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RockWorks™

* Powerful measured-section/ | : "

borehole database for
managing:
- Lithology - Stratigraphy
- Hydrology - Fractures
- Hydrochemistry

(e.g. Contaminants)
- Hydrology - Geophysics
- ... and more
.+ Create striplogs,
cross-sections, fence
diagrams, and block models.

3D Data Management, Analysis & Visualization

* Contour data in 2D and 3D (isosurfaces).
* Extensive on-line help and sample data sets.

* Includes RockWorks Utilities
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Free trial available at www.rockware.com.

$2,499 wsm
RockWare GIS Link 2"

Connecting RockWorks2006 and ArcMap

* Load RockWorks well
locations as an ArcMap layer |.

fence diagram locations in
ArcMap, generate the
diagrams automatically in
RockWorks

* Create contour maps of
formation tops and isopachs,
surface elevation

* Generate strip logs

* Pick profile, section, and = _‘_"5! E
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Free trial available at www.rockware.com.

$349 wsm
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| LogPlot”

| Dozens of templates
| available or design your own
r ' inthe drawing-style log
designer window
* Tabbed data sheets
* Import/Export data from
LAS, Excel, RockWorks
* Paginated and continuous logs
at any vertical scale
* Export to a variety of formats
. * Free viewer can be
distributed to clients

$699 wsm

Powerful, Flexible, Easy-to-Use Borehole Log Software
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RockWorks Utilities™

An Indispensible Collection of Modeling, Analysis, and Display Tools

| Free trial available at www.rockware.com.

* Point maps

» Contour maps

* 3D surfaces

* Gridding tools

|+ Solid models

* Volumetrics

* Piper/Stiff plots

* Rose & Stereonet diagrams

. $599 wsm
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Free trial available at www.rockware.com.
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Foreword

Geo-future

by EurGeol. Manuel Regueiro, President

ear reader,
Welcome to yet another edition
of the written voice of geologists

in Europe.

In these times of financial turbulence,
geology continues to be in the frontline
of the global headlines. In August we all
heard about the launch of OneGeology
(www.onegeology.org), a global effort to
make the geo-painted skin of the Earth
available to all. It was in the framework
of the International Year of Planet Earth
(2007-2009) and at the 33" International
Geological Congress in Oslo. The EFG
also had its piece of the congress through
its own workshop (Issues for geologists in
the 21 century), which albeit the troubles
of ever-changing meeting rooms by the
organizers, was a perfect showcase for our
professional view.

Efforts were made during the congress
to reorganize the International Consortium
of Geological Surveys (ICOGS) into an
effective vehicle to coordinate the leading
geological organizations at a global scale.
Let’s hope they succeed as that will be to
the benefit of geology and geologists.

Geo-globalization has also been the
theme of an EFG proposal to consider the
creation of a World Federation of Profes-
sional Geologists, presented in Oslo, but
also reiterated in the successful 3" Inter-
national Professional Geology Conference
held in Flagstaff (Arizona) in September,
under the auspices of the AIPG, the CCPG
and the EFG.

The outcome of this conference was
the Flagstaff Declaration (see this issue),
a joint document signed, for the first time
ever, by the presidents of the AIPG, the
CCPG and the EFG, with the co-signa-
tures of the president of the ICOG and the
representatives of the GS and IGI. The text
sets the foundation for the development
of a possible future international super-
structure of professional geologists on a
world-wide basis, something that today
does not exist.

The future of professionalism in geo-
sciences is filled with lights, shadows and
dappled zones: high demand for geolo-
gists, more interest of authorities and poli-
ticians in geology, increasing salaries and
high standards of professionalism co-exist

with a severe drop in geosciences voca-
tions, low quality of graduates produced
and low social recognition of sciences in
general and geosciences in particular.

We are then at a crossroads, and it is
us who should be looking forward and
paving the way for the future of profes-
sional geosciences.

“Think global and act local’ is today the
key for a successful future for geologists,
and this is precisely what we want to do.
The recent launch of the EFG-coordinated
Geotrainet project for the training and
certification of geothermal technicians,
designers and drillers (see this issue), is
the way the EFG is acting locally. This new
opening shows clearly the adapting nature
of our organization; we engage on specific
practical work with partners from all over
Europe, while keeping the pace in our geo-
lobbying activity in the EU, and there are
new projects to come (Euro-Ages...). The
Flagstaff Declaration is our way of thinking
globally. It will be along and harsh route, but
luckily we geologists are ‘all-terrain’.

sl F?.uwk'—1 )
n F

' |



EUROPEAN GEOLOGIST

Table of Contents

EDITOR
Dr Maureen Mc Corry
Harper-mccorry@tele2adsl.dk

Page
Geo-future Foreword Manuel Regue 3 EDITORIAL BOARD
i Herald Ligtenberg
Remote sensing section Fionnuala Collins
) : ] N - - Piers Gardiner
GIS for urban multi-hazard risk assessmen skCity training Edmund Nickless
package | Van Westen 5 )
] i Translations by
TerraFirma: application of geology in Antoine Bouvier
Manuel Regueiro
y 10
. N " 3 ! Printed by
Ground motion monitoring using SAR i '|. 12 One20ne
Crosetto, Monserrat, Bremmer, Hanss og Cikorievej 8
ol ] 2 5220 Odense S@
Geologos Del Mundo news Angel Ce 15 Danmark

www.one2one.dk

Book review Tectonics of strike:r i asing bends 16

EFG News and events section Cover photograph
Geothermal borehole drilling at a
The 3rd International Professional (G CE 18 house site in Co. Cork, Ireland
| (Photo: Gareth Jones)
Meetings with the European Com Hazards 19
Stakeholders meeting: disasterp ' 20 FHOTOJtH S|page
As cover, reversed
Directive: renewable energy sources | 21
i ISSN: 1028 - 267X
EFG joins ZEP's taskforce on technolo 22
EFG stand in Sustainable Energ We 22 i(i:gtyi:;g;tégﬁ ;l;fs et
News from IGI 23 All rights reserved. No reproduction,
copy or transmission of this publication
Scottish Fossil Code 24 may be made without written permission.
1 No responsibility is assumed by the Pub-
Guidelines for quarry developme 1 ¢ en and F. Collins 25 lisher for any injury and/or damage to
§ 5 persons or property as a matter of products
~"Master’s COUFSG on geo ﬁ_l al her liability, negligence, or otherwise, or from
¥ any use or operation of any methods, prod-
. _.,D a t O Pe "‘ L “m ] b 29 ucts, instructions or ideas contained in the
EFG papers at 3IPGC ‘ - material herein. Although all advertising
' r. material is expected to conform to ethical
- - Inter' ﬂ'a 32 (medical) standards, inclusion in this pub-
- ; : lication does not constitute a guarantee
=—" r—= Gl RA-IE J 2Z C = "hl mas an d G. JO[)GS 34 | or endorsement of the quality or value of

such product or of the claims made by its
manufacturer.

A f':' un 0 ' r)‘grou ater{bodies
.,.‘_ C,
- ' Karoly Brezsnyanszky et al.

e —

Although the articles in this Magazine T

are subjected to scientific editing, G

Advertisers

they are not peer-reviewed. i T _i'ih' L

ement ([;;‘g%'ﬂ'}" St!‘mm'ate
Geobrugg (page 43) '

4 & __."-' H

. R i =
4 - T L i B8 .

g 4 s !."__‘fhfﬂs !*‘m ;‘i:%ﬂuﬂl‘h"" "F‘:\“_‘-!;'.Q:-'I‘\”--
e o RN 0 R o N R o
- Fow - =1 i

k| s A ""'.L - i e - i l.-
:.'-‘:F_ - i RN TR "‘I = i
GRPTESTRT
r T g & it ] 1 Ia y o ke L
" ‘T' g I i gl lk‘%&" 5
Pl i 1._.:|It"" o P T T O I, alF B 5 g - 3 Sl



GIS for urban multi-hazard risk
assessment: the RiskCity training

As part of the capacity-building activi-
ties of the United Nations University
- ITC School on Disaster Geo-Infor-
mation Management (UNU-ITC DGIM)
the International Institute for Geo-
information Science and Earth Obser-
vation (ITC) has developed a training
package on the application of GIS
for multi-hazard risk assessment. The
package, called RiskCity, comprises a
complete suite of exercise descrip-
tions, together with GIS data and
presentation materials on the various
steps required to collect and analyze
relevant spatial data for hazard, vul-
nerability and risk assessment in an
urban environment. The package has
been developed in collaboration with
several partner organizations on dif-
ferent continents, and is used as the
basis for a series of courses. Currently
it is available as a distance education
course

ne of the important components of
O disasterrisk managementiscapac-

ity building and training of disas-
ter management experts and professionals
working in many different disciplines that
have an important disaster reduction com-
ponent, such as planners, engineers, archi-
tects etc. The Hyogo framework of action
2005-2015 of the UN-ISDR indicates risk
assessment and education as two of the key
areas for the development of action in the
coming years.

Worldwide, a number of organiza-
tions specialize in providing short train-
ing courses on disaster risk management-
related issues (ADPC, 2005). A number of
organizations have also prepared training
materials that are accessible through the
internet, for example the Disaster Man-
agement Training Programme (DMTP), or
the International Federation of Red Cross

'UNU-ITC DGIM, POBox 6, 7500
AA Enschede, The Netherlands.
westen@itc.nl
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package

by Cees van Westen'

En temps qu'activités de développe-
ment des compétences de I'Université
des Nations Unies - Ecole ITC sur la
gestion de la géo-information, concer-
nant les désastres naturels (UNU-ITC
DGIM), I'Institut International pour les
Sciences de la géo-information et de
I'observation de la terre (ITC) a dével-
oppé un module sur I'application des
SIG a I'évaluation de I'ensemble des
risques. Le module, dénommé Risk City
inclut une série compléte d'exercices
avec descriptions pratiques, associant
les données SIG et la démarche par
étapes, nécessaires a la collecte et a
I'analyse des données spatiales uti-
lisables pour I'évaluation en environ-
nement urbain des risques et condi-
tions de vulnérabilité. Le module a été
développé en collaboration avec plus-
ieurs organisations partenaires venant
de continents différents et est utilisé
comme support de cours magistraux.
Actuellement, il est disponible comme
cours d'éducation a distance.

Figure 1. High-
resolution
image of the
center of Risk-
City with some
of the hazard
and vulner-
ability features
indicated

Como parte de las actividades de
capacitacion de la Universidad de la
Naciones Unidas - Escuela ITC para la
gestion de Informacidn Geoldgica sobre
Desastres (UNU-ITC-DGIM), el Instituto
Internacional de Ciencias de la Geo-
informacion y Observacion de la Tierra
(ITC) ha desarrollado un programa
formativo sobre la aplicacion de Siste-
mas de Informacion Geogréfica (SIG)
a la evaluacion de riesgos mdiltiples. El
paquete denominado RiskCity incluye
una serie completa de descripciones
de ejercicios, junto con datos SIG y
material para presentaciones sobre los
diversos pasos necesarios para recoger
y analizar los datos espaciales necesa-
rios para la evaluacion de peligro, la vul-
nerabilidad y el riesgo en un ambiente
urbano. El programa se ha desarrollado
con la colaboracion de diversas organ-
izaciones de diferentes continentes, y
se utiliza como base para una serie de
cursos. Actualmente se utiliza en un
curso de educacion a distancia.




and Red Crescent Societies (IFRC). Most
of these however concentrate on commu-
nity-based methods. Disaster risk manage-
ment courses at BSc or MSc level are
now available in many Universities on all
continents.

Relatively few training materials are
available on multi-hazard risk assessment.
Good textbooks on the subject are still not
available. Online training materials can be
obtained for example from the websites
of FEMA (2008) and EMA (2008). The
development of innovative forms of learn-
ing and teaching oriented towards building
new curricula in the field of natural risk
has attracted attention in European initia-
tives suchas DEBRIS (2006) and NAHRIS
(2006).

As far as GIS-related material related to
multi-hazard risk assessment is concerned,
the HAZUS methodology developed in
the US can be considered the standard.
This comprehensive loss estimation soft-
ware which runs under ARCGIS is a very
good tool for carrying out loss estima-
tions for earthquakes, flooding and wind-
storms (FEMA, 2008b), but is restricted
to use in the USA because of data con-
straints. Courses in the use of HAZUS
can be followed online from the ESRI
Virtual Campus (ESRI, 2008). However,
complete GIS-based training packages on
spatial hazard and risk assessment using
low-cost or free GIS software are still very
scarce, to the knowledge of the author.
One example is a training package in Eng-
lish and Spanish developed for Central
Americain the framework of the UNESCO

RAPCA project (ITC, 2004)

This paper describes the main aspects
of a GIS-based training package on multi-
hazard risk assessment, which has been
developed by the UNU-ITC School for
Disaster Geoinformation Management.

United Nations University - ITC col-
laboration

The International Institute for Geo-Infor-
mation Science and Earth Observation
(ITC) is an institute for postgraduate train-
ing and research in the field of geo-infor-
mation directed to capacity building and
institutional development of professional
and academic organizations from develop-
ing countries. In 2005, ITC and the United
Nations University established a collabora-
tive programme on the use of spatial infor-
mation for disaster management, which
resulted in the formation of the UNU-ITC
School for Disaster Geo-Information
Management. The main activities of the
DGIM School focus on training, educa-
tion, curriculum development, knowledge
development and research collaboration.
This is done through the establishment of
University networks in Asia, Africa and
Latin America, where the member Univer-
sities exchange spatial information, course
materials and jointly carry out training and
research projects.

The DGIM School develops training
packages and courses that are given jointly
with the partners of the networks in vari-
ous countries. The materials are uniform,
and have been developed in different lan-
guages, and the support is given by local
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University staff who have followed earlier
training and by staff from the UNU-ITC
DGIM School.

One of'these courses is on Multi-hazard
risk assessment, which is centred around a
case study on the use of Geographic Infor-
mation Systems, and Remote Sensing for
the assessment of hazard, vulnerability and
risk in a typical urban area representative
of'situations in many developing countries.
Rapid urbanization, combined with a lack
of planning, often leads to the spreading of
squatter areas located in hazardous areas,
such as steep slopes, flood prone areas etc.

RiskCity training package

The package, called RiskCity, comprises
a complete suite of exercise descriptions,
together with GIS data and presentation
materials on the various steps required to
collectand analyze relevant spatial data for
hazard, vulnerability and risk assessment
in an urban environment.

The exercises deal with a hypothetical
case study, hence the name RiskCity. The
exercises are based on a case study from
Tegucigalpa in Honduras. Tegucigalpa suf-
fered severe damage from landslides and
flooding during Hurricane Mitch in Octo-
ber 1998 when the city received 281 mm
of rain in three days (Mastin and Olsen,
2002). Due to river flooding, an old land-
slide was reactivated and an entire neigh-
borhood on top of it was destroyed. The
landslide caused the damming of the river
and resulted in severe flooding in large
parts of the city centre for several weeks
(Harp et al.,2002). These events are easily
identifiable on the high resolution image
which serves as the basis for the exercises
(Fig. 1). After Hurricane Mitch, USGS and
JICA carried out extensive work in Hondu-
ras and produced extensive datasets.

Only part of the exercises is based on
the actual situation in Tegucigalpa. In order
to be able to reach the learning objectives,
modifications and additions were made to
the original data. It is very difficult to have
a dataset for a particular area where all
aspects of multi-hazard risk assessment can
be properly demonstrated, either because
particular hazard types do not happen in
the city or because particular data sets are
incomplete, restricted or erroneous.

One important consideration in design-
ing the exercises is that people from devel-
oping countries should not be restricted
in using it due to financial burdens for
software acquisition. Therefore the aim

Figure 2. General structure of the RiskCity
training package (see text for explanation)



was to use Open Source software as a
basis. The exercises are written for the
ILWIS software. ILWIS is an acronym for
the Integrated Land and Water Informa-
tion System. It is a Geographic Informa-
tion System (GIS) with integrated image
processing capabilities. It also has its own
attribute data analysis, spatial data entry
and conversion modules. New modules
have been recently added for Spatial Multi
Criteria Evaluation, analysis of Digital Ele-
vation Models and for digital stereo image
interpretation. The strongest point of the
software is the map calculation module
that allows extensive modelling with raster
maps, also using scripts. The software has
extensive help functions and documenta-
tion, and can be downloaded from the fol-
lowing web-site: http://52north.org/ilwis.
ILWIS is very user-friendly, and allows
the participants to concentrate on the risk
assessment application rather than on the
specifics of the software.

Each of' the exercises in RiskCity has its
own dataset. The data are all provided in
separate directories, including the results
ofthe previous exercises that are needed to
make a subsequent one. So it is possible to
carry out each of the exercises separately.
Result files and PowerPoint presentations
with instructions are also included.

Structure of RiskCity

The overall structure of the RiskCity train-
ing package is given in Figure 2, and an
overview of the various components is
presented in Table 1. Four different types of
hazards are evaluated: landslides, floods,
earthquakes and technological hazards.
The training package starts with introduc-
tory exercises dealing with the software
and with the study area, where students
learn the various hazard problems by
evaluating high resolution images. An
important component of RiskCity is the
generation of a database of elements at
risk in order to evaluate the vulnerabil-
ity of buildings and population. Here two
options are considered. The first is that
there is no spatial data available, except
for a high resolution image, and the stu-
dents have to generate mapping units with
homogeneous types of buildings by stereo
interpretation and digitizing on the image.
Sampling is then carried out to define the
number of buildings and population per
mapping unit. The second option for gener-
ating the elements at risk database assumes
there are digital data available in the form
of building footprint maps, census infor-
mation and detailed elevation data from a
Lidar survey. These are used to calculate
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Figure 3. Cover pages of the landslide risk part of the guide for the RiskCity training package,

available in English, Spanish and Chinese

the number of buildings per mapping unit
and land use type, and to characterize the
buildings, for instance by calculating their
height and floorspace using Lidar data. The
floorspace is then used to distribute the
census population over the mapping units,
and population estimates are made for day-
and night-time scenarios. The elements
at risk database contains information on
the buildings, with important attributes
such as urban land use type, construction
type, floorspace and height, as well as on
population for a daytime and night-time
scenario.

There are a wide range of hazard assess-
ment exercises, not only those dealing with
the four types of hazard mentioned before,
which are based on the data of RiskCity, but
also those which use data from other areas
for tsunami, cyclone, volcanic, forest fires
and land degradation hazard assessment.
They use a variety of approaches, such as
inventory-based, heuristic, statistical and
deterministic.

The vulnerability assessment includes
exercises on the use of vulnerability curves
forassessing physical vulnerability, as well
as the use of expert-based Spatial Multi
Criteria Evaluation for the evaluation of
social vulnerability and capacity.

The loss estimation is done using the
formula:

Risk = Hazard * Vulnerability *
Amount

in which the various components ana-

lyzed in the previous exercises are com-
bined, and risk curves are generated, plot-
ting annual probability against expected
losses.

The risk curves form the basis of sub-
sequent cost-benefit analysis, in which for
each hazard type, a number of risk reduc-
tion measures is evaluated. The invest-
ments to implement certain measures (e.g.
relocation of houses, flood control) are
estimated and compared to the reduction
in annual losses that would result if they
are implemented. Based on this, the most
appropriate methods for risk reduction are
selected.

The last part of the RiskCity exercises
deal with a final project in which the par-
ticipants are given a particular problem
they have to solve with the risk information
obtained earlier.

