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Foreword

4EA %OOI PAAT #7111 EOOE] i Enddgy Sdcuity Gnit, 2 NnA OAAOAE
cooperation with the Directorate-General for Energy, organised aBnlargement and
Integration (E&I) Workshop on "Safe and Efficient Shale Gas Exploration and

Production: Best available technologies and R&D projects for Europe”. The workshop
took place in Amsterdamthe Netherlands on 7-8 March 2013.

The main objectives of the workshop were twofold: to present and discuss-going and
planned European research, development and demonstration projects; and to explore
the interest in, andviability of a European Platform or Networkfor Shale Gas
Development. The participants consisted of, in equal parts, representatives from
industry, geological surveys, academia and European Commission officers, involved in
European unconventional oil and gas development and research.

Presentationswere given on European research, development and demonstration
projects covering a broad spectrum of technical, social and environmental issues related
to safe and efficient shale gas development in Europe. Discussions on state of the art,
best practices,R&D results and gaps as well as possible needs for demonstration
projects were conducted, as well as the need of bringing together industry and research
representatives in a structured dialogue, sharing information, reviewing R&D needs and
communicating with policy makers.

This report summarises the main conclusions from the Workshop and includes the
presentations that were given by the invited Speakers.
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1 Workshop scope and objectives

1.1 Objectives
The two main objectives of the workshopvere

1 To present and discus®n-goingand planned European research, development
and demonstration projects;

1 To explore the interest in, and viability of a European Platforrfor Shale Gas
Development.

During the workshop, technical, social and environmental issues related to safe and
efficient shale gas productiorwere discussed and the viability of a European platform
on shale gasvas explored.

1.2 Target Groups

The target audencewere industry and research representatives involved in European
unconventional oil and gas development and research.

1.3 Description

Firstly, the workshop heard presentations on European research, development and
demonstration projects covering a broadspectrum of technical, social and
environmental issues related to safe and efficient shale gas development in Europe

Each sessiorwas followed by a discussion on state of the art, best practices, R&D results
and gaps as well as possible needs for dem&tnation projects also with a view to
enhance public acceptance.

Secondly, the JRfaunched a discussioron the need and viabilitya Europeanplatform

(or network) for shale gasdevelopment, with the main goal to contribute to the safe and
efficient shalegas development, by bringing together industy and research
representatives in a structured dialogue, sharing information, reviewing R&D needs and
communicating with policy makers.The workshop discus®d this platform proposal,
alongside otheron-goinginitiatives, in order to evaluate its viability and the best way
forward.
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2 Workshop Agenda

DAY 171 7 March 2013

08:301 09:00: Registration

09:0071 09:10: Welcome and opening of the workshop (Marcelo MASERA, Head of ES Unit, JRC IET)
09:1071 09:25: Opening remarks by DG Energy (Michael SCHUETZ, DG Energy)
09:251 09:35: Workshop agenda, objectives and expected output (Arne ERIKSSON, JRC IET)

SESSION 1 - NATIONAL and INDUSTRY INITIATIVES
09:357 10:15: Presentations (20 minutes each):

