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MonDAY, JuNE 8™

8:00

Pre-congress excursion to the Impact Crater Nordlinger Ries

Start at the congress site: Bavarian Agency for Surveying and Geographic Information
(Landesamt fur Vermessung und Geoinformationen Bayern)
Alexandrastral3e 4, 80538 Minchen

Pre-congress excursion to Landslides in the Bavarian Alps

Start at the congress site: Bavarian Agency for Surveying and Geographic Information
(Landesamt fir Vermessung und Geoinformationen Bayern)
Alexandrastralle 4, 80538 Miinchen

TuespAy, June 9™

12:00

14:00

15:00

18:00

Registration: Montgelas Saal at Congress site
Bavarian Agency for Surveying and Geographic Information (Landesamt fur Vermessung
und Geoinformation Bayern LVG, AlexandrastralRe 4, 80538 Minchen)

Official Opening by the Promoting Committee at Allerheiligenhofkirche of the Residenz
Munchen (entrance from Marstallplatz in front of Instituto Cervantes)

Melanie Huml, Staatssekretarin im Bayerischen Staatsministerium fir Umwelt und Ge-
sundheit

Marioluigi Bruschini, Assessore alla Sicurezza territoriale. Difesa del Suolo e della Costa.
Protezione civile. Regione Emilia-Romagna

Oriol Nel‘lo i Colom, Secretari per a la Planificacié Territorial. Departament de Politica
Territorial i Obres Publiques. Generalitat de Catalunya

Welcome by the Scientific and Local Organizing Committee

Albert Géttle, President of the Bavarian Environment Agency

Keynote lectures

lan Jackson, British Geological Survey: 174 years and you still haven’t finished? — do geo-
logical surveys have a role in the 21 century knowledge economy?

Guiseppe Bortone, Emilia-Romagna Region: The contribution of the Emilia-Romagna Re-
gion to the 6th European Congress on Regional Geoscientific Cartography and Information
Systems EUREGEO

Oriol Nel‘lo i Colom, Government of Catalonia: Geology, landscape and spatial planning
Luca Demicheli, EUREGEOSURVEYS: Geology bridging Europe

Get-together party at congress site Bavarian Agency for Surveying and Geographic
Information
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WEDNESDAY, JUNE 10™

8:45

9:00

10:45

11:15

13:00

14:30

16:00

16:30

20:00

Hall B 402 Soldner Saal (congress site)
Elmar Ahr, Bayerisches Landesamt fiir Vermessung und Geoinformation:

Welcome address at the Bavarian Office for Surveying and Geographic Information

Hall A 302 Reichenbach Saal session 10A1
Geohazards
Land instabilities

Hall B 402 Soldner Saal session 10B1

Application of maps, 3D-modelling and information systems for geoscientific
analysis

Information systems

Hall C 500 Apian Saal session 10C1
Geothermal energy and other georesources

Coffee break and poster sessions corresponding to oral presentations

Hall A 302 Reichenbach Saal session 10A2
Geohazards
Seismic hazards

Hall B 402 Soldner Saal session 10B2

Application of maps, 3D-modelling and information systems for geoscientific
analysis

Information systems (cont’d)

Hall C 500 Apian Saal session 10C2

Application of maps, 3D-modelling and information systems for geoscientific
analysis

Digital mapping

Lunch break

Hall A 302 Reichenbach Saal session 10A3
Soil conservation

Hall B 402 Soldner Saal session 10B3
Geodata infrastructures
INSPIRE/One Geology

Hall C 500 Apian Saal session 10C3

Use of geophysical and remote sensing methods and technology
Coffee break and poster sessions corresponding to oral presentations
Hall A 302 Reichenbach Saal session 10A4

Soil conservation (cont’d)

Hall B 402 Soldner Saal session 10B4
Geodata infrastructures
INSPIRE/One Geology (cont’d)

Hall C 500 Apian Saal session 10C4
Former climate evolution at regional scale

Kaisersaal of the Residenz Minchen (entrance from Kaiserhof and Hofgarten)
State reception by the Freistaat Bayern
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THURSDAY, JUNE 11™

9:00

10:45

11:15

13:00

14:30

16:00

16:30

Hall A 302 Reichenbach Saal session 11A1
Geodata infrastructures

Hall B 402 Soldner Saal session 11B1

Application of maps, 3D-modelling and information systems for geoscientific
analysis

3D-Modelling

Hall C 500 Apian Saal session 11C1
Geological heritage and popularisation of geosciences

Coffee break and poster sessions corresponding to oral presentations

Hall A 302 Reichenbach Saal session 11A2
Geodata infrastructures (cont’d)

Hall B 402 Soldner Saal session 11B2

Application of maps, 3D-modelling and information systems for geoscientific
analysis

3D-Modelling (cont’d)

Hall C 500 Apian Saal session 11C2
Geological heritage and popularisation of geosciences (cont’d)

Lunch break

Hall A 302 Reichenbach Saal session 11A3
Geothermal energy and other georesources
Mineral resources

Hall B 402 Soldner Saal session 11B3

Application of maps, 3D-modelling and information systems for geoscientific
analysis

Geoscientific Cartography

Hall C 500 Apian Saal session 11C3
Geological heritage and popularisation of geosciences (cont’d)

Coffee break and poster sessions corresponding to oral presentations

Hall A 302 Reichenbach Saal session 11A4
Geothermal energy and other georesources
Mineral resources (cont’d)

Hall B 402 Soldner Saal session 11B4

Application of maps, 3D-modelling and information systems for geoscientific
analysis

Coastal system management

Hall C 500 Apian Saal session 11C4
Geohazards — Floods
Water resources
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FRriDAY, JUNE 12™

9:00

10:45

11:15

13:00

Hall A 302 Reichenbach Saal session 12A1
Use of geophysical and remote sensing methods and technology

Hall B 402 Soldner Saal session 12B1
Geohazards
Land instabilities

Hall C 500 Apian Saal session 12C1
Coastal system management

Coffee break and poster sessions corresponding to oral presentations

Hall A 302 Reichenbach Saal session 12A2
Geothermal energy and other georesources
Water resources

Hall B 402 Soldner Saal session 12B2
Geohazards
Land instabilities (cont’d)

Hall C 500 Apian Saal session 12C2
Health aspects in Geology

Hall B 402 Soldner Saal
Closing ceremony

SATURDAY, JUNE 13™

8:00 Post-congress excursion to Landslides in the Bavarian Alps

Start at the congress site: Bavarian Agency for Surveying and Geographic Information
(Landesamt fur Vermessung und Geoinformationen Bayern)
Alexandrastralle 4, 80538 Muinchen
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STATEMENT OF THE ScIENTIFIC COMMITTEE

Albert Géttle, Ulrich Lagally, Xavier Berastegui, Antoni Roca, Michela Grandi, Raffaele
Pignone, Luca Montanarella and Luca Demicheli

After first informal operational contacts in 1992 the Geological Surveys of Emilia-Romagna,
Catalonia and Bavaria organized the “1st Congress on Regional Geological Cartography
and Information Systems”, which took place in Bologna in June 1994. The target of this con-
gress was to present and discuss approaches, experiences and working results in the field
of applied geosciences obtained by the geological surveys of the partner regions. At that
time experts as well as users dealing with problems and solutions of geoscientific issues on
a regional level started to exchange experiences

- to present and identify the opportunities for geological research and analyses, which
arise from local requests. They were able to compare the benefits from locally oriented
approaches with the more nationwide or academically directed objectives, which tend
to more general demands;

- to initiate the evaluation and application of these methodologies used in many regions
of Europe and also the Mediterranean region.

The series of congresses, carried out every three years since then, developed to an impor-
tant meeting place for researchers, providers of geoscientific data and users. After the mee-
tings in Bologna (1994), Barcelona (1997), Munich (2000), Bologna (2003) and Barcelona
(2006) the sixth edition is now held in Munich again.

In 2000, the Secretary General of EuroGeoSurveys and the Head of the European Soil
Bureau of the European Commission joined the Scientific and Organization Committee for
the congresses. One objective of the co-operation of European and regional authorities is
to complement the congress programme, focussing on issues of regional relevance, with
important per-spectives on the European level.

The vivid dialogue, which started more than 15 years ago, shall continue in the future! It
proved to be an active and lasting way to exchange experiences amongst numerous parti-
cipants coming from all over Europe and even from Africa, Asia and America. The congress
brings together those, who study the characteristics of a territory, work out solutions to
environmental problems or focus on the application of geological know-how in their res-
pective regional and national environment. In order to reach this target all efforts rely in an
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increasing way on information systems for the management of environmental data and the
production of geothematic maps.

Like its precursors, the successful congress in Barcelona in 2006 ended with a joint docu-
ment by the Scientific Committee as a conclusion and recommendation resulting from that
meeting. The maijor topics of this document are presented as follows:

1. Cooperation between European regions has demonstrated to be a very effective way
in order to foster synergies and cost savings by facilitating exchange of experiences,
methodologies and “best practices”;

2. The construction of a “Europe of the Regions” can also be achieved by “bottom-up”
initiatives by the Regional services;

3. Natural hazards, like landslides, earthquakes and floods, as a major topic, emphasizes
the necessity to support hazard assessment for mitigation and prevention of risks;

4. Risk mitigation policy requires involvement of local experts in order to ensure that the
information generated will be accepted and recognized by the local population;

5. Regional Geological Surveys have to take part in defining the regional and local deve-
lopment plans for urbanization and infrastructure;

6. For all these reasons we need geoscientific data acquisition based on field mapping
and other complementary techniques, as well as digital interoperable information sys-
tems;

7. Geo-scientific information has then to be translated by experts for a wide range of end-
users with diversified social, economic and environmental concerns;

8. The next conference, to be organized in Munich in 2009, should be included in the In-
ternational Year of the Planet Earth as one of the final events of this global initiative.

The sixth European Congress on Regional Geoscientific Cartography and Information Sys-
tems (EUREGEO) in Munich focuses on the mandate and working results of geological,
hydrological and soil surveys. More than 240 extended abstracts together with key note lec-
tures, working group meetings and excursions will assure the success of this congress. With
its subheading “Earth and Man” the discussion about the system Earth and mankind living
on and from Earth shall be stimulated. In particular, the contribution to society needs and

XII



administration requirements will be analysed. Special emphasis will be put on the different
operating levels in the quest for land planning and sustainable development, applying Euro-
pean, national, regional and local directives. The conclusions to be reached in this meeting
should promote and encourage the integration of the geological and soil services into the
society, which they serve.

The Scientific Committee, together with the Local Organising Committee, has the pleasure
to welcome all participants to Munich. Have a fruitful conference and a pleasant stay in the
capital of Bavaria!

Munich, June 9, 2009
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174 YEARS AND YOU STILL HAVEN'T FINISHED? — DO GEOLOGICAL SURVEYS HAVE
A ROLE IN THE 21ST CENTURY KNOWLEDGE ECONOMY?
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TOUGH QUESTIONS

Let me give my answer to the second question in
the title: yes, but only if we change radically.

If the same question was to be put directly to wider
society, who'’s taxes pay our salaries, and to whom
geology and geological maps are at best a
(colourful) mystery, | have no doubt they would
respond — you've been doing this for more than a
century, what more is there possibly left that we
need to map? (a particularly pointed question for
the old, small countries which make up Europe!).
The fact is that there is a limit to how long we
geological surveys can make a credible case for
carrying on the sort of 2D geological mapping and
map production (paper or digital) which belongs
more to the 19" century than today.

These statements deserve explanation and
continuing the provocative line, let me do that with
some more questions. Why, in an age when the
hardware, software, GPS and digital data exist,
are the majority of geological surveys still doing
field mapping on paper? And if most field
geologists have a 3 dimensional model in their
head when they are doing their mapping isn’t their
invaluable knowledge largely lost when they
commit it to 2D maps and sections? Why should
this be when there is a whole range of 3D
modelling systems available?

We tell government and reviewers that geological
surveys are unique centres of multidisciplinary
geoscience — can we really put our hands on our
hearts and say we really operate that way? We
know that geology has no respect for political
boundaries and that the environmental problems
we face need an international approach, so why
do we continue to operate in our own national
silos, with little attention paid to the digital and
taxonomic standards that would allow sharing of
knowledge within and beyond geology?

We repeatedly assert how relevant geology is to
society but do we really give enough priority and

funding to communicating our science to the public
and delivering products and services for them in a
way that is meaningful and useful?

These and other points will be considered in more
detail below.

INSULAR

We constantly tell government and those who
review and audit us that geological surveys
operate as unique centres of multidisciplinary
geoscience. But do the geological, geophysical,
geochemical, hydrogeological, and geotechnical
“divisions” (the word is, literally, appropriate) of
geological surveys truly regard integration as a
priority? At another level, we know that geology
has no respect for political boundaries and that the
environmental problems we face need an
international approach, so why do we continue to
operate in our own national silos, with little priority
given to the digital and taxonomic standards that
would allow sharing of knowledge within and
beyond our frontiers and the geological domain.
Shouldn’t we recognise the enormous strides that
are being made in the “geography-led” spatial data
infrastructure (SDI) arena and be an even stronger
part of it. Shouldn’t we borrow what we can from
the other spatial and environmental sciences,
some of which are much further advanced in
taxonomy and semantics and mathematical
modelling? Finally, having enjoyed a decade or
more of the initial graphic and glitzy attraction of
modelling and GIS, isn't it time we paid more
attention to the mathematics that underpin it and
our applications? How many of us include in our
teams the oft-forgotten geostatisticians and
mathematical modellers, people whose skills could
enhance the scientific rigour of our work and open
up the predictive dimension of time and thus new
scientific discoveries?

WOW - BUT WHAT DOES IT ALL MEAN?

We are continually asserting how relevant geology
is to society and government and yet we know that
a very small proportion of the population can
interpret a geological map or model (estimated at
a lot less than 0.5%). Do we really give enough
attention and funding to communicating this
relevant science to the public in a way that is
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meaningful and useful to them? A 3/4D model may
seem a far more superior way to convey
understanding of the spatial and temporal
arrangement of the subsurface within the
geoscience community. Unfortunately, while a
model should definitely improve the “wow factor”, it
may not always aid the comprehension of the
issue by those outside our community. Complex
and esoteric stratigraphy or physical properties
remain complex and esoteric whether they are
portrayed in 2 or 3 or 4 dimensions. We need to
convey the messages in our models in a language
the intended user will understand, be they a civil
engineer, a government planner, or an insurance
company. 3/4D modelling, together  with
virtualisation and visualisation, offer wonderful
opportunities to make clear the societal
implications of our work, but we lose a significant
amount of their potential if we only communicate in
the language of geoscience and forget the
language of the client.

PRE-MATURITY

Its apparent, when you look at the parallel
evolution of geological organisations across at
least 3 continents, that 3/4D modelling has
progressed by leaps and bounds in the last 5
years. It appears to have come of age. The
sophistication and range of the modelling software
is impressive, the array of applications in a variety
of economic and environmental sectors is
extensive and the visualisation techniques can be
breathtaking. There is no doubt the geoscience
community should look at the move, from what is,
essentially, an anachronistic 19" century paradigm
of 2 dimensional maps and sections, to the full 4
dimensions that geology occupies in the real
world, with a sense of achievement. But should we
be satisfied? Is that it? Is there anything left to
solve?

Most would agree that we have hardly (and forgive
the pun) scratched the surface. From the
perspective of those of us who work in geological
surveys there is still an awful long way to go, as
the next section will describe.

ANYONE CAN PICK CHERRIES

3D modelling software is plentiful, varied and
inexpensive and it's no longer too difficult to build
a one-off 3D model for a particular research area.
Without wishing to diminish these achievements
and their individual innovative contribution, for a
geological survey such projects are little more than
pilot studies and demonstrations. To continue with
such an approach alone is arguably no more than
academic cherry picking. For organisations
charged with a national, long term and strategic
“‘mapping” remit, the serious and much more

difficult challenge is to contemplate building,
deploying and sustaining robust operational
modelling systems and models across whole
organisations and nations. The unique contribution
of a geological survey to geoscience is not only
first class underpinning research — it is excellent
research AND deployment. If national geological
surveys ignore the latter and simply regard 3D
modelling as a series of localised research
projects then they are forgetting their prime
responsibility and are on a slippery slope to
relative anonymity within the research and
academic domain.

WHAT RUNS THROUGH THE PIPES IS MORE
IMPORTANT THAN THE PLUMBING

The acceleration in the versatility of software and
the speed and capacity of hardware (sometimes
referred to as the “plumbing”) cannot fail to
impress. But what flows through the plumbing —
the data content — is, arguably, more important.
Regrettably, digital geoscience data content (its
availability, quality and consistency) is far less
mature than the plumbing. Digital content is the
current limiter for geological surveys, not the
sophistication of the hardware or applications.
Lack of quality assured content severely restricts
strategic and national initiatives. The burden of
having to convert analogue data into digital form,
then quality assure, condition and harmonise prior
to a project, is a huge overhead for any venture,
requiring a significant amount of often skilled
human input. Yet with a more responsible
approach in the past, an appreciation of the post-
project value of data, respect for compliance with
some basic rules and standards (as opposed to
expedient and idiosyncratic wheel re-invention),
we could all have been in a more favourable
position today. Why hasn't the geoscience
community devoted more time to agreeing basic
data models and dictionaries? Why have we
rushed on to the next project, without properly
storing and describing the data and models we
have spent so much time producing; reducing the
sustainability, re-use and potential added value of
our work at a stroke? This message is far from
new, but how many of us can say that we/our
organisations are not continuing to make the same
mistake today and how many Surveys have (and
are enforcing) data policies that would deal with
the problem?

MODELLING IS A WAY OF LIFE NOT AN
ISOLATED COMPONENT

Getting serious and professional about 3D
modelling means embracing it throughout the
geological data lifecycle. To achieve the synergies,
efficiencies and benefits an organisation should be
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thinking 3/4D modelling at the inception of a
project, building it into fieldwork/data acquisition -
most field geologists have a 3 dimensional model
in their head when they are doing their mapping,
isn't that invaluable knowledge largely lost when
they merely commit it to 2D maps and sections?
The data processing and analysis stages should
be designed with 3D in mind and we should
ensure that dissemination and delivery take full
advantage of the potential of the third and fourth
dimensions. Last but certainly not least, integrating
within this system a means of storing the models
for subsequent re-use is paramount. To allow any
of these stages to be restricted to the limitations of
the 2D paradigm would be retrograde.

JUST HOW CONFIDENT ARE WE?

Delivering a model that people understand is a
significant step, but we mustn’t stop there. The
next step is something that we never really tackled
in 2 dimensional mapping — the step to assess and
describe our confidence in the model, its geometry
and attributes. Geology is an interpretive science;
there are often few geological “facts” and a great
deal of interpretation, usually proportionate to the
distance below ground surface. Most people
outside the profession (including many engineers
and surveyors) do not appreciate or understand
this aspect of our science. The fact is that geology
is more akin to a detective with a set of clues than
an observed and measured structure. How can we
best evaluate and then show our estimate of error
in a way that is both reliable and meaningful? How
do we best communicate the certainty/uncertainty
of our predictions?

THE WORLD DOESN'T OWE US A LIVING

If geological surveys want to survive then they
need to stay fresh and agile and responsive. They
cannot afford to be complacent. Just because
some of us have been doing what we do for more
than 170 years does not give us a divine right to
do it in perpetuity. There is a limit to how often
you can sell the geological re-mapping of a state
or country. The move to systematic and
operational modelling and delivering user-friendly
digital products and services from these, provides
a timely evolutionary opportunity for surveys; but
even this is not an absolute guarantee of survival.
The digital advances that have presented us with
such wonderful opportunities also (at least from
the standpoint of a geological survey) now present
some threats. Analogue methods coupled with
government policy that has been strongly
protective of the public sector provision throughout
most of the 19™ and 20" centuries may have
afforded us a very secure situation in the past. It
does not take much imagination to see that novel

computing solutions and ever-richer digital
geoscience data, coupled with governments
seeking to reduce public expenditure and place
more work in the private sector, threatens this
privileged position. As a senior Google person
said recently, when addressing an audience of the
directors of the National Mapping Organisations of
the world, “we’d love to work with you guys .......
but please do bear in mind that we don’t have to.”

SO WHAT’S NEXT?

Having used a large slice of this paper to advocate
what is essentially a policy of “implement and
deploy”, something that could be accused of being
unambitious, let me be contrary. In a sense 3 and
4D modelling is yesterday’s news. As scientists we
can’t live on this forever. Where is the next great
step change in geoscience information? In the
1980’s it was GIS, in the 1990’s it was 3 and 4D
modelling; what is the next leap going to be? In
addition to developments in visualisation and
virtualisation, which technologies will impact on
our science? How will the advancement of
ontologies and the semantic web, and in particular
image and graphic semantics, change our
approach? What are the implications of ambient
computing and the sensor web? Wil the
collaborative web and social networking move into
our scientific domain?

IN CONCLUSION

If geological surveys want to survive (and please
don’t get me wrong | think they should and have a
vested interest in them doing so) then they have to
consider the questions raised in this paper - and |
would suggest tackle them collectively.

There are positive signs — the leading surveys
appear to be agreeing that in order to survive they
can no longer be idiosyncratic, introspective and
amateur about their operations. They are reaching
out and engaging with their user community -
providing their customers with the products and
services they need. They are exploiting technology
to provide information in the form users need it,
when they need it. They are meeting national and
international legal requirements for data and
information accessibility. They are improving the
quality and consistency of their data and meeting
standards. They are improving the interoperability
of data, so it can be integrated with other, non-
geological data — from climate measurements to
financial and insurance information. And they are
professionally managing their data and protecting
their intellectual property rights, because they
know without this, in this era of the knowledge
economy, they will have few assets to exploit.
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To go back to the questions in the title — the blunt
truth is that for the geological surveys of the “old
world” there is a limit to how many times you can
say a map that few understand needs revising. In
a world that is changing and innovating, and in a
sense shrinking, at an accelerating rate, one thing
seems obvious — it would not be a wise strategy
for any geological survey to assume it can
continue to operate unchanged and do so in
isolation.
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THE CONTRIBUTION OF THE EMILIA-ROMAGNA REGION TO THE 6TH EUROPEAN
CONGRESS ON REGIONAL GEOSCIENTIFIC CARTOGRAPHY AND INFORMATION

SYSTEMS (EUREGEO).

Giuseppe Bortone

General Director of Environment, Coast and Soil Department; Emilia-Romagna Region; Italy

INTRODUCTION

The Emilia-Region is honoured to contribute to the
6" European Congress on Regional Geoscientific
Cartography and Information Systems
(EUREGEO).

The objective of our regional strategy towards
sustainable development fits well into the subtitle
of this congress “Earth and man”. In Emilia-
Romagna, we are undoubtedly living a historical
period whereas it's necessary to propose the
central role of the environment, soil, landscape
and natural resources in our political agenda. The
challenge is to affirm environmental quality and
territorial safety within a frame that imposes new
and difficult objectives, while the system tends to
a unsustainable growth. The priority is to work for
a sustainable development, in the meaning that we
need to put in all sectorial policies quality and
sustainability concerns. A cross-cutting presence
capable to drive all actions at local scale.

On this basis, knowledge is fundamental for
supporting integrated policies and to allow public
participation, which are the key issues for our new
development model.

Indeed, the importance of the geoscience
application is continually and rapidly increasing,
with problems arising on local, regional and global
levels, and exploitation and communication of
geoscientific data and easy-to-use information
systems are more and more necessary.

But another aspect that we whish to highlight, it's
the importance of this “three parties” regional
cooperation: Bavaria, Catalonia and Emilia-
Romagna for fostering the knowledge in
geoscience as base for the sustainable
development in all EU countries.

Some issues of our new development policies
urge to be supported by common studies and
research activities that we hope to develop in the
framework of the next year cooperation
programme with Bavaria and Catalonia. The main
items, that we wish to put to the attention of this
Congress, deal with: renewable energy and the
targets of the Kyoto Protocol within 2020, soil
protection with the very welcome soil directive,
water resources and the objectives of water
frame directive within the year 2015, and finally the
coastal zones with its integrated coastal zone
management strategies.

ENERGY (Geothermal and Carbon dioxide
capture and geological storage)

An adequate energy supply has always been a
fundamental prerequisite for economic
development. In recent years, the safety of
supplies and the reduction of pollution have also
become the first priority. Hence the search for
renewable and environmentally-friendly energy
sources has become even more important. Recent
technological progress, the variability of the cost
and the difficult of supply of oil and gas, the need
to reduce the use of fossil fuels in order to cut
pollution and our reliance on supplies from foreign
countries have made the exploitation of
geothermal energy at any temperature one of the
attractive and viable alternative.

Trying to contribute to these subjects, our
geological, seismic and soil survey is carrying out
study and research activities on geothermal
energy as primary source of energy which, if
properly  harnessed, is renewable and
environmentally-friendly.

Emilia-Romagna has no high enthalpy geothermal
systems (i.e. T > 150°C) that can be used to
produce electricity directly; nevertheless the
presence of thermal springs and deep wells with
positive heat anomalies point to low enthalpy
systems which can be used for direct heat.

For example, in Ferrara and Bagno di Romagna,
low enthalpy geothermal reservoirs have been
tapped into and used for district heating and spa
resorts. From preliminary analysis, it transpires
that the areas of greatest interest for further in-
depth analysis of potential geothermal reservoirs
in Emilia-Romagna are those at the top of the
structural highs.

Another field of interest it's belonging to the safely
Carbon dioxide capture and geological storage
(CCS) from industrial installations and store it in
geological formations. CCS is a bridging
technology that will contribute to mitigating climate
change. This technology should not serve as an
incentive to increase the share of fossil fuel power
plants. Its development should not lead to a
reduction of efforts to support energy saving
policies, renewable energies and other safe and
sustainable low carbon technologies, both in
research and financial terms, but it would
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contribute to reduce EU CO2 emissions by 50% in
2050, while fossil fuel would be significantly
replaced in the next decades.

We need to carry out studies and research on safe
and long-term underground storage of CO, . This
means through planning and geologic analysis of
the storage site, safe operating during injection
and continued monitoring systems.

SOIL PROTECTION

Soil, as affrmed by European Commission
communication 179/2002, “performs a number of
key environmental, social and economic functions
vital for life” and is today threatened by
phenomena and processes linked predominantly
to human activity which can result in the loss of
soil function and ultimately the loss of soil itself.
The main threats facing soils in Europe are:
erosion, contamination, loss or organic matter and
sealing. In Emilia-Romagna approximately 35% of
agricultural soils of the hill and mountain areas is
affected by erosion. The gravest situations are due
to the presence of erodible soils, intense
precipitation with strong erosive capacity and
crops offering poor cover. The risk of
contamination affects the soils of the Emilia-
Romagna plain above all, where the main
industrial facilities and waste dumps are
concentrated (local contamination). Moreover, the
plain is at greater risk from contamination linked to
excessive agricultural use of chemical substances
(fertilizers and phyto-pharmaceuticals) and from
disposal of wastewater sludge (diffuse soil
contamination). This can cause toxicity and
pollution with adverse repercussions on the food
chain and the quality of surface and groundwaters.
The soils present in some areas of the plain run
the risk of decline in organic matter because of
changed agronomic practices. Lastly urbanization,
which affects large areas of the regional territory,
is another threat, changing water flow patterns.
This phenomenon, known as sealing, affects
agricultural areas of the plain and the hill territory,
and lead to a 70% increase in built-up areas
between 1976 and 1994.

Integrated project together with the development
of GIS tools for supporting spatial planning is
indeed necessary for the next future.

WATER RESOURCES

The rich water resources of Emilia-Romagna,
consisting of surface and groundwater, represent
an irreplaceable heritage. Correct management of
these resources is one of the region’s top
priorities. The geological data collected by
Geological, seismic and soil survey has made
possible the knowledge base pertaining to the
distribution and classification of aquifers allowing

to create a new 3-D model of the aquifers of the
Emilia-Romagna plain.

As matter of the fact, we are facing drought and
floods, with hydrological cycles seriously altered
by climate change but also by human
overexploitation.

The problem of supplying water in the necessary
quantity and quality is therefore for us one of the
major challenge of the coming years. Even in a
country with abundant water resources, as the
Northern ltaly is. The amount of groundwater
withdrawal is greater than the input from natural
resources and as a consequence the ground water
level is in average decreasing and surface water
uses attempt the minimum ecological flow into the
rivers. On the other hands, the risk of flooding due
to uneven raining patterns and to much higher run-
off, coming from ever increasing urbanised areas,
is very high.

To reach the goal of sustainable development it is
therefore necessary to revise actual resource use
and pollution load pressure as well as we need to
adopt new and more sustainable spatial planning
strategies.

The change in frequency of occurrence of extreme
events is changing the societal response to water
management and we are convinced that there is
no miracle cure to any region's water shortage or
stress, but a package of solutions including:
improved agricultural efficiency, better distribution
to reduce losses, greater public awareness and
participation, commitment to water equity and
rights, information sharing, transparency, and the
development of new water supplies even through
re-use and recycling. The newly-released strategy
reflects the demand for a more balanced approach
in which better management of existing resources
is complemented by investment in priority water
infrastructure (twin track).

In other words, this means for us that the
challenge for the future is the fully implementation
of the European Waterframe Directive (WFD,
2000/60/EC), of the protection of groundwater
against  pollution and  deterioration  (Dir
2006/118/EC) and of the Directive on the
assessment and management of flood risks
(2007/60/EC).

Bench marking among our regions is that meaning
strategical for the success of transposition of those
directives into the regional laws and regulations.

COASTAL ZONES

The Emilia Romagna’s coastal zone is of strategic
importance to all regional territory. It is home to a
large percentage of our citizens, a major source of
food and raw materials, an important hub for
transport and trade, the location of some of our
most valuable habitats, and finally one of the



Keynotes

larger European tourist area, that represents a
significant item of our regional income.

On the other hand, the coastal zone is facing
serious problems:

o widespread coastal erosion, often
exacerbated by  inappropriate  human
infrastructure and development too close to
the shoreline.

e engineering works in some port areas and
extraction of gas have contributed to coastal
erosion and subsidence

e contamination of soil and water resources,
pollution from marine or on-land sources, river
borne pollution derived from agricultural
runoff, demand of water quality and quantity
that exceeds supply or wastewater treatment
capacity;

e saltwater intrusion from overexploitation of
coastal aquifers

This situation of the coastal zone is leading to
increasingly frequent conflict between uses.

For these reasons the Emilia Romagna Regional
Government has approved the Guidelines on
Integrated Coastal Zone Management (ICZM), on
February 2005. The guidelines take into
consideration many interrelated  biological,
physical, economical and social problems of the
coastal areas and, in accordance to the EU
recommendations on ICZM, an integrated and
participative territorial approach has been adopted
to ensure that the management of Adriatic coastal
zones would be environmentally and economically
sustainable, as well as socially equitable and
cohesive.

In the frame of this activity, a Coastal Information
System (SIC) has been implemented within EU
CADSEALAND project, and it has been designed
following the guidelines issued by European
Commission within the EUROSION programme
(EU commission, 2004). It provides information to
develop a knowledge-base oriented to reduce
coastal erosion and to foresee future trends and
risks. SIC also contains data collected by different
Institutions during the last 100 years, and several
GIS products resulting from survey activities and
from studies recently carried out by Geological
Survey, and aimed to support planning strategies.
Also on this topics is fundamental for us to
continue the exchange of expertise at european
level and in particular in our regions.

CLOSURE

These and others are the issues that we wish to
share with the participants to the 6th European
Congress on Regional Geoscientific Cartography
and Information Systems (EUREGEO).

We guess that each one of the recalled priority
topics could become the reference for the next
coming year of activities.

We are fully convinced that new challenges and
ideas will rise up during the Congress works and
discussions and this will contribute to the
successful and bright continuation of the
cooperation among our regions.

Together, we can try to answer to the ambitious
challenge: “Earth and man”, or in other words to
the new way of thinking for sustainable
development, that, undoubtedly, needs to be more
based on scientific knowledge and, at same time,
on public participation. Therefore, let’s try to make
geoscience, cartography and information systems
in the middle of this project!
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GEOLOGY BRIDGING EUROPE

Luca Demicheli

Secretary General of EuroGeoSurveys, the Association of the Geological Surveys of Europe

The need for more consistent geological data
across FEurope has been discussed by
practitioners for many years. The current political
situation strongly influenced by the on-going
economic changes has contributed to recently
bring this topic high also in the EU political
agenda.

The price of minerals, metals and oil has grown
dramatically over the past two years, up to a few
months ago, creating huge difficulties to the
economy of the EU, which depends on the import
of such resources to satisfy internal demand.
Then, all of a sudden the economic crisis invested
Europe and the world, and the construction
industry went across a huge crisis too, with direct
consequences on the aggregates industry.

Is EU policy making aware of the importance of
geology for facing economical, social or
environmental challenges? One would probably
reply that it is partially the case at least for
environmental issues. Well, actually it is not really
the case either. How many politicians know that 1
km of motorway requires 30,000 tons of
aggregates, that will be transported from one place
to another within Europe with huge energy
consumption? And that at least 3 billion tons of
aggregates are moved every year across the EU?
It there is any sustainable land planning strategy
behind? The question will not have an answer.

Even less is known by policy planners and
legislators about the economic implications of
resources supply or the health effects on
populations exposed to certain radioactive or toxic
minerals normally present in nature and located
just close to the houses where people live.

Informing our politicians and the public at large is a
huge challenge, that the International Year of
Planet Earth has been addressing over the past
three years.

Nevertheless a huge effort is still needed. Europe
appears normally divided on issues for which it is
supposed to have an agreed policy. What it is
going to happen when it there is not even a EU
policy or position? This is the case for geology.
Even if important actions are being undertaken by
the European Union, such as the Raw Materials
Initiative, most of the actions at EU level are left to
the Association of the Geological Surveys of
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Europe: EuroGeoSurveys, which is not a formal
EU body. The Raw Materials Initiative itself
advocates for a better networking among
geological surveys. It is an important recognition
and a huge step forward. However national
geological surveys alone cannot bear the burden
of shaping the European geological strategy
without a clear mandate from the European
Commission.

On the other hand the Commission in unlikely to
express any position, since it there not exist any
formal European body dealing with geological
issues. Such a gap needs to be filled in.

This requires the cooperation and networking of all
the parties involved. The role of regional
geological surveys is crucial from this perspective.
Regional surveys are the providers and owners of
a huge amount of detailed local data. And we all
know the geology is a ‘field work’ science. Only an
in-depth knowledge of the local situation can
ensure data reliability. Moreover, the local political
situation can be better addressed only by local
agencies. And each region has got its own needs
and priorities.

It becomes clear that an efficient European
geological infrastructure, in accordance with the
‘subsidiarity principle’ can be achieved only if
every action is taken at the appropriate level: local,
national and European.

In geological terms, ‘local’ stands for regional
surveys, while ‘European’ still has no meaning.

Europe cannot afford the lack of a European body
dealing with geology. Regional and national
surveys need to strengthen their networking, as
formally envisaged by the Raw Material Initiative,
in all the geosciences fields. This first step is
necessary in order to counteract the lack of a EU
supranational body, and will perhaps help in
making evident the need for creating one.

The regional surveys of Italy, Spain and Germany
share a seat within the EuroGeoSurveys General
Assembly, enabling the national geological survey
to deliberate in a more transparent and democratic
way and paving the way for a stronger position of
geosciences into the EU policy arena. Further
common actions are under consideration and will
be implemented in the near future.
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GEOSPATIAL CORE DATA - A PUBLIC SERVICE OF GENERAL INTEREST

Klement Aringer

Landesamt fiir Vermessung und Geoinformation, Alexandrastr. 4, 80538 Miinchen.

KEY WORDS: cadastre, aerial imagery,
laserscanning, DTM, mapping, positioning, flood
simulation, SDI.

The Land of Bavaria Agency for Surveying and
Geographic Information (LVG) is pleased that
EUREGEO has chosen its premises as the venue
for the 6th EUREGEO congress.
Knowledge about reliable geographic information
is crucial for many applications. The assumption
that 80% of all data is linked with geospatial
information does not seem to be too high an
estimate.
The sixteen Lander of the Federal Republic of
Germany act independently in the fields of official
surveying and mapping and real estate cadastre.
Covering 70.000 km?, LVG is the largest mapping
agency in Germany. It regards itself as a service
administration with a long tradition and, in today’s
information society, as the supplier of up-to-date,
precise and multi-purpose core geospatial
information.

LVG’s main products and services include:

o Real Estate Cadastral Services: The 51
Bavarian surveying offices (plus 22 branch
offices) are in charge of more than 10 million
parcels and 8 million buildings. They digitally
store information about legal and physical
borders, buildings and actual utilisation of
parcels in the Digital Cadastral Map (DFK),
through weekly updates.

¢ Aerial Imagery and Digital Orthophotos (DOP):
Aerial flights are carried out continuously to
cover the entire area of Bavaria within three
years, using colour films and, increasingly,
digital cameras. High resolution digital
orthophotos are one of the results. LVG houses
an increasing archive of more than 750,000
historic aerial images.

¢ Digital Terrain Models (DTM): DTMs are
computed using airborne laserscanning
techniques, thus providing information useful for
flood simulations or monitoring landslides. DTMs
are available in a grid spacing of a minimum
10 m, and already even closer for three quarters
of Bavaria.

¢ Digital Landscape Models (DLM): The ATKIS-
Basis-DLM is computed for the entire area of
Bavaria. The updating of this data is partly
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realised by local topographers who detect and
survey changes of features. An updating cycle of
better than one year is achieved for the
important feature classes such as roads,
settlements and railway lines. Features like
geocoded postal addresses are included.

e Digital Topographic Maps (DTK): Topographic
maps at various scales are produced digitally.
The maps are composed of several layers for
manifold uses in applications. Combined data
from topographical and cadastral sources (e.g.
contours of buildings) are available on data
carriers

o GNSS-Satellite Positioning Service: Within the
Germany-wide positioning service SAPOS, LVG
operates about 37 reference stations for various
DGNSS services such as GPPS for post
processing techniques or HEPS, which
guarantees cm-accuracy in real-time, using
mobile phone connections for broadcasting the
data. Both GPS and GLONASS satellites are
implemented. Galileo will be a future option.

Most of the products and services are offered via
the Internet (www.geodaten.bayern.de), thus
providing a fast and efficient means of
dissemination.

GDI-By, the Bavarian Spatial Data Infastructure
agency situated at LVG, promotes and coordinates
activities to integrate core geospatial data with
other special information via online services. Using
the BayernViewer (ByV-) family many projects
(e.g. ByV-denkmal or -aqua) have already been
realised. ByV-plus combines the main products of
LVG and allows various freely chosen Web Map
Services (WMS) and prospectively Web Feature
Services (WFS) to be added.

The possibility of integrating previously separated
information provides new opportunities to extend
our expertise about man-made and natural
situations to shape future developments and
manage disasters.
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MODERN GEOLOGICAL FIELDWORK AT THE BAVARIAN ENVIRONMENT AGENCY -
AN ENTIRELY DIGITAL WORKFLOW WITH THE AID OF THE EXPERT MAPPING

APPLICATION GEOKART

Ralph Annau () and Christian Wolfl 2

(1) Bavarian Environment Agency. Lazarettstr. 67, D-80636 Miinchen.
(2) Bavarian Environment Agency. Hans-Hégn-Str. 12, D-95030 Hof.

KEY WORDS: GeoKart, digital field mapping,
mobile data capture, geology.

INTRODUCTION

Since the 90s the working environment of field
geologists at the Bavarian Geological Survey was
getting more and more determined by digital
technologies. There was a central database for
storing data of geological point objects,
supplements for digital maps were produced
digitally and hand drawn manuscript maps were
digitised in the cartography department for
electronic publishing.

So it seemed an obvious question whether it
was possible to convert the traditional and since
more than 150 years well established methods of
a field geologist, the use of analogue tools like
field book, field map, pens & crayons, into a digital
workflow in order to increase efficiency and quality
of the mapping process.

Focussing on this question a research &
development project entitted GeoKart was
launched by the Bavarian Geological Survey in
1998. Meanwhile GeoKart is an application for
digital field mapping and data capturing used
productively at the geological department of the
Geological Survey’s successor authority Bavarian
Environment Agency.

HARDWARE

To ensure the acceptance of a digital system
for geological mapping by the users, the selection
of the hardware to use in the field must focus
mainly on a high degree of ergonomics, a pen
driven input, sufficient computing power and long
battery life.

Having used different mobile hardware
concepts in the early years of the project, we now
use modern tablet PCs that are as well lightweight
(1,3 kg) as rugged and weather proof enough for
geological field use. The tablet PCs come with a
sunlight readable display of adequate size (SVGA
resolution) and an internal GPS receiver.
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Figure 1 — Hardware used for field work.

THE GEOKART SOFTWARE

On the tablet PCs the proprietarily developed
software GeoKart is used for data capture and
mapping. The user interface consists of several
windows that can be arranged next to each other
or displayed individually. The two main windows
are the map window and the data window.

The map window can display georeferenced
raster images like topographic maps, manuscript
maps or aerial photographs. The raster images are
stored in a catalogue and can be switched on and
off individually or in sets. A cross lines symbol can
be used to indicate the current position when the
integrated GPS is in use.

Figure 2 — GeoKart software with active map window.
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On the map surface, geological objects are
displayed in different ways depending on their
types, geometries or attributes. New objects can
be created by drawing with the pen on the touch
screen or by using the GPS signal for positioning.

The data window is used for displaying and
altering the data related to the geological objects.
The forms of the data window provide common
features known from database interfaces like tab
sheets, data sensitive single field or table controls,
key lists, data input assistants etc.
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Figure 3 — GeoKart software with active data window.

A main feature of the GeoKart application is its
class based object model. Contrary to most of the
common GIS GeoKart has no layers, but only
objects with predefined geometry types.

Furthermore, GeoKart has a topologic
geometry engine, so any geometric elements
(points, line segments, polylines, polygons) shared
by different objects actually exist only once within
the system. Editing geometric elements of an
object that are also parts of other objects’
geometries changes the geometries of all objects
involved simultaneously (see W6éIfl & Annau, this
volume).

DIGITAL MAPPING WORKFLOW

GeoKart comprises two main thematic domains
that have different purposes.

On the one side there is a domain related to
the central database of the Bavarian Environment
Agency, the so called BIS (Bavarian Soil
Information System). GeoKart mirrors those parts
of the BIS that are relevant for field geologists. It
provides the same object classes, uses the same
data model and key lists and implements a bi-
directional interface for data exchange with the
BIS. The data model of BIS objects is quite
extensive.

In the field GeoKart acts like a mobile but
offline client of the central database. It gives
access to all information downloaded from the BIS
before the field trip. All changes and additions to
existing objects as well as newly captured objects
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can be uploaded to the BIS when returned to the
office.

The other main domain of GeoKart, the so
called Mapping Module, is dedicated to support
the actual geological mapping process from the
first field observation wuntil the completely
accomplished geological map.

The GeoKart Mapping Module consists of three
parts: a set of three object classes with distinct
geometries and data models, the Map Unit
Manager, and a set of additional tools and
assistants.

Field observations are recorded by the creation
of objects of the three classes Mapping Point,
Mapping Line and Mapping Area. These objects of
the Mapping Module, in contrast to the BIS
objects, only have a limited set of attributes. They
are designed to support the practical mapping
process and are not intended to be transferred to
the central database BIS.
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Figure 4 — GeoKart software with active data view of the
class ‘Mapping Line’

The objects of the Mapping Module are
displayed with different colours according to the
attributes they have been assigned to. Mapping
Points and Mapping Areas can be attributed with a
map unit defining their visualisation. Mapping
Lines do not have this attribute as they usually
border areas of different map units, they are
displayed according to the attribute type of line.

Map units have a colour, a short and a long
name, and they may be further described with
comments. They can be freely created and edited
by the user with the Map Unit Manager. Map units
are thus not fixed and determined like a database
key list. On the contrary, they are individually
developed by the geologist during the mapping
process, thus allowing easy and quick response to
changes in the mapping concept.

The GeoKart Mapping Module also provides
additional tools and assistants to query, select and
manipulate the Mapping Module objects. They can
be used in various ways in order to optimize the
results and the quality of the mapping process.
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Figure 5 — The GeoKart Map Unit Manager.

After the completion of the mapping project, the
geometrical data can be transferred Vvia
appropriate interfaces and export formats directly
to the cartography department for further digital
processing and publication.

BENEFITS OF THE SYSTEM

The actual mapping process itself, from the first
point observation via lines and borders to the
complete mosaic of areas, remains the same, no
matter if it is done by traditional analogue or by
new digital methods. But according to our
experiences, the new digital system has some
distinct benefits to offer:

e The import of all relevant objects from the
central database BIS and all available digital
maps into GeoKart before a field campaign
provide the field geologist with an optimal data
status for field work right from the beginning

e Only one single system supports the whole field
work of the mapping geologist.

e Objects that already exist in the BIS can be
altered or amended in the field. After the field
campaign all changes can be easily and quickly
updated in the central database by use of
GeoKart’s interface to the BIS.

e The users have complete access to all available
and captured data at any time during project
work.

o A standardized data transfer between
cooperating geologists is possible, even while a
project is in progress.

e When the mapping project is completed, all
necessary spatial and attributive data are
transferred digitally and without any media
brakes to the cartography department for further
processing, compared to the traditional
handover of analogue manuscript maps a
timesaving procedure.

As a conclusion, this compact system of hard-
and software is characterized by a very high grade
of efficiency.
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STAND OF APPLICATION:

At the Bavarian Environment Agency the
system GeoKart is meanwhile used by about 30
field geologists of the geological department as the
standard tool for geological mapping and field data
acquisition. Several geological maps have been
produced solely by the aid of GeoKart. The
functionality of GeoKart has also been extended to
meet the requirements of further geoscientific
departments like raw materials, hydrogeology or
geological hazards. In these departments GeoKart
is used by another 25 members of staff.
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GEOLOGICAL 3D INFRASTRUCTURE FOR SWITZERLAND
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WHY GEOLOGICAL 3D MODELLING?

Besides the fact that geology is a three
dimensional science by definition, there are mainly
three other reasons why geological 3D modelling
is an important domain in the future:

o It is the key technology for a better understanding of
geological settings and a  comprehensive
representation of geological data.

e It is of great importance for facing future challenges
(e.g. land-use, radioactive waste deposits, natural
hazards, etc.)

e |t is the basis for more detailed modelling and
analyses in domains closely related to geology

(hydrogeology, geothermal energy, tectonics,
engineering geology, hydrology, etc.)
TASKS AND AIMS OF THE SWISS

GEOLOGICAL SURVEY

The reasons mentioned above are closely
related to the main tasks of the Swiss Geological
Survey (SGS), which are listed below:

e The professional
geological data

e The adaptation and further development of new
knowledge and technology derived from geological
research and project management

e The coordination of international cooperation and
technology transfer

production and preparation of

In order to fulfil these tasks and to contribute
actively to the geological 3D modelling community,
the SGS has defined short-, mid- and long-term
objectives (Figure 1)

Time horizon | Aim

Short-term e Acquiring basic knowledge in the
field of methodology, workflow,
visualisation and data management

Mid-term e Establishing a know-how transfer

between science, industry, service
providers (geologists, engineers,
etc.) and the SGS.
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¢ Developing national, regional and
local 3D models across the country
at different resolutions and scales.

e Providing basic data for decision
making processes in economics,
government and science.

Long-term ¢ Integrating geological 3D models
into (3D) applications of federal

institutions and partners.

Figure 1: Aims of the SGS for geological 3D modelling.

LEGAL FOUNDATIONS

Since its foundation in 1860, the SGS was
performing its tasks without a federal legal basis.
This deficit changed in 2008 with the introduction
of the Swiss Federal Act on Geoinformation
(GeolG) (Schweizerische Eidgenossenschaft,
2008a). The GeolG regulates the production,
distribution, quality and pricing of geoinformation in
Switzerland. Associated with this federal act is the
Geology Ordinance (LGeolV) (Schweizerische
Eidgenossenschaft, 2008b), which defines the
mandate of the SGS:

Following these regulations, the SGS provides
geological data and information of national interest
in these domains:

e usage of the geological underground and trends of
spatial planning

e occurrence and properties of groundwater

e geological conditions in the vicinity of existing and
planned infrastructure of national interest

e occurrence and properties of geological formations
suitable for the permanent storage of substances and
waste

e deposits of mineralogical raw materials (e.g. non-
metallic minerals as well as ores, oil and gas)

¢ basic principles of geothermal energy generation

¢ identification of dangers and risks to persons, objects,
the environment and land-use through principles
based on geological processes or the usage of the
geological underground

In these acts 3D modelling is not mentioned
explicity. However, considering the strong
evolution of this technology, it is a logical
consequence that geological 3D modelling has to
be taken into account for performing the respective
tasks.




Session 1 - Oral presentation

SETTING UP THE 3D INFRASTRUCTURE

In order to set-up an appropriate infrastructure
for geological 3D modelling, the following steps
based on the work of Baumberger (2008) have
been performed or are envisaged:

Pilot studies (completed)

Definition of requirements (completed)
Software-evaluation (in progress)
Software-implementation (to be performed)
3D modelling (to be performed)

Pilot studies

One of the first steps in building up an IT-
infrastructure is to identify the capabilities of the
different technologies. To get a deeper insight into
the capabilities of existing 3D modelling software,
a number of pilot studies have been performed
(Figure 2).

No. | Software-type Model-type
1 3D visualisation and animation | Surface

2 3D visualisation and animation | Surface

3 Geological 3D modelling Volume

4 Standard GIS 2.5D Surface

Figure 2: Overview of performed pilot studies

Almost every study was based on an individual
software package and generated different types of
output models. Two selected models (Nos. 2 and 3
in

Figure 2) are shown in

Figure 43 and 4.

Figure 3: Insight into the Mont Terri anticline of the Jura
Mountains (Jeannin et al., 2008; Oesterling et al.,
2008), illustrating fault planes (transparent red)
constructed from cross-sections and a highway
gallery map; (cf. No. 2 in Figure 2)
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Figure 4: Detail of the geological 3D model of the
greater Bern area, Swiss Midlands, 1:25°000; (cf. No.
3in Figure 2)

Definition of Requirements

With the above-mentioned capabilities in mind,
the next step is to define the requirements of the
3D modelling infrastructure.

Geological requirements

The geological setting of Switzerland is mainly
characterised by three different tectonic units: Jura
Mountains, Molasse basin and Alps. Each is
dominated by a specific lithological regime (from
sedimentary fill to crystalline basement) and has
its own structural characteristics (undeformed to
brittle or ductile tectonics). Geological 3D
modelling of such contrasting regimes requires
particular software capabilities, such as:

e Handling of thrusting, faulting and folding in all
tectonic regimes.

e Handling of multiple z-values particularly in complex
environments (e.g. overthrust folds).

e Handling of unconformities in heterogeneous and
heterochroneous Quaternary deposits.

e Handling of artificial or secondary bodies (tunnels,
caverns etc.) within the model and the possibility to
cut them along with the geology and to project
geological data onto them.

Technical requirements

Technical requirements are only related to the
pre-existing internal IT-infrastructure. For instance,
the IT-unit of the Federal Office of Topography
swisstopo, which also includes the SGS, supports
only particular operating- and database-systems.

Software evaluation

After these two initial steps it became clear that
the needs and requirements of the SGS can be
covered by standard software packages and that
no software development is needed. In order to
evaluate which software meets the
aforementioned requirements best, a
benchmarking of eight software packages has
been performed.
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Method of evaluation

A questionnaire containing 126 topics, divided
into seven main categories, was developed. These
categories and their covered topics and respective
weighting are listed in Figure 5.

Category topics | weight |
Functionality and convenience 57 19%
Compatibility existing infrastructure 10 18%
Expandability 9 16%
Ergonomics 16 14%
Price / Quotation 10 14%
Documentation 8 10%
Manufacturer’s portrait 16 9%
Total 126 | 100%

Figure 5: Overview of the weighted main categories of
the market analysis and their related topics.

A priority was assigned to each topic, which was
distributed unevenly in the main categories. To
achieve balanced and consistent results, the main
categories of the questionnaire were weighted using a
paired comparison. As a result, a weighted ranking of
the main categories could be derived, describing the
importance of a category for this market analysis and
balancing the uneven allocation of topics (

Figure 5).

Afterwards, the questionnaire was distributed to
the particular manufacturers, who were asked to
complete and return the questionnaire. The replies
were then reviewed and benchmarked by the
SGS. By multiplying the benchmarked answers
with the assigned priority of each topic of the
evaluation, a numerical and weighted ranking of
the products could be produced.

Results of the evaluation

The majority of the products achieved a high
level of performance. The completion of the key
geological requirements mentioned above turned
out to be the main challenge in distinguishing the
products. Comparing the topics in the main
category “Functionality and convenience” (data
import and export options, workflow capabilities,
handling of large datasets) shows that these
criteria proved to be the most significant ones.
Besides fulfiling the key facts, the main
differences between the products are illustrated in
Figure 6.
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Figure 6: Diagram showing the overall investment cost
vs. the number of points achieved. The flatter the
curve is, the better the price/performance ratio.

Further steps

Based on the results of the software evaluation,
detailed on-site product demonstrations are
envisaged. This step will provide the basis for
selecting and implementing the appropriate
software for building up the 3D infrastructure.

OUTLOOK

The implementation of the geological 3D
modelling software (including training) enables the
SGS to face the future challenges related to
geological investigations, such as:

#1 — Modelling methods and processes

Developing appropriate modelling methods and
processes for different geological settings (e.g.
local and temporal unconformities, overturned
folds, etc.) and achieving high quality standards in
methodological and practical workflows should be
one of the principal aims of the SGS.

#2 — Visualisation of 3D models

Geological 3D models should serve the
purpose of comprehensively presenting complex
geological facts. Therefore, it is necessary to pay
attention to topics regarding the quality of
visualisation, the extraction of 2D images from 3D
models and the level of detail. Additionally, by
focusing on laymen, guidelines dealing with
usability, visual habits, and visual reception should
be developed in order to achieve a high level of
acceptance.

#3 — Data management

The market analysis showed that a tight
integration of available data is necessary in order
to provide a well defined and well organized data
base for 3D modelling. In the wide context of
geological data management (acquisition,
preparation, exchange and processing), especially
the cross-linking of geological maps and boreholes
should get attention in the pursuits of the SGS.
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Therefore, besides gaining knowledge in the field
of 3D modelling methodologies, parallel efforts
should be made in establishing a powerful
geological data network.

#4 — Consistency check of 2D data

Geology is an under-sampled science. In many
cases, geological 3D models are based on a small
number of “hard” data (e.g. observations in drill
holes). Nevertheless, consistency checks of 2D
data can be made easily using geological 3D
models. Regarding the large number of
underground data available (construction sites,
drill holes, etc.) in Switzerland, the existing
geological surface information (i.e. geological
maps) can be checked for spatial consistency.

#5 — Swiss 3D modelling community

Despite the importance of geological 3D
modelling and the existing models, the level of
application, experience and knowledge is
distributed rather heterogeneously throughout
Switzerland. The existing geological 3D models (i)
are local or regional, (i) are bound to certain
purposes or projects and (iii) are generally not
known to other geologist, institutions or even the
public. Therefore, there is a strong need to share
information, knowledge, data, ideas, visions, etc.
to achieve homogeneous and standardized
geological 3D models.

The mission of the SGS as a governmental
organisation should thus include (i) acting as an
umbrella organization for geological 3D modelling,
(i) bringing together its various actors and (iii)
checking national needs and requirements against
international standards.

#6 — Map production

Geological 3D modelling is currently “only” an
application and refinement of existing geological
2D data (maps, cross-sections) and not a tool for
the production of new 2D data. However, it may be
used for map production in the future.

The common production process of geological
maps is based mainly on field observations.
Subsurface data such as boreholes are integrated
into the maps, its 3D-information, however, is only
indirectly used. In long-term considerations, the
current production process may be adopted in that
way, that geological 3D-models constitute the data
basis from which 2D geological maps and cross-
sections may be derived.

#7 — General

The demand for and the use of geological 3D
models will increase rapidly within the next years.
The SGS possesses all the necessary skills, data
and information in-house for developing
meaningful and powerful geological 3D models.
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Additionally, owing to the geological 3D
modelling software that will be purchased, the
SGS aims at an active role within the domain of
geological 3D modelling in Switzerland. Based on
this outlook, it becomes clear that only highly
standardized, qualitatively excellent, meaningful
and powerful geological 3D models can reach the
acceptance they deserve among the public outside
the expert groups.
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INTRODUCTION

In the context of a GIS offensive of the municipality
of Straubing a systematic acquisition of data con-
cerning the underground and mineral resources
was conducted. The Lehrstuhl fir Ingenieur-

geologie of the TUM took over the geological part
of the work in the context of two diploma theses.

Figure 1 — The Gothic city tower of Straubing, standing
on a Pleistocene terrace is a typical building with a
combined brick and natural stone construction.

The aim was to improve geological information
from existing 1:50.000 scale to 1:5.000 even use-
able for town planning purposes. In addition to this
also the abandoned resource-pits of the brickyard
industry were regarded. Brick production is still
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one of the big industries in Straubing and major
historic buildings as well as some modern ones
are buildt with bricks.

GEOLOGICAL OVERVIEW

The town of Straubing is located in the district of
Lower Bavaria in Southern Germany. The domi-
nant geological structure is the wide Danube valley
with its Quaternary fluvial sediments. Several
gravel plain terraces can be distinguished in the
town (Fig. 1, Fig. 2). These are covered widely by
aeolian loess deposits. The Danube follows a
tectonic depression along a NW-SE trending fault.

The underground of the alluvial sediments is for-
med by Tertiary and Mesozoic sediments and
crystalline rocks of the Moldanubicum. Water from
carst systems in the Jurassic limestones is used
for geothermal purposes (UNGER et al. 1995).

North-East of the Danube valley the crystalline
rocks build the gentle mountain range of the Bava-
rian Forest. To the south of the town lies the hilly
landscape formed by Molasse sediments. Strau-
bing is the centre of the so called “Gauboden”, an
agriculturally intensely used region, whose wealth
is based on the occurrences of fertile loess loam.

EXISTING DATA AND GIS

For the work a multiplicity of data was used, which
was mainly supplied by the responsible offices for
the Straubing project. Among others the digital
land register map of Straubing, the digital terrain
model (raster 10 m), as well as a data record of
the digital contours and several generations of
aerial photographs from different decades formed
the basis of the geological work. Important data on
the locations of former brickearth pits and the
history of the many brickworks and roof tile facto-
ries were gathered by interviews. Information was
also recovered from archaeological and historical
archives and from local historians and collectors of
historical prints, postcards and photographs.

The processing of all data was conducted using
ESRI ArcGIS 9.2 in the numerical laboratories of
the Lehrstuhl fur Ingenieurgeologie of the TUM.
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RESULTS

Since there had only been a geological manuscript
map for the topographic sheet Straubing
(SCHELLMANN et al. 2006), there was a need for
mapping the town geologically. The mapping in the
scale of 1:5.000 was accomplished by a three
months field work campaign. The acquisition of
primary geological data was conducted by walking
the whole town to experience even sophisticated
morphological structures.

Also the manifold anthropogenic overprint was ex-
plored in detail. During mapping the following
aspects played a central role:

¢ geomorphologic development of town area

¢ the Quaternary geology of the Danube valley
e structure of the pre-Quaternary underground
¢ brickearth, gravel and sand pits

e municipal waste landfill

o refill of World War Il bomb impacts

Field mapping was the main method to collect
primary geological data of an area of approx.

23 km?2, By this terrace edges and demarcations of
gravel plains could be drawn more exactly than
this was realized in the manuscript map. Then the
“analogue” mapping was digitized in GIS (Fig. 3).

The localization of former brickearth and gravel
extraction areas was strongly supported by a 3D-
model generated on the basis of the digital terrain
model (DTM). This was completed by the analysis
of files in archives and municipal offices. For fur-
ther interpretation different data from public ser-
vices were loaded.

The most useful example is a set of military aerial
photographs from the last years of World War 1.
They yielded important information about bomb
impacts which allowed to locate impact craters and
to delimit bombarded area as possible risks for
civil construction works.

Results and stratigraphic profiles of drillings were
integrated into the GIS, too. This makes the locali-
sation of drilling points fast and access to
geological information of the underground easily
possible.

Figure 2 — Geological mapping of Straubing - detail from the geological map in GIS with brook terraces (A), geological
borders (B), terrace upper edges (C) and anthropogenic terrace steps (D) and gravel plains: Pleistocene: older (a),
middle (b) and younger (c) high terrace, lower terrace 1 (d) and 3 (e). Holocene: terrace 4 (f) and terrace 7 (g).
Pleistocene lower terrace channel (h), Holocene paleo-meander (i) and valley filling of the Allach brook (j).
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Figure 3 — Anthropogenic overprint in the form of open loam pits (a), completely filled loam pits (b), gravel pits (c),
assumed gravel pits (d), land fills (e) and refilled bomb impacts of World War Il (circles) in the centre of Straubing.

GIS BASED MAPPING OF DIMENSION STONES
USED IN THE CENTRE OF STRAUBING

A further project was the setup of a GIS
application for architectural objects with natural
stone usage. This contribution to cultural geology
was an absolute pilote project, since there is no
preceeding work on this field.

The data acquisition started with a mapping of all
sites, where natural stones were used as parts of
private and public buildings, monuments, but also
street pavements. The objects were then divided
into different quality classes, depending on the
contribution of natural stone elements to the
appearance of the whole building.

Each stone object (ca. 1100) was then digitized
and integrated in the maps of the municipal GIS.
They are identified by charactistic symbols, con-
nected to specific rock databases and there are
links to fotographs of the objects (Fig. 4).

Special fields of mapping of stone objects were the
St. Jakob basilica in the centre of Straubing, were
numerous valuable epitaphs — mainly from Gothic
times and altars consist of coloured limestones.
Furtheron an inventory of the gravestones of the
historic St. Peters cemetary was compiled. In this

unique ensemble the most important types of
monument stones from Bavaria are present. The
rock determination of the gravestones were taken
from GRIMM (1993) and NIEHAUS (1994).

All the natural stone objects are linked to a
database with petrographic data and provenance
information.

Figure 4 — Map of dimension stone objects in the centre
of Straubing. The numbers refer to house numbers, the
type of application is resembled by symbols .
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The information drawn from cultural-geological
investigations may not only be used by natural
scientists, but also by architects, restorers,
institutions involved in the protection of the cultural
heritage and finally for touristic purposes. In
Straubing guided “stone tours” are regularily
offered (LEHRBERGER 2008). Further this
information may be used for the interpretation of
historical studies in the fields of the local and
architectural history.

USE OF GEOLOGICAL DATA FOR THE MUNI-
CIPAL AUTHORITIES

The case study of Straubing revealed a broad
overview of the geological structure in the
underground of the town. The data may be used
for the urban planning activities as well as for
special construction projects to yield information
about possible contaminations, landfills, former
brickearth and gravel pits (Fig. 5) or even the
danger of blind bombs still present in the ground.
The data can support activities in the field of
preservation of cultural heritage, local history
studies and even encourage teachers of the many
different schools in Straubing to teach more
“applied petrography” with examples easily acces-
sible in the the town’s centre.

Figure 5 — The brick factory Jungmeier in the southern
part of Straubing showing the extensive brickearth pits
in the left background.

With its multiplicity of data, which extend historical
and scientific up to economically important topics,
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it is also possible to establish a public information
platform for the citizens of Straubing.
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INTRODUCTION

In 1990s, with the introduction of the UNIX-
based geographical information system (GIS)
Arcinfo™ Workstation at the Bavarian Geology
Agency which is today the Bavarian Environment
Agency (LfU), a high-quality workflow for map
production had been established (For further
information see the poster presentation
“Visualizing geological data and managing quality
in printed geological maps” by Toni Richtmann).
Today, Arcinfo™ Workstation is considered an
out-dated system. ESRI® has discontinued the
further development of the system and
consequently, related know-how at the Bavarian
Environment Agency (LfU) is vanishing. Therefore,
and for the purpose of an effective map production
workflow, migration to the ArcGIS™ system -
which has already been introduced in the LfU —
has become inevitable.

Since 2007 the LfU cartography has been trying to
leave the “melting UNIX-ice floe” and find its way
to a forward-looking technological solution for its
map production. This process leads to solutions as
well as problems.

REQUIREMENTS AND RESTRICTIONS

The “Geological Map of Bavaria 1:25.000°
(GK25) represents the geological base-
cartography of Bavaria (For further information see
the poster presentation “Components of a
geological map published by the Bavarian
Environment Agency (LfU)" by Elke Grassmann).
Thanks to its complexity it can be used as a
reference for the old as well as the new production
workflow. The complexity of the GK25 is the
starting point to transfer map production into an
ArcGIS™-workflow under consideration of the
following requirements:

¢ No qualitative restrictions, compared to the old
map production process
¢ Avoiding the need of data conversion during the

process of data control and verification in
cooperation with the geologists.
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e PDF-Export of the produced data for process-
and spot-colour offset printing

e Interconnectivity of GIS- and presentation data
for as long as possible

e Simplification and partial automation of the
workflow

e Working to the principle “What You See Is What
You Get”

To realise the migration the following core tasks

have been identified:

e Accomplishment of a pilot study on the
preparation of high-quality printing data with
ArcGIS™

e Transfer of Arclnfo™ symbols to ArcGIS™
symbol libraries

¢ Integration and test of the ArcGIS™ workflows in
operational processes

e Successive partial automation of the workflow
through in-house developments

Within the framework of the pilot study executed
by ESRI®, the GK25 sheet “6741 Cham West’
was prepared in an ArcGIS ™-workflow right up to
the production of a printable PDF. The conclusions
drawn in the pilot study und the results of our own
analysis are depicted in a possible workflow using
ArcGIS™ and third party software (Figure 1).
Some important results are described below.

THE DATA MODEL

In an ArcGIS™-Workflow the spatial data of the
GK25 will be stored in ESRI®’s File Geodatabase.
The Geodatabase (GDB) offers the possibility to
formulate rules to check and preserve the
topological integrity within and between point, line
and polygon features. During the migration
essential parts of the GK25 Data Model are
transferred directly from the Coverage-Model to
the GDB. In the GDB Data Model point, line and
polygon features are separated.

Therefore it is necessary to store polygon
borders twice. One version as a line feature class
to represent the geological borders and their
properties and a second version as a polygon
feature class to represent the geological units. On
the one hand there is still the problem to maintain
the consistency between the two feature classes in
a GDB during the process of digitisation.
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Figure 1 — ArcGIS™ based to-be-workflow with third party software Adobe lllustrator.
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On the other hand further errors through external
digitisation can be prevented by using domains
and subtypes in the GDB. That means GDB has
its advantages and disadvantages in comparison
with Arcinfo™ Coverages.

CARTOGRAPHIC VISUALISATION

Symbol library GK25: To maintain the previous
cartographic visualisation of the GK25 in an
ArcGIS™- workflow it is necessary to transfer the
complex symbol libraries from Arcinfo™ to
ArcGIS™. Since the symbols in Arcinfo™ are
based on an UNIX igl-font, a direct conversion into
a format readable by ArcGIS™ is not possible.
Therefore, the system Ilibrary must be
reconstructed taking into account the existing
symbol designs and dimensions. The pilot study
has furthermore demonstrated that, besides
cartographic restrictions, the use of multi-layer
symbols entails performance problems. This
problem can be solved by a combined use of own
fonts and simple ArcGIS™-symbols.

Using the font editor “FontLab Studio 5% a
workflow was developed which permitted to
produce a True Type Font (TTF) for the
visualisation of complex fill symbols (Figure 2).
The symbol production and management is
realised by using a central stored ArcGIS™ style-
library.

Figure 2 — complex font based fill symbols of the
GK25 realised in ArcGIS™,

Cartographic optimisation: Since the release of
ArcGIS™ 9.2 cartographic representation tools are
available. With their help, legibility of maps can be
optimised without changing the primary data. With
respect to GK25-production the use of these tools
would make sense for the optimisation of hash line
symbols (e.g. tectonic faults), for the adjustment of
fill symbols (e.g. small geological polygon
features) or for keeping minimal distances (e.g. dip
and strike strata symbol).

Legend generation. The standard tools of
ArcGIS™ for legend generation fulfil some of the
requirements of the GK25. However, practical
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application has shown that many settings must be
adjusted manually. For GK25-production it would
be preferable to connect the map legend with the
GK25 geological legend. Thus the short and long
description of geological units could be used
directly in the map legend.

THE PRINTED MAP

In the course of migration the possibilities for
process offset printing and spot coloured offset
printing should be included. ArcGIS™ offers the
possibility to define colours of vector data, bitmaps
and grids in CMYK colour space and to export
them as PDF. The definition and separation of
spot-colours as well as essential features of pre-
press, however, cannot be realised directly in
ArcGIS™, Also, the integration of CMYK-raster
data in map layout is problematic. Pre-press and
the integration of raster data are therefore realised
in Adobe® lllustrator®. This program offers all
tools of classic DTP-production for preparing the
data for printing. For spot colour printing the
symbol colour of vector features can be defined as
special CMYK-combinations. In Adobe®
lllustrator® these features can be selected and
transformed to spot-colours.

AUTOMATED PROCESSES

Some ArcGIS™ standard devices offer partial
automations of certain work processes. Devices
like the automated feature-labelling or the
automated insertion of a map legend accelerate
the cartographic production. This acceleration
requires, however, the graphical revision of special
cases. For the LfU cartography, the partial
automation of the map layout, map frame,
graticules as well as the map legend could be in
the focus of future interest. The reason behind this
is that during the process of corrections, it is very
important that the geoscientists get a first draft of
the map as close as possible to the final version.
This can only be realized if the cartography has as
little work as possible with such map elements.
Due to the complexity of the map series manual
reworks will be necessary to retain the quality and
legibility of the GK25.

Many automated map production workflows show
a decreasing cartographic quality. This can lead in
the worst case, to spatial data being visualised
while spatial information is lost. In other words, a
high grade of automation will lead to a decreasing
cartographic quality, if a reasonable cost-benefit
ratio is to be maintained. Consequently, with the
technical development of Geographic Information
Systems a new challenge and chance to bridge
the gap between automation and graphic quality
arises for cartography. This should be kept in mind
in the course of migration.
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CONCLUSION AND FORECAST

The cartography of the Bavarian Environment
Agency can currently produce simple map series
and maps in an ArcGIS™-Workflow for digital
print. The pilot study and internal analysis showed
that a high quality map production including
process- and spot-colour offset print is only
possible in a combined workflow of ArcGIS™ and
third party software.

Currently, different projects are running to
substitute Arcinfo™ Workstation as the main tool
of map production with ArcGIS™. The goal is to
set up a workflow for high quality map production
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using standard tools of ArcGIS™ and third party
software.

A long-term goal is to have a partially automated
GK25-production and to transform the GK25
knowledge to other LfU map series. On the way to
a partially automated GK25-workflow problems to
solve include e.g. the design of a database-driven
GK25 geological legend.

In summary, ArcGIS™ can be used to produce
simple maps. To produce high quality maps like
the GK25 for process or spot offset printing third
party software like Adobe® lllustrator® is required.
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Introduction

The River Mersey, NW England provided the
focus for large scale industrial development
principally during the 18" and 19" centuries. Rapid
industrialisation associated with urban expansion
and population growth has left a legacy of derelict
and contaminated land and polluted groundwater.

The cities of Manchester, Salford and Liverpool
on the banks of the Mersey are now the focus for
major regeneration. Projects such as the Mersey
Waterfront Development and the creation of the
UK’s first Media City in Salford will require up-to-
date geoenvironmental information. The use and
application of information about the properties of
the sub-surface is critical to ensure that
development takes place sustainably.

In NW England, the British Geological Survey
(BGS) has developed 3D geological models of
superficial  deposits  and bedrock  units
concentrated along a zone between Manchester in
the east and Liverpool in the west, including

Warrington  in  between  (Lower  Mersey
Development  Zone). This  major  urban
development zone overlies the regionally

important Sherwood Sandstone aquifer, which falls
under Government legislation to control
abstraction and pollution. 3D geological models
have been developed to aid environmental
decision-making to ensure that sustainable
regeneration can be achieved.

Importantly, the 3D geological models also
include artificial deposits. These deposits and
excavations result from the activities of man and
affect the physical properties of the shallow
subsurface. Artificial deposits are often associated
with highly variable ground conditions that may
affect subsequent development. 3D geological
modelling provides a powerful tool to enable the
development of conceptual models to predict the
variability of the shallow sub-surface and its
properties prior to development. Potentially difficult
ground conditions can therefore be anticipated and
their presence incorporated into site investigation
and development design.
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This paper presents selected results of applied
urban 3D geological modelling using Warrington,
in the central part of the study area as a case
study.
3D Geological of
Deposits

Modelling Superficial

3D geological models have been developed for
superficial deposits and bedrock. This paper
focuses on the development of models of natural
and artificial superficial deposits overlying Permo-
Triassic bedrock.

Seven main natural superficial deposits have
been modelled using GSI3D™. Geological
modelling of superficial deposits in the project area
was carried out using GSI3D™ modelling software
(Kessler et al., 2008). The software and its
workflow allow the user to create 3D geological
models by combining interpreted digital borehole
data, Digital Terrain Models (DTMs) and digital
geological maps to construct an intersecting grid of
cross-sections. From the series of intersecting
cross-sections, the surface and sub-surface
distribution of each geological deposit is then
defined and the geological model is calculated to
derive the 3D distribution, geometry and elevation
of each geological unit.

Over 850 borehole records within the National
Geoscience Data centre at the BGS were
interpreted geologically.

The results of 3D modelling in the Lower
Mersey Development Zone have revealed a
complex pattern of glacigenic, and post glacial
sediments summarised in Table 1. An example of

the completed 3D geological model for the
Warrington area is shown in Figure 1.
3D Modelling of Artificial Deposits

Artificial deposits comprise deposits or

excavations that result from man’s modification of
the landscape.

The Modelling artificial deposits in GSISD™
uses a range of historic datasets including...

e Data are captured in GIS format,
classified as Made, Worked,
Landscaped, Infiled or Disturbed

Ground (Powell et al., 1999; Ford et al.,
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2006) and attributed with the source
and age of data

e The data is then modelled in GSI3D™
using borehole information to define
the base of Made and Worked Ground
and subtracting them from the DTM,
with the 2D artificial ground polygons
delineating the areas.

L Sherwood Sandstone Group

Figure 1 — 3D geological model and synthetic cross-
section, Warrignton, UK. Blue — Till, Pink — Glaciofluvial
Sand and Gravel, Dark Grey — Intertidal Deposits,

Brown — Shirdley Hill Sand, Light Grey — Artificial
Deposits. © Crown Copyright. All rights reserved.

100017897/2009.
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Table 1. Summary of Superficial Deposits in
Warrington.

e

Figure 2 - Artificial Deposits modelling in 2D and 3D. ©
Crown Copyright. All rights reserved. 100017897/2009.
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Conclusions

3D geological modelling using GSI3D™
provides a powerful tool to unravel the 3D
geological and anthropogenic evolution of major
UK urban areas.

It allows the 3D characterisation of the shallow
sub-surface, including deposits and excavations
relating to the activity of humans.

By applying 3D geological models of the
shallow urban sub-surface, ground conditions and
their properties can be used to support planning
and sustainable development.
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INTRODUCTION

Val Canale Valley is located in the Italian Julian
Alps, in the North Eastern corner of Friuli Venezia
Giulia Region. On 29th August 2003 the area has
been invested by a strong intensity rainfall event
(Pontebba’s rain gauge station, recorded the
highest rainfall depths: 389,6 mm in 12 hours,
characterised by return periods in the 200 and 500
years for 12-h periods) that caused the death of
two persons, 300 displaced and 260 damaged
houses and substantial damages to infrastructures
that were made unavailable for several days. The
mobilization of more than a thousand of landslides
occurred along the sides of the involved valley.

In collaboration with the Geological Service of
Friuli Venezia Giulia Region and with the
contribution, for the input data, of the Department
of Territory and Sour-Forest Systems of the
University of Padova, we investigated twelve river
basins located in the studied valley with different
geological-geomorphological and  rheological
characteristics. In order to better delineate the
perimeter of the invested areas, to zone them
according to the law D.L.L. 180/98 and to create
new building zones (updating of the pre-existing
Piano Stralcio per I'Assetto Idorgeologico, called
P.A.l. plan) studies have been made over every
single watershed.

The main objective of the paper has been to
obtain, though a simulation model (that used Flo-
2d software), a depositional map of every event
occurred. After the simulation each area has been
analyzed trough the Buwal method, obtaining a
zonation of the investigated territory (P1, P2, P3,
P4). All the data has been than imported into a
GIS software and has been given to Local
Authorities for further urban planning. Infact the
use of simulations seems to be a useful tool. Its
employ provides a qualitative global knowledge to
support Authority decisions on intervention on the
analyzed realty. Simulations represent only a first
approach of study that has to be implemented in
function of the single different user. The obtained
output is an instrument as a DSS (Decision
Support Systems) that gives the possibility to
investigate the environment and the phenomena

33

that characterize the reality and to promote a more
aware use of the territory.

THE METEOROLOGICAL EVENT

The area of Val Canale as the whole
northeastern part of Friuli Venezia Giulia Region,
was invested by a high intensity rainfall on the 29"
August 2003. The rainfall started at 12 a.m., firstly
affecting the areas belonging to the upper sector
of the mountains among Cucco, Malborghetto’s
huts and Ugovizza, then it gradually moved
downwards with gradually increasing intensity.

A total value of 293 mm rainfall was recorded
by the Pontebba pluviometric station from 2 to 6
p.m. This instrument is part of the network
managed by the Regional Directorate of Civil
Defence. Data are available at an interval time of
30 minutes. Maximum values of 50,8 mm in 30
minutes (between 5 and 5.30 p.m.), 88.6 mm per
hour (from 3.30 to 4.30 p.m), 233.4 mm in three
hours (between 2.30 and 5.30 p.m.) and 343.0 in
six hours (from 12 a.m. to 6 p.m.) were observed.
The total influx of meteoric event, which lasted
about 12 hours, was equal to 389.6 mm.

The event has been thoroughly studied by
Norbiato et al. (2007): radar and a raingauge
observations are used to characterize the storm

event.
Rainfall maxima from the Pontebba station,
situated nearly the interested area, were

characterized by return periods in the range 200-
500 years for 1-h and 24 h, and in the range 500-
100 years for 3-h, 6-h and 12-h durations
(Norbiato et al., 2007).

METHODOLOGY

To simulate the debris flow events were
adopted the commercial software Flo-2D, widely
used worldwide. This code is used to simulate the
path of a debris flow developed on alluvial Alpine
fans and to outline the relative hazard expansion
areas. Flo-2D is a 2-dimensional flood routing
model of volume conservation that routes a flood
hydrograph while predicting floodwave attenuation
due to flood storage. Hyper concentrated sediment
flow is simulated by the Flo-2D model using a
quadratic rheological model that includes viscous
stress, yield stress, turbulence and dispersive
stress terms as a function of sediment
concentration. The model uses the full dynamic



Session 1 - Oral presentation

wave momentum equation and a central finite
difference routing scheme with eight potential flow
directions to predict the progression of a flood
hydrograph over a system of square grid
elements. Wave propagation is fully controlled by
topography and roughness or resistance to flow.
The model is suitable to simulate flooding of rivers
and can also be used to analyze problems of flood
flows as unconventional not confined on alluvial
fan with complex topography, mud flow and debris
flow, and floods event affecting urban areas. Flo-
2D model is an effective tool for the evaluation of
hazard floods event and planning for mitigation
measures. The fully developed debris flow can be
modelled using rheological parameters defined by
O'Brien & Julien in 1988.

In order to obtain good quality simulations,
great importance should be given to the
topographical input parameters. The initial
development was done through the GIS Arcmap.
Arcmap software was used to define the digital
terrain model (DTM). Depending on the available
data. In this case, DEM was generated from the
data of the Technical Numerical Regional Chart at
scale 1:5000 or, where available, by data from
surveys realized with laser scanner technique.
From these input data were created raster file
(ascii format) with square cell of 5 m.

After importing data into the GDS input
interface, it was chosen the input point for the
hydrograph, and the outpoint that permitted the
flow to come out from the computational domain.
Typically those points coincide with a river, or with
a road, or with a low morphologic place.

The choices of input parameters is very
important. Every single basin has its own input
hydrograph.

The great job that the Department of Land and
Agroforest Environment of the University of
Padova made, helped us a lot in recreating the
storming conditions that characterized that day
and the days before the event. With the given
hydrograph we had the possibility to create the
curve that branded the concentration by volume
(Cy). Its range vary from 0.2 to 0.65 as maximum
value.

The rheological parameters that have been
used for the back analysis of the twelve studied
basins, were obtained from literature. Eleven
couple of rheological parameters (viscosity and
yield stress) were used to recreate the scenario of
the 29" of August. After simulating the
phenomena, for each basin has been chosen the
simulation that better fits the event occurred. The
choice has been made keeping into account the
thickness of the deposits measured on field just
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after the event and their dispersal along the
depositional fans.

So, only one couple of rheological parameters
is characteristic of a single event and usable for
further simulations. These values have been used
to simulate a new event with different
characteristics (e.g. different hydrograph) on the
new topography. New topography means that has
been created a new DTM on the topography
acquired by laser scanner technique after the
stormy event. This new DTM has the debris
deposits left on the plains and channels and the
mitigation measures realized in every single
studied basin. This permitted to have, for each
basin, a new scenario of possible stormy events
highlighting the hazard of each realty.

ANALYSES AND VALUTATION OF THE
RESIDUAL HAZARD

The assessment procedure for hazard refers to
what has been prepared by the Bundesamt fir
Umwelt, Wald und Landschaft (BUWAL) of the
Swiss Confederation (ndr Swiss method)
(Raetzo, 2002). This methodology is similar to
what provided by the ltalian legislation in force on
the hydrological risk assessment. Appropriate
changes have been introduced in order to
standardize these aspects and contextualize the
method to the territorial jurisdiction. This method
lets you choose to rely on simplified patterns that,
while suffering from severe approximations, on the
other hand constitute a common basis of reference
on which all stakeholders can easily compare.

The Swiss method allows you to combine
through a matrix of probability, values of
occurrence and intensity of phenomena in order to
obtain, with a good objective, the definition of
dangerousness. The parameters assigned to
these factors (1 to 3 for speed and geometric
severity; 1 + 9 for magnitude) as the input matrices
in speed/frequency and probable
magnitude/frequency likely to allow the allocation
of the hazard class. (Autorita di Bacino dei fiumi
Isonzo, Tagliamento, Livenza, Piave, Brenta-
Bacchiglione, 2007).

In this study we wanted to make a model which
could simulate the possible different scenarios by
providing a perimetration, the estimated detailed
volume and a thickness of deposits. These data
were processed with countouring operations,
taking into account the defense works carried out
in order to determine the magnitude of various
phenomena, from which were subsequently
obtained hazard classes (P1, P2, P3, P4).
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Figure 1 — a) Investigated area. b) Best back analysis simulation. c) Simulation with mitigation measures (MM). d)

Hazard areas decided with Buwal method.

CONCLUSIONS

The use of simulations seems to be a useful
tool. Their employ provide a qualitative global
knowledge to support Authority decisions on
intervention on the analyzed realty. Simulations
represent only a first approach of study that has to
be implemented in function of the single different
user. The obtained output is an instrument as a
DSS (Decision Support Systems) that gives the
possibility to investigate the environment and the
phenomena that characterize the reality and to
promote a more aware use of the territory.
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INTRODUCTION
Against the backdrop of global climate change
and an increasing focus on sustainable

development, there is a critical need to improve
modelling, and especially time series modelling, of
earth processes.

The British Geological Survey (BGS) is
addressing this need by building on the platform of
its existing spatial 3-dimensional modelling
capability, to develop a UK-wide multidisciplinary,
and potentially transdisciplinary, ‘Environmental
Impacts Modelling Platform’.

The BGS'’s existing 3D models are at a variety
of resolutions, from national to regional and local.
They focus on lithology, stratigraphy and structure,
and are attributed with physical (e.g. engineering)
and chemical properties, and can act as the
platform for further modelling activities such as
numerical modelling of groundwater. They are
increasingly used in wurban areas to solve
geoscience problems and to improve the
understanding of environmental processes; for
example contaminant migration through soils,
surface water and groundwater interaction, and
mining hazards, within the ‘Zone of Human
Influence’. There is also a growing emphasis on
the evaluation and communication of uncertainty in
data and interpretations within the models.

These aims and aspirations fit closely to the
strategic data needs and knowledge requirements
of many large-scale and long-term urban
regeneration projects being undertaken in areas of
former industrial decline in parts of the UK.
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The Clyde Corridor, which passes through the
heart of the Glasgow conurbation, and which
encompasses the areas covered by the Clyde
Gateway and Clyde Waterfront initiatives, is the
national regeneration priority for Scotland for the
medium term (up to approximately 25 years). The
regeneration is intended to stimulate economic
growth on a national scale, drive smaller
community regeneration projects, and tackle
concentrated deprivation in key areas of Scotland
(Scottish Executive, 2006), which has stemmed
from industrial decline.

1 — Location of the Clyde catchment and

Figure
Glasgow conurbation with some of the available
multidisciplinary datasets. .OS topography © Crown
Copyright. All rights reserved. 100017897/2009.

The Scottish Government (Scottish Executive,
2006) has emphasised that successful
regeneration requires the public and private
sectors to work together at all levels, and with the
communities themselves, to create real change
(economic and social), with local authorities being
the key strategic player on the ground. This ties in
with a key component of the British Geological
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Survey’s strategy (British Geological Survey,
2009) which emphasises the need for effective
partnerships with its stakeholders (government,
their agencies, universities, commerce and the
public) so that it can continue to acquire, collate
and provide comprehensive and authoritative
geoscience data and knowledge as the basis for
the research and modelling that it and others carry
out.

Consequently, the BGS with local authority
partners including Glasgow City Council, is
developing integrated and attributed Dynamic
Shallow Earth 3D Models and comprehensive
geoscientific  databases of the Glasgow
conurbation and the surrounding catchment of the
River Clyde. This is being achieved through a
major multidisciplinary project (the Clyde Urban
Super-Project (CUSP)), and more specifically,
through the development of the Clyde Gateway 3D
pilot geological model. The latter covers key sites
such as the Clyde Gateway regeneration area,
major new road and motorway extension projects,
and the venues and related infrastructure for a
major sporting event, the Commonwealth Games,
in 2014.

The models and datasets under development
will provide planners and developers in the
Glasgow area with up-to-date, accessible
environmental and engineering geoscience data
and knowledge for regeneration areas. They will
enable improved understanding of: the “Zone of
Human Interaction”, impacts of urban land use on
ecosystem services; and environmental change at
local to regional scales.

SUPERFICIAL DEPOSITS AND BEDROCK
MODELS

The Glasgow models synthesise available
digital data from boreholes, geological maps, mine
plans (related to the extensive 19" and 20"
century coal and ironstone mining) and terrain
models. Local to regional scale (1:10,000 to
150,000) detailed models, which focus on
characterising the near-surface  superficial
(including anthropogenic) deposits and shallow
bedrock (less than 200m depth) (Kessler et al.
2005), are generally considered to be of most use
in urban planning and development.

BGS uses GSI3D (©Insight GmbH) software to
build the models of the superficial deposits and
artificial ground in the Glasgow area. The
superficial deposit sequences are relatively
complex. They reflect successive advance and
retreat of ice sheets, several marine inundations
during and since the last glaciation, the
development of terraces, the deposition of
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estuarine sediments, and local lakes, the latter
commonly infilled partly by peat deposits. As a
result, therefore, within the Clyde Gateway Pilot
3D geological model (Figure 2), 15 units have
been identified and modelled. Some are only of
very local distribution or of very variable thickness,
whereas others are widespread.

The GSI3D method utilises a digital terrain
model, geological surface outcrops and down-hole
coded borehole data to enable the geologist to
correlate between boreholes and the outcrops, or
subcrops, of geological units, and to construct
intersecting cross-sections (fence diagrams). The
cross-sections and geological envelopes (limits of
the geological surfaces) are then used to build a
surface in the GSI3D model (calculation by the
triangulation method). Models can additionally be
attributed with geotechnical, hydrogeological and
other properties and are then published in the
Subsurface Viewer. This is an easy-to-use,
intuitive, and interactive model-viewing tool which
can create:

e Models displaying the geology or other pre-selected
applied themes (e.g. hydrogeological properties)
Geological maps (at surface and uncovered)

User defined synthetic borehole logs

User defined synthetic horizontal and vertical sections
Visualisation of the geometry of single and combined
units

e Model and map exports to ArcGIS© and hardcopy

These can be used in linear route assessment,
in planning and refining development footprints,
and in planning site investigations. With the
addition of new site investigation data and revision
of the model, a ground model of the site can be
created.

The 3D geological model is, therefore, a
powerful predictive tool and time saving asset that
assimilates large amounts of urban geodata into
one easy-to-use package. However, it must not be
regarded as a substitute for detailed site
investigation.

The Carboniferous bedrock which underlies the
Glasgow area comprises simply folded and
complexly faulted strata. The strata comprise
mainly cyclic sandstones and mudstones with
limestones, coals, ironstones and seatrocks. The
coal seams and other stratigraphic boundaries
included in the bedrock model (six layers in total)
were recognised and modelled from sub-surface
data (boreholes and mine plans) of varying data
densities. The surfaces and faults were modelled
using GoCAD™ software (Figure 3), a commercial
3D modelling package used widely in the
hydrocarbon industry. The surfaces were then
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exported to GSI3D and embedded in the Subsurface Viewer.

&

Figure 2 — Clyde Gateway Pilot 3D superficial deposits model, looking southeast (area 10km x 10km, vertical
exaggeration x5)

Figure 3 — Clyde Gateway Pilot 3D Bedrock model, looking west (vertical exaggeration x3).

As shallow mineworkings are often an issue for seam surface models, combined with areas of
planning and redevelopment, the faulted coal known and probable areas of mineworkings,
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provide an improved digital dataset to determine
the extent and depth of this potential hazard.

The models provide a framework for further
modelling, for example of groundwater conditions.
However, while bulk attributions of these 3D
geological models are useful for portraying general
properties, such as engineering geological (Merritt
et al., 2006) or hydrogeological (Kessler et al.,
2005) characteristics of the area, they do not
portray the inherent variability of each unit needed
for more site-specific considerations. Insufficient
data are available on the variability of units for
more detailed, cellular (voxel) attribution.
Therefore, a range of GIS methods has also been
developed to present and interrogate the geodata
(Entwisle et al., 2008).

MODEL UNCERTAINTY

Uncertainty of each modelled layer is
calculated using the BGS confidence calculator
v1.2. This combines measurements of data
density and geological complexity from an input
Microsoft Excel® data file and ASCIl modelled
horizon grid. The superficial uncertainty layers are
supplied as ArcGIS© 9.2 raster grid format and in
the GSI3D subsurface viewer.

The data density factor for the model includes
assessments of the distribution of borehole, mining
and map data. An influence distance of 200 m and
a scale of 0.5 -100 were used to calculate the data
density uncertainty. A grid of 100 by 100 with 500
iterations was used to calculate the geological
complexity uncertainty. Together with the
geological complexity weighting, the model
uncertainty is greatest where there is little data
and where the surface dip changes rapidly. The
output is a grid file ranked from relative low to
relative high uncertainty.

The relative, combined uncertainty scale must
be translated by the user into uncertainty
categories, with the lowest number representing
the lowest uncertainty and the highest number the
highest uncertainty. For example, for models in the
Glasgow conurbation, 5 categories could be
considered. In ArcGIS© this would be easy to
achieve on the uncertainty raster grid by
symbolising using 5 classes.

Lowest uncertainty (highest confidence) areas
(=1) would be those that are well constrained by
geological data and where the geology is relatively
simple. In these areas, the error on the bedrock
model might be considered to be of the order of
+10m in XYZ. For example, those areas of the
Wilderness Till Formation (WITI) uncertainty
surface on Figure 4 that are blue.
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Figure 4 — Clyde Gateway Pilot 3D Geological Model;
combined model uncertainty for the Wilderness Till
Formation (WITI); area as in Figure 2.
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Figure 5 — Clyde Gateway Pilot 3D Geological Model;
combined model uncertainty for Kiltongue Coal seam
draped on the geological surface in GOCAD™,

Average uncertainty (average confidence)
areas (= 3) would be those constrained by some
geological data and where the bedrock geology is
moderately complex i.e. faulted or folded (or
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variable thickness with superficial deposits). In
these areas, the error on the model might be
considered to be of the order of + 30m in XYZ.

Highest uncertainty (lowest confidence) areas
(= 5) would be areas not constrained by any
geological data and where the geology is complex
i.e. faulted or folded. In these, the error on the
bedrock model might be c..+ 70m in XYZ. For
example those areas of the WITI uncertainty
surface on Figure 5 that are red to orange.

GROUNDWATER
Preliminary groundwater modelling in the
Glasgow area is concentrating on the

hydrogeology of the superficial deposits aquifer(s),
in the Clyde Gateway area. The modelling is
based on the Pilot 3D (GSI3D) Geological Model
of the project area. This has been greatly
rationalised in view of the limited availability of
groundwater level data for superficial deposits
aquifers, and particularly time-series data.

A conceptual model has been built based on
3D aquifer geology prepared using the GSI3D
model. The groundwater flow model ZOOMQ3D is
used to simulate the groundwater heads. A
purpose-written tool is used to convert data from
GSI3D to ZOOMQ3D. The ZOOM family of
numerical groundwater models consists of the
saturated groundwater flow model ZOOMQ3D
(Jackson and Spink 2004), an advective transport
particle tracking code ZOOPT (Jackson 2004) and
a distributed recharge model ZOODRM (Mansour
and Hughes 2004). All these models are created
using a pre-processor called ZETUP and spatial
input files from a GIS (Jackson and Spink 2004).
ZOOM was developed using object-oriented
techniques, a programming approach commonly
applied in commercial software development but
only relatively recently adopted in numerical
modelling for scientific analysis. The main feature
of the ZOOM models is that of grid refinement, so
that any number of linked finite-difference grids
can be used to zoom in on a particular part of the
groundwater system.

Groundwater recharge is calculated using the
ZOODRM model. This model uses distributed
rainfall, evaporation and land-use data to calculate
recharge using the soil moisture deficit method
(Penman, 1948; Grindley, 1967). The recharge
model also incorporates overland water routing to
rivers, leakages from pressurised water mains,
and has been updated to account for recharge
processes in urban areas. Recharge values are
passed as one of the inputs to the flow model.
Other inputs include hydrogeological, geological
and hydrological data including river/stream flows,
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groundwater levels, and soil, artificial ground,
superficial deposits and bedrock properties
including permeability. A preliminary, unvalidated
steady state run is obtained from the groundwater
flow model to predict groundwater levels in the
superficial deposits. Where groundwater level data
are available, these have been used to constrain
the model. The steady state model can then be
used to undertake predictions of the impact of
particular scenarios, such as the impact of
Sustainable Urban Drainage Schemes (SUDS), or
an increased number of soakaways for storm
water  discharge, climatic  variations, or
groundwater abstraction.

Some results of the groundwater modelling,
including modelled groundwater levels under the
various scenarios, are exported from ZOOM and
displayed within GSI3D. Other outputs including
predicted groundwater discharges to surface
waters are displayed as appropriate, in ArcGIS®.

At this stage, only an unvalidated groundwater
model has been developed. Such a model should
be viewed as a ‘type’ model, illustrative of the type
of groundwater system that is believed to exist in
the Clyde Gateway area. As more data become
available subsequently, they will be used to
validate the model and to develop it further.

A PRELIMINARY GIS-TOOL TO ASSESS
THREATS TO SHALLOW GROUNDWATER
QUALITY FROM SOIL POLLUTANTS (GRASP)

A GIS-based prioritisation tool known as
GRASP (GRoundwater And Soil Pollutants) has
also been developed and trialled in and around the
Glasgow conurbation (O’Dochartaigh et al., 2009).
It is intended to aid urban planning and
sustainable development by providing a broad-
scale assessment of threats to groundwater quality
across the conurbation. Hence, it can assist in the
protection of groundwater as required by the
European Union Water Framework Directive

(2000/60/EC) and the Groundwater Daughter
Directive (2006/118/EC).
GRASP identifies areas where shallow

groundwater quality is at greatest threat from the
leaching and downward movement of potentially
harmful metals in the soil. Metal contamination is a
known problem in Glasgow, and this is especially
so with respect to Chromium.

GRASP is a development of an existing British
Standard — International Standards Organisation
methodology to determine the leaching potential of
metals from soils, and which has been validated
for 11 metals: Al, Fe, Cd, Co, Cr, Cu, Hg, Ni, Mn,
Pb and Zn (BS-ISO 15175:2004). The GRASP tool
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combines in addition assessments of soil leaching
potential with soil metal content data to highlight
threats to shallow groundwater quality.

The input parameters for GRASP (soil pH, clay
content, organic matter, sesquioxide and metal
content) are based on the systematic geochemical
dataset of 1600 soils (4 per km2) collected across
Glasgow as part of the BGS Geochemical
Baseline Survey of the Environment (G-BASE)
project. These parameters are combined with
assessments of climate, groundwater levels and
the leaching potential of unsaturated Quaternary
(including Anthropogenic) deposits to produce
maps that prioritise likely threats to shallow
groundwater quality. Data processing for the
GRASP methodology is carried out in five steps in
Microsoft  Excel®, using Visual Basic®
programming language, and ArcGIS® software.
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Figure 6 — GRASP prioritisation rankings for the
Glasgow conurbation. OS topography © Crown
Copyright. All rights reserved. 100017897/2009.

CONCLUSIONS

The attributed 3D geological model and GIS
tools and outputs allow visualization of the geology
and a wide range of geodata as cross-sections,
plots, and graphs which characterize modelled unit
variability. These can be used to communicate to
both specialists and non-specialists alike a broad
range of geological information.

The integration of information from the 3D
model with GIS provides a powerful desk study
tool to aid planning in general, and the planning of
ground investigations in particular, and so can be
an important aid to achieving sustainable urban
development.
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NATIONAL GEOLOGICAL MAP AT 1:50,000
SCALE - CARG PROJECT

The Geological Survey of Italy (Servizio
Geologico d’ltalia — SGI) realizes the national
geological map at 1:50,000 scale - CARG Project,
in cooperation with territorial organizations,
research institutions and universities.

The CARG Project involves about 60 structures
including territorial organizations (Regions and
Autonomous Provinces), CNR (National Research
Council), University Departments and Institutes.
1200 operators work at the project: project
managers, scientific coordinators, surveying
directors, field geologists, analysts, cartographers
and administrators.

The rules and the financial frame arranged,
since the end of the 80s, by means of many bills
(fig. 1), provided altogether approximately
81,259,000 Euro outlaid for: production and
informatization of 255 geological maps at 1:50,000
scale; 14 geothematical maps at 1:50,000 scale; 7
marine geology maps at 1:250,000 scale of the
Adriatic coastal areas; 1 morphobathymetric map
of the Tyrrhenian Sea; part of the Deep Crust
Project (CROP 11); management of the geological
database, its integration, methodological and
prescriptive testing (LETTIERI et al., 2008).

€ 3,790,000

€ 26,668,276

€ 41,317 000

5165000
£ 289177

@ L 6788
@ L. 30589

@ fin. '96
@ L 22699

@ fin. '04
() Others

Figure 1 — CARG Project: funding distribution.

In order to attain a homogeneous and
organised project, the SGI, with the effective
collaboration of CNR and Universities experts,
published the guides to the survey.

CARG guide lines can be consulted at the
ISPRA web site: www.apat.gov.it.

Of about the 255 geological maps financed 148
have been completed so far (both printed and in
press) and 107 are still in progress (Fig.2); these
maps can be consulted at the APAT web site
address: www.apat.gov.it/Media/carg/index.html.

The CARG Project has introduced some
important innovations compared with the previous
national geological map project (at 1:100,000
scale); first of all the realization of a geological
database (1:25,000 scale) where both surface and
subsurface data collected for the realization of
each geological sheet are stored and organized in
accordance with the logical scheme defined in
specific guide lines. Moreover, in the frame of the
CARG Project, survey of lacustrine areas and of
marine areas falling within the borders of the
geological sheets at 1:50,000 scale is planned and
Unconformity bounded stratigraphic units (UBSU)
have been applied.
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Figure 2 — CARG Project: state of the art.

Extensive geological survey and mapping of
the Quaternary deposits have been introduced in



Session 1 - Oral presentation

the CARG Project. Lithologies and depositional
systems are differentiated and mapped into the
geological sheet, UBSU are used both for
continental and volcanic deposits, a subsoil sheet
is carried out in some plain areas.

CARG DATABASE

One of the main achievements of the CARG
Project is the realization of a geological database
at 1:25,000 scale that pairs the carrying out of the
geological mapping. To define the database logical
model (fig. 3) and ensure uniformity of data
supplies, guide lines (AA.VV. 1997) were
established.

The database structure distinguishes two main
categories of entity: the first with geometric and
descriptive  properties and the  second
characterized uniquely by description properties.
Both are organized into different information layers
where connection between graphics and
descriptive elements is guaranteed in a system of
relational data managed in the form of tables. The
geometric properties are represented not only by
geometric primitive elements (points, lines and
polygons), but also by the type of spatial
relationships between data (relations of inclusion,
of adjacency, etc..).
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Figure 3 — CARG database: logical scheme.

The information layers that make up the CARG
database are organized as follows: punctual, linear

and polygonal geomorphological and
anthropogenic elements; resources and
prospecting; geological samples; geological

mapping units; points of geological observations;
plicative structures and structural elements;
geological processes details; geological and
geophysical paths.

The digitalization of a geological sheet follows
the logical scheme of the CARG database; the
original author map reported at the 1:10,000 or
1:25,000 scale is acquired in a digital format and
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georeferenced ArcGIS software

version 9.
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Figure 4 — Geological
Fossombrone sheet).

sheet geodatabase (e.g.

These rasters are used as a reference for the
video acquisition by a vector-based representation
of the geometric primitives; alphanumeric content
associated with geometries are also included.

The geodatabase (Fig.4), set using ArcMap
application, allowed for the editing of data in
feature class representing classes of objects with
the same geometric primitive (points, lines or
polygons) pertaining to the single information layer
provided by the CARG database. The arcs related
to geological mappable Units (mainly sedimentary
and tectonic limits) are video acquired, fixed in
ArcInfo and topologically built to obtain polygonal
entities to which information about geological units
are assigned. Punctual items referring to structural
elements show measures of the inclination and
direction relative to North.

Digital data of each geological sheet are
processed and collected into central SGI
Geodatabase in order to obtain an homogeneous
product within the whole territory.

Some information from the CARG database are
shared through the Geological Survey Portal of
Italy (http://serviziogeologico.apat.it/Portal/),
created in 2006 according to the INSPIRE
standards. The Portal allows to search metadata
and its related information belonging to remote
databases owned by Geological Survey of ltaly
(e.g. Geological Map of the ltaly at scale
1:500,000; Geological Map of the ltaly at scale
1:100,000; Geological Map of the Italy at scale 1:
50,000 (CARG Project); IFFI Project on landslides;
Database of Drilling (L. 464/84); Geophysical
Database).

3D MODELLING

Since 2000, the SGI has promoted projects
devoted to test the full applicability of the CARG
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database for the creation of three-dimensional
geologically coherent structures.

The first achievement of these projects is the
full integration, in a 3D environment, of digital
primary geological observations from field survey
(CARG database) addressing several of the
existing limitations that are inherent in traditional
methods of map production and publishing.

To define a general workflow for 3D
reconstruction, several 3D models (tab. 1),
correspondmg to a whole geological sheet (600
km?) or part of it, have been built; they represent
different geological domains, ranging from the
Apenninic fold and thrust belt to the alluvial plains,
from the deep structures of the Southern Alps to
volcanic area (ARANEO et al., 2004; D’AMBROGI

& DOGLIONI, 2008; D’AMBROGI et al., 2004;
MARINO et al., 2005).
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Table 1- Characteristics of 3D geological models.

Move software package, by Midland Valley
Exploration Ltd., is used to manage and integrate
the full suite of complex multi-scale geological
data. The software allows to honour all the
selected datasets, or part of them, to obtain well
constrained and geometrically coherent 3D
models.

The defined workflow (fig. 5) optimizes the use
of field data (boundaries, azimuth and dip,
tectonics), both surface and subsurface (tab. 1);
these data, providing essential constraints to
obtain 3D models, are integrated with geological
cross-sections and seismic reflection profiles,
when availables.

Actually, the test area is the Sheet 386
Fiumicino (Geological Map of Italy 1:50,000 scale)
corresponding to the fluvio-deltaic sector of the
Tevere River (Central Italy), an highly urbanized
area, typically characterized by poor outcrop data;
on the other hand, very large borehole
statigraphies data for the onshore area and good
quantities of seismic data for the offshore area are
available.
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Figure 5 — Workflow for the construction of 3D models.

The onshore subsurface data (144 boreholes
over an area of 80 km?) allow to define detailed
lithostratigraphic and paleoenvironmental 3D
model of the fluvio-deltaic area; the integration
between onshore model and offshore data will be
accomplished in the future. The borehole
stratigraphies have been collected and codified in
accordance with a standard lithological
description; some geological cross-sections, along
preferred directions, have been used to identify the
more continuous lithological units (D’AMBROGI &
RICCI, 2008).

L0 o O,

Figure 6 — Surface boundaries between the main
lithological units.

Visualizing and managing in 3D both borehole
data and interpreted cross-sections allows to built
well constrained geological surfaces (fig. 6); the
3D model could be updated real time if other
constraints (e.g.: more borehole stratigraphies,
geophysical data) will be acquired, allowing up-to-
date volume assessment.