Conclusions

The RiskCity training package is intended
as a tool to demonstrate the utility and
requirements of spatial data in urban multi-
hazard risk assessment. Since the prepara-
tion of such a training package takes quite
some time, it is normally not possible to
adapt the dataset easily to local conditions
each time a course is given in another
place. This is also one of the reasons why
the exercises have been made as generic as
possible, by excluding most of the refer-
ences to the actual city where the dataset
is obtained.
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in Spanish and Chinese (Fig.
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The Terrafirma Project: application
of geology in a public service role

EFG have been involved with the Ter-
rafirma project for four years leading
the User Body. Major advances have
been made in improving the accessi-
bility of the product, but further work
remains to be done. The current posi-
tionis outlined below, and in the paper
by Michele Crosetti et al.

errafirma products are being devel-
I opedby ESAunderthe GMES Serv-
ice Element Programme. Using
radar satellite technologies to measure and
monitor terrain motions, the service aims at
saving lives, improving safety and reduc-
ing economic costs of natural hazards. To
do this, European InSAR service provid-
ers have consolidated services to provide
standardized terrain measurement prod-
ucts for interpretation and exploitation.
The motion records show historic and
ongoing movements down to sub-centi-
metric levels of accuracy. This enables
assessment of terrain motion arising from
a variety of sources. So far, the service has
been concentrated on urban subsidence,
mining, dewatering and landslides, but is
broadening its portfolio to include flood
risk, crustal deformation and volcanoes.
EFG represents the professional users
in this project to help guide the direction
of the project, to promote the activities of
the project and to inform geoscientists as
to what this technology can do to assist in
delivering projects and in the protection
of society.

'Director, David Norbury Limited
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by David Norbury!

Depuis quatre ans, la FEG estimpliquée
dans le Projet Terrafirma, en temps que
principal acteur au niveau application.
Des progrésimportants ont été réalisés
en améliorant I'accés a ce produit mais
il reste encore du travail a faire. La situ-
ation actuelle est décrite ci-dessous et
au sein de l'article proposé par Michele
Crosetti et al.

Desde hace cuatro afios la FEG esta
involucradaenelproyectoTerrafirma
dirigiendo el grupo de usuarios. Se
ha hecho grandes avances en la
mejora de la accesibilidad del pro-
ducto, pero todavia quedan trabajos
adicionales por hacer. La situacion
actual se resume a continuacion el el
articulo de Michele Crosetti et al.

lanetearth

Earth Sciences for Society

EFG also takes an active role in the
monitoring of the take up and exploita-
tion of the technology. This fits well with
the EFG mission of maintaining members’
knowledge and interest in new technolo-
gies at a high level.

Project aims
The current aims of the project are to
develop confidence in the products and
broaden their appeal and application. This
includes combining the records with geo-
logical ground truth information, as held
by geological surveys, and other sources
of ground information. This will greatly
enhance the usefulness of the product.

Feedback from users is arequirement of
the service agreements in place, and these
include reports on product quality, utility
and exploitation activities. These reports
reveal some common experiences, such as
a need for more training and educational
materials, better information on product
quality and the need for a guaranteed back-
ground mission that will ensure adequate
data archives into the future. These issues
are being taken on board.

Training and education in the under-
standing, application and analysis of PSI
is essential for a wider acceptance of what

many practitioners see as a ‘black-box’
technology. Not only is PSI complex in
itself, but there is also an assumption that
all users are familiar with GIS, geo-refer-
encing and map projections. There will be
a third Terrafirma Training Workshop in
2009 to which all users are invited. There
are also dedicated national training days
in individual countries where interested
parties, such as geologists, engineers and
planners congregate to learn more about
PSI and its practical application.

Terrafirma includes a Product Valida-
tion Workgroup (PVW) (see Crosetto et
al. in the following article) and which is
made up of key partners in geophysics,
engineering and geodesy. The main aims
of the PVW are to:

- Develop higher-level H-2 causal prod-
ucts from early processing stage prod-
ucts

- Guide product development in H-2 pro-
duction, as well as reviewing all project
output and reports

- Oversee the specific Terrafirma Alk-
maar/Amsterdam Validation Project

- Compile a Product Validation Manual.
This document will represent the 'Ter-
rafirma Bible' in terms of explaining



PSI, its accuracy and limitations, the
range of Terrafirma products, practical
application to real-life problems, exem-
plar case study examples and results
of key product validation exercises,
such as Terrafirma's own validation
campaign.

The future of Terrafirma

The intention behind ESA GMES projects
is that they eventually become part of
Europe’s autonomous monitoring of the
environment. Although the detection and
monitoring of terrain motions can be of
high socio-economic value, and PSI con-
tinues to prove its worth in this regard,
there are no clear policy drivers on the
subject. This is one reason why only the
landslide component of Terrafirma has so
far been taken up within the Emergency
Response Fast Track Service in FP7. It
is simply mandatory to monitor various
landslide-prone regions and Terrafirma can
offer these services. However, there is no
general policy to monitor terrain motion in
areas such as towns, floodplains, mining
areas, inter-seismic deformation, commu-
nication networks, tectonic tilts, sea-level
rise, reclaimed areas, gas-, oil-, water-
abstraction, and so on.

Terrafirma has produced its own cost-
benefit analysis and shown the positive
benefits for routinely monitoring vulner-
able areas. It is common sense, however,
that at around €40,000 per survey, needed,
say, every three years, it must be cost-effec-
tive to use PSI methods to monitor all sig-
nificant towns and areas where populations
are at risk from geohazards. The savings
can be huge in terms of hazard mitigation
and better planning.

The EFG, as part of the User representa-
tive body of Terrafirma, are enthusiastic
about the possibilities offered by the Ter-
rafirma products as we enter an important
and exciting phase. There is a library of
successful case studies building, and the
validity of the product in scientific terms
has been established. We have been aiming
to identify the users of the future — the
fund holders that will see cost benefit from
buying these products.

The potential users are spread across
legislative and planning bodies at Euro-
pean, regional and national level. The EFG,
as a European Federation, plays an impor-
tant role in lobbying the pan-European and
regional organizations who contribute to
initiatives and suggest appropriate tech-
nologies for achieving what society needs.
Terrafirma is an appropriate technology.
Particular areas which have been identified
for future focused activities include:
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- Flood protection both in coastal areas
and in river basins. The monitoring
of land movements due to geological
processes along the extensive areas of
low lying coastal areas where many
people live is going to be extremely
important as sea levels rise

- Many areas of Europe are seismically
active and monitoring terrain motion
in these areas is relevant to civil protec-
tion. This cannot sensibly be carried out
by land surveying. Terrafirma products
offer the ability to monitor theses areas
for seismic vulnerability and so offer a
new level of protection to the public

- The effects of mineral extraction are an
ongoing hazard faced by many across
Europe. The work already done in Ter-
rafirma offers new insights into the
mechanisms and timing of movement,
and so these monitoring products offer
better information for society to plan
and control development and mitiga-
tion

- The abstraction of fluids from the ground
(oil, gas and water) for supply or irri-
gation affects most of Europe. The
magnitude and rate of movement are
better understood through Terrafirma
monitoring. In addition, the re-injec-
tion of fluids (CO, sequestration, for
example) will produce a new sense of
terrain motion which could pose as yet
unknown problems

- The development of small scale products
with simple colour coding to indicate no
movement, movement up or down, or

no data is being considered. Exploita-
tion reports often refer to apparent com-
plexity and the need for specialist input
to obtain products. The availability of
small-scale coverage should provide
entry level information to encourage
potential users. Having identified the
relevant small-scale findings, users can
look to acquire larger scale project or
site specific information. Small-scale
products would also indicate hot spots
for further study, or null spots where
potential clients would be able to feel
more comfortable as regards terrain
motion.

The Terrafirma monitoring and measure-
ment products offer great opportunities for
the geoscience community (senso lato) to
provide significant input to the develop-
ment of society. This will be delivered
through better information on terrain
motion providing the ability to control and
mitigate the impact of natural hazards and
their effects on society.

Without tools such as those provided
by Terrafirma, the public will remain at
the mercy of natural processes which will
limit realization of potential.

This paper was presented at the 2008 Meet-
ing of the American Institute of Professional
Geologists, Arizona Hydrological Society, and
3rd International Professional Geology Confer-
ence, Flagstaff, Arizona, USA, September 20-
24, 2008. Published by the American Institute
of Professional Geologists

Dr. Robert Font, CPG, PG, EurGeol
President

Geoscience Data Management

Our geoscientists specialize in database entry of G&G and
engineering records.
Petroleum geoscience and geohazards courses also available
on CD ROM

214-213-9331 Cell
www.geodm.com
rgfont@cs.com
P. O. Box 864424, Plano, Texas 75086 - USA
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Ground motion monitoring using
SAR interferometry: quality

assessment

by M. Crosetto’, O. Monserrat!, C. Bremmer’, R. Hanssen’, R. Capes* and S. Marsh’

Synthetic Aperture Radar (SAR) inter-
ferometry is a relatively new satel-
lite-based remote sensing technique,
which can be used to measure and
monitor different types of land sur-
face deformation phenomena. Any
new technique faces the challenge of
gaining acceptability among poten-
tial users by demonstrating its per-
formance. This paper focuses on the
analysis of the performances of a
particular class of SAR interferometry
techniques, called Persistent Scat-
terers Interferometry (PSI). In par-
ticular, the paper describes the main
outcomes of a major PSI validation
project, which was run within the
GMES Terrafirma project.

he monitoring of ground surface

I motion is an important task in a
variety of disciplines. SAR interfer-
ometry (InSAR) is a satellite-based remote
sensing technique, which can be used to
measure and monitor different types of
land surface motion. For a general review
of SAR interferometry, see Rosen et al.
(2000). Since its first demonstration in the
late 80s, InSAR has been successfully used
in a wide range of disciplines, such as geo-
physics (seismology, volcanology, glaciol-
ogy, etc.), geology, geotechnics, civil engi-
neering, etc. Comprehensive reviews of
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Olimpic s/n, Castelldefels (Barce-
lona), Spain. michele.crosetto@ideg.es
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L'Interférométrie Radar a ouverture
synthétique (SAR) est une technique
récente de télédétection par image
satellite qui peut étre utilisée pour
mesurer et suivre différents types
de phénoménes de déformation de
la surface terrestre. Démontrer ses
capacités, gagner la confiance des uti-
lisateurs potentiels et se faire accepter
par eux, représentent un défi propre
a toute nouvelle technique. Cet article
met l'accent sur l'analyse des per-
formances d'une classe particuliere
de techniques d'interférométrie SAR,
dénommée Persistent  Scatterers
Interferometry (PSI). Larticle décrit
en particulier les résultats principaux
d’un projet important de validation
de la technique PSI qui a été mise en
ceuvre dans le cadre d'un Projet GMES
Terrafirma.

different InSAR applications are provided
by Massonnet and Feigl (1998), Hanssen,
(2001), and Crosetto et al. (2005), while
eopi.esa.int/esa/esa links to an interest-
ing description of the latest InNSAR results
based on the ERS and Envisat satellite
data.

Over the past few years InSAR has
remarkably increased its capability as a
deformation measurement and monitoring
tool thanks to two key factors. First, the
development of advanced InSAR process-
ing and analysis techniques, which started
with the method proposed by Ferretti et
al. (2000). These techniques, which make
use of large sets of SAR images, thus
achieving increased deformation meas-
urement performances, are referred to as
Persistent Scatterers Interferometry (PSI)
techniques in the following sections. The
second factor is the availability of different
spaceborne SAR systems, which provide
suitable spatial and temporal coverage fora
wide range of applications. In recent years,
different private companies have begun
PSI deformation monitoring products
based on satellite SAR data. Terrafirma
(“A pan-European ground motion infor-

La interferometria basada en ima-
genes SAR (Synthetic Aperture Radar)
es una técnica de teledeteccion con
imagenes satelitales relativamente
nueva, que puede ser usada para
medir y monitorear diferentes tipos
de fendmenos de deformacion. Como
para cada técnica nueva, demostrar
sus capacidades y ganar la confianza
de los potenciales usuarios representa
unretofundamental. Este articulo esta
dedicado al analisis de las capacidades
de una clase particular de técnicas
SAR interferométricas, conocida con
el nombre de Persistent Scatterers
Interferometry (PSI). En particular, el
articulo describe los resultados prin-
cipales de un importante proyecto de
validacion de la técnica PSI, que ha
sido realizado en el marco del proyecto
GMES Terrafirma.

mation service in support of policies aimed
at protecting citizens against natural and
anthropogenic ground motion hazards”) is
an important effort to establish a long-term
market for PSI products. It is a project of
the GMES (Global Monitoring for Envi-
ronment and Security) Service Element
Programme. Details of this project, now
known as ‘Kopernikus’ can be found at
www.terrafirma.eu.com.

In order to increase the acceptability of
PSI and establish a long-term PSI market,
the quality of PSI measurements must be
proven. For this purpose, Terrafirma has
runaPSIvalidation exercise that addressed
key issues, like quality assessment, assess-
ment of performances, estimation of preci-
sion and accuracy, and evaluation of the
consistency of PSI results coming from
different service providers. The goal of
this paper is to summarize the key findings
of the above validation exercise, which
is referred to hereafter as the Validation
Project.

Terrafirma Validation Project
In the first stage of Terrafirma it was con-
cluded that for there to be any significant



adoption of PSI by targeted Terrafirma
users, the quality of the PSI technique had
to be demonstrated. Parallel to the Ter-
rafirma activities, ESAran a PSI validation
project called PSIC4, which involved PSI
service providers and academic institutions
(see: earth.esa.int/psic4). The Terrafirma
Validation Project was a PSI validation
exercise run within Terrafirma that focused
on the four Operational Service Providers
(OSPs) of this project, i.e. Telerilevamento
Europa (www.treuropa.com), Altamira
Information (www.altamira-information.
com), Gamma Remote Sensing (www.
gamma-rs.ch) and Fugro NPA (www.npa-
group.com). The main objectives of the
project included the comparison of outputs
from the different PSI processing chains to
certify that all OSPs produced consistent
results; providing independently verified
evidence of the quality of the PSI results;
characterizing the PSI products; and clari-
fying the product limitations.

The project included two main parts:
process validation and product valida-
tion. The process validation involved the
inter-comparison of the different OSPs’
processed outputs and the analysis of their
intermediate results. This analysis was per-
formed in the SAR coordinate system, i.e.
the “internal system” of SAR images. This
“internal system” is usually not visible to
end users, who receive the geocoded PSI
products. However, this type of analysis
is useful to test the “equivalence” of the
OSP chains, and to detect the cause of dif-
ferences in the results, if any. The second
part involved product validation, in which
the geocoded PSI products were validated
against ground truths. The PSI products
considered in the Validation Project con-
cerned two test sites, which have comple-
mentary characteristics. The first one is the
Alkmaar area, with a spatially correlated
deformation field due to gas extraction,
studied using ERS-1/2 (1992 - 2000, 83
images) and ASAR-Envisat data (2003
- 2007, 39 images). Ground truth data
on this site are available from levelling
campaigns. The second area included the
city of Amsterdam, which includes, from
a deformation viewpoint, autonomous and
mainly spatially uncorrelated movements.
Ground truths from different geodetic sur-
veys are available for the area correspond-
ing to the N - S metro line. The OSPs had
no open access to the ground truth data
during the project. However, some basic
information was provided as to the nature
of the ground motion and ground truth
involved. The results of the project were
anonymous. The project included the fol-
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lowing participants: Institute of Geomat-
ics, project lead and process validation;
TNO, ground truth support, and product
validation; DLR, process validation; TU
Delft, product validation; BGS, link to the
Terrafirma project; the four above-men-
tioned OSPs; Fugro NPA, overall project
management.

Three main results of the project are
described over the following sections. The
first part concerns the inter-comparison
of the results from the different OSPs.
The second discusses the validation results
achieved over the Alkmaar test site. Lastly,
the third describes the validation results
over Amsterdam.

Inter-comparison results
The inter-comparison of the OSP results
is based on intermediate and final PSI out-
puts in the original radar geometry. The
inter-comparison analysis concerned the
three main products of PSI: the estimated
deformation velocities, the deformation
time series, and the so-called topographic
corrections. The most relevant results are
summarized below. More details can be
found at:  www.terrafirma.eu.com/Ter-
rafirma_validation.htm.
Deformation velocity. The average stand-
ard deviation of the velocity differences
over Alkmaar and Amsterdam, is 0.56-
0.75 mm/yr. Assuming the same precision
for the compared teams and uncorrelated
results between teams, the estimated stand-
ard deviation of the deformation velocity
of each team ranges from:

(ygo = 04— 0.5 mm/yr

These values, which are derived from
large sets of measured points (hereafter
referred to as PS), provide information on
the global inter-comparison behaviour of
PSI velocities. They can be used to derive
error bars to indicate the quality of the PSI
velocity estimates, which is key informa-
tion for end users. It is worth noting that
the above statistics have been derived over
two sites largely dominated by zero or
very moderate deformation rates. For this
reason, the above values are representative
of all PSI studies that concern areas with
similar characteristics to those of the test
sites of this project.
Deformation time series. The mean stand-
ard deviations of the time series differences
range from 1.5 to 5.6 mm. Assuming that
the teams have the same precision and
uncorrelated results, the estimated stand-
ard deviation of the deformation time
series of each team ranges from:

igeries = 1-1 = 4.0 mm

These values can be used to derive error

bars to indicate the quality of the PSI time
series. As with the velocity values, the
above statistics are largely dominated by
PS with zero or very moderate deforma-
tions. Since the time series performances
probably degrade with increasing velocity
values, one should be careful in extending
these statistics to sites involving stronger
deformation rates.
PS density. There is a remarkable dif-
ference among the three datasets in the
number of PS delivered by the OSPs. This
indicates that the teams effectively used
different criteria during the processing and
in particular during the PS selection.
Topographic correction. The standard
deviation of the “topographic correction”
differences ranges from 1.3 to 2.8 m.
Assuming that the compared teams have
the same precision and that their results are
uncorrelated, we can derive an estimate of
the standard deviation of each team’s “top-
ographic correction” from these values:

Hiopo =09 -2.0m

An error in the “topographic correc-
tion” has a direct impact on the PS geoc-
oding. Considering the ERS and ASAR
geometries, one may expect the following
standard deviation in the geocoding:

Uecocopmg = 2:1 —4.7m

The above values provide information
on the PS geocoding precision. Note that
these values only include the stochastic
geocoding error due to uncertainty in the
estimation ofthe “topographic correction”,
i.e. they do not include the global geocod-
ing shift biases that might affect all PS
of a given dataset. The above geocoding
precision roughly affects the east to west
direction. In fact, the impact of an error
in the “topographic correction” is in the
direction perpendicular to the SAR track,
which is approximately in the north-south
direction. This is key information for PSI
end users.

Validation results: Alkmaar validation

The Alkmaar area, in the Province of
Noord-Holland, is an important onshore
gas-producing area of the Netherlands. The
area comprises 16 gas fields of various
sizes. Gas production started in the early
1970s and has continued up to the present
for most of the fields. The natural gas
withdrawal results in spatially correlated
deformation fields. The area influenced by
subsidence near Alkmaar consists of a mix-
ture of forests, dunes, beaches, and small
villages, whereas the Amsterdam city area
is completely urbanized, leading to differ-
ent characteristics in their radar reflectiv-
ity behaviour. Levelling data (sparsely
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distributed, in space and time) are available
for this area. Two types of analyses were
performed on the Alkmaar area. In the
first, called “validation in the measure-
ment space”, the PSI results were directly
validated against levelling measurements.
In the so-called validation in the parameter
space, instead of a direct comparison of
measurements, derived parameters were
compared. The main results for the Alk-
maar case are as follows. Further details
of this analysis can be found at: www.
terrafirma.eu.com/Terrafirma_validation.
htm.

Velocity validation. The maximum subsid-
ence rate over the considered period, as
measured by levelling, is about 4 mm/yr.
After de-trending and removal of the bias
between the PSI and the levelling datum,
no systematic effects were found. RMS
error ranges from 1.0 - 1.5 mm/yr for ERS,
and 1.3 - 1.8 mm/yr for Envisat.

Time series validation. RMS error based on
double differences (differences between
PSI and levelling and between measure-
ment epochs) ranges from 4.2 - 5.9 mm for
ERS, and 4.6 - 6.1 mm for Envisat.
Validation in the parameter space. The
approach overcomes the intrinsic limita-
tion of PSI validation, i.e. the fact that PSI
and levelling do not measure exactly the
same point. The analysis consisted of com-
paring the modelling parameters (a subsid-
ence bowl or volume changes of under-
ground reservoirs was modelled) derived
using PSI and levelling data. Even though
the deformation signal was rather weak,
the comparison provided good results. It
is worth underscoring that even the teams
with lower spatial point density had good
results. This stresses the fact that it is not
the absolute point density, but rather the
sampling locations in relation to the defor-
mation phenomenon that matter.

Amsterdam validation

The validation over Amsterdam concerned
the N/Sline, a9.5 kmlong metro line which
is currently being built through the city of
Amsterdam. The sensitive conditions in
Amsterdam place high demands on both
settlement control and monitoring of struc-
tures which could potentially be affected
by the works. About 3.8 km of this line will
be constructed by a tunnel boring machine.
An extensive monitoring system was set
up and installed in 2001 along the 3.8 km,
including robotic tachymeters, precise lev-
elling, inclinometers, extensometers, etc.
The key results of the Amsterdam valida-
tion, which was performed by TNO, are
summarized below. For more details, see:
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www.terrafirma.eu.com/Terrafirma_vali-
dation.htm.

In Amsterdam, due to geocoding errors,
it was not possible to make a perfect one-
to-one comparison between PS and build-
ings. Therefore, intrinsic uncertainties due
to geocoding errors should be considered
in evaluating the results.

Velocity validation. The maximum settle-
ment rate in the considered period, meas-
ured by tachymetry, is about 7 mm/yr. The
absolute standard deviation of the differ-
ence between PS velocity and tachym-
etry-based velocity ranges from 0.8 - 0.9
mm/yr. The mean and median differences
for all teams are close to zero. All trend
lines suggest that PSI slightly underesti-
mates deformation velocity with respect to
tachymetry. The absolute standard devia-
tion of the double difference in velocity
ranges from 1.0 - 1.2 mm/yr.

Time series validation. The average RMS
errors of single deformation measurements
range from 4.2 - 5.5 mm.

In general the PS data of all teams
show a reasonably good correlation with
the tachymetry data. Furthermore, there
is no significant difference in validation
results between the four teams: all teams
show similar results.

Conclusions

Any new technique faces the key issue
of gaining acceptability among potential
users. The Terrafirma Validation Project is
a major PSI validation exercise, aimed at
assessing the performances and evaluating
the consistency of the PSI results from
different Terrafirma OSPs. This paper has
summarized the key findings of this valida-
tion exercise. The main characteristics of
the Validation Project were described at
the beginning of the paper, including the
types of analysis and the characteristics
of the project test sites. Some of the main
project conclusions are:

-The direct inter-comparison of the
OSP results in radar geometry generated a
rich set of global statistics, which concern
large sets of PS and provide information
on the global inter-comparison behaviour
of velocities, time series, PS density, topo-
graphic corrections and PS geocoding. The
most important results are reported in this
paper. These values can be used to derive
error bars to indicate the quality of the esti-
mates derived by PSI, which is key infor-
mation for TF end users. The above values
are representative of all PSI studies that
concern areas with similar characteristics
to those of the test sites of this project.

-The Alkmaar validation concerns a gas

extraction area affected by spatially cor-
related deformation fields, where the PSI
results were directly compared against lev-
elling measurements. The key validation
results achieved are reported in this paper.
The statistics for velocity and time series
are slightly worse than in the Amsterdam
case. This is probably due to the charac-
teristics of the area, which is more diffi-
cult from the PSI viewpoint, and the types
of ground truth, e.g. the lack of levelling
epochs in the Envisat time span. The above
Alkmaar validation was complemented by
an innovative analysis, called “validation
in the parameter space”. Even though the
deformation signal was rather weak, the
PSI vs. levelling comparison provided
good results. The PSI data of all teams
enable the estimation of the signal of inter-
est, despite the difference in PS density.

-The validation results over Amster-
dam concern the displacements in the
N/S-metro line area, which are caused
by geotechnical instability and localized
construction works. These displacements
are mainly spatially variable and need a
point-wise PS analysis. The one-to-one
comparison between PS and buildings was
mainly limited by geocoding uncertainty.
This represents an intrinsic source of error,
which particularly affects the analysis of
small objects, e.g. single buildings.

-The most important results achieved
over Amsterdam are reported in this paper.
The statistics for velocity and time series in
the same region can be found in the inter-
comparison. In general, the PS data of all
teams show a reasonably good correlation
with the tachymetry data. Furthermore,
there is no significant difference in vali-
dation results between the four teams: all
teams show similar results.

-The deformation rates in both Alkmaar
and Amsterdam sites are moderately low.
For some users, e.g. those interested in
mining and landslide applications, it could
be of particular interest to know what the
expected PSI performances are when the
displacement rates are larger, e.g. up to 2
cm/year. An experiment in this direction
would be welcome.

-It is worth emphasizing that the analy-
ses described in this work concern the
technical validation of PSI. Different esti-
mates of the quality of the PSI deformation
measurements were derived through this
validation. A further step should include
the user validation, where the suitability
(fit-to-purpose) of PSI to monitor defor-
mation in a given type of application has
to be proved. This requires considera-
tion, besides the precision and accuracy



addressed in the technical validation, of
other key aspects, like the spatial sampling
density, the type of available temporal
sampling, the easiness of the PSI product
interpretation, etc.
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News from NGO GEOLOGOS DEL MUNDO (World Geologists )

GM at the Zaragoza Expo 2008

We sum up here both the conferences
and debates from Zaragoza Expo 2008
which focused on “Water Sustainable
Development”- at the three participat-
ing organizations, Water Tribune, El
Faro and Africa Water - Solidarity Fed-
eration of Aragdn. GM'’s participation
in each of those three is mentioned
as well as the preliminary conclusions
coming out from each after the Expo
closure.

xpo Zaragoza 2008 closed on
ESeptember 14 after 93 days; Expo

exhibited a number of foreign and
Spanish pavillions all along the Ebro river,
with displays on a number of issues con-
cerning water. From all of these, two of
the pavillons are here considered to be the
main forums of presentations, debates and
discussions around water (both surface and
ground water).

Those two are Water Tribune and El
Faro, both of them nicely presented and
accomodating large audiences.

GM’s participation at Water Tribune
was focused on a presentation on “GM’s
experience in water supply at a number of
villages in Mali” that was held by Angel
Carbayo, GM’s president. This event was
part of a cycle called “Rotary meeting at
Expo Zaragoza 2008, dealing with ‘Prob-
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by Angel Carbayo’

Dans cet article, nous résumons a
la fois les conférences et les débats
centrés sur I'Eau et le Dévelop-
pement Durable, dans le cadre de
I'Expo 2008 de Saragosse a laquelle
participaient trois organisations: la
Tribune de I'Eau, El Faro et Afrique
Eau - Fédération Aragonaise de Soli-
darité. La participation de GM au sein
des trois organisations ainsi que leurs
conclusions préliminaires obtenues
lors de la cloture de I'Expo ont été
mentionnées.

lems with water micro-cooperation around
the world’.

Once Expo was closed, a document
called ‘Letter of Zaragoza’ was issued con-
cerning ‘Water and Sustainable Develop-
ment’, which can be considered as the
main outcome of the 93 days of meetings
at Water Tribune. The letter begins by
supporting an integrated management of
water resources for Man’s - and Earth’s
- survival. Secondly, it outlines the impor-
tance of water, in terms of management of
forests, watering and rivers, water supply
and recycling as well as the financial side
of it. Thirdly the Letter addresses some
specific contributions to the development
of Society, which are mainly addressed to
Public Institutions, water consumers and
the general public. The final conclusions
on this Water Tribune forum will be avail-
able in the near future.

ThepresentationsatElFaroPavillon were

Se realiza una sintesis sobre la Expo
de Zaragoza 2008 en su compo-
nente de conferencia y debates y
cuyo eje lo ha constituido el tema
“Agua y desarrollo sostenible” con
tres organizaciones participantes,
Tribuna del Agua, El Faroy AfricAgua
- Federacion Aragonesa de Solidari-
dad. Seindica la participacion de GM
en cada una de ellas, asi como las
conclusiones provisionales obteni-
das por las mismas después de la
clausura de la Expo.

held by some Spanish NGOs and based on
the structure of the ‘NGO Global Village’
at the previous Expo in Aichi (Japan).
GM made a presentation at this forum
on ‘Water supplies in America Centre’ as
part of the topic ‘Human right to drinkable
water and recycling’. This presentation
was given by Pilar Montero, Coordinator
of water for America Centre at GM.
Preliminary conclusions from El Faro
have come out already (and will be further
developed eventually as part of the more
extensive ‘El Faro Memory’), as part of the
document ‘Demands of the citizen propos-
als pavillion El Faro to governments’. This
document asks for governments and inter-
national institutions to engage in 12 bind-
ing commitments that cannot be postponed
and which are summarized as follows:

- to guarantee drinkable water for people
from North to South

- to invest in Education
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- to efficiently manage water demand
(savings and efficiency)

- to subordinate urban and industrial
developments to water availability.

Another Forum at Expo Zaragoza 08 was
Afric Water, which was held at both Water
Tribune and the Paraninfo of the Zaragoza
University. Its co-organizers were Solidar-
ity Federation of Aragén and a Co-devel-
opment entity. Four African countries
(Gambia, Mali, Mauritania and Senegal)
and Spain participated.

This Forum’s main purpose was to
establish the basis for dynamic and recip-
rocal cooperation between some African
and Spanish locations in terms of water
and sewage. GM was also there through
a presentation and the subsequent debate,
entitled ‘Water supplies Management and
rural sewage of West Africa’ given by Luis
Dichtl, West Africa Coordinator for Water
supply for GM.

The main conclusion was to increase
relations in specific cooperation issues,
namely the importance of the progress of
both democracy and solidarity as a means
for Development.
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Book review
by Herald Ligtenberg'

Tectonics of strike-slip restraining and
releasing bends

Edited by W.D. Cunningham and P.
Mann

Published by The Geological Society Pub-
lishing House. Special Publications, 290.
ISBN 978-1-86239-238-0
Date: 2007, 482 pages
Price: £50 (stg) Fellows

£60 (stg) Affiliates

£80 (stg) Corporate
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estraining and releasing bends are
Rinteresting and important geologi-

cal phenomena that occur along
strike-slip fault zones. Strike-slip faults
originate as en echelon fault- and fold
systems. With increased displacement, the
individual faults link and form a continu-
ous fault system with many irregularities
along strike. These irregularities can be
under local transpressional or transten-
sional deformation, resulting in restrain-
ing and releasing bends respectively. They
can form impressive topographic features

Tectonis of Strike-Shg
Restraining and Relsasing Boneh
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at the Earth’s surface, ranging from high
mountains to deep depressions.

Restraining and releasing bends may
entrap mineral resources, ground water or
hydrocarbons. And the pull-apart basins
that are formed in releasing bends may
have a high heat flow and could form suit-
able areas for geothermal energy explora-
tion and exploitation. They are therefore
of interest to the industry. Furthermore,
these restraining and releasing bends may
form barriers to earthquake propagation,
subsequently building up strain and form-
ing nuclei for major earthquakes. They are
one of the key focus areas in earthquake
research.

This book is a follow-up to the interna-
tional meeting on the tectonics of strike-
slip restraining and releasing bends in con-
tinental and oceanic settings, held at the
Geological Society of London (2005). The
book contains 17 papers and 1 introduction
paper. It is an interesting compilation of
papers, addressing the origin and evolution
of the bends; their underlying mechanism;
their role in earthquakes; and many ana-
logue examples from around the world.

The first paper in the book is a global
catalogue of restraining and releasing
bends on active and ancient strike-slip fault
systems, written by P. Mann, and is based
on 50 years of bend-related research. It
covers an impressive 129 pages. He clearly
describes the different styles of bends,
depending on their setting and stages of
development and their possible interac-
tion (paired bends). He also proposes
standarizing fault bend terminology. The
main objectives of his paper are to better
understand the tectonic processes behind
the development of bends and detect
possible differences in bends between
different tectonic settings as well as to
improve the understanding of these paired
(restraining and releasing) bends. While
reading through the classification and the
many different examples from around the
world, one sometimes feels a bit lost in
the wealth of information. However, it is a
great overview of restraining and releasing
bend analogues and a very useful source of
information, especially with the extensive
list of references.

The editors have subdivided the rest
of the book into three sections. The first
section addresses restraining and releasing
bends and their relation with earthquake
hazards (4 papers). The perfect place to
study this relationship is California and its
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San Andreas Fault system. Three out of four
papers describe this fault system, but each
paper addresses different issues, such that
there is no overlap in information: 1) char-
acterization of geologically recent bends in
the southern California borderlands (sub-
marine); 2) fixed or migrating bends along
fault strike over strike-slip displacement; 3)
new insight into simple deep fault patterns
below the complex surface fault system,
based on careful study of earthquake hypo-
centres. The wide perspective provided by
these papers is important to improve our
understanding of fault mechanisms and
their behaviour around restraining and
releasing bends, also at depth.

The second section addresses restrain-
ing bends, the related transpressional
deformation and the basement controls on
their development (8 papers). Different
strike-slip fault systems and their restrain-
ing bends around the world are described.
In several cases they interact with neigh-
bouring oblique structural systems and it is
interesting to see their merged deformation
response. The Lebanon restraining bend is
a great example to study this interaction
between the Dead Sea fault system with the
Palmyride fold belt and related fault zones.
Several contributions show a good integra-
tion of different sources of information to
obtain an improved insight into the fault
system. It becomes obvious that restraining
bends are very complex features, because of
the many different factors that define their
structural architecture and topographic
evolution. These include the existence of
pre-existing faults, the amount of strike-
slip displacement accommodated at bends,
the (palaeo-) main stress orientations, etc.

Investigating the development in sand-
box models as an analogue it difficult to
reproduce in the lab, due to the complex-
ity of factors, especially the interaction
with different fault systems and changes
in main stress over geological time. The
eight papers provide a good overview of
observations around restraining bends
and this certainly assists in understand-
ing their mechanisms and knowing the
most important issues to address when
investigating them.

The third section of the book describes
releasing bends, the related transtensional
deformation and fluid flow (4 papers).
Releasing bends, or pull-apart basins, are
very common and well studied. They form
weak sections along the fault, with more
open fractures and they represent areas
that are more prone to fluid flow. This is
confirmed by the presence of large-scale
mineral deposits, the related occurrence
of volcanism and hydrothermal fluids at
releasing bends. The papers in this section
are not dealing with the basics of pull-
apart settings, but are addressing complex
elements of releasing bends. It is interest-
ing to read about the interaction between
strike-slip fault systems and extensional
faults; especially the complexity of the
termination of strike-slip faults and their
linkage with an extensional back arc rift
setting.

The papers in this special publication
are all focused on large-scale, regional
tectonics. Many of the studied areas are
in complex settings with rotating main
stress orientations over time; interacting
with neighbouring oblique fault systems;
or dealing with a pre-existing structural
grain. This complexity requires a detailed
structural analysis to unravel the different
fault systems, the phases of folding and
thrusting and the way in which the dif-
ferent fault systems interact. It requires
a detailed understanding of the regional
structural evolution of the area.

This publication is a must for geo-
scientists working on strike-slip fault
systems. It contains strong contributions
and a large set of analogues that assist in
improving the understanding of structural
styles along strike-slip faults. It is a good
source of background information and it
could lead to a better and more-structured
focus in their research on restraining and
releasing bends.

IShell International
Herald.ligtenberg@shell.com
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The Third International Professional
Geology Conference (3IPGC) — a sum-
mary

The 3IPGC was held in Flagstaff, Arizona,
from September 21-25, 2008. The AIPG
was delighted to have the opportunity to
organize and sponsor this important meet-
ing and honoured to host a series of distin-
guished dignitaries from various countries
and foreign and domestic organizations.
We did our best to give all a taste of our
American West and to showcase some of
our breathtaking geological features.

The IPGC forums provide us with an
opportunity to outline issues affecting the
geological profession and professional
practice across domestic and international
boundaries. The IPGC meetings are also
opportunities to exchange ideas on how to
solve geoscience-related problems at both
regional and global scales.

In regards to the 3IPGC, it was our
challenge to follow in the tradition of
excellence set forth during our previous
two meetings, in Spain (2000) and the UK
(2004), where our local hosts (El Ilustre
Colegio Oficial de Geblogos de Espana
and The Geological Society of London)
performed so admirably.

We selected a truly outstanding geo-
logical location to hold this convention
and worked hard to make the 3IPGC an
up-to-the-minute professional gathering
with expanded international and domestic
participation. A special effort was made to
have representatives from as many differ-
ent disciplines as possible within the field
of the geosciences in order to address a
variety of professional issues of impor-
tance to all.

The American Institute of Professional
Geologists (AIPG), The European Federa-
tion of Geologists (EFG) and The Cana-
dian Council of Professional Geoscientists
(CCPG) continued the tradition to act as
perennial co-hosts of the IPGCs. At the
3IPGC we were honoured to have addi-
tional prominent co-hosts, including the
following groups:

- The National Association of State Boards
of Geology (ASBOG)

- The Division of Professional Affairs of
the American Association of Petroleum
Geologists (DPA-AAPQG)

- The Association of Women Geoscien-
tists (AWG)

- The Arizona Hydrological Society
(AHS)
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- Northern Arizona University (NAU)

- International Year of Planet Earth
(IYPE)

- The Association of Environmental and
Engineering Geologists (AEG)

- The Geological Society of America
(GSA)

- The United States Geological Survey
(USGS)

- The Association of Earth Science Edi-
tors (AESE)

- The American Geological Institute
(AGI)

Three basic themes provided the structure
for the papers that were presented. These
included:

- Training, Credentials and Continu-
ing Professional Development of the
Global Professional Geoscientist

- Professional Ethics and the Global Geo-
scientist; New Horizons in Geology

- Expanding International Influence and
Reach; Overcoming Challenges and
Mapping Successful Strategies

The discussions were excellent and
involved recognized professionals and
renowned participants from around the
globe.

The subject of “training and continu-
ing professional development of the global
professional geoscientist” was addressed
specifically in four significant papers:

- AIPG's System of Online Instruction - A
Portal to Global Geoscience by Robert
Font, AIPG, Geoscience Data Manage-
ment, Plano, TX.

- Interactive Modules of E-Learning - An
Example with Google Earth by Detlev
Doherr, EFG-Germany.

- The Significance of Continuing Profes-
sional Development and Credentials
upon Career Opportunities by William
Siok, AIPG, Westminster, CO.

