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Schiefergas wird aus Gasschiefern
gewonnen

e Grolle Mengen, strategisch wichtig

e Muttergestein = Reservoirgestein

e Thermogene oder biogene Bildung

e Freies, adsorbiertes und geldstetes Gas
e sehr geringe Durchlassigkeit i
e Heterogenes Gestein ==
e Produktion: Hydraulic Fracturing mh
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Im Tonstein bilden sich
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Unkonventionelle

Erdgasbohrung Konventionelle

Erdgasbohrung
m’_‘:‘ =

Mischung aus Wasser,
Sand und chemischen
Zusatzstoffen

Erdgas flielBt
durch die
Risse zur
Bohrung

Sandkérner
halten die Risse
offen

Im Tonstein bilden sich
Risse durch den Druck
in der Bohrung
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Southeas!
IEA, 2012 "Golden Rules for a
golden Age of Gas"
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Schiefergas-Potenzial Europa

Updates:
Ukraine |
| Poland
Turkei |: Feb. 2012
14, National Geological
Polen - ' Service: 12-27
1 (possibly up to 67) Tcf
Schweden  — Abschatzung der Erdgasressourcen (EIA: 187 Tcf)
Danemark ':' Schiefergas
1 B hauptsachlich konventionelles Erdgas Germany
Grol3britannien F April 2012
" __. National Geological
e | Service: 25-81 Tcf
Niederlande L (EIA: 8 Tcf)
Deutschland _i' - UK
| “The UK has far greater
Frankreich | | J ) reserves of shale gas
2 - than previously
0 50 100 150 00 estimated [...] a study to
US EIA 2011 Trillion cubic feet (Tcf) be published next year is

expected to show.”
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Schiefergas-Potenzial Europa

"State of the art" Explorationsmethoden
gekoppelt mit unabhangigem Umwelt-
Monitoring mussen eingesetzt werden, um
das Shale Gas Potenzial in Europa belastbar
ZU bestimmen.
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Risiken und die offentliche
Debatte
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Timeline

,,Gold Rush...”

U.S. Congress
Launches
Investigation
Into Gas
Drilling
Practices

Texas Natural Gas Producing Well

U.S. EPA
Initiates
Hydraulic

Fracturing Study

~polemisch*

wissenschafts-basiert”

Blackpool
earthquakes
Mag: 2.3/1.5

shale gas

Howarth et al. paper on carbon

footprint published

Discussion on climate impact starts

in the UK:

2011
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BOR G- « Sofern die gesetzlichen Regelun-
gen eingehalten, die erforderlichen
technischen MalRhahmen getroffen
und standortbezogene Vorunter-
suchungen durchgefuhrt werden,
iIst aus geowissenschaftlicher Sicht
ein umweltvertraglicher Einsatz
dieser Technologie mdglich.

* Fracking und Trinkwasserschutz
sind grundsatzlich vereinbar.

 Schiefergas aus heimischen
Vorraten konnte dazu beitragen,

Abschatzung des Erdgaspotenzials aus den auf die Erschopfung der
dichten Tongesteinen (Schiefergas) in bekannten Lagerstatten zuruick-
Deutschland zufuhrenden Rickgang der
Erdgasforderung Deutschlands
aufzufangen.
GFZ | I . i
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% Bundesministerium
2 fiir Umwelt, Naturschutz
und Reaktorsicherheit

Umweltauswirkungen von Fracking bei der Aufsuchung
und Gewinnung von Erdgas aus unkonventionellen Lagerstitten
- Risikobewertung, Handlungsempfehlungen und Evaluierung
bestehender rechtlicher Regelungen und Verwaltungsstrukturen

von

Dr. H. Georg Meiners | Dr. Michael Denneborg | Frank Maller
ahu AG Wasser - Boden - Geomatik, Kirberichshofer Weg 6, 52066 Aachen
Dr. Axel Bergmann [ Dr. Frank-Andreas Weber |
Prol. Dr. Elke Dopp [ Dr. Carsten Hansen [ Prof. Dr. Christoph schiith
I'WW Rheinisch-Westfalisches Institut fOr Wasser —
Beratungs- und Entwicklungsgesellschalt mbH,
Moritzstr. 26, 45476 Milheim a.d. Ruhr

in Kooperation mit;

Hartmut Galiner [ Dr. Georg Buchholz
[Galiner, Groth, Siederer & Coll. | Rechtsanwilte Partnerschaftsgesellschaft,
Energieforum Berlin, Stralaver Platz 34, 102432 Berlin
Prof. Dr. Ingo Sass | Dipl-lng. & MsSc, sebastian Homuth | Dipl-Ing. Robert Priebs
Technische Universitidt Darmstadt, Institut fir Angewandte Geowissenschalten,
Fachgebiet Angewandte Geothermie, Mornewegstr. 32, 64293 Darmstadt