fChevrondés shale gas research andiondandkeyparmershipst : key t hemes,
(Steve GARRETT, Chevron)
1 Current situation of shale gas exploration in Spain (Jorge LOREDO, University of Oviedo)
SESSION 2 - BELOW SURFACE
10:157 10:55: Presentations (20 minutes each):
1 UK shale gas, what we know, what we don't know (Nick RILEY, British Geological Survey)
1 QA/QC aspects of hydraulic and dry-fracturing technologies (Jan HUPKA, Gdansk University of Technology)
11:157 11:35: Presentation:
1 On the sustainable development of shale resource plays (Brian HORSFIELD, Helmholtz Centre Potsdam)
11:357 12:00: Discussion i Session 2
SESSION 3 - ABOVE SURFACE
12:00 7 13:00: Presentations (20 minutes each):
1 Modelling of large scale field developments (Mathias MITSCHANEK, Mining Univ. of Leoben)
1 Land use for shale gas and infrastructure (Peter ZENIEWSKI, JRC IET)
1 Accelerating the economic appraisal and development of European shale liquids - possible R&D pathways
(Ruud WEIJERMARS, TU Delft)
14:00 7 14:25: Discussion i Session 3
SESSION 4 - RISK ASSESSMENT
14:2571 15:25: Presentations (20 minutes each):
1 IRGC draft risk governance guidelines (Marie-Valentine FLORIN, IRGC)
1 DNV Recommended Practice on Risk Management (Lars SGRUM, DNV)
1 Shale resources: assessing practices and risk, and environmental and social considerations
(Paul KRISHNA, XTO Energy)
15:257 15:50: Discussioni Session 4
SESSION 57 ENVIRONMENT
16:10 7 16:50: Presentations (20 minutes each):
9 Environmental Aspectsof Hy dr aul ic Fracturing TreaPHVWeht Performed on

(Monika KONIECZYNSKA, PGI)
9 Advanced technologies for water and solid waste treatment in shale gas production

(Jan HUPKA, Gdansk University of Technology)

16:50 7 17:15: Discussioni Session 5



DAY 271 8 March 2013

SESSION 6 - DEMONSTRATION PROJECTS AND PUBLIC ACCEPTANCE
09:0071 10:00: Presentations (20 minutes each):
1 Community relations in shale gas development. Examples of good practices from Poland
(Tomasz GRYZEWSKI, Talisman)
1 Good practices on social and community engagement (Nikolaas BAECKELMANS, ExxonMobil)
91 Chemical disclosure of hydraulic fracturing fluids: an industry response (Malcolm RICE-JONES, OGP)
10:00 1 10:30: Discussioni Session 6

SESSION 7 - JOINT INITIATIVES AND EUROPEAN PLATFORM

10:50 7 11:30: Presentations (20 minutes each):
1 A Ukrainian platform for shale gas: Kyiv Unconventional Gas Institute (Anton ANTONENKO, DiXi Group)
1 European Platform on Shale Gas (Arne ERIKSSON & Michael SCHUETZ)

11:307 12:30: Discussioni Session 7

12:307 13:00: Closing remarks: workshop conclusions and the way ahead
(Marcelo MASERA, Head of ES Unit, JRC IET)
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4 Summary of session 1:

Steve Garrett Chevron Energy Technology Companygave a presentation of EA OOT 1

NATIONAL and INDUSTRY INITIATIVES

shale gas research and developmentThe abstract canbe found here and the
presentation here.

The main point of the presentation and the ensuing discussion were as follows:

T
T

It is too early to tell with certainty what recoverable resources ebst in the UK.
Regarding Core Area Identification, it appears the current technologies can be
adapted for shale characterization (with adjustment or modifications as
appropriate). Integration of data is key to understanding and interpreting the
state of mature for shale formation. The problem with core area identification is
permitting/regulation bottlenecks.

Water management The focus of water management associated with shale
development in the long run is to achieve operational sustainability by reducg
environmental impacts by combining efforts towards (a) minimum use of fresh
water source; (b) optimizing source selection and (c) maximizing reise of
produced water.

Footprint minimization. The goal is to minimize footprint for sustainable shale
operations in the future. This is addressed by R&D efforts in optimizing facility
designs, examining various alternatives for fuel use, testing emerging compact /
mobile processing units, and minimizing environmental impacts (noises,
emission).

Chevron has ber working with Leeds University to investigate the physis of flow
and other technological facilitation. Some examples of R&D include the patent
pending removable water tanks, which contribute to a reduced surface footprint.
Chevron is also fundingpeer-reviewed science at Durham but this raises the
guestion of neutrality and ethics.

One of the main contributions that &EuropeanR&D platform/network could make
would be to establish environmental baselines and to foster harmonization of
data.