- A Review of the CPD Programs Used
by Different Professional Groups by
David Abbott, AIPG, Denver, CO.

- Issues concerning “credentials and the
global professional geoscientist” were
particularly discussed in six important
papers by Mr. Gareth Jones, Dr. Tom
Ewing, Mr. Robert Tepel, Mr. Rick
Ericksen, Dr. Woody Herrod and Dr.
Richard Spruill.

- International Recognition and Coop-
eration, Professional Qualifications

as Passports by Gareth Jones, EFG-
Ireland, John Clifford, EFG-Ireland,
Christer Akerman, EFG-Sweden.

- Five Points of Professionalism - Profes-
sionalism, Certification and Continu-
ing Development in Energy Resource
Geoscience: the AAPG Experience by
Thomas Ewing, DPA-AAPG.

- The Practicability and Impracticability
of Certification by Robert Tepel, AEG-
CSMGB.

- Professional Registration/Licensure in
the United States - A Summary by Rick
Ericksen, DPA-AAPG.

- The Association of State Boards of Geol-
ogy (ASBOG) and Geoscience Licen-
sure in the United States by Wilson
Herrod, ASBOG.

- The ASBOG Fundamentals of Geology
and Practice of Geology Examinations:
The Development and Administration
of a National Examination by Richard
Spruill, ASBOG.

Global and regional issues affecting geo-
science practice were highlighted in 13 key
presentations:

- Attitudinal and Economic Realities in
a Global Geoscience Workforce by
Christopher Keane, AGI.

- The Profession in Canada - A Review
and Update by Oliver Bonham, CCPG,
Canada.

- Ten Characteristics of Self Regula-
tion Professions by Derek Doyle,
APEGBC.

- A World Federation of Professional
Geologists: Why the World Needs
One by Manuel Regueiro, EFG-ICOG,
Spain.

- Strategies to Successfully Recruit and
Retain Women Geoscientists by Laurie
Scheuing, Mary Anne Holmes, AWG.

- Women in Geology in Spain by Isabel
Gomez, [COG-Spain.

- The Geologist and Cognitive Diversity
as a Key to Problem Solving by Shane
McDonald, AIPG.

- The GEOTRAINET Programme by
Isabel Fernandez, EFG-Spain, Herald
Ligtenberg, EFG-The Netherlands,
Gareth Jones, EFG-Ireland.

- Information Age, Globalization and
Geoscience Enterprise: Opportunities,
Challenges and the IYPE Beyond 2009
by Larry Woodfork, AIPG/IYPE.

- Natural Hazards in Land Use Plan-
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ning: The Spanish Perspective by Luis
Suarez, ICOG-Spain.

- The Terrafirma Project by David Nor-
bury, EFG-GeolSoc-UK, presented by
Ruth Allington, EFG-GeolSoc-UK.

- The 17 August 1999 Turkey Earth-
quake, What happened and what have
we learned? by Aydyn Aras, GDMRE
— Turkey.

- Overview of International Mine Closure
Guidelines by Dawn Garcia, AIPG,
Tucson, AZ.

Matters concerning “professional ethics
and the global geoscientist” were covered
in three critical papers:

- The Association of State Boards of Geol-
ogy (ASBOG) and Professional Ethics
by John Williams, ASBOG.

- Professional Geologist in the Protection
ofthe Public -- Licensure - Ethics - Soci-
ety by Chris Mathewson, ASBOG.

- Review of International Professional
Disciplinary Proceedings: Procedures
and Actions Taken by David Abbott,
AIPG, Oliver Bonham, CCPG, Don
Larking, AusIMM-Australia, John
Gustavson, AIPG.

“Energy issues” of great importance to
our global needs were reviewed in three
noteworthy presentations:

- Geology-Based Unitization of Reser-
voirs in the Petroleum Fields of Loui-
siana: An Overview by M. B. Kumar,
AIPG, Baton Rouge, LA.

- Unconventional Gas Resources - Are We
Prepared for the Journey or Have We
Already Arrived? by Douglas Kenaley,
ExxonMobil.

- Geothermal Energy in Europe: Past,
Present and Future by Gareth Jones,
EFG-Ireland and Harold Ligtenberg,
EFG-The Netherlands.

Geoscience and climate-related themes
and student topics regarding the future of
the geoscience profession were presented
in three vital presentations:

- Climate Change and the Salinization of
Potable Water Supplies: A Growing
Threat Facing Development in Coastal
Areas by Bruce Broster, CCPG.

- Information Flows and Policy: Use of
Climate Diagnostics and Cyclone Pre-
diction for Adaptive Water-Resources
Management Under Climatic Uncer-
tainty in Western North America by
Ashley Coles, University of Arizona,
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Tucson, AZ.

- An Internet Survey of Scholarships
Offered by US Geoscience Professional
Organizations and Foundations: Totals,
Ranges, Means, Medians, Modes,
Models, Motivations, and Disappoint-
ment by Robert Tepel, AEG-California
State Mining and Geology Board.

Countries represented by authors, speak-
ers and/or delegates included the USA,
Canada, Germany, Ireland, The Nether-
lands, Australia, Spain, UK, Botswana,
Nepal, Belgium, Switzerland and Turkey.

The importance of establishing a poten-
tial global federation of professional geo-
scientists was introduced and discussed
by Mr. Manuel Reguerio, President of the
EFG. A declaration to establish a global
framework to address crucial professional
matters was signed by President Regueiro
(EFG), Mr. Daniel St. Germain, AIPG
President, Dr. Bruce Broster, CCPG Presi-
dent, Mr. Luis Suarez, ICOG President
(Spain), Mr. Gareth Jones (representing
the IGI, Ireland) and Mr. Edmund Nickless
(representing the GeolSoc., UK).

Abstracts and papers submitted by the
authors as well as condensed vitae of all
speakers were published in electronic
format as part of the proceedings of the
3IPGC.

In addition to the technical sessions, a
series of outstanding field trips and social
events made the conference a very special
venue for all attendees. And yes, we can
attest that the Grand Canyon is still there
and as beautiful as ever!

At the AIPG we are quite pleased with
the results of the 3IPGC. We believe that
we succeeded in making it a truly memo-
rable experience for all who attended and
honoured us with their presence. An invi-
tation was extended to our colleagues from
the CCPG to host the 4IPGC in magnificent
Canada in 2012.

Robert Font
General Chairman, 3IPGC

Special meetings with the European
Commission on Natural Hazards — Feb-
ruary/March meetings

On 29 February 2008, EFG Board mem-
bers met with the European Commission to
continue the discussion on natural hazards,
the activities of the expert panel on natu-
ral hazards and our future collaboration
with the European Commission. We met

with DG Research, unit on Natural haz-
ards research (Dr. D. Peter & Dr. B. van
Gelsten), and with DG Environment, unit
on Civil Protection (Dr. Perotto & Dr. T.
de Lannoy).

Our history on natural hazards goes
back to February 2003, in which we par-
ticipated in a stakeholder meeting, set up
by DG Environment, unit on Civil Protec-
tion, to discuss a proposal on European
guidelines. To be able to provide high-
quality advice and recommendations to
the European Commission on this subject,
we set up a European panel of experts on
natural hazards. Currently the panel con-
sists of approximately 35 experts, from
various backgrounds. Experts involved are
working for national geological surveys,
at universities or research institutes, for
commercial companies, for the interna-
tional centre for geohazards, are members
of a national working group on natural
hazards, or work as private consultants.
Together they represent around 20 Euro-
pean countries. The experts have different
specialities, including experts on land-
slides, earthquakes, flooding, tsunamis, as
well as remote sensing specialists.

After the meeting in 2003, we wrote
many advice documents on natural hazards
and a manifesto with key recommenda-
tions. We have participated as the only
geological organization in a congress
at the European Parliament, organized
by the European Commission. We have
been requested to provide input to the 7
Research Framework Programme; have
regular communication and meetings with
the European Commission, and so on. The
expert panel on natural hazards has been
very active and has again an interesting
to-do list after the meetings with the EC
in February.

The meetings were very fruitful and
have led to new action points that we can
take up with the expert panel. For exam-
ple, DG Research requested specific feed-
back and improved communication with
the expert panel. DG Environment, Civil
Protection, is also very interested in feed-
back. From the latter, we received a special
invitation to attend a stakeholder meeting
on Disaster Prevention, on 14 April 2008.
The meeting was attended by EFG office
director Isabel Fernandez, and by the new
coordinator of the EFG expert panel on
natural hazards, Andrew Gibson (British
Geological Survey). DG Environment,
Civil Protection, emphasized their strong
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interest in our attendance at this meeting.
After the meeting we were invited to be
involved in more detailed technical discus-
sions with the European Commission on
the drafting of the proposal. More informa-
tion will follow.

To both DGs we have also proposed organ-
izing a one-day conference on natural haz-
ards in Brussels, as we did at our annual
meeting in Rome. The main objectives
of this conference would be: 1) to bring
together policy-makers, land-use planners,
geo-experts and insurance companies to
continue the discussion on how to reduce
the impacts of natural hazards; 2) to have
more involvement of members from the
European Commission and European
Parliament. The proposal was very well
received by both DGs of the European
Commission. We have discussed close
collaboration. The European Commission
will assist in the organization by steering its
content, so that the topics and discussions
will lead to better (geological) insight and
will provide answers to optimize (propos-
als for) their directives. Together with the
expert panel on natural hazards we will
take this forward.

Herald Ligtenberg

EU Delegate for the European Federation of
Geologists and Coordinator EFG Expert Panel
on Natural Hazards

Stakeholders meeting towards a com-
munity initiative in the field of disaster
prevention, 14 April 2008

This meeting was to seek the opinion on
the need, the objectives and the content of a
possible new Community initiative on dis-
aster prevention. An initiative is needed to
share experiences from different disasters,
and to encourage links between different
actors in the scientific, social and politi-
cal areas.

Hervé Martin and Thomas de Lannoy
from the European Commission, DG Envi-
ronment, Civil Protection Unit, introduced
the meeting by providing the reasoning
behind this new initiative on preven-
tion. They recognized that strategies and
initiatives already exist in legislation at
national and local scale. This consultation
involved discussion on whether it is practi-
cal or desirable to draw national initiatives
together or leave them separate. It was also
necessary to consider whether or not there
was a requirement to consider all types of
disaster, or whether it was better to concen-
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trate resources in priority areas.

The number of disasters, man-made and
natural, for which the EC Civil Protection
Mechanism has been required, has grown
from 3 in 2002 to 17 in 2007. None of
these can be managed by a single member
state. There is also a growing understand-
ing that Climate Change could increase
the occurrence and severity of natural
disasters. A strategy is needed to bring
shared experiences together, to learn from
different disasters and different member
state experiences, and to encourage links
between different actors in the scientific,
social and political areas. The strategy can
utilize the many links for civil protection
that exist throughout the community.

So far, the commission has funded
two studies which examined different
approaches to prevention and different
community responses. In light of these,
a consultation is underway (of which this
stakeholder event was part). It is antici-
pated that a commission will be looking
into prevention strategy. This will probably
commence in November 2008, working
through 2009-10. The aim of this strategy
will be to:

- Strengthen prevention in existing policy
and instruments

- Work towards the integration of existing
structures

- Reinforce links between prevention, pre-
paredness and response

- Support specific research and develop-
ment

- Reinforce international co-operation.

Dinne Smederup Hansen (COWI) pre-
sented the results of two exploratory stud-
ies assessing the room for action at com-
munity and member state level. The studies
explored existing community legislation
and policies and their implementation in
a number (3) of member states. A number
of gaps and weaknesses in existing policy
were identified, including a general lack of
data and analyses of natural disasters and
a lack of trans-boundary methods for data
collection or analyses. There is aneed for a
clear entry point for information and guid-
ance on disaster prevention. The activity
at member state level is highly variable;
activity has focused on large scale disasters
rather than medium scale, and there has
been relatively little effort in prevention.
Overall recommendations from the
studies include: a review of existing legis-
lation and mechanisms and how these can
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be better integrated and elaborated to pro-
vide a better, more integrated EU policy.
Furthermore, development of a ‘toolkit’ to
communicate and share experiences, best
practice and lessons learnt by member
states and to improve cross-border compa-
rability of hazards and risks and vulnerabil-
ity assessments. And, not least, raise public
awareness and stimulate involvement of
the private sector in mitigation.

Subsequently, a discussion took place
that was chaired by Fiorella Perotto and
Thomas de Lannoy (DG Environment,
Civil Protection Unit). Dr Fernandez, and
colleagues from EFG and EuroGeoSur-
veys took the opportunity to highlight the
importance of geological information and
expertise in land use planning and that it
was important to communicate the value of
such information. The expertise and input
from geoscientific specialists, including
National Geological Surveys was high-
lighted.

It was clear that an initiative to pro-
mote prevention and mitigation of natural
disasters is highly desirable. There were
mixed views from the member states as to
whether any initiative should be legisla-
tive or advisory. Overall, it was considered
unlikely to be legislative. The initiative
should establish a mechanism through
which information, including technical
standards, guidance, methodologies and
case studies used in disaster mitigation
and prevention can be shared. It should
also provide a framework for actors to
communicate, share experiences, and
develop policies. The initiative should be
multi-hazard, risk-based, consider natural
and human processes and be relevant at
levels including policy development and
operation.

Any standards and initiatives need to
be flexible and take into account the differ-
ent natural, social and economic environ-
ments across member states. Commonality
should be achieved through a common
funding mechanism and approach. It
should not lead to prescriptive common
standards for data collection or analyses.
EXCIMAP, the exchange circle for knowl-
edge and experience on flood-risk map-
ping, amongst others, was presented as an
example of good practice. EFG has been
closely involved in the work of EXCIMAP
through several members of our expert
panel on natural hazards.

It was recognized that it is important
to investigate the causes and processes

involved in disasters rather than just con-
centrate on impacts of previous events.
The overall aim must be that citizens are
well prepared to protect themselves against
disasters in all member states regardless of
economic or political circumstance.

EFG will take further action with our
expert panel on natural hazards by con-
tribution and guidance in the setting up
of research and communication networks,
by continued promotion of the importance
of geological and environmental informa-
tion in the integrated assessment of natural
disasters and by providing a source for rel-
evant case studies, experiences, resources
and other information.

Further Information: http://ec.europa.
eu/environment/civil/stakeholders 0408.
htm.

Andrew Gibson' and Herald Ligtenberg®
(‘present and °*past coordinator EFG expert
panel on natural hazards)

Directive on the promotion of the use of
renewable energy sources

On 23 January 2008 the European Com-
mission presented the Proposal for a
Directive of the European Parliament and
of the Council on the promotion of the
use of energy from renewable sources,
COM (2008) 19.Thesameday, EFGincol-
laboration with the European geothermal
industry, EGEC, and EuroGeoSurveys,
presented a press release. Our associations
jointly welcome the proposal and call for
some improvements of the Directive pro-
posal: the definition of geothermal energy,
and specific criteria for the certification of
shallow geothermal installers.

On 11 September, the relevant commit-
tee of the European Parliament voted on the
amendments to the Directive. The vote in
the ITRE committee (Industry, Research,
Energy) was the last step in the parliamen-
tary process before the final vote in the
Parliament, expected later this year. In the
committee, the legal and technical details
were adjusted and approved, and after the
vote no further changes are expected to be
made before the final vote.

EFG has supported some of the EGEC
amendment in relation to the Geothermal
energy. EP ITRE Committee agreed to
adopt the following definition: “Geother-
mal energy” means the energy stored in

Jform of heat beneath the surface of solid

earth. With that definition and the inclu-
sion of “geothermal energy” in the list of
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“energy from renewable sources” in art. 2,
all the various kinds of geothermal energy
use, deep and shallow, for electricity, heat
and cold, are covered by the directive.
Another important point that EFG sup-
ported was the accreditation of installers
(art. 13 and annex IV), which in geother-
mal energy only makes sense for the mass
market of geothermal heat pumps; shal-
low geothermal installers and heat pump
installers now have been differentiated:

- Training programmes shall be offered
to installers with working experience,
who have undergone, or are undergo-
ing, the following types of training:

- Inthe case of shallow geothermal install-
ers: training as a driller or pipe layer and
basic geological skills.

This does not include the theoretical part
required for designing geothermal heat
pump systems, so some additions will be
needed in annex IV at a later stage.

The RES Directive, as it stands now
after the end of the discussion process in
the committees of the European Parlia-
ment, has been much improved compared
to the first draft released by the European
Commission in January.

Isabel Fernandez

EFG joins ZEP’s Taskforce on Technol-
ogy: first meeting report
The European Technology Platform for
Zero Emission Fossil Fuel Power Plants
(ZEP) is the main advisory group for the
EU on Carbon Capture and Storage (CCS).
First contacts between EFG and ZEP were
established on the EU-Sustainable Energy
Week earlier this year, resulting in the
joining of EFG as a member of the Task
Force Technology (TTech). TTech meets
3 to 4 times each year on different loca-
tions throughout Europe, the latest on 3
September in Brussels. This group alone
counts over 70 members. Information on
past meetings, members and published
documents can be found on: www.zero-
emissionplatform.eu/website/organisa-
tion/ttech.html. TTech consisits of differ-
ent subgroups that are dedicated to capture
technologies, transport and storage. As the
power sector is strongly represented in
ZEP, it is mainly capture technologies rel-
evant to this sector that are discussed. Oil
and gas companies, geological surveys,
and now also EFG make sure that storage
aspects are well covered.

One of the main activities of ZEP is

22 O

to advise on topics during the prepara-
tion of EU Framework Programme (FP)
calls. Currently they are evaluating what
the response is to calls open under FP7,
as it is evident that their credibility as a
stakeholder advisor group depends on the
quality and quantity of the response to
these calls.

In relation to these advisory tasks, ZEP
also reports on the technical status and
outlooks of CCS. Currently, two reports are
being prepared by the consultancy com-
pany McKinsey. The first report is pri-
vately funded by a few members of ZEP,
but will probably be released in its intirety
to its members. The topic of this report is
‘Why CCS?.

The second report is entirely sponsored
by ZEP, and will deal with how to finance
demonstration projects. The problem with
the first demonstration projects is that they
will cost two to three times more, which
seems to put early investors in an undesir-
able position.

An intervention by Niels-Peter Chris-
tensen (GEUS) shed some doubts on
whether geological storage is sufficiently
addressed in the two McKinsey studies.
The remark by Christensen was empha-
sized by Tore Torp (StatoilHydro), with
a short intervention showing that the cur-
rent priority lists for CCS development
(considering first the capture plant; stor-
age only getting second line attention) is
not justified, having already resulted in
fatal conflicts during project development.
(Note that my personal experience, and
no doubt that of other EFG professionals,
shows that geological storage is indeed the
lastitem to be considered when developing
a CCS project.)

Next on TTech’s to-do list are an inven-
tory of national funded R&D, pilot and
demonstration projects on CCS, and an
updated overview of generic cost data.
These will be discussed further during
the next meeting on 4 November 2008
in Berlin.

We would like to invite geoscience
experts who are closely involved in
Carbon Capture and Storage to join the
EFG expert panel on CCS to assist us in
our communication with the European
Commission and in related advisory
tasks. Please contact the EFG office for
more information.

Kris Piessens
Royal Belgian Institute of Natural Sciences,
Geological Survey of Belgium

EFG Standin the European Union
Sustainable Energy Week, EUSEW, 28
January - 1 February 2008, European
Commission, Brussels

The European Federation of Geologists
participated in the European Union Sus-
tainable Energy Week 2008 with the stand
Geology and Sustainable Energy: http:/
wWww.eusew.eu/

Under the umbrella of the Sustainable
Energy Europe Campaign (SEE), the Euro-
pean Commission’s Directorate-General
for Energy and Transport, the European
Institutions, the Slovenian Presidency and
major stakeholders concerned with sus-
tainable energy together put on the second
EU Sustainable Energy Week (EUSEW).

Some thousands of participants, includ-
ing politicians, civil servants, business
people and conservation groups from
around the globe gathered there. Debates,
presentations and stands reviewed actions
in Sustainable Energy in Europe. You can
watch live some of the events at: http://
www.managenergy.tv/

In the context of the event, EFG pre-
pared a Stand in collaboration with EFG
Panel of Experts on Geothermal Energy
and CO, Sequestration. The topic of
the Stand was Geology and Sustainable
Energy and covered two main themes:

Geothermal Resources in Europe, post-
ers in collaboration with European
Geothermal Energy Council, EGEC.
The poster presented the Geothermal
Resources in Europe in relation to the
temperature basins and the different
technologies for electrical power, dis-
trict heating and shallow geothermal

CO, Capture and Storage, poster in col-
laboration with the Geological Survey
of Belgium. The poster presented dif-
ferent kinds of Geological Storage,
problems and safety.

We distributed information about the EFG:
EFG leaflet, EFG Members, EurGeol.
Title, European Geologist magazine, and
EFG position paper on these topics.

Press release on Directive on the pro-
motion of the use of renewable energy
sources

EFG, EGEC and EuroGeoSurvey wel-
come the proposal tabled on 23/01/08 by
the European Commission for a Directive
on the promotion of the use of renew-
able energy sources. The document is
available at: http://www.eurogeologists.
de/cms/images/content/EUWSE08/press_
release RES Directive.pdf.
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Geothermal energy is the heat beneath
the surface of the Earth. It is a sustainable,
renewable, nearly infinite energy source,
delivering heat and power 24 hours a day
throughout the year and available all over
Europe. It is environmentally friendly and
contributes to the reduction of CO, emis-
sions. It uses very little land, has almost
no visual impact and reduces Europe’s
vulnerabilty to energy imports. It has con-
siderable economic potential, can foster
significant development of enterprises and
related job creation.

Our associations jointly call for some
improvements in the Directive proposal:1.
the definition of geothermal energy and
2. accreditation of installers must include

specific criteria for the certification of shal-
low geothermal installers.

A Manifesto will develop proposals on
these issues and will present the actions
needed to foster the contribution of Geo-
thermal Energy to the targets set in the
directive proposal.

This document has been mentioned
in reference to the future of Geohermal
Energy by Mr. Ossur Skarphédinsson,
Icelandic Minister of Industry, during the
opening remark on the event organized
by the Ministry of Industry in Iceland,
Geothermal Energy Benefits and Potential,
February 1, 2008, and attended by Mr.
Andris Piebalgs, European Commission,
Commissioner for Energy.

Andris Piebalgs, Commissioner for Energy and Isabel Fernandez, EFG Office Manager at the

Green Week stand

T T
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EFG position paper on Carbon capture
and geological storage

The European Federation of Geologists
(EFG), and especially its panel of experts
on Geothermal Energy and Carbon Cap-
ture and Storage, emphasizes that Carbon
capture and geological storage (CCS)
should be strongly promoted, as it is an
important and direct path towards a fully
sustainable energy future. Document
available at: http.//www.eurogeologists.
de/cms/images/content/EUWSE08/press_
release_RES Directive.pdf

During EUSEW, EFG expert, Kris
Piessens, participated in the workshop on
CCS. EFG PE on CO, Sequestration has
been invited to apply for membership to
the ZEP-CCS Technology Platform (see
News, this issue).

During the exhibition we received sup-
port from EGEC staff and the Belgium
Geological Survey.

The stand received very high attention
from the EUSEW visitor, including Com-
missioner Piebalgs, Transport and Energy
Commissioner and Mr Gonzalez Finat,
Director DG Transport and Energy.

Dr Isabel Fernandez, EFG Office Director

News from Ireland

National Association news: the Institute
of Geologists of Ireland (IGI)

IGI presence at the American Institute
of Professional Geologists Congress in
Flagstaff

Gareth Jones, former Gl and EFG Pres-
ident, represented the IGI at the 3™ Profes-
sional Geological Conference in Flagstaff,
Arizona and the 45" Annual Meeting of
the AIPG Recognition on September 20-
24, 2008 entitled ‘Changing Waterscapes
and Water Ethics for the 21st Century and
Global Geoscience Practice, Standards,
Ethics, and Accountability’.

Gareth co-authored and presented on
the ‘Geotrainet Project’ (see page 34);
‘Geothermal Energy in Europe’; and ‘Pro-
fessional Qualifications as Passports’s (see
page 32).

Gareth was also a signatory to the
‘Flagstaff declaration on International Co-
operation’ between the IGI, EFG, AIPG,
CCPG, ICOG and the Geol Soc London.

EU Directive on recogition of Profes-
sional Qualifications (2005/36/EC)

The EU Directive on the Recognition of
Professional Qualifications (2005/36/EC)
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was transposed into Irish Law on May 6,
2008 under Irish Statutory Instrument (SI)
139 of 2008. Geology is not a Regulated
Profession under the statute. This arises
as the profession of geology has no legal,
regulatory or administrative recognition
here, nor is it likely that this position will
change in the near future.

The Department of Education and Sci-
ence is the Irish National Contact Pointand
the Designated National Coordinator for
the implementation of Dir. 2005/36. The
IGI will make contact with the person(s)
responsible for managing applications to
work as geologists in Ireland so that the
IGI can provide guidance and assistance to
those wishing to work here as professional
geologists.

IGI are currently endeavoring to ascer-
tain how the Directive 2005/36/EC is being
implemented across the EU and how the
Directive applies to geologists moving
from countries where geology is not a
regulated profession to countries where it
is a regulated profession.

IYPE

AnIGI sponsored lecture entitled ‘Climate
Change and Increased Water Demand: A
Volatile Mixture?’ and given by Dr. Patrick
Leahy was held at Trinity College Dublin
on the Wednesday 24 September 2008. Dr.
Leahy, Executive Director of the Ameri-
can Geological Institute, presented an
international perspective on the impacts
of global climate changes which threaten
water resources and outlined a range of
strategies on how we can adapt.

IAH Fieldtrip

The Internationational Association of
Hydrogeologists - Irish Group held their
annual fieldtrip on 27 - 28 September 2008.
The fieldtrip visited the border counties of
Cavan, Tyrone and Fermanagh looking at
the impact of a proposed roadway on a wet-
land designated as a Special Area of Con-
servation (SAC); a small scale Catchment
Hydrology and Sustainable Management
(CHASM) project; a quarry in a dolerite
dyke bounded by Carboniferous Mud-
stones which has an unusual groundwater
regime; the impact of quarry dewatering
on a series of turloughs, also designated
SACs and finally to the Marble Arch Caves
UNESCO Geopark, part of the Erne Karst
system. The Geopark has recently been
extended by the European Geoparks Net-
work into west Cavan.
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IGI 10" Anniversary Celebrations

The IGI 10" Anniversary celebrations are
being planned for 15 - 19 May 2009 in
Dublin Castle. The celebrations will coin-
cide with the hosting by the IGI of the EFG
Summer Council Meeting. The proposed
programme starts with a jointly supported
IGI/EFG/CRIRSCO/IAEG and Geol Soc
Resources and Reserves Reporting Work-
shop to be held at Dublin Castle. The
workshop, which will be opened by Mr.
Eamonn Ryan, the Government Minister
with responsibility for the Department of
Natural Resources, Energy and Commu-
nications, will consider the consistency
among the different resource reporting
standards that are used in the mineral sector
throughout the world. The workshop will
also hear how the petroleum industry
addresses the issue of reserve reporting and
how resource reporting might be applied
in the aggregate industry. The initial flyer
will issue shortly. Following the work-
shop, a reception will be held in Dublin
Castle for IGI members, EFG delegates
and workshop attendees.

Fionnuala Collins

News from Scotland

Announcing the introduction of the
Scottish Fossil Code

The Scottish Government Conservation
Agency, Scottish Natural Heritage (SNH),
has developed a code of best practice in
the collection, care and storage of Scottish
fossils. Aimed primarily at conserving the
fossil heritage of Scotland, the Scottish
Fossil Code encourages responsible use
of this resource for scientific, educational
and recreational purposes.

PEAV

SCOTTISH FOSSIL CODE

A specimen of Diplacanthus
crassisimus found at Hugh
Millers collecting locality in
Cromarty, one of the speci-
mens used in a workshop for
pupils from Cromarty Pri-
mary School on the subject of
fossils held on the occasion
on the launch of the Scottish
Fossil Code

The Scottish Fossil Code applies to
everyone that collects fossils in Scotland.
The Code may be viewed and downloaded
from: www.snh.org.uk/fossilcode.

Alternatively, to receive a paper copy
contact:

Scottish Natural Heritage

Publications Department

Battleby

Redgorton

Perth

PH1 3EW

Tel: 01738 444177

pubs@snh.gov.uk

The essentials of the Scottish Fossil
Code:

- Seek permission - You are acting within
the law if you obtain permission to
extract, collect and retain fossils

- Access responsibly - Consult the Scottish
Outdoor Access Code prior to accessing
land. Be aware that there are restrictions
on access and collecting at some loca-
tions protected by statute

- Collect responsibly - Exercise restraint
in the amount collected and the equip-
ment used. Be careful not to damage
fossils and the fossil resource. Record
details of both the location and the rocks
from which fossils are collected

- Seek advice - If you find an exceptional
or unusual fossil do not try to extract it;
but seek advice from an expert. Also
seek help to identify fossils or dispose
of an old collection

- Label and look after - Collected speci-
mens should be labelled and taken good
care of

- Donate - If you are considering donating
a fossil or collection choose an Accred-
ited museum, or one local to the collec-
tion area..

-



Guidelines for quarry developments

in Ireland

by EurGeol. Kevin Cullen' and EurGeol. Fionnuala Collins’

The extractive industries make an
important contribution to economic
development in Ireland and there will
be a continuing need for some new
or expanded aggregate quarrying
operations on land to meet regional
and local requirements. However, the
operation of quarries can give rise to
land use and environmental issues
which require mitigation and control
through the planning system. There
is a need to identify and protect aggre-
gate resource areas through the plan-
ning system to ensure an adequate
supply of aggregates to meet the likely
scale of future demand while at the
same time protecting Ireland’s natural
and cultural heritage.

he Irish economy experienced an
Teconomic boom during the 1990s

and during the first seven years
of this century. The economic boom was
accompanied by a tremendous increase
in construction industry activity, while
at the same time the Irish Government
implemented the National Development
Plan, designed to update the country’s
infrastructure. The combined effect of the
increased building activity and the Gov-
ernment’s National Development Plan for
infrastructure was reflected in the demand
for stone and aggregate.

This increase in demand was first met
by the existing quarries but soon demand
outstripped the available and regulated
capacity. The shortfall in capacity resulted
inextensions to existing excavations (some
approved and others not) and new excava-
tions, many of which had dubious permis-
sions. The often frenzied efforts to meet the
demand for stone and aggregate resulted
in a lowering of general environmental
standards at and around quarries with noise
and dust being the principle nuisances. The

'PGeo., President, Institute of Geolo-
gists of Ireland.

PGeo., MCIWEM. BMA Geoservices
Ltd.
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Lindustrie extractive contribue largement
audéveloppementéconomiquedelTrlande
et un besoin constant d'ouverture de car-
rieres nouvelles ou de développement
de carrieres existantes va se faire sentir
pour répondre aux demandes locales et
régionales de matériaux. Cependant,
I'ouverture de carriéres peut poser des
problémes touchant I'occupation des sols
et I'environnement qui requiérent de la
retenue et un controle au niveau du sys-
téme de planification. Il est nécessaire
d'identifier et de protéger les futurs sec-
teurs d'ouverture de carriére a l'intérieur
du systéme de planification pour assurer
un approvisionnement convenable en
matériaux, ceci pour satisfaire une future
demande en augmentation probable, tout
en protégeant, en méme temps, I'héritage
naturel et culturel de I'Trlande.

lowering of standards led inevitably to a
public outcry which was responded to by
anew legislative framework for operating
quarries (Section 261 of the Planning and
Development Act, 2000).

With the existing facilities now under
regulatory control, the focus of public and
regulatory attention naturally has turned
onto new quarry applications.

Irish planning regulations require
applications for quarries over 25 hectares
and sand & gravel pits over 5 hectares in
size to be accompanied by an Environ-
mental Impact Statement. In some cases
the planning authority can request an EIS
even where the applicant area is below the
threshold level (Schedule 5 of the Planning
and Development Regulations, 2001 (S.I.
No. 600)).

Due to the poor environmental reputa-
tion of the extractive industry generally,
each planning application, and the EISs
in particular, have become the focus of
intense examination by both the public and
the planning authorities. This scrutiny has
identified that the dewatering aspects of
quarry proposals are particularly important
and the demand for detailed descriptions of
likely significant impacts on aquifers and
dependent eco-systems has resulted in long
drawn out planning enquires with many
ending in outright refusals.

Las industrias extractivas hacen una
contribucion importante al desarrollo
econdmico de Irlanda y seguira habi-
endo necesidad de nuevas canteras de
aridos o ampliaciones de las existentes
para satisfacer la demanda local y
regional. Sin embargo, las canteras
pueden generar alteraciones medio
ambientales que precisaran de su
mitigacion y control por medio de la
planificacion. Hay necesidad de identi-
ficar y proteger los recursos de aridos
por medio de los sistemas de planifi-
cacion territorial para garantizar un
adecuado suministro de aridos que
satisfaga una futura demanda posible-
mente en ascenso, mientras, al mismo
tiempo se protege el patrimonio natu-
ral y cultural de Irlanda.

In its defence, the quarrying industry
highlighted the lack of any guide as to
the level of hydrogeological information
required in an EIS while the planning
authorities have been frustrated with the
quality of information actually contained
in the submitted EISs.

Recognizing this developing impasse,
the Institute of Geologists of Ireland (IGI)
published a Template outlining the infor-
mation that should accompany quarry
planning applications. The IGI Template
gives guidance on the collection, presen-
tation and interpretation of geological and
hydrogeological information for quarry
developments (pp 26-27).

The Template was developed by the
professional members of the IGI who
worked within the extractive industry with
input from industry representatives (the
Irish Concrete Federation). It was designed
to meet the demands of the Environmental
Impact Assessment (EIA) process while at
the same time recognizing that cost control
is vital in the early stage of the planning
exercise. Critically, the IGI Template rec-
ognizes that flexibility must be retained so
that the professional adviser can alter the
range and extent of studies carried out to
reflect the size of the planned excavation
and the complexity and sensitivity of the
hydrogeological environment.
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The IGI Template is published as a
double-sided laminated single sheet and
has been distributed to planning authori-
ties, quarry owners and their representa-
tive body and professionals working in the
aggregate industry. It can be downloaded
from the IGI Web page at: www.igi.ie

The Template recommends that all the
necessary databe collected onbothregional
and local scales; it recommends that the
collected information be interpreted and
presented in a set of plans and sections
that indicate the base line conditions and
which also outline the conditions that are
likely to occur at appropriate Quarry Phase
intervals and also at the quarrying End
of Life.

General Information

This initial section of the IGI Template
places the proposed quarry development
in its regional context with the provision
of geological, hydrogeological and topo-
graphic maps with appropriate scales and
contour intervals and clearly showing the
outline of the applicant area. Maps down-
loaded from the Geological Survey of Ire-
land web page indicating bedrock geology,
subsoil, aquifer and groundwater vulner-
ability are particularly recommended and
useful in this regard.

It is recommended that the application
is accompanied by a recent aerial photo-
graph as this allows the planning authority
toreadily validate information provided by
the applicant and also that proffered by any
objectors to the development. The aerial
photograph should extend 2 km from the
limit of the proposed excavation.

Site Information

At the outset, the IGI Template recognizes
that geological and hydrogeological condi-
tions can change even in the early stages
of a site investigation. The Template rec-
ommends an integrated and flexible field
work programme which has been scoped
on the preliminary conceptual model and
one that is capable of changing and evolv-
ing as the geological and hydrogeological
models develop.

This section describes the range of
site specific geological, hydrogeological,
hydrological and meteorological infor-
mation that will be required to allow the
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development of a set of representative
plans and cross sections. These drawings,
together with the results of pumping tests
and other surveys, will then be used to
develop a conceptual model with which
to describe the baseline conditions and the
likely significant impacts of the proposed
quarrying activity.

The range of investigations that may be
required include:

- Geophysical Surveys

- Trial Pits and Boreholes

- Geotechnical Testing

- Groundwater Monitoring Wells
- Pumping Well(s).

The investigations may also include sub-
soil and rock analyses and groundwater
analyses. Additional studies may include a
well survey, determination of local rainfall
data and measurements of surface water
flows, drainage capacity and surface water
quality.

The IGI Template is not a prescrip-
tive document and recognizes that every
quarry application will be different and
that the range and balance of the informa-
tion required will vary from site to site. It
recommends that the number of boreholes,
trail pits and monitoring wells for instance
be determined by the nature and complex-
ity of the geological regime and the scale
of the likely significant impacts associated
with the proposed excavation.

Most importantly, it is recommended
that the field work be planned, directed and
supervised by appropriately qualified and
competent persons.

Data Interpretation
The final Template section addresses the
need for the interpretation and presenta-
tion of the collected data sets to allow a
full examination of the quarrying proposal
from geological and hydrogeological per-
spectives. It is recommended that the infor-
mation be provided in a series of plans and
sections at appropriate scales and that the
conditions are indicated from the base line
position, at appropriate Phases through the
operating life of the quarry and quarrying
End of Life.

The IGI Template recommends the
development of a conceptual model that

incorporates the range of geological,
hydrogeological, hydrological and mete-
orological information collected. The con-
ceptual model should describe the baseline
conditions and how these conditions will
be impacted by the quarrying operation and
in particular the assumptions used in deter-
mining the scale of any predicted likely
significant impact.

Overview

The IGI Template has been in use for 12
months and so far it has found favour
with the industry, industry advisors and
the planning authorities.

Bringing a quarry application through
the Irish planning system can be a lengthy
and costly exercise. The IGI Template is an
attempt on one hand to inform the Appli-
cantatan early stage of the presence of sen-
sitive hydrogeological environments and
dependant eco-systems that may be at risk
due to the planned quarrying activity. On
the other hand the IGI Template is designed
to provide the planning authorities with the
necessary information on which to base
an informed decision on the likely signifi-
cant impacts associated with a quarrying
application.

Acknowledgements

Irish Concrete Federation; Irish Mining
and Quarrying Society; CSA Ltd.; Tobin
Consulting Engineers; White Young Green
plc; O’Neill Groundwater Engineering.

References
Planning and Development Act, 2000

Planning and Development Regula-
tions, 2001 (S.I. No. 600)

Quarries and Ancillary Activities
Guidelines for Planning Authorities
April 2004

Geology in Environmental Impact
Statements — A Guide -1IGI-2002

Guidelines on the Information to be
Contained in EISs — EPA 2002

This paper was presented at the EFG/GSG con-
ference on Geology and Water Management,
Athens, 30 May 2008.



Master’s course on Geological
Heritage and Geoconservation

by Diamantino Pereira’, José Brilha' and Graciete Dias!

Geoheritage and Geoconservation is a
new domain of opportunities to geolo-
gists who wish to work with Nature
Conservation and land-use actions.
The University of Minho (Portugal) has
offered a two-year Masters Course in
Geological Heritage and Geoconserva-
tion since 2005. Curricular units are
composed of several modules lectured
during the first curricular year, fol-
lowed by the development of a one-
year thesis or project. The success of
previous rounds and the cooperation
with lecturers from the UK, Switzer-
land, and Spain underlines the inter-
est in an increasing internationaliza-
tion of this pioneering post-graduate
course.

(Braga, Portugal) launched a Masters

Course in Geological Heritage and
Geoconservation that is now on its third
round. This is a two-year Masters Course
(2" cycle course with 120 ECTS) accept-
ing students with a 1% cycle degree in Geol-
ogy, Biology, Geography, Environmental
Sciences or related fields. Up to now, 36
students with different academic and pro-
fessional backgrounds have enrolled in the
course. Efforts are being undertaken to
increase the internationalization level of
the course, namely extending this post-
graduate opportunity to other foreign uni-
versities, hence attracting more European
and non-European students.

It is our belief that Geoconservation is
a somewhat new domain worldwide with
the potential to create alternative employ-
ment for geologists, usually less involved
in Nature Conservation issues.

In 2005/06, the University of Minho

Background
Nature Conservation deserves to be taken
more seriously in our Society. Demo-

'University of Minho, Earth Sciences
Department, 4710-057 Braga, Portu-
gal. insuad@dct.uminho.pt
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L'héritage géologique et la géoconser-
vationconstituentunnouveaudomaine
d’'opportunités pour les géologues qui
désirent mener des activités concern-
ant la conservation de la nature et
I'aménagement du territoire. Depuis
2005, I'Université de Minho au Portu-
gal, offre un cours de Maitrise de deux
ans en Héritage géologique et Géo-
conservation. Le cours comprend plu-
sieurs modules dispensés en premiére
année, suivis par |'élaboration d’une
thése ou d'un Projet, de durée un
an. Le succés d'initiatives antérieures
et la coopération de conférenciers
venant du Royaume Uni, de Suisse
et d'Espagne soulignent I'intérét
d'accroitre l'internationalisation de
ce cours post-universitaire d'avant-
garde.

graphic growth, urban pressure in certain
areas, and the uncontrolled use of natural
resources are examples of threats that are
confronting Nature. Hence, Nature Con-
servation policies play an increasingly
relevant role in sustainable development
and land-use planning.

Nature Conservation must be holistic
and should consider, above all, the conser-
vation of geological and biological values.
The need for biodiversity conservation,
one of the natural heritage components, is
already well established. Nevertheless, the
importance of the other component — geo-
diversity — has been neglected. The geodi-
versity concept is rather new, introduced
only at the beginning of the last decade.
It corresponds to the variety of geological
environments, phenomenaand active proc-
esses generating landscapes, rocks, miner-
als, fossils, soils and other surface deposits
which supportlife on Earth. Unfortunately,
among all the national and international
policies related to Nature Conservation,
geodiversity is always underestimated
when compared to biodiversity. It is easier
to engage the public in the protection of
certain endangered species rather than in
the conservation of a fossil-rich outcrop.
The unanimated character of the geologi-

El patrimonio geoldgico y la geocon-
servacidn, es un nuevo campo de
oportunidades para los gedlogos que
deseen trabajar en la conservacion
de la naturaleza y en actividades de
uso del territorio. La Universidad de
Minho (Portugal) lleva ofertando un
curso Master de dos afios en Patri-
monio Geoldgico y Geoconservacion
desde el afio 2005. Las unidades cur-
riculares comprenden varios modulos
impartidos durante el primer afio cur-
ricular, seguido del desarrollo de una
tesis o proyecto de un afio. El éxito de
las ediciones previas y la cooperacion
con profesores del Reino Unido, Suiza
y Espafia subraya el interés y la cada
vez mayor internacionalizacion de
este curso de postgrado pionero.

cal heritage and the lack of awareness of
geology contribute to the lower popularity
of geodiversity in contrast to biodiversity.

The inventory, characterization and
interpretation of our geological heritage
are recent objectives. It is noteworthy
that the 1% International Symposium on
Geological Heritage was held in Digne
(France) in 1991 and the European Asso-
ciation for the Conservation of Geological
Heritage — ProGEO — was created in 1993.
Moreover the 30" International Geological
Congress, held in China in 1996, organ-
ized for the first time a geoconservation
session. In the same year, the International
Union of Geological Sciences created the
Global Geosites Working Group to pro-
mote the inventory of geosites with global
relevance. Some eastern European coun-
tries had already begun national initiatives.
During the last six years, the geopark con-
cept has been implemented all over Europe
as well as in other countries such as China,
Iran, and Brazil. The first scientific event
related to geological heritage in Portugal
took place in 1998 during the 5™ National
Geological Congress. After this event,
some comprehensive initiatives took place
inorder to characterize the Portuguese geo-
logical heritage. In particular, a research
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CURRICULAR UMITS / MODULES
Geodiversity
Biodiversity
Geomorphology and Landscape Evolution

Taaols Applied to Gesconservation
M1. Techniques of Cafographical Represantation
M2 Computers Applad to Geoconsarsation
M3 GIS Applied io Geological Hevitage
M4 Introduction 10 Projects Assessmeant

Geoconservalion Strategies
M1. Inventerying and Characlarsation ol Geological Heritage
M2 Ceonsareation and Managament of Geological Heritage
M3, Intarpratation and Use of Geclogical Heritage
M<. Protected Areas and Gecconsarvakion

Geoconservation and Soclety
M1, History of Matunal Sciences
MZ. Environmental Lagislation
M3 Strategies of Education lor Sustainable Devalopmand
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Table 1. The Masters Course structure. (1) Total number of hours including autonomous student work; (2) Number of hours dedicated to lectures and
guided fieldwork. SD - Scientific domains: A - Archaeology; B - Biology; G - Geology; H - History; HS - History of Science; I - Informatics; L - Law;

M - Management; SE - Science Education

group from the Earth Sciences Centre of
the University of Minho, in collaboration
with researchers from other institutions,
has been working in protected areas from
Northern Portugal in the scope of multidis-
ciplinary projects with the aim of proceed-
ing with the inventory and characterization
of geosites, creating scientific instruments
to support a sustainable management of
resources and territory and contributing to
the increase in public awareness of Geo-
logical Heritage.

The Masters Course on Geological Her-
itage and Geoconservation at the Univer-
sity of Minho was launched in September
2005, in response to the increasing interest
in geoconservation among geoscientists,
park managers, politicians, the general
public and, particularly, Natural Sciences
teachers. This is the first post-graduate
course on offer in Europe in this scientific
domain. It is supported by the strong expe-
rience of the Earth Sciences Department
staff and benefits from the collaboration
of experts from other national and foreign
institutions.

Course aims and structure
This masters course deals with the geo-
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logical subjects associated with Nature
Conservation strategies and actions. The
main aims are:

- To provide post-graduate studies for pro-
fessionals working in state or private
institutions related to Nature Conserva-
tion, as well as environmental NGOs,
wishing for a lifelong learning experi-
ence

- To develop the geoconservation skills
and expertise of young graduates

- To improve the competence of Natural
Sciences teachers in geoconservation
and education for sustainability

- To allow national and international
exchange of geoconservation experi-
ences

- To foster the development of scientific
research in geoconservation.

The masters course is organized into two
academic years (120 ECTS). Curricular
units are composed of several modules
lectured during the first curricular year,
which is followed by the development of
a one-year thesis or project.

The first semester includes a general
overview of Geodiversity, Biodiversity

and Geomorphology and a broad curricu-
lar unit designated by Tools Applied to
Geoconservation comprising four mod-
ules (Table 1).

The second semester is mainly focused
on Geological Heritage and Geoconserva-
tion, with four curricular units: Geocon-
servation Strategies, Geoconservation and
Society, Heritage and Culture, and Themes
and Examples on Geoconservation. The
last unit includes fieldtrips and lectures
given by invited experts.

Curricular units and modules are organ-
ized as sequential intensive courses with
a maximum of two simultaneous units or
modules. In addition to theoretical lec-
tures, the course is strongly based on prac-
tical lectures, fieldwork and autonomous
student activities.

Student profile and theses under devel-
opment (2005-2007)

The majority of enrolled students are from
Portugal (31), but five students are from
Brazil (3), Mozambique (1), and Cape
Verde (1). Foreign students from Africa
received grants integrated in cooperation
programmes and grants from a private
Portuguese foundation (Fundagdo Cal-



Figure 1. Fieldwork is essential for the training of new experts on geoconservation.

ouste Gulbenkian). Students from South
America obtained scholarships from the
European Union: (Program Alban: http://
www.programalban.org).

Regarding professional backgrounds,
46% of students are secondary school
teachers, indicating a major interest for
lifelong learning programmes; 31% are
unemployed young graduates and 23% are
members of protected areas staff (geolo-
gists and other professionals).

The majority of the masters theses
already concluded or under development
have local impact; they are mostly con-
cerned with issues related to protected
areas (7), geoparks (3), municipalities (3),
and with the Coa Valley Archaeological
Park (2). These theses deal with differ-
ent aspects such as making inventories of
geological heritage (9), assessment of geo-
logical heritage (2), the role of geological
heritage in management planning (1) and
geoconservation strategies (1). Theuse and
interpretation of geological heritage (7),
mainly associated with pedagogical issues,
is preferred by students with a teacher
training degree. Four theses concern
national or state geoconservation strate-
gies, namely in Mozambique, Cape Verde
and Brazil and, therefore, have national
impact. One thesis is dedicated to the study
of'the relation between geological heritage
and geosciences museums.

Internationalization
Up to now, internationalization has
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involved only a limited number of stu-
dents from Africa and Brazil, as well as
four invited lecturers from UK, Switzer-
land, and Spain. Different approaches and
experiences prompted by foreign experts
and students are a major contribution to
the general quality of this course.
However, internationalization can be
further enhanced in the near future, with an
increased enrolment of students from other
European and non-European countries.
The EU Erasmus Mundus Programme
supports the “enhancement of quality in
European higher education and the promo-
tion of intercultural understanding through
cooperation with third countries as well
as for the development of third countries
in the field of higher education.” During
2007, informal contacts were established
with the Universities of Zaragoza (Spain),
Modena (Italy), The Aegean (Greece) and
Lausanne (Switzerland) in order to launch
aMaster Course on Geoconservationunder
the scope ofthis EU Programme. Presently,
we are waiting for the next call of the Eras-
mus Mundus Programme to submit a final
proposal for the period 2009-2013.
Meanwhile, due to our acquired expe-
rience, we have been invited to lecture in
international courses such as the Intensive
Courses promoted by the International
Association of Geomorphologists “Geo-
morphosites and Landscape” (Bagnes,
Switzerland, 2006) and “Geopark manage-
ment and Geotourism” (Lesvos, Greece,
2007) and the Summer Course “Geologi-

cal Heritage: Culture,
Tourism and Envi-
ronment” (Moratalla,
Spain, 2007).

Final remarks
With almost forty stu-
dents enrolled in the
Masters Course on
Geological Heritage
and  Geoconserva-
tion since September
2005, we believe that
this course allowed
the training and certi-
fication of an impor-
tant number of spe-
cialists in these sub-
jects. They are also
prepared, in different
ways or strategies, to
raise awareness of
Geoconservation.

In a more specific
way, this Masters
Course:

- Is preparing secondary school teachers
in the subject of Geoconservation, a
rather new domain under the broader
Geosciences scope

- Constitutes an alternative post-graduate
training for young geologists, giving
them a possibility to explore new job
markets related to Nature Conserva-
tion, land-use planning, environmental
education, etc

- Allows the training of protected areas
staff, usually unaware of Geoconserva-
tion issues.

The Masters Course on Geological Herit-
age and Geoconservation is a successful
project that is in increasing demand by
students from diverse backgrounds and
with different goals, being a step forward
in research and research methodologies in
this recent domain.

As Geoconservation is a rather new
subject, internationalization is needed in
order to foster joint efforts, congregat-
ing dispersed initiatives and experiences
and encouraging the development of new
trends and actions. Finally, international
courses with the participation of experts
and students from different countries pro-
mote the visibility of the subject and the
chance to apply to financial resources.
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International recognition and co-
operation, professional qualifica-
tions as passports

by G. LI Jones', J. Clifford’ and C. Akerman’

Based as they are on a combination
of academic qualification and relevant
professional experience, typically a
minimum of five years, professional
qualifications are the international
quality standards. They allow for
mutual reciprocity and mutual recogni-
tion agreements between professional
organizations. They further permit
financial institutions and government
bodies to demand that geologists must
hold such a qualification in order to
sign technical reports for submission
to these bodies. The expansion of this
international network of reciprocity is
a major requirement for the develop-
ment and mobility of the geological
profession.

igorous application ofthe scientific
Rmethod, high standards of profes-
ional practice and strictadherence
to codes of ethics are the cornerstones on
which professional technical qualifications
are based. All institutes that award profes-
sional titles and qualifications require that
the recipients hold a recognized academic
qualification in the relevant discipline,
maintain that qualification through a struc-
tured continuing professional development
(CPD) programme, have relevant profes-
sional experience, and agree to adhere to
a code of ethics in their professional prac-
tice. Thus, the awarding body must have
disciplinary powers, including the power
to expel a member. Organizations that
award professional qualifications include
the American Institute of Professional
Geologists, the Institute of Geologists of
Ireland, the Geological Society of London
and the Canadian provincial associations,
whilst the European Federation of Geolo-
gists and the Spanish Ilustre Colegio Oficial
de Geologos award professional titles.

'Convenor of EFG expert panel on Geo-
thermal Energy. conodate@mac.com
2cliffordconsultants@eircom.net
Schrister.akerman@sgu.se
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Basées en |'état actuel sur une com-
binaison de qualification universitaire et
d'expérienceprofessionnelleappropriées,
courant typiquement sur une période de
5 ans minimum, les qualifications pro-
fessionnelles représentent les standards
de qualité reconnus internationalement.
Elles permettent des accords de réciproc-
ité et de reconnaissance mutuelle entre
les organisations professionnelles. Au-
dela, elles permettent aux institutions
financiéres et de gouvernement d'exiger
que les géologues possédent une telle
qualification pour signer les rapports
techniques qui seront soumis a ces insti-
tutions. L'expansion de ce réseau inter-
national de reconnaissance mutuelle est
une exigence majeure pour le dévelop-
pement de la profession et la mobilité des
géologues professionnels.

Geology as a science recognizes strati-
graphic contacts and understands that
invariably these are not coincident with
country boundaries. Thus, geologists in
their training and practice are consistently
to the forefront in globalization trends.
This is perhaps best exemplified in the
mineral resource industry. In that industry
it is not uncommon, for example, for a
European-based geologist to consult for
an Australian-based company developing
a resource in Latin America and reporting
to a Canadian stock exchange. This is only
possible when there is mutual recognition
of professional titles as international pro-
fessional passports.

Professional titles

At the international level, professional
titles are typically awarded with very
similar level of requirement. Thus, it has
been relatively easy to organize for mutual
recognition of them by their awarding
bodies.

This recognition has developed in two
ways. Firstly, there are agreements to either
directly recognize titles, or to fast-track
membershipapplicationsbetweenanumber
of the awarding bodies. Examples of such

Los titulos profesionales son actual-
mente el estandar de calidad interna-
cional, ya que estan basados en una
combinacion de titulacion académica
con una experiencia profesional rel-
evante, con un minimo que normal-
mente esde 5 afios. Permiten acuerdos
de reciprocidad y de reconocimiento
mutuo entre organizaciones profe-
sionales, permiten también que las
instituciones financieras y los depar-
tamentos gubernamentales exijan
que los gedlogos dispongan de dicha
titulacion para firmar informes téc-
nicos que vayan dirigidos a ellos. La
expansion de esta red internacional de
la reciprocidad es un requisito impor-
tante para el desarrollo y la movilidad
de la profesion geoldgica.

protocols include agreements between the
EFG and AIPG, 1GI and GeolSoc, GeolSoc
and AIPG and IGI and AIPG.

A second approach, which operates
within the minerals sector, is a process
whereby the professional body itself'is rec-
ognized. This has led to the development
of the Recognized Overseas Professional
Organization (“ROPO”) concept. ROPO
lists are developed, and maintained, by
nationally-based  professional bodies
acting on behalf of, or in association with,
stock exchanges. The presence of a profes-
sional body on such a list allows members
of that body to sign-off, as Competent
Persons, technical reports submitted to the
particular stock exchange. Requirements
for a professional body to maintain its
recognition as a ROPO varies between
jurisdictions. However, the requirement
common to all jurisdictions is a commit-
ment to require all title holders to adhere to a
code of ethics and submit to discipline in the
event of a breach of that code (Fig. 1).

The role of the competent person in the
mineral resource sector

The public reporting of mineral explora-
tion results, minerals resources and min-
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Figure 1. Professional qualifications rest on four solid pillars

eral reserves in the Australian, Canadian,
European and South African financial mar-
kets requires that the reports, and resource
information, be based on work undertaken
by a Competent Person. The Competent
Person is named in the report and must
take responsibility for the disclosure. In
order to meet with these requirements a
Competent Person must have first hand
familiarity with the mineral property being
described, and sign a consent certificate
in a prescribed format. These certificates
include the title and date of the report, a
summary of the Competent Persons rel-
evant experience, states whether the Com-
petent Person is independent, or not, of the
reporting entity, and makes a statement
that to the best of the Competent Person’s
knowledge the report contains all scientific
and technical information that is required
so that the report is not misleading.

In signing the Consent Certificate, the
Competent Persons accepts a legal liability
that may, in the event of misrepresentation,
be acted on by the securities regulators, by
the professional body of which the Compe-
tent Person is a member, or in a civil liabil-
ity action. Thus, in order to ensure against
any such action, the Competent Person
must be able to demonstrate that they
conducted a reasonable investigation, are
appropriately qualified and are practising
within the capabilities of their professional
title. They should also have a transparent
and well documented QA/QC protocol,
including a peer review mechanism. It is
also essential that the Competent Person
be familiar with the jurisprudence in the
reporting jurisdiction so as to be aware of
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potential liabilities. It is also important that
the Competent Person have a high level
competency in the reporting language so
as to ensure clarity of presentation.

One of the first decisions that a Com-
petent Person must make when facing an
assignment is — am I competent to under-
take this work? This question is addressed
in all of the Combined Reserves Inter-
national Reporting Standards Committee
(CRIRSCO) -style reporting codes in the
same manner. The key issue is “relevant
experience”. The CRIRSCO Template
expands on this as follows: “determination
of what constitutes relevant experience can
be difficult and common sense should be
exercised. For example, in estimating
vein gold mineralisation, experience in
a high-nugget, vein-type mineralisation
such as tin, uranium etc. will probably be
relevant, whereas experience in massive
deposits may not. As a second example,
to be considered competent in evaluating
and reporting on alluvial gold deposits, a
person should have considerable experi-
ence in this type of mineralisation because
of the characteristics of gold in alluvial
systems, the particle sizing of the host sedi-
ment, and the low grades being quantified.
Experience with placer deposits contain-
ing minerals other than gold may not nec-
essarily provide relevant experience. The
key word ‘relevant’also means that it is not
always necessary for a person to have five
years experience in each and every type
of deposit in order to act as a Competent
Person if that person has relevant experi-
ence in other deposit types. For example,
a person with twenty years experience in

Mineral Resource estimation in a variety
of metalliferous hard-rock deposit types
may not require five years specific experi-
ence in porphyry copper deposits in order
to act as a Competent Person. Relevant
experience in the other deposit types would
count towards the required experience in
relation to porphyry copper deposits. In
addition to experience in the style of min-
eralisation, a Competent Person reporting
Mineral Resources should have sufficient
knowledge of sampling and assaying tech-
niques relevant to the deposit under con-
sideration to be aware of problems which
could affect the reliability of the data. Some
appreciation of extraction and processing
techniques applicable to that deposit type
is also important.”

Asageneral guide, persons being called
upon to sign as a Competent Person should
be clearly satisfied in their own minds that
they could face their peers and demonstrate
competence in the commodity, type of
deposit and situation under consideration.

Company integrity

The need for companies having employees
fulfilling the requirements for a “Compe-
tent Person” or “Qualified Person”, for
instance a EurGeol., PGeo, CGeol or CPG,
cannot be stressed too much. A EurGeol.
mustkeepto the factsand be honesttowards
the employer as well as towards the market,
and hence not exaggerate for the purpose
of having investors to put in capital and
deceive the stock exchange. The EurGeol.
must have great integrity. This is illustrated
by the following example.

A junior company is, according to its
own web site, exploring 19, 100% owned,
uranium projects including five advanced
uranium projects in Sweden and concludes
that the company possesses significant ura-
nium resources. On their website the com-
pany announces in some detail the work
that has been done on each project. Most
project descriptions are terminated with
a “History”, under the heading of which,
and under the subheading “ World Nuclear
Association Brief on Sweden” it is writ-
ten: “Sweden has an estimated 15% of the
world’s uranium deposits.” This informa-
tion has been provided at least since year
2006 and is still announced in September
2008.

The company is thus giving the mes-
sage to the reader, that Sweden has about
15% of the world accumulation of uranium
ore, i.e. about 15% of the world’s economic
concentrations of uranium. This statement
is not verified or supported in the most
important periodical update, currently pre-
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sented every two years, on world uranium
resources, production and demand: OECD
NEA & IAEA, 2006, Uranium 2005:
Resources, Production and Demand, com-
monly known as the “Red Book”. Noris the
company statement supported in any other
modern compilation of uranium deposits.

The reported figures in the “Red Book”
for Sweden are 0.12% of Reasonably
Assured Resources (RAR) and 0.41% of
Inferred Resources, in both cases refer-
ring to world recoverable resources of
uranium as of 1 January 2005. On the list
of countries with Undiscovered Resources
Sweden is not even mentioned.

The figures given in the “Red Book” are
in accordance with the figures reported by
the Geological Survey of Sweden to the
Ministry of Industry in Sweden: Swedish
uranium resources (some of which do not
really fulfill the requirements to be called
resource) amount to around 0.3% of world
resources. It is true that the exploration for
uranium in Sweden has increased enor-
mously in the last few years, but this is also
the case in many parts of the world, so in
reality the Swedish share is probably even
less today than year 2006.

So, why is the company consistently
and still (September 2008) declaring that
Sweden has this huge share of world ura-

nium deposits? Well, the only reasonable
explanation is that the company has such
great activity and economic interests in
Sweden that the economic aspects are
allowed to overshadow balanced calcula-
tions concerning uranium availability. And
how is it possible that the company can
keep on tampering with the truth without
somebody administering a rebuke to the
company? One answer is that the company
is not a member of SveMin, the Swed-
ish Association of Mines, Mineral and
Metal Producers, the trade and employ-
er’s organization for mines, mineral and
metal producers, with nearly 40 member
companies representing approximately
7000 employees within the mining sector
in Sweden. Also that it does not employ
any professionally qualified geologists
who would adhere to the Code of Ethics
which would inhibit them from making
incorrect statements.

SveMin recommends its member com-
panies to follow the rules adopted by the
Canadian Securities Administration where
applicable in accordance with the Swed-
ish legislation. The foundation for this is
the Canadian policy document National
Instrument, N143-101, in which guidelines
are given to companies providing infor-
mation to investors, for instance through

electronic publications such as Internet
websites. It is said by SveMin that any
information published by or on behalf of
a company must comply with these stand-
ards.

Future developments

Recognition of quality standards comes in
the agreements by various stock exchanges
to require that geological reports can only
be submitted when signed by a profes-
sional geologist; so that Stock Exchanges
in Toronto and Vancouver Canada, London
UK, Dublin Ireland, Johannesburg South
Africa and now Lima Peru recognize the
professional qualifications of EurGeol.,
CPG, CGeol and PGeo for this purpose.

Furthermore, in some countries like
Ireland, government departments require
or prefer reports to be signed by compe-
tent professionals. These include mineral
exploration reports, reserve & resource
reports, geotechnical reports, hydrogeo-
logical reports, etc.

The basis for further reciprocity already
exists in mutual recognition agreements
existing between bodies such as CCPG and
EFG. The development of mutual reciproc-
ity agreements, such as between AIPG and
IGI and EFG should form the basis of a
global system of reciprocity.

GEOTRAINET: a European initiative

by Isabel Fernandez Fuentes', Burkhard Sanner’, Philippe Dumas’ and Gareth Jones'

The aim of the project "Geo-Education
for a sustainable geothermal heating
and cooling market”, GEOTRAINET, is
to develop the training of professionals
involved in Ground Source Heat Pump
installations (GSHP). From the differ-
ent groups of professionals involved
in @ GSHP, the GEOTRAINET project
is focused on two target groups:
designers (feasibility study including
geologists) and drillers (who make
the boreholes and insert the tubes).
The project includes the creation of
an EU-wide certification scheme for
both planners and installers of GSHP.
Another project activity will be the
definition  and development assist-
ance for the necessary EU-wide tech-
nical standards

'EFG, Rue Jenner, Brussels.
2European Geothermal Energy Coun-
cil, Rue d’Arlon, Brussels.
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Le but du Projet “Géo-Education pour
un marché durable de géothermie asso-
ciant chauffage et refroidissement”,
GEOTRAINET, est la formation de profes-
sionnels impliqués dans les installations
de pompes a chaleur a partir de I'énergie
du sous-sol (GSHP). Parmi les différents
groupes de professionnels concernés par
le GSHP, il existe deux groupes que cible
le Projet GEOTRAINET : les concepteurs
(étude de faisabilité incluant la présence
de géologues) et les foreurs (qui forent
les puits et les équipent). Le Projet com-
prend la création d’un systéme européen
de certification largement ouvert, a des-
tination des planificateurs et des instal-
lateurs de GSHP. Un autre volet du Projet
consistera en une aide a la définition
et au développement des spécifications
techniques nécessaires a ces utilisateurs
européens.

El objetivo del proyecto “Geo-Edu-
cacion para un mercado sostenible
de calefaccion y refrigeracion geotér-
mica” GEOTRAINET, es el desarrollo
de una formacion especifica para
profesionales dedicados a instala-
ciones de bomba de calor geotérmicas
(GSHP). De los distintos grupos de
profesionales relacionados con dichas
instalaciones, el proyecto GEOTRAI-
NET se ha centrado en dos grupos:
disefiadores (estudio de la viabilidad
del proyecto, incluyendo gedlogos) y
sondistas (realizacion de sondeos e
instrumentacion en los mismos). El
proyecto incluye la creacion de un plan
de certificacion europea para disefia-
dores e instaladores de bombas de
calor geotérmicas.



he European Commission’s “Intel-
ligent Energy -

Europe”  Programme  has
awarded a grant to the European
Federation of Geologists to co-
ordinate a large group of partners, to run a
project for training professionals to install
ground source heat pumps across Europe.

Ground Source Heat Pumps (GSHP)
contribute greatly to energy saving and
emission reduction. In Europe, a sustain-
able market has been established only in
a few countries, Sweden, Switzerland,
Germany and Austria. Research in Europe
shows that one of the barriers to a sustain-
able and growing geothermal market is
the lack of appropriate skilled personnel.
Quality of design and works are also not
always satisfactory. Furthermore, to main-
tain quality, a certification programme for
GSHP workforce is required. This project
will develop a European Education pro-
gramme for the certification of geothermal
installations, which will require didactic
materials, training courses and an e-learn-
ing platform. Training structures in eight
EU countries will be established for geo-
thermal professionals. A European certi-
fication framework will be proposed and
standards and codes will be suggested to
permit harmonization.

The need for quality work is evident
when looking back at the heat pump indus-
try. With the second oil price crises in
1980, the heat pump sales skyrocketed, as
people demanded energy-efficient heating
systems. However, with the oil price still
high, the heat pump sales collapsed shortly
after the peak year 1980 (Fig. 1). So clearly
it was not the economic circumstances, but
acommon lack of quality and experience in
both the heat pump manufacturing and the
system installation, that caused resentment
against that technology. With the oil prices
rising again in recent years, another GSHP
boom can be seen, and we must ensure that
the 1980s experience is not repeated.

The main goal is to promote geothermal
energy by training geothermal installers,
and so removing one of the main barri-
ers to Geothermal Energy H&C in many
European countries. The results will be
a European Certificate to support and
improve the quality of geothermal instal-
lations, with an Education programme to
support Continual Professional Develop-
ment (CPD) for Earth Science Experts and
Drilling Professionals.

An international platform of experts on
Geothermal Energy H&C will be estab-
lished to provide training courses and a
European E-learning platform for shallow
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Geo-Education

for a sustainable gecthammal
heating and cooling market

geothermal applications.

The project will also improve access
to geological data needed for the design
of GSHP installations and propose high
standards for professional requirements
for Geothermal Energy H&C in Europe.

GEOTRAINET is divided into phases
designed to create a certified education
programme and geothermal installer train-
ing.

- The work will comprise:

- Research into data useful for GSHP
installers

- Evaluation of skills required to design,
drill and install GSHPs

- Create curricula for designers, drillers
and installers

- Create, test and optimize training tools

- Suggest standards and codes for the

European market
- Propose a European certification frame-

work
- Launch training courses.

The GEOTRAINET group of partners with
the EFG comprise: the industry representa-
tive European Geothermal Energy Council;
research centers Arsenal Research Austria
and BRGM France; private companies
GT Skills Ireland and Geoexchange Soci-
ety Romania; Universities, Universidad
Politécnica de Valencia Spain, University
of Lund Sweden, Newcastle University
UK. The duration of the project will be 30
months from 1 September 2008.

Curricula for GSHP geosciences and
design

The training of geologists or geoscientists
is necessary for complete GSHP compe-
tence.

Environmental protection: consider poten-
tial contamination of soil and groundwater,
ground stability, hydrogeological knowl-
edge while drilling.

Ground thermal condition: the shallow
geothermal installer training will cover
geothermal resources and ground source
temperatures of different regions, soil and

rock identification for thermal conduc-
tivity, regulations on using geothermal
resources, determination of the most suit-
able geothermal heat pump system.
Technical condition: familiarity with dif-
ferent drilling and digging technologies,
choice of the optimum drilling method,
ensuring protection of the environment
(in particular groundwater) while drilling,
well construction, pressure testing, logis-
tics, building laws, and safety.

A European expert platform will be
established which will create a Curricu-
lum for geosciences and design, and assign
contents and programmes to the work
items identified in the Curricula. Their
professional experience will define the
most relevant areas and knowledge blocks
and the most relevant aspects for a quality
technical assessment of GSHP installa-
tions. They will develop the programme of
education, including necessary contentand
skills requirement, the didactic materials
and also identify the profile and required
professional experience of the teachers.

The qualification of geologists covers
an extensive spectrum of disciplines.
Depending on employment demands
geologists continuously adapt their level
of specialization. Some, such as Geotech-
nics, Hydrogeology, Geophysics, are of
particular relevance for ground analysis in
view of geothermal objectives.

Assessment of geothermal data required
for GSHP design and installation

This assessment involves the following
activities:

Inventory of data available in the Geo-
logical Surveys or equivalent authorities.
A first approach to produce a catalogue of
ground meta-data dedicated to the GSHP.

Collection and evaluation of data to
determine knowledge and skills required
for design and installation of geothermal
H&C.

Site conditions are factors impacting on
the feasibility study of the GSHP (H&C
efficiency, drilling methods, heat exchange
performance, protected areas..). Design-
ers in each EU-27 country need to know
how to access the necessary data. In some
countries (Germany, France, UK..), local
geological documents are available (Geo-
graphical information system (GIS) or spe-
cific reports) to support decision makers
before installing a GSHP. A catalogue of
the types of available information and their
mode of presentation is essential for EU
countries to compare and to develop new
supports and to collect new data.

A best practice case exists in Germany
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where the Geological Survey of Nordrhein-
Westfalen provides the geological data
free, on a CD-rom. Other countries are
developing the same products but access
can be expensive.

The goal is to present the available
geological data from seven EU countries,
assess how available they are for designers,
and what is needed to make them available,
in order to replicate these actions in the
other EU countries. The data assessment
will also include a Guideline to facilitate
the acquisition of geological data by the
geothermal professional. This Guideline
will be included in the didactic material.
BRGM will coordinate this task, and
EFG’s Panel of Experts on Geothermal
Energy will prepare a geological study of
the influence of the ground on the Geo-
thermal installations. Other partners will
collect data for their own countries.

The Geological Survey of France
(BRGM) will coordinate the contribution
to the project of six National Geological
Surveys (CGS Czech Republic Geological
Survey; IGME Spanish Geological Survey;
PGI Polish Geological Survey; INETI Por-
tuguese Geological Survey; BGS British
Geological Survey; TNO Dutch Geologi-
cal Survey).

An internal group of experts will work
on the technical assessment of the project
and BRGM will report on the project. This
will involve listing and categorizing all the
geological data from these countries, as a
template for EU-27, looking in particular
at the following tasks:

- Metadata on the underground

- Geological maps, hydrogeological con-
ditions, ground physical characteristics
and ground thermal conductivity

- Local environment for installation of
shallow geothermal systems: geologi-
cal conditions, climate.

Curriculum for GSHP drilling and
installation

A European expert platform dedicated to
the drilling and installation part of a GSHP
will create a Curriculum for drillers and
installers, the contents of the work items in
the Curriculum as well as didactic material
for the drillers who opt for professional
activity in the GSHP area. The platform
of experts will define:

- Programmes of education, including
necessary content and skills require-
ment to train drillers

- Didactic materials to prepare the learn-
ing materials for drillers

- Profile and required professional
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experience of the teachers for the
training of the trainers.

The objective is to create European materi-
als,updatetheexistingones,andtargetthem
more to professionals. Specific materials
have to be created for vocational training
for the drillers. Existing training material
for drillers is more or less specific for each
country (legal aspects, but also focuses on
a few techniques used locally).

Existing materials in the EU countries
will be collected and homogenized. These
can then be translated and completed with
national data and legal information.

Creation of necessary teaching/learn-
ing materials and of the e-learning
platform

The panel of experts will develop the nec-
essary teaching system to support Geo-
thermal H&C and to train professionals
(geologists, drillers, installers, salespeo-
ple, planners and others) with an e-learning
platform and other learning tools.

The goal is to develop best practice doc-
umentation to be used during the courses,
and also disseminated and used for courses
organized after the project. The documents
will be in English, German, French and
Spanish. They will be adapted for the
eight targeted countries to take account of
national specifications.

An e-learning platform will be created
mainly to train designers around Europe
but the information will be available free
and online.

Establishment of a certification frame-
work at European level and proposal for
standardization

Certification means that an installer has
demonstrated necessary skills, knowl-
edge and ability typically required of a
practitioner to competently install and
maintain a GSHP installation. Certifica-
tion is provided via training programmes
for designers, drillers and installers. These
programmes will be accredited by a cred-
ible authority to make sure they apply suf-
ficiently stringent and uniform standards
and are designed to reach their goals. The
certified training programmes can then be
replicated across the EU.

The certification will apply to geolo-
gists, designers, installers and drillers. It
will be issued on a voluntary basis by
national competent authorities in close
consultation with the relevant stakehold-
ers, allowing it to be recognized at an
EU-level.

The project will underline the advan-
tages of Certification: it may become a

requirement in respect to environmentally-
friendly drilling and installation.

To complete the European certification
framework, standards and codes will be
suggested for the ground part of a GSHP
(existing or new) to contribute to the crea-
tion of a uniform market.

The goal is to avoid unskilled work and
to develop a harmonized European market.
For the heat pumps, EN standards are well
adapted and allow for a free circulation
of machines and components within the
common market. For the ground side of
shallow geothermal installations, relevant
standards and codes exist only in a few
countries with developed GSHP markets
(AT, DE, SE and CH). In FR, IE and NL
the matter is partially covered, and work
is ongoing on developing standards and
codes. A common EU-wide harmonization
is not in sight. An approach for common
standards can be seen between AT, DE
and CH, where geology and work practice
is similar.

The eight target countries will organize
direct training courses. The logistic base
for each training course will be ensured
by the local partner involved in the project.
There will be eight direct training courses:
two for trainers, three for drillers and three
for designers as well as two e-learning
courses for trainers and for designers.
Existing skills and knowledge expected
of people to be trained are:
Designers/Planners:

Students: post graduate, more than 3
years in geology, hydrogeology, etc

Professionals: engineers, geologists,
technicians with 5 years of experience
Drillers:

Students: background in mechanics

Professionals: 3 years of experience.
In the case of shallow geothermal install-
ers, accredited training programmes will
be offered to installers with working
experience, who have undergone, or are
undergoing training as a driller or pipe
layer and have basic geological skills as a
prerequisite. The course evaluation system
consists of:

- an assessment of the skills and knowl-
edge of the professionals

- an evaluation questionnaire filled in by
the course participants on the quality
and relevance of the course

- an overall evaluation report on the train-
ing courses summarizing the course
results and the students’ evaluation
questionnaire.

The theoretical part of the shallow geo-
thermal installer training will cover geo-
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Figure 1. 30 years of heat pump sales in Germany (large graph) and France (inset), after data

from EHPA, BWP, EIA, and others

thermal resources and ground source tem-
peratures of different regions, soil and rock
identification for thermal conductivity,
regulations on using geothermal resources,
determining the most suitable geothermal

ENWAT:

Groundwater bodies along the Hun-
garian-Slovakian border form inter-
connected systems, which supply both
countries with drinking water. Surface
waters, rivers and wetland ecosys-
tems are dependant on the underlying
groundwater. The EU Water Framework
Directive deals with the quantitative
and qualitative status of groundwa-
ter and protection of the ecosystems
which depend on groundwater as first
priority objects. Results of the project,
based on hydrogeochemical evalua-
tions and hydrogeological models,
local needs, cost aspects and best
practices, are a step forward in the
creation of a joint Hungarian-Slova-
kian water management plan by sup-
plying basic data and fresh informa-
tion on transboundary groundwater
bodies.
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heat pump system, system layout, drill-
ing technologies, installation of borehole
heat exchangers, well construction, pres-
sure testing, logistics, building laws, and
safety, plus European standards for shal-

low geothermal, and relevant national and
European legislation.