A similar workflow have been applied to
geological datasets available for the entire Italian
territory (e.g. isobaths map of base of Pliocene
deposits, isobaths map of Moho discontinuity,
litosphere thickness map, seismic lines from Deep
Crust — CROP Project, Italian Seismicity
Catalogue CSI-INGV, Heat flow map, Gravity map)
to generate geological surfaces providing an
overview of the deep structure in the Italian region
(fig. 7) (O’AMBROGI et al., 2007).
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The opportunity to manage, model and display,
also via the Web
(http://serviziogeologico.apat.it/modelli3d/index/3d

web.htm), multi-scale complex geological data is

the main goal of 3D geological modelling projects,
performed by SGI.
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Figure 7 — The irregular surface, from pink to blue, is the base of Pliocene deposits; the yellow to green surfaces are
the Adriatic Moho and Tyrrhenian-European Moho. Images of interpreted seismic profiles are partially visible.

CONCLUSIONS

The policy of CARG Project is to provide an
efficient framework to collect, manage, and
disseminate geological data.

In order to increase the processing of geodata,
addressing the limitations that are inherent in
traditional methods of data representation, map
production and publishing, SGI developed an
integrated structure, from the field survey towards
the production of 3D geological models.

The full applicability of the CARG database for
the creation of geologically coherent 3D structures
at multi-resolution levels, from detailed outcrops to
regional scale, have been tested.

The 3D geological models, collected in a 3D
environment, point out the opportunity to maximize
the integration and accessibility to the whole
informative content of geological databases.
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Abstracts

In the report we discuss the main issues of information and analytical supporting of environmental
monitoring tasks, such as:

— storage, systematization and operative analysis of the vast volumes of monitoring data,

— geological and ecological researching (such as forecast of mineral deposits, estimation

of ecological state of a mining region, etc.),

— decisions acceptance for situational management.
We would like to present our techniques and home-brewed software packages providing technological
solution of these problems. The approach is based on integrated analysis of data about geological or
ecological situation/object/process from different sensing levels of the Earth. Presented technologies
obtain all steps of data processing and presentation: from data acquisition, georeferencing, data integrity
and quality assurance, through multi-level analysis to pre-print of hard-copies of published maps or
decision-making support systems for mineral exploitation and environmental protection management —
and combine all tools of information technologies: Relational Database Management System (RDBMS),
Internet-based distributed computing framework, analytical procedures including mathematical and
heuristic algorithms and, of course, Geographical Information Systems (GIS).

Strategy of the sustainable development methodology and original algorithms of integrated
includes providing efficient nature-friendly policy of analysis of the data about studied processes of
exploitation of resources meeting social standards objects. and development of intellectual user

and maintaining ecological balance. So, one of the interfaces providing the each stages of the
main factors of it's realization is environmental process - from data acquisition, georeferencing,
monitoring of exploration and exploitation of data integrity and quality assurance, through multi-
mineral, energy and other natural resources. level analysis to pre-print of hard-copies of

The primary tasks of environmental published maps or decision-making support
monitoring is data gathering, storage and systems for mineral exploitation and environmental
processing for estimation of current ecological protection management. Our home-brewed
situation, forecast of possible negative changes in software package GIS INTEGRO is successful
it and operative information support of decision- used for geological studies: forecast of mineral
making processes. Character features of deposits, 3D modeling and economical evaluation
environmental monitoring are heterogeneity of of reserves, processing and interpretation of
forms and digital formats of the source data, large geophysical data, problems geological
volumes of the processing information, lack of cartography. Main results of our works include
mathematics describing studied natural and digital ecological maps and atlases of the main
technogenic processes. Successful solution of mining territories of Russia and other countries,
these problems can be obtained only by applied information and analytical support systems
combination of all tools of information based on data bases, cadastres, and GIS-projects
technologies: Relational Database Management for different fields of the nature-use and
System (RDBMS), Geographical Information environmental management.

Systems  (GIS), Internet-based distributed Vast volumes of source information used for
computing framework, analytical procedures solving of environmental tasks requires of
including mathematical and heuristic algorithms. development of the tools for storage,

Laboratory of Geoinformatics, systematization and operative analysis of the

VNIllgeosystem, has accumulated wide experience monitoring data. At the framework of this problem
in development of methods, techniques, and we developed original software platform allowing
solutions for information and analytical support of for quick and effective construction of multi-tier
the geological, ecological and nature-use studies. computer information and analytical systems
Our studies are focused on elaboration of (IAS). The presented platform provides full visual
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design of client applications without any coding
and powers of modern relational databases. Such
approach allows to minimize time, financial and
professional resources during developing the
programme systems.

The platform was successful used for
development of applied information and analytical
systems in different fields of nature-use
management, such as:

- monitoring of the groundwater state and
account of resources and reserves for federal and
territorial levels;

- monitoring of licensing of mineral
deposits exploration and mining;

- monitoring of oil
exploration and exploitation.

At the frameworks of the problem of
analytical support of environmental studies we
developed the computer technology of complex
estimation of ecological situation based on
integrated analysis of natural characteristics of the
area under studies and technogenic impacts to it
from the geological exploration and mining.
Foundation of the techniques bases on conversion
the real situation to the environmental model of the
studied area defined by criterion function and set
of factors identifying properties of the
geoenvironment and level of technogenic impacts
to it. The technological implementation of our
techniques is based on original software
applications and is easily adapted to popular
geographical information systems (so, an expert
can use all traditional function of the spatial
analysis which are contained in GIS). The special
procedures of analytical processing and model
compilation are join in the special modulus (and it
allows to use other GIS-share if it is need). The
processing algorithms implemented the software
are adopted to ecological data structures. The
friendly user interface allows a subjective

and gas fields

4

specialist to use this system. The presented
technology and software were tested within
several project in collaboration with major research
organizations in the field of the ecology of
exploitation of the mineral resources. Our
technological solutions was used for realization of
such projects as follows:

- GIS-version of Annual Governmental
Report «Environmental situation in Russia»,

- Information and analytical support of the
Situation Center of the Ministry of Natural
Resources of Russia,

- Digital atlas of geo-ecological maps of
Russia, scale 1:5,000,000 «Assessment of
ecological implications of mineral exploitation»,

- Environmental monitoring system of the
oil and gas bearing regions of Western Siberia.

The most important component of
information support of decision-making in nature-
use tasks is developing of systems of situational
management representing a complex of specially
organized workplaces for personal and collective
analytical work of the head or group of heads. The
primary goal of such system is support of
decisions acceptance on the basis of visualization
and the profound analytical processing of the
information about studied object. Because most of
the nature use processes and activities are
spatially located, the geographical information
systems become the important part of the situation
management. The GIS provides not only
visualisation of geographically registered data and
related spatial analysis functions, but also acts as
the command envelope controlling operation and
interaction of other subsystems. Such a GIS
centred system was recently developed at
VNIlgeosystem and runs the operations map of
the Situation Centre of Ministry of Natural
Resources of Russian Federation.
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INTRODUCTION

BeeGIS is a new open source GIS software for
field mapping conceived for pen computer working
with any operating systems (Windows XP and
Vista, Mac OS, Linux).

This software was born with the idea to create
a tool to be efficiently and friendly used in the field
by professionals (mainly geologists and engineers)
who may have a limited knowledge of GIS and
who want to minimize the learning time for new
technologies.

Vigsee

Figure 1 — The BeeGIS interface.

After an unsatisfactory previous experience
with a commercial software house (CLEGG et al.
2006; DE DONATIS & BRUCIATELLI, 2006) our
lab (LINEE - Laboratory of Information Technology
for Earth and Environmental Sciences) decided to
focus on open source world. From the
collaboration between the lab and HydroloGIS, an
environmental engineering company with big
experience in development of GIS in Java, a new
open-source system for geological mapping was
developed.

BeeGIS has its roots in Udig and JGrass GIS
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framework (open-source) which were integrated
with several new tools designed ad hoc for field
work, tools for:

- data acquisition from any NMEA compliant
GPS receiver for capturing points, lines and
polygons in both automatic and manual mode;

- drawing and writing annotations directly on
the map with the digital pen that allows you to
draw and paint;

- "Geonoting”: tool conceived to draw sketches,
write text notes and attach any kind of file, with the
ease of drag & drop. Digital pictures, once
embedded, can be enriched with on-image
annotations.

These tools have been thought and developed
for field usage in order to preserve the traditional
methods for mapping, while replacing the pencil
and the paper (map and field book) with a digital
stylus on special touch-screen. BeeGIS is not only
thought to help the user to fully support his data
acquisition (CARVER ET AL., 1995; WALKER &
BALCK, 200; AKCIZ ET AL., 2002), as he would
do with traditional tools. BeeGIS also wants to
drastically reduce the loss of information and time
by immediately gathering and storing informations
just on site and keeping data immediately
sharable.

MAIN FEATURES

GPS tools - The GPS Tool allows the user to

make BeeGIS interact with any GPS unit
supporting NMEA protocol, via serial connection
and have his current position drawn ot the map.
By "serial connection" we mean any physical or
virtual serial port, like those creted by Bluetooth
enabled GPS or by older wired USB GPS units.
The GPS Tool is capable of accessing these COM
ports using rxtx (www.rxtx.org) serial 1/O libraries.
Since also integrated GPS exploit this
functionality, BeeGIS can also connect to them.
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Figure 2 — The GPS tool.

Once a GPS connection is established,
BeeGIS offers a set of functionalities:

- logging can be enabled, and a pulsing cursor
will appear on top of the map layers showing
current position updated in real time (1 sec.).

- the user will be able to draw points, line or
polygons in two ways:

1. Manual node acquisition: the user will ask
the GPS tool to add a node from the current
GPS coordinates to the active layer. Points
are placed as single units into the current
layer. Lines/polygon are created adding as
nodes the submitted GPS positions, into
lines/polygon layers. These are different only
for the fact that in polygons the last node is
always linked to the first one, to close the
drawn geometry.

2. Automatic node acquisition: the user will ask
the GPS tool to create new nodes at
specified time/distance intervals from
coordinates acquired in real time by the GPS
unit. In this way the user will be free, for
example, to follow a path while BeeGIS is
drawing a polyline on its "paths" layer or to
delimitate larger areas.

Geonote - Geonote is a tool which gives the
possibility to put on a map notes containing
drawings, text or any known and unknown file.
Geonote, at first glance, looks like one of those
software used to create desktop digital yellow
notes. It is made of an upper part containing a title
label, few small buttons through which the
background colour of the note can be changed,
and two buttons used to save&close the note or
discard it.

The lower main-part is completely dedicated to the
taking of notes. It is separated in three different
tabs, each of which with a different purpose.

1- drawing tab: The first tab enables a drawing
area dedicated to sketches. This tab is conceived
to take fast notes with the tablet's digital stylus and
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reminds us that BeeGIS is mainly dedicated to
tablet pc usage on field.
2- text tab: On this tab text can be type with the
keyboard (virtual on-screen keyboard on tablet
Pc).
3- media tab: This tab is a very useful one. In this
tab you can drag’n-drop any file that will be stored
with your note. These files can be either digital
camera shoots, spreadsheets or any kind of
document the user wants to associate with the
subject. All these data will be stored together in an
H2 database (embedded in BeeGIS) and will be at
hand in any moment. By double clicking on an
inserted file, this is opened with the default system
application for that particular media type. This
applies for all media types, except for image files,
for which BeeGIS provides an extra editor. This
special picture viewer gives the user the possibility
to draw notes on the image with the digital stylus.
Once you push the save button, the note
closes and a red pin remains on the map. The
note is saved with its coordinates and the used
reference system. That is important because the
position is reprojected on the fly for every needed
projection system and can be used in every case.
For now geonotes are kept totally in the H2
database, so by passing to someone else the
folder containing the notes, nothing else is needed
for him to see your notes.
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Figure 3 — The Geonote tool.

Fieldbook - When we designed and developed
the geonotes for the BeeGIS extentions, the major
problem was how to organise them properly,
access them quickly and save them somehow.
This is how the fieldbook (BRINER ET AL., 1999)
came to life.

The field book wants to be an easy accessible
collection of the geonotes created in our project.
Browsing the field book, geonotes can be selected
and highlighted: by text in the title, by color, by
creation date or as GPS output.

Annotation - In order to keep the traditional
way of field mapping using coloured pencils on the
paper map, BeeGIS offers an annotation tool that
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allows to draw lines, fill areas with colour or delete
wrong annotations.
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Figure 4 — The Annotation tool.

The annotation toolbar does not have any
topological control. Some annotation properties
can be chosen as colours, whereas width and
transparency can be chosen from drop-down
menus or dialog windows. The properties panel
gives the possibility to quickly remove the last
inserted stroke, without the need to change the
tool. The annotation tool can be used very easily in
the field where the environmental conditions are
not the same of the “armchair work” in the lab.

To remove a stroke inserted earlier the

annotation remove tool has to be selected.
Since we are supposed to be on the field with a
tablet where is not so easy to pick exactly the
stroke we want to remove, the annotation remove
tool becomes a line tool. A red draw line is
dragged on the map and all the intersecting
annotations (in that layer) will be removed.

Updating - BeeGIS can be easily updated on
line any time new packages are developed or new
fixes are released: from the help menu>software
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updates > find and install. Here you can find an
up-to-date list of available packages.

In order to download the last version of the
software and to join the community of users and
developers, you can visit http://www.beegis.org .
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Figure 5 — BeeGIS Website: www.beegis.org
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INTRODUCTION

The paper is dealing with a new technique of
3D-visualisation that has been developed mainly
for the interpretation of geophysical datasets used
in the oil and gas exploration. The viewer is not
only capable of fastly modelling surfaces and
subsurfaces of a working area but in addition is
giving the user the possibility to integrate seismic
profiles, log-files and other geophysical 2D-data,
while interactively moving around in an 3D
environment.

CONCEPT

The concept of the 3D Exploration mapper is
based on the experience of GAF AG in various
projects for the oil and gas industry. In this sector it
is normal to work with a huge amount of variable
data sets, not only restricted to geophysics. Due to
the fact that most companies in the oil and gas
sector are working nowadays with very complex
3D software packages it seemed to be helpful to
develop a tool that can be used very easily by field
geologists themselves or the GIS department.
That thought led to the decision to produce the
software in an ArcGIS environment which is by
now well known and distributed in these sectors.

SOFTWARE ARCHITECTURE AND FEATURES

The 3D Exploration Mapper software is an ESRI
ArcGIS 9.x extension integrated into ArcMap using
all the advantages of ESRI's two dimensional
mapping tool. It uses Microsoft DirectX
technologies for the rendering and is built with
Microsoft's .Net Framework as well as ESRI’s
ArcObjects for spatial data processing. This
ensures that the software can handle all the well-
known GIS data formats and a future-proof
support for new developments of the underlying
base components.

DirectX can take advantage of the newest
graphics card hardware power, which, with its
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multiple separate processing units (over 200
compared to the 4 of a Quad Core CPU), can
enormously speed up time consuming calculations
like real time shading.

As a result, the amount of data that can be
simultaneously rendered in real-time rises to a
stage, where interpreting GIS data and its relations
in three dimensions is practicable.

A rendered high resolution digital elevation model
with adjustable exaggeration, real time lighting und
colour gradient for the different elevations can
provide much more information than a two

dimensional visualisation (Fig.1). If you go one
step further by combining it with remote sensing
and geophysical data, e.g. satellite images and
seismic profiles and geological subsurface models
you open complete new ways of
interpretation for the GIS user.

intuitive

Figure 1 — High resolution laser scanned elevation
model.

Designed originally for the needs of exploration
tasks, many features were developed regarding
the special data types and formats of the
hydrocarbon industries. There are special
displaying options for seismic profiles that allow
easy histogram stretching visualisations with
different  colour gradients (Fig.2). Even
unprocessed data can be loaded and fitted on-the-
fly to the scene. Simultaneously displaying
different measuring methods directly in the
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geospatial context can help discovering new

relations and prove assumptions.

Figure 2 — Borehole log with three parameter view in
front of seismic data.

Tested in different pilot projects, the tool helped
understanding and visualization the relations
between all kinds of GIS data whenever a z-
coordinate is present.

Some easy to use raster processing features
help filling voids in elevation models and
interpolating airborne geophysical scan line data.
Those geophysical layers can be moved and
stretched freely in vertical direction for better fitting
in the scene’s vertical coordinate system.

The user interface provides besides the main
perspective view three embedded orthographic
viewports along the x, y and z axis, which helps
digitizing in the 3D environment (Fig.3), while a
heads up display with compass and artificial
horizon helps orientating.

Some other features are:

e Common database compatibility

e  Special exploration data formats like
SEGY and LAS

Volume calculations
Transparency rendering methods
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e Free moveable clipping plane generates
cross sections

On-the-fly isoline rendering

High resolution screenshot export
Drainage line visualisation
Google maps popup window

Figure 3 - 3D-digitizing seismic horizons.

CONCLUSION

The 3D exploration mapper was initially developed
for the oil and gas industry but showed to be very
useful in all areas that have to deal with the quick
visualisation of three-dimensional data. It is used
now in other geological mapping projects as an
interpretation tool and proved its value in the
image interpretation and enhancement workflow
as a whole. Due to its easy adaption to different
work tasks it has a big potential in helping to
achieve many scientific and commercial goals.
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A look back ...

The official geoscientific surveying in Bavaria
has a long tradition. It starts in the year 1850 with
the foundation of the geological state service
(“Geologischer Staatsdienst”) by King Max Il. and
it has been continued until today by the
department 10 “Geological Survey, Economic
Geology, Soil Protection” of the Bavarian
Environment Agency (LfU).

The findings of the basic geoscientific
groundwork are published mainly in maps, in
periodicals or books. More recently they are also
published on the internet. Since over 150 years of
its existence the geological survey has published a
huge amount of geoscientific maps in the subject
area of geology, hydrogeology, soil science and
natural resources in scales between 1:25.000 up
to 1:4 million, which allows to fit the entire area of
Bavaria on a postcard.

The role of maps within geoscientific
publications

You can get a good overview of the variety of
geoscientific publications of the LfU if you either
take a look at the printed list of publications (GLA,
2005) or at the online store of the LfU
(www.lfu.bayern.de/publikationen).

The maps and the associated explanatory
notes make up by far the biggest share of the
publications. This indicates the dominating role of
the printed map as an important medium for the
information transfer within geosciences. The
poster presentation dealing with the status of
geoscientific map works in the Bavarian
Environment Agency (GRASSMANN &
SCHRODER, 2009) in these proceedings gives an
overview about the availability of geoscientific
maps in the subject areas geology, hydrogeology,
soil and natural resources.

The techniques of the map-making process

The technique of the map-making process at
the LfU has changed fundamentally in course of
time. Up to the early 1990" the field maps
manually created by the geologist had been
manually transferred to printing film by the
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cartographers - each color separately. Nowadays
the geological field maps are scanned,
georeferenced and finally digitized. The derived
geological data are stored in a Geographic
Information System (GIS) which has all kinds of
tools to analyze and visualize the data together
with other spatial data. At the LfU the creation of
the map layout, the symbolization and the
annotation of the printed geological maps take
place in a GIS called Arcinfo Workstation of ESRI.
Only the last step of the pre-press, in which the
titte column and the map-document are put
together and the color separation in CMYK- and
spot colors takes place, is been done outside the
GIS using a DTP-program (Adobe lllustrator).

The poster presentations of GRASSMANN
(2009) and RICHTMANN (2009), which are
published as well in these proceedings, give a
good idea about how printed geoscientific maps
are produced at the LfU.

Because of two reasons the LfU is on the way
to switch its technological basis for the production
of printed geoscientific maps from Arcinfo
Workstation to ArcGIS which is offered by ESRI as
well:

Firstly the development of the GIS Arcinfo
Workstation has been discontinued by the
software manufacturer ESRI since quite some
time. At the moment it can still be used but it is
only a matter of time, when the support will also be
discontinued. Secondly the collection of data and
the geoscientific analysis at the LfU is also done
mainly within ArcGIS.

Although Arcinfo Workstation and ArcGIS are
offered by the same software manufacturer the
data formats and the software interfaces of both
systems are very different from another. The
problems which are encountered by the
cartographers while they try to switch from one
software system to another are described in
another article in this proceedings (BOEDECKER,
2009). One problem e.g. in ArcGIS is faced, when
one is trying to use spot colors, which are crucial
for improving the readability of geological maps
especially in areas with complex bedding of the
geological units.

Although the GIS-technology has made
substantial progress in the field of cartography, it is
still not possible to produce a high quality printed
geological map by only using ArcGIS (Version 9.3)
and without reducing quality demands.
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Geoscientific maps at the LfU

Until 10 years ago, the printed map was the
only way to publish geospatial cartographic data.
Since the wuser of geoscientific information
increasingly works with GIS, the demand for
geodata has been growing. To meet the demand
and also because a GIS is used for data storage
and map production, the printed maps are also
published respectively distributed in the following
formats:

e georeferenced image data
e PDF-files

e  Multimedia CD

e georeferenced vector data

Georeferenced image data

The georeferenced image data and the PDF-
files are created at the LfU on the basis of the
printed maps. The data are a scanned version of
the printed map with map frame und legend. To
create georeferenced images out auf regular
raster images the internal image coordinates are
converted in “real world coordinates” according to
the map projection. After this transformation the
image will fit together with other georeferenced
topographical data within the GIS. This process of
georeferencing leads to the impression that the
georeferenced map compared to the printed map
is slightly rotated. Therefore the LfU will offer
besides the georeferenced image data the map in
PDF format, which will make it easy to reproduce
the printed map without distortion.

PDEF-files

More and more geoscientific maps are
published exclusively in PDF on the internet.
Because of the low demand in these cases the
production of a printed version of the map is not
reasonable from the economical point of view.
Basically the amount of time and effort for the
cartographic creation of this type of maps is almost
the same as for printed maps. Because these
maps are also optimized for a certain map scale,
name placement conflicts have to be resolved or a
readable and therefore elaborate map legend has
to be set up as well. Only if the amount of map
themes presented and the requirements in the
cartographic quality of the maps are reduced, it is
possible to speed up the map making process
substantially. Examples for the group of PDF-
maps are the map series ,Shallow Geothermal
Energy 1:200.000“ and the ,Soil Map 1:25.000”
(UBK 25). The geo data which are used to
produce this map sheets are also available to GIS-
user and are presented in some of the web map
services of the LfU.

Multimedia-CD

In addition to the classic map poducts
multimedia CD-ROM for selected topics have been
created at the LfU. The user of these CDs is
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guided by an intuitive user interface to make it

easier to access the data even when there is no

GIS available. Because the effort to create this

type of multimedia CD is very high, this type of

media has only be developed for selected topics

which are of potentially high interest for the public:

e  Overview map of the geology of Bavaria 1:500.000
(“Geologie von Bayern”)

o Meteorite Crater (“Das Ries”)

e Mineral Resources of Bavaria (“Bodenschétze in
Bayern”)

e  Soils of Bavaria (,Die B6den Bayerns®)

Georeferenced vector data

The vector data (e. g. in coverage or shape
format) are derived from the geo data, which are
the basis for the printed geoscientifc maps. They
can be used for analysis and visualization
purposes within a GIS. Nevertheless the user of
the data is not able with the exclusive use of this
data to reconstruct the printed geological map.
The reasons are that the map legend, the symbol
library and the topographical base map are
missing. Therefore the user of this type of data
does not want to recreate the original geological
map. He instead will prefer to work with the
geological attribute data behind the geometry. For
this purpose data which are coded with a
standardized legend are suited the most. This type
of data however is up to now not available for all
the published geological maps in Bavaria.

Interactive maps

Since the introduction of the soil information
system (Bodeninformationssystem (BIS)) in the
year 2003 the public is able to access many geo
data for free using the interactive web map
services of the so-called “Geofachdatenatlas”
(www.bis.bayern.de).

The interactive maps offer the possibility to
chose the map extent randomly - independent of
the map sheet lines of the selected map topic.

The user is able to zoom in or out in order to
view the whole content of the underlying
geodatabase. Besides to move around on the map
the user has the opportunity to access the attribute
data behind the area, point and line features on
the maps. He also can select or deselect certain
map themes in order to compose his own thematic
map, which meets exactly his needs of
information.

Since some of the map themes offered in the
Geofachdatenatlas are also available as
standardized web map services, the same map
graphics can be easily embedded in other web
based interactive mapping applications.

Unfortunately the cartographic quality and
readability of interactive maps is not as elaborate
as the quality of printed maps. Because of this the
user of interactive maps is often forced to zoom
back and forth to find a map extent and scale
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which is suitable to decode the map content. This
makes it more difficult to get a grasp of the spatial
connections and to maintain an overview as well
as a detailed perspective. One reason for this
limitation of interactive maps is the fact
that the creation of interactive maps are mostly left
to GIS specialists rather than to refer to the know-
how of cartographers in this field.

As the importance of topic oriented internet
portals is increasing in the future the need for
multimedia CDs is decreasing. Right now there is
an internet portal covering the topic of geothermal
energy (Information System of shallow, near-
surface geothermal energy) under way at the LfU.
It will provide access to detailed geospatial data
dealing with geothermal energy via an interactive
map service.

The future of printed geoscientific maps at the
Lfu

Because of the growing competition of GIS and
Internet the printed map has lost its central
position as source of information within the
geoscience. In the future, the LfU will mainly offer
printed maps in these fields of geoscience, where
either a strong interest of the public is assumed, a
(legal) obligation to continue an existing map
series exists or where there is a special project in
which it appears reasonable to present the results
on a printed map which is furthermore financed by
project resources.

The following map series are belonging to the

described group of maps:

e Geological Map 1:25.000 (GK25)

e Geological Survey Map 1:200.000 (GUK200)

e Soil Survey Map 1:200.000 (BUK200)

e  Geoscientific Survey Maps of Bavaria in the scale
of 1:500.000 and smaller

e Geoscientific Maps of selected Regions of Bavaria
(,Sonderkarten®)

The GUK200 and the BUK200 take on a special
position in this list because these map series are
covering the whole national territory of the Federal
Republic of Germany. The thematic content of the
maps is delivered by the geological surveys of all
16 states of Germany separately to the Federal
Institute for Geosciences and Natural Resources
(BGR), where the layout of the above-named map
series is done and where the map sheets are
finally published.

The GK25 is the basic geological map series of
Bavaria. The fields of application range from
regional and local planning, building ground
survey, exploration of natural resources to the
point of use by “spare time” geologists or
paleontologists, who look for good collection sites.
Since the end of the early 1950s up to now almost
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300 out of 546 map sheets, which are in the scope
of the administrative responsibility of the state of
Bavaria, have been completed. Considering this
the completion of this map series still belongs to
the indisputable core tasks of the geological
survey of Bavaria.

The Geological Survey Map of Bavaria 1:500.000
(GK500) is the best known map out of the group of
Survey maps. Since the publication of the 4"
edition in 1996 it belongs together with the
explanatory report to the most demanded
geoscientific maps in Bavaria.

In the current year the hydro geological map series
is planned to be published as printed maps. It
consists of four thematic maps, which will cover
the most important aspects of hydrogeology of
Bavaria in a scale of 1:500.000 (BOEDECKER &
BALG, 2009).

Compared to the number of small scale survey
maps the amount of special maps is much more
comprehensive. The big choice of special maps
reflects the fact, that the state of Bavaria has an
abundance of geological specialties. One widely
known example is the “Nérdlinger Ries” which is
the best preserved big meteorite crater of the
world. The area of the meteorite crater is covered
on two maps in the scale from 1:50.000 to
1:100.000, which are a good example for maps out
of the group of special maps.

Right now a map of the Inn-Salzach area, a
landscape which was significantly coined by the
glacial period, in the scale of 1:75.000 is under
way. Besides a geological map of the ,Upper
Palatinate Forest” in the scale of 1:150.000 will be
published during the EUREGEO 2009. This map
will have a trilingual legend (languages: German,
English, Czech) as well as the geological map of
the “Bavarian Forest”, which was published last
year. Both maps are aimed at the interested
layperson, who wants to get to know about the
geologic history behind the scenery of beautiful
natural landscapes. Therefore the sites of
geological beauty and distinctiveness (geotop) of
the program ,Bayerns schonste Geotope“ are
printed on the maps to emphasize the geo-touristic
orientation of the maps.

The demand for printed geoscientific maps

The above-named map series are on top of the
ranking of sales figures of geoscientific maps at
the LfU. Even 13 years after the release of the
geological map of Bavaria 1:500.000 the map is
still the best selling individual geoscientific map. It
is followed by the two geological maps of the
Nérdlinger Ries and of the Bavarian Forest.

From the nearly 300 map sheets of the map
series of the geological map 1:25.000 (GK25) on
averages 1000 copies altogether are sold every
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year. This shows, that even in the days of internet
and mobile mapping devices there is still a small
but important market for printed geoscientific
maps.

Advantage of printed maps over interactive
maps

In recent years the printed map as media to
present spatial geoscientific data has fallen under
the pressure of competition by interactive maps on
internet or CD. The following table compares the
two kinds of presentation of spatial data. Thus the
assets and drawbacks of printed maps as opposed
to interactive maps become more evident. The
grey colored cells show the strength of the
respective presentation format.

property printed interactive
map map

information at a glance many not many

readability (e.g. no labeling | manually | not

conflicts) optimized | manually

optimized

density of information high low

quality of symbols high limited

standardized (comparable) | possible limited

colors

suited for outdoor use good limited

up-to-dateness low high

cost of production high low

map extent arbitrary no yes

free choice of map topics | no yes

address based navigation | no yes

costs for the customer low free

Printed maps are advantageous if complex
issues with high density of information have to be
presented in standardized form for a - compared to
the map scale - large spatial extent. Thus the
maps of a map series become matchable among
each other. Because of the high resolution - up to
2500 dpi - which can be achieved using the
techniques of offset printing it is possible to display
by far more information on a printed paper map as
on the same unit of area of an regular PC-screen
which only has an maximal resolution of 150 dpi.
As a matter of fact one can easily prove this
assertion by holding a printed GK25 next to the
PC-screen while displaying the same map extent
on the screen.

Conclusions

In the past printed geoscientific maps have
been the most important media to propagate the
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results of the geoscientific research of the LfU.
Recently this presentation format has been
displaced increasingly through PDF-maps on the
one hand and through interactive maps on the
other hand. This results in a significantly bigger
choice of media with geoscientific information. The
geoscientist or the professional user prefers to
analyze and visualize geo data within a GIS. They
will work with printed maps less and less frequent.

Nevertheless there are still good reasons to
produce printed map sheets for selected map
series. The geoscientific survey maps (GK500,
HK500 etc.) and the map series of the geological
map of Bavaria 1:25.000 (GK25) are the most
important examples.
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During the last decades, globalization seems to
have made many cities more uniform. However,
people in different cities — e.g. in Munich, Barce-
lona or Bologna — feel the differences between
them and are able to describe these differences to
a certain degree. In addition, there may be a
common feeling about the specific characteristics
of a city supported by the local office of tourism to
brand “a global city with a heart’, “a city that
spreads from the sea to the mountains” or “the red
and literary city”.

Cities are the places where more and more
people concentrate. Actually, more than three bil-
lion people are living in cities and in densely
populated areas, and for the first time in human
history, more than 50 % of the global population
are living in urban settlements (Worldwatch Insti-
tute 2007).

Astonishingly, differences between cities have
not been in the focus of social sciences during the
last decades. Sociologists have developed meth-
ods of empirical investigation of social structures
and processes on a micro- or macro-level where
cities only served as possible containers in which
these problems were studied without any further
interest in the cities as such.

Other disciplines like geology tried to circum-
vent cities because knowledge about the subsoil is
difficult to get in an area covered by buildings and
infrastructure. On the other hand, a geologist with
some knowledge of the regional geology of Central
Europe would know why the city of Stuttgart gets
its water from the distant Lake of Constance
(Stuttgart is surrounded by mainly fine-grained
siliciclastic rocks and karstic limestone), why Es-
sen is a centre of the German heavy industry
(Variscan foreland with its coal deposits), and why
Frankfurt am Main is a privileged place for trade
and commerce as it lies at the northern edge of
the Upper Rhine Graben, the structure of which
seems predetermined to serve as a favourite traffic
route from south to north in Central Europe. Cities
also have a metabolism (Fischer-Kowalski et al.
1997). For instance, they need water and mass
resources for their reproduction while emitting
used materials like wastes and polluted water into
the environment. So, both activities, provision and
discharge, need a thorough and — if possible — 3D
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investigation of the local geology comprehensible
for decision makers who are not normally geolo-
gists (cf. Hoppe et al. 2006).

During the last few years an interdisciplinary
research cluster at Technische Universitaet Darm-
stadt initiated by sociologists developed a different
approach towards bringing the differences be-
tween cities into focus. The principal contention of
this group rests on the hypothesis, that cities can
be analyzed by identifying their inherent logic
which is based on historical development as well
as current social interaction, but also on its mate-
rial properties, be they natural or technical. So, the
Darmstadt group tries to decipher the Intrinsic
Logic (“Eigenlogik”) of Cities (Berking & Léw 2007,
Léw 2008) concentrating on theoretical back-
ground as well as governance of cities and trans-
fer of knowledge from science to decision makers.

Here, we report about a sub-group group con-
sisting of scholars from Environmental History and
History of Technology, Economics, Engineering,
Land Use Planning and Geology which will focus
on the natural conditions, land use, energy con-
sumption and water culture under the perspective
of sustainable development (“Urban Environments
- Highways and Detours to Sustainability”). The
project starts by comparing the trajectories of the
two cities Mainz and Wiesbaden towards sustain-
ability. They are neighbouring cities, both situated
on the River Rhine. Similar in population size they
are both capital cities of the Bundeslaender Rhine-
land-Palatinate and Hesse respectively. Notwith-
standing these outward parallels they are radically
different in terms of historical development and
display a markedly diverse sense of identity.

Since the different scientific disciplines have
developed divergent and sometimes incompatible
theories and methods for their research, we plan
to use GIS as a tool for unification and integration
of research findings as well as heuristic processes.
This GIS will unite and aggregate the spatial data
of all disciplines of this group (geology, soils, rivers
and creeks, types of land use, urbanization, water
infrastructure, house prices, election results etc.).
The aim is to tease out patterns and structures by
producing thematic maps and thus stimulate fur-
ther and new questions to identify the operation
modes and effects of the intrinsic logic of cities.
The expectation is that this will enable the re-
search group to find out similarities and differ-
ences between the cities as well as methods to
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generalize the results. A further step may be the
test of these results in other cities as well as in
metropolitan areas in a later stage.
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GEOLOGICAL MAPS AS NATIONAL
GEOSCIENCE KNOWLEDGE BASES

Geological Survey Organisations (GSOs)
provide regional and national geoscience

knowledge bases for effective decision-making on
mitigating the impacts of natural hazards and
environmental change, and on sustainable
management of mineral, energy, water and land
resources. Traditional geological maps have been
the principal medium used to synthesise and
communicate  explicit knowledge on the
stratigraphy, structure and composition of the
Earth’s surface and shallow subsurface. In the UK,
the highly varied geology, high degree of
urbanisation, long legacy of industrial development
and a complex regulatory and planning framework
created a requirement for high-resolution
geological mapping at 1:10,000 scale. From the
mid-1970s onwards, demand increased to produce
thematic environmental geology maps and reports,
aimed specifically at planners, regulators and
developers (Smith and Ellison, 1999). The
objective of these more sophisticated products
was to unlock and communicate some of the
additional, implicit knowledge on resources,
hazards and constraints that are ‘hidden’ on a
standard geological map. In the 1990s, GIS and
decision-support systems began to replace these
products (Culshaw, 2005). This drove the
development of digital cartographic production
systems to capture information from pre-existing
paper geological maps (Jackson and Green,
2003), and the development by some surveys
(including the British Geological Survey) of digital
field data recording systems to facilitate a fully
digital workflow from field observation to map, GIS
and 3D model delivery (Howard et al, 2009).

FROM MAPS TO 3 DIMENSIONAL MODELS

Although geological and thematic maps have
served the geoscience user community effectively
for nearly 200 years, they have some basic
deficiencies as a communication medium for
explicit, spatially located 3D geological information
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(Loudon, 2000). In particular, the knowledge they
convey is explicit in 2D, but largely implicit in 3 and
4D. The most serious knowledge gaps are in
shallow superficial deposits, and at depth below
major unconformities. These gaps coincide with
those parts of the subsurface where information is
in greatest demand from the modern user
community. Shallow (less than 20 metre depth) 3D
geological knowledge is required for a diverse
range of applications, including engineering, waste
management, environmental assessment,
planning and environmental regulation and
aggregate mineral exploration and exploitation
(Culshaw, 2005). Deeper, spatially accurate
geological information, once mainly required for
exploration and management of hydrocarbon,
coal, groundwater and metalliferous mineral
resources, is now in increasing demand for newer
technologies such as clean coal, underground gas
storage, nuclear waste containment, and storage
of carbon dioxide.

Figure 1. 3D geological model of part of central
England. Approximate model dimensions 75km.
x 30 km. x 0.4 km. The model was constructed
to identify pathways for contamination of the
underground public water supply by mine
waters and by lower quality groundwater from
minor aquifers. The model was essential to
identify pathways but outputs were presented to
the users as a simple 2D GIS.

In the geosciences, combination of spatial and
process models has been pioneered by the
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hydrocarbons, groundwater, nuclear waste
management and contaminated land remediation
industries, principally to model multi-phase fluid
movement through reservoirs, repositories,
artificial seals and containment rocks. Although
many GSOs are now developing 3D geological
models to communicate spatial geological
knowledge, few users currently have the 3D
information technology to utilise or query the
models (Figure 1). Integration of spatial and
process models remains in its infancy. Moreover, it
is becoming increasingly apparent that, to meet
future demands for understanding, modelling and
predicting the impacts of environmental change,
geoscience knowledge will need to be
incorporated into more holistic environmental
change impact models. These will be constructs of
inter-operable, spatial environmental datasets and
dynamic process models, and will cut across the
interfaces between the geosphere, hydrosphere,
biosphere and atmosphere. Their development will
require unprecedented levels of interdisciplinary
collaboration across the environmental sciences.

ENVIRONMENTAL CHANGE IMPACTS
MODELS - CHALLENGES AND ASPIRATIONS

In the past, national geological mapping
programmes in most countries have proceeded
systematically, with the aims of completing map
coverage to common standards and steadily
improving accuracy and consistency. Uncertainties
in interpretation have been concealed from users
behind the aim to present, on a map, a single,
defendable scientific interpretation. For spatial
geological models the approach and prioritisation
of effort is likely to be driven by new imperatives,
in particular:

e The needs for interoperability and integration
with other environmental datasets;

e The need for information on uncertainty in data
and interpretations and on confidence and
probability of predictions and scenarios, to
enable risk-based decision-making by users;

e An understanding of the key sensitivities in
environmental systems and the models that
represent them, so that geoscience data
collection and modelling can address the most
important data variables and gaps in
knowledge.

But, most importantly, future priorities will be
driven by the pressing, trans-national and cross-
disciplinary  requirements for solutions to
environmental change and future resource
security. The geological models of the future will
hang on consistent but low resolution trans-
national 3D frameworks, and will employ
interoperable spatial data models and standards.
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Compared to geological maps, their resolution,
content and attributes will far more heterogeneous,
confidence will be communicated and a range of
alternative models and downstream predictive
scenarios will be presented. To achieve these
goals, the scientific, technical and cultural
challenges will be considerable but rewarding.
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THE MAR VASTO PROJECT : AN IMPORTANT
COOPERATION ITALY - CHILE

The Project “MAR VASTO” (“Risk Management in
Valparaiso/Manejo de Riesgos en Valparaiso”,
MAR VASTO 2007, Indirli et al. 2008) started in
March 2007, with coordination of ENEA (ltalian
Agency for New Technologies, Energy and
Environment), participation of several partners
(Italy: University of Ferrara, University of Padua,
Abdus Salam International Centre for Theoretical
Physics - [ICTP/University of Trieste; Chile:
Valparaiso Technical University Federico Santa
Maria, Santiago University of Chile), and support
of local stakeholders. Being Valparaiso included
since 2003 in the UNESCO Word Heritage List of
protected sites, the project main goals have been
the following: to collect, analyze and elaborate the
existing information; to develop a GIS digital
archive, well organized, user-friendly and easy to
be implemented in the future, with hazard maps
and scenarios; to provide a vulnerability analysis
for three historical churches (La Matriz, San
Francisco del Baron, Las Hermanitas de la
Providencia, made by various materials - masonry,
concrete, wood and adobe — and located in
different city sites) and for a building stock in the
Cerro Cordillera (partially inside the UNESCO
area), analyzing more than 200 constructions; to
suggest guidelines for future urban planning and
strengthening interventions.

Valparaiso represents a distinctive case of growth,
inside a remarkable landscape, of an important
Pacific Ocean seaport (over the 19th and 20th
centuries), up to reaching a strategic importance in
shipping trade, declined after the Panama Canal
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opening (1914). Thus, Valparaiso tells the
neverending story of a tight interaction between
society and environment, stratifying different urban
andarchitectonic layers, sometimes struck by
disasters and always in danger. Certainly, the city
is subjected to various natural hazards (seismic
events, but also tsunamis, landslides, etc.) and
anthropic calamities (mainly wild and human-
induced fires). These features make Valparaiso a
paradigmatic study case about hazard mitigation,
and risk factors must be very well evaluated during
the restoration phases to be planned in the future.

THE GIS DATABASE

The work on the GIS geo-referenced database
elaborated materials purchased both in Chile

and ltaly. It has been indispensable to build at
ENEA a detailed DEM (Digital Elevation Model) of
the Valparaiso area, by generating ortho-photos
from the very helpful aerial photos provided by
SHOA (“Servicio Hidrografico y Oceanografico de
la Armada de Chile”).

Digital cartography (streets, buildings, quoted
points, and other information) provided by the
Valparaiso Municipality Heritage Office (“Oficina
de Gestion Patrimonial, OGP) was often not very
accurate and didn’t match the above said aerial
photo of the Valparaiso area. Therefore, a field
survey using DGPS (Differential Global Positioning
System) has been carried out in situ, in order to
check aerial photos and cartography provided by
Chilean partners and verify the GIS database from
the topographic point of view. The DGPS survey
provided a pattern of points enabling to remove
uncertainties, and clarifying univocally the real
geographic position.

The GIS database platform organized in clear and
user-friendly maps a huge amount of data (aerial
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and satellital photos, cartography, batimetry, GIS
urban layers, geo-referenced historic maps, etc.)
of general interest, but also information targeted
on specific hazards and building inventory of the
Cerro Cordillera investigation. The latter can be
considered a robust step ahead, having focused,
even if for a limited area, architectonic/urban
planning analyses, evaluation of structural
vulnerability and definition of some intervention
proposals. Thus, the GIS modules implemented
for the selected sector and heritage buildings
could be easily extended in the future to all the
historical city, in the framework of further research
stages.

G5 activithes

Figure 1 — The “MAR VASTO” project: GIS activities for
Valparaiso.

HAZARD MAPS

Hazard maps have been developed for natural
(earthquake, tsunami, landslide) and anthropic
(fire) disasters and then stored in the GIS
database (MAR VASTO 2007).

Seismic hazard

Chile is one of the most seismic country in the
world, interested by major earthquakes during its
history, including the City of Valparaiso. “State-of-
the-art” information has been provided by Chilean
partners (mainly University of Chile, Santiago) and
stakeholders; specific studies on seismic hazard
have been carried out by Italian partners (mainly
ICTP). It is worth noting that the deterministic
approach has been followed in the “MAR VASTO”
project, in order to evaluate the seismic input in
the Valparaiso area for certain earthquake
scenarios (in general), and in some sections
underneath the churches locations (in particular).
In fact, case studies indicate the limits of the
PSHA (Probabilistic Seismic Hazard Analysis)
currently used methodologies, deeply rooted in
engineering practice, supplying indications that
can be useful but not sufficiently reliable (Indirli et
al. 2006), as shown by recent examples (Kobe
1995, Bhuj 2001, Boumerdes 2003 and Bam 2003
events).
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The following four scenarios, taking into account
two fault rupture typologies (unilateral and
bilateral), have been considered for the urban
Valparaiso area:
-Magnitude 7.5 Occasional (Occurrence Period =
120-140 years, Strong),
-Magnitude 7.8 (1985) Sporadic (Occurrence
Period = 200-250 years, Very Strong),
-Magnitude 8.3 (1906) Rare (Occurrence Period =
500 years, Disastrous),
-Magnitude 8.5 Exceptional (Occurrence Period =
1000 years, Catastrophic).
The deterministic model has been firstly checked
on the 1985 seismic event available recordings,
and then extended to the other scenarios,
obtaining synthetic time-histories (Displacement,
Velocity and Accelerations) for the two horizontal
ground motion components (N-S e E-W) and a
dense grid for the Valparaiso urban area, storing
different 96 maps in the GIS database. Specific
seismic inputs have been elaborated for the sites
of the three churches, in order to evaluate
structural
vulnerability and effectiveness of strengthening
interventions.
In conclusion, seismic hazard is very high in the
Valparaiso urban area, not only concentrated in
the flat zone along the coast (because of local
amplification effects due to soft soil), but also
widespread in the hills, for geologic/topographic
configuration and structural vulnerability. Of
course, secondary effects should also be foreseen
(tsunami, landslide, fire, etc.).

Tsunami hazard

Inundations happened several times in the past;
starting from source models and simulations (1985
and 1906) studied by SHOA, other Valparaiso
tsunami scenarios have been considered:

- Magnitude 7.0 Frequent (Occurrence Period =
70-80 years),

- Magnitude 7.5 Occasional (Occurrence Period
=~120-140 years, Strong),

- Magnitude 7.8 (1985) Sporadic (from SHOA)
(Occurrence Period = 200-250 vyears, Very
Strong),

- Magnitude 8.3 (1906) Rare (from SHOA)
(Occurrence Period = 500 years, Disastrous),

- Magnitude 8.5 Exceptional (Occurrence Period
=1000 years, Catastrophic).

Then, inundation maps have been implemented,

defining a relationship between the sea wave

maximum height and the amplification in
comparison with the reference earthquake event.

It is clear that all the coastal line in the Valparaiso

harbour zone must be considered at high risk of

flooding.
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Landslide hazard

Thanks to the indispensable support of SHOA,
OGP and local universities, landslide hazard and
susceptibility maps have been implemented
through in-field campaign, reconstruction of past
landslide events from historical archives,
pluviometric analysis and digital/analogical aerial
photos elaboration. Landslide hazard is very high
in all the Valparaiso amphitheatre. The upstream
hill side is characterized mainly by mud-debris flow
events, in the interior of the eluvium covering,
triggered a couple of times in the year,
concentrated in the summer season. The intensity
of those phenomena can vary widely, but the
presence of densely populated urban settlements
in ravine beds, escarpment sides and valley heads
(often artificially terraced) makes the associated
risk very high. The coastal flat is reached by
moved materials only when the event is intense or
when several activated areas merge and flow
together in the same bed. Fall events are punctual
and characterized by local effects, but often
destructive, at the basis of the sub-vertical sides.
Certainly, seismic ground shaking as starting point
of landslide phenomena should be carefully
investigated.

Fire hazard

Fires certainly are the most frequent and
dangerous disaster in Valparaiso. The “state-of-
the-art” information has been provided by the
Firemen Corp and OGP, with particular regard to
the Calle Serrano tragedy. In fact, on February
3rd, 2007 a violent explosion due to a gas leak
killed four people, destroyed some heritage
buildings and damaged others in Calle Serrano, in
the core of the UNESCO zone of Valparaiso.
Despite the good expertise of local Firemen, fires
occur in the urban area (due to bad maintenance
of electric systems and gas pipelines, building
materials, lack of education and vandalism), but
also in the surroundings forests and bushes
(mainly human-made events). Furthermore, the
risk is worsened by usual windy weather, narrow
and tortuous hill roads, presence of wooden
houses and sometimes insufficient water pressure
in the hydrants. Also the presence of the close
harbor facilities represents a further risk factor.
Moreover, important monuments were burned
during the 1906 earthquake, but also damaged by
recent fires (as the Church of “San Francisco del
Baron” in 1983).

earthguake

hazard maps

tstncami

Figure 2 — The “MAR VASTO?” project: hazard maps for Valparaiso.
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CONCLUSIONS

‘MAR VASTO” project (MAR VASTO 2007)
showes importance and effectiveness of a GIS
database, in order to merge together different
approaches (hazard mapping; building inventory;
architectonic, wurban planning and structural
vulnerability analyses; intervention proposals, etc.)
to study historical centers, important for their
patrimonial value, prone to natural/anthropic
disasters.

In fact, Risk Assessment can be managed by
using innovative and integrated tools (like GIS-
based software and standard loss estimation
methodologies), provided by huge digitized
archives and interactive import-export capabilities.
Specific categories can be defined for cultural
heritage assets and historical centers, together
with the definition of vulnerability functions for
masonry buildings, by including specific algorithms
already developed by the scientific community. In
addition, some studies can provide accurate
procedures (earthquake deterministic models and
scenarios) for the protection of strategic structures,
cultural heritage, and urban environment, already
applied in the framework of important international
projects.

The identification of a global risk factor for a given
area (or a building), is another crucial step to carry
out in the future, because the definition of
combination methods needs deeper analyses.
Thecomparison of codes and standards regarding
the natural hazards mitigation, inside and outside
the European Community, is another fundamental
step of the work, in order to get a common and
updated set of rules.

Moreover, the risk assessment databases should
be flexible, freely available for use by any country
and organization through Internet access, open-
source, capable to be multi-hazard and
international in scope, encouraging the worldwide
community to participate to their development and
validation.

Finally, the purpose of this article is to provide
some elements for a step ahead, hoping in new
studies and researches for further developments.
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INTRODUCTION

In recent years a rush for mineral resources and
raw materials together with strong growth in the
mining industry was observed. New interest of the
growing mining industry combined with the
potential of newly available datasets has triggered
numerous geological mapping projects during
recent years. Not only new geophysical airborne
surveys, but also technical improvement in satellite
earth observation technology and analytical
laboratory work made it easier to accelerate and
generally improve the mapping process. Given
these new tools and rapid evolution in computer
technology — especially for Geographical
Information Systems (GIS) — not only is new
mapping work enhanced, but also the review and
reinterpretation of former geological models is
required.

These developments consequently lead to
new, high standards in all fields of geo-science
and geo-science related projects. The desired
scientific output is no longer restricted to hardcopy
maps and written reports, but now includes digital
data formats and databases interlinked with each
other and integrated into a GIS environment.

While these improvements in technology are
highly welcome, they nevertheless pose a
challenge to mapping techniques in the field and
the office, after data collection. The general need
within industry and various countries, to cope with
these challenges, leads to an increasing number
of tendered projects, especially in Africa.

GEOLOGICAL MAPPING

Taking a closer look at classical geological
mapping techniques, it is obvious that they are not
efficient in the use of modern data and the
technical achievements mentioned above. To
name just the main problems:

- There is no standardisation of field book
entries of geologists, which leads to a varied
structure of the observation data.
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- Only a single dataset at a time can be used
as a hardcopy information layer in the field.

- Orientation accuracy in the field and on the
map depends strongly on the landmarks of the
area and is not only time-consuming, but can lead
to serious misinterpretation.

- The creation of map products normally starts
after the field work is complete and is not done by
the mapping geologist. The iterative interpretation
process of the geologist (data collection -
visualisation — interpretation) directly in the field is
not effective.

- A gap exists between
digitalization and GIS integration.

the fieldwork,

All these factors lead to ineffective use of
valuable field work time - the most cost-intensive
part of geological mapping — and an inefficient
interpretation-creation process, from beginning to
end.

5

& &

Figure 1 — Workflow of Digital Geological Mapping.

DIGITAL GEOLOGICAL MAPPING APPROACH

Since early 2003, GAF AG introduced a new
method to geological field work with the launch of
the GeoRover™ Software as part of a modern
digital geological mapping approach. Gaining
experience in different geological mapping projects
for the hydrocarbon industry, the company set up
a system for the mapping geologist in the field. In
this concept of new mapping techniques, strong
emphasis was placed on communication between
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the GIS experts and the geologists, right from the
beginning. Easy transfer between data acquired in
the field and the GIS work involved in final map
production was - and remains - the main aim of the
concept.

With this aim as a precondition, a tool was
established that is easy-to-use and still highly
accurate and compatible to other software
packages. It is tailored to the geologist without
profound GIS skills. This tool formed the backbone
of different mapping projects carried out by GAF
AG from 2003 onwards. It is based on a relational
database and the use of a combined mobile
laptop-PDA  (GPS-connected Personal Digital
Assistant) system. Using this technique, each field
geologist is supported with a data display in the
field and can immediately enter attributes to each
observation point via standardized ‘pick lists’ and
free text fields. The collected data is then
integrated in a main database and easily shared
and visualised. In short, the mapping geologist is
equipped with a digital field book which is
constantly updated and the interpretation of the
data is enhanced by visualisation in no time.

- Observation data is standardized and
comparable by a tailored relational database.

- All observation points are directly attributed,
stored, and visualised in the field.

- Direct access in the field to different datasets
is possible using a GPS-connected viewer.

- The easy-to-use functionality of the system
lets the mapping geologist do the digital mapping
by creating shapefile-formats in the GeoRover™-
GIS already during the field work, leading to
facilitation of the iterative mapping process in a
“growing GIS”.

- In the end, the cartography expert gets
interpreted digital data from the field to be directly
integrated into the GIS environment.

GAF AG has used this digital geological
mapping approach successfully in different types
of projects:

- A very intensive and successful test for the
setup followed from 2004-2008 in a World Bank
financed geological mapping project for the
Republic of Madagascar. In a consortium with the
Federal Institute for Geosciences and Natural
Resources (BGR), over 7000 observation- and
data-points were captured, interpreted and stored,
while mapping an area of approximately 150.000
km2. This resulted in the production of over 100
different maps dealing with the fields of geology,
geochemistry and hydrogeology and especially
mineral potential, in different scales from 1:100
000 to 1:500 000.
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- In 2008 the company supported the Republic
of Ghana in their “Ghana National Geological Map
Project” carried out by BGR. After implementation
of the approach into their own system and training
of local staff, the Geological Survey of Ghana
continues to wuse these techniques very
satisfactorily.

- In Oman and Romania (2003-2005), the
approach was used for hydrocarbon exploration by
interpreting salt-tectonic related uplifts. This was
done by on-the-spot interpretation of remote
sensing data and seismic profiles throughout
whole of Oman and most of the Transylvanian
basin in Romania.

CONCLUSION

In conclusion, this new mapping approach is
significantly speeding up the geological mapping
process while increasing the quality of end
products. New developments in computer and
earth observation technology are efficiently
integrated into a system coordinating the
processes from the compilation phase to the
production of final products.

At the moment the system is successfully in
use in ongoing geological mapping projects in
Uganda and Morocco.
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INTRODUCTION

Beside the centuries old exploitation of resources
through mankind nowadays the Earth’s crust
additionally is the target of modern production of
energy, i.e. deep geothermal energy and CO2-
injection. Both methods are most successful in
geologically complex areas, e.g. Upper Rhine
Graben, North German Basin. At the same time
such areas often show recent geodynamic
processes (Lehné & Sirocko 2005, 2007, Résza et
al. 2005, Hoppe & Lang 2007). In order to
differentiate between natural and anthropogenic
induced vertical crustal movements complex GIS-
based data analysis with respect to all site specific
influencing factors are needed. Our approach is a
GIS-based 4D-query tool for quantification and
differentiation of movements.

METHODS

For differentiation between the causes for surface
deformation all site-specific influencing factors
must be quantified and interpreted. In this context
the availability of seismic data is important in order
to connect detected surface deformation to
geological structures, i.e. salt structures and faults.
Additionally near surface faults which might be
recent active can be analyzed for their possible
function as CO2-paths.

To allow differentiation between geodynamic
causes and anthropogenic or periodic causes for
the recorded surface deformation all site-specific
influencing factors (groundwater, soil, tide, rainfall,
watering, dewatering, etc.) need to be addressed
and quantified on the basis of all available data as
well as fieldwork.

Due to the high number of influencing factors the
differentiation of causes for detected surface
deformation is best done by the use of powerful
GIS-based queries. To support such queries it is
intended to program a 4D-query routine on the

68

basis of .net. The query routine enables third
parties to independent long term differentiation
between causes for detected surface deformation.

ECONOMIC BENEFIT

In particular the possibility to differentiate between
several causes for surface deformation is
economical auspicious. The use of the upper 5000
m of the earth’s crust is increasing (e.g. CO2-
injection, deep geothermal energy, oil and gas).
For such projects it is important to define the zero
state of the surface in the target area to allow both
an interpretation of the geodynamic processes and
an accurate monitoring. In consideration of all site-
specific parameters the information, achieved by
the query routine, can be used e.g. by insurances
(estimation of damage potential), the operator
(monitoring, estimation of success) or the
supervisory body.

REFERENCES

HOPPE, A., LANG, S. 2007. The eastern master
fault of the Upper Rhine Graben below the
Science and Conference Centre in Darmstadt
(Germany). — Z. Dt. Ges. Geowiss. 158 (1): 113-
117, Stuttgart.

LEHNE, R., SIROCKO, F.,2005. Quantification of
recent movement potentials in Schleswig-Holstein
(Germany) by GIS-based calculation of correlation
coefficients — Int. J. Earth Sci., 94: 1094-1102,
Heidelberg.

LEHNE, R., SIROCKO, F. 2007. Rezente
Bodenbewegungspotenziale in Schleswig-Holstein
(Deutschland) — Ursachen und ihr Einfluss auf die
Entwicklung der rezenten Topographie - Z. dt.
Ges. Geowiss., 158 (2): 329-347, Stuttgart.
ROSZA, S., HECK, B., MAYER, M., SEITZ, K,
WESTER, M., ZIPPELT, K. 2005. Determination of
displacements in the Upper Rhine Graben area
from GPS and leveling data. — Int. J. Earth Sci.,
94: 538-549, Heidelberg.



Session 1 - Oral presentation

A REGIONAL 1:250.000 SCALE GEOLOGICAL MAP OF SICILY AS A TOOL FOR A
NEOTECTONIC MODEL OF CENTRAL MEDITERRANEAN

Fabio Lentini; Serafina Carbone and Giovanni Barreca

Dipartimento di Scienze Geologiche,
95129 Catania (Italy).

KEY WORDS: Structural geology, neotectonics,
geothematic cartography, Sicily (Italy), Calabria
Peloritani Arc, Apenninic-Maghrebian Chain,
Pelagian-Sicilian Thrust Belt, Tyrrhenian Basin.

A regional 1:250.000 scale geological map of
Sicily has been realized, using data obtained from
decades of field studies and analyses, integrated
with volcanological as well as geophysical data. A
wider knowledge of the southern Apennines
geological features and of the surrounding seas
(Tyrrhenian and lonian basins), detected thanks to
the seismic lines of the CROP-Mare project, permit
to propose an updated structural model of this
area of the Mediterranean Sea (Finetti et alii,
2005; Lentini et alii, 2006).

Sicily, located in the central Mediterranean,
plays a fundamental role for the comprehension of
the complicate geodynamic evolution. In the
geological map some orogenic domains and the
foreland-foredeep systems are represented.
Moreover the structural features are well evident.

In the whole of the southern Apennines — Sicily
— Tyrrhenian system some structural domains can
be distinguished: the foreland domains are
represented by two continental blocks, the Apulian
Block to the north and the Pelagian Block to the
south, respectively belonging to the Adria and to
the Africa plates. They are separated since
Permo-Triassic times by the oceanic crust of the
lonian Sea.

In Sicily the Foreland Domain is represented
onland by the Hyblean Plateau and the Sciacca
area (Fig. 1). It extends offshore in the Sicily
Channel and the Sahel. The western boundary is
represented by the N-S Axis (Tunisia) and
eastwards the Malta-Hyblean Escarpment delimits
the continental crust with the oceanic lonian crust.

The Apenninic-Maghrebian Orogen is located
between two oceanic crusts: the old lonian crust,
at present time subducting beneath the Calabrian
Arc, and the new crust of the opening Tyrrhenian
Sea. The orogenic belt is represented by a
multilayer allochthonous edifice, composed of the
Calabride Chain (CC) tectonically overlying the
Apenninic-Maghrebian Chain (AMC), which in turn
overthrust onto the Upper Miocene and Pliocene
top-levels of a deep seated thrust system,
originating by the deformation of the innermost
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carbonates of the Pelagian block (External Thrust
System: ETS).

The AMC tectonic units derive from the
orogenic transport during Oligo-Miocene times of
sedimentary sequences deposited in
palaeogeographical domains located between the
Europe and the Afro-Adriatic plates. These units
are composed of Meso-Cenozoic shallow-water
carbonate  platforms detached from the
Panormide/Apenninic continental Block,
recognizable by means of seismic lines shot in the
Tyrrhenian offshore of Southern Apennines and
Northern Sicily. The Meso-Cenozoic basinal units,
that compose the AMC, belong to two main groups
of sequences, originally located on oceanic crusts
separated by the Panormide/Apenninic Block: the
external ones (lonides) related to an original basin,
belonging to branches of the lonian Palaeobasin
involved in the orogenesis, and the internal ones
ascribed to the Alpine Tethys (Sicilide Units).

Figure 1 — Tectonic sketch Map of the Central

Mediterranean Sea with the main structural domains.

The terrigenous deposits of the basinal
sequences belonging to the lonides are
represented by Tertiary foreland/foredeep
deposits, whose relationships with the substratum
are occasionally preserved, although large
detachments occurred with further forward
transport, which generated repeated slices with an
apparent increase to the original thickness.

In the geological map of Sicily the
allochthonous units of the Oligo-Miocene
Numidian Flysch have been distinguished from the
authocthonous ones. That permits an easier
lecture of the general structural features, because
the uppermost nappes occupy the structural
depressions. Moreover the different flysch-type
tectonic units present different density of slides
and that is important for a regional planning.



Session 1 - Oral presentation

Ustica

%r.:lm:l;a Foreland
[

-

3 :
\ Main right lateral

kinmalis junclion .

\ i unc @D N
Paleo-anéan stab hinga ﬁ ‘"

\.— Fromt ol hallocionous wedge Ob

\-n_n a
Therust tails

Fig. 2
The Calabride Chain characterizes the

Calabria-Peloritani Arc and originated by the
delamination of the European margin. This roof
thrust system includes nappes of Hercynian
basement with remains of the original Meso-
Cenozoic covers deformed during the Paleogene
and sutured by the Late Oligocene-Early
Burdigalian Capo d’Orlando Flysch (Lentini et alii.,
2000).

The Tyrrhenian Sea is a triangular-shaped
basin with a maximum depth of more than 3600 m.
It has developed since Middle Miocene times by
means of extensional processes. The southern
sector of the basin is connected with the current
tectonics of the Apenninic-Maghrebian Orogen. It
is characterized by two abissal basins (Marsili and
Vavilov) floored by oceanic crust of different ages.

The Aeolian volcanic arc is composed of seven
islands and at least six volcanic seamounts. It is
thought to be the product of subduction-related
calc-alkaline arc volcanism, and demonstrates the
subduction of the lonian oceanic crust beneath the
Calabria-Peloritani Arc.

The CROP-Mare crustal sections allow to
distinguish thickness and distribution of the
different crusts in this area of the Mediterranean
Sea, and that there is a strong relationship with the
geodynamic evolution of the orogen.

The geophysical data, integrated by the
geological and volcanological ones mainly

Tyrrhenian Sea
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collected in Sicily during the compilation of the
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regional map, allow to restore the
palaeogeography and the geodynamic evolution.
Between Europe and the Afro-Adriatic margins the
Alpine Tethys, characterized by an oceanic or
thinned crust, was located. The Palaeoionian Sea
was a basin intervening since Permo-Triassic
times between the Apulian and the Pelagian
Blocks, and branches of the Palaeoionian basin
were floored by the lonides.

The geological data allow to recognize three
orogenic stages: the Eo-Alpine (Cretaceous-
Eocene), that is recorded in northern Calabria,
Corsica, and in the Tyrrhenian sea; the Balearic
stage (Late Oligocene-Early Miocene), in which
the Corsica-Sardinia block collided with the Adria-
Africa margins with thrusting of the Alpine
Tethydes over Panormide Units; and the
Tyrrhenian stage (Middle Miocene to Present),
when the onset of the Tyrrhenian back-arc basin
occurred and the geodynamic evolution of the
orogenic belt was influenced by the lonian slab
retreat, closing the interposed basin with tectonic
transport of the lonian ocean cover (lonides) over
the foreland blocks.

Both the foreland blocks extend below the
orogenic belt, reaching the Tyrrhenian margins,
with a gradual thinning and a transition to a
Palaeo-lonian slab, probably not active at present
time, from which the lonides detached and
overrode the ETS.
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The seismogeological data indicate that at the
present time the Panormide continental crust is
colliding with the Pelagian Block. The geological
evidence of this collisional stage is manifested in
the NW-SE oriented South Tyrrhenian System
(STS), characterized by dextral faults, affecting
both the offshore and the onshore of Sicily.

A specular structural setting has been
recognized along the perityrrhenian sea in front of
the southern Apennines (Cilento). There a sinistral
fault system is developed both offshore and
onshore.

Thus at present time two collisional settings
have been recognized in western Sicily and in
southern Apennines. The trascurrent fault systems
drive the Calabria-Peloritani Arc toward SE. The
distribution of the hypocenters of the earthquakes
and the clear images of the CROP project showing
the lonian slab indicate that Southern Calabria and
north-east Sicily represent the only segment of the
arc still subducting.

The collisional stage, recognized along the
Tyrrhenian coast of Sicily, runs from the offshore
of Palermo town to Patti area, where the Vulcano
line separates the contemporaneous active
subduction processes below the Calabria-
Peloritani Arc. The STS drives the transfer of the
orogenic belt towards the Arc, characterized by the
still subducting lonian oceanic crust. Geological
mapping, integrated with stratigraphic and
structural analysis, widely carried out in Sicily,
show that this area is dominated by a strike-slip
tectonics, connected with the geodynamic
evolution of the Tyrrhenian stage. Beside to the
NW-SE oriented right lateral faults, antithetical NE-
SW system, associated with N-S normal faults and
south-verging thrusts, occur. All these structures
are compatible with an unique kinematic picture.

The regional geological map of Sicily
emphasizes the structural features of this area. It
is evident that the South Tyrrhenian System, well
developed in the southern sector of the Tyrrhenian
Sea, dominates also the onshore areas of the
Island. Some examples can be observed in
western Sicily. There, the east-west oriented
carbonate ridges, belonging to the Pelagian-
Sicilian  thrust system (M.Kumeta, Rocca
Busambra), are bounded by reverse faults and
controlled by NW-SE oriented trascurrent faults
with dextral component. The sigmoidal characters
of the ridges, as well as those of the fold axis,
indicate a dextral movement.

The Patti area (NE Sicily) is characterized by a
set of dextral faults belonging to the STS, NE-SW
sinistral faults and N-S oriented normal faults.
These latter belong to the Vulcano line, a NNW-
SSE oriented fault, that represents a boundary
between the collisional setting to the west and the
still subducting lonian slab to the east. It crosses
the Eolian Islands and separates the areas with

71

volcanic activity to the east (Vulcano, Panarea,
Stromboli) from the western islands (Alicudi,
Filicudi), where active volcanic phenomena seem
to have stopped at the present time.

The structural data observed on the regional
geological map suggest that the complicate set of
faults could be interprete as the surficial
espression of main NW-SE crustal elements,
which drive the orogenic belt toward SE. In the
Fig.2 two main shear zones are drawn, based on
the mesostructural mesurements carried out in the
field work. They could affect the slab hinge
detected by the seismic lines of the CROP-Mare
project and progressively displaced toward SE,
until to join to the active slab in front of the
Calabria-Peloritani Arc.

The M.Etna volcano (Lentini, 1982) is located
close to the boundary between the collisional area
and the still subducting lonian slab, and it is
bounded by two major strike-slip shear zones.
Between them some sigmoidal N-S oriented
normal faults are recognizable. This picture can
provide a convincing hypothesis about the origin of
the volcano.
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BACKGROUND

As a national geological survey organisation the
British Geological Survey (BGS) has produced
paper maps of Britain’s geology at a series of
scales for the past 175 years. Over time these
have become more detailed with the one-inch
(1:63 360) scale being the standard output in the
mid 19" Century whereas today 1:10 000 is
considered appropriate for modern needs over
most of Britain’s landscape.

In 1815, twenty years before the establishment of
BGS, William Smith was already addressing the
need to present the third dimension of the geology
as well as the surface arrangement of units on 2D
paper maps. Over time, cross-section drawing
became more refined, resulting in outputs such as
fence, ribbon and block diagrams to reveal the 3D
structure, while contoured surfaces or thicknesses
(isopachs) were used to show the spatial position
of individual units such as major unconformities or
sequences. Geological maps often require another
geologist to understand them fully; the surveyors’
spatial ideas, models and concepts can never be
properly represented in a 2D map output, and so,
until recently, much knowledge has been lost to

the science and to the users.

In 2000 BGS began the translation of their
traditional 2D geological map outputs into fully
interactive 3D geological models of the
subsurface. This was possible because, by 2000,
the Survey had digital geological maps at scales
effective for modelling (Jackson & Green, 2003),
licensed, nationwide high-resolution Digital Terrain
Model (DTM) coverage, and databases of both,
borehole index and downhole data supported by
corporate dictionaries for lithological and
stratigraphical terminology.

MODELLING SOFTWARE & METHODOLOGY

The Geological Surveying and Investigation in 3
Dimensions  (GSI3D) software tool and
methodology has been developed over the last 15
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years. The initial software was developed by H-G
Sobisch as a tool for modelling shallow superficial-
Quaternary sequences using a cross-section-
based approach. From 2001-05 BGS became
involved in the accelerated development of the
GSI3D software and methodology, initially through
the Digital Geoscience Spatial Model (DGSM)
project (see Smith et al. 2005). The advantage of
GSI3D is that it has been designed to use all
common types of digital BGS data, and combine
these with the wealth of knowledge otherwise
trapped within the scientists’ brain, to produce 3D
geological models (Kessler & Mathers 2004).

BGS now builds its general deep regional models
at 1:1 Million, and 1:250 000, resolution using
GOCAD, a software tool particularly favoured by
the oil industry, whilst GSI3D is mainly used to
produce 1:50 000 and 1: 10 000 resolution models
of the near-surface terrains characterised by
artificial ground, superficial deposits and
straightforward bedrock geology. As the two
modelling packages can also exchange files they
have been used together successfully in the
construction, validation and delivery of some
models.

GSI3D MODELS

To-date detailed GSI3D models have been
constructed for areas such as Greater London and
the Thames Gateway Development Zone, parts of
southern East Anglia, Manchester, Merseyside
and Glasgow. (Figures 1 & 2 below).

GSI3D is also frequently used in building 3D
models as commercial contracts for clients such
as the Environment Agency of England and Wales
(EA), the UK Water Sector and Local Government
(Figure 1). These are usually constructed to the
clients’ specifications and have been mainly
utilized for groundwater management, recharge,
aquifer protection, groundwater  flooding,
archaeological assessment and planning (see
Mathers, 2008 for further examples). Many of
these models have focussed on important aquifers
such as the Chalk and Sherwood Sandstone.
Currently released versions of GSI3D are limited
to modelling in areas of simple bedrock with
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normal faulting corresponding roughly in Britain to
Triassic and younger strata (Figure 1) and
Quaternary deposits.

CONTINUOUS DEVELOPMENT

In 2007 BGS embarked on a 3-year R&D project
to extend the use of the GSI3D software and
methodology to most styles of bedrock geology,
notably faulting (normal, reverse, strike-slip,
scissor, thrusts-nappes), folding, intrusive and
cross-cutting bodies and overturned - overfolded
strata. Initial results from this development are
encouraging and are focussed on testbed models
of faulted Palaeogene and Mesozoic strata
beneath London and folded and faulted Lower
Palaeozoic rocks in Plynlimon, Central Wales.
BGS hope to roll out a beta version of the new
GSI3D bedrock software early in 2009.

MODEL DELIVERY

Customers can obtain BGS models in several
ways. Geological models can be served via the
web in form of Flash animations and 3D PDFs
giving the users a pre-view of the model and some
interactive functionality. BGS also uses a Java
based 3D viewer that forms a sub-set of the
GSI3D software called the Sub-surface Viewer. In
these viewer applications the user can create
synthetic boreholes and sections, change the
theme properties of the model, create contour
maps as well as explode the model for detailed
analysis These calculations are performed on the
user's PC so only the data has to be transmitted

via the web or CD-ROM. Data can also be
delivered to customers in many other requested
formats such as scattered x,y,z points, ASCII
grids, ESRI shapes and grids and VRML surfaces
(Kessler, Mathers & Sobisch, 2008).

s
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Figure 1 — Availability of 1:50 000 and 1: 10 000
resolution BGS models, standard models are shown
in red and commercially built models in amber.
Triassic and younger rocks are depicted in grey.

Figure 2 — 1:50 000 scale geological model of Greater London viewed from the southwest. The Chalk bedrock is
shown in green. The area covers 60 x 40 km to a depth of up to 300m..
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ABSTRACT

Experimental data analysis and treatment are

very important in order to understand and
reconstruct spatial and temporal unknowns’
parameters of several environmental

“phenomenons” (for example, geochemical ones).
For this reason our research team is working since
1983 in order to develop new techniques on which
build up a system to help any researcher in
geostatistical evaluation of environmental projects,
avoiding the mistakes made in Sardinian mines.

The target of this work is to introduce the first
version of new software named “Kriging Assistant”
(KA). This software is able to support the user
during the geostatistical estimation of a geo-
resource because it is able to determine the model
of experimental semivariogram with its parameters
(range, nugget effect and sill) and to proceed
independently to data kriging (point or block), in an
innovative and automatic assisted path.
Calculating procedures of KA are quite different
from those of many other similar programs,
because it does not use any type of default
parameters, but each one is calculated directly on
the real experimental dataset.

INTRODUCTION

The procedure, reported in this paper,
represents the last step of the research of our
department team, which is working since 1983.
Given the bad results in several Sardinian mines
(for example Masua and Funtana Raminosa), the
beginning efforts were especially in utilising in
different way the geostatistics (Mazzella A. et Al.,
1983, Mazzella A., 1984). In particular we studied
the characteristics of the semivariogram in order to
deepen the real meaning of model curves and of
each experimental semivariogram parameter.
Subsequently we focused in development of new
techniques and procedures for interpolating any
kind of data and determining characteristic
parameters of environmental “phenomenons”.
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During these years we produced several works
presented in national and international meetings
(Mazzella A., 1985, Mazzella A. et Al, 1985,
Mazzella A., 1998). The goal was to produce
procedures to integrate in a future global project to
help the user in evaluation of any environmental
“phenomenon” and now we are here to present the
first version of the global project. The name of this
first system is “Kriging Assistant” (KA).

KA, which gathers all research results obtained
all over the years, is aimed to help the researcher
in geostatistical evaluation of environmental data
(for example, geochemical ones). The main
feature of KA regards its ability to solve the
problem of semivariogram modelling; in fact, this
feature is absent in all others geostatistic
programs. This characteristic, in our opinion, is
very important to reduce the evaluation errors. In
fact considering the modelling of semivariogram as
a non problem causes serious effects in the final
results. In any case, from the classical
geostatistics point of view, the modelling of
semivariogram is not a problem or, worse, a
procedure that could be solve by the personal
feeling and experience.

KA is based on the experiences of Carr and
Mela (Carr J.R. et Al.,1998) who developed two
applications to calculate the experimental
semivariogram and krige the original dataset, on
GSLIB library (Deutsch C., 1992) by which we
write optimized subroutines and, finally, on an
innovative interpolation technique we used to
create a new automatic procedure for
semivariogram modelling (Mazzella A., 2008).

This procedure, obviously, represents one of
the most important steps during the entire
evaluation process of a dataset.

The semivariogram modelling, undervalued by
classical geostatistics, is, in our opinion, the cause
of errors in many evaluation processes, because
the evaluation resulting from an improper
semivariogram model is different from that deriving
from a well calculated model.
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PROCEDURE DESCRIPTION

KA was written in Microsoft Visual Basic 6, this
programming language has been chosen because
it is perfectly integrated with the Microsoft
Windows libraries and it is easier than other
language (C++ or JAVA) to manage the windows
and the calls to system libraries. This fact makes
KA a user friendly program for all the operations,
in particular for reading data file K.A. uses
Windows standard windows and buttons.

Once KA boots, its main window is shown with
the splash screen, Figure 1.
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Figure 1 — KA main window.

Because KA theoretically is able to complete
the entire evaluation process (from data reading to
contouring map production) without any user
intervention, a warning message informs the user
on the default experimental semivariogram
calculation conditions, Figure 2.
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Figure 2 — KA alert window.

Default calculus is done by KA with 0° of
direction and 90° of regularization angle. The user
can customize both these default parameters of
KA, Figure 3.

Parametni modificabili per il calcolo del semivariogramma

1.2 03D Intervallo di Classe
|2 1.0

Dir [Dptione Filtio

i i
Figure 3 — KA panel to modify the parameters for the
calculus of the experimental semivariogram.

In every case, to evaluate experimental
dataset, KA needs to know the datafile format
(actually supported only “geoeas” or “comma
delimited” formats) and the column sequence
information (X, Y, experimental value positions).
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The first datafile (“geoeas” type), Figure 4a, is
particular because the first rows are used to
describe the columns of the datafile and the
variables are separate by one or many spaces; the
other datafile (comma delimited, Figure 4b) is a
simple text file where the experimental data are
written one for row with the variables separated by
commas.

raanTn, dat

JJ.I.rI-"‘Ch

Figure 4a — Example of datafile
standard.

Figure 4b — Example of datafile according to comma-
delimited standard.

Selected datafile and its standard, KA shows
the map of experimental samples position and
value, Figure 5.
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Then KA  proceeds automatically to
experimental semivariogram calculus, Figure 6. In
Figure 6, KA needs to know which technique is to
use for modelling the experimental semivariogram
curve.
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Figure 6 — KA panel to select the modellig technique.

This job can be done according to three
different techniques:
o with Mazzella (MazzeIIaA 1985) technique, Figure 7.
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Figure 7 — Mazzella modelling technique (Mazzella A.,
1985).

o with the Carr-Mela (Carr J.R. et alii, 1998) technique,
Figure 8.
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Figure 8 — Carr-Mela modelling technique (Carr J.R. et
Al., 1998).

e with one of previous techniques and user
customization of calculated parameters (for expert
users only).
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Figure 9 — Schematic representation of Mazzella
modelling technique (Mazzella A., 1985): black line is
the experimental semivariogram, red line is obtained
weighing the experimental values with the number of
pairs of experimental semivariogram.

Mazzella modelling technique (Mazzella A.,
1985) calculates nugget effect, sill value and range
directly from experimental data (Figure 9). In this
way a new curve is obtained weighing the
experimental values with the number of pairs of
experimental semivariogram and extending this
new curve to intercept the gamma-axis.

Instead Carr-Mela technique (Carr J.R. et Al,
1998) calculates only the nugget effect dividing by
2 the first point of the experimental semivariogram
while the other interpolated points are the
experimental values.

The comparison between these two technique,
Figures 7 and 8, shows that Mazzella technique
(Mazzella A., 1985) gives the best fitting results.

Then, according to model selected and any
possible user customization, KA starts the kriging
procedure. Estimation results’ can be displayed by
a coloured-blocks map or line-level map, Figures
10 and 11.
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Figure 10 — Coloured-Block map.

CONCLUSIONS

During our simulations, Kriging Assistant was
always stable, quick and powerful.

We are still working on this project in order
increase the amount of readable datafile. In fact,

11
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actually KA can read only two type of datafile
(“geoeas” and “comma delimited”), we think it will
be better to implement at least one other type of
datafile the Excel file (*.xIs), in recent years
become a “de facto” standard for many people.

Then we are working to automate all the
evaluation process without any user contribution
through automatic selection based on minimal
errors in critical pass (for example modelling
semivariogram).
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Figufe 11— Line-Level map.
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OBJECTIVE

The Geological Survey of Bavaria as part of the
Bavarian Environment Agency (LfU) has been
implementing 3D-modelling as a major part of
geological data management, analysis and
decision support for several years already. Having
realized that current software is designed almost
exclusively for the rather specific needs of the
exploration industry (e.g. De Kemp, 2000; Wu,
2005) many technical and logistic obstacles had to
be overcome for the usage at the survey.

Geological surveys in general put their main
focus at the shallower subsurface level with data
coming from conventional geological maps, wells
and field-observation. In contrast to the petroleum-
industry that can make use of extensive seismic
surveys and does not have to deal with often
inconsistent and complicated outcrop situations.
However, with the combined adaption of several
software and specific modelling approaches (some
examples see De Kemp, 2000; Gérne and Krentz,
2007; Tonini et al., 2009) 3D-technology is now
becoming more and more a pretty quick and
strategical tool for ensuring data consistency and
for building subsurface models also from sparse
input data.

Results from modelling are used for revising
input data (esp. well stratigraphy) and attribute
modelling for hydrogeological and geothermal
issues.

USING GIS FOR 3D-DATA MANAGEMENT

To do so, workflows are now implemented and
techniques are developed for a fast and iterative
data-conversion between the conventional GIS-
world with its potential of high-level accuracy with
extensive data accessibility and the 3D modelling
packages that have to produce and test a variety
of equally possible hypothetical models in an
iterative and rapid way in order to build a so-called
“‘common earth model” (McGaughey and Morrison,
2000). Normally, the main gateway is via the
construction of geological cross-sections, calcu-
lation of (true) thickness maps from boreholes, and
a rapid fault-network construction in 2,5D. These
are all done mainly in GIS since processing time,
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data storage, accessibility and consistency can be
easily managed at  professional level.
Unfortunately, 3D-packages still are not designed
for performing exact spatial queries by maintaining
topology. In most cases, queries are based only
on point/line/surface/voxet nodes and not on their
intersection in 3D (Martin et al.,, 2007). Spatial
queries that take into account these object
intersections are very complex and need huge
processing time, therefore GIS still is the better
way for data selection based on combined
alphanumeric(!) attributes and topological queries.

Modelling at a regional scale in combination
with only few data at depth puts a need to face
some specific challenges:

e Additional constraints have to be calculated and
constructed either in the form of new additional points
or minimum/maximum constraints for some model
attributes like thickness, slope, topology since
geological data is often heterogeneous in space and

quality and is often of rather soft value (e.g.
geophysical data in the context of structural
modelling).

e Normally, modelling does not look for a unique and
unambiguous solution rather it has to deal with
probabilities and various equally probable solutions
that might serve as thresholds for risk assessment.

o Data have to be pre-processed in order to give direct
access to all its information (e.g. well data is better
treated as well objects instead of a set of individual
points as topological information may be lost).

e Modelling has to be reproducible which implies the
usage of as many geological constraints as possible
to guide the mathematical interpolation as deliberately
as possible and to minimize manual adjustments.

e Modelling has to be technically fast, simple and in a
semi-automatic way. Otherwise one might end up in a
never ending cycle of model trimming. Often
modelling starts during data acquisition which urges
constant data update and model modifications.

e Main sources of information are wells and geological
maps. Bearing in mind that a geological map is a
mapper's 3D-model reduced to 2D, many topological
constraints can be potentially extracted: Minimum/
maximum thickness, fault displacement, basic
configuration of fault network, the units’ relative
position in 3D-space and so on. A handicap is most
3D-software’s incapability of directly importing true
polygons and of performing topological constraints
based on them.
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Therefore, four modules of software extensions
have been tested as prototypes and are currently
under development:

1) An ArcGIS-extension for easy data transfer and
construction of geological cross-sections in 2D and
3D. Data is converted between geological maps,
arbitrary (kinked) cross-sections, 3D-space and vice-
versa (Schetselaar, 1995; Kus et al, 2006).

Construction of cross-sections is done in ArcGIS after
data projection onto profil-lines and can be compared
to cross-sections from 3D-modelling (figure 1).

Figure 1 — Top: Arbitrary cross-section in map-view
(ArcGIS) and data to be intersected and projected
respectively. Middle: Cross-section view in ArcGIS
ready to publish. Bottom: Perspective view (ArcScene)
of cross-sections together with boreholes and
interpolated surface (from GOCAD).

2) An ArcGlS-extension for easy construction of 3D-fault
networks based on geological maps allowing also the
analysis of a set of different network configurations.
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Based on assumptions derived from geological map
interpretation, a 3D-fault network is created
automatically (figure 2). Various network con-

figurations can be analysed and tested without
starting the whole modelling process in GOCAD.

Figure 2 — Map view of 3D fault-outlines, outcrop lines
and plunge lines. Data is Z-aware (top). Same fault-data
in perspective view. Data is generated from dip
attributes and tectonic map (bottom).

3) An ArcGIS-extension for the routinely extraction of all
sorts of topological and stratigraphic information from
digital geological maps: Outcrop and plunge lines,
areas of a unit's non occurrence at the topographic
level (older units outcropping), areas of its possible
occurrence (potentially covered by younger strata),
outcrop-areas, areas of erosion, areas with a unit's
same relative position with respect to the DEM and
minimum/maximum thickness areas can be derived
from the geological map by semi-automatic extraction
based on the stratigraphic column (De Kemp, 2000;
Groshong, 2006).

4) A stand-alone module for the conversion of
stratigraphic well data. Like in many databases at
geological surveys, stratigraphy is stored in the
survey’s database as unit information. Interpolation
on these data does not account for erosion and
complicated sedimentary patterns (Lemon and
Jones, 2003). However, in order to calculate
thickness 3D-modelling assumes stratigraphy as
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horizon-specific (figure 3). The difference is that the
latter is an isochronous information. Conversion is
done based on a stratigraphic column including the
units to be modelled and the corresponding well-
markers in the database. This effectively means a re-
coding of all well markers.

Figure 3 — Top: Well data and outcrop maps provide
depth information which can be differentiated only in
conjunction with a stratigraphic succession and
information about type of boundaries (“stratigraphic
column’). Bottom: Interpolation of true depth information
with minimum/maximum depth constraints leads to
consistent geological restoration with respect to surface
intersections. Ideally, virtual constraints are calculated at
all data points for all units. Dots: Points of observation.
Thick (red) lines: erosional surfaces. Dottet lines:
Boundaries interpolated by depth calculations on all
observation points. Numbers refer to stratigraphic
layering.

Modelling is done afterwards within the
GOCAD-system and in the future results are to be
saved in the subsurface information system for
Bavaria (BIS) as the survey’s common spatial
database that already holds all the well and GIS-
data. For this, simple 3D data-models still have to
be designed. It is not intended to reproduce a
model’s internal topology within the database
neither to offer any tools for model update/
modification (Breunig et al., 2000). These highly
specialised tasks will stay part of the specific
modelling packages. Only data regarding geo-
metry and volume based attributes will be
exported into BIS for the long-term storage (Smith,
2005; Kessler et al., 2008).

RECENT AND ONGOING 3D-MODELLING IN
BAVARIA

Up to now three regional models have been
built at the Bavarian Geological Survey, each
covering roughly 10.000 km“ (Ringseis et al.,
2002, Kus et al., 2007, Kainzmaier et al., 2007).
Due to software-limitation and the complicated
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process of model update these models are so
called 2.5D-models represented by surfaces only
(figure 4). Currently, three models in the same
regional context are under development.

gl

=X .f"" 2

Figure 4 — Perspective view of a regional model
consisting of top-surfaces and faults.

The most recent usage of 3D is the re-inter-
pretation of old 2D-seismic data that is currently
only accessible as paper-plots. 3D-georeferencing
of these scanned images in combination with
velocity-analysis, borehole data and new digital
2D- as well as 3D-seismic opens a promising way
for a new tectonic interpretation of the south
German molasse basin at a regional scale.

LESSONS LEARNED BY MODELLING AT A
REGIONAL SCALE

Though 3D-software is already performing at a
very high level, some few, but crucial function-
alities are still not available due to its focus on
seismic data. This includes the interpretation of
geological maps. A viable workaround is by using
GIS as a main data pre-processor that generates
additional constraints. Modifying the overall geo-
logical structure of a regional model is way easier
in the 2(.5)-GIS than in a true 3D-suite due to its
reduced dimensionality and topological as well as
geometric precision. GIS serves fine for deriving
data for several hypothetical geological settings
and easy batch programming (esp. Geomodeller in
ArcGIS, Python). Using the combination of GIS
with the interpolation in 3D leads to faster model
building.
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TOP-FACTS

e The base for the new map production workflow is a
3D Topographic Landscape Model (TLM) with better
than one meter accuracy of primary geometry in x, v,
and z.

e TLM data are ftransferred to DCMs (Digital
Cartographic Models) where they are managed and
edited using a high performance cartographic
production system.

e This cartographic production system efficiently
handles incremental updates by leveraging
geodatabase technology, automated GIS processes,
and user-friendly editing tools.

swisstopo

The Swiss Federal Office of Topography
(www.swisstopo.ch) is the national agency
responsible for creating and maintaining the basic
geodetic, topographical and geological data for the
whole of Switzerland. swisstopo also publishes
and updates the internationally recognized Swiss
national topographical map series at a variety of
scales.

New workflow

swisstopo is completely changing how they
produce geographical data and maps. The new
workflow offers several key advantages:

e A Topographic Landscape Model (TLM) is the basis
for Digital Cartographic Models (DCMs) from which
swisstopo’s maps are derived.

e The TLM and DCMs are both stored in ArcGIS.
Updates from TLM are transferred to the DCMs.

e The timeframe between collection of aerial images
(the basis for the TLM) and finished map products is
shortened considerably from over two years down to
about nine months.
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swisstopo’s new workflow is mainly being
implemented through two core projects: TOPGIS
and Genius-DB.

TOPGIS

The TLM is swisstopo’s vector landsacpe model
consisting of basic topographical data like land
cover, waterbodies, streets, and buildings. The
TLM is very up-to-date across all of Switzerland
and parts of the neighboring countries, is
seamless across this area, in 3D, and very
accurate with better than one meter accuracy in all
three dimensions.

The TLM is accompanied by a new Digital Terrain
Model (DTM-TLM) which is designed to be
consistent at all times with the TLM. The DTM-
TLM is derived principally from LIDAR data, and

both the TLM and the DTM-TLM are
photogrammetrically updated based on ADS40
imagery.

For the capture and administration of the TLM and
DTM-TLM, a high performance infrastructure is
used - called TOPographic Geographic

Information System (TOPGIS).

Figure 1: This image is a screenshot from TOPGIS
showing TLM data captured on top of an orthophoto.
(© 2009 swisstopo)

Based on ArcGIS, TOPGIS is the central
production infrastructure for the TLM, and uses a
database-centered system for data capture,
editing, management and storage. TOPGIS is a
fusion of photogrammetry and 3D GIS. It allows up
to 50 operators to simultaneously edit 3D data in
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one single system. As a core component in
swisstopo’s geodata infrastructure, TOPGIS
provides GIS data to a large number of current
and future products.

TOPGIS is in full-scale production since summer
2008.

Genius-DB

Genius-DB is swisstopo’s future, GIS-based
cartographic map production system also built on
ArcGIS. Genius-DB will support the management
and editing of swisstopo’s Digital Cartographic
Models (DCMs). Data are input to the Genius-DB
system from the Topographic Landscape Model
(TLM), passing first through a cartographic
generalization system which is the responsibility of
a third party. Figure 2 shows that a series of DCMs
are built, corresponding to the various map scales
of the Swiss national map series. DKM25
(corresponding to a map scale of 1:25.000) and
DKM50 (1:50.000 map scale) are directly derived
from the TLM, whereas DKM100 is derived from
DKM50. To support the cartographers’ work,
especially in handling future changes (so-called
incremental updates), relationship links are
maintained between TLM and DCM features.

Like the TLM, DCMs are seamless over the whole
of Switzerland. However, DCM data are 2D and
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cartographically enhanced. Several map products
are created from DCM data, the most important
being the national topographical map series.

A major goal of Genius-DB is to improve the
efficiency of handling incremental data updates.
This will be achieved by leveraging the relational
geodatabase technology and the automation
processes available in ArcGIS. Moreover, it is
paramount for swisstopo to have efficient
cartographic editing, while maintaining their world-
renowned standard for map quality. The
cartographic representation and editing features in
ArcGIS are seen as key to maintaining this high
quality standard.

Genius-DB is planned to enter into production at
the end of 2009.

Figure 2: Derivation of DKMs and national map series
from the TLM.
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ABSTRACT

This paper will describe firstly the combined
cognitive and geostatistical modelling methodology
that was developed in order to produce a structural
model of the Chalk under London and secondly
how the resultant model has improved our
understanding of how the London Basin evolved
during the Cretaceous period.

A major difficultly in elucidating the structure of
the Chalk in the London Basin is that the Chalk is
largely unexposed. By using a combined cognitive
and geostatistical approach, the resultant 3D
model for the London Basin was more consistent
with  current geological observations and
understanding. In essence, the methodology
proposed here decreased the disparity between
the digital geological model and the geological
reality.

Previously, the geological structure of the
London Basin was thought to be ‘relatively’ simple,
being dominated by a broad north-east trending
syncline. However, 3D modelling suggests that, in
detail, the London Basin is a far more complex
structure, being a collection of at least 5 fault-
bounded basins. The model also indicates that the
structural style of the basin changes moving north
to south. This corresponds to the boundary
between two structural provinces observed within
the basement strata in the region (London
Platform, part of the Midlands Microcraton in the
north and the Variscan fold-thrust belt in the
south).

INTRODUCTION

Since 3D geological modelling became an
economic and technical reality in the late 1980s
(Rosenbaum and Turner 2003), there has been a
remarkable growth in computer modelling
applications able to proffer 3D modelling solutions
(Gibbs, 1993; Perrin et al., 2005; Sobisch, 2000). It
is now possible not only to view and manipulate
3D models on a standard desk top computer but
also to integrate disparate digital datasets (De
Donatis et al., 2008; Kessler et al., 2008). This has
enabled 3D geological models to become a
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standard geological tool (Rosenbaum and Turner,
2003; Xue et al., 2004).

One of the key developments within the UK has
been the increased availability of digital geological
data. This increased accessibility of digital data
has resulted in 3D models moving from the
conceptual model of Fookes (1997) towards the
‘real’ geological model of Culshaw (2005).

The production of detailed 3D geological models
for London is providing new insights into the
geological evolution of the London Basin. In this
paper we will discuss the development of these
models and how they are being used to better
understand and communicate the subsurface
geology of London.

GEOGRAPHICAL AND GEOLOGICAL CONTEXT

The model of the Chalk encompasses an area
within the catchment of the River Thames (Fig.1).
Geologically, the London Basin is a broad, gentle
syncline, whose axis can be traced from Chertsey
through to Chelmford (Fig.1). The London Basin
formed in the Oligocene to mid-Miocene times
during the main Alpine compressional event
(Ellison et al., 2004). Formations in this region
range from Cretaceous (144 to 65 Ma) to
Quaternary (2 Ma to present day) in age. The
Cretaceous Chalk is present at subcrop
throughout the London basin and comes to the
surface along the southern margin (the North
Downs) and along the northwest margin Chiltern
Hills) and is locally at or close to the surface e.g.
along the Greenwich and Purfleet anticlines in
East London.

The Cretaceous Chalk is typically a fine grained
white limestone. It has a total thickness of between
175 and 200 m and generally thins from west to
east. Overlying the Chalk is the Palaeogene
deposits of the Thanet Sand Formation, the
Lambeth Group, and the Thames Group, which
consist of the Harwich and London Clay
Formations. Quaternary deposits are encountered
throughout the London Basin. These include
evidence of ancient river systems and the
development of the present-day River Thames
valley.
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Figure 1 - Geological sketch map of the project area. Adapted from Sumbler (1996)

GEOLOGICAL MODELLING

Modelling was carried out to ascertain not only
the distribution of the six Chalk Formations found
within the London Basin but also the Chalk’s
structure (Fig 2). One of the major difficulties in
ascertaining the structure of the Chalk within the
London Basin is that the Chalk is largely
unexposed, either covered by superficial deposits
(drift) or obscured from view due to urban
development. Therefore the project had to rely to a
large extent on the interpretation of archival
subsurface data.

Although few faults are indicated on the current
published geological maps, there is a growing
body of data, particularly from recent deeper
engineering projects such as the Channel Tunnel
Rail link (CTRL), CROSSRAIL and the Docklands
light railway, that suggests that faults are far more
numerous.

A methodology was needed to enable the
modeller to pick out areas of possible faulting and
to achieve a geologically reasonable solution even
in areas where the data were sparse or uncertain
(Lemon and Jones, 2003; Kaufmann and Martin,
2008). Therefore a methodology was developed
that combined a cognitive and geostatistical
approach using the combined functionality of
GSI3D (version 2.5) and GoCad (version 2.1.3).

The GSI3D modelling methodology (Sobisch,
2000) was used as it allows the modeller to model
the distribution and geometry of geological units by
using a knowledge driven approach (Wycisk et al.,
2009). This functionality provides the modeller with
the ability to connect areas where there is either
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only partial data coverage or where the geometry
of the geological units is poorly understood. The
London Chalk Model was constructed by
correlating outcrop data with boreholes that were
linked together in a network of intersecting cross-
sections.

Figure 2 - 3D model of the 6 Chalk Formations under
London (coloured yellow, blue and green in diagram).
OS data ©Crown Copyright. All rights reserved. BGS
100017897 / 2009.

In order to determine the presence or absence of
faulting within the Chalk of the London Basin, a set
of criteria was devised. These included the
following:

Dip of units: where the dip is greater than 5
degrees, then the Chalk strata were considered to
be faulted.
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Where boreholes show a change in depth of a unit
progressively across a section, then the strata
were considered to be folded.

Where boreholes show a sharp change in depth,
then the strata are considered to be faulted.

Shape and style of folding: where folds are
monoclinal with steep limbs dipping greater than 5
degrees, then the limb was considered to be
faulted. Monoclinal folds were considered to be
likely candidates for faulting.

Geological information on faults gathered from
maps, memoirs and papers was digitised and used
to aid decision making.

Linear zones of displacement were interpreted as
faults, rather than regarding them as the
consequence of folding. This preference is justified
by: the general style of the linear zones; by their
association with truncated and offset landforms;
and by displacements determined from borehole
data during the modelling process.

Once these steps were completed, the data was
exported into a geostatistical modelling package;
in this case GoCad. Using scripts within GoCad,
triangulated surfaces were generated for each
formation and fault plane. The surfaces were
constructed using a discrete smooth interpolation
(DSI) algorithm (Mallett, 1997). This algorithm
produces a geometry which is smooth, but also
takes account of a set of constraints, in this case
the borehole and cross-section data (Galera et al.,
2003). A series of steps were then followed which
removed cross-over errors between the surfaces.
Once these stages were completed, the resultant
model could be visualised and assessed (Fig 2).

Figure 3 - Structure contour plot of the top of the Chalk,
showing major fault groups and location of structural
high (red- high, blue-low).

THE STRUCTURE OF THE CHALK UNDER
LONDON AS DERIVED FROM THE 3D MODEL

The 3D geological model of the Chalk under
London indicates that, in detail, the London Basin
is a much more complex structure than previously
thought, being a collection of at least 5 fault-
bounded sub-basins (Fig. 3).The model also
suggests that the project area can be split into two
sections or regions, which have behaved
differently during the evolution of the basin. This
split can be related to the two structural provinces
observed within the basement strata in the region
(Ellison et al., 2004): the northern portion being
underlain by the London Platform (part of the
Midlands Microcraton) and the southern portion by
a zone of transition between the London Platform
and the Variscan fold-thrust belt (Fig. 4).
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Figure 4 - Colour-shaded bouguer gravity relief map
(red—high, blue—low) showing the Ilocation of the
boundary between the two structural provinces (black
line) dissecting the project area (outlined in purple).

This change in basement material across the
Basin has determined, to a large extent, the type
and intensity of geological features found in each
region. For example, folding within the project area
can be divided into two groups: the first group
found south of the London Basin Axis (Fig.1) and
coincidently South of the River Thames, consists
of east-north-east trending periclinal folds,
including the Greenwich and Streatham anticlines.
These features are generally high amplitude and
short wavelength folds, many of which are
asymmetric, usually with steeper north-facing
limbs. The second group is confined to the
northern part of the project area and these are in
the main low amplitude, long wavelength folds.

Faulting is predominantly confined to the south-
eastern portion of the project area; its distribution
within the London Basin again appears to have
been controlled by the properties of the basement
which underlies it. The faults, broadly speaking,
can be divided into 3 groups (Fig. 3): ENE-trending
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faults, which downthrow to the north (the majority
of faulting within the south-eastern sector); ENE-
trending faults, which downthrow to the south
(northern boundary faults); and northwest trending
faults, which downthrow to the west (located
between Lambeth and Catford). Displacements
range between 10 to 50 m. The modelled Chalk
surfaces also suggest the presence of a central
structural high near Deptford, located between the
Streatham and Greenwich faults. The central
structural high is bound to the west by the NW-
trending faults and to the north by an ENE-
trending fault near Bermondsey.

CONCLUSION

To conclude, the 3D geological model of the
Chalk under London represents a significant
advance in the understanding of the evolution of
the London Basin. The application of innovative
procedures and software for the assessment of
disparate spatial data has resulted in an improved
understanding of the development of the London
Basin.
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INTRODUCTION

With the constant development and the spreading
of use of information systems as well as modelling,
analysing and visualisation tools, the need for
digital data is increasingly growing. During the last
few years, this trend was strongly marked in
geosciences especially in fields such as
engineering geology and geological mapping.

Classically, a geological map gives a 2-D
modelling of a complex 3-D environment. Mapped
entities are defined by:

e A collection of geologic features which carry a
geometry (point, line, polygon) in association with
numerous descriptive attributes (e.g. lithological,
chronological, structural, morphological ones)

o The relationships between these objects.

Handling information required to build digital

geological maps implies of first analysing and

extracting semantic content of the geologic objects
and of identifying their spatial relationships.

THE ‘SION’ METHOD

Since a few years, CREALP has developed, in
close collaboration with the Swiss Geological
Survey (SGS), the ‘SION’ method, an innovative
approach for implementing geological maps in
digital format wusing GIS technology. This
methodology aims at providing a consistent
geological GIS fulfiling a number of strong
requirements like:

e Storing and modelling geological objects in an
exhaustive and accurate way through a robust data
model

¢ Distributing the geologic features in relevant layers
according to their geological meaning

e Developing an efficient method for geometrical
construction of the digital map solving issues related
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to superposition of objects associated with multiple
layers.

e Implementing a data model offering powerful
capabilities of analysis (spatial and non-spatial).

TOOLMAP

As a natural extension of this technique, CREALP
launched in 2006 the development of TOOLMAP a
standalone software program that fully implements
the principles that underlie the method (fig. 1).
TOOLMAP provides tools that abstract, organize
and transform field data to the relevant digital
datasets used to generate the digital geological
map and derived geothematic maps. This is
achieved through the integration in TOOLMAP of:
e A versatile relational database that allows the
handling of geospatial data (geometry and attributes)
with various levels of complexity
e A GIS engine with the associated tools for editing,
geoprocessing and validating data (topological and
semantic rules).

This open-source and cross-platform (Windows,
Linux, Mac) software is actually developed in
coordination with the SGS in the framework of the
production of maps of the Geological Atlas of
Switzerland at 1:25 000 scale (GA25). The Beta
version was recently tested for successfully
implementing the new geological data model that
underlies the geological information system of
Switzerland being developed by the SGS. The first
public release candidate of TOOLMAP is planned
for April 2009.

Although initially dedicated to digital geological
mapping, TOOLMAP is very suitable for handling
other types of data because of its open design and
its comprehensive functionalities.
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CONCLUSION

TOOLMAP and its built-in concept offer a new
technical framework for a full integration of GIS
technology into the geological map production
cycle (fig. 2). The close combination of a step-by-
step process and dedicated tools is a pledge for
ensuring constant quality and consistency in the
production of digital geological maps. This GIS-
centred approach offers the ability for the geologist
to enhance field data acquisition and map
accuracy by combining, at each stage of
geological mapping, geological data with other
geo-spatial datasets such as DEM, digital
orthophotos, multi-scale topographic maps.

This way, geological surveys and geoscientists
can increase use and usability of their data by
providing more powerful digital cartographic
products especially in terms of spatial analysis and
geological data management.
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Figure 2 — GIS Framework for digital geological mapping
consisting of two components: the SION-Method and
TOOLMAP software
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INTRODUCTION

The current situation with a dramatic increase
of shallow geothermal plant installations in Bavaria
has increased the need for fundamental
geothermal data. In the design of plants for the
use of shallow geothermal energy it is absolutely
necessary to get reliable information considering
the geothermal conditions at the plant location. In
the case of borehole heat exchangers, an under-
dimensioning can have consequences during full
load operation in the form of very low heat source
temperatures. Furthermore under-dimensioning
can lead to a longterm decrease of heat source
temperatures, if no adequate thermal regeneration
is provided.

Another aspect is the necessary information
about the site conditions at the plant location.
Especially the requirements of the water right
regulations, such as the term of water
Management Act (WHG) in connection with the
Bavaria Water Acts (BayWG) and the resulting
administrative regulations have to be taken into
account. The fundamental water management and
groundwater protection objectives as well as the
selection of environmentally friendly material for
the installations in the underground are given in
the “Guideline for Ground Heat Exchangers in
Bavaria” (BWP, 2006).

SHALLOW GEOTHERMAL MAPS

The knowledge of the specific underground
conditions at a planned location are essential for
the appropriate design of a shallow geothermal
plant. Many construction offices and the majority of
company engineers use assumptions and
estimates for the design with respect to thermal
conductivity and specific heat capacity of the
ground. Information about the shallow geothermal
potential, the geological and hydrogeological
conditions, drilling risks and many other important
parameters can be obtained from the responsible
geological services.
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The Bavarian Environmental Agency is occupied
with the development of a Geothermal Outline
Map (scale 1:200.000) and the Geothermal
General Condition Map (scale 1:50.000) based on
the geological map 1:25.000. Layers of these
geothermal maps are:

e Propagation of drinking water and spa water
protection zones

¢ Position of borehole heat exchanger wells,

boreholes with sensible groundwater usage,

groundwater wells, domestic wells, etc.

Geological and hydrogeological sensitive areas

Geological structures

Limitations of drilling depths

Groundwater conditions (groundwater contour

maps, groundwater chemistry, etc.)

¢ Site conditions for borehole heat exchangers or
groundwater heat exchanger (classification:
critical, uncritical for the installation of a
borehole exchanger / groundwater heat
exchanger or single case decision areas)

¢ Depth depdendent heat extraction capacity of a
typical ground heat exchanger

Figure 1 — Legend and map of basic conditions for
shallow geothermal plants.

Based on these maps the house builder,
construction office or boring contractor can get first
or detailed information about the site conditions. In
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the near future the maps will be accessible for the
public through a web map service.

GEOTHERMAL INFORMATION SYSTEM (I0G)

The realisation of the Geothermal Information
System (IOG) is nearly completed. The System
combines a map server function and an
information tool about the site conditions for
ground heat exchangers.

Today geological or hydrogeological maps are
more and more presented in digital format. Many
authorities use web map server applications to
present the digital data in the internet. The
Bavarian Environment Agency developed an
information system that comprehends different
layers on topics such as noise cadastre, alpine
nature risks or the European Water Framework
Directive. All these layers are contained in one
information system. For this reason it is very easy
to insert additional thematic layers in this system.

Furthermore the current version of the
Geothermal Information System (IOG) includes
site information concerning the requirements and
restrictions of ground heat exchanger systems. For

this reason every interested user can input his
township and the system automatically moves the
map to the extent of this town. After poointong to
the site of interest, it is possible to get information
about the geological, hydrogeological, shallow
geothermal conditions, the geothermal potential,
etc. The result is directed into a text document,
that can be downloaded and printed..

The advantage of the presentation of the
information in text form rather than in a number of
maps is, that the information is thus usable for the
broad public and not only for experts in the field.

A broader access to the potentials of shallow
geothermal energy will optimize design of the
plants and thus increase the use of this
technology. Additionally the sensibility of the
potential user with respect to potential risks of the
technology will be increased.

Another advantage s, that through the
information system necessary consultation time of
personnel at authorities will be reduced.

Figure 2 — Zoom and pan-function to a site of interest in the Geothermal Information System (10G).
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Figure 3 — Downloaded document with information about the site conditions extracted from the Geothermal
Information System.
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INTRODUCTION

The Copperbelt Environmental Project (CEP)
was formulated to help the Government of the
Republic of Zambia (GRZ) to address the
environmental problems associated with the
mining sector in the country. The GRZ has
received a credit from the Nordic Development
Fund (NDF) towards the cost of the CEP. With the
privatisation of the mining industry the CEP was
developed to assess environmental and health
impacts of the mining operations in the region and
to deal with clean up and mitigation of these
impacts falling under the government of Zambia’s
responsibility. A sub-component of the CEP deals
with environmental management and compliance
monitoring. This component of the CEP aims to
strengthen the capacity of regulatory agencies,
especially the Environmental Council of Zambia
(ECZ) and the Mine Safety Department (MSD).
One subproject of this component is the
“Consulting Services for Environmental Monitoring
for the Environmental Council of Zambia (ECZ)".
One of the main tasks was to develop an
Environmental Data Management System (EDMS)
for the ECZ. The final system consists of a GIS
platform, a Licensing Information System, a
Monitoring Information System and databases
containing all environmental regulated facilities
and historic monitoring data collected prior to the
privatisation of the copper mines.

OBJECTIVES

The main objective of this project is to increase the
national capacity for environmental management,
auditing procedures, monitoring and data
management through the provision of technical
assistance to the ECZ, MSD and other strategic
authorizing agencies or partners. As a part of this
capacity building, one of the project's subtasks
was to develop an Environmental Data
Management System (EDMS) for the ECZ. The
main application for such a system would be:
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¢ to monitor mining activities and the copper processing
industries

e to issue environmental licences for environmentally
regulated facilities

e produce digital base maps of mining areas and
copper processing industries

e produce pollution profiles for air pollution,
degradation, surface and groundwater pollution

land

The users of the system are the environmental
inspectors, monitoring specialists and information
system officers of the ECZ in Lusaka and Ndola,
as well as the inspectors of mine safety of the
MSD in Kitwe.

THE STUDY AREA AND BACKGROUND

The copper industry in Zambia is concentrated in
the densely populated Copperbelt area along the
border with the D.R. of Congo (see Figure 1).
Copper mining has been a significant economic
activity in the area since the late 1920°s, yet prior
to 1980, little attention was paid to the
environmental impacts of mining activities. After a
decline starting in the 1970s, there has been a
significant increase in the production since 2002
boosted by rising copper market prices. Old mines
are expanded and new mines are being opened,
and it is likely that old production levels will be
reached soon. There has been recent studies
about the impacts of the mining activities on the
environment (Limpitlaw, 2003) and a geochemical
baseline study was conducted (Kribek et al, 2007)
which indicated serious contamination of top soils
and degradation of the environment due to mining
activities.

Until now ECZ has not monitored the mining areas
itself, it was done by the mines and reported to the
ECZ in order to get an environmental license for
the mining activity or other environmentally
relevant activities. Other relevant activities
comprise ore processing facilities such as smelters
and concentrators. During the project new
environmental monitoring guidelines have been
developed (Banda et al, 2008) and new monitoring
equipment has been purchased so that ECZ will
start to monitor regularly in 2009.
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Figure 1 — Location of the Copperbelt within Zambia

MATERIALS AND METHODS

The task of the project was to develop an easy to
use, updatable system from existing software
available at the ECZ’s offices using ESRI’'s ArcGIS
and MS Office applications. By means of site visits
and interviews with mine operators and
stakeholders in the Copperbelt Region available
data and information was collected. Mine sites
base maps have been digitised and a model for
environmentally regulated facilities was developed
and integrated in a GIS. The existing license
formats were updated and transferred into digital
format resulting in a MS Access database for
handling the environmental licences. New
monitoring guidelines have been elaborated and
existing ECZ monitoring data has been added to a
new system resulting in a Monitoring Information
System. An overall regional GIS platform was
created importing all available data such as
topography, infrastructure, river network etc and
existing monitoring sites from multiple sources.
Topographic data was not only gained by
topographic maps but as well from height data

RESULTS AND DISCUSSION

The final Environmental Data Management
System consists of the following components: 1) a
GIS platform, 2) a Licence Information System
(LIS) and 3) Monitoring Information System and 4)
the Copperbelt Environmental Project database
containing all environmental regulated facilities
and 5) applications and tools to handle, process or
import/export environmental data into the system.
The different components are controlled by a user
interface which was developed using Microsoft
Visual Basic 2005. Figure 2 shows a screenshot
of the user interface.
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available by NASA. With this data a digital
elevation model (DEM) was created. All data had
to be geo-referenced into the valid UTM
coordinate system and datum. Furthermore, data
workflows at the ECZ had to be identified in order
to organise the new system in such a way that the
real world workflows are reflected in the system in
a logical order. Different tasks had to be identified
and best practical tools developed to execute
those tasks. It had to be decided which date types
and routines should be handled by a GIS or by a
database or by a geo-database. In form of a data
management policy data types have been defined
and data management guidelines have been
elaborated for the handling, processing and
storage of data (Kohlemainen et al., 2008).
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Figure 2 — The user interface of the Environmental
Data Management System

1) The GIS system

The system contains GIS layers and their attribute
information of the mining facilities, monitoring
points of surface and ground water, water intake
and effluent discharge points as well as emission
points to air (copper smelter stacks).The digital
mine base maps are available as a map template
with a common legend symbology for all relevant
environmentally regulated facilities according to
the classification given in the Copperbelt
Environmental Project database (see sub point 4).



Session 1 - Oral presentation

The digital base maps are so far available for the
following mining sites/towns:

Kitwe
Mulfulira
Chingola
Konkola

Each of these mining sites are organised as
independent geo-database in the GIS.

The mine base maps can be easily updated in
the GIS and used by all ECZ offices having
ArcGIS. Stakeholders not having an ESRI
software license can open the templates with the
free software ArcReader from ESRI and print out
the maps.

Furthermore, training was provided to staff in
environmental monitoring, data capturing, data
management and the overall usage of the EDMS
system components to ensure that the ECZ staff is
able to maintain and update the system in the
future (Staudt, 2007).

2) The Licensing Information System (LIS)

The LIS is a MS Access database which
handles the environmental licences of the ECZ
and holds information about emissions and
discharges from facilities where licences were
issued. The system is in prototype stage and will
be further developed during 2009.

Every licence applicant has to report
environmentally relevant activities in order to get a
licence. The system collects information about
license holders and contains information for the
following licenses being issued by the ECZ:

Water and waste water

Air Emission

Generation and storage of different waste types
Annual report on import of controlled substances
Pesticides and toxic substances

Ozone depleting substances

3) The Monitoring Information System

Hand in hand with the new monitoring
guidelines a monitoring information system has
been developed consisting of an Access database
with data capture forms for the following
monitoring types:

Surface Water
Groundwater

Air Emission

Ambient Air Quality
Effluent Discharge

Soil Contamination
Waste Characterisation
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The design of the forms is according to the field
measurement form. Given the spatial information
of the monitoring point, the information can be
easily exported to the GIS and plotted there as a
point theme. Ideally, the laboratory analysis can be
imported to the system.However the different
laboratries have to use the standardised format in
future to ensure this functionality.

4) The Copperbelt Environmental Project (CEP)
database

A data model was developed to include all
mining sites and environmentally relevant facilities.
All mining sites had to be identified and a
classification of facilities was established. All
coordinates available have been entered. The
database is an inventory of all environmentally
regulated facilities, stakeholders and contact
persons relevant to environmental issues and
licensing.

5) Other applications and tools

During the implementation of the system the
following tools have been identified which come
handy for the daily work with environmental data in
the ECZ:

e Google Earth Pro for instant satellite
area

e KMLer extension for ArcGIS for exchange of spatial
data between the GIS and Google Earth

e Garmin Waypoint or similar application to import
recorded GPS coordinates from GPS receivers

o Global Mapper for the processing of Nasa height data
sets and to import to GIS

e MultiSpec is a free and simple remote sensing
application

e The Knowledge Base is a repository containing all
training course materials, best practise handbooks,
tutorials and checklists used in the training sessions
including relevant references and literature.

e Sampling Database of ZCCH-IH prepared for the
phase 2 of the CEMP (ZCCM-IH, 2005) containing
historical data collected by ZCCM.

images of an

Some of these additional software need a commercial
license in order to use the whole functionality explained
above.

CONCLUSION

The new developed system is a useful tool to
organise and management all relevant
environmental data in the Copperbelt. The system
is open for further improvements and applications.
It is planned to use the system structure also for
the other provinces in Zambia to handle licences
and environmentally relevant data. It is possible to
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further develop the GIS platform in upcoming
projects towards an online application (WebGIS)
or even to a National Environmental Information
System for Zambia.
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INTRODUCTION:

The detailed modeling of sedimentary media
(alluvial sediments, deltas, etc.) that form
important aquifers is very complex for two
reasons. The first is the intrinsic natural
heterogeneity of the geological medium and the
second is that the data management tools
(manipulating geological and hydrogeological
data) needed to implement them in the
hydrogeological models are not developed
enough.

This point includes subjects such as the
characterisation of groundwater, as well as the
dynamics of water systems and their standard
distribution in space. In this sense the goal of this
work is to define how the spatial distribution
standards of the different hydraulic parameters in
a 3D sedimentary medium integrate in the habitual
hydrogeology modelling methodologies. Thus, the
relationship between these obvious values and the
effective-type values (which are the ones that
actually define the dynamics of the aquifer and
what is even more important for water resources,
rule its behaviour globally) could be explained.
This knowledge is critical in order to correctly
characterize an aquifer, as well as to deduce the
modelling methodology that is more adequate to
solve this problem.

The main objective of this work is to develop tools
and methodologies that integrate all the available
data into a coherent and logical structure
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supported by a computing environment that

guarantee a  proper management and
interpretation. Furthermore these tools allow
representing the 3D heterogeneity of the

sedimentary media.

METODOLOGY:

As connectivity in sedimentary bodies plays an
important role, the designed tools should allow
representing in the three dimensional space the
heterogeneity of the sedimentary strata and their
spatial distribution.

In order to do so it is essential (1) to have enough
data to allow acquiring detailed geological
knowledge of the sedimentary media (2) to
integrate the geological processes controlling the
geologic formation, (3) to interpolate, regarding the
above-points and taking into account the possible
application of different methodologies as
deterministic and geostatistic models, as well as
the petrophysic and hydraulic characteristics to the
whole volume of the considered sediments, and
(4) to implement all the information into flow and
transport models to determine the location and the
quality of the hydraulic resources by guaranteeing
at the same time their reliable management.

From the technical point of view several
requirements were identified as (1) the possibility
to work on a geospatial database regrouping
hydrogeological spatial features and time-
dependent data (2) allow the user defining and
modifying interactively on-screen the features
representing the contact surfaces (3) easiness in
interaction with external software as geostatistical
codes (SGeMs, GsLIB) or groundwater modelling
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packages (ex. TRANSIN, MEDINA, A.; ALCOLE,
A.; GALARZA, G. y CARRERA, J. (2004)) and (4)
the possibility to import/export the results in a
various type of formats.

The first task has been the creation of a geospatial
database to store and to allow the management of
a great amount of different data types coming from
different  sources: geophysical, geological,
hydraulic, and others. The data structure allows
storing an accurate and very detailed core
geological description that can be straightforwardly
generalized and further up scaled.

The conceptual model of the database is designed
in the UML. Several existing patterns and data
models have been explored to improve database
designe:

» Hydrogeological Database: University of Liege
expertise (Gogu et al., 2001);

* ArcHydro: ESRI hydrological
(Maidment, 2002);

* Groundwater Model: ESRI, Strassberg Ph.D.
dissertation (Strassberg, 2006);

* The Australian National Groundwater Data
Transfer Standard, (1999);

« XMML (eXploration and Mining Markup
Language): as a GML application schema

(Cox, 2001);

* GIS database developed in WaterStrategyMan
European Project (ProGEA S.r.I, 2004);

* GML: Geography Markup Laguage, currently
undergoing standardization as I1ISO 19136 (Lake,
2005);

* Water Framework Directive and its Geospatial
information working group (Vogt, 2002);

data model

The second step was to create tools within a GIS
environment allowing querying and visualizing the
3D information. One consists in illustrating the
core with the accurate and detailed geological
description of the selected borehole (fig.1).

Figure 1 — Visualization of borehole description
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A second one generates geologic profiles by using
an on screen defined buffer zone selection for the
needed boreholes (fig. 2).

The lithological log-description of the boreholes
together with the defined stratigraphic subunits
appear on screen as a geological profile.
Complementary information like the DTM profile,
the distance between the boreholes, the depth of
each strata complete the geological picture.

The generated geological profile can be
transformed in a working environment allowing the
geologist to make geological correlations.

This correlation pulls on the modellers wealth of
understanding of geological processes,
examination of exposures and theoretical
knowledge. Following this philosophy the definition
of the stratigraphical contact surfaces can be done
by digitizing on screen. Attributes describing the
interpreted stratigraphical subunits like the type of
the contact surface, the position between the
geological units or subunits, hydrogeologic
parameters can be defined by the user. Further
analyses concerning the shape or the hydraulic
properties of defined geological units can be
performed using statistic and deterministic
methods. To date an interactive dictionary of terms
describing the possible geological contact surfaces
types is on the way to be defined.

The profile interpreted geological units/subunits
are saved into a geo-spatial database as 3D
information. Further, this information can be
processed within the same GIS environment or by
external software packages to derive a reliable 3D
model.

Several steps in quantifying the grain size
distribution of each geological stratum or an entire
hydrogeologic subunit in terms of hydraulic
conductivities are also been done. The hydraulic
conductivity of each lithological stratum is
computed on the basis of the grain-size
distribution by quantifying as accurate as possible
the bore-log lithological description. Literature
research, laboratory tests, and tests of existing
market software solutions are currently done to
improve the described procedure.

The presented tools are grouped within a GIS
data-management platform (ArcGis,ESRI). Further
steps are now subject of design and development.
One of them is a sub-set tool allowing a stochastic
analysis of the facies shape in order to derive
several possible realizations. Another one will be a
stochastic analysis of the hydraulic properties
extrapolation in order to extend to the volume of
sedimentary bodies. A third one will allow the
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generation of the 3D geological model. The last
main step will be the integration with groundwater
modeling software.

Figure 2-Profile.

CONCLUSIONS:

The presented software platform regrouping a
hydrogeological geospatial database and the
designed tools optimize the creation of a detailed
geological 3D model.

The designed hydraulic parameterization methods
are useful to obtain a first approach of the
hydraulic conductivity values distribution.

The presented tool-sets represent a base of a
larger software platform allowing 3D
hydrogeological modeling in sedimentary media.
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INTRODUCTION

GeoKart is an application for mobile field data
capture and digital geological mapping that is
developed at the Bavarian Environment Agency
(Bayerisches Landesamt fur Umwelt, LfU).

The development of GeoKart began in the late
1990s within a research project at the former
Bavarian Geological Survey (now integrated in the
LfU), focusing on the general potential of mobile
data capture. All participants in the project were
geologists, and the intention was to keep
development as close as possible to geological
practice.

In the meantime GeoKart became the standard
tool for geological mapping and data acquisition
for field geologists at the LfU’s geological survey.
GeoKart is used by about 50 geologists working at
or for the LfU.

GENERAL SYSTEM REQUIREMENTS

The development of GeoKart is guided by the
idea of providing geologists with a single tool that
supports them in their entire field work and that
seamlessly integrates into the digital infrastructure
of the LfU’s working environment.

To ensure the acceptance by the users, the
new digital tool must be easy to use, supply all the
functionality of the analogue techniques (field
book, field map etc.), and provide considerable
benefit in relation to the established traditional
workflow and, if there are any, inconveniences
caused by new technology.

Since the LfU is a Bavarian state authority
there are some special requirements defining the
working environment.

The LfU has the legal obligation to make
environmental information accessible to the public
and therefore hosts a central database, the
Bavarian Soil Information System (BIS). The BIS
is a multi-tier architecture system with an Oracle
database, a Java based application server and
intranet and internet clients. It offers a XML-based
interface for data exchange.
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Completed geological mapping projects are
transferred to the LfU’s cartography department
where the spatial data is processed using ArcGis
geodatabase technology. The maps are published
as traditional paper maps, the digital map data is
stored in the BIS.

THE BASIS SOFTWARE GISPAD

GeoKart is an application based on a
commercial software, the program package
Gispad of the German company con terra
(www.conterra.de). Gispad is a software especially
designed for mobile data capture that comes with
the usual GIS-features like a map window for
georeferenced raster images, tools for creating
and editing vector geometries, options to enter
attributive data for geo-objects, GPS interface etc.

Maijor reasons to choose Gispad as a base for
the development of GeoKart were:

e Gispad is object class based. Prior to capturing
data, appropriate object classes have to be
defined. An object class can have several
geometry types. There are no layers like in a
conventional GIS.

¢ Gispad has a topologic geometry engine. When
different objects share parts of their geometries
(e.g. points, line segments) the respective
vectors exist only once. The editing of an
object's geometry that is also part of other
objects’ geometries changes all objects involved.
This is a big advantage for spatial geological
mapping.

e Gispad allows the collection of extensive
attributive data linked to geo-objects. Data
models are described through metadata, and a
design tool is offered to create data entry forms
with  common data aware controls. The
attributive data is stored in a conventional
database (now MS Access 2000 format).

e Gispad offers many possibilities  for
customization. External functionalities stored in
dynamic link libraries (DLLs) can be called by
various Gispad events. A comprehensive
application programming interface (API) is
provided to access internal functionalities and
object data from external functions.
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The fundament of any data acquisition with

Gispad is an application definition (ger.
‘Verfahren’). It comprises:
o the definition of available object classes,

including their geometry, visualisation, assigned
data models and data entry forms,

o the definition of data models (tables, attributes),

e controlled vocabulary with linear and hierarchic
lists,

o the assignment of external functions to internal
events.

The application definition itself is stored in a
database (MS Access). It can be created with the
Object Class Editor tool or by direct manipulation
of the respective database.

Any data acquisition project in Gispad is built
according to a specific application definition.
Different projects based on the same application
definition have an identical structure.

The project data is saved to an own project
directory with a definite folder and file structure
containing only project data. All attributive data of
geo-objects are stored in a database (MS Access)
whose internal structure is defined by the
application definition metadata.

GEOKART - GENERAL OUTLINE

GeoKart basically is a Gispad application
definition that makes extensive use of Gispad's

interfaces for customization and the
implementation of particular extensions.
There are two main objectives for the

development of GeoKart:
1. capturing of objects and object data for the BIS,
2.the support of spatial geological mapping.

The different natures of these two objectives
have significant impact on the development
process.

Due to the master character of the BIS there is
very little freedom for development in this domain
of GeoKart. The data models and the controlled
vocabulary are in fact generated from BIS
metadata excerpts, and data entry forms are
designed to resemble the interfaces of the central
database.

Any time there are relevant changes in the BIS
metadata, a new update of GeoKart is required to
maintain the full compatibility of the two systems.
All user requests for enhancements in this domain
are disallowed since the primacy for modifications
is by definition with the BIS.

On the other hand the GeoKart domain
dedicated to support the digital mapping process,
the so called Mapping Module, is fairly free from
any conditions imposed by outside systems. The
elements of the Mapping Module, like object
classes, metadata, data entry forms or particular
extensions, are internal developments of the
project team. All user requests that are reasonable
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and practicable have a good chance to be
implemented in future releases.

GEOKART - TECHNICAL OVERVIEW

From the technical viewpoint GeoKart consists
of the following components:
¢ the application definition database containing the

definitions of the available object classes, the
metadata of the data models, the controlled
vocabulary, the entry forms for attributive data,
and some data used for control of internal
functions (e.g. metadata for the BIS interface,
attribute mapping for cartography),

e a set of DLLs and runtime package libraries
(BPLs) that contain all particular GeoKart
functionalities. The DLLs are thematically split,
the BPLs store commonly used elements like
general methods and components, constants
and global variables, data modules or an
encapsulated Gispad API,

e background vector data needed for generating
attributive data. We use the ALK-GIAP format
which allows an automated import of vectors and
their respective attributive data without any user
interaction.

The proprietary methods of GeoKart are called
by various Gispad events and by configurable
menus, toolbars and buttons. Several types of
events are available:
¢ system-wide events (e.g. before or after loading

or closing a project; before or after creating or
editing an object; on change of geometry; on
change of the active object),

e table events in the attributive data, referring to a
dataset (after insert; before and after edit; before
and after delete),

e attribute events in the attributive data, referring
to a single field (on new dataset; on change; on
change of geometry; on button click),

e object class specific attribute events in the
attributive data, referring to a single field (like the
previous attribute events, but assigned to one
specific object class only),

e events that are assigned to buttons on data
entry forms, custom tool bar buttons or menu
items of the GeoKart main menu.

The assignment of external functions to Gispad
events is stored in GeoKart’s application definition
metadata (table, attribute and data entry form
button events) or initialization file (system-wide,
tool bar and menu events).

GeoKart currently offers 17 different object
classes for data capturing (14 in the BIS domain, 3
in the Mapping Module) and 20 more object
classes as containers for georeferenced raster
data or background vector data. The metadata
describe around 120 tables with 1500 attributes.
The controlled vocabulary comprises more than
180 lists with 11000 key entries. GeoKart’s
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proprietary functionalities are stored in 10 DLLs
and 2 BPLs. The DLLs publish about 250 different
functions that are assigned to Gispad/GeoKart
events.

GEOKART DEVELOPMENT TOOLS

The Gispad program package contains a
powerful tool for the development of application
definitions, the Object Class Editor. This tool
enables the creation of all common elements of an
application definition and controls all their cross
references between the different metadata tables
and their internal indexing.

In wide parts GeoKart was developed directly
on database level. This is less comfortable, but
suitable because metadata excerpts from the BIS
are used to build the metadata in GeoKart's BIS
domain so that all common tables and attributes
and the controlled vocabulary have the same
internal indexing in GeoKart and the BIS.

The GeoKart DLLs and BPLs containing all
external functionalities are written in Delphi with
Borland Developer Studio 2006 (BDS2006) as
currently used integrated development
environment (IDE).

The Gispad API is encapsulated by the library
gpAPI32.dll in the Gispad program directory. A
Pascal/Delphi unit containing all the functions
published in this DLL is provided by the software
producer and can be easily integrated in the IDE.

Any other IDE that is capable of creating DLLs
for a Windows OS can be used as well, but since
parts of Gispad, including the API, are written in
Delphi itself the choice of this IDE is apparent.
Gispad/GeoKart runs on standard Windows OS
only.

GEOKART FEATURES

The proprietary developments for GeoKart can
be roughly divided into the following groups:

¢ Functionalities for the project management.
They are called on opening and closing of a
GeoKart project in order to assure that a project
meets the special requirements. This includes
for instance the check for all necessary GeoKart
settings, the import of background vector data or
the automated upgrade of project data when a
new GeoKart version is used for the first time.

e The functions for the BIS domain are mainly
concerned with the handling of attributive data.
This is due to the fact that some features from
the BIS’ Oracle data model (e.g. inheritance,
special data types) cannot be rebuilt one-to-one
in the application definition metadata. There are
several assistants to ease data entry, too.

e The Import & Export Manager for handling the
exchange of spatial and attributive data with the
BIS through its XML-based interface (details
below).
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e To increase efficiency in data entry GeoKart
offers configurable default values for many
attributes that are grouped into sets, the User
Profiles. A manager enables the handling of
user profiles, including functions for cloning,
import and export to other GeoKart projects. A
quick selection utility for User Profiles is
available.

e GeoKart has own methods to guarantee data
integrity that exceed Gispad’s built-in functions.
The data maintenance functions ensure project
data to always comply with the special
requirements for both BIS and Mapping Module
objects. This is also a time-saving feature for the
developer as objectionable project data states
that need repair are much less likely to occur.

e Several tools & helpers have been implemented
to increase the ergonomics of the system, many
of which were triggered by user requests. One
example is a button emulating a right mouse
click which is a big help while constructing or
editing vector geometries on a pen computer.
Another one is two Map Switches that allow
activation or deactivation of configurable sets of
georeferenced raster images by a single click on
a tool button.

e GeoKart integrates some independent tools &
assistants that are in fact small stand-alone
programs, like the Sketch Editor that can be
used to create drawings for any geo-object. It
comes with a set of graphic and text tools and is
able to import digital photos as drawing
background. Or the Gauss-Kriiger Assistant
that converts coordinate pairs between the
different projections used in Bavaria.

e The functionalities of the Mapping Module.
Details of this comprehensive GeoKart domain
for the support of the spatial geological mapping
process are described below.

GEOKART IMPORT & EXPORT INTERFACE

A bi-directional interface enables GeoKart to
import and export geo-objects and their attributive
data from respectively to the central database BIS.
Data exchange is based on XML/GML-files with a
proprietarily defined structure.

GeoKart incorporates a XML-reader and a
XML-writer that are both semi-generic and
controlled by metadata. The metadata regulate the
mapping of attributes and attribute conversions.
Changes in the BIS data model are usually
managed by adapting the metadata and do not
require adjustments in the source code of the
interface. A fully generic interface is impeded by
the fact that the BIS data model cannot be rebuilt
exactly in Gispad’s MS Access database so that
some particular functions are required to handle
this divergence.

The Interface can be used to exchange
complete geo-objects as well as modifications or
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additions in the attributive data of already existing
objects. GeoKart internally manages the technical
IDs that the BIS assigns to all objects and datasets
and that are used to distinguish existing from new
data. In case of an import of a new geo-object
from GeoKart into the BIS there is a function to
evaluate the BIS import log files to retrieve the
new object and dataset IDs assigned during the
import process. By this way data synchronicity
between the two systems can be assured.

THE MAPPING MODULE

The GeoKart Mapping Module is a digital
approach to spatial geological mapping. Generally
geological mapping is a process based on
punctual observations of rocks and their
classification according to their characteristics.
Regions with common characteristics are
separated by border lines until the whole mapping
area is fragmented into areas containing
observation points of the same classification.
There are some important aspects:

e Only observations points are classified. Areas
inherit the classification from the points they
contain.

o Areas are not directly mapped. They result from
the mapping of border lines.

e The classification catalogue can evolve during
the mapping process.

The GeoKart Mapping Module provides three
object classes representing the basic geometry
types (Mapping Point, Mapping Line and
Mapping Area). Mapping Points and Mapping
Areas can be classified with a map unit, Mapping
Lines according to their type.

The Map Unit Manager is the tool for handling
map units. Every map unit has a short and a long
name, a colour and a comment field, all of which
are freely editable. Map units also can be imported
from other GeoKart projects. There is a utility to
export the whole catalogue as tab sheet to a MS
Excel file that can serve as an archive.

Map units can be created, changed or deleted
(except a default map unit) at any time. Map units
are not part of the controlled vocabulary of the
application definition, they are part of the project
data. By this way the catalogue of map units can
evolve with the mapping process.

Mapping Points and Mapping Areas are
displayed in the colour of their assigned map unit,
Mapping Lines according to their type. The
attribution of Mapping Module objects is cached in
the memory of the operating system for better
performance. Theoretically there is no limit to the
amount of Mapping Module objects and the
number of map units that can be held within a
GeoKart project. On the practical side, projects
with more than 30.000 objects are still running with
good performance.

104

The Mapping Module offers several additional
tools for the work with Mapping Module objects:
¢ A tool for Mapping Areas to inherit a map unit

from Mapping Points. The tool searches all
Mapping Points that are contained in the active
Mapping Area and evaluates their assigned map
units. The map units found are displayed in a list
ordered by frequency of assignment. A Map unit
can then be selected and assigned to the
Mapping Area, and optionally to all contained
Mapping Points. There are several options for
building an object selection set.

e A similar tool for a Mapping Point to inherit a
map unit from a Mapping Area containing this
point.

¢ A tool to build selection sets of Mapping Points
and Mapping Areas according to their assigned
map units. Search criteria can be one or several
map units. There are options for the handling of
an already existing selection set and the building
of the new selection set.

e A tool for the assignment of a map unit to
Mapping Points and Mapping Areas contained in
an existing selection set. There are several
options for manipulating the set of selected
objects.

e Tools to build selection sets of Mapping Module
objects according to their attribute type of object
with several options for the handling of an
already existing selection set and the building of
the new selection set.

e Tools to assign the attribute type of object to
Mapping Module objects contained in an existing
selection set, also with several options for
manipulating the set of selected objects.

The attribute type of object of all three Mapping
Module objects is associated to lists in the
controlled vocabulary. There is a cross reference
of some list elements (e.g. border of geological
units from the list for the type of Mapping Line) to a
list of cartography attributes. GeoKart takes care
of this reference, so these objects do not have to
be attributed during the later processing in the
cartography department any more.
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INTRODUCTION

Since the 1970s, global and regional

environmental problems and their solutions have
been a priority for the state policy of Armenia.
Geomorphology, as well as other earth sciences,
has many environmental features which require
special methodological approaches. One of them
is urban relief (lithologic plate) stability assessment
as a basis of urban life and vital functions.

BRIEF DESCRIPTION OF THE MORPHO-
LITOLOGICAL SYSTEM OF YEREVAN

The relief of urban territories, especially the
mountainous ones, plays an important role in
urban life organization. So, stability assessment of
urban relief is one of the most important problems
in environmental geomorphology of urban
territories. Definition, estimation and mapping of
quantitative and  qualitative  indices and
characteristics are essential for urban construction
(Likhachova et al., 2000).

In this respect, the most prospective is the
morpho-litho-system approach that regards “relief
+ geological substrate” and “city + relief +
geological substrate” as an urban morpho-
lithological system (Likhachova et al., 1991).

The morpho-lithological system of Yerevan
represents a complex system of interactions
between natural and man-made components of
urban morpho-lithosystem. On the territory of more
than 230 sq. km, there is a variety of qualitative
and quantitative characteristics, particularly
hypsometry, surface inclination, dominating
exposition of slopes, depth and density of relief
dissection.

Anthropogenic deposits are also an issue
which describes the land-use patterns in Yerevan
(Asmaryan, 2006).

The main goal of this study was to assess the
real state of urban surface and reveal the suitable
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and stable places for Yerevan development in the
future.
The tasks to achieve this goal were:

e To study the qualitative and
characteristics of the relief of Yerevan

e To analyze the man-made forms of urban relief.

e To identify the characteristics of distribution of man-
made deposits.

o To assess urban relief stability of Yerevan.

e To assess the functional load (characteristics of the
distribution of the different morphotypes of functional
zones)

quantitative

MATERIAL AND METHODS

In this study the ArcView GIS 3.2a ArcGIS 9.x
software were used with the ArcView Spatial
Analyst and 3D Analyst extensions. For TIN model
the topographical maps of 1:25000 and 1:10000
scales were digitized for Yerevan city. On the base
of TIN model we derived the maps of slope and
aspects, depth and density of erosion dissection,
which gave us detailed information about the state
of surface hypsometry, inclination and slope
exposition and barren area (Asmaryan, 2005).

Figure 1-The main components of Yerevan morpho-
lithological system
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We analyze the data of more than 500
boreholes.  Comparing them  with  the
topographical map and satellite imagery of high
resolution (Quick bird-0.4m) we derive the maps
of the distribution of man-made deposits and
land use of the territory of Yerevan city.

The maps of relief morphogenetical types
and forms and relief-forming processes were
transformed from raster to vector format.

The Figure 1 has shown the main
components, which have been chosen for the
assessment.

All the layers were georeferenced in ArcView
using Image Warp tools. The Weighted overlay
process in Model Builder available in Spatial
Analyst extension has been used to do the
analysis as shown in the Figure 2. To combine
input themes with different kinds of data, we
assigned the values in the input themes to
values on a common evaluation scale. We
weighted the themes as to their influence:

Relief morphogenetical types — 30%
Exogeneous relief forming processes — 20%
Man-made relief forms and deposits — 10%
Seismic characteristics — 5%

Slope inclination — 5%

Slope exposition — 5%

Hydrogeological characteristics — 5%

Depth of erosion dissection — 5%

Density of erosion dissection — 5%

We define the weighted overlay table where
we specify the percent influence for each theme
and a scale value for each input field value.

RESULTS AND DISCUSSIONS

Running the model we get the map of the
relief stability of Yerevan city. According to the
three-point scale we get three type of territories,
viz. one-point as stable, two-point as moderately
stable and three-point as unstable territories.

As shown in the Figure 3 the best and stable
area is laying in high parts of the hillock and tuff-
lava sheets within the western and eastern part
of the city, named as the Yeghvard and Arabkir-
Qanagqger and Nork volcanic platos.

In the central part of the city at the basins of
volcanic and tectonic origins, the alluvial fans of
Djrvedj, Voghdjaberd and Getar rivers and within
the three fluvial terraces above flood-plan of
Hrazdan River we have areas of moderate
stability.

The most unstable areas are in the south-
eastern part of the city where we have hillock,
arid denudation pediments and ropy denudation
plato of single beds cover, V-shaped valley steep
slopes and escarps.
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Hens we can figure out the following:

¢ the picture of the relief stability of Yerevan city is
very complicated: within the urban area we have
three types of morphogenetically different territories
viz. volcanic  platos, arid-denudation and
accumulative plans, which define the differences in
the morphometrical characteristics of the urban
relief and finally make complexity of relief stability.

¢ In the northern and north-eastern dirrection we have
well natural conditions and stable areas for the
future urban spatial expantion and development.

e The geomorphological and environmental data base
is formed, which we plan to update with the
geochemical and geophisical data in order to
perform the geomorphological and geochemical risk
assessment.

A necessary prerequisite for the improvement
of urban environment is rationality of its territorial
management — the optimal division of urban sites
by their functional predestination. One of
approaches aimed to this is functional zonation
of the city — a spatial management of basic types
of activities — labour, household, recreational.

We divided Yerevan's territory depending on
the type of the activities of the populace which
predetermine industrial, inhabited, recreation
zones with their morphotypes.

The map of functional zonation of the city
indicates the zones as ecologically unfavorable,
neutral and favorable plots in colours
respectively from dark-violet to green.

The produced map allowed us to indicate the
optimal level of distribution of ecologically
unfavorable, neutral and favorable plots allover
the city's territory.

The Figure 4 highlights the results of
correlation of areas of unfavorable, neutral and

favorable plots by different-level stability
territories.
CONCLUSION

The obtained results indicate:

¢ Disproportion of land balance: the planted area as
ecologically favorable plot is very small, especially
in the south of the city where the concentration of
industrial enterprises as ecologically unfavorable
morphotypes, is the highest.

e The southeastern and eastern parts (some 2/3 of
the city) as the most unfavorable sites are
unsuitable even for agricultural purposes, due to
extremely high erosion dissection density and depth

factors  (4-7km/sq.km and 10m/sq.km) and an
inclination to a wide spread of landslide
phenomena.

e The northwestern part of the city in the bounds of
Yeghvard volcanic plato is the most stable and
unloaded. Nearby the north boundary territories lie,
undeveloped but rather stable.
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Figure 2 — The model of the weighted overlay process
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Figure 3 The map of stability of the territory of Yereva
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The central part of the city experiences construction
boom. Construction of many-stored houses in the
hollow part of the city brings to an increase of their
density. For poorly ventilated part of the city this can
lead to adverse ecological consequences,
especially when houses are constructed at the
expense of reduction of planted areas.

This analysis is important for planning
civilian, industrial, municipal etc. object, in
particular at the stage of designing districts,
organizing or more precise definition of general
scheme.
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INTRODUCTION

The Geological Survey of Austria (GBA)
represents the geo-management, geological and
related geoscientific center of the public sector of
Austria.

Integrated in the comprehensive project
“Ecological versus historical determinants of plant
species distribution in the Austrian Alps (FlorAlp)”
the Geological Survey was asked to contribute and
provide geological aspects for modelling
vegetation habitats.

Beside climatic conditions, regarding altitude
and aspect, geology is an essential factor for the
nutrient content in soils.

SUBSTRATE UNITS 1:200.000 - SO WHAT?

Covering the Austrian Alps, the digital database
of substrate units represents a first and leading
product of its kind in the country.

It fills an important gap in the ecological
fundamental data pool and will serve as an
important tool for environmental issues and spatial
approaches in the future.

Based on the original legend text, lithological
information and references, the geological features
are assigned to 33 substrate units, covering the
whole Austrian alpine region. Legend items
include:

1) Acidic silicate rocks

2) Intermediate silicate rocks

3) Basic silicate rocks

4) Calc-silicates

5) Clastic silicates (acidic)

6) Clastic silicates (intermediate)

7) Clastic carbonatic sediments

8) Clayey fine clastic sediments (acidic)
9) Clayey fine clastic sediments (intermediate)
10) Clayey fine clastic sediments (basic)
11) Limestones (including marble)

12) Dolomite

13) Sulphates and chlorides (evaporites)
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14) Till (siliceous, acidic-intermediate)

15) Till (siliceous, intermediate-basic)

16) Till (siliceous-carbonatic)

17) Till (carbonatic)

18) Talus (siliceous, acidic)

19) Talus (siliceous, intermediate)

20) Talus (siliceous, basic)

21) Talus (siliceous, carbonatic)

22) Talus (carbonatic)

23) Alluvial sediments (acidic-intermediate)
24) Alluvial sediments (intermediate-basic)
25) Alluvial sediments (siliceous-carbonatic)
26) Alluvial sediments (carbonatic)

27) Sand (siliceous)

28) Sand (carbonatic)

29) Loess loam (siliceous)

30) Loess (carbonatic)

31) Organic material

32) Landfill, anthropogenic deposit

33) Ultramafic rocks

Assignments to solid rock result from unique
table joins. However, routine assignments to
unconsolidated and quaternary rocks cannot be
carried out easily because many local conditions
have to be taken into consideration.

For example local or remote moraines contain
different material depending on the hinterland of
the glacier and its pathway through different
geological units.

As explicit assignments are often not
practicable, the requirement of second choice
assignments arose to provide alternatives to first
class substrate units.

Additionally each assignment comprises three
quality ranks which are applied to each polygon to
account for these insecure decisions.

Figure 1 shows secure, less secure and rather
unsecured substrate unit assignments while figure
2 shows alternative assignments. In comparison
figure 7 shows the actual substrate units.
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Figure 2 — Alternative Assignements.

DATA ASSEMBLING AND DATA QUALITY
MANAGEMENT

Unfortunately there is no complete Austrian
wide geologic database at the scale of 1:200.000
which could have been used as input for this
project. The primary data source is the digital
database of an existing polygon feature class
covering the Austrian provinces of Salzburg,
Upper- and Lower Austria plus Burgenland, all at
the scale of 1:200.000, and Vorarlberg 1:100.000
of the same product series.

Homogeneous data quality varies as uncoverd
areas have to be filled with unpublished, foreign or
outdated map data of different scales and quality
standards.

o Different product sources: digital, analog, published,
unpublished.

¢ Different precision and scales: from 1:100.000 to
1:300.000

o Different data quality and accuracy: mostly latest
data, but also some data known to be outdated

[
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Figure 3 — Product source.
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Figure 4 — Scale of geological raw data.
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Figure 5 — Quality of geological raw data.

Polygones in the finished database are merged
and dissolved according to the newly generated
attribute substrate units. Therefore inhomogeneity
aspects are not visible anymore. Users must be
conscious of quality disparity. Providing
information about the source product as well as
the quality of geological raw data and the scale as
joint attributes or as overview layers can help
drawing user’s attention to this circumstance.
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Keeping all the details in the basic dataset
means some further 10.000 polygons, which
makes quite a difference to the handling and
processing of the data. Ideological objectives are
confronting technical strategies and consistency.

CONCLUSIONS

Data consist of actual data and additional
information which cannot be regarded as meta
data because it is necessary to understand the
substance of data. There is a need to think about
and put effort into presenting and integrating
quality declarations in the dataset itself.
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INTRODUCTION

During the production process of the

Hydrogeological Map of Bavaria 1:500.000 (HK
500) (LfU, 2009) a number of -cartographic
challenges have been met. Main points were the
consistency of the digital data sets in the map
originating from different sources, the aggregation
and adaption of geometries from different scales
and the topology of the spatial data. The poster
shows the different stages of the cartographic
production process and some details of the
produced map sheets.

Within the scope of the HK 500 the following map
sheets were produced:

e ,Map Sheet 1: Propagation of Hydrogeological
Map Units near to the surface®

e ,Map Sheet 2: Classification of Hydrogeological
Units*

e _,Map Sheet 3: Regional
groundwater contours®

e ,Map Sheet 4: Groundwater recharge through
precipitation based on a long-time average*®

aquifers and

BASIC DATA

For the production of the HK500 different data
bases were used. All four map sheets contain a
reduced topography, which was extracted from the
“General map of Bavaria” (UK 500) (LVG, 2007).
For the map sheets 1 to 3 the geometries of the
“Hydrogeological Map of Germany 1:200.000”
(HUK 200) (BGR, 2008) and the tectonic faults of
the “Geological Map of Bavaria 1:500.000” (GK
500) (GLA, 1996) were used as a starting point.
For the production of map sheet 2 numerous
groundwater contour maps from different sources
and scale ranges have been archived and
evaluated. The visualisation of the groundwater
recharge in map sheet 4 is based on raster data.

CARTOGRAPHIC PROCESSING
Preparing the topographic base data:

The topographic features of the digital UK500
were reduced and represented in a cartographic
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simplified form. Since the scientific data are limited
to the extent of Bavaria the topographic data
outside Bavaria were reduced to a minimum. Thus
the users view isn’t distracted from the principal
theme.

Preparing the HUK 200 data:

The spatial data of map sheets 1 to 3 were
derived from the geometries of the HUK 200. As
the HUK 200 was available in different map
sheets, it was necessary to adjust geometries at
the boundaries in order to get a seamless map.
Additionally covering layers were removed and the
water bodies of the HUK 200 were replaced by
those of the UK 500.

Aggregation and generalization of the HK 500
spatial data:

To ensure the legibility and comprehensibility of
the HK 500 the rather detailed geometries of the
HUK 200 had to be reduced. The first step was an
aggregation of the hydrogeological units from
around 270 units in the HUK 200 to around 90
units in the HK 500. The next step was the
adaption of the geometries to the scale 1:500.000.
The following points had to be addressed
considering cartographic minimum dimensions:

Elimination,

Enlargement,

Grouping,

Smoothing and

Displacement of geo-spatial features

Which option is the appropriate one has to be
decided for each element individually and depends
on cartographic and scientific criteria. For this
reason the generalization was a very time
consuming task. To accomplish this within the time
schedule, the total area was divided between three
cartographers and generalized simultaneously.
The main challenge was then to produce a
homogeneously generalized map. To achieve this,
an agreement on common rules such as the above
mentioned ones and a close communication
between the cartographers during the whole
generalization process were essential. Figure 1
shows a detail of map sheet 1 before and after the
generalization process.
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1a

2a

1b

Figure 1: Detail of polygon geometry before (a)
and after (b) the generalization process: geo-
spatial features are eliminated, enlarged, grouped,
simplified or displaced considering cartographic
and scientific criteria.

Integration of spatial data:

The goal of spatial data integration is to reach
topological and scientific consistency of the data.
In case of the HK 500 the spatial data integration
plays an important role because of the different
data sources. For example the generalized
hydrogeological units had to be adapted to the
drainage network of the UK 500 and the tectonic
faults of the GK 500 (Figure 2) as well as the
groundwater contours had to be adapted to the
geometries of the hydrogeological units.

2b

113

Figure 2: Detail of map sheet 1 “Propagation of
Hydrogeological Map Units near to the surface®,
after generalization, data integration (a) and
including topographic data (b).

Map Layout:

The HK 500 is planned as an outline map
series and its layout and format should support
that view. For this reason the different complex
map legends of the map sheets 1-4 were placed
inside the map surface (Figure 3). This gives the
possibility to arrange the legend individually for
each sheet and to utilise the whole space between
the map frame and thematic data. Another
advantage is that the size of the folded and
unfolded map sheets are identical, which gives a
better presentation of the whole map series.
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Figure 3: The basic map layout of the HK 500.

CONCLUSIONS
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To ensure the legibility and comprehensibility of
the HK 500 the cartographic adaption of spatial
data from different sources and the generalization
of the hydrogeological units was essential.
Especially the change of scale from the HUK 200
to the HK 500 and the aggregation of
hydrogeological units required a lot of cartographic
and scientific resources. The production of the HK
500 makes clear, how important it is to reduce
geometries and content in order to provide legible
spatial information to the user. This is an important
point, because it shows, that also in the digital era,
where it becomes always easier to compose maps
with layers from different sources, cartographic
expertise will be essential to maintain consistency
and legibility of the maps.
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INTRODUCTION

Multidimensional modeling and visualization of
geological and geomorphological data permit
fundamental advances in Earth Sciences.
However, as numerous commercial applications
devoted to such modeling are either expensive or
unable to manipulate all available data, open-
source software is a noteworthy alternative.

This contribution discusses two different
models: one is a semi-4D model of the youngest
Pleistocene deglaciation of two valleys in Polish
High Tatra Mountains, the other is a 3D geological
model of Nummulitic Eocene deposits in the Tatra
Mts. Both models were created using only free and
opensource software: GrassGIS (www.grass.itc.it),
Qgis (www.qgis.org) and Paraview (www.para-
view.org). This software is available in the Internet
and can be freely downloaded.

4D DEGLACIATION MODEL

The aim of this project was to model the
recession of a mountain glacier flowing into two
High Tatra mountain valleys: Roztoka and Rybi
Potok (Makos et al., 2009). The 4D deglaciation
model (Fig. 1) is based on geological and
geomorphological data (location of glacier trimlines
and moraine ridges), detailed digital elevation
model (horizontal resolution of 5x5 m) and an
analysis of aerial and satellite images.

Based on three generations of glacier trimlines,
which show horizontal extension of individual
deglaciation phases, three spatial models of the
glacier extension have been constructed and
subsequently combined to produce a 4D
deglaciation model. This model allows to compute
volume and surface area of the glacier in
subsequent phases of its evolution.
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Figure 1 — 3D model of the accumulation area of the
Roztoka and Rybi Potok glacier - the last glacial
maximum.

3D GEOLOGICAL MODEL OF THE
NUMMULITIC EOCENE IN TATRA MTS

The study area is located in the northern part of
the Tatra Mts. The 3D geological model of the
Nummulitic Eocene is based on geological surface
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data, cross-sections as well as digital elevation
model (Tomaszczyk et al., 2009). The model (Fig.
2) contains six lithological units: nummulitic
limestones (Ew), detritic limestones (Ej), dolomitic
sandstones (Ep), grey conglomerates (Ezs), red
conglomerates (Ezc), undivided Mesozoic rocks
(Mz) and also comprises two vertical faults.
Geological model allows to create solids, surfaces

and various horizontal and vertical sections. Based
on these it was possible to estimate spatial
distribution and thickness variations of modeled
units and to verify the position of geological
contacts. An analysis of the model defined fault's
displacement parameters and confirmed
synsedimentary origin of faults.

Figure 2 — 3D voxel model of the central part of Nummulitic Eocene in the West Tatra Mts.
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INTRODUCTION

The GeoAnthropic map of Catalonia is a new
geothematic map series at 1:25000 scale
performed by the Geological Institute of Catalonia
(IGC). This new series is a complement of the
1:25000 scale geological map, providing data of
the current geomorphic processes and the man-
made activities that transform the territory. Data
portrayed in this map series will be useful for land
planning and hazard assessment. GeoAnthropic is
an acronym meaning active geomorphic
processes and anthropic activity.

The project commenced in the year 2007 and
is planned to be finished by the year 2023. The
whole land of Catalonia will be covered by this
series, totalizing an area of 32144 km? to be
mapped in 16 years (Fig. 1).

Figure 1 — Map of Catalonia showing the progress of the
GeoAntrhopic map (coloured areas).The grid is the
1:25000 topographic sheet distribution. Solid lines are
the county borders.

The GeoAnthropic map series will be
published according to the 1:25000 topographic
grid of Catalonia (304 sheets). A database related
to this map series is currently under construction.

117

At present, three preliminary sheets are
completed, and works in 13 sheets are in
progress.

MAP CONTENTS

The 1:25000 GeoAntropic map of Catalonia and its
related database has to fulfill the following items:

o Active geomorphic processes inventory.

e Geotechnical and geochemical properties
problematic soils.

Active geomorphic processes map.

Anthropic artifacts map

Regolith and residuals soils map.

of

AIMS OF THE GEOANTHROPIC MAP

The GeoAnthropic map is though to be a
complement of the general geological map and
provide data for hazard assessment.

The main goals of this geothematic map are to
map the active geomorphic processes occurring in
the territory (landslides, badlands areas, etc), and
depict the man-made or anthropic works (infillings,
road cuttings, etc) that have reshaped the
landscape (Fig. 2 and 3).

Reclassify the bedrock geology is also an
important task to do in this map series. The
lithological units portrayed in the general
geological map will be grouped according their
geotechnical properties. The reason to do that is to
know the areas made up of problematic soils such
as shrinking and swelling clays, dispersible soils
and collapsible soils.

Regolith and residual soils mapping is a further
goal to achieve in this series. Weathering fronts
are not generally depicted in geological maps.
Mapping weathered rock types is important
because the mechanical and chemical properties
of weathered rocks are totally different from the
properties of the parent rock from which they form.
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Figure 2 — The upper map is the regular geological map at 1:25000 scale of Isona (sheet 66-23). The lower map is the
GeoAntropic map of the same area. Both maps are complementary. The geological map depicts the bedrock
geology that makes up the territory. The GeoAnthropic map, instead, portrays the active geomorphic processes
occurring in the territory and the man-made artifacts that have reshaped the natural Ilandscape.
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Figure 3 — Active geomorphic processes occurring in
one of the preliminary completed sheets (sheet 66-23,
Isona). The upper map shows the areas affected by
fluvial processes and erosion. The map of the middle
portrays active landslides. The lower map depicts
current karstic phenomena.

BENEFITS TO SOCIETY

Mapping and realizing the inventory of the
active geomorphic processes of the whole territory
is essential for land planning and hazard
assessment.

Recognizing and mapping man-made artifacts,
such as infillings, road cuttings and embankments
it is also of crucial value, because they may trigger
or reactivate dormant landslides, or cause erosion
or unexpected floods.

Identifying areas where problematic soils occur
(expansive, dispersive or collapsible soils) is also
critical for hazard assessment. Shrinking and
swelling clays, dispersive and collapsible soils can
cause damage to homes.
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INTRODUCTION

The Geologic Institute of (IGC) runs an urban
geologic mapping project, at 1:5000 scale, to fill
the gap of information on ground and underground
geology of the major towns and cities of Catalonia.

The aim of the project is to provide accurate
geologic information for urban planning, major city
works and urban environmental issues.

The zones to map include the urban areas of
county capitals and towns of more than 10000
inhabitants. The project commenced in 2007 and
is planned to be finished by 2022. The urban
zones of 131 towns will be surveyed for this
project, totalizing an area of about 2109 km? to be
mapped in 15 years (Fig. 1). According to the 2008
census, the 82% of the population of Catalonia
lives in the areas to be mapped in this project

At present, in the area of Barcelona, two
preliminary maps are already done, and works in
the cities of Barcelona, Tarragona, Lleida and
Girona are in progress.
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Figure 1 — Map of Catalonia showing the urban areas to
be mapped (coloured areas). Boxes depict ongoing
urban mapping around province capitals, the grid is
the 1:5000 topographic sheet distribution. Solid lines
are the county borders.
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The geological maps of this series will be
published according to the 1:5000 topographic grid
of Catalonia. A database with geological,
geotechnical and geochemical data is currently
under construction.

MAP CONTENTS

The 1:5000 scale urban geological
Catalonia has to fulfill the following items:

map of

Outcrop inventory.

Borehole inventory.

Geotechnical properties of soils and rocks.

Map the Man-made infilling materials map

Subsurface bedrock geology map.

Quaternary map.

Thickness of Quaternary sediments and anthropic
infilling.

o Environmental geochemistry of urban soils.

DATA GATHERING

In urban areas, acquiring geological data is a
difficult issue. Former cropping out zones do no
longer exist or are very scarce (Fig. 2). In this

context, direct geological observation is very
unlikely and can only be performed in few
available outcrops and in borehole core

collections. However, valuable information may
come from historical geological maps, old aerial
photographs, geotechnical reports and digital
elevation models (DEMs).

Analyzing historical geological maps and old
aerial photographs taken before the urban sprawl,
provide relevant guidelines about the geology of
urban areas now concealed by a layer of concrete
and asphalt.

Geotechnical reports from city works are, with
no doubt, the most valuable source of data for
urban subsurface geology. Big cities are plenty of
geotechnical studies which require a large number
of boreholes and geotechnical tests to be
achieved. The thickness of the geological units
and the mechanical properties of rocks and soils
underneath the urban network can be gathered
from these reports.

Hillshade images derived from DEMs of old
aerial photographs may depict geological or
geomorphological elements that are either, hidden
or destroyed by the urban sprawl. Man-made
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Figure 2 — Orthophotoimage and the corresponding 1:5000 urban geological map (sheet 289-124, Barcelona-Horta).
Most of the mapped area is blanketed by the urban network. Cropping out zones are restricted to two spots in the
upper and lower central parts of the sheet. The black dots in the map are the boreholes used for the underground
geological reconstruction.
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infilled zones can be portrayed by the subtraction
of two DEMs realized by means of different
aerial photograph flights (Fig. 3).

BENEFITS TO SOCIETY

The knowledge of the subsurface geology of
urban areas is essential for planning and
designing major underground works involving
tunneling. For instance, in the city of Barcelona
there are 47 km of underground railway currently
under construction and, in the next 6 years 64
km of deep tunnels will be drilled.

Mapping man-made infilling is particularly
important for urban planning. In most cities, filling
temporary streams with waste materials, has
been a common practice to gain terrain for
housing. Which may result in subsidence
problems and unexpected floods in built areas.

Geochemical mapping of hazardous
elements from urban soils is critical to prevent
health problems. Large parts of the cities have
been built on former industrial areas. Thus, a
high part of the population is exposed to the
effects of contaminated soils.

ACKNOWLEDGEMENTS
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Catalan State Ministry of Land Planning and
Public Works. The authors are grateful to the
IGC executive direction for their encouragement
to present the ongoing works related to this map
series.

Figure 3 —. The upper image is a hillshade depicting the
landscape that existed in 1961. A deeply incised stream
network can be observed. The image of the middle is a
hillshade derived from a 2008 DEM, in this image the
former stream network does not exists anymore. The
lower image has been obtained by subtracting the
elevation data of the two DEMs (1961 and 2008). Red
and orange colours point out man-made infillings,
mainly localized in the former streams.
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GIS-BASED CALCULATION TO FORESEEING ANGULAR DISTORTION AT URBAN
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OBJECTIVES

Urban zones above or nearby underground
mining excavations, in Catalonia, are already
affected by land subsidence and actual urban
growth makes necessary evaluations for future
damages on edifices due to land deformation.

In order to attend this urban planning need, a
new GIS-based methodology is presented here to
evaluate critical future deformation in structures on
the basis of field monitoring of land deformation by
topographic surveys. The objective is to develop a
tool to help on subsidence management hazards
and urban planning.

INTRODUCTION

Subsidence due to historic and recent mining
activities is affecting urban zones at the Potassic
Catalonian Basin at the urban zones of Sallent,
Cardona, Balsareny and Suria municipalities
nearby salt exploitations with underground
excavations. Due to rapid growth of population is
necessary to evaluate and prevent ground
deformations at new developing urban areas
within the affected municipalities and evaluate
somehow possible structural damages for
buildings and infrastructures.

The most basic approximation to quantify
structural damage was proposed in 1956 by
Skempton and McDonald. They introduced the
concept of angular distortion as the difference of
settlement between two structural elements and
divided by the distance they are separated, Figure
1 and Equation 1.
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Figure 1 —Angular distortion calculation (Skempton and
McDonald, 1956).

S1-S2
f=

=tand
Equation 1

Where:

£ Angular distortion

S1: Settlement of structural element 1

S2: Settlement of structural element 2

[: distance in the horizontal plane between
structural elements

d: angle of distortion

Based on published data on building settlements,
the angular distortion approximation classifies
structural damage on the following way:

B Observed Damages

1/1000 Very slight damage. Hair-width cracks

1/750 Very slight damage. Lower limit where
constructing equipment can be
sensitive to settlements

1/600 Lower limit for cracking in framed
doors

1/500 Lower limit for securiting buildings
where cracking is not admitted

1/300 Cracking of brick panels in frame
buildings or load bearing brick walls is
likely to occur

1/150 Structural damage to columns and
beas is like to occurse

Table 1. Estructural damages related to ranges of
angular distortion according to Bjerrum (1963)
definition.
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By characterizing the existing deformation at
zones affected by subsidence, the Catalonian
Institute of Geology (IGC), has developed an GIS
based approach using pre-existing terrain
periodic topographic survey data and
implementing the angular distortion concept into a
GIS tool.

METHODOLOGY

The obtained results are predictive maps that
represent the angular distortion of the terrain for
different periods of time projected in the future
from a date of interest.

The velocity rate calculated from last
topographic survey at the date of interest s
assumed to be constant in time. With this

assumption deformation scenarios are calculated
for a time period of interest. Since the main
objective of this study is to be an urban planning
tool, the suggested period of time for calculations
is the useful life of buildings to be constructed e.g.
for the Catalonia case were considered 10, 30 and
50 years periods.

Implementation of semi-automatic calculation
the Skempton and McDonald concept of angular
distorsion consisted in the following steps:

1. Periodic Topographic surveying. As longer

the time period better the data to calculate
deformation rate tendencies.

2. Calculation of deformation rates on each
point of the surveying network. The use of
raw data or fitting curves to obtain
deformation tendencies will might define
abrupt changes or would soft the final
angular distortion values.

3. Calculation of deformation for the
predicting period. On the basis of
“constant” deformation rates, for each

point calculate future deformations to
deformation values from the moment of
calculation to the time of interest.

—

Point shape files Interpolation Defatmation
with ri;rjzlefa:mn n:ﬁ“"l‘ . projection to
j ibars, R years
{n years proj) kriging, etc) 4

4. |Interpolation and generation of the
deformation grid. The size of the cell is
defined on the basis of average of the
minimum  building dimension already
existing or to be constructed in the zone of
interest. The cell size will define the
maximum the value of / on Equation 1.
Also, absolute values of the deformation
depend on the interpolation method
though definition of critical zones always
has the same general distribution.
Application of ARCView Maximum Slope
and maximum flow direction (MDF)
algorithms. On the resulting deformation
grid use these two algorithms to calculate
angular distortion (B) and flow direction
respectively.

By reclassifying the resulting MDF grid,
the vector of maximum deformation
direction is plotted. Overlying the resulting
grid of Maximum slope and classifying it
according to the ranges of Table 1 along
with and the MDF resulting vectors, a
comprehensive figure of isovalues of
angular distortion and the direction it has
is generated

Steps 3 to 6 were implemented in the in ArcGIS

v. 9.2 Model Builder to automatized the
calculations, Figure 2.
CALIBRATION

As example of the of the implemented

algorithm for angular distortion calculations, the
case of Sallent City is used in this paper. At that
place some neighbourhoods were developed in

the 1950's above mining  underground
excavations. In 1996 building damage began to be
reported. Since then, monthly topographic

surveying is taking place at the most affected site.

Reclassification of
fncion O MOF to plot Angular distortion
s P :
direction (MOF} | — SN A The sl
angle of rotation
Maximum slope Reclassification of -
algadithm =g the grid acconding Angular distortion
to chasses In Takle 1 mag

Figure 2 — Calculation of angular distorsion implemented within Model Builder Arc View 9.2
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The first assumption to perform the analysis
was that the measured points have constant
deformation rates. Considering those velocities,
calculations of future deformation were performed
for 10, 30 and 50 years. Deformation grids were
generated with a cell size of 5 m on the base of
the shortest edifice dimension at the site (minimum
value of / value on Equation 1).

Figure 3 and 4 show the angular distortion
sceneries and direction for 10 and 30 years from
present day respectively. Figure 5 shows the
buildings with the largest structural damage from
the beginning of controlling topography in 1997 to

the present day. There is clearly a deformation a r‘mﬁg;gaggg
zone at the Estacion neighbourhood and the NW- 1L R TR - YT

SE band with the most intense angular distorsion
that correlates with the edifices with the that
posses the largest damage, even though, that
present approximation doesn’t considers the

structural characteristics of the buildings and only Angubic Distorsian valiss
the terrain deformation. [ »trisea B imserme [ osiocs [ it
T lwncerrso [ 1202150 I 120130 ¢ Dwection of masimum

B i

Figure 4 —Angular distortion calculation for 30 year
period from present day
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Figure 5 —Angular distortion calculation for 30 years and
present day building damage
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CONCLUSIONS

Both, maximum vertical distortion and flow
vectors make a comprehensive figures to evaluate
structural building damages and to foreseeing
zones where maximum angular distortion and its
orientation occur. Though the assumptions of
constant deformation rates, these predictions
might help on defining potentials zones to suffer
structural damage due to land subsidence and
help to define different levels of hazards and
improve urban planning. The use of the angular
distortion concept has been considered useful in
the management of areas affected by subsidence.
Evaluations of future sceneries by increment of
terrain deformation, for the Catalonian case
(Sallent), are coherent with the observed evolution
of structural damages and have been useful in the
evaluation of future risk and civil protection
sceneries.
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METHANE IN AN ANTHROPOGENIC LAKE IN THE NEW CENTRAL GERMAN LAKE
DISTRICT (NEUSEENLAND) -A GIS SUPPORTED STUDY-

Wolfgang Czegka (); Frank W Junge (! and Horst M. Nitzsche )

(1) Saxon Academy of Sciences , Karl-Tauchnitz-Str. 1 DE-04107 Leipzig.
(2) Institut fiir Nichtklassische Chemie (INC), Permoserstr. 15, DE-04318 Leipzig.

KEY WORDS: gas emission, Central Germany,
methane, freshwater lake.

Introduction

In Central Germany till 2050 one of the largest
technogenic lake landscapes in Europe will be
created by flooding of former open-cast lignite
mines. The new lake landscape (Neuseenland —
New Central German Lake District) will consist of
more than 500 mostly artificial lakes as a
consequence of open cast lignite mining. More
than 100 lakes will have areas of more than 50
hectares. Its recent and future potential for
methane emission is widely unknown. The results
in this paper on the CH,4 emission using the Lake
Muldestausee, an older artificial lake of the Central
German Lake district are targeted at closing this
gap in our knowledge. Further samples of more
different lakes focusing on studies on the
composition and isotope signature of gas is
documented in Nitzsche & Czegka et al (2009).

Regional frame

The Mulde River, one of the most polluted
tributaries of the Elbe River, has been conducted
through the residual void of the former
Muldenstein lignite mine since 1975. This mine
/lake is situated about 5 km from the city of
Bitterfeld-Wolfen in the eastern parts of the
German state of Saxony-Anhalt. The so called
Lake Muldestausee (sometime also called Lake
Muldenstein) consists morphologically of two
partial basins -former open pits- with more than 20
m depth (the Friedersdorf Basin and the Main
basin) which that are linked by a threshold which
has an average depth about 5 m (the so called
connecting bed). The lake Muldestausee has been
the main sedimentation trap from this time for the
freight of suspended matter from the catchment
area of the Mulde Rivers (i.e. the Zwickau,
Freiberg and United Mulde River). The Lake
Muldestausee (area: 6.1 km?, volume: 118 million
m3; catchment area: 6,170 km? , Zerling et al.
2001) also forms an extraordinarily effective
sedimentation trap for the solid matter, suspended
matter and nutrients reaching the lake.
Furthermore, the mass of sediments deposited in
the Lake Muldestausee since 1975 is estimated to
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be approximately maximal 8.4 million metric
tonnes The estimations depend upon used
methods. Detailed information on hydrodynamics,
on sedimentation action and the retention capacity
during flood events are published in Zerling et al.
2001. The lake sediments that have settled in the
artificial lake since 1975 range between 0.6 m
(Friedersdorf Basin) and 1.35 m thick (Main Basin)
consisting of a fine silt rhythmically layered and
rich in organic matter (on the average Cog 7,8%).
As an artificial reservoirs integrated into the river
course. The lake Muldestausee are predestined
for sedimentation of fine-grained muds. The flow
velocity is reduced when passing through the
reservoir. Suspended matter arriving with the river
is deposited. Depending upon the hydrological
situation and the catchment area of the river the
formation of lake sediments rich in organic matter
is possible. Under the conditions of high nutrient
contents an intensive internal lake algae formation
processes (i.e., a trend towards eutrophic stadium
) take place and a high level of organic matter in
the lake sediment is formed consequently. The
anoxic conditions frequently found on the floor of
the lake in the reservoir provide the prerequisites
for the multi-stage process of decomposing the
organic substance resulting in methane formation.
During a sonic depth measurement campaign of
the Saxon Academy gas bubbles were observed
to be released on the surface (so called ebullition).
It was also possible to identify the rise of gas
bubbles through the body of water in the
registered echograms. Gas analyses based on
these first samples taken by the observations
proved that methane is being spontaneously
released in the lake Muldestausee which was the
occasion for the advanced studies documented in
this paper.

Materials and Methods

For the sampling of the gas bubbles we used
an inverted funnel with known diameter. The
slender end of the funnel was connected to an
inverted 500 ml screw bottle while the enlarged
part was loaded with lead weights. On the one
hand this arrangement permits a vertical position
within the water to catch the gas bubbles
spontaneously rising within the water column. On
the other hand it allows slackening the top
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sediment layer to liberate gases stored there. The
whole system was filled with lake water before
using the funnel. After sampling time the bottle
was removed from the funnel and closed with a
screw cap always submerged by lake water. One
day later in the laboratory the gas phase was
exhausted by syringe and its volume was
determined. Part of the gas was transferred to a
20 ml glass vial with septum and partly filled with a
blocking liquid. The vial was used for gas and
isotope analyses. The physicochemical
parameters temperature, pH, electrical
conductivity, dissolved oxygen (WTW pH 90/96,

WTW LF96, WTW Oxi 96), Chlorophyll A
(BackScat I-Fluorometer Black-Scat 1101.6
LP/eexCHIa/2R from Haardt Optik &

Microelektronik) were measured in situ using
probes each attached to a separate cable.
Discrete depths for gas sampling were selected
based on the results of the hydrographical profile.
The gas samples were analysed using a GC
Chrompack 9001 system equipped with a
CarboPlot P7 column and a thermoconductivity
detector (TCD). Sometimes a molsieve A5 column
was used for more detailed analysis of oxygen
nitrogen ratios or a GC system with a flame
ionisation detector (FID) for  detecting
hydrocarbons. 100 pi of gas was transferred from
the vial to the GC system with a gas-tight Hamilton
syringe for analysis. Specific calibration factors
were used for the evaluation of the
chromatograms compounds.
Further details — especially on stable isotope
analyses ("*C/'?C) — which is not documented here
is given in Nitzsche & Czegka et al. 2009. The
spatial analyses were made with the open source
software SAGA 2.02 (comp. Czegka & Junge
2008).
Hydrochemistry Lake
Muldestausee

Hydrology

Lake Muldestausee is mainly feeded by the
river Mulde, in minor by some creeks like “Rote
Bach” (Red Creek) witch are partly feeded by
tailings, but Mulde river water is predominant. This
water is a hydrogencarbonatic — sulphatic water of
variable average content, the pH lays between
7.2- 8.5 (seasonal variation) the conductivity
ranges between 480 — 680 puScm-1 (seasonal
variation). The Mulde river flows in a lake which is
a little bit more harder and more alkaline than the
river. Fig 1 shows us the distribution of the
conductivity (summer season) Figure 2 the pH
distribution at the same day. In Figure 1 we can
also see the stream path of the Mulde river water
inside the lake Muldestausee as a pattern of the
conductivity distribution.

There is also a constant influx of nutrients that
comes with Mulde stream path into the lake. One
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of the significant sign for this nutrient inflow is the

chlorophyll- a content visualised in Fig 3.
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Figure 1: Conductibility in uSem™ in Lake Muldestausee.
The dotted line indicates the river course inside the

lake
- N
e
‘-F"\..",.._I"-E-_'\_ 1.“1 A
Friedersdorf — .
| h
! |
! T
 — — 14

Om 0% om T hm |5 &m 3k

F‘nuc:I; t

Figure 2: Distribution of pH in Lake Muldestausee
(summer term)

The mean Chlorophyll-a content in the lake is
between 5.1- 8.8. pg/L. Only inside the inflowing
path chlorophyll-a content rise up to 34 ug/L. Also
very obvious in the chlorophyll pattern is the region
were the inflowing water is diving down. This
continuous flow of nutrient reflects in the ignition
loss of bottom sediments. Fig 4 shows us the
ignition loss (Gluhverlust) of the top- bottom
sediments. The ignition loss corresponds strongly
with the organic content (e.g. Cog). At the
parameter ignition loss also a spatial distribution
becomes noticeable (Fig 4). Inside the two basins
and out side the flow path of the Mulde stream

Figure 3: Chlorophyll-a in ug/L (surface water)
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an accumulation of organic matter, which is
constantly feeded and sets the base for methane
production.

/™ Stromstrich_must.shp
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Figure 4: Ignition loss (in %) in top bottom sediments

Gases

Methane production is one of the key terminal
processes in anaerobic decomposition of organic
matter in sediments. Because sulphate is usually
limited in fresh water lakes, methanogenic
degradation of organic matter becomes the
dominant process. The immediate substrates for
CH, production are acetate and CO,. In which
extend the both methanogenetic pathways - CO,-
reduction by H, or fermentation of acetate
contribute to the CH,; production processes is
influenced by the conditions in the sediment, the
supply of organic substrate and temperature.

/\/ Must_um_gké_poly1.shp
.+ Stromstrich_must.shp

Figure 5: Methane and Nitrogen distributionin gas
bubbles at Lake Muldestausee

For the statistical evaluation of the measured
results in the following the median values is used.
The calculation of medians is a popular technique
in summary statistics and summarizing statistical
data, since it is easy to calculate, while also giving
a measure that is more robust in the presence of
outlier values than is the mean.

The median gas composition of all samples
studied from the Lake Muldestausee is 34.8%
methane, 0.7% carbon dioxide, 54.1% nitrogen
and 2.6% oxygen, although single values may vary
significantly. For instance, the measurements for
methane range between 0.0 and 84.8%, between
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0.0 and 6.0% for carbon dioxide, between 7.4 and
94.0% for nitrogen and between 0.3 and 23.5% for
oxygen. The median isotope values of all samples
studied from the lake Muldestausee are -54.0 °/,,
for methane (-62.6 through -37.7 °/,,) and -23.8 %/,
for carbon dioxide (-36.1 through -13.6 /).

Figure 5 indicates the distribution of methane
and nitrogen where the maximum methane
concentration follows the course of the Mulde river
within the reservoir. It decreases in the stream
course of the Mulde river inside the lake
Muldestausee. At the nutrient rich confluence of
the Mulde river into the main basin methane is
dominant in the gas bubbles — following the stream
line in to the parts of the lake with lower nutrient
content nitrogen is predominant. Figure 6 shows
the distribution of CO, and O,. Concerning CO; no
discrete spatial pattern is obvious.

[

Figure 6: Distribution of carbon dioxide (COj) and
oxygen (Oz)

Measurements of the parameters temperature,
oxygen saturation, and chlorophyll-a concentration
in the water column carried out at the same time
as the gas studies indicate that the Lake
Muldestausee is typically seasonal differentiated
into a upper zone rich in oxygen (epilimnion) and a
lower zone low in or free of oxygen (meta- to
hypolimnion).

Conclusions

e Some of the upcoming artificial lakes in the New
Central German Lake District (like lake Muldestausee)
have a high potential of methane formation, caused
by their accumulation potential for organic matter.

e The methane discharge in lake Muldestausee is not
only driven by diffusive processes but also by
ebullition (gas bubble discharge). There is a
considerable methane emission in the atmosphere.

o Further investigations with a focus on a quantitative
estimation of the total gas flow will be done in future.
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Transnational laser scanning project in Tyrol
(Austria) and Bavaria (Germany)

Computer models that are as precise as
possible are required to predict natural hazards in
the Alps, such as floods, mudflows, slides,
rockfalls and avalanches. An important foundation
for this is the digital terrain model (DTM). Airborne
laser scanning (ALS) has proven to be a method
with high precision and a large sampling density.

Due to the limited flight times and the great
differences in elevation, laser scanning in the Alps
is significantly more difficult than in the lowlands.
The surface area covered in the project is 3193
km? on the Bavarian side and approx. 9400 km? on
the Tyrol side. The EU grant for the INTERREG
program provided an important contribution for the
fruition of the project.

] ?
I~ [ -h .{}

Projektgebiot

Figure 1: Study area in Bavaria

The previous DTM for the Bavarian Alps provided
by the Bavarian State Agency for Surveying and
Geographic Information originated from
photogrammetric evaluations from 1960 to 1995.
With a grid width of 10 m and a height precision of
approx. 1-3 m, the data could be used only to a
limited extent for e.g. flood simulations

The laser scanning project provided a sampling
density of 1 point per m? in Bavaria. The mean
height error for level control surfaces was £0.08 m
(rms). The low- and high-elevation areas were
flown in different seasons because, as a rule, laser
scanning should be carried out only when there
are no leaves on the deciduous trees, when there
is no snow and when rivers are not flooding.

Documentation of mass displacements due to
hillside slides

The slope of the terrain plays an important role in
hillside slides. Using the laser scanning DTM, it
will be possible in the future to detect areas that
are threatened by large mass shifts.

Figures 2 and 3 show hillside slides on the
Immenstadter Horn in Allgdu. The laser scanning
flight occurred after the main rock mass had
undergone a hillside slide. It was possible to
calculate the mass shift using comparisons with
older DTM data that originated from a

photogrammetric evaluation of aerial photos from
the time before the slides.

Figure 2: Hillside slide on the southeast slope of the
Immenstadter Horn

— zlr- — ridanrowschs
] 5

Figure 3: Mass displacement calculated from DTM

differences. Mass loss is shown as blue isolines, mass
gain by red ones.
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Retreat of the Zugspitze Glacier

The surface of the terrain changes due to
human influences or natural processes. An
example for change is the retreat of the glaciers,
which is also a possible result of climate warming.
It was possible to detect the retreat of the glacier
on Germany’s highest mountain, the Zugspitze
(2962 m), in the laser scanning data. By
comparing the current laser scanning data with 40-
year-old terrain data that originated from a
photogrammetric evaluation of aerial photos from
1966, a decrease in the thickness of Schneeferner
Glacier of up to 40 m was demonstrated.
Hollentalferner Glacier, which is located to the
northeast of the Zugspitze, is surrounded by high
rock walls. As a result of this location, on the north
side and in shadow, the mass loss of the
Hoéllentalferner Glacier was not as high. The
greatest reduction in the thickness of the glacier is
approx. 15 meters in the area of the current glacier
snout.

Flgure 4: Relief portrayal of a DTM of the Zugspitze,
derived from a photogrammetric evaluation of aerial
photos.

Figure 5: Relief portrayal of a DTM of the Zugspltze
calculated from the laser scanning data from a flight in
Fall 2006.

Flgure 6: Shrmkage of the Schneeferner Glacier
calculated from the difference in the DTMs in Figures 4
and 5. The darker the area, the greater the mass loss.
The thickness of the glacier decreased by up to 40 m.

Flgure 7: Shrlnkage of the HoIIentaIferner Glacier
calculated from the difference in the DTMs in Figures 4
and 5. The darker the area, the greater the mass loss.
The thickness of the glacier decreased by up to 15 m.

References

Frei P., Rieger D., 2008. Naturgefahren digital erfassen
und bewerten als Grundlage fir die Préavention
(Digital recording and evaluation of natural hazards as
a foundation for prevention), Mitteilungen des DVW-
Bayern, vol. 3/2008, p. 403

Geist T, et al., 2005. Der Einsatz von flugzeiggestiitzten
Laserscanner-Daten far geowissenschaftliche
Untersuchungen in Gebirgsrdumen (The use of
airplane-supported laser scanner data for geological
investigations in mountanous areas),
Photogrammetrie, Fernerkundung, Geoinformation,
vol. 3/2005, pp. 183-190

Kistler E., Attwenger M., Dorsch J., 2009.
Grenziberschreitendes Laserscanning-Projekt der
Lander Tirol und Bayern (Transnational laser scanning
project in Tyrol and Bavaria), Mitteilungen des DVW-
Bayern, vol. 1/2009

132



Session 1 - Poster presentation

THE COMBINED USAGE OF GIS AND GEO-INDICATORS FOR EVALUATING AND
MAPPING GROUNDWATER POLLUTION RISK

Daniela Ducci ()

(1) University of Naples Federico || — Department of Hydraulic, Geotechnical and Environmental
Engineering (DIGA) — P. le Tecchio, 80 - 80125 Naples, ltaly.

KEY WORDS: Groundwater contamination risk,
GIS, Nitrate pollution, geoindicators.

INTRODUCTION

Nitrate contamination of groundwater is increasing
on a worldwide scale, due, principally, to the high use
of fertilizers, to the leaking from the sewage network
and to the presence of old septic systems.

The research reported herein presents a method
for groundwater contamination risk assessment
based on a previous experience of the author in
terms of nitrate risk evaluation (DUCCI et al. 2007).
This paper starts from a definition of the GIS layers
used for the application of the method based on the
geo-indicators. Afterward, the protocol to overlap the
layers and the weight of these is explained. The
methodology is applied in a large flat area of
southern ltaly, with, in a wide sector, very high
concentrations in NO3.

HYDROGEOLOGICAL
STUDY AREA

The large plain of the Volturno River (1340 kmz) is
surrounded by the Mesozoic limestone mountains of
the Southern Apennines (N and E), by the extinct
Roccamonfina volcano (N), by the Somma-Vesuvius
volcano (S), the Phlegrean Fields pyroclastic hills
(SW) and the Tyrrhenian Sea (S and W) (Fig. 1).

The plain is made up of Quaternary alluvial-
pyroclastic and pyroclastic porous deposits.
Campanian Ignimbrite is a large-volume trachytic tuff
which erupted from the Phlegrean Fields (37-39 ka
BP) and consisted of a fallout deposit overlain by
ignimbrite (CORNIELLO & DUCCI, 2007 and related
references). Almost everywhere the Campanian
Ignimbrite tuffs cross or underlie the above-
mentioned alluvial and pyroclastic sediments and
overlie Plio-Pleistocene lacustrine, palustrine, and
marine deposits. In the eastern part of the town of
Naples the tuffs are absent and there are a
succession of volcanic-pyroclastics and alluvial
sediments interbedded with peat levels and marine
deposits. Close to the Volturno river the tuffs are
absent or very thin for the river erosion.

The main aquifer of the Volturno River Plain is
located in the alluvial, pyroclastic and marine porous

SETTING OF THE
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sediments underlying the Campanian Ignimbrite
tuffs. The hydrogeological setting is strongly related
to the thickness and the physical characteristics
(lithification, granulometry, amount of scoria, etc.) of
Campanian Ignimbrite, which plays the role of semi-
confining or confining bed. The aquifer is confined
especially in the northern sector, where it is underlain
by the Campanian Ignimbrite tuffs and oldest tuffs,
semi-confined almost everywhere in the southern
sector and phreatic in the central part. Although it is
possible to zone areas with different hydrogeological
conditions, the aquifers of the Campanian Plain can
be considered a single groundwater body
(CORNIELLO & DUCCI, 2007).

In the plain the groundwater contamination is
considerable, for the widespread presence of
intensive agriculture and for the high population
density, especially in the south-eastern part. Many
wells show very high nitrate concentrations and in
the southern part of the Volturno river more than
60% of the area is over the WHO threshold of 50
mg/l (also recognised by European Union and Italian
drinking water legislation).

o

TR e
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— M S
Figure 1 — Hydrogeological scheme of the study area
(CORNIELLO & DUCCI, 2007, modified).
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THE METHOD

The previous experience of the author, in terms of
groundwater risk contamination evaluation and
geoindicators (DUCCI et al. 2007) is the starting
point for this method. Recent papers about this topic
(DUCCI et al. 2008; PERLES ROSELLO et al,
2009) go in the same direction and appear to confirm
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the validity of the methodology. The methodology
proposed with Argentine colleagues is here re-
proposed (Fig. 2), changing only the layers
combination criteria. The map combination process
here applied is very easy, is an algebraic
combination or an index overlay combination,
considering all maps of equal weight. In fact the
output values are equals the arithmetic average of
input values, starting from 1 (very low) to 5 (very
high).

pulaban deuty | BHE

Effect of the wadose mmnr Gwiu Risk

ULy Gwia

Figure 2 — Scheme of work to draw up the Groundwater
Nitrate Contamination Risk map.

The Potential Nitrate Contamination map (PNC)

The Potential Nitrate Contamination (PNC) is
considered as deriving from three sources:
agricultural (APNC: Agricultural Potential Nitrate
Contamination), urban (UPNC: Urban Potential
Nitrate Contamination) and periurban (PuPNC: Peri-
urban Potential Nitrate Contamination). The first one
is related with the use of fertilizers. For this reason
the landuse map is classified on the basis of the
requirements in terms of fertilizers, as shown in
Table 1.

Nitrate

CLC | Corine Description pollution

potential
1.1 | Urban fabric Low
1.2 | Industrial, commercial and transport units Low
1.3 | Mine, dump and construction sites Low
1.4 | Artificial, non-agric. vegetated areas Low
2.1 | Arable land Very high
2.2 | Permanent crops High
2.3 | Pastures Moderate
2.4 | Heterogeneous agricultural areas High
3.1 | Forests Very low
3.2 | Scrub/herbaceous vegetation association | Very low
3.3 | Open spaces with little or no vegetation | Very low
4.2 | Maritime coastlands Low
5.1 |Inland waters Low

Table 1 — Land use (Corine level 2) classification.

The urban source is the possibility of leaks from the
sewage network and, consequently, is linked to the
anthropogenic  pressure, expressed by the
population density.The choice of the classes of
population density is derived from a synthesis of
different examples (e.g.
http://soils.usda.gov/use/worldsoils/mapindex/popde
n.html) and it is reported in Table 2. These data
derive principally from national and regional
statistical archives data, and is aggregate for
municipality. In the study area there are 120
municipalities, with population density ranging
between 60 and 12.000 inhabitants/km? (half of the
municipalities have more than 1,000
inhabitants/km?).

To link this layer to the territory, more than to the
administrative limits, the density class is increased in
the urbanized areas of the municipality and
decreased in the other parts, as indicated in Table 2.
In the study area the urbanized areas are 17%.

Population | Nitrate | ;2764 | Uninhabited
Density Pollution
; Area areas
per sq km Potential
<5 Very low Low Very low
5-25 Low Moderate Very low
25 - 250 Moderate High Low
250 -1000 High Very high Moderate
> 1000 Very high Very high High
Table 2 — Population density classes and re-

classification on the basis of the urbanization.

The periurban sources include the unsewered areas,
especially present in the periurban context, where
ilegal sewage connections coexist with on-site
sewage disposal (cesspools, septic tanks and pit
latrines). The adopted classes are indicated in Table
3.

The mean of the sewer coverage in the study area is
85%.

The Potential nitrate contamination map (PNC — Fig.
3) is produced by overlaying the agricultural (APNC),
urban (UPNC) and periurban (PuPNC) maps.
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Sewer System Nitrate pollution
Coverage (%) potential
>90 Very low
70-90 Low
50-70 Moderate
25-50 High
<25 Very high

Table 3 — Sewer system coverage classes.

The Groundwater contamination vulnerability
map (GwVu)

In the scientific literature, a large number of
vulnerability assessment methods are available. In
the parametric system methods the validity of the
vulnerability map is strictly depending, more than on
the choice of the method, on the accuracy of the
parameters estimation procedure. For the risk
assessment with the proposed method every
contamination vulnerability method can be used: the
method just requires a classification in five classes.

In the case study, the Groundwater contamination
vulnerability (GwVu) was assessed using previous
documents produced using the SINTACS method
(CIVITA & DE MAIO 2000): in the northern part of
the Volturno River the vulnerability map was drawn
up by CORNIELLO et al. 2009. In the southern part
of he Volturno River the vulnerability map was drawn
up by CORNIELLO et al. 2005.

The SINTACS method (CIVITA & DE MAIO 2000)
uses the same seven parameters as DRASTIC (S:
Depth to Water; I: Recharge action; N: Vadose zone
attenuation capacity, T: Soil/ overburden attenuation
capacity; A: Hydrogeologic characteristics of the
aquifer; C: Hydraulic conductivity; S: Topographic
surface slope), but the rating and weighting
procedure is more flexible. It provides five weight
classifications: Normal, Severe, Seepage, Karst and
Fissured. Normal and Severe reflect the density of
human settlement and the intensity of landuse. The
selected ratings of each factor can be multiplied by a
selected weight classification to give the score of the
factor. The addition of the seven scores gives the
SINTACS index. The index has to be divided into six
vulnerability classes, from 1 (Very Low) to 6
(Extremely High).

In the case study the layers of the two previous
adjacent maps (CORNIELLO et al., 2005; 2009)
were merged and reclassified in five classes (Fig. 3).

The Groundwater socio-economic Value map
(GwVa)

The Groundwater socio-economic value map GwVa
come from the approach of Chiras and Reganold
(2005) in the sense of “sustainability” and
considering its relation with the concept of
“environmental quality” (SCOPE, 1995) defined by
four main functions: naturalness, source of
resources, support of activities and sink of wastes.

These four functions (DUCCI et al., 2007) are mapped
(Fig. 3) on the basis of the landuse (Table 4).

The Groundwater socio-economic Value map
(GwVa)

The Groundwater socio-economic value map GwVa
come from the approach of Chiras and Reganold
(2005) in the sense of “sustainability” and
considering its relation with the concept of
“environmental quality” (SCOPE, 1995), defined by
four main functions: naturalness, source of
resources, support of activities and sink of wastes.
These four functions (DUCCI et al., 2007) are
mapped (Fig. 3) on the basis of the landuse (Table
4).

Socio-
Function Corine Code level 3 economic
value
Class
Sink of 132 Very low
wastes
131,141,311,312,313,321,322,323,
Naturalness | 324,331,332,333,334,335,411,412, | Moderate
421,422,423 521,522,523
SUPPOMtOF | 441 415 121,122,123,124,133,142 High
activities
Source of | 211,212,213,221,222223231.241, |\, ik
resources 242,243 244,511,512 ery hig
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Table 4 — Groundwater socio-economic value classes
on the basis of the “Function” following the
sustainability Approach (SCOPE,1995; Chiras and
Reganold, 2005).

THE RISK MAP

The risk map in the Volturno river plain area
shows 70% of the whole area under high
groundwater nitrate contamination risk conditions
and 30% under moderate risk (Fig. 3).

The map reflects only in the southern part of
the Volturno river, the actual state of groundwater
contamination by nitrate. The contamination
seems to be more coincident with the potential
contaminant load due to very high human pressure
(in terms of population density and intensive
agriculture) and with the vulnerability map. The
very high socio-economic value seems to
overestimate the risk in the northern sector, where
the nitrate levels are high only in correspondance
with the Volturno river mouth, and in some isolated
areas (CORNIELLO & DUCCI, 2007) and the
groundwater needs are less, for the lower human
pressure.

CONCLUSIONS

The pollution risk map of the study area has been
obtained by combining three basic thematic maps:
the Potential nitrate contamination map (PNC), the
Groundwater contamination  vulnerability —map
(GwVu) and the Groundwater socio-economic value
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Figure 3 — The Groundwater Nitrate Contamination Risk
map (RISK) of the plain of the Volturno river drawn up
by overlaying the Potential nitrate contamination
(PNC), the Groundwater contamination vulnerability
(GwVu) and the Groundwater socio-economic value
(GwVa) layers.

(GwVa) map. The criterion for the linkages of the
different GIS layers, proposed in this paper, is very
easy, corresponding to an algebraic combination.
The procedures used to evaluate the risk and the
observation of the resulting maps suggest the
following considerations:

¢ the layers of potential nitrate contamination load
and vulnerability reflect very well the real
contamination;

e the socio-economic value of the groundwater
resource is the weak point in the groundwater
risk evaluation. “Groundwater is difficult to value”
(ZAPOROZEC, 2004);

e the concept of socio-economic value is not
subjective, but depends on the local context: the
socio-economic value in an area can be very
scarce as groundwater resources (in terms of
quality and quantity) but of primary importance
for the activities in such area;

e in agreement with ZAPOROZEC (2004), the
groundwater socio-economic value has to
depend on abstraction rate, on water use, water
quality, and on the ecological value of
groundwater. The problem that has to be solved
in the next studies is the selection of the basic
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data and the definition and combination of these
GIS layers.
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INNOVATIVE TECHNOLOGY - THE
MULTIPURPOSE GEOCHEMICAL MAPPING

IMGRE (Russia) develops an innovative
regional mapping technology — the 1:1,000,000-

scale  Multipurpose  Geochemical  Mapping
(MPGCM-1000) since 1991.
MPGCM-1000 is a technological process

comprising integrated studies of natural geological
environment (NGE) of large areas ranked as
metallogenic provinces, zones and ore regions;
interpretation and differentiation of natural and
technogenic heterogeneities of structure and
composition of anomalous geochemical fields;
assessment of prospects for useful minerals;
ecological hazard degree of NGE areas polluted
by toxic chemical elements; agricultural areas’
state; presentation of results obtained in
multipurpose maps; data storage sheet by sheet in
database on the basis of GIS technology.

MPGCM-1000 technology based on a system
of scientific and methodological principles differs

from standard geochemical surveys. These
differences are as follows:
e Replacement of random regular grid

geochemical sampling by deterministic sampling
of quasi-homogeneous areas (in structural-
material, landscape-geochemical and
geographical-economic aspects) with average
density equal to 1 sampling point per 1cm? of a
map in a corresponding scale allocated on the
basis of GIS technology, thus ensuring
representativeness of assessments obtained;

e Replacement of “plane” sampling of one NGE
component by integrated section sampling, i.e.
sampling of bedrocks, soil (B-BC- and A-
horizons) and bottom sediments, thus ensuring
study complexity, increasing reliability of
anomalous geochemical fields’ allocation,
interpretation and prognostic-metallogenic
assessment, as well as integrated system
assessment of geochemical state parameters of
all NGE media;

¢ Analysis of samples on a wide range of tracer,
toxic and biophile chemical elements;
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e Generation of compilation schematic maps
reflecting location of surface facilities belonging
to the same functional type on the basis of
matching the results of navigation mapping
(Mobile Mapping) and Earth remote sensing
data;

e Use of a set of direct quantitative prospecting

geochemical features, geological and
geophysical preconditions, modern computer
methods of data collection, storage and

processing. The developed and implemented
technology of geochemical mapping is relatively
cheap and allows solving the vast set of
economic and scientific (prognostic, geological,
ecological, agrochemical, etc.) tasks, thus
allowing creating the conservation grounds;

e Use of GIS modeling in processing & mapping of
geochemical data and its processing results;

¢ Allocation and sampling of quasi-homogeneous
areas based on multiple-factor territory zoning is

an important MPGCM difference from the
international global geochemical mapping
technology.

MPGM results in a set of digital geoinformation
models and databases containing analytical and
attribute data. This set includes the following
maps:

e Geochemical knowledge degree;

e Geochemical sampling results;
complexes;

e Land use;

e Integral  geochemical = anomalous
typomorphic geochemical complexes;

¢ Landscape geochemical;

e Geochemical specialization
formations;

e Geochemical prognostic;

¢ Ecological geochemical;

o Agricultural geochemical;

e Geochemical base of the
resources management.

geological

fields;

of  geological

rational natural

Map of integral geochemical anomalous
fields (IGAF) (figure 1) has been designed in
Russia especially for the MPGM project. This map
shows development areas of geochemical fields
contoured in all NGE media sampled their
complexity, matching zones of geochemical
anomalies in two and more NGE media. IGAF map
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analysis allows revealing the AGF nature and
sources, as well as ore-controlling factors’
establishing.

Figure 1 — East Transbaikalia area: map of Integral
geochemical anomalous fields (IGAF).

Landscape geochemical map  shows
landscape-geochemical conditions of a territory;
technogenic  modifications and geochemical
features of landscapes; territory zoning by self-
purification potential of natural landscapes. The
map allows revealing the role of zonal landscape-
geochemical processes in secondary geochemical
dispersion halos’ formation and in formation of

technogenic pollution; allows conducting
interpretation of integrated geochemical
anomalous fields, determining the most

informative soil horizon for allocating ore-genic
and technogenic anomalies.

Map of geochemical specialization of
geological formations showing geochemical
peculiarities of structural-formation complexes
gives an opportunity to analyze spatial and in-time
distribution patterns of geochemically specialized
geological complexes, to study the ties of
anomalous geochemical fields and mineral
deposits with geochemical specialization of
geological complexes.

Geochemical prognostic map (figure 2)
shows the following: contours and composition of
ore-genic AGF; their prospects by a set of
favorable preconditions and features; cadastre
features of ore-genic geochemical anomalies. The
map groups ore-genic AGF inpotential ore joints,
regions and metallogenic zones, thus allowing
conducting the metallogenic zoning of a territory,
prospects refining of known and newly allocated
variously ranked potential ore objects, evaluating
their metallogenic potential and substantiating
recommendations on further exploration works.

Ecological geochemical map (figure 3) shows
envirogeochemical state of the NGE media,
ecological state assessment of a territory and
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cadastre geochemical characteristic of areas. The
map allows establish pollution type and degree of
the NGE media, differentiate territories by
ecological hazard pollution damage degrees and
give environmental assessment of natural potential
of specified area.

Figure 2 — East Transbaikalia area: geochemical
prognostic map.

Figure 3 — East Transbaikalia area: Ecological
geochemical map.
Agricultural geochemical map shows

geochemical potential of land lots, soil pollution
and agrogeochemical zoning of agricultural land.
The map allows allocating areas, which are
favorable in different degree for farming of
ecologically clean production. The map allows
conducting farm land zoning by a set of their
productivity and pollution, as well as developing
agrogeochemical recommendations.

Geochemical constraints on rational nature
management map (figure 4) has been designed
in Russia (in IMGRE). This map reflects land use
zoning of a territory, envirogeochemical condition
of a territory, its mineragenic potential, quality of
agricultural land, relative land costs,
recommendations on economic activity regulation
from the conservation point of view, i.e. integrated
use of natural geological environment for ensuring
human vital functions on the basis of system
analysis of ecological, resource, economic and
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social factors, minimizing the fallouts and profit
maximizing.

Foreign papers don’'t give enough attention to
geochemical anomalies’ interpretation and their
prospects evaluation. Geochemical maps with
integrated interpretation and evaluation are
missing, though practical need in such map type
increases in Russian regional studies.

Figure 4 — East Transbaikalia area: geochemical
constraints on rational nature management map.

GIS TECHNOLOGIES AS THE BASIS OF MGCM

Wide application of GIS technologies in
analytical data processing, interpretation and
mapping is a typical feature of the MPGM project.
Digital models (DM) and per sheet geochemical
databases created from the beginning contain
analytical, cartographic, attribute and text data,
which are filled up constantly.

MPGM planning stage requires the following
information: detailed data on regional metallogeny
and geological structure of the territory studied,
data on geochemical knowledge quality and
degree. 1:100,000-1:1,000,000-scale geochemical
knowledge database of Russia that was created
and is filling up constantly gives information about
geochemical knowledge quality and degree. The
area of geochemical works conducted within a
territory serves as a registration unit. The unit has
the following main characteristics: report name,
type of geochemical works conducted, method of
geochemical works, sampling uniformity, analytical
methods used, list of chemical elements analyzed
and data integrity. These characteristics allows
evaluating the quality of geochemical works
conducted, as well as integrity degree of
retrospective geochemical data.

Cartographic models are generated as multi-
layer covers using GIS technologies (see Figure
1). All objects of thematic layers have a set of
attributes  ensuring their full geochemical
characteristics and mapping ability. GIS structures
of four final cartographic models tied with digital
model of the topobase are given as an example.
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Digital model of the IGAF map hosts the
following thematic layers:

Poly-elemental AGF in bedrock;

Poly-elemental AGF in B-C soil horizon;
Poly-elemental AGF in A soil horizon;
Poly-elemental AGF in bottom sediments;
Poly-elemental AGF in surface water;

IGAF boundaries;

Integrated geochemical fields;

IGAF structure.

Objects of the main thematic layer (IGAF
structure) have the following attributes: ID,
structure element, structure element classifier,
core area, number of NGE media, NGE media,
associations of anomalous chemical elements in
bedrock, associations of anomalous chemical
elements in D-C soil horizon, associations of
anomalous chemical elements in A soil horizon,
associations of anomalous chemical elements in
bottom sediments, associations of anomalous
chemical elements in surface water.

Digital model of geochemical prognostic
map hosts the following thematic layers:
¢ Potentially ore-bearing geological formations;

e Known ore objects;

¢ Metallogenic regions;

e Contours of ore-genic AGF — zones, regions and
joints;

e Faults.

Objects of the main thematic layer (contours of
ore-genic anomalous geochemical regions and
joints) have the following attributes: AGF ID, AGF
nomenclature, name, intensity, sampled NGE
media, geochemical characteristic, metallogenic
characteristic, AGF prospects, geochemical
typification and predicted ore formations.

Digital model of ecological geochemical
map hosts the following thematic layers:
e Geochemical and economic features
landscapes;
¢ Soil pollution level;
¢ Pollution level of bottom sediments;
¢ Pollution level of surface water;
e Envirogeochemical state assessment;
¢ Territories with unfavorable ecological settings.
Objects of the main thematic layer (territories
with unfavorable ecological settings) have the
following attributes: ID, area, ecological state,
ecological state classifier, area number on a map,
NGE media, chemical pollution intensity in the soil,
bottom sediments and surface water; natural
ecological hazard of landscapes and bedrock,
geochemical and economic characteristic of
landscape.

of

Digital model of the geochemical base of
the rational natural resources management
map hosts the following thematic layers:
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Administrative districts;
Homogeneous land use site;
Ecological state assessment of an allotment;
Mineragenic potential of an allotment;
Geochemical potential assessment of allotment
soil;
Conflict zones;
¢ Relative land cost;
o Recommendations
regulation.
Objects of the main thematic layer (areas with
different economic activity) have the following
attributes: ID, economic use type classifier, land
use type index, land use type, ecological state,
ecological state classifier, recommendations on
economic activity regulation, recommendations”
classifier, name of ore region, mineragenic
potential, mineragenic potential classifier, index of
recommendations, land cost, land cost classifier.

on economic  activity

MPGM-1000 RESULTS

1:1,000,000-scale MPGM project is completed
currently for more than two million sq. km covering
different regions of Russia.

As a result, the
accomplished:

e Geochemical characteristics of geological
formations were obtained and their boundaries
were refined, which allowed us to achieve
greater reliability and better prognosis of the
1:1,000,000-scale State Geological Map (3rd
edition);

e Boundaries of known prospective ore areas
were refined and 138 new prospecttive areas
were contoured; qualitative estimate of mineral
potential was made using geochemical data,
thus allowing expanding considerably Russian
mineral resource base for precious, rare, non-
ferrous and ferrous metals, uranium, diamonds
and some nonmetallic useful minerals;

o Ecological state assessment of areas has been
made. Character and intensity of the
environmental change polluted by toxic and
chemical elements and compounds under
impact of technogenic and natural processes
were assessed. Recommendations on
environmental protection were made;

¢ Potential geochemical endemicity of regions has
been evaluated;

e Agrochemical zoning of agricultural areas was
carried out and land resources were assessed;

following tasks were

agricultural lands  suitable for  growing
ecologically clean products were allocated;
¢ Integrated geochemical principles and

recommendations on nature conservation aimed
at sustainable development were developed.
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INTRODUCTION

The geological map series is one of the most
complex publications within the Bavarian
Environment Agency (LfU). Therefore the

cartographic composition and visualization during
the long process of production requires a large
amount of work. Nowadays the application of
geographic  information systems (GIS) in
combination with geoscientific data is very
common. But due to the large amount of detail and
information it is still a great challenge to create a
.paper map* that is comprehensible and of high
quality cartography — without being able to switch
on and off different layers of geology.

The main work in the range of geoscientific
maps of the LfU is the geological map on a scale
of 1:25.000 (GK25). Based on this map series
selected components and their development will
be illustrated in the following. The map sheet 6741
Cham West is chosen as example.

Figure 1 — Overview of described components (sectors
1-9) of the geological map 1:25.000.

DESCRIPTION OF SELECTED COMPONENTS

Sector 1: Cover illustration
The geological map with various scale ranges
(1:25.000/1:75.000/1:100.000/1:150.000/1:500.00)
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is published for e. g. municipal and state
authorities, consulting engineers and for interested
amateurs in the category ,UmweltThema“ by the
LfU. In addition to this publication, further
categories are “UmweltBasis” for the general
public and ,UmweltSpezial“ for the target group of
experts.

There are three different kinds of layout-
guidelines (in each case: title plus inner section)
for the three categories. Also the chosen cover
illustration depends on this classification.
UmweltThema is characterized by a slim picture
format displaying distinct geological landscapes,
rock formations, outcrop details, etc. In case of the
map sheet GK25 6741 Cham West the picture
shows a geological unit found in the area of field

mapping.

Figure 2 — Cover illustration.

Sector 2: Index map

Apart from the imprint and cover illustration, the
title column of the map also contains a survey map
of Bavaria with the sheet lines of the GK25. This
index map can be used to locate the position of
the map sheet within Bavaria. Furthermore this
illustration gives an overview of the main
geological regional units: Crystalline basement,
Mesozoic cover, molasse basin and the Alps. In
addition, the extracted map detail (3x3 raster)
allows the identification of neighbouring map
sheets with numbers and names.
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Further information on the state of publication of
the geoscientific map series within the LfU can be
found on the poster ,Overview of the publication
and processing status of the geoscientific map
works in the Bavarian Environment Agency® by
Astrid Schréder and Elke Gralimann (this volume).

Figure 3 — Index map.

Sector 3: Map Sheet and projection

The GK25 uses the sheet line system of the
topographic map 1:25.000 (TK25) published by the
Bavarian Office for Surveying and Geographic
Information (LVG). The format is delimited by 10
longitude and 6 latitude minutes — this adds up to
an inner map format of approx. 48 cm x 44,5 cm
(width x height). Because of meridian convergence
the width of map sheets in Northern Bavaria is
approx. 3 cm less than the width of southern map
sheets (N = approx. 47 cm, S - approx. 50 cm).
The height is always the same. The dimension of
the whole map (including marginal data and title) is
84 cm x 60 cm.

Geodetic datum: Potsdam-Datum
(Fundamental station Rauenberg). The GK25
refers to Gaul-Kriiger projection with Bessel-
Ellipsoid 1841.

The map frame contains two kinds of
coordinate systems: Geographic and Gaul3-
Krtiger, DHDN Zone 4.

It is necessary for the later map layout to rotate
the geological information, topography and map
frame into a horizontal position: Depending on how
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far the georeferenced map is located away from
the middle meridian, the more or less inclined the
map will be within the paper frame.

Sector 4: Data import

The geological information of the individual

map sheets are delivered in different ways from
the geological survey into the cartography unit of
the LfU: On the one hand there is the classical
handmade manuscript map, digitized by an
external company. On the other hand the data are
already digitally collected with the aid of field
computers using the software product GeoKart
(Annau et al., Wolfl et al., this volume).
At present the platform for producing the GK25 is
UNIX-based Arcinfo-Workstation (ESRI). The data
are stored in Arcinfo-Coverage format. Because of
this and for the subsequent treatment in the
cartography unit the data collected with GeoKart
need to be converted into shape format via ArcGIS
9.x and afterwards into coverage format. Following
this process the data have to be implemented to
the given layer-structure (see sector 5).

There may be a solution in the near future,
which helps to avoid a platform change between
GeoKart, ArcGIS 9.x and Arcinfo-Workstation.
This would help to reduce many possible sources
of problems like conversion errors or limitation of
automation. Of particular importance beyond these
problems is the lack of previous knowledge of
applicants in Arcinfo-Workstation and the end of
ESRI support for Arcinfo-Workstation. At present
the preparations for a complete platform change to
ArcGIS 9.x are running. (see oral “Leaving the
‘UNIX-Ice floe’: The migration of GIS-based map
production from Arcinfo-Workstation to ArcGIS
9.x” by Mathias Boedecker, this volume).

Sector 5: Data structure
This is how the data base of the GK25 is built
up:
e  Topographic Information (build-up-area, traffic
network, hydrography, contours)
e Polygon information (main geological units,
overlaying strata)
e Points (drill holes, locality of small geological
units or fossils, strike and dip of strata, etc.)
Lines (faults, terrace edge, dunes, etc.)
Annotations (= text, i. e. the labelling of the
whole map is not automatically produced)
The contents of the specific categories (polygons,
lines, points) are subdivided into multiple
coverages reflecting different layers of information.
I. e. there is not only one coverage for all of the
line, point or polygon information but for example a
e Terrace edge layer
e Fault layer
e Dirilling layer
e  Overlaying strata layer
In addition to the geological information layers
there are also coverages for legend, map frame,
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cross section and other cartographic contents. The
outcome of this concept is a number of approx. 40
possible coverages — of which on average about
20 coverages per map sheet are filled with
content.

Sector 6: Drilling and BIS

The drillings displayed on the map are also
available in the BIS (Bodeninformationssystem
Bayern - Bavarian Soil Information System). The
utilisation occurs for the general public via internet
(www.bis.bayern.de -figure 4a) and for internal use
via intranet (figure 4b). The user can navigate to
specific drilling points using all kinds of localisation
methods (map sheet numbers, administrative
units, zoom in/out) in order to access more
detailed information about the drilling points (list of
strata, final depth of the drill hole, results of
chemical analysis, etc).

Figure 4a — Topographic map - drilling = BIS/internet
- detail: ordering data.

Figure 4b — Geological map -2 drilling = BIS/intranet 2>
detail: list of strata.
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Sector 7: Cross section

The top edge of the cross section is built
through an intersection of

o DGM25 (digital terrain model, grid size 50 m)

e Line of cross section and

e  Geological units plus overlaying strata.

Normally this digital terrain model is sufficient
to display the ground surface on a scale of
1:25.000. In some rare cases there is a need to
refine distinct terrain edges by hand. Afterwards
the geological information of the bedrock is added
(based on a drawing of the geologist who is
responsible for the map sheet) and finally the
cross section is completed with regard to

cartographic visualization and labelling.

Figure 5 — Cross section derived from the DGM25.

Sector 8: Legend

The colouring of geology on the basis of a
cartographic legend is performed consistently for
Bavaria - not only for a single map sheet.
Therefore the demands on the cartographic
visualisation of multifaceted geological information
are enormous. For example: At present the symbol
library includes approx. 170 polygon signatures,
approx. 400 point symbols and approx. 150 line
signatures. This is the basis for arranging
approximately 2500 different geological objects
(for further information see poster ,Visualizing
geological data and managing quality in printed
geological maps at the Bavarian Environment
Agency“ by Toni Richtmann, this volume). Legend
construction and positioning is still done by hand.
In the current workflow an automatically generated
legend would only be suitable to a limited extent
and with loss of cartographic quality. This kind of
procedure is more likely to occur after the
migration to ArcGIS 9.x.

Sector 9: Basis for different products
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The final product of the GK25 is released in
different formats and for different purposes:

e For sale as printed map (folded/unfolded), as
georeferenced raster or vector map, as
(vector/raster-) PDF

e As data set for the import into the BIS — access
is possible via internet (www.bis.bayern.de) for
all users and intranet for internal users

e As data set for different geoscientific maps. An
example: Hydrogeological Map 1:50.000 -
Geological map without overlaying strata as
basis for the map sheet ,Propagation of
hydrogeological units*

e As data set for map series with scale ranges <
1:25.000 in a generalized version - for example
,Geological map of the Bavarian Forest
1:150.000*
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INTRODUCTION

Temperature and rainfall variations recorded in
Central Italy over the last decades directly affected
the springs recharge through the modification of
the effective infiltration rate values and patterns.
This situation may open a real management
problem in the near future, especially if an
accurate planning of drinkable water resource will
not be carried out.

In this work, GIS modelling was used to
characterize the recharge area of S. Susanna
spring (5.5 m°-s”"; Boni et al., 1986) in the Reatini
Mountains (Central Apennines, ltaly). This area
was used as a test site to develop a specific
workflow useful to forecast the possible effects of
current climate trend over the effective infiltration
rate.

For this reason we designed a data processing
procedure, within a GIS environment, capable to:

a) give reliable information on the geographic
and geological boundaries of the recharge area of
the spring;

b) estimate the relative influence of the main
geographic (slope and land use) and climate
(rainfall and temperature) factors influencing the S.
Susanna spring discharge rate;

c) investigate how discharge rate may be
affected in the future by the ongoing climatic
trends in this region.

DISCUSSION

Cartographic data, climate alphanumeric
databases and hydrologic balance equations were
processed in a georeferenced environment using
the raster overlay functions embedded in a GIS.

The study area was discretized in cells of
100x100 m used as fundamental elements to
perform the calculation of hydrological parameters.

The standard hydrological balance equation
was used to calculate the effective infiltration rate

value, I,:
I,=P—-FEt—R

145

where P is the annual average precipitation, Et
is the real evapotranspiration and R is the runoff.

The procedure took into consideration oo

and oD isotopic values of the water recorded at
the spring itself and at a series of rain gauges
placed at different altitudes inside the recharge
area. The isotopic fractionation vs. altitude
regression curve was calculated and applied to the
DEM to support the analysis. Topography, derived
from SRTM DEM, was considered in terms of
slope and altitude, the latter being also linked both
to the temperature and to the rainfall (average
annual and monthly). Land use was linked to the
infiltration  process through the Kennessey
equations (Kennessey, 1930). Finally
evapotranspiration was calculated by means of the
empirical equation proposed by Turc (1954).

The workflow we developed is divided into two
steps which maximized the use of the available
information. The first part (figure 1) led to the
geographical identification of S. Susanna spring
recharge area by comparison between measured

and expected values of discharge, o0 and

OD . In particular, the actual extension of the S.
Susanna spring recharge area (figure 3) was
identified by testing the different hypothesis,
represented by different polygons, by calculating
the total infiltration as summation of the infiltration
estimated in each 100x100m pixel (zonal
statistics).

The second part of the procedure (figure 2)
took into consideration the historical climate series
to forecast the possible changes in the parameters
of hydrologic balance equation and, as a
consequence, in the expected discharge rate.

CONCLUSIONS

The application of zonal statistics functions to
different possible hydrogeological conceptual
models allowed to determine the boundaries of S.
Susanna spring recharge area. This area extends
over about 300 km? in the Reatini Mountains belt
and geologically includes the internal Mount
Terminillo thrust unit.

When these results about the hydrological
budget are combined with the spatial distribution of
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a water stable isotope data and a rough velocity
flow calculation, data converge to indicate an
average residence time of water inside the aquifer
of about 15-20 years.

The GIS workflow application highlighted that
there is an ongoing negative recharge/discharge
trend at the S. Susanna spring and her feeding
aquifer which leaded to a water recharge reduction
above 30% in last two decades. This situation
need to be taken into account for the future

planning of water resource exploitation in this
area.

The GIS-hydrogeological modelling workflow,
can also be adopted for monitoring time evolution
of the recharge in the central Apennines, even
outside the study area. Finally, the logical process
can be applied in the field of land planning to
assess the influence on groundwater recharge of
possible land use changes on a wide scale.

Figure 1 — Workflow, step 1.
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Figure 2 — Workflow, step 2.

Figure 3 — S. Susanna spring
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IAN 2.0 is now online

The IAN map service, which provides an easy
and quick overview about natural hazards in the
alpine regions of Bavaria for professionals,
municipalities, consultants and interested citizens,
has been online since July 2003. This map service
has since been redesigned technically, optically
and in handling (figure 1). It is now more user-
friendly and the option to create three-dimensional
visualisations for a map scene (figure 2) makes
the readability of the shown information easier.
The new version is accessible via the internet at
http://www.ian.bayern.de since December 2008.

Figure 1 —IAN map service

What information is included?

The map service’s starting link is located on a
short intro page with background information and a
help index. After starting the IAN, the user can
access more than 10,000 documented natural
hazard phenomenons like

e avalanches
floods
debris flow
land slide and rock fall
events in torrents since the year 964 A.D.

The IAN also provides basics for the
assessment of risk like
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maps with risk and process indication

e information about land slide and rock fall
activity

e areas with protected forest

All  information can be combined with
topographical maps or aerial photographs.

Functions of the map service

Besides common map service functionality the
IAN has tools to support spatial navigation offering
a quick search for townships, water bodies or
mountain ranges. Query tools provide information
on mouse click or by searching for key words and
selection criteria. Also helpful is a tool to measure
distances and the possibility to print or export the
current map in PDF format.

The map service is also part of the Bavarian
and German geo-data infrastructure (GDI-BY,
GDI-DE). All topics have a set of ISO 19115
metadata and various Web Map Services (WMS)
can be included to allow the IAN to combine its
own maps with additional information.

Another feature of the new version is the three
dimensional visualization of the currently displayed
map section (figure 2). Especially in the alpine
region a 3-D scene is very helpful for inter-
pretation. This functionality is based on the
terrainServer software by con terra GmbH. The
three dimensional view is a rendered combination
of the currently displayed map and a terrain model,
which is generated from the elevation data of the
requested coordinates. The view can be modified
by rotating the scene, exaggerating the elevation
or changing the viewing angle and distance.
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Figure 2 — IAN’s 3-D terrain visualisation

Data origin and data flow

The merger of the Bavarian agencies for geology,
water and environment protection forming the new
Bavarian environment agency (LfU) in 2005
determined that the data storage for various
spatial information systems is very heterogeneous.
One source is the Bavarian soil information system
(BIS), which holds, amongst others, maps with risk
indication and data about land slide and rock fall
(so-called GEORISK). All other data is maintained
and distributed by the geographical information
system of water economy (GIS-Was) (figure 3).

BIS and GIS-Was data are the primary data
sources. To publish the information on the internet,
a secondary data pool is created with the help of
ETL (extract — transform - load) processes.
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Hereby most of the data is pre-processed, and
protected information, e.g. for official use only, is
filtered out. This secondary data pool is completed
by basic geographic data of the Bavarian
ordnance survey and web map services covering
southern Bavaria.

Then, all of the IAN’s information is presented on
the internet on a website, which has been
developed by the LfU and external partners. The
software components mapClient, terrainServer
and terraCatalog, which are all additionally part of
the sdi.suite by con terra GmbH, Germany and
used to display maps, 3-D visualisation and
metadata, all make up the main part of the
application. The server-side map software is
ArcIMS by ESRI and additional data is stored in an
Oracle 10g database. This combination forms the
basic technology of the LfU’s web map application
called GeoFachdatenAtlas.

In addition to the IAN, there are similar websites
based on this platform for displaying maps about
geology and soil, noise measurements and the
European Water Framework Directive. Thus, the
IAN is one map service amongst an ever growing
number of map services hosted by the Bavarian
environment agency, whose aim it is to ensure the
publication of current data about environmental
topics on the internet.
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Figure 3 — data flow and system architecture
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SGUDS - STATE GEOLOGICAL ISTITUTE OF
DIONYZ STUR

SGUDS is a state contributory
organization and its budget is a compound of the
State Budget. The budget consists of the fund to
support scientific-technical projects commissioned
by the national government and other tasks
assigned trough the Section of the Geology and
Natural Resources of the Ministry of Environment
and a fund to finance publishing, activity of
registration (mentioned below), map printing,
Central Geological Library, sample storage and
laboratories activities. Major informatics activities
are concentrated into two sections of SGUDS: to
the Geofond Division and to the Division of
Information Systems.

Department of Geological Information
Systems is holder of a project “Geological

Information System” (GeolS) which started at the
end of 2005 and it's mission is to develop a web
application, providing access to spatial geological
information, namely (maps), regional geological
(structural, tectonic...), engineering-geological,
hydrogeological, geochemical and geophysical. In
cooperation with Geofond division (Archive) GeolS
will participate on developing of digital archive of
geological reports as well.

Two important services were provided to
the public on 1% April, 2008. The Digital archive
and the Map server are to public disposal on the
web address: www.geology.sk. All map services
except of the Digital geological map in the scale
1:50 000 are accessible also in the English
language mutation. At the moment there are out of
26 map works 19 in the English language.

GEOIS — GEOLOGICAL INFORMATION
SYSTEM

Main objectives:

- Open information system on geology including
geological databases and access to information
through internet.

- Final report in written and electronic form and
GeolS portal SGUDS itself.

Partial objectives of the project:
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- Obligatory structures of individual themes of
geological data elaborated based upon analysis of
to date state and demands of all respective
components.

- Creation of and system architecture, user's
hierarchy and system security included.

- Data base creation and maintenance.

- Client application development.

- Possibly best elaborated and made available
reliable geological data.

Geological data themes

- Regional geology — the ground-layer is a GM50,
autonomous part of works: database of Fossils,
Isotope analyses, electron microprobe analyses

- Hydrogeological data — HGS50, hydrogeological
conditions of Slovakia, mining waters and isotope
composition of groundwaters

- Geochemical data — maps of natural water
quality in 50K, gch atlases, hydrogeochemistry,
pedogeochemistry, lithogeochemistry, alluvial
deposits and geomedicine

- Engineering geological data — EG maps of
zones, subzones and geodynamic phenomena,
engineering geological borehole, water
aggressiveness, engineering geological properties
of rocks

- Information system on raw mineral deposits,
occurrences and prognoses of raw minerals

- Geophysical information system — groud-based
and aerial gamma spectrometry, magnetometry,
radon exploration, activity of Cs, gravimetry, VES..
- Digital archive of Geofond

Thin fLsan] Chesiz
Bl o (ROl O BRI L
WTTP peotasel

ArcGiS Deiing

Thick (F i) Chenis
et Db praxhucty

Figure 1 — Scheme of data and services setup.
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Figure 2 — Portal of Map server SGUDS on
www.geology.sk

LIST OF MAP SERVER APPLICATIONS

1. Geological Maps Slovac Republic M 1:50 000
contains the following independent layers:

- list of used groundworks

- categorization (duality layer)

- review of carried out mapping

- structure scheme

The areal information of the digital map consists
of:

- unified legend

- original legend

- characterization

- occurrence of distinguished lithotypes covering
the whole SR territory

Figure 3 — Unit and Original legend of Geological Maps
SR M 1 :50 000.

2. Geological Division of Europe M 1:20 000 000.
The structural scheme of Europe represents the
situation of Slovakia (the Carpathians and the

Pannonian Basin) in the context of the geological
building of the whole continent. It combines the
basic tectonic elements with some elements of the
geological building (by dissection of the
sedimentary cover) of the platforms by age.
Slovakia is situated in the northern branch of the
alpid belt with orogenic development in the
Mesozoic and Tertiary eras. This belt has
developed on the ruins of the Caledonian or
Variscan orogenic belt in the southern part of the
European continent. Part of these older orogens
are included into the alpine zone and represent
part of its geological building.

3. General Geological Maps.

The data in this application are available in
separate layers: Structural scheme of the Western
Carpathians and adjacent areas, J. Lexa et al.,
2000, scale 1:2 000 000; Geological map of the
Slovak Republic, J. Vozar, S. Kader et al., 1998,
scale 1:1000000 and Geological map of the
Western Carpathians and adjacent areas, J. Lexa
et al., 2000, scale 1 : 500 000. Individual maps are
depicted in accord with respective scales. The
extent of available information corresponds to
respective legends of individual regional maps
printouts.

Figure 4 — Geological Maps SR M 1 : 1 000 000.

4. General Maps of Slovak Republic
M 1. 500000 (Tectonic map of Slovakia,
Neotectonic map of Slovakia, Metallogenetic map
of Slovakia, Map of lithogeochemical types of
Sovakia, Geochemical atlas of the Slovak
Republic,)

5. Landscape Atlas Maps M 1 1 000 000
(Quaternary deposits, Principal Hydrogeological
Regions, Soil susceptibility to acidification,
Suitability of territory for waste deposition)

6. Landscape Atlas Maps M 1 500 000
(Engineering-geological zoning, Geothermal and
mineral water sources, Soil contamination,
Selected geodynamic phenomena,)

7. Hydrogeological Map of Slovakia M 1 : 200 000
In the period of 1971 — 1978, the whole area of
Slovakia, 49,030 km2 in total, was covered by the
uniformly created basic hydrogeological maps in
the scale of 1:200,000. 12 map sheets, each
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ideally covering 7,448 km2 (98 km x 76 km) were
produced as manuscripts and their printed
versions came later (gradually in the period of
1983 — 1991). Up to now; this is the only edition of
hydrogeological maps that is covering the whole
area of Slovakia. Methodology of construction of
these maps in the scale of 1:200,000 was adopting
the IAH/UNESCO rules.
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INTRODUCTION AND OBJECTIVES

The Geological Atlas of Catalonia 1:50.000 is a
new project carried out by the Institut Geologic de
Catalunya (IGC) and the Institut Cartografic de
Catalunya (ICC) to bring knowledge about the
geological constitution of the territory closer to
society.

This work presents the Geological Map of
Catalonia, 1:50.000, in a format and a content
structure similar to those of a conventional atlas;
that is to say, the strictly cartographic part is
accompanied by introductory pages jointly
prepared with the University of Barcelona, with
additional information to facilitate the consultation
and the understanding for the non-specialized
reader. The idea is to have a reference book for
the office, or just a book to glance through, and not
a field reference work, which is the case of the
conventional geological maps.

It contributes an approach which includes
innovative ingredients in the way of transmitting
the geological constitution of the territory, the
history of its formation and evolution, some of its
peculiarities and an accessible summary of
Catalonian geology.

The Geological Map of Catalonia 1:50.000,
which constitutes the cartographic part of the
Atlas, has already been published in the
conventional format in a series of 41 sheets, one
for each Catalonian county (Mapa geologic
comarcal de Catalunya, 1:50.000, IGC and ICC,
2005 to 2007). This article deals specifically with
the introductory part and with the rest of the
information that accompanies and complements
the geological map.

STRUCTURE

The Geological Atlas of Catalonia, at a scale of
1:50.000, has been structured in two clearly
differentiated parts: the first part, introductory, with
a strictly geological content and a second one with
a cartographic content with the geological map
1:50.000, its legend and an explanation of the
methodology used in the formation of the
Geological Database of Catalonia (Puig et al.,
2000), wherefrom the Geological Map of Catalonia
1:50.000 is derived.
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The introductory part provides a regional
geological framework aimed at facilitating the
understanding of the entire Atlas, not only for the
non-specialized reader but also for those users
with a partial knowledge or with an interest in
certain subjects. We should not forget that many
people are mineral or fossil enthusiasts, or they
like collecting coloured pebbles, or just like to
know on which rock they are stepping when
trekking or assuring their pitons when climbing.

So, the first part is the most innovative, where a
real effort has been made in trying to find the best
way of conveying the knowledge on the geological
constitution of the country in a plain and pleasant
manner, without compromising the rigor of the
content.

With these objectives we established the
content structure and the formats to facilitate the
finding and the understanding of each one of the
subjects dealt with in the volume.

e Format / structure: each subject occupies an
independent double page spread (or several if
necessary); this structure is typical of the conventional
atlas, where the different aspects of the territory, the
population, the climate, etc. are individually dealt with.
This allows the reader to easily locate the subject
which he/she is interested in.

e Contents: it provides, for each subject, an general
overview of what is expressed or can be deduced
from the geological map. The contents are developed
in the following section.

e Language: an attempt has been made to use a
relatively plain language. Of course, the terminology is
typical of the geological sciences, but avoids the use
of technical terms.

e Graphics: in the entire first part of the Atlas, the
graphic expression of the geological content has been
homogenised, i.e. we have used the colour codes
internationally established for rocks of each age,
expressed in the Geological Time Table (IGC, 2006),
and the standard ornamentation for each rock type.
This unification, in addition to providing coherency to
the whole, also facilitates immediate information of a
geological nature.

CONTENTS

The first chapter is devoted to geological maps:
what are they, the history of their development as
a means for summarizing and transmitting the
geological knowledge and, especially, as a
prospective and predictive tool. These values are
often difficult for the general public to understand,
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but they are very important, as the social value of
geology lies in this predictive ability.

We have included a collection of reproductions
of historical maps and of the current cartographic
series, at different scales and with approaches
which have enormously evolved during the last
few years, following the advances in the theory of
geological sciences and the requirements of the
epoch.

Finally, the different geological subjects which
can be cartographically represented constitute
what we have called geo-thematic maps: one map
per subject. All the maps grouped in this chapter,
either already published or specifically prepared
for the Atlas, have been represented on the same
scale and have a common treatment, with an
explanatory text on the specific geological content.

In the first place, there is a map of
physiographic (or relief) units, which provides the
geographical framework for the entire work. This
map has been expressly compiled for the Atlas
and also sets out the regional toponymy used in
the entire work, including the continental platform.

The remaining geo-thematic maps represent
the geological constitution of the territory (the
conventional geological map), the lithologic types
(Figure 1) and the superficial and underground
waters, all of them extractions from the Geological
Map of Catalonia 1:250.000 and from the
Geological Database of Catalonia 1:250.000
(BGC250M); part of the content of the structural
and the geomorphologic maps, prepared
especially for the Atlas, also derives from
BGC250M. Finally, the last map tackles seismicity.

Figure 1 — A Geo-thematic map devoted to the lithology.

The geo-thematic map, which shows the
lithologic constitution of the substratum, also
includes a simple explanation of the types of rocks
and of unconsolidated deposits outcropping in
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Catalonia, illustrated by pictures. In this section we
have followed the classical genetic classification of
rocks, which can be found in any manual or text
book. The aim of these pages is to provide an
image of the lithologic diversity which forms the
geological records of Catalonia.

Of course, many more geo-thematic maps
could have been included, but we have restricted
the Atlas content to those maps already published
by the IGC (mainly on a 1:250.000 scale) and to
those  summarizing the  geo-morphological
features, the geological structure and the major
structural units, indispensable for providing a
framework for the entire work.

The second chapter is devoted to geological
history. Catalonia has a long and complex
geological record and, from this point of view, it
can be considered a privileged country. In a
territory of 32.182 sq. km. the sedimentary record
of the last 550 million years can be studied. We
have excellent examples of structures generated
in compressive and extensive tectonic contexts, a
large variety of intrusive and effusive igneous
rocks and the imprint of hercynian metamorphic
processes.

In the first place, we explain the concept of
Geological Time, very difficult to capture for the
non-specialized reader, and the Geological Time
Scale, the chronological dimension which
embraces the Earth’s history. This scale also
permits the evaluation of the speed of some
geological processes.

Then, we explain the geological history in a
continuous text, intended for more curious
readers. This section is illustrated with many
palaeographic reconstructions of different scope
and summary table of the geological events which
have occurred in Catalonia and its surroundings.

The geological record is expressed in a set of
pages (Figure 2) arranged in a geochronological
order, from the oldest to the newest. These pages
include, besides the sedimentary record, the
igneous and metamorphic events. The way of
presenting the information is the same in each
section, regardless the subject, although the age
intervals become smaller as we advance in the
geological time.

The difficulty in this chapter lies in the fact that
some processes, within the geological record, are
easier to capture for the non-specialized reader
due to their proximity and the consequent
easiness to intuitively apply the principles of
actualism and uniformitarism; good examples of
these are the expansion of a delta or the erosion
inland. On the contrary, some of them are very
difficult to understand, even for professional
geologists, such as the metamorphism and certain
deformation processes.

The Geological Time Table is present on all
pages devoted to the geological record, with a
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clear indication of time
considered.

Each page has a diagram with the outcrops
distribution of the rocks under consideration; this
has been included to provide, at the first glance, a
clear picture of the situation of a determined group
of rocks within the territory. This information would
be difficult to capture from the general geological
map. It can give, even to professional geologists,
an approach which is different from the one we are
used to.

the specific lapse

The rest of the content is a short text of a
general and regional nature, with a collection of
pictures and photographs illustrating the aspects
mentioned in the text, synthetic stratigraphic
series, correlation panels, details of representative
outcrops, interpreted photographs, etc.

This chapter also reflects the human action on
the territory, with a page of the same structure and
type of content as the rest of the pages.

Figure 2: Example of a draft page of the Atlas, specifically that devoted to Cambrian and Ordovician periods. The
scheme of outcrops distribution and the geological time table on the right hand side of the page are common to all

of them.

The geological structure of Catalonia is
expressed through a map of structural units,
derived from and complementary to the structural
map, and a series of cross-sections with different
ranges, distributed through areas of diverse
contexts and structural styles. As in the former
sections, we have drawn up a short introduction to
facilitate the understanding of what a geological
cross-section expresses, where the procedures
used in their construction, the methods for
obtaining underground data and the restrictions
limiting their depth are explained.

In this section, the geological cross-sections
are shown in a double-page spread with a location
diagram, an introduction to the geological context
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and partial details, interpreted photographs,
restored cross-sections and other information
complementing each one of them.

All together, 10 geological cross-sections are
presented, which show the tectonic alpine
evolution, compressive and extensive, with some
details of the hercynian structure. Two of these
cross-sections have a larger depth range. We
have taken advantage to explain in more detail the
Pyrenees formation and the evolution of the
Valencia Trough.

Finally, there is a lithospheric scale cross-
section of this portion of the Iberian Plate within its
context, i.e. as a piece which has evolved back
from the Triassic period, 250 million years ago, up
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to the present time between the larger European
and African tectonic plates.

We have tried to summarize all this, and even
more, in the introductory part of this Atlas.

The second part of the geological Atlas is
strictly devoted to the Geological Map of
Catalonia, 1:50.000. There is an introduction
where we explain the formation of the BDGC50M
(Puig et al, 2000) and its graphic representation
(de Paz et al, 2006), which culminates with the
publication of the Atlas.

The geological map has the conventional
format of a geographic atlas, with the entire map
divided into pages, 201 pages in total.

The legend consists of 1.047 cartographic
units, identified by an alphanumeric epigraph and
an index number. They are filed in geochronologic
order, from the most recent to the oldest. To
facilitate the location of a unit in the legend, there
is an alphabetic list of all the epigraphs with their
index number.

The legend in the cartographic units is very
concise; it only mentions the dominant lithology,
the minority lithology (if necessary), some typical
fossil remains, the mineralogical composition, the
formal name (if this exists) and the age. The list of
conventional signs is also quite reduced, because
the geological map does not graphically express
all the information gathered in the BDGC50M.

All geological terms (or those with a specific
meaning in geology) appearing in the legends
have been compiled and a glossary has been
expressly prepared for this work; it consists of 581
words or expressions and has been attached as
an appendix to the legends to facilitate the
consultation for non-specialized users. Common
patterns have been established for the drawing-up
of the definitions in each group of subjects; so, all
the rocks, minerals, sediment components, fossil
remains, etc. are described following the same
structure and criteria. The terminology used in
these definitions is accessible to any inquiring (or
curious) reader.

A short etymology has also been included for
the words identifying the geo-chronological units
set out in the Geological Time Scale, 164 terms in
total. This work was undertaken in order to
translate into Catalan the current Geological Time
Table (Gradstein et al., 2004, IGC 2006) and is
one of the “curiosities” the readers will probably
appreciate.

As any conventional Atlas, it has a toponym
index and also includes an index of the pages
where each cartographic unit is located.

DISTRIBUTION AND DERIVED PRODUCTS

To assure the maximum diffusion of this work,
it will be distributed to those Public Administrations
entities which have some kind of relationship with
Earth sciences and territory management and to
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other entities, such as museums, totally or partially
devoted to subjects related to geology.

In a parallel way, it will be distributed to central
and regional libraries, university documentation
centres, research centres and pedagogic
resources centres, among others.

An important part of the content will be
uploaded, duly adapted, to the web page of the
IGC: the chapters devoted to geological maps,
glossaries and some of the new geo-thematic
maps on a scale 1:1.100.000. The translation into
Spanish and English is being considered.

SUMMARY

The Geological Atlas of Catalonia 1:50.000 is
intended to be a reference work and, at the same
time, a pleasant book to glance through, with
simple explanations in spite of the diversity and
difficulty of some of the subjects dealt with.

The objective is to improve the citizens’ perception
of the geology of Catalonia by making available to
them a new tool which facilitates the
understanding of the geological constitution and
the succession of processes which have led to its
present configuration.

This Atlas will also provide students and teachers
in the high schools where matters related with
Earth sciences are being taught with a reference
tool for better recognizing their geological
environment.
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ABSTRACT

A structural geological mapping and ground
penetrating radar (GPR) measurement were made
in a dimension stone quarry in Southern Finland.
The radar lines, parallel to the walls of the quarry,
were measured with two to three meters interval.
The mapped orientations of the joint sets were
compared to rock fractures traced with ground
penetrating radar. The SiroVision images were
used to combine the reflections from parallel GPR-
profiles to models in 3D and a 3D map of rock
quality will be compiled.

BACKGROUND

Rock quality is usually determined in 2D as
surface maps and cross cuts from tunnels or rock
walls. Rock quality could be determined in 3D with
the modern modelling softwares if geophysical
methods producing indirect information of the rock
mass were utilised.

A test to determine rock quality in a dimension
stone quarry in Mantsala, Southern Finland, was
carried out using rock surface mapping methods
and GPR measurements. In addition to the
geological mapping using Q-systems parameters
(Barton, 1974, 2002), GPR (David and Annan,
1989) gave information about number of joint sets,
trace lengths and joint spacing deeper in the rock
mass.

The dimension stone quarry consists of
migmatitic medium grained granodiorite with 35%
of coarse grained granite leucosomes. In addition,
amphibolite occurs as inter-bed layers and dykes
in the granodiorite. The rock has been folded at
least in two deformation stages.

METHODS

Structural geological mapping consisted of
determining the following parameters: rock types,
tectonic parameters, fault orientations and inner
properties, number of joint sets, their orientations,
type, trace length, spacing, straightness, surface
roughness, alteration and relation to other tectonic
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structures. Mapping was carried out at three parts
of the quarry, each covering a 15 to 25 metres
wide area of the walls, at three different excavation
levels of the quarry. The walls were photographed.

Scanline mapping was carried out on the wall.
Every fracture cutting the scanline were studied,
and their orientation, type, trace length, type of
ending, straightness, aperture, roughness,
alteration and waviness were determined when
possible.

The quarry was stereophotographed to create
a 3D model of it and to map the joints too high to
reach. Two points were marked to the wall and
their locations were determined with GPS, then
two digital photographs covering the same area of
the wall were taken from two different points,
approximately 1 meter away from each others.
Location of also these points was determined with
GPS. The photographs were processed with
SiroVision and joint analyse was carried out with
SiroJoint (CSIRO). SiroJoint fits 3D planes to the
marked joints and cleavages and gives
orientations to the created planes.

Persistency of the fractures deeper into the
rock mass was solved with GPR studies. GPR
profiles were measured with 2-3 metres intervals
parallel to the walls of the quarry. Studies were
carried out at four excavation levels. The
equipment used for the GPR survey consists of a
laptop PC; RAMAC/GPR CUII control unit with 500
and 800 MHz shielded RAMAC/GPR surface
antennas; and a trigger wheel. The reflection data
was interpreted with Reflexw 4.5 (Sandmeier
Scientifc Software).

Surfaces depicting the jointing were created
between similar strings seen on more than one
GPR profiles. To connect the strings in a
reasonable way, information of the mapped
structures was required. Average orientations of
the surfaces were determined by fitting a plane
created with Matlab (The MathWorks™) on top of
them.

RESULTS

Rock is sparsely jointed, but the joints are
persistent. Many vertical and some horizontal
joints can be followed approximately 25 meters in
the highest rock wall at the back of the quarry.
Mean joint orientations, according to a 25 meter
scanline mapping on the quarry’s wall, are 321/88,
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282/82, 217/75,
(Fig. 1).

040/41,

268/43 and 085/14

Figure 1 — Joint orientations recorded in a 25 meter
scanline mapping at the quarry’s wall.

The part of the quarry seen in Fig. 2 was
selected to this presentation because of its
homogeneity of rock type. The vertical joints in
Fig. 1 are slicken slides with hematite cover.

Figure 2 — An example of the walls in the dimension
stone quarry. The wall was mapped and photographed.

The stereophotograph analysis gave
orientations for the planes fit to the joint seen on
the wall (Fig.3). Orientation of the blue and
orange jointing is 110/33 without the short fracture
at the upper left corner (006/60) and red jointing is
306/49.

Figure 3 — The joint planes interpreted from the
stereophotographs with SiroJoint.

The GPR sections were processed with a
sequence of filters before they could be

interpreted. Fist filter moved the first arrivals of
radar signal to the origin of the time axis. Then the
DC component was removed from each trace
along a section. After that a gain function filter was
applied to the data to strengthen the deeper weak
signals. In some cases also a filter removing
background noise was utilized. Travelling speed of
the signal in rock was postulated to be 0.13m/s.
The open joints (see Fig. 2) were seen as strong
reflectors (Fig. 4). Reflections were recorded from
depth of 6 meters, the same as the approximate
wall height.

Figure 4 — A processed GPR measurement line of the
wall seen in Fig. 1.

The reflections seen in the GPR profiles were
interpreted as jointing, and their global coordinates
were calculated to able 3D-visualization (Fig. 5).
The reflections were distributed based on their
orientation, how strong and straight they were.
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Figure 5 Joints interpreted from the GPR
measurement line seen in Fig. 3. Traces are converted
into 3D objects.

The reflections with similar characteristics were
combined with GoCAD to form a surface with
distinct colour to depict reflection’s characteristics
(Fig. 6). Mean orientation of the blue (undulating)
and orange (straight) jointing is 055/25 and the
lilac jointing is 193/35.
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Figure 6 — 3D joint surfaces were created by connecting
similar strings seen on adjacent GPR profiles. The
jointing in Figure 1 can be seen here in 3D.

A 10 cm resolution voxel was created into the
space between the two GPR lines closest to the
rock wall. Rock tunneling quality index parameter
Jv, number of joints in a cubic meter of rock mass,
was calculated in the voxels (Fig. 7).

Figure 7 — Number of joints in a cubic meter in the rock
mass between the two GPR lines closest to the rock
wall.

Rock quality designation (RQD) value was
counted from the J, with formula RQD=115-3.3*J,
(Fig. 8).

Figure 8 — RQD counted from Q-parameter J,.

The 3D rock quality map will be completed with
the information of trace length, aperture, alteration,
roughness, fracture fillings, joint straightness and
number of joint sets.

CONCLUSIONS

Picking out joint  surfaces from
stereophotographs and following the
discontinuities deeper into the rock mass was
successful with the SiroJoint and processed GPR
data. These data was needed in the modelling and
visualisation phase.

the
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3D modelling of the discontinuities is handy
with the sophisticated softwares available today.
Geological judgement was needed in this phase.

Joint orientation given by the stereophotograph
analysis with SiroVision and SiroJoint differ from
the orientation measured from the surfaces
created from the GPR observations. Reason for
this can be that the undulating fractures follow the
structures caused by strain history. Planar features
interpreted by SiroJoint differ from the real
undulating rock discontinuity surfaces. The planar
plane has to be fitted to the mean orientation of an
undulating surface, otherwise the deviation may
increase with a large dimensions of the feature.
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INTRODUCTION .

Large cities in Algeria have encountered a
very accelerated urbanization pace, from 25% in
1966 to 60% in 1977. From the seventies, to solve
this problem, the state launched a program for new
habitation zones (ZUHN). In the case of Algiers
city, the 1975 general orientation plan (POG) was
approved and the development was toward the
east rather than the west for economic and
accessibility reasons, which took place up to now.
Urban development needed numerous geological
and geotechnical investigations to better
understand and define stability of constructione
project in time. These investigations brought ae
large amount of data that were piled up in archive
rooms. To integrate these data in a geological,
information system (GIS) become a must,
according to its storage capacity and treatment and,
extraction of useful information.

GEOGRAPHIC LOCATION
The study area is about the two neighbouring

communes of Bab Ezzouar and Oued Smar,
located 10 km east of Algiers city.

&  SrruaTIon cEocrRAPHIOUE,

BORDJ EL KIFFAN

=

TOPOGRAPHY
The area is relatively flat with low altitude from 3 to
46m and smooth slope less than 13°. The
numerical terrain model emphasises two
morphological zones :

An elevated zone with hill slopes

161

A depression with flat bottom
GEOLOGICAL ASPECT

The Mitidja plain is a depression oriented ENE-WSW,
located in the central northern Tellian Atlas. It is
limited to the west by Chenoua mountains, to the east
by Thenia-Zemmouri piedmont. The Blideean Atlas is
its meridional boarder and its septentrional boarder is
a relatively elevated littoralregion named Sahel. It’'s
highest elevation reachs 250m southwest of
Bouharoun and 60m in Heraoua region. The
geomorphological structures in the region are:

The Blidean Atlas, a massive mountain

The Piedmont Atlas, a dejection zone
resulting from dynamic mountains erosion

The Mitidja basin, a syncline depression
oriented ENE-WSW

The Sahel, an anticline also oriented ENE-
WSW with 250m average height

SISMOTECTONIC STUDY OF
ALGIER’S REGION

Seismological investigations showed that some
Alpine structure, like Sahel and Blidean Atlas, were
the source of numerous geological events very close
to the seismic region. Meanwhile, some shocks were
strongly felt in Algiers and Blida whereas their
focuses were located at the Mediterranean sea.
SEISMOTECTONIC

CHARACTERISTICS
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3:- l: . .
_T_p__e procedure requires a scanning and a

georeference in the field of all mass plans of
different projects ( boring distribution plans and

‘gsinsitu tests). Then we needed to implement on site

Seismotectonic map analysis of Algiers region show

that special distribution of focuses linked

to

contemporary seismic activity matched perfectly
faulting zone ( seismotectonic map). We note in this
region two zones with intense activity: Mitidja zone

and Blidean Atlas zone.
GEOTECHNICAL CHARACTERISTICS

The geotechnical tests analysis as well as the
lithologic, seismotectonic, hydrologic  and
hydrogeologic parameters are taken into account
for geotechnical map elaboration including the
different combined thematic maps, namely slope
maps, surface formation maps and flood maps. All
these maps lead to divide the study area in
different distinct zones, with their common
characteristics and according to their degree of
stability. The final document is the geotechnical
zoning map.

DATA BASE CONCEPTION

During the data base elaboration, we followed all the
classical procedure, from data collection to it$
complete treatment in the geotechnical mapping
data collection. The operation of collecting data wa$
realized in the main office and in the national
laboratory for housing and construction (LNHC). Wé&
treated all files concerning our study zone, and
selected 40 projects for our data base. We had 130
borings, 250 heavy dynamic penetrometers, 136
heavy static penetrometers, 54 pressiometers and

209 samples.

ELABORATION OF BEZ/OS DATA
BASE

162

ests and different borings for each project.

sDATA TREATMENT

fin our data base, we have two different type of

data: descriptive data that is lithologic nature,

fproject name, location, name of engineer, and
‘guantitative data that are value of W, yq, S;, R;, E/P,

Il these data are registered and organized in
idimensionnal table where columns correspond
to different entities called recordings. We also
have different requests, simple or multiple, special
or on special. For multiple requests, for example,
they are carried in a number of tables at the same
time : determine the lithologic nature of all borings
at 5m depth. For this request, the table used are
BORING and LITHO-SOND.

LOCAL GEOLOGY

Geological information encountered belongs to the
Mitidja neogen filling basin. They are generally
recent alluvial formations presenting a great
heterogeneity in the time and space. To present a
geological synthesis of our study zone, we
choosed the realisation of lithological maps at
different depths, in order to show the horizontal
and vertical evolution of existing surface
formations. No need to mention that our study
area was subdivided in two zones:

Zone |: Bab Ezzouar commune
Zone ll: Oued Smar commune

The whole area presents a high lithologic
heterogeneity. This facies diversity is due to the
morphological aspect of the region, as a
subsiding basin and fill. The main facies
encountered are :

Sands ( thin to coarse sand with clay
)
Clays ( sandy to gravel
carbonate clays )
Sandy marls (in zone II')

clays and

GEOTECHNICAL SYNTHSIS

The heterogeneity of the formation lead to built a
geotechnical synthesis from data base considering
physico-mecanical parameters of formation and in
situ tests results.

PENETROMETER MAPS



Session 1 - Poster presentation

They were realized in order to see vertical and
horizontal evolution of soils
resistance and understand the relation between
this characteristic and the lithologic formation.
These maps were realized at different depths (up
to 12m) by interpolation using surfer 7.0.

CONCLUSION

penetrometer-

Clayey formations presenting mediocre
geotechnical  characteristics  (very  plastic,
compressible inflating soils, with organic matters)
and weak bearing capacity lowering with depth.

Sandy formations with good to average
geotechnical characteristics. These formations are
generally of lenticular aspect with very good
bearing capacity even at shallow depth.
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Geotechnical synthesis of the 2 zones showed that
our area was essentially:
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INTRODUCTION

Until now local authorities in Poland, who are
responsible for spatial planning at the scale of
counties and communes, use a 2- and 2.5-D GIS
system describing surface information (land use,
infrastructure etc.). They still lack an efficient,
digital tool integrating subsurface geology with

surface information, which would allow them to
make faster and much better informed decisions.

Integrated Environmental Spatial Information
System (ESIS) is an answer to these needs.
Except currently used surface information layers
(infrastructure, land use, resources and planning)
(Nita et al., 2004, Werner, 1992) it includes a true
3-D geologic model down to 30 m below terrain
level (Fig. 1). Thus it describes geology most
relevant to local spatial planning (30 m is a depth
of infrastructure impact, the majority of resources
is located in this zone etc.). Open architecture of
the system allows to adjust it to the needs of
users.

Figure 1 — Geological layers, groundwater table and surface infrastructure of Wotomin commune (visualization —

ArcScene ArcGlS).

METHODS

IESIS extends currently used 2D system to
third dimension by including a true 3D geologic
model as well as by allowing to place subsurface
information currently shown as 2D maps (mineral
resources mining infrastructure, groundwater
resources etc.) in true 3D context. Existing raw
(borehole logs, outcrop descriptions etc.) and
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interpreted (maps and cross-sections) data were
used for geologic model construction. Original
lithologic units in raw data were grouped so that
the output model (Fig. 2) includes nine
generalised units and main groundwater table.
Two open-source software systems were
used to construct geologic model layers:
Geographic Resources Analysis Support System
(GRASS GIS, www.grass.itc.it, Neteler and
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Mitasova, 2007), and Qgis (www.qgis.org, — and proprietary applications  ArcGIS
Sherman, 2007). Data were interpolated using (www.esri.com) and Gocad (www.gocad.org)
Regular Splines with Tension (RST) method were used for visualisations. Impact analyses
within GRASS GIS. Open-source software — (see below) were done with CommunityViz
GRASS-nviz and ParaView (www.paraview.org) (Decewicz, 2006) software.
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Figure 2 — Fragment of the Digital Spatial 3D Model of Geological Structure of the Wotomin commune, visualization in
GRASS-nviz — vertical scale is 30x horizontal scale. (1) peats, (2) eolic sands, (3) upper sands, (4) upper clays, (5)
upper tills, (6) middle sands, (8) middle tills, (9) lower sands.

easier to formulate, what leads to saving of lives
APPLICATION OF IESIS and property.

IESIS has been devised to aid local authorities
in decision-making processes, especially in spatial
planning activities. These activities include
assessment of mineral reserves, natural resources
monitoring and geohazard evaluation.

Advantages of IESIS become clear when it is
used for impact analyses. An example of such
analysis is a waste dump site location study. Data
used for this analysis included the following:

* geologic unit permeability, IESIS may however also be used by general
¢ roads and urbanised land location, public, as true 3D geoinformation describes all
* cost-effectivenes of particular solutions. available data without need to reduce spatial
Combining these data within IESIS permits very  ynowledge to 2D maps. As such it is much more
fast decision making, as feasibility and exploitation understandable for non-specialists. Hence these
costs at available locations can be calculated with data can be used by investors and stakeholders
a few mouse clicks. for both knowledge acquisition and business
IESIS can also be applied to natural resource  gevelopment.
monitoring and management e.g., groundwater
pollution monitoring or (near instantaneous)
estimation of available resources in current and CONCLUSIONS
prospective mining sites.
Another important usage is geohazard Combining geOIOgiC, infrastructure and
evaluation, including floods and landslide risk.  Planning data in IESIS allows to:
Mitigation and remediation strategies become e simultaneous viewing of all available spatial
data, what facilitates interpretation of these data
thus improving quality of results
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¢ instantaneous updating of documentation when
new data is acquired,

e outstanding  improvement in  multivariate
calculation results.

All these save huge amount of time, effort and

money, allowing to better manage available

resources, mitigate geohazards more efficiently,

and make better informed planning decisions.

Last but not least, IESIS has been developed in
open-source software, what allows unconstrained
usage adapted to every local authority preference
and possibilities. We propose user-friendly, free
QGis tool, to be a basic platform for management,
edition and export of data, and CommunityViz for
impact analyses.
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GROUNDWATER FOR THE FUTURE. THE HYDROGEOLOGICAL MAP OF CATALONIA
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INTRODUCTION

The Geological Institute of Catalonia (IGC) is a
public entity of the Catalonian government created
for the study, research and compilation of
information of the ground and underground
characteristics and conditions of the Catalonian
territory.

One of the main IGC competences is the
generation of geothematic maps at 1:25 000 scale.
The hydrogeological map is part of the geological
database. The main IGC’s objective is to generate
a clear map displaying of hydrogeological data.
Nevertheless, IGC is not the main water
management agency). The institution in charge of
the water policies in an integral way to manage
and plan the whole water cycle in order to maintain
ecosystems equilibrium is the Catalan Water
Agency (ACA). The 1GC hydrogeological
database and maps are based in information from
different institutions, and the main source of the
information is ACA database on the complete
cycle of water complemented with other sources
and own specific fieldwork. Consequently, both
institutions, IGC and ACA are implicated in the

generation of the hydrogeological map of
Catalonia.
THE HYDROGEOLOGICAL MAP OF

CATALONIA

The hydrogeological map of Catalonia is GIS-
based. It represents all those characteristics and
phenomena related with the groundwater and
surface water relative to the rock-water
relationship as a system in which the variables
change.

The influence of atmospheric and anthropic
aspects is also represented adding a degree of
complexity to the maps. Considered phenomena

are exploitation volumes, water quality,
geodynamic  processes and environmental
protection.

Other sources of point type of information that are
included in the map are water quality and
measurements data from Catalonian Water
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Agency, Hydrographical Confederation of Ebre
River (CHE), Geological Institute of Spain(IGME),
Spanish Mines Bureau, and others from the
municipalities.

The main reason to generate a map at 1:25000
scale is the existence of a geological and
topographic maps of quality at the same scale.
Cartographic elements and map legend is based
in Struckmeier and Margat(1995), and Vrba and
Zaporozec (1994) guidelines.

The map is divided in three levels of information
that combined among them allow to generate
graphically the different hydrogeological aspects:

1 Hydrogeological structure (aquifer thicknes,
depth, extent, etc)

2 Ground water dynamics Data (water table
depth, extraction points, etc.)

3 Water quality data

MAIN MAP

The main map will be a 1:25 000 scale where
some intrinsic and variable characteristics related
with the cycle of the water will be represented.
Firstly, a relation is established between lithology
and permeability (Figure 1). The criterion is
deduced from geological data base, pumping tests
and bibliography information.

Figure 1: Table of rank of permeability versus lithology

The hydrogeological formations and their extent
(aquifers and impermeable units) are taken from
ACA definition. Modifications to their extent are
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made on the basis of geological units from the
geological map.
Hydrological surface elements are extracted from

topographic maps to  establish aquifer
relationships: flow data (maximums and
minimums), calculation of river basin area,

presence and quantities of irrigation, and presence
of dams and lakes.

The piezometric surface morphology and evolution
is characterized on the ACA information and
represented in the map. The ACA provides all the
information on aspects such extractions, artificial
reload, regenerated waters, hydraulic barriers,
etc., to characterize water levels, Figure 2.

Figure 2: Portion of hydrogeological map showing
piezometry, permeability, surface water information,
aquifers, etc.

The Catalan Water Agency’s monitoring network
for groundwater consists of 405 groundwater
points that are taken on a monthly basis. Series
dating back over 30 years are available for more
than 300 of these points. In order to complete the
network and adapt it to the criteria of the European
Water Framework Directive (WFD), a total of 160
new water level points with a total forecast
perforation length of approximately 13,000 m are
under construction.

COMPLEMENTARY MAPS

Hidrogeochemical map

The base of the map will be a conversion of
geological units to geochemical units. Data from
four monitoring quality control and piezometric
networks will be incorporate in this map and
database.

Two maps will be developed:

Maps that show the intrusion of saline water and
its time evolution.

Maps showing the different types of water
according to the ionic content (Evolution graphics
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will be presented associated to this maps, see
Figure 3).
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Figure 3: Chlorides at the Tordera deep aquifer
(Niferola and Ortufio, 2008)

Porosity type map

The porosity map is based on the conversion of
geological to porosity units. The criterion for
conversion is based on the geological data base
and bibliography information (see Figure 4).

Figure 4: Map of porosity type of Sarria de Ter.

Vulnerability map

The WFD states that prevention and protection
criteria must be coherent with all legislation
concerning nutrients, and in particular with
European Directive 91/676/EEC concerning on the
protection of waters against pollution caused by
nitrates from agricultural sources (definition of
vulnerable zones).

Nitrates and pesticides are the only substances
with concentrations that are subject to quality
regulations.

The Catalan Water Agency’s pesticides
operational control network has 88 control points
with a six-monthly testing frequency. The Pesticide
monitoring and control plan came into operation in
2007, in compliance with Article 8 of the Water
Framework Directive.
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The Catalan Water Agency’s nitrates operational
control network has 765 control points with a six-
month testing frequency and has 694 control
points with an annual testing frequency.

Once the bodies of water were defined, the
stressing aspects affecting them were analysed.
Stress is understood as the potential of those
human activities that may affect the flow or the
chemical composition of groundwater. The main
stressing aspects affecting the groundwater bodies
in Catalonia are those listed in Table 1.

Kind of
stressing
aspects

Affection
to the
state

Pressure

Industrial spills

Waste disposal

Construction and demolition
waste

Local Contaminated soils

Waste
Plant

Water Treatment

Chemical Tip mining

Buried tanks

Application  of  livestock

manure

Fertilisation practices

Diffuse —
Returns of irrigation

Sewage system

Pipe lines

Table 1: Main pressures
Catalonia (Niferola

affecting the groundwater in
and Ortufio, 2008)

Aquifers intrinsic vulnerability to pollution by
nitrates and/or pesticides is evaluated. The map is
generated by the parameter weithging method
DRASTIC (Aller et al., 1987) (see figure 5).

Figure 5: Map vulnerability against Nitrates of Sarria de
Ter.
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OTHER COMPLEMENTARY ELEMENTS

The map also represents the groundwater
particularites in  chemical composition or
temperature, or the conceptual hydrogeologic

functioning model. It is represented showing
geometry and relationships between aquifers (see
figure 6).

Figure 6: Hydrogeology system functioning sketch.

Climatology aspects will be represented in the
map as rainfall distribution, thermal regime, and its
influence in evaporation.

CONCLUSIONS

The hydrogeologic data of Catalonia will be
incorporated and systematized within a GIS and
associated data base, in a way that new data and
information will be updated and changed easily for
the map not to lose validity through time.

The hydrogeological map of Catalonia is
generated to become the management tool of
groundwater and surface water in Catalonia.
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INTRODUCTION

Geological maps belong to the most complex
and pretentious maps referring to their content. So
the demands on the cartographic representation of
geological phenomena are very high. It is a great
challenge for the cartography of the Bavarian
Environment Agency (LfU) to visualize the results
of geological fieldwork on a map adequately.

The basic geological map series of LfU is the
Geological Map 1:25 000 of Bavaria (GK25). Due
to the large scale many details of the geological
survey can be mapped. The underlying base map
is the Topographical Map 1:25 000, provided by
the Bavarian Agency for Surveying and
Geographic Information. This base map is the
reference and offers the connection between the
geological objects and the topographical
information such as relief, water and ftraffic
networks, settlements etc.

The quality of the finished GK25 depends on
the knowledge and the experience of the involved
geologists and cartographers as well as on the
mutual communication and coordination. The pre-
condition for a successful presentation of geo-
objects within the map is an intensive
interdisciplinary cooperation of the geological
author of the map sheet and the geological and
cartographical editorial staff.

THE PROCESS OF CARTOGRAPHICAL
SYMBOLISATION OF THE GK25

The process scheme gives an overview of the
parameters that are important for the creation of

170

cartographic symbols for geologic phenomena
(Figure 1).
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Figure 1 — The Process of Cartographic Symbolisation

The geological legend is the thematic base for
all map symbols of the GK25 (Figure 2). It is
fundamental for the geological field work and
provides an obligatory guideline for the acquisition
of geological objects and their cartographical
representation. The geological legend still is in a
state of systematic organisation. At the time it
consists of about 2,500 objects. Since so far only
around 55 % of the Bavarian map sheets have
been covered by geologic maps at a scale of
1:25.000, it is expected that the number of
geological units will increase far beyond the 2.500
geological objects. lts basic elements are the
legend unit and the associate abbreviation. The
latter provides the key item of geometric and
attribute data within the geographical information
system (GIS). Furthermore it involves the join for
the cartographical symbolisation of polygon, line
and point objects.
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Figure 2 — Extract of the geological legend of the GK25 map sheet 6741 Cham West.

The following tools provide a systematic
cartographic conversion of geo-objects:

o CMYK-colour-pattern:

The consistent colour-standard of GK25 previously
printed with spot colours should be sustained after a
far-reaching change to CMYK-colours (Cyan,
Magenta, Yellow, Key-Black). For this purpose a
reference book with CMYK-colour-patterns has been
designed. It was printed on the same special map
paper and under the same conditions as the
production print of GK25.

¢ Collection of printed GK25:
A collection of all previously printed GK25 offers a fast
overview of all existing geological units. It is the base
for a consistent and systematic symbolisation of new
geological objects.

e Basic symbol library:
All basic symbols of the various object types (polygon,
line and point symbols) are stored within a central
symbol library that offers shared access for all
cartographers. The basic symbols are invariable and
clearly defined by their symbol number (Figure 3).
They are the base for complex symbols that are
stored within one special symbol set for every map
sheet.

Area Fill Symbols Foint Symbols

2 76 5% 439 T

58 - 152 N § M=
Figure 3 — Some symbols of the basic symbol

library created by LfU-cartography.

Subsequently, the essential requirements on
cartographic symbolisation are specified:

e The map should be clearly arranged and readable.

e It should allow a fast interpretation and a clear
classification of all map objects.

e Symbols should be obviously different referring to
their colours and patterns.
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According to these requirements the
cartographic symbolisation of geological objects
has to consider some important parameters:

e The basic color of geological area units should
immediately  provide the  chrono-stratigraphic
classification for the user of the map.

e The function of structural patterns is to point out
special characteristics of geology like granularity,
stratification, mineral components etc.

e Hatches are mainly used to represent strata laying
over basic geological units. They must clearly differ
from the underlying color and topographic objects
(Figure 4).

e The topographic information shoud remain visible
even under dark colors.

e The abbreviation for the geologic unit should provide
the clear allocation of the labelled objects.

Figure 4 Samples for the cartographic
symbolisation of geologic objects

Above: weathering loam with overlying gravel and

topography
Below: Fine- to medium-grained granites, partially
weathered, and topography

Considering the graphic features noted above
the cartographic legend (Figure 5) is derived from
the geological legend. It specifies exactly all
graphic attributes to symbolise geological objects:
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Figure 5 — Extract of the cartographic legend for the GK25 map sheet 6741 Cham West.

HIGH QUALITY PRINTING OF GEOLOGICAL
MAPS

One has to note some critical aspects in order
to get standardized plot copies of GK25 maps
containing precise colour nuances:

¢ Allinstalled plotting devices need to be calibrated with
a colour management system in order to get
approximately the same colour impression as on the
printed offset map.

¢ The print settings for all plotters should be equal.

e The plot is carried out with standard colours on high
quality paper.

The plot provides the final control of the GK25
for the responsible geologist. After finishing the
last cartographic works the pre-press process
starts (s oral presentation of M. Boedecker:
“Leaving the ‘Unix-Ice-Floe’: The Migration of GIS-
based Map Production from Arcinfo Workstation to
ArcGIS 9.x"). Using a graphic programme the
present workflow implies that vector data, EPS-
files exported from GIS, are combined with
transparent raster data that contain the base map
TK25. Furthermore the title is integrated and all
pre-print settings are performed like the over-
printing of black elements. Finally the composite
data is stored to a PDF using the appropriate PDF-
settings.
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The Raster Image Processor (RIP) manages
the colour separation of the composite PDF to
CMYK by means of an amplitude-modulated raster
(AM) with high resolution (205 lines per inch or 80
lines per cm). Colour separated data are copied on
printing films (computer to film). While processing
the films the matching colour profile has to be
applied to customise the following processes of
copying printing plates and offset printing. Due to
the high resolution delicate structures and fine
hatches consisting of multiple colours can be
reproduced without any visible aliasing.

Several control mechanisms are used to
ensure high quality results during the offset
printing of the GK25:

e The colour density of a colour bar on the edge of the
sheet is measured by a densitometer in order to
match the actually printed colours to pre-defined
reference values.

e The precision of register marks is continuously
controlled and the printing plates are adjusted if
required.

The following requirements have to be
considered to achieve high quality results during
the offset printing of the GK25:

¢ The high quality standard of GK25-cartography has to
be sustained when successive maps are printed.
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Above all, the precise distinction of the colours of
geological objects has to be regarded.

e Colours have to be printed consistently. While
applying many different colour mixings of CMYK- and
spot colours the same results have to be ensured
compared to previously printed maps.

e Equal colour tones of neighbouring map sheets
should match exactly.

e The colour tone of the GK25-title has to be kept
constant (s. Poster 2: Components of a Geological
Map, Figure 1 — 3)

e During the printing of up to 8 colours a very high
precision of register has to be observed.

Formerly, the GK25 has been printed with spot
colours only. Spot colours are printing colours
which are mixed especially to reproduce a definite
colour tone constantly. Each spot colour has to be
printed separately, that is the GK25 has been
printed with up to 18 colours. Yet another
disadvantage is that spot colours can not be
printed with the current CMYK-devices, that
implies there is no way to get standardized plot or
digital proof results. A hard proof running under
the same conditions as the production print is
inevitable to check the quality of spot colours. So
the cartography of the LfU presently is giving up

PROSPECT

To match the increasing demands on the
efficiency of map production, some processes of
the GK25-workflow should be automatized. An
important measure may be to store the geological
legend in a shared data base. After the creation of
the matching mapping symbols, this should ensure
a permanent representation of geological units
during the entire mapping process. Moreover, the
data base should provide the automatic generation
of the map legend. A team of cartographers and
geologists of the LfU is working on this project.
(see oral presentation of M. Boedecker: “Leaving
the ‘Unix-lce-Floe’: The Migration of GIS-based
Map Production from Arcinfo Workstation to
ArcGIS 9.x").
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the use of spot colours as far as possible to ease
the printing process and to reduce the costs of
printing maps. The high quality standard of the
previously printed GK25 with spot colours, that are
288 sheets out of 546 GK25 of Bavaria, however,
should be retained even after most colours have
been converted to CMYK-colours. By means of the
CMYK-colour-patterns exact CMYK-colour tones
could be defined for geological units that nearly
match the original spot colours.

To check the quality of four-colour printing an
identical sheet of the GK25 has been printed with
CMYK-colours after it had been printed with spot
colours (see the  corresponding poster
presentation).

Meanwhile, CMYK-printing provides very good
results, so that most of the spot colours could be
replaced by equivalent CMYK-colour mixings. To
maintain its high quality standard the GK25 is
printed with only few additional spot colours that
could not be covered by four-colour printing:
luminous purple, green or red tones.
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INTRODUCTION
Recently, the integrated analysis of Very High

Resolution Seismic (VHRS) profiles, satellite
images, aerial photographs, maps, and
topographic/bathymetric data has given an

important contribution to the identification of buried
geomorphological features in the Venice lagoon
subsoil down to about 30 m b.s.l. (Figure 1).
Investigations allow to attribute these features to
the Late Pleistocene and the Holocene and to
point out their relation with the evolution of the
lagoon basin.

Results of this study are also assuming great
importance in relation to coastal environmental
problems. Relict sandy geomorphological features,
characterized by high permeability, act as
preferred pathways for groundwater flow and
solute transport, enhancing saltwater intrusion in
the watershed (Carbognin & Tosi, 2003;
Carbognin et al.,, 2005; Pousa et al.,, 2007).
Furthermore, salinization process can also trigger
land subsidence induced by clayey particles
rearrangement (Meade, 1964).

In addition, the different kinds of deposits that
characterize geomorphological features are
responsible for a differential lowering of the
territory (Teatini et al., 2005).

MATERIALS AND METHODS

Aerial photograph and satellite image
interpretations, analysis of historical and recent
maps, field surveys, and topographic/bathymetric
investigations were first used to identify the main
buried and surface geomorphological features.
Afterwards, an important contribution to the
present study was given by a single channel VHR
seismic system, optimized for surveys in shallow
water less than 1 m depth (Brancolini et al., 2006;
Brancolini et al., 2007).
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Seismic profiles were calibrated and validated
using geological information obtained from existing
cores.

The detailed reconstruction of the seismic-
morpho-stratigraphic units present in the subsoil of
the Venice Lagoon is still in progress. It is obtained
integrating results of the investigations previously

described with sedimentological, stratigraphic,
geotechnical, mineralogical, textural, and
paleocenvironmental data, and 'C dating

(Serandrei Barbero et al., 2006; Tosi et al., 2007a;
Tosi et al., 2007b).

RESULTS AND DISCUSSION

The combined interpretation of results obtained
from remote sensing investigations,
topographic/bathymetric measurements, VHRS
surveys, and analysis of multidisciplinary
geological data allowed the discovery and
characterization of buried paleoriver beds, ancient
tidal channels, and paleobeach ridges (Figure 2)
and pointed out the relation among
geomorphological features occurring in the lagoon
basin and in the watershed.

In fact, most of the features recognized in the
mainland, which apparently come to an end in
correspondence to the lagoon margin, continue
into the lagoon basin, where their identification is
made difficult by the presence of water and by
depositional/erosive processes active in this kind
of environment.

Data show that relict geomorphological
features composed of high permeability deposits
provide the hydraulic connection between
freshwater aquifers and the sea. In particular,
results of the present study point out that well
developed paleoriver systems, intersecting the
southern lagoon margin and the nearby coastline
and characterized by permeable sediments,
represent preferential way of communication
among waters having different salinity. By contrast
thick silty-clayey layers preclude the salty pollution
in the aquifers from the lagoon and the sea.
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Figure 1 — Digital Elevation model (a) and network of seismic lines (b) carried out in the southern Venice Lagoon. An
enlargement of the studied area, characterized by clear evidences of paleo-coastlines, is displayed in a separate
window (c). The maps indicated as (d) and (e) represent the lagoon setting in 15656 and 1780, respectively.

As pointed out close to the lagoon margin
(Rizzetto et al., 2003), the different kinds of
deposits, related to the presence of distinct
geomorphological features, contribute to the
differential lowering of the lagoon basin (Teatini et
al., 2005). In particular, organic soils correspond to
highly sinking areas, whereas sandy-silty
sediments, which constitute fluvial and beach
ridges, are more stable.

Future investigations have to be addressed to
the quantitative geomorphological analysis aimed
to know the past hydrologic conditions of the
drainage systems, and to analyze the formative
processes that control the morphological setting
and evolution of lowland fluvial river and tidal
creek systems.
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Figure 2 Paleochannels and paleo-coastlines
identified in the area of Figure 1c using multidisciplinary
investigations.



Session 1 - Poster presentation

Figure 3 — Example of geomorphological features recognized in a seismic profile realized across the southern Venice

Lagoon.
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ABSTRACT

A new approach to understanding aquifer
architecture is to use stratigraphic techniques for
delineating reservoir geometry. By evaluting
subsurface data the geologic architecture of the
northeastern region of the Campania Plain
(southern Iltaly) have been defined and in
particular the geometry and distribution of aquifer
and aquitard sediments. The data, managed into a
GIS project, have permitted to make a 3D
restoration of the stratigraphic architecture.

GEOLOGICAL SETTING

The Campania Plain is a broad, complex
graben closely controlled by NE-SW, NW-SE and
E-W normal fault activity, estabilished in Late
Pliocene (Ippolito et alii, 1973) or the Early
Pleistocene (Cinque et alii, 1987; 2000) along the
Tyrrhenian side of the Apennine Mountains.

The Plain’s subsoil is formed by the succession
of different units whose sedimentation has been
influenced by non-homogeneous tectonics
(Romano et alii, 1994).

The reconstructed stratigraphic sequences
ranges from Middle-Late Pleistocene to Recent.

In detail, above the faulted Apennine carbonate
bedrock, five units have been defined: two are of
marine-transitional facies (M1 and M2) and have
been recognized exclusively in the subsurface; the
other three units (V1, TGC, TGN) consist mainly of
pyroclastic deposits (Putignano et alii, 2007).

The units M1 and M2 are binded to positive
glacioeustatic fluctuations occurred during the
Middle-Upper Pleistocene; between them s
interposed the wunit V1 formed by mostly
incoherent volcanic deposits correlatable with the
Durazzano Ignimbrite (116 ky B.P., Rolandi et alii,
2003) outcropping along the eastern border of the
Plain and binded to intensive volcanic activity and
falling sea level.

The pyroclastic flow deposits of the Campania
Grey Tuff (TGC 39 ky B.P., De Vivo et alii, 2001)
overlie the three units: they blanket the whole area
filing morphological depressions and dipping
gently towards the central region of the Plain.

The uppermost unit of the reconstructed
stratigraphic succession is represented by thin
deposits of the Neapolitan Yellow Tuff (TGN 15 ky
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B.P., Deino et alii, 2004) which are separated, in
some drilling, from underlying TGC by a paleosoil
of 50-100 cm thickness.

A subsequent continental stage is witnessed by
Upper Pleistocene to Recent alluvial and detrital
colluvial deposits covering the two volcanic units.

DISCUSSION

The northeastern sector of the Campania Plain,
in province of Caserta, is an example of area with
strong anthropic impact according to urban growth
and to agricultural and industrial activity.

Moreover the presence, in the Plain, of
numerous quarrying and uncontrolled waste’s
storage is added.

This activities are further danger signals for
soil-subsoil system. On basis of that, the need to
make a geo-environmental and geo-lithological
characterization of subsurface for 165 km2 part of
the Plain is arised.

A detailed reconstruction of stratigraphic
subsurface architecture based on remarkable
geodatabase available in Cartography Territorial

Laboratory of Environmental Department in
Caserta, was carried out.
The geodatabase concerns with well log

stratigraphies, interpreted and homogenized in
terms of lithologic units. Data on field’s analyses
and deep drilling have been obtained and
examined too. Then, a study of different surface
sediments and lithofacies together with valutation
of the relationships between upper and depth units
was made.

All  of these informations inferred from
stratigraphic logs have been managed into a GIS
project, in detail a database in Microsoft Access
has been realized to control the great amount of
data and to find quickly the necessary informations
through query (Fig. 1).

This database is a relational frame that
considers single entity under many side
(lithological, stratigraphical, petrophysical,

geomechanical and hydrological).

The geological data processing have been
graphically restored with use of software
Rockworks 2006 to obtain bi- and tridimensional
models of the stratigraphic units, sections, profiles,
fence-diagram in 2D and 3D on all thickness of
subsurface (Fig. 2).
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T = Soil,

al = Heaps of debris formed by
reorganized pyroclastiti and locally by
discontinuous levels made of calcareous
pebbles.

dt2 = Little dense pyroclastiti with sandy-
maddy grains and litlle spoiled pumice,
and somelimes scoriae. Often called as
Pozzolana.

dt1 = Debris fall. Brown pyroclastiti with
calcareous debris, pumice, lapillus and

scoras.
Neapolitan Tuff =

DETRITAL COLLUVIAL
DEPOSITS

Yellow Basal

phreato-plinian deposits of alteming
white edged pumice and ash.

TGN

Tgz = Yellow tuff with yellow ashy and
coherent matrix, yellow andfor black
scoriae and pumice of great size.

Tg = Grey tff from pseudo coherent to
coherent, with dark grey scoriae and
sometimes with big black pumice placed
in chaotic way.

Cn = Bright grey incoherent ash with big
grey pumice.

M2 = Sands, clays and conglomerate
with fossils,

PYROCLASTIC UNITS

CAMPANIA GREY
TUFF

DEEP UNITS

Figure 1 — Table of the recognized stratigraphic units.

Fence-diagram that show  stratigraphic
succession of the more surface units have been
realized in order to analyse the great fluctuations
in the structure of the detrital covering and in the
thickness of the paleosoil between the two
volcanic units (TGC and TGN).

The paleosoil is a buried layer with permeability
lower than underlying unit represented by facies of
grey tuff or ashy tuff; therefore for its lithological
features and permeability is defined as aquitard.
That is fundamental in all the areas with strong
anthropic impact because it represents a
lithological body also able to slacken the transfer
of pollutants from soil to aquifer and/or ground
water.

The further analysis has regarded the display
of the surface’s structure of top of TGC in
connection with paleosoil’s isopache (Fig. 3).

At last, a study of anthropic impacts caused by
different agricultural use of soil in relation with
geolithological features, morphology, kind of soil
and presence of aquitards has been executed. As
a conclusion, we can say that the above approach
has allowed to improve the knowledge of subsoil

and to define a qualitative/quantitative method to
assess the potential vulnerability for the aquifer.

2 __-\.:T' 2 . . S -.:

Figure 2 — Fence-diagram.
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Figure 3 — Digital Subsurface Model of top TGC with
paleosoil’s isopache (thickness in meters).
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OBJECTIVE

In most regions of Bavaria the Variscan
basement is covered by up to several thousand
meters of younger rocks. The basement is
exposed at surface only in the northeastern part of
Bavaria and in the Spessart region in the
northwest. Therefore the input data for a model of
the top-basement surface is distributed quite
unevenly. This study is an approach to incorporate
the available data of the Bavarian basement into a
3D structural model despite of their different
scales. The result can be used as the bottommost
layer for regional 3D models as well as to provide
a basis for a first state-wide seismic velocity
model.

OVERVIEW

During the Cretaceous basement was uplifted
predominantly along normal strike-slip faults
across the whole northeastern part of Bavaria with
throws of more than 2000m locally. The whole
northeast of Bavaria is cut by a NW-SE striking
network of interconnected faults, often covered by
cainozoic sediments. In the south, basement is
overthrusted by the tectonic alpine front. The first
E-W thrust marks the frontier of the alpine orogene
with the basement at 7km depth (Lemcke 1988).
This front was taken as the southern limit for
modelling.

Basement is covered mainly by a continuous
succession of younger palaeozoic and mesozoic
sediments that make up to 1500m (BayGLA 1996)
in permian troughs. These are rather narrow and
probably not interconnected basin fills.

BASEMENT DATA

Data from several sources, types and scales
was taken into account to create a three-
dimensional surface of the variscan basement in
Bavaria. First of all outcrop-data was derived from
the geological overview maps at a scale of 1 : 200
000. The digital map data was merged in ArcGIS
to generate polylines of the outcrop-lines of the
basement. Furthermore polygon shapes were
generated for the areas where the basement is
exposed at surface, in the northeastern part of
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Bavaria and in the
northwest.

A structural contour map of the basement
surface in northern Bavaria created by combining
geophysical measurements and drilling data was
used as additional constraint for the central part of
Bavaria (BayStMWIVT 2004, Bader 1995, Bader
2001). Punctiform seismic interpretation along
some seismic cross-sections was used within the
molasse-basin in the south.

At last, stratigraphic data from more than 80
boreholes reaching the basement was collected
and prepared for 3D modelling (figure 1). At the
moment we are aiming to include also some well-
data from surrounding states.

in the Spessart region

Figure 1 — Spatial distribution of input data, showing
outcrop areas (dark grey), point data from boreholes
and punctiform seismic interpretation, and curve data
from structural contour maps.

CREATING A FAULT NETWORK

Fault-networks and data of basement differ in
scale and level of detail. The approach was to
combine these various datasets in a best way.

In areas where the basement is exposed at the
earth’s surface no faults were incorporated into the
model. Instead, the basement surface was
adapted to the digital elevation model in these
regions.
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In regions where the outcrop is linked to fault
activity, the geological overview maps at a scale of
1:200 000 published by the Geological Survey of
the Environment Agency was used as a common
data basis for both the outcrops and the faults.

In the remaining regions especially in the
northwest that shows a lack of subsurface data the
fault data was derived from the tectonic overview
map of Bavaria at a scale of 1:1000 000
(BayGLA 1996).

The various fault data sets differing in scale,
were merged and adjusted in adjacent or over-
lapping areas to create a consistent fault-network.

MODELLING THE BASEMENT SURFACE WITH
GOCAD

All data was incorporated into the 3D
geomodelling software GOCAD®. As a first step a
non-faulted basement surface was created from
the outcrop lines, the borehole data, the seismic
cross-sections and the structural contour maps
(figure 2). In a second step this surface was cut
with the fault network using the built-in Structural
Workflow to create a faulted basement surface. As
described before first-order (resp. borehole) data
is distributed unevenly. Thus the reliability of the
final surface varies significantly in space. 3D

gravity and magnetic modelling might set
additional constraints in the future.
Using the faulted surface as an input a

stratigraphic grid (SGrid) was created using the 3D
Reservoir Grid Builder Workflow in GOCAD.

Figure 2 — The non-faulted basement surface with a
preliminary simplified fault network.
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ENHANCING THE MODEL AND FURTHER USE

For simplicity and due to its small scale all fault
surfaces were set as vertical in this first approach.
It is intended to refine the model by assigning dip
values to the faults. Setting faults as non-vertical
imply much more fault-fault connections at depth
and considerable more ambiguity.

Furthermore it is planned to incorporate the top
of the Upper Jurassic (Malm) into the model
(BayStMWIVT 2004). It can be used as a basis for
a state-wide seismic velocity model consisting of
three layers (basement, mesozoic, cainozoic)
which might lead to improved localisation of
earthquakes.
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INTRODUCTION

The Bavarian Environment Agency (LfU) deals
with issues concerning environment protection,
nature conservation, water management and
geology. In addition to different kinds of
publications for the above-mentioned categories
yet another main emphasis is put on geoscientific
map series. The following scale ranges and output
formats are available:

Geological maps

Soil maps
Hydrogeological maps
Raw material maps

The maps are distributed as:
¢ Printed maps and plot-on-demand
o Georeferenced raster maps (tiff, jpg)
o Raster-/Vector-PDF of the maps with corresponding
explanatory notes
¢ Digital data sets via the internet or BIS (Bavarian Soil
Information System, www.bis.bayern.de)

The internet shop can be reached via the
following site:
www.Ifu.bayern.de/publikationen.

GEOLOGICAL MAPS

Geological maps (GK) contain information
about the type, age, allocation and bedding of
rocks on the surface and bellow. In addition to
different overview and speciality maps the
geological map on a scale of 1:25,000 is a basis
for other geoscientific map series produced by the
LfU. Explanatory notes with numerous illustrations
and pictures are also available for this map scale.

Scale ranges and types of geological maps:
e GK 1:25,000 / 1:75,000 / 1:100,000 / 1:150,000 /
1:500,000
e Geological overview and special maps
¢ Historic geological maps
¢ Geological manuscript maps
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Figure 1 — Status of publication of geological maps
1:25 000 & 1:50 000
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Figure 2 — Status of publication of geological maps —
special editions

SOIL MAPS

Soil maps are the result of the pedological
survey at the LfU. The following different soil
characteristics are determined by field mapping
and laboratory analysis:
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Parent material

Genesis

Soil type

Site characteristics

Possibility of utilization (land use potential)

The following map series are produced:
o As a pre-product for The Federal Institute for
Geosciences and Natural Resources (BGR): Soil
general map 1:200,000
Soil site map 1:50,000 und 1:25,000
Soil map 1:25,000
General soil map 1:25,000
Soil function map 1:25,000
Soil assessment map 1:25,000
Background value map 1:500,000

Figure 3 — Processing status for soil maps

Figure 4 — Status of publication of soil maps — special
editions

183

HYDROGEOLOGICAL MAPS

These maps incorporate information on the
hydrogeological structure and properties of the
subsurface as well as the availability of
groundwater resources, flow dynamics and
hydrochemical composition. The results of the
statewide hydrogeological survey are published as
sets of maps on a scale of 1:50,000 (HK 50). In
addition, hydrogeological general maps each
depicting one of Bavaria's planning regions are
produced on a scale of 1:100,000.

Figure 5 — Processing status for hydrogeological maps

RAW MATERIAL MAPS

The raw material maps show the position of the
raw material deposits and mines. They also
provide information about areas that prevent
mining and exploitation in the long run.

The first raw material map in a new and more
differentiated system appeared in 2002 and shows
the Ingolstadt Region (South Bavaria) on a scale
of 1:100,000 based on raw material-geological
manuscript maps on a scale of 1:25,000. These
manuscript maps were revised for a publication
and are now available for the public as raw
material maps (RK 25) in a raster file format.

Moreover the Bavarian KOR 200 maps (map of
near-surface raw materials, 1:200,000) of the BGR
are based on the RK 25 raw material maps.

Because of data protection, at present the sale
of the vectorized raw material maps including
attributed data is not intended.
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Figure 6 — Status of publication of mineral maps
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INTRODUCTION

Seismic microzonation is an evaluation
procedure of the local hazard consisting in the
identification of areas characterized by an
homogeneous seismic behaviour (GRUPPO DI
LAVORO MS, 2009).

In 2007, a five year technical agreement was
signed between the National Civil Protection
Department and the National Research Council
with the aim to develop theoretical and technical
instruments to support the civil protection
activities over the ltalian territory, including the
spread of seismic microzonation studies
(URBISIT project).

During the first year of this project a working
commission of experts on the different technical
disciplines involved in seismic hazard evaluation,
like geology, geotechnics, hydrogeology, applied
geophysics, geomorphology, and geostatistics,
discussed and drew up a document describing a
Subsurface Model (SM) suitable to act as a
theoretical reference instrument for the seismic
microzonation studies in Italy (Cavinato et al.,
2008). The SM identified the fundamental
physical parameters (variables) and the base
cartographic information required to produce
seismic microzonation studies, accordingly to the
three steps of classification recommended by the
Italian laws, from a general to a very detailed
level.

During the second phase of the project, a
specific sub-commission started to design a
comprehensive database optimized both for the
storage and the handling of all the information
required for the operative definition of the SM
within the seismic microzonation studies.

CONCEPTUAL SCHEME OF THE DATABASE

The conceptual scheme of the database has
been developed accordingly to the two classes of
data required to identify the 3D seismically
homogeneous bodies in the subsoil (figure 1).

First the cartographic data, which give the
base information to recognize the geological
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settings and to describe the geomorphologic
processes on the surface.

Second the subsurface data, obtained through
drilling or other indirect measurements
techniques, which have to be stored in an
alphanumeric database (ADB) before their spatial
processing.

Figure 1 — The two branches of the database.

The database conceptual scheme was initially
designed using the ESRI® geodatabase model
and is shown in figure 2. The ADB is linked to the
carthographic section through external keys
shared with the feature classes that represent the
position of the surveys in field.

The different characteristics of surveys drive
the ADB structure which is consequently divided
into two branches to store: a) the parameters
measured at or related to specific points in the
subsurface and whose position can be
represented with a “point” on a 2D map; b) the
information linked to a vertical geologic or seismic
section and whose position on the surface can be
graphically represented by a polyline.

A documental section is also included in the
database to store a copy of the original reports
associated with the surveys and the tables
(matrices) containing the data measured in the
laboratories or in field, by using .pdf or ASCII
formats.
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Figure 2 — Conceptual scheme of the database.
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The implementation of ADB also required a
very accurate work on the coding system. In fact,
this is a key point to grant the diffusion of the
database by assuring the use of standardized
measurement units for recording the measured
parameters along with a really comprehensible,
easy to use, mnemonic and standardized coding
of descriptive attributes.

In this paper, we illustrate only the new coding
system introduced for the description of loose
sediments which represents one the main
parameter for the definition of seismic hazard.

This coding system is based on the
combination of &5 characters, respectively
representatives of the type of layer and relative
abundance of the different particle size,
accordingly to the scheme in figure 3.

Figure 3 — Coding system for lithology
In particular:

¢ position 1 is occupied by a conventional alphanumeric
code describing the homogeneity and/or nature of the
layer (e.g. “S” for homogeneous layer; “Q" for
fractured rock; and so on.);

e position 2 represents the quantity of gravel/stones in
the layer in a scale ranging between 1 (very few) and
8 (100%);

e position 3, 4 and 5 record the relative abundance
respectively of sand, silt and clay using an integer
numeric figure in n/8 (the sum of these three figures
has to be 8 in order to reach 8/8).

This coding system has been thought to
correspond to the usual semi-quantitative and
conversational style description of the lithologies
which are given by geologists in field. As an
example, accordingly to this system, the code (last
three characters) for a pure “clay” is 008, for a
“silty clay” is 026, for “silt and clay” is 044, and so
on.

This way we obtained the undoubted
advantage of homogenize and make comparable a
great variety of different descriptions, reducing at

minimum, at the same time, the possibility of
misclassification and subjective errors.

The code also contain a semi-quantitative
description of the granulometry that is grossly
ranked by the numeric characters

CONCLUSIONS

Presently the both the conceptual and the
physical structure of a database suitable to
support seismic microzonation studies have been
created and described in a specific technical report
within the URBISIT project.

The database itself is now undergone to a
testing phase consisting in the data storage and
subsequent processing from 30 selected sites
(vilages and small cities), spread over the ltalian
territory. The database was built in fully agreement
with a theoretical reference document which
describes the subsurface model and was tought to
store all cartographic data and subsoil physical
parameters required for producing seismic
microzonation studies.

This is only the first phase of a long term work,
in which possible further revisions can be
suggested by the experts of the discipline involved
in seismic modelling and by the local
administrations responsible for data storage. The
official adoption of a successive version of this
database system is expected in the near future as
a first step towards a wider diffusion of the seismic
microzonation studies in the most critical areas of
the Italian territory.
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INTRODUCTION

Geothermal energy is an increasing sector in
heating and cooling technologies. Knowledge of
(hydro-)geological conditions at a planned site is
important for the correct design of geothermal
plants. Therefore a mapping project was started at
the Bavarian Environment Agency in order to pro-
vide countrywide three-dimensional data of hydro-
geological units. These data are being reproc-
essed to give relevant information such as sensi-
tive areas or optimized drilling depth for ground
source heat pumps or well systems.

METHODS
The preceded hydrogeological mapping project
yields borehole logs, horizontal extents of

geological units, hydrogeological profiles as well
as three-dimensional underground models. Spatial
boundaries of the (hydro-)geological layers and
groundwater conditions are input parameters for
determination of basic conditions for geothermal
energy use.

The following cases are distinguished:

favourable condition for ground source heat pumps
unfavourable condition for ground source heat pumps
singular case decision on ground source heat pumps
favourable condition for groundwater wells
unfavourable condition for groundwater wells

singular case decision on groundwater wells
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Water protection areas and mineral water
protection areas are very important, as strong
regulations apply for the installation of heat pump
plants:

e heat pump plants are not allowed in narrower parts of

the water protection areas (“Wasserschutzzone 1 und

27)

o heat pump plants are possible, partly by singular case
decision, in outer parts of protection areas
(“Wasserschutzzone 3b”)

Hydraulically critical areas such as artesian
basins are also shown in the maps.

Sensitive groundwater uses like water wells or
mineral water extraction wells are also displayed in
the maps.

about the
existing

To give relevant information
surroundings of the site of interest,
boreholes such as

e cased wells for private use
o heat pump plants with groundwater wells
e heat pump plants with borehole heat exchangers

are also displayed in the map. These point data
are derived from the Bavarian geological database
that contains more than 120,000 boreholes.

More information provided in additional maps
are

e areas with additional groundwater information
o areas with restrictions of drilling depth
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Figure 1 — Legend of basic conditions for shallow geothermal plants.

INFORMATION SYSTEM

The information system contains a map of base
conditions for ground source heat exchangers and
groundwater wells as described in METHODS.
From that interested clients can derive the
potential for the use of geothermal energy for their
property.

Another map gives groundwater information
which helps to decide which type of geothermal
technique (e.g. borehole heat exchanger or
groundwater heat pump) is most advisable at the
site.

Furthermore the regulatory authorities will be
provided with an additional map showing
maximum drilling depths depending on the
hydrogeolocal situation in certain locations.
Restrictions of drilling depths are mainly imposed
in order to prevent hydraulic short circuits in
aquifers.

After finishing the detailed mapping and the
interpretation of the maps with respect to
geothermal energy uses, the maps will be
published in the internet portal of the Bavarian
Environment Authority under www.bis.bayern.de.
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INTRODUCTION

The salt dome of Gorleben as potential
repository for nuclear waste is situated in Northern
Germany between Hamburg and Berlin (figure 1).
A crucial question concerning ultimate nuclear
waste storage in salt domes is the possibility and
probability of contaminants migrating from salt
dome surface to ground surface. Therefore, the
overburden of the Gorleben salt dome was
investigated intensively by means of an extensive
drilling and exploration programme from 1979 to
1998.

=

5 km

5km l a 160 bam

Figure 1 — Map of Northern Germany showing the site of
Gorleben. Model area and locations of 10 main cross-
sections as well enlarged.

The geological and hydrogeological evaluation
of data has been performed separately. We now

verify all data and combine them to one consistent
hydrogeological 3D structure model.

In contrast to the widespread and common
approach of surface generation by means of
interpolation algorithms we adopt the method of
constructing geo-bodies as 3D polyline networks.
Modelling software is openGEO.

DATABASE

The model is based upon 456 well logs
described in BAHARIAN-SHIRAZ & ZWIRNER
(2002). Further data sources are ten geological
main cross-sections (figure 1 and 5) and several
contour maps of geological units including
subcrops (ZIRNGAST et al. 2003). Details of the
geological and hydrogeological investigations can
be looked up in KOTHE et al. (2007) and KLINGE
et al. (1998, 2007).

The modelling software openGEO has been
developed commercially by the company bicad.
OpenGEO requires AutoCAD as application
environment. Basic construction elements are
lines. Surfaces are built up as polyline networks
(TIN = Triangulate Irregular Network), leaving input
data unmodified (figure 2).

DISCUSSION

Generally, there are two kinds of construction

principles realised in modelling software:

- Smoothing of surfaces by means of
interpolation algorithms is a widespread
technique.

- Alternatively, input
modification can be
construction.

data without
used for TIN

190



Session 1 - Poster presentation

®

Line Types

——— vertical line
—— horizontal line
e 3D line

@ node connecting lines

TIN
{Trnangulate [megular Network)

Figure 2 — Lines as basic elements of model construction.

In geosciences, data often are very
heterogeneous, irregularly scattered, and differ in
scale. Therefore, smoothing of surfaces is used as
a method of averaging data. On the other hand,
this can cause mistakes like penetration of thin
layered surfaces or subcrops not being in direct
contact with the surrounding surfaces (figure 3).
The construction of surfaces by interpolation
algorithms can be a helpful and time-saving tool if
there are only few data available or if only regional
interpretation of the resulting model is intended.

The construction of geo-bodies using input data
without alternation as 3D points for TIN
construction is a geometrically accurate method.
This is more time-consuming but guarantees the
reasonable construction of geo-bodies in model
areas without input data or the realistic
construction of complex layered geological units
like the Quaternary in the Gorleben area.

i | surface 1
i surface 2

& | surface 2 penetrating surface 1

surface 3
| BT

subcrop of surface 3, should be
in contact with surface 4

Figure 3 — Examples showing inconsistencies caused by interpolation algorithms.

RESULTS AND OUTLOOK

The hydrogeological 3D structure model of
Gorleben visualises the salt dome overburden.
The salt dome and its cap rock are covered by
sediments of Tertiary and Quaternary age. In the
rim synclines Caenozoic sediments are underlain
by Mesozoic successions (not shown in figure 4
and 5). At the ground surface Holocene and
Weichselian deposits widely cover all older units.
The Oligocene Rupel Clay is regarded as base of
the groundwater system. Between Rupel Clay and
Hamburg Clay, the Lower Lignite Sands of
Miocene age have aquifer quality. In Quaternary,
lower Elsterian sands are divided from highly
inhomogeneous  Saalian  deposits by the
Lauenburg Clay Complex. Since the lower

Quaternary sediments are deposited in channels
incised into the Tertiary layers, the Tertiary
Hamburg Clay and the Quaternary Lauenburg
Clay Complex together build up one aquitard
which widely separates a narrow fresh water
deposit from a deeper one mainly consisting of
higher concentrated brine. These two aquifers are
connected to each other locally (figure 4 and 5).

Especially the Saalian deposits are locally
difficult to construct. In one well, they form a
succession of layers (together with intercalations
of other sediments) and in another well they are
connected to one thick layer. Another feature of
special emphasis is the construction of faults
which sometimes just shift parts of geo-bodies
against each other and sometimes separate them
to isolated geo-bodies.
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Hydrogeological Units
Cuatamarny

Elsierian

500 m

ochatlian (sand, silt)

Figure 4 — Cross-section 2 showing the Gorleben salt dome with its overburden. There are three Quaternary channels
incised into the Tertiary layers, two in the rim synclines and one at the top of the salt dome. The cross-section
crosses the salt dome in its south-western part where Quaternary sediments of pre-Elsterian age are preserved.
Model area outline (amber), locations of cross-sections 1 to 10, and scale at 0 m b.s.l.

For this model, an approach has been chosen
without smoothing of surfaces and without
interpolation algorithms for the construction of
geo-bodies to get a realistic model controlled by
the model designer and allowing detailed
interpretation. The model is intended to serve as
base for three-dimensional numerical modelling of
hydrogeological parameters  with special
emphasis on spatial changes in groundwater
density as a function of salt concentration.
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Figure 5 — Hydrogeological 3D structure model of the Gorleben salt dome overburden built up by 10 main cross-
sections. View from south-west along the axis of the salt dome. In cross-section 1, there is another salt dome
visible (Gro3 Heide-Siemen). Model area outline (amber), locations of cross-sections 1 to 10, and scale at
0 m b.s.1., for names of hydrogeological units see figure 4.
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INTRODUCTION

Shallow geothermal energy represents an

important renewable and eco-friendly energy.
Technologies for economic extraction of shallow
geothermal energy are already established on the
market. The issue receives a special focus through
political programs propagating climate protection

activities. This is reflected by several programs
promoting the further employment of this
technology.

In order to enable a decision for the use of
shallow geothermal energy, information about the

geological, hydrogeological and geothermal
conditions at a building site are required.
Therefore  several geological surveys or

environmental agencies already offer information
systems on this topic that are accessible to the
public as well as to professionals via internet.
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Figure 1 — The IOG after starting the application.

PUBLIC GEOTHERMAL
SYSTEMS IN GERMANY

So far geothermal information systems have
been set up in several German States. The most
comprehensive systems have been established in
North Rhine-Westphalia and Baden Wirttemberg.

These two systems are quite similar regarding
content and technical solution. Some differences
result from different statutory regulations, water
rights and water management objectives in the two
German states.

Both systems are web services publishing
information on shallow geothermal conditions for
any specific location. Gazetteer services are
implemented for navigation by address data. The
site information can be retrieved as downloadable
document.

Furthermore both systems additionally offer
detailed information necessary for the actual
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planning of geothermal plants, like specific heat
extraction, thermal conductivity of the underground
or borehole profiles. This additional information is
available for registered professionals only and not
free of charge.

Last year the comprehensive project

Information Offensive Shallow Geothermal
Energy, supported by the European Union, was
launched by Bavarian Environment Agency (LfU).
One of the main objectives of the project is the
development of an Information System for
Shallow Geothermal Energy (IOG) covering
Bavaria.
The appearance and functionality of the 10G is
quite similar to the other information systems on
shallow geothermal energy already existing in
Germany. The following text will focus on the
technical realisation of the 10G.
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Figure 2 — Clote text template of the report with a specific location showing the gaps generated from vector data.
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TECHNICAL PLATFORM

The 10G is the latest internet map service
published by the LfU on basis of the GABY and
GeoFachdatenAtlas platforms.

GABY  (Generische  Anwendungsplattform
Bayern) is the generic application platform for
environmental information systems used at the LfU
for the development of enterprise information
systems like the Bavarian Soil Information System
(BIS) or the Bavarian Water Atlas (GWA). These
systems are our primary data storage and
intended for internal use only, as they also contain
data subject to privacy. They are accessible
through the Bavarian state intranet only with
clients requiring authentication.

The  GeoFachdatenAtlas  platform  was
developed by the LfU in cooperation with the
company con terra (www.conterra.de) as external
partner. It is a toolkit to create publicly available
web services that publish selected data of the
primary information systems. The platform is
based on components of con terra’s sdi.suite
framework. These components like mapClient,
terraCatalog or terrainServer facilitate the
visualisation of data and maps in 2D and 3D and
the management of metadata. The platform is

open for extensions and customizing. Any
enhancements can synergetically be reused by all
services based on the platform.

The I0G does not directly publish data of the
primary systems, but of a secondary data pool. An
Oracle 10g database is used to store attributive
data and metadata. An ArcIMS 9.2 handles the
spatial data that are provided as ESRI shapes or
as Web Map Services (WMS) from external
sources. External data are mainly geographic
background data (e.g. maps, aerial photographs,
addresses) or special thematic services.

The primary data is transferred to this
secondary system via ETL (extract — transform —
load) processes using the Feature Manipulation
Engine (FME) technology. Through this the
primary data can be manipulated and pre-
processed, sensible data subject to privacy are
filtered out.

The secondary data pool is shared by all
internet map services of the GeoFachdatenAtlas
platftorm. Other already published services
concern the topics geology, alpine natural hazards
(see also HARTMANN & BENDA, this volume), the
European Water Framework Directive and an
ambient noise register.
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Figure 3 — PDF Dokument generated for a specific location.
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I0G FEATURES

There are two main objectives of the I0G:

e provide to the interested public all kinds of
general information related to the use of shallow
geothermal energy, the requirements and the
restrictions of ground heat exchanger systems
for the whole of Bavaria,

e provide relevant information about shallow
geothermal conditions for a specific location that
can be determined by a user who is interested to
install a ground heat exchanger system.

The 10G comes with the common features of
an internet map and information service like a map
window, a tabbed pane for layer control, and other
functions, tool bars and additional helpers.

The central map window can be shown with
topographic maps (coloured or black and white) or
aerial photographs as background. Sets of
different accuracy are automatically displayed
according to the actual scale of the map window.
Tool buttons offer zoom and pan functions. The
map scale can also be picked from a drop down
control or individually entered by numbers.

The pane on the left side has three tabs for the
control of the several information themes (layers),
for the legends of the displayed layers and for
handling the specific location for which geothermal
information can be retrieved.

The current first version of the 110G offers
information layers for these topics:

e geothermal conditions for the installation of
borehole heat exchangers, horizontal ground
heat exchangers and the thermal use of
groundwater;

e groundwater, with themes like protection areas,
location of wells, high pressure in aquifers or
deeper groundwater levels;

e hydrogeology, with sensitive areas and
hydrogeological maps in various scales;
e geology, including location of boreholes,

sensitive areas and geological maps in various
scales.

Several tools allow the users to obtain further
information and metadata for objects of the
different thematic layers. There is also the option
to load further background layers from other
publicly accessible Web Map Services.

REPORTS FOR A SPECIFIC LOCATION

When the 110G is started a pop-up window
explains the feature for retrieving geothermal
information for a specific location and directly
offers the two tools for setting the location.

These tools are always accessible on the
location tab in the pane on the left side of the I0G.
A municipality search function will place the
location marker in the centre of the selected
municipality. The second tool enables free
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positioning of the marker by a mouse click in the
map window.

Once a specific location is set, the location tab
shows some basic information for this location and
a button for downloading a report for this location
as PDF document.

The report is generated on basis of a cloze text
template. The gaps are automatically filled from
attributes of vector objects of underlying reference
layers at the specific location. The themes that are
evaluated include:
¢ general topographic information,
ground water protection areas,
hydrological and geological criteria,
hydraulic circumstances and limitations
limitation of borehole depth,
neighbouring equipped boreholes,
geothermal potential,
subsurface geology (rock types and quality,
tectonic situation),
¢ general recommendations for the installation of

borehole heat exchangers.

The report also shows a topographic map
showing the location marker and its surrounding in
a fixed scale.

The location based report is a concise principal
information on the geothermal conditions for the
selected location. Besides general and legal
advice it contains sections on restrictions for
borehole heat exchangers, the geothermal
productivity and the geologic situation. The
location based report is not intended to substitute
a professional expertise.

FUTURE DEVELOPMENTS

In the first version of the I0OG the positioning of
the point of individual interest is supported by a
municipality search function. It is planned to
implement a gazetteer service supporting the
positioning by address data in the future.

The reports for specific locations cover
borehole heat exchangers only. The next version
of the I0G is supposed to create reports for
horizontal ground heat exchangers and the
thermal use of groundwater as well.
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UK SECULAR VARIATION DATABASE

The application of earth science principles and
techniques to the understanding of the
archaeological record has become a common
practice. In the framework of geoarchaeological
studies archaeomagnetic dating is often used for
the accurate determination of archaeological
chronologies. It involves the comparison of the
archaeomagnetic  direction and/or intensity,
determined by laboratory measurements of
samples from artefacts or archaeological features,
with the known secular variation record of changes
in the Earth’s magnetic field over archaeological
timescales. Thus, to ensure the accuracy of
archaeomagnetic dating, a robust and detailed
secular variation record has to be established.
However, the complexity of archaeomagnetic data,
and the necessity to constantly update the
database, requires a flexible system for storage
and processing allowing interactions with data
from neighbouring countries.

We present an example for the U.K.

archaeomagnetic database, accomplished within
the framework of a Geographic Information
System. The GIS elaboration involved database
updating, digitizing e.g. maps, lithological columns,
archaeological sketches, and space-time data
analysis.
The dataset compiled by Zananiri et al. (2007), for
the past 4000 years, is the most complete
available in the UK, including published results,
PhD theses, English Heritage Ancient Monuments
Laboratory reports and other unpublished
laboratory reports. It comprises 620
archaeomagnetic directional data with all relevant
information available about the site (latitude,
longitude, locality and type of archaeological
structure), the  archaeomagnetic  direction
(inclination, declination, statistical parameters and
laboratory procedures) and the archaeological age
(age limits and method employed), along with the
corresponding references.

199

APPLICATION OF GIS TECHNIQUES

The systematic use of tools provided in
Geographic Information Systems in data mapping
(e.9. Koutsopoulos, 2002) makes easy the
management of the information concerning the
secular variation of the Earth’s magnetic field. The
first step of the proposed methodology concerns
the creation of a geodatabase and entails the task
of defining a coding system, suitable for regional
and national scales, which translates all the
information (e.g. archaeological structure type,
laboratory procedures etc.) from the Zananiri et al.
(2007) archaeomagnetic database into alpha-
numeric codes. This step is realized in a GIS
environment, exploiting the available tools to store,
manage, analyze and visualize the following data
layers:

e Points representing site location of archaeomagnetic
data

e 2D polygonal features and related attributes
representing the spatial distribution of UK counties.

Time period Nr of data
2000 BC — 1000 BC 10
1000 BC—0AD 67
0 AD — 1000 AD 233
1000 AD — 2000 AD 310

Table 1 — Temporal distribution of data.

Selecting data from the database is a helpful tool
in the evaluation of the available information and
the elaboration of small scale studies. Towards
this scope, separate data layers with various
archaeological structures, namely kilns, hearths
and burnt material, are compiled, indicating the
predominance of kiln structures, which provide
very reliable archaeomagnetic data, enhancing,
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Figure 1 — Spatial distribution of archaeomagnetic data
sites in Britain. Various colours correspond to different
eras.

thus, the reliability of the Earth’s magnetic field
secular variation record. Similarly, a spatial and
temporal (Table 1) evaluation of the data was
performed, in order to identify the areas and time
periods with scarcity of data and assist the
organised planning of future archaeomagnetic
work. Finally, the maintenance of the archaeo-
magnetic database in a GIS environment
facilitates update with input of new data that are
automatically incorporated in the mapping and
evaluation processes.

GOOGLE EARTH

Online tools, such as those pioneered by Google
Earth™ (GE), are changing the way in which
scientists and the general public interact with
geospatial data in a virtual environment. In the few
years since its 2005 introduction, GE has found
numerous applications, in geosciences as well as
in many socio-economic disciplines. In the present
study critical information from the archaeo-
magnetic geodatabase were imported in Google
Earth and stored as a Keywhole Markup Language
zipped (KMZ) file, rendering a 2-D layer in GE
directly, to facilitate dissemination amongst the
scientific society. The study of some of the sites
(Figure 2) dated back to the 1950’s, where Global
Positioning System techniques were not
developed.

v Gumg[e"

Figure 2 — Mapping in Google Earth™ of archaeomagnetic sites from the UK secular variation database.
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The GE platform combines satellite imagery,
aerial photography and spatial data, and provides
the resolution required for an evaluation of the
location (latitude/longitude) accuracy of the data
and correction where needed. To accomplish this
locality name and other archaeological information
were used in order to define the exact location of
the site in question.
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DATA DIGITIZING, INTEGRATED GEOLOGICAL
DATABASE

The Institute of Geology and Mineral
Exploration of Greece (I.G.M.E.), founded in 1976,
is the enacted technical state adviser on
geoscientific issues. One of its main research
fields is the geological mapping of the entire
country which constitutes an infrastructural work
for the planning and implementation of local,
regional and national developmental projects.

The Institute, in the framework of CSF 2000 —
2006 (Operational Program “Information society”),
implemented the project called “Data digitizing for
the Geoinformation System of I.G.M.E”. The basic
aims of the project were the digitizing
vectorization of 325 analogical geological map
sheets covering the Greek territory (scale
1:50.000) and the creation of an integrated,
specifically designed, geological database (figure
1&2).

Cid

m

Figure 1 — Integrated geological database schema
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Figure 2 — Structure and content of the integrated
geological database

The complexity of the digital geological
information derived from geological maps was
stored and processed within the framework of a
Geographic Information System.

The GIS elaboration comprised the following
stages (Koutsopoulos K., 2002):

e Design and creation of the geographic - geological
database

¢ Digitizing (map, cross sections, lithostratigraphical
column, legend boxes, other special features)

o Descriptive information
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e Data management (Spatial adjustments, local
adjustments, edge matching etc.)
e Topology

CARTOSYNTHESIS PROJECT

Since 2008 another relative project has been
implemented, in the framework of CSF 2000 —
2006, entitled “Cartosynthesis of modern
geological maps at a scale of 1:50.000 for the
Geoinformation System of I.G.M.E.”. The main
objective of this project is the creation of a high
quality digital cartographic database consisting of
325 geological map sheets (scale 1:50.000) and
the production of digital files in various formats

available for printing. During the project
implementation, a digital library containing
geological symbols (point, linear, polygonal

symbols) has been created, harmonized with the
international specifications.

The derived digital geological maps
incorporating all the basic (map theme, legend)
and additional geological information (cross
section, lithostratigraphic column) are produced in
GIS environment (figure 3).

Figure 3 — New digital geological map sheet

“AMPHILOCHIA” at a scale of 1:50.000.

The geological maps carry the IGME trademark
and a specially customized watermark, which both
certify the map origin and authenticity.

DATA HARMONIZATION

Being close to the completion of the above
mentioned projects, several problems have
emerged, summarized in the following:

¢ Heterogenity, inconsistency, discontinuity  of
geological features (formations, tectonic lines, etc)
between adjacent geological map sheets.

e An enormous number of geological formations
occurring in the 325 geological map sheets.
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Figure 4 — Cartographic — geological discontinuity

between two adjacent geological map sheets.

These problems mostly reflect different
geological approach and interpretation concerning
the Greek territory, due to the fact that geological
mapping in Greece has been carried out during
the last six decades, at different periods, by many
geologists supporting different geological and
geotectonic theories.

All mentioned above demonstrate today the
need for harmonization, generalization and
synthesis of all geological data derived from the
digital geological map sheets. The final objective
would be an interactive communication of the
integrated generalized geological legend with the
digital geological background data.

The harmonization process entails the
cartographic and geological harmonization,
generalization and synthesis of all geological
entities included in geological maps (formations,
linear features, point features) and their legends.

Towards this scope the following work tasks
are required:

o Field work
¢ Remote sensing processing
e GIS processing

The “Data Harmonization” project described
above is under planning today by I.G.M.E. It will
actually follow the methodology that is currently
applied in other geological institutes (BRGM) and
similar European projects (IGME 5000 - The 1:5
Million International Geological map of Europe and
Adjacent areas, Asch K., 2003) and will be based
on international geological standards.
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The final derived product will reflect the modern
perceptions - interpretation