IM AUFTRAG
DES UMWELTBUNDESAMTES

August 2012

Kein Verbot von Fracking

Verzicht auf Erdgasbohrungen und
Fracking in sensiblen Gebieten

Offenlegung der Zusammen-
setzung der Fracking-Flussigkeiten

Entwicklung von Monitoring-
programmen fur das Grundwasser
und die Umgebungsiuberwachung

Obligatorische UVP-Pflicht und
wasserrechtliche Prufung und
Erlaubnis von Fracking-Bohrungen
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Fracking in unkonventionellen
Erdgas-Lagerstitten in NRW

Kurzfassung zum Gutachten

Gutachten mit Risikostudss zur Expéoration und Gewinnung von Erdgers aus unkomentionallzn Lagerstatten
in Nordrhiein-Westfalen (NRW) und deren Auswsriungen auf dan Naturbaushalt insbesonderns die aifentliche
Trinkwasserwersorgung”

6. September 2012

Auftraggeber
| Miresterium fir Klimaschutz, Urnwes, Landwirtschadt, Natwre und Verbraucherschutz
y des Landes Mordrhein-iestfalen

in Abstimrmurg mit:
Miresterism fir Wirtschaft, Enargie, Industre, Mitielstand vnd Handwerk des Landes
Wordrhein-Westfalen

Kein Hydraulic Fracturing, bis
folgende Bedingungen erfullt sind:

e Verminderung des Gefahrdungs-
potenzials der Frack-Additive

e die Klarung der grofRraumigen und
standortspezifischen geologischen,
hydrogeologischen und hydro-
chemischen Verhaltnisse

e einwandfreie LOsung der
Entsorgung des Flowback

e Festlegung von Bewertungs- und
Genehmigungskriterien far
Fracking-Vorhaben inkl. der
zugehorigen Uberwachung
(Monitoring)
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« The health, safety and

environmental risks can be
Sh a |e gas managed effectively in the UK.
eXtraCt I O n Fracture propagation is an unlikely
| n th e U K cause of contamination.
 Robust monitoring is vital.

e Seismic risks are low.

 Water requirements can be

June 2012 managed sustainably.
 Regulation must be fit for purpose.

THE

ROYAL ROYAL

SOCIETY 0 ENGINEERING
GFZ | . | | - é
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« Cumulative projects have high risk
of surface and groundwater
contamination, water resource
depletion, air and noise emissions,
land take, disturbance to
biodiversity and traffic-related
impact.

 Extensive review of the practices,
legislation, and standards that can
be used to manage hydraulic
fracturing risks.

Support to the identification of
potential risks for the environment and e 40 justified risk management

human health arising from . measures evaluated for their
hydrocarbons operations involving

hydraulic fracturing in Europe effectiveness and feasibility.

« Many gaps and potential gaps in

) European legislation identified.
Report for  European Commission 247 AEA . 14-3.5--37%'1’1

DG Environment
AENR/EDS7281

¢Sl “NERG
Sept. 2012
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Wichtige Umweltfragen

e Induzierte Seismizitat

e Verunreinigung des Grundwassers
e Treibhausgas-Emissionen

e \WWasserverbrauch

e Chemikaliengebrauch

e Abwasser
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Gefahr fur das Grundwasser?

____________________________________________________ Aidod}
TTRRLA)

Neutraler Expertenkreis

Risikostudie Fracking
Utersichtsfossung der Studie

SR e SRR s Bl
fiar dic Erdgasgewinnung zus unkonventionellen Ouellen”
C Ewen, [0 BOrChand®, 5 Aichter 7. Hommerpocher

ﬁ HELMHOLTZ

Herbstsitzung des Arbeitskreises Energie (AKE) in der Deutschen Physikalischen Gesellschaft
Bad Honnef, 12. November 2012 | GEMEINSCHAFT

Helmholtz-Zentrum
PoTspAMm



S DI,

Sromong: . M

Herbstsitzung des Arbeitskreises Energie (AKE) in der Deutschen Physikalischen Gesellschaft ﬁ HELMHOLTZ
Bad Honnef, 12. November 2012 | GEMEINSCHAFT

Helmholtz-Zentrum
PoTspAm



Barnett Shale Mapped Frac Treatments/TVDs
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Frack-Flissigkeit wird nach oben gedrickt