At the end, as a result of the proposed
training courses, the installers will demon-
strate the following key competences:

Knowledge of geological and geother-
mal parameters of the ground, an ability
to identify and name soil and rock types,
preparation of borehole reports incl. lithol-
ogy, groundwater, etc.; basic geological
and hydrogeological knowledge; familiar-
ity with different drilling and digging tech-
nologies, choice of the optimum drilling
method, ensuring protection of the envi-
ronment (in particular groundwater) while
drilling; ability to install borehole heat
exchangers, to grout, backfill or otherwise
complete the ground source system, and
to perform pressure tests; skills for weld-
ing of plastic pipes and other connection
methods; ability to construct groundwater
wells, to install the relevant pipes, pumps
and control systems; ability to perform
the relevant documentation incl. identifi-
cation and drawing of drilling locations

Hungarian-Slovakian
transboundary groundwater bodies

by Karoly Brezsnyadnszky!, Peter Malik’, Gabor Gaadl', Teodora Szécs', Gyorgy Toth', Andrds Bartha',
Gergely Havas', Jozef Kordil?, Juraj Michalko?, Dusan Bodis?, Jaromir Svasta?, Igor Slaninka?, Jussi Lev-
einen’®, Juha Kaija®, Katalin Gondar-Séregi?, Karoly Gondar®, Eva Kun®, Sandor Pethé? and Viktor Acs?

Les aquiferes localisés le long de la fron-
tiére entre la Hongrie et la Slovaquie con-
stituent un systéme interconnecté qui
alimente les deux pays en eau potable.
Les écosystemes formés par les eaux de
surface, les rivieres et les zones humides
dépendent des eaux souterraines sous-
jacentes. La directive européenne sur
« |le Cadre de I'Eau » traite des aspects
quantitatifs et qualitatifs des eaux sou-
terraines et de la protection des écosys-
témes considérés comme éléments pri-
oritaires du Projet eaux souterraines. Les
résultats du Projet, basés surles modéles
d'évaluations hydrogéochimiques et
hydrogéologiques, lesbesoinslocaux, les
colits et un souci d'efficacité, représen-
tent une premiére avancée dans le
projet de création d'un plan hongrois
et slovaque de management de I'eau,
en fournissant des données de base et
une information au jour le jour sur les
aquiféres transfrontaliers.

las masas de aguas subterraneas
existentes a los largo de la frontera entre
Hungria y Eslovaquia forman sistemas
interconectados que proporcionan a
ambos paises agua potable para con-
sumo humano. Las aguas superficiales,
los rios y los ecosistemas de humedales
dependen de las aguas subterraneas
subyacentes. La Directiva Marco del
Agua de la UE versa, como objetivo
prioritario, sobre el estado cuantitativo
y cualitativo de las aguas subterraneas y
los ecosistemas que dependen de ellas.
Los resultados del proyecto, basado
en evaluaciones hydrogeoquimicas y
modelos hidrogeoldgicos, necesidades
locales, aspectos relativos a los costes
y las mejores practicas, son un paso
adelante para la creacion de un plan con-
junto Hungaro-Eslovaco de gestion del
agua proporcionando los datos basicos y
informacion actualizada sobre las masas
de aguas subetrraneas trasfronterizas.
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etween 2006 and 2008, the
B Geological Institute of Hungary
- MAFTI and the State Geological
Institute of Dionyz Stur - SGUDS have
been cooperating in data and information
collection and exchange to contribute to
a water management plan for three trans-
boundary groundwater bodies in North-
ern Hungary and Southern Slovakia. The
three regions are: Ipoly/Ipel‘ river region,
Aggtelek-Slovak Karstregion,and Bodrog
river region (Fig. 1). The ENWAT project
based on hydrogeochemical evaluations,
hydrogeological models, local needs, cost
aspects and best practices, was founded by
the INTERREG III A Programme. During
the project, the Geological Survey of Fin-
land - GTK, came in, bringing its expertise
in water management practice.
Groundwater bodies along the Hungar-
ian-Slovakian border form interconnected
systems, which supply both countries with
drinking water. Surface waters, rivers and
wetland ecosystems are dependant on the
underlying groundwater. The EU Water
Framework Directive (WFD) deals with
the quantitative and qualitative status of
groundwater and protection of the ecosys-
tems which depend on groundwater as first
priority objects.

Objectives of the project:

- To supply awater management plan
for three transboundary groundwater
bodies to support a safe and healthy
water supply in the studied regions

- To serve as an environmental base for
decision-making processes involving
major cross-border investments

- To supply information on the quantita-
tive and qualitative status of ground-
water concerning the potential negative
health impact of the use of ground-
water

— To inform the population of the region
on rational use of water.

Target groups

Clean drinking water is crucial for the
region and the most important stakeholders
are in this respect the local municipali-
ties.

The protection and restoring of eco-
systems, which depend on the underly-
ing groundwater is the concern of nature

!Geological Institute of Hungary MAFI.
brezscyanszky@mafi.hu

State Geological Institute of Dionyz
Stur SGUDS.

3Geological Survey of Finland GTK.
‘SMARAGD-GSH Kft.
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Figure 1. Locations of the studied areas (1: state border, 2: model frame, 3: model boundary,4:
stream, 5: settlement. A: Ipoly/Ipel’ river region,, B: Aggtelek-Slovak karst area, C: Bodrog-river

and its catchments region

protection organizations and the munici-
palities.

Tourism is an important activity which
depends on clean groundwater. This inter-
est circle includes municipalities, nature
protection organizations and tourist enter-
prises.

Sustainable agricultural activity is
dependant on groundwater and interested
users are agricultural enterprises, farmers,
muncipalities and waterworks

Water suppliers and local waterworks
in the border regions in Hungary and Slo-
vakia are beneficient as suppliers of clean
water for the local poulation.

The ultimate beneficiary of an adequate
water management plan is the local popu-
lation which has its water supply from
groundwater, for drinking, domestic use,
recreational activities etc.

Ipoly/Ipel’ Region

This area and its broader vicinity suffer
from lack of sources of drinkable water.
The improvement of the quality problems
and increased utilization of the water from
Ipoly/Ipel alluvium for water supply on
both sides of the border is the reason why
this area is important.

The area of interest is delimited by
the extent of the youngest alluvium of
the river Ipoly/Ipel’ and partially also of
some of'its tributaries. The alluvium lies on
the impermeable clayey sediments of the
Neogene filling of the Juhoslovenska and
Podunajska panva basins in the Slovakian
side, and on the Nograd Paleogene and
Neogene (sands, aleurites, clays and rarely
limestones) sediments, and partly volcanic

rocks on the Hungarian side.

The main aquifer is the alluvial sedi-
ments of the river Ipoly/Ipel® and the con-
necting terraces. Their thickness is about 4
- 10 m, sometimes more. The gravels and
sands are covered with 1.5 - 4 m of clayey
flood sediments. The changing thickness
sometimes causes the occurence of the
confined groundwater. The gravels and
sands have good transmissivity. The width
of the river flood plain is about 1 - 2 km,
but sometimes only tens of meters.

Groundwater recharge occurs by infil-
tration of precipitations and infiltration of
surface water at high water levels. The
changing (decreasing) surface water level
oftheriver has negative impact of the water
supply possibilties.

Groundwater model

The model created for Ipoly/Ipel’ valley
and its catchments showed firstly the exist-
ence of the sensitive hydraulic state of
equilibrium between the alluvium of Ipoly,
the older porous medium filling the basin,
and the mountains in the surroundings built
up by volcanics.

The very close relationship between the
Duna/Danube river and the lower section
of the Ipoly valley; secondly, the sustain-
able status of water production under the
circumstances.

Hydrogeochemical results

Strong variability of groundwater chemi-
cal composition and quality is character-
istic for the Ipel' region. Ca-Mg-HCO,
dominates the groundwaters as the result
of dissolution of carbonates and hydro-
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Figure 2. Modelled view of Aggtelek-Slovak karst in the FeFlow software

lytical decomposition of silicate minerals.
Groundwater qualitative properties in the
region reflect either the natural character
of the area or the addition of compounds
due to anthropogenic activities.

Anthropogenic  contamination  of
groundwaters is mostly produced by
agricultural activities and production of
waste waters. It is mainly contamination
of the uppermost groundwater horizons
that occurs in the area.

Deteriorated groundwater quality is
mainly characterized by high contents
of nitrates, chlorides, ammonia ions,
phophates or specific organic parameters
(PAH, COD) and occassionally pesticides.
One of the project goals was to fill the
gap in our knowledge regarding organic
contaminants by additional sampling
and analyses. One can find the most
contaminated  groundwaters  aroung
settlements; every site needs detailed
surveys in the future.

Mineral and thermal waters play
a significant role in the area. Their
characteristics are described in the special
project report.

Water management

In the Ipoly/Ipel’ valley, the water produc-
tion is sustainable, however, some parts of
the groundwater bodies have poor chemi-
cal status. Locally high pesticide concen-
trations (> 0.5 mg/l) are found in both
surface water and in groundwater along
the Ipoly/Ipel’ valley. Pesticides in unsatu-
rated soils can be released by erosion, and
climate change may increase this risk.
Nitrates have also a substantial impact on
the shallow parts (0-20 m) of the ground-
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water systems. In general, the pesticide
concentrations detected suggest that water
quality can be considered to be at risk
until further investigations have been made
and the additional measures as defined by
WED, have been taken. More information
on the pesticide concentrations in ground-
water, unsaturated zone and surface water
are needed to be collected urgently.

The investigations indicated that there
are local pollution problems and direct and
indirect sources of hazardous pollutants
that may also cause groundwater pollu-
tion in the future. Evidently, there is a
need to continue the characterization of
pollution spread and the risks for ground-
water resources by more detailed sampling
and modelling on both sides of the border.
Coordination and implementation of such
activities jointly could provide logistical
advantages, reduce overlapping activities
and lead to savings in time and money.
If not a prerequisite then at least a great
benefit for integrated water resources man-
agement and successful implementation of
the WFD, are the direct links and coopera-
tion between regional and even municipal
authorities and expert organizations. One
of the underlying objectives of WED is to
create a common understanding of activi-
ties dealing with transboundary water
resources. Particularly in the management
of pollution cases and in crisis situations
requiring fast response and actions, it is
important that cross-border authorities are
ready to exchange information and com-
municate directly with their transboundary
counterparts rather than using high-level
representatives as middle-men withouta good
knowledge of the conditions in the field.

Aggtelek — Slovak karst region

The Aggtelek Mountain and the Slovak
karst form a large common karstic aquifer
system in the eastern part of the countries.
It is selected in the Danube-basin report
as a highly-important transboundary water
body. National Park covers the majority of
its surface, where the role of the ground-
water is presented by springs and stalac-
tite caves. This significant drinking water
resource in Slovakia and regionally impor-
tant resource in Hungary is in a vulnerable
area and requires protection.

The groundwater body is in a Meso-
zoic complex with morphologically visible
karstic plateau and canyon-like valleys of
water courses, separating different units
(Fig. 2). Hydrogeological units are very
different according to the character of per-
meability, character of groundwater circu-
lation, type of groundwater regime, and
also in the resulting yield of groundwater
springs. From a hydrogeological point of
view, the most important tectonic unit in
the area is the Silicikum unit, mainly its
Middle Triassic and Upper Triassic part.
The most important aquifer here is the
Middle and Upper Triassic limestone and
dolomites with karst-fissure type of perme-
ability. Similarly important hydrogeologi-
cal units in the Hungarian side are Alsoh-
egy, Nagyoldal, Haragistya and Galyasag,
which contain the Aggtelek-Domica cave
system. Tertiary basins act as a regional
impermeable barrier for the groundwater
accumulated in Triassic limestone.

The transboundary karstic aquifer is
divided into two water bodies by the state-
border. The horizontal extensions are 598
km? and 471 km? respectively in Slovakia
and in Hungary, thus the total area is 1069

km?.

Groundwater model

Based on the modelling procedure of the
Aggtelek —Slovak karst region, the follow-
ing statements were proved:

Budget of karst-water system is deter-
mined by natural factors, mainly effective
precipitation. Therefore, the systemis very
sensitive to changes of climate.

The main discharge of springs controls
the natural balance.

Significant increase of water with-
drawal combined with effects of climate
change would dry out some of the springs,
causing problems for water supply.

Hydrogeochemical results

Groundwater chemical composition and
quality originates mainly from the proc-
esses of the water-rock interactions.
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Figure 3. Distribution of nitrates in groundwater in Bodrog / Bodrogkéz - Rétkoz region.

(Not valid inside the settlements)

Groundwaters mostly circulate in lime-
stones and dolomites of the Mesozoic
rock formation (Middle and Late Trias-
sic). Ca-HCO, and Ca-Mg-HCO, domi-
nate the groundwaters that are not affected
by anthropogenic activities. The natural
character of the groundwater circulation
system conditions good qualitative proper-
ties of the groundwaters.
Mostoftheareaconsistsofgroundwaters
of the best quality. These groundwaters
fully meet the criteria determined for
their use for drinking purposes. In most
cases, concentrations of trace elements are
very low and mostly below quantifiable
limits . Anthropogenic contamination was
documented only rarely, usually close to
settlements. It was mostly indicated by
higher contents of nitrates, chlorides,
sulphates, chemical oxygen demand,
potassium. High iron and manganese can
be found at the adjoining Tertiary artesian
aquifers with reductive conditions.

Water management

In the Aggtelek - Slovak karst area, the
chemical status of groundwater can be
considered to be good, but future climate
change may increase extreme hydrological
events. In the worst scenario, higher and
more rapid flood peaks will set pressures
to water channels by erosion while drought
periods damage the ecology of the fragile
karst area and thus chances for ecoturism.
A significant threat in this poor part of
Slovakia and Hungary is the uncontrolled
land use and building on flood-prone areas.
Rehabilitation and creation of wetlands
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provides water storage and prevention of
basal erosion in flow channels as well as
cost-efficient measures to reduce local
nitrate problems and eutrophication of sur-
face water (e.g. by constructed wetlands).

Bodrog region

At the common eastern border of Slovakia
and Hungary, the alluvial aquifer system
corresponding to the Bodrog River catch-
ment area in Slovakia and the Tisza-valley
between Zahony and Tokaj (confluence
with the Bodrog River) has been selected
as being important due to (i) its significance
in meeting the water demand of the region,
(i1) contamination threat of the ground-
water in the vicinity of the state border
between Slovakia and Hungary. Some part
of the aquifer system is in Ukraine.

The aquifer is the alluvial deposit of
the Bodrog River and its tributaries. The
Tisza divides the lowland area in Hun-
gary into Bodrogkdz (northern part) and
Rétkdz (southern part). Holocene silty-
clayey layers cover the surface with peaty
areas. The Quaternary aquifer is around
60 m thick in the Slovakian side and its
thickness gradually increases in Hungary
towards the South (50 - 200 m). The fluvial
sediments (from sandy gravels in the North
to sands is the South with intercalated silt
and clay lenses) can be characterized by 5
- 30 m/d hydraulic conductivity.

In the Slovakian part, only the Quater-
nary aquifer system is part of the trans-
boundary water body-complex while in
Hungary the Upper part of the Pannonian
formation is also attached (depth is app.

500 m, corresponding to water temperature
less than 30 °C). The horizontal extension
of the water body in the Slovak side is
1466 km?, while in Hungary the two water
bodies cover an area of 1300 km?.

The main recharge area is in Slovakian
territory, and partly in the Tokaj Moun-
tains. The rain waters infiltrate at the mar-
ginal mountains and penetrate into perme-
able deep aquifers. In the upstream part
of the catchment area surface waters also
contribute to the recharge.

Groundwater model

Theresults of the model created for the area
of the Bodrog basin and its catchments are
as follows:

The main recharge areas are situated to
the south of the Bodrog region, from where
the effectively infiltrating water forming
the regional flow system migrates toward
the central region of the basin.

The Tokaj Mountains to the west are
a significant recharge area as well, where
water flows through the weathered, fis-
sured vulcanic rocks or in the alluvial
sediments of the streams and reaches the
basin deposits, where it is discharged into
the Bodrog-valley and the west side of
Bodrogkoz.

The regional discharge-factor is the
groundwater evapotranspiration in the
Bodrogkdz and Rétkdéz regions, while
along the Tisza River a line-discharge is
subsidiary.

At present there are no adverse effects
of the groundwater abstraction on the
dependent ecosystems, or on the safe yield
of groundwater in both countries.

Hydrogeochemical results

Strong variability of groundwater chemi-
cal composition is characteristic for the
Bodrog region. In respect of prevailing
processes of chemical content formation,
Ca-HCO, and Ca-Mg-HCO, dominate the
groundwaters as the result of dissolution
of carbonates and hydrolytical decompo-
sition of silicate minerals. Groundwater
qualitative properties reflect either the
natural character of the area or significant
addition of compounds due to anthropo-
genic activities. Anthropogenic contami-
nation of groundwaters is mostly produced
by agricultural activities and production of
waste waters. It is mainly contamination of
the uppermost groundwater horizons that
occurs in the area.

High nitrate concentrations (> 50 mgl")
and very low contents of dissolved oxygen
(less, than 5 mgl!) were documented in
most groundwater samples (first aquifer



of the Slovak area). Moreover, high con-
centrations of chlorides, sulphates and
phosphates or specific organic parameters
(PAH, COD) and occassionally pesticides
are also documented. The character of
groundwater quality on the Hungarian side
is different. Generally lower concentra-
tions of nitrates, sulphates and chlorides
and higher contents of iron, manganese,
ammonium ions and in some cases arsenic
were recorded. This is caused by the fact
that groundwater analyses of Hungarian
side represent relatively deeper aquifer
horizons, in which anoxic conditions can
be expected. Lack of dissolved oxygen
usually in combination with high concen-
trations of iron, manganese and ammonia
were quite frequently observed in ground-
waters. In most cases, the concentrations
of trace elements correspond with natural
conditions of the groundwater circula-
tion, i.e. their concentrations are very low.
Locally higher concentrations of trace ele-
ments were reported only for aluminium,
zinc and selenium.

Water management
The drainage basin of Bodrog is in a state
of equilibrium but the chemical status

MONITORING,
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of groundwater is strongly affected by
human activities. In spite of lower aver-
age nitrate concentrations in Hungary,
data includes high measured nitrate con-
centrations particularly in association with
potential pollution sources such as rural
settlements (Fig. 3). Increasing evapora-
tion due to warming climate or changes
in river dynamics can critically increase
concentrations of dissolved components in
shallow groundwater. Due to the relatively
high TDS and CI- concentrations in shal-
low groundwater the future management
of water resources should pay attention to
the potential impacts of increasing evapo-
ration in a warming climate.

Conclusions

The investigations indicated that there are
local pollution problems and direct and
indirect sources of hazardous pollutants
that may also cause groundwater pollution
in the future. Evidently, there is a need
to continue the characterization of pollu-
tion spread and the risks for groundwater
resources by more detailed sampling and
modelling on both sides of the border. Joint
coordination and implementation of such
activities could provide logistical advan-

tages, reduce overlapping activities and
lead to savings in time and money. If not
a prerequisite then at least a great benefit
for integrated water resources manage-
ment and successful implementation of the
WEFD, are the direct links and coopera-
tion between regional and even municipal
authorities and expert organizations. One
of the underlying objectives of WFD is to
create a common understanding of activi-
ties dealing with the transboundary water
resources. Particularly in management
of pollution cases and in crisis situations
requiring fast response and actions, it is
important that the cross-border authori-
ties are familiar with exchanging infor-
mation and communicating directly with
their transboundary counterparts rather
than using high-level representatives as
middle-men without a good knowledge of
the conditions in the field.

Details of ENWAT projects and com-
plete results are available at: http://www.
enwat.eu and on DVD available on request
from: dvd@enwat.eu.
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