Jorge Loredo(Oviedo University) gave a talk that focused on thehale gas potential in
Spainand reported some preliminary data (possibly 72 billion cubic feet over 220,000
km2). The abstract can be foundere and the presentationhere.

The main point of the presentation and the ensuing discussion were as follows:

M

Spain is very dependent in terms of energy from abroad and the country imports
almost 100% of oil and gas consumed; natural gas in 2010 csiituted a 24,5% of
primary energy in Spain, whereas it was only 2% in 1985.

The country is currently involved in an exploration phase for unconventional gas
resources, where the required permits have as objectives an evaluation of gas
resource and the tebnical, economical and environmental viability of its
extraction and subsequent production.

60



Recently, some unconventional gas exploration permits have been adjudicated or
are in process in different parts of the country, mainly in Cantabria, north of
Castlla y Ledén and Pais Vasco. The permits allow research but not extraction
nor production of the resource.

The confirmation of both shale gas potential and technicaconomical and
environmental viability of those reserves will mean a transformation of ke
Spanish economy.

Exploration activities. There are several companies involved in the development
of different shale gas projects in the country. The companies are involved in an
intense hydrocarbons research that includes seismic data acquisition and
exploratory drills in order to value the potential to obtain research permits. The
Cantabrian basin has become an interesting area for the exploration of
unconventional gas resources.

Social PressureSocial pressurefrom different social stakeholders in $ain has
managed to stop some of the research permits acquired, such as Arquetu, in
Cantabria.

Finally, the recent approval of a law by the Government of Cantabria to prohibit
hydraulic fracking in that region both for exploration and exploitation activities
was emphasize&l. According to theregional government, this measure will bein
place until it is showed that the technique is not dangerous for health and the
environment.



5 Summary of session 2:
BELOW SURFACE

Nick Riley(British GeologicalSurvey) gave a talkon the shale gas possibilities in the UK,
in particular focusing on the characteristics of theBowland Shales The abstract can be
found here and the presentationhere.

The main pant of the presentation and the ensuing discussion were as follows:

T In the UK, eploration drilling for shale gas is in its very early stages and has
OAongAA OEA O"1 x1 ATA 3EAI AGdh ET OEA |1 x;

1 The geology of his region was reviewed. It has one of the thickest Lower
Carboniferous sequences in the worldA complex interplay offactors has resulted
in complexchanges in thickness and lithology.

1 Early estimates of the resource (gas in placeyossible recovery factors etc.) have
relied heavily on comparisons with experiencerbm N. America (e.g. BGS 2010),
and the validity of such analogieds not clear.

1 Further exploration drilling and testing is essential to understandwhether the
Bowland Shale playwill be a prolific shale gas resource or not.

1 Drilling access is going to moreproblematic than in the United Statesdue to
regulatory and spatial constraints

1 Locating sweet spots will be essential to make the resource economically
recoverable, and to enable this a sophisticatedeological understanding ofthe
play will be required. For instance, drillingcompaniescould potentially save a lot
of moneyby taking and analysing cores early in the exploration stage

Prof. Jan Hupka(GUT z Gdansk University of Technology) gave atalk on quality
assurance and quality controlaspects of hydraulic and dryfracturing technologies. The
presentation can be founchere.

The main point of the presentation and the ensuing discussion were as follows:

1 The most frequently-used argument against exploration and production of shale
gas is the safety of people and the environment. Prof. Hupka challenged this
statement by pointing out that using QA/QC rules, safety does not need to be
compromised when using hydraulic facturing for shale gas production.

T ' OAAETldyiflacuihgg @ xAO DPOAOAT OAA A O AOAAODO
using fluids. This is under development at GUT.

T /17 pw &AABUAGIUShaEFGAs Alguments Map AT T OAET ET ¢ OEA
cons of shale gas production in EU Member States was launched in the European
Parliament. The map provides the foundation for open discussion ancelps the
user make a balanced judgemenBrof. Hupka discussed the Argument Map from a
Polish perspective.

1 A table was presented comparing ydraulