces very specific practical
challenges: it has to proactively further develop the
state-of-the-art on a scientific and technical level
when the driving force is sustainability rather than the
market. And when these activities involve geoscientific
issues, the challenge is passed on to the German gov-
ernment’s key institution for handling geoscientific
matters: the Federal Institute for Geosciences and
Natural Resources (BGR).

BGR actively tackles the geoscientific challenges faced
by the state in the context of energy supplies by
working on projects involving the use of geothermal
energy (see special topic Geothermal energy), CO,
reduction (see special topic Climate), and the perma-
nent disposal of radioactive waste.

The figures show the Mont Terri underground labora-
tory in Switzerland.
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Disposal of Radioactive Waste

There is an obvious close connection between the
permanent disposal of radioactive waste and the geo-
sciences: various disposal options like burial in sub-
duction zones or storage in Arctic ice are investigated
scientifically in an objective way — and there is inter-
national agreement that the high levels of safety
required can only be guaranteed by disposing of
radioactive waste in deep underground repositories
within geological formations. Even before carrying out
in-depth geological analysis of a specific repository
site, the geosciences play an important role here in
the classification of the site-independent properties of
different host rock types (types of rocks in which
repositories can be built). This information helps the
design of a repository to be specifically adapted in an
optimal way to the individual interactions between
host rock and waste. This improves the ability to fore-
cast future developments and increase the security of
the repository.

Potential host rocks in Germany include salt rocks and
claystones. BGR has accumulated a great deal of
expertise on both of these host rock types in recent
years by carrying out research work in various interna-
tional rock laboratories.

Host Rock: Salt

For example, the “Bambus” project (Backfill and
Material Behaviour in Underground Salt Repositories).
This project investigated the disposal of heat-generat-
ing waste within salt host rocks, and tested the
effects of thermal stress. This involved the “perma-
nent disposal” of several repository containers in
underground workings specially excavated for this
purpose in the Asse research mine in Germany. The
experiment was carried out at a depth of 800 m to
mirror the conditions in a repository. The only differ-
ence was in the type of waste: instead of highly
radioactive waste, the repository containers contained
electric heating elements.

Exhumation of

a stress monitoring
station cemented
into the salt for
more than ten years.
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The processes taking place in a salt repository after
waste emplacement were observed over a nine-year-
long heating phase. Permeability measurements to
determine the permeability of the backfill and the
rock, as well as comprehensive geomechanical and
geophysical surveys — in particular the long-term stress
measurements carried out by BGR using borehole
monitoring stations — enabled the development and
spatial distribution of disturbed zones around the
repository tunnels to be determined. At the end of a
cooling phase, two of the repository containers were
then “exhumed” to directly examine their condition.
This was accompanied by the collection of numerous
samples from the surrounding rock and the backfill -
i.e. the now compacted crushed salt used to fill in the
cavity between the containers and the rock. The aim
of this investigation was to compare the physical
properties of the samples with the parameters derived
from predictive calculations.

Comparisons of this kind are invaluable for the analy-
sis of long-term repository safety because when mak-
ing forecasts for periods of 100,000 years and more,
even the slightest change in rock properties can have
enormous consequences on the result. It is therefore
important to confirm that the material laws used to
describe the material behaviour in the forecasting cal-
culations also provide the right results over long peri-
ods of time far exceeding the short time periods
involved when carrying out experiments at a labora-
tory scale.

Salt rocks behave plastically. Cavities in salt close over
the course of time, because salt creeps into the cavi-
ties — in the same way as sealing wax. This creep
process is dependent on the heat generated by the
waste. On the other hand, the temperature distribu-
tion also depends on the compaction of the backfill
and therefore on the deformation of the rock. The
mechanical and thermal processes have to be calculat-
ed as a couple to properly predict the mutually inter-
active effect. BGR specially developed a material law
for the salt rock and the backfill material. This materi-
al law also makes allowance for a special type of salt
deformation — dilatance — which gives rise to migra-
tion paths in impermeable salt rocks. In a first step,
BGR used two-dimensional models for the computer-
aided simulation of the thermo-mechanical reaction of

min:-2.300E+001

Permeability

max:-1.596E+001

Calculated permeability distribution (logarithmic) of an emplace-
ment drift in the “Bambus” project.

the rock and the backfilled test tunnels to the input of
heat. The parameters calculated in this way show con-
siderable deviations in some cases from the reactions
of the rock observed in situ. A new program based on
the finite element method was developed during the
course of the research. This made it possible to con-
duct three-dimensional, completely coupled thermo-
mechanical model calculations of the experiment. The
results of these calculations (temperature, stress, rock
deformation, tunnel convergence, dilatant rock zones,
permeability of the backfill and the rock) correspond
very closely to the results of the in situ investigations.
A suitable instrument is thus available for forecasting
the thermo-mechanical reaction and integrity of the
rock barrier in a repository.

The “Bambus” project was successfully completed in

the last two years with the aforementioned follow-up
calculations.
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Host Rock: Clay

In the past two years, BGR has also continued its
research into the mutually interactive processes taking
place in clay host rocks. The BGR took part in this
context in a heating experiment in claystone (Opalinus
Clay) carried out at the Mont Terri underground labo-
ratory in Switzerland. In addition to thermal and
mechanical processes, the barrier effect of clay is also
influenced by hydraulic processes because clay swells
up and becomes increasingly impermeable when it
comes into contact with water. A heating element
simulates highly radioactive waste in the heating
experiment. The cavity between the waste and the
Opalinus Clay host rock is filled in with bentonite
bricks consisting of clay with specially strong swelling
properties. The heating experiment lasted eighteen
months and entered its final phase at the end of
2004. The thermal-hydraulic-mechanical coupled cal-
culation results have so far corresponded well with
the test observations.
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The cooperation with the French organisation respon-
sible for the final disposal of radioactive waste
“ANDRA" (Agence Nationale pour la Gestion des
Déchets RAdioactifs) has been continued successfully.
ANDRA is investigating the suitability of a clay forma-
tion near the village of Bure in eastern France. For this
purpose, two shafts are being sunk for the construc-
tion of an underground laboratory. The shafts are
being sunk as quickly as possible. Therefore, the tests
in this phase have to be carried out under extreme
time pressure. BGR is the only partner from a foreign
country conducting geotechnical measurements dur-
ing the shaft sinking process. With these measure-
ments, we are directly involved in the site investiga-
tion of a pilot clay repository.



Underground Caverns

Geotechnical safety is not only important for the per-
manent disposal of radioactive waste, it is also a sig-
nificant aspect in all underground applications which
could have a potential impact on the surface. This
applies to the construction of caverns in salt domes
for the storage of gas or for the extraction of salt by
solution mining. The stability of these large under-
ground caverns is crucially dependent on having a
cavity with a favourable shape. Constructing caverns
with a favourable shape can be controlled during the
solution mining process — i.e. during the underground
dissolution of the salt by pumping in fresh water and
pumping out salty water.

The solution mining process can only be properly con-
trolled in a specific way if information is available on
the sequence of different salt types within the salt
deposit, because salts have different degrees of solu-
bility. The salt layers in northern Germany which were
originally laid down in horizontal beds by the evapora-
tion of the Zechstein Sea around 250 million years
ago, were subsequently squeezed up to form salt
domes - resulting in very intense folding. Computer
programs are used to map the three-dimensional
structure of such complexly folded features, and need
to be customised for the special needs of salt geology.

The BGR has recently acquired a unigue amount of
experience — in Germany and probably world-wide —
in the operation of such software and its further
development.

Section of a 3D
geological model of
a cavern field

(grey bodies) in a salt
dome (salt body
shown in colour).

BGR uses the OpenGeo software system for the 3D
geological modelling of salt structures. The special
feature of this system compared to other software
packages is that instead of defining the geological
units by way of two-dimensional boundary surfaces
in space, they are defined as real three-dimensional
bodies. This method developed by the BGR allows
the calculation of volumes and the production at
any angle of the cross-sections required for solution
mining planning. Another important advantage of
using real three-dimensional models is the ability to
compare them directly with the results of sonar sur-
veys. During cavern solution mining, this enables the
actual leaching progress to be compared online with
the planning targets. Solution mining can then be
controlled more effectively.

The BGR was therefore able to successfully conclude

the modelling of the Benthe salt structure (Hannover)
and the Rudersdorf salt structure (Berlin) in 2003 and
2004. Ongoing projects are modelling the Gorleben,

Etzel and Rustringen salt structures (all in Lower Sax-

ony).
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In addition to this work with its clear application rele-
vance, the BGR also carries out basic salt geology
research whose practical value only becomes clear at
second glance. This applies for instance to the ongo-
ing research on the distribution of bromide in halite
within the Zechstein salt sequences. Work has been
carried out on this project since 2003 to elaborate
standard bromide profiles for different regions. The
aim of the investigations is to use bromide analysis to
generate viable geological data to assess repository
and cavern sites within the salt of the Middle Euro-
pean Zechstein Basin. The main focus of the work is
bromide analysis of the Hauptsalz within the StaBfurt
Series.