\ AusreiBer-Frack-Riss trifft genau auf Stbrungj
- —

. = — —_— —
T e — — — —— — —— —
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Tiefenwasser-fuhrende Schicht im Munsterlander Becken

Verhaltnis Hohe zu Breite 10:1

Bohrlochmitte
+500m

B -0 m (NHN)

e -500 m

————————————————————— -1.000 m

—————————————————————————————————— -1.500 m

Emscher Mergel (Barriere-Schicht)

m Cenoman-Turon (Tiefenwasser fiihrende Schicht)
- Karbon (mit gashaltigen Schichten)

Ewen et al. 2012 o e e

H ‘

»AUf sehr lange Sicht ist ein Transport zu den Thermalbadern zwar auf3erst

unwahrscheinlich, theoretisch aber vorstellbar.“
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Erdgas steigt auf

AusreiBer-Frack-Riss trifft genau auf Storung ¢

Erdgas sammelt sich in Ausbuchtung " Extrem langer Frack-Riss

i e— e e e e e e e~ -
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Gefahr Klimawandel?

LCA

Produktion

Gesamtemissionen im Lebenszyklus

Nutzung

Erdgas ist der sauberste fossile
Brennstoff. Im Vergleich zur
Kohle erzeugt Erdgas

®* 45% weniger CO,
®* 80% weniger NO,
® 99.9% weniger Schwefel

http://.prowettbewerb.d ® 99 . 5% wen Ige r Partl kel
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7» AEA

Climate impact of potential shale gas
production in the EU

Final Report
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TyndaliManchester UsS CQz Emissio_nen aus he_imi_scher
peaeiens| - Energieproduktion sind seit einem
Hochststand 2005 um 8.6% gefallen [...].

Zum Telil ist das auf einen Wechsel von
Kohle zu Erdgas in der Energieerzeugung
zuruckzufuhren.

Has US Shale Gas Reduced C0Oz Emissions?

Exomining recent changes in emissions from the US power sector and treded fossil fuels Zeitgleich haben SiCh die US Kohleexporte
signifikant erhoht und der globale
Kohleverbrauch ist gestiegen. [...]

or john Broderick & Prof Kevin Anderson

Tt achenr Berechnungen legen die Vermutung nahe,
o e 2 manchestar s dass mehr als die Halfte der in den US
reserch istng commissionscy TN CO-OpEFative vermiedenen CO2 Emissionen als Kohle

exportiert wurden.

This report is non-peer-reviewed and all wiews contained within are attributoble to the
authors and do not necessarily reflect these of researchers within the wider Tyndall Centre.

Has US Shale Gas Reduced CO2 Emissions?
Broderick and Anderson Oct. 2012
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4 International
- ) Energy Agency

Golden Rules for a

Golden Age of Gas

World Energy Outlook
Special Report on Unconventional Gas

Mehr Erdgas allein fahrt nicht zur Erfallung
der international vereinbarten Klimaziele
(2° C)

Diese Klimaziele erfordern ein mehr
grundséatzliches Umdenken in der globalen
Energiepolitik:

*\Verbesserte Energieeffizienz

*Mehr kohlenstoff-arme Energiequellen
entwickeln

*Breite Anwendung von kohlenstoff-armen

technologien, inkl. CCS

GFZ

Helmholtz-Zentrum
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www.shale-gas-information-platform.org

An Initiative of

"SHIP GFZ

SHALE GAS INFORMATION TR
PLATFORM POTSDAM

SHIP

Shale Gas Information Platform

fpm
|

E Viele Inhalte auf der SHIP Website | Neuestes
sind auf Deutsch verflgbar. :

Zur Ubersicht.

Meuigkeiten automatisch per E-Mail: Abonnieren  RSS Feed: 1]

Informationen uber: Entwicklung eines weltweiten Standards fiir das Risikomanagement von
F pix _ Schiefergas |
Was ist Schiefergas? 5 |
15.10.2012 | Allgemein
Wo kommt es vor?
: Die DMV (Det Morske Veritas) hat eine Richtlinie fir den gesamten Lebenszyklus der
Was sind die Vorteile? Schiefergasfirderung erarbeitet, die auf den Grundsétzen des Risikomanagements beruht. Die
Was sind die Risiken? Richtlinie soll als Referenzdokument fir die unabhangige Prifungvonl...] mehrlesen

F.ria" Horsfield spricht MNeue Studien der Europaischen Kommission zu maglichen Folgen der



Shale Gas Information Platform

e S|

SHIP

P Ist ein Experten Netzwerk

P: Informationen, Publikation, Dialog

P Ist wissensbasiert, transparent und

ausgewogen
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An Initiative of Water Protection i The Debate Home
Induced Seismicity { Basics ofShale Gas | Aboutus

S H I p G F Z Climate Impact :  Expert Articles Contact

= 5 Operations Discussion Imprint
e INE :
SHALE GAS INFORMATION TR Legislation . Register

PLATFORM PoTrsoam

About us

The Core Team . Expert Network
of the SHIP initiative

The Shale Gas Information Platform relies on a network of international experts who share their
expertise on different aspects of shale gas. The network is broughttogether by the GFZ German
Research Centre for Ge

Prof. Brian Horsfield Joanna Hanson Matteo Loizzo Dr. Grit Ludwig Boris Martor
e . Independent Academic Independent Consultant Helmhottz Center for Eversheds LLP
Head of GFZ Bection Organic Lenden, UK Berlin, Germany Envirenmental Research Paris, France
Geochemi GmbH - UFZ
= . Department Envil ental
phone: +4! 1780 [e-mail] a:gih?:?ng E:‘fnm’" .
Leipzig, Germany

Dr. Andreas Hiibner Dr. Theresia Petrow Prof. Michael Prohaska Ewa Rutkowska-Subocz Prof. Susan L. Sakmar

SF7 Sec anic GFZ Section Organic Faculty of Deep Driling Energy & Natural Univ. of San Francisco
GFZ Section Organic Geochemistry Resources Group School of Law
phone +49 : Potsdam, Germany University Leoben, Austria  Salans, Warsaw, Poland San Francisc

m a




Shale Gas Information Platform

e S|

SHIP

P Ist ein Experten Netzwerk

P: Informationen, Publikation, Dialog

P Ist wissensbasiert, transparent und

ausgewogen
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SHIP

SHALE GAS INFORMATION

PLATFORM

An Initiative of © Water Protection :  The Debate { Home
¢ Induced Seismicity Basics of Shale Gas Aboutus
] 4 i Climate Impact Expert Aticles Contact
i Operalions : Discussion i Imprint

Halmholtr Cantra i Legislation i Register
PoTsDam : :

SHIP

Shale Gas Information Platform

Find out about shale gas:

What is shale g
Where ig it found?
What ar

What are the r

Brian Horsfield about SHIP

New European Commission studies on possible consequences of exploiting
shale gas
14.09 2 | Water Protection, Climate Impact, Legislation

The European Comir on (EC) has com ioned three studies to investigate the possible
consequences of exploiting shale gas. The studies were published on 7 September, 2012 and look at
the potential effects of unconventional fuels on energy]..] read more

Further German risk study: conditions for safe hydraulic fracturing
14.09.2012 | Generic, Water Protection

In addition to the recent shale gas dy of the German Federal Ministry of the Environment, another
risk study was published by the environmental and economic ministries of the German state of North
Rhine-Westphalia. This study (weblink tol...] read more




An Initiative of ¢ Water Protection The Debate
¢ Induced Seismicity :

| SHIP GFZ Climate Impac

. § Op 5 Discussion Imprink
SHALE GAS INFORMATION A : aqgislation : . Register
PLATFORM POTSDAM

IP

le Gas Information Platform
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SHIP

SHALE GAS INFORMATION

Halmheltz Centre

PLATFORM PoTsoam

Basics of Shale Gas

Information on: Basics of Shale Gas

What is shale gas? Itwas long known that shales may cgg®in significant amounts of oil or natural gas. But only technology
advances in directional drilline g ydraulic fracturing made it possible to extract these ressources
econs ale in Texas, U.S. was the first shale gas play to be exploited at large-scale,

with intensive drilling starting in the late 1980s.

Where is it found?

What are the benefits?

What are the risks?

What is shale gas?

More...
Shale Gas is natural gas thatis presentin shale rocks. Throughout the world, different types of

sedimentary rock contain natural gas deposits, for example sandstones, limestones or shales.

i Sandstone rocks often have high permeability, which means that the tiny pores within the rock are well
The Basics: Induced Seismicity connected and gas can flow easily through the rock. In contrast, shale rocks usually have very low

i permeability, making gas production more complex and costly.

The Basics: Water Protection

The Basics: Climate Impact

Shale gas is considered a so-called
“unconventional gas®, together with tight gas™
from sandstones or limestonas with low
permeability and “coal bed methane™ (CBM).
While both conventional and unconventional
deposits do host natural gas, it's the more
elaborate production methods that distinguish
unconventional from conventional deposits;

The Basics: Operations




\..]..!
i

el e = AT T

[read mare]

ontinuously developed and updated.
more than 40 000 shale gas wells have been completed in the last two decades. Following an

One of the major public concerns in shale gas development is the protection of groundwater from fluids

that are flowing in a cemented steel casing from the shale gas resernvoir to the surface. In the United

The Importance of Wellbore Integrity for Groundwater Protection in Shale Gas
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Glaubwdirdigkeit ist die Wahrung der Wissenschaft

“Scientists must remember that however irrelevant their involvement in industry
might seem to them, others will see it differently — only full disclosure will avert
the taint of scandal.”

FEBRUARY 20412

International weekly journal of seience
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Unfortunate oversight ~ (August 2012)

Nature 488, 5 (02 August 2012) | doi:10.1038/488005a
Published online 01 August 2012

| I Scientists must remember that however irrelevant their involvement in industry might seem to
L them, others will see it differently — only full disclosure will avert the taint of scandal.
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Hydraulic fracturing, or ‘fracking’, a technology that revolutionized the

i}

. . =8 print
natural-gas industry, has been surrounded by controversy in recent prn
. _— 4 ;
years. So, when environmental experis at the University of Texas at > email
Austin produced a report in February that gave the technigue a fairly L) download pdf

clean bill of health, they received widespread news coverage, including {, view interactive pdf
in the pages of Nature (see Nature 482, 445; 2012). The study was . o
. . . . B h download citation
billed as an independent analysis. Yet last week it emerged that its lead
author is a well-paid board member of an energy company that is ™ order reprints
actively involved in fracking. ™ rights and permissions
enaray institute Y share/bookmark
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Scientific study on shale gas under scrutiny

13.08.2012 | Generic

A scientifc study on legal and evironmental issues related to hydraulic fracturing will be reviewed by its
publishing institution, the Energy Institute at The University of Texas. The reason is that it emerged only
now that one of the lead investigators of the repont, published in February 2012 is a board member of an
energy company thatis involveld in hydraulic fracutring operations. The report suggests that hydraulic
fracturing, when practised properly, is safe and poses little risk to the environment.

An editorial in the journal Mature states that "this over-arching conclusion seems reasonable in view of
what we know today, although scientists continue to sift through contradictory evidence. [.] But even if the
review exonerates the panel and endorses its findings, it is unlikely to remove the taint of scandal. ” And
is emphasises the need for full ransparency: "The key is transparency, because that is the basis for trust
between institutions and the wider public, which is especially important when people are buffeted by
canfusing, contradictory and inflammatory information. What the public needs, and what scientists must
deliver, is reliable information that is honest about both its methods and its inevitable biases”

N back to overview
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The Debate

Opinions and Resources

Shale Gas in Europe sets the scene for the
role of academia in shale gas
development.

Assessing shale gas potential takes a
wider perspective on economical, strategic
and environmental issues.
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A collection of web links is provided below.
The choice is by no means comprehensive
but it documents different viewpoints on the
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The Debate

Replacing fossil energy resources with renewable energies is not
only the goal of nations worldwide but also of the European
Union. But a quick switch to mainly renewable-based energy
production (Greenpeace, 2010; WWF, 2011) is difficult to
accomplish: major energy projections conclude that a diverse
energy mix including fossil fuels will remain in force for the
foreseeable future (IEA, World Energy Cutlook, 2011; LS. EIA
International Energy Cutlook, 2011; IEA Special Report, 20711).

Lt gy iy e g By Y BeTeaEn P A FIL
B e ]

Fig. 1: Shares of energy sources in
world primary energy demand in the
International Energy Agency’s (EA) New
Policies Scenario (IEA, World Energy

Due to its low carbon footprint compared with other fossil fuels, Outlook, 2011)

and its flexible availability, natural gas is widely regarded as the

mostimportant bridge to future renewable energy. Natural gas ressources from shales seemto be
huge, but the extraction process, including hydraulic fracturing, has caused a debate whether production
may be ecologically acceptable or not.

Benefits and Risks

A positive greenhouse gas balance, with natural gas replacing coal and oil as energy fuel, is one of
the benefits of shale gas, given that operators use available best technology. Moreover, exploiting a
domestic energy resource improves energy supply security; increased taxes and new jobs have also
been generated in countries where shale gas is produced on a large scale (U.5. and Canada).

Concurrently discussion abhout the environmental imnact of shale nas nroduaction is ononina and



Vielen Dank fur lThre

Aufmerksamkeit.

Herbstsitzung des Arbeitskreises Energie (AKE) in der Deutschen Physikalischen Gesellschaft ﬁ HELMHOLTZ
Bad Honnef, 12. November 2012 | GEMEINSCHAFT

Helmholtz-Zentrum
PoTspAMm