During the exploration of the Gorleben salt dome,
BGR already developed a bromide standard curve for
this salt which is also suitable for the construction of
salt caverns. The applicability of this standard bromide
curve to other localities needs to be investigated so
that stratigraphic classification can be carried out on
the basis of the bromide content of the salt. This
involves comparing samples from identical stratigraph-
ic horizons at different locations.
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Geochemical analysis has been carried out on several
thousand halite samples from the Zechstein since the
project began. The samples come from drill cuttings
and cores from various boreholes in northern Ger-
many and adjacent areas to the west in Holland. The
results confirm that the bromide concentrations of dif-
ferent stratigraphic units are characteristic and repeat-
ed at each location. For instance, the bromide content
within the Hangendsalz (zZ2HG/UE) in north Germany
is 180 to 300 mg/kg, but only 30 to 60 mg/kg in the
Basissalz (z2BS). These clear differences are repeated
wherever these sequences occur and are therefore a
rapid means of stratigraphically dating salt rocks even
as drilling continues. The potassium : magnesium ratio
is also taken into consideration in borderline cases to
improve the accuracy of the method.

This combined bromide concentration and K : Mg
ratio method has already been used very successfully
in two new cavern exploration wells where consider-
able costs were saved because the originally planned
coring was no longer necessary.



Earthquake Protection

of Interim Storage Facilities at

Nuclear Power Stations

“Earthquake-proof” is a term which is often sponta-
neously and completely correctly linked with geotech-
nical safety. This is another field where BGR makes a
valuable contribution.

When the German government and the German
nuclear power station operators agreed on 14 June
2000 to phase out nuclear power stations, the power
station operators were given the promise that interim
storages could be constructed at the power station
sites to store spent fuel elements.
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Part of the approval process for these construction
plans involves submitting confirmation that these
buildings are designed to be earthquake-proof. The
applicants (the power station operators) are obliged
here to submit relevant documentation which esti-
mates the seismic risk. The licencing agency checks
these documents and engages specialists to prepare
expert reports whenever special expertise is required.
BGR was engaged as the expert to review the docu-
mentation on seismic risk.

Selecting the BGR to carry out this work not only
reflects its many years of nationally and internationally
recognised experience in this field, but also funda-
mental aspects: when dealing with such a highly
charged political topic as nuclear energy, it is essential
that there are absolutely no doubts about the neutral-
ity of the experts working for the licencing agency.
Although this independence might also be guaran-
teed by a private-sector expert, the relevant creden-
tials of BGR are obvious to all, particularly because of
its public-sector status and the associated economic
autonomy.

The seismological expert reports examined by BGR for
each of the sites define the parameters required to
calculate the potential stresses acting on the building
during an earthquake. This allows the building to be
designed in such a way that no safety-relevant dam-
age would occur during an earthquake.
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Examining the parameters submitted in the reports to
assess whether they are appropriate first requires
determination of the reference earthquake — in other
words the severity of an earthquake taken into con-
sideration in the design which might occur in the area
of the site after considering the regional seismic activi-
ty. This assessment is based on the German Earth-
quake Catalogue administered by BGR and which is
accessible to the public at the BGR website. This data-
base is used to assess the seismic activity at each site
and then define the reference earthquake in accor-
dance with the technical safety regulations laid down
by the German Nuclear Technology Committee. This
involves determining the reference intensity as well as
the probability of it being exceeded, and the frequen-
cy of its occurrence. When also making allowance for
the site-specific subsurface conditions, this finally gen-
erates the parameters required for designing the
building: the frequency-dependent maximum vertical
and horizontal acceleration, their duration during an
earthquake, and the length of time they need to be
withstood by the structure.

Within the stipulated tight timetable, the BGR suc-
cessfully completed the examination of the seismolog-
ical expert reports for the thirteen interim storage
sites and the definition of the load assumptions apply-
ing in each case.
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Listening for Peace
— What is the CTBT?

The efforts of the international community to ban
nuclear tests led to the Comprehensive Nuclear Test
Ban Treaty (CTBT) which was opened for signature on
24 September 1996. Up to the end of 2004 this
treaty has been signed by 173 countries. However, the
CTBT only enters into force when it has been ratified
by all of the nuclear powers and countries with civil
nuclear programmes.

Even though the achievement of this goal is currently
not in sight for political reasons, the technical prepa-
rations for monitoring CTBT compliance are moving
ahead rapidly. This involves setting up a network of
321 "listening posts” around the world, of which one
third are already in place. All of the IMS stations
(International Monitoring System) are scheduled to be
operational by 2009.
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Four different technologies are used in the monitoring
system to detect, localise and identify nuclear explo-
sions underground, in the water and in the atmos-
phere: seismology, infrasound, hydro-acoustics and
radionuclides.

Completion of the primary seismic network is the
most advanced of the four technologies: around 80 %
of the 50 stations are already in place. These primary
stations form the backbone of the CTBT verification
system because underground nuclear explosions are
still considered to be the most likely scenario for vio-
lating the treaty.



Germany has already fulfilled its obligations with
respect to the participation of German stations in the
monitoring system. BGR plays a major role in this
respect because it is responsible for four of the five
German IMS stations. These include the GERESS seis-
mic array in the Bavarian Forest consisting of 25 indi-
vidual seismometer stations.

An infrasound array with five elements, named 1526 in
the Comprehensive Nuclear Test Ban Treaty is co-locat-
ed at the GERESS site. It was the first infrasound array
which fulfilled all technical specifications of an IMS
station. It was certified in 2001 by CTBTO (Compre-
hensive Nuclear Test Ban Treaty Organisation).

The other two stations operated by BGR are in the
Antarctic. Installation of the IS27 infrasound array
close to the German Neumayer Antarctic research
base run by the Alfred-Wegener Institute for Polar
and Marine Research was a technical and logistical
challenge. Consisting of 9 elements, IS27 was
successfully certified in June 2004. The SNAA 3-com-
ponent seismic station was certified a month earlier.
This station is located at the South African SANAE IV
Antarctic research base. SNAA was originally installed
by the Alfred-Wegener Institute for Polar and Marine
Research in collaboration with the South-African Geo-
logical Survey. It was upgraded by BGR to bring its
technology in line with that required by an IMS sta-
tion. Installation of the new high-sensitive broad-band
seismometer confirmed that this location is currently
the quietest place on earth — the level of seismic back-
ground noise is lower than everywhere else in the
world.
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The following figure shows the current detection
capacity of the monitoring system. The coloured areas
mark the number of primary stations which could
detect an underground nuclear explosion with a
strength of around 1 kt TNT conventional explosive at
these locations.

The signals need to be detected by at least three sta-
tions to enable a seismic event to be defined as such
and be subsequently localised. The white areas and
the distribution of the coloured areas highlight the
current gaps in the detection capacity of this network.
Similar coverage is also provided by the other verifica-
tion technologies.

Area detected by number of primary stations
| s |

0 9 8 7 6

4 3

Detection capacity status of the CTBTO seismic monitoring system in December 2004. All of the locations
covered by at least three or more seismometer stations are colour-coded in the world map. This assumes
that the IMS stations marked with triangles are able to detect a seismic event with an explosive force of

around 1 kt conventional explosives at a distance of up to 30°.
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BGR - Control Institution

for Monitoring Compliance with the
Comprehensive Nuclear Test Ban Treaty

The International Data Centre (IDC) of CTBTO in Vien-
na records all of the data from the international moni-
toring system via a global satellite system, before pro-
cessing the data. However, controlling compliance
with the Comprehensive Nuclear Test Ban Treaty is in
the hands of National Data Centres (NDCs). BGR is
the German NDC and is therefore not only responsible
for the German seismic and infrasound stations incor-
porated within the International Monitoring System
(IMS), but also for detecting and verifying any treaty
violations.

To fulfill this duty, the NDCs need the appropriate
technical and scientific infrastructure to analyse and
evaluate the data retrieved on request from the IDC.
With respect to the hydro-acoustic and radionuclide
verification techniques, BGR can call on the expertise
of FWG (Federal Armed Forces Underwater Acoustic
and Marine Geophysics Research Institute) and BfS
(Federal Office for Radiation Protection) when
required. In-house know-how is, however, indispen-
sable for seismology and infrasound.

10°W 0° O O0°E

Although the necessary skills are already available in
seismology on the basis of many years of experience
in the analysis, interpretation and identification of
seismic data from national and international seis-
mometer stations, infrasound opens up a completely
new area of activity.

When IS26 became operational (station code 126DE)
in 2000, the problem was to detect, localise and iden-
tify acoustic signals in the recorded data. The first step
was to utilise the well-known methods used in seis-
mology. However, their application was only partially
successful. The search therefore began for methods
which were better adapted to the requirements of
infrasound. Comprehensive testing revealed the quali-
ties of the PMCC algorithm (Progressive MultiChannel
Correlation) whose main strength was in the detection
of coherent signal energy dependent on its direction
and apparent speed — and where signal amplitude has
lower relevance.

Localisation result according to relative
frequency coloured yellow through red to
black, of acoustic sources from September
2000 to August 2004 detected with the
help of the infrasound monitoring stations
at [26DE (Germany), Flers (France) and
DBN (The Netherlands).
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If the azimuth of incoming infrasonic waves is known
from at least two infrasound arrays, the source of the
acoustic energy can be located by cross-bearing. How-
ever, this option is only possible for 1S26 in those
cases when the infrasound stations in The Nether-
lands or France — which do not belong to IMS — have
also recorded the signal. The most prominent exam-
ples are signals from Etna, or Concorde when it
breaks the sound barrier on its flights to Paris or Lon-
don. The source of most of the other peaks are acci-
dents involving explosions (Toulouse 2001, Ath/Bel-
gium, 2004), military aircraft, meteorites and natural
gas flares on North Sea drilling rigs.

Locating the signal source is much more complicated
if it has not been recorded by any other stations
because determining the distance has to be carried

out from travel time differences on the various paths
in the atmosphere. This demands a highly sophisticat-
ed locating method and far exceeds the derivation of
simple travel time curves as in seismology. This is
because the atmosphere is subject to strong daily and
seasonal fluctuations in phase and wind speed which
give rise to significant changes in signal shape.
Despite having a global four-dimensional atmosphere
model there is still no guarantee that an infrasound
source can be located by only one station.

With the analytical methods discussed above, the Ger-
man NDC now has the infrastructure required to use
infrasound in addition to seismology to verify compli-
ance with the Comprehensive Nuclear Test Ban Treaty.
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Use of the analytical method to locate coherent energy using the Neuschwanstein meteorite of 6 April 2004 as an example.
The map shows the location of I26DE (red triangle) as well as the fragmentation epicentre of the meteorite (yellow star) locat-
ed 260 km away. The right-hand picture shows the barogram (bottom), the coloured time-frequency analysis for directional

determination (middle diagram) and the apparent velocity (top).
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Commissioning and
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The first step into unknown “infrasound” territory took
place in 1997 with a survey in the Bavarian Forest for
the infrasound station termed 1S26 in the Comprehen-
sive Nuclear Test Ban Treaty. This station, which was
commissioned by BGR in 2000, was also the first station

in the IMS infrasound network to be certified by CTBTO.

Certification not only means successfully passing a

detailed test programme, it also means that the station
has been operated for several months with a reliability
of 98 %, and that it is possible to demonstrate that this
high level of operational reliability can be maintained in
the future. IMS stations also have to send the data col-
lected by the sensors within five minutes to IDC in Vien-
na via a satellite-based communications system.
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Digging one of the nine infrasound

elements out of the ice after one
year of operation. Reinstallation on
the surface.

Whilst infrasound stations in other parts of the world such as in the
Bavarian Forest use dense vegetation to further reduce the effect of
wind, this effect can be achieved in Antarctic areas by using snow
cover. The wind noise can thus be reduced without significantly
attenuating the infrasound signals. The filter system is therefore placed
in a trench which is then covered with snow. The average natural
increase in snow cover of 60 cm per year also promotes the forma-
tion of a homogenous and increasingly thick blanket of snow cover.
However, this additional snow also makes it necessary to reqularly dig
out the monitoring stations and filter systems and re-install them just
beneath the surface again.

Apart from the technical aspects, certification is also
economically relevant. According to the CTBTO regu-
lations, the costs run up by an institute for the con-

struction or technical expansion of a station are only

g - . Zhee ; % reimbursed in the year after certification. This “no cer-
S, . 7 tification, no money” model is both a stimulus and a
E : threat to get on with commissioning the station as

: fast as possible.
-

—

5 The installation and operation of an infrasound array
in Germany, and the use of the existing infrastructure
of the co-located GERESS seismic array, proved to be
“child’s play” compared to the effort involved in
installing a similar station in the Antarctic next to the
Neumayer research station. The site survey began in
the 2000/2001 Antarctic summer. Installation was
planned for 2002/2003.

Work being carried out at station ASO35
during the certification test.
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To exclude as far as possible any problems when
installing the station in the Antarctic, it was originally
intended to completely assemble and test the stations
at BGR before dismantling them again and packing
them for shipment to the Antarctic. However, delays
in delivery of most of the equipment meant that this
plan had to be abandoned. Almost all of the electron-
ics were only supplied at the last minute and so the
equipment had to be forwarded unchecked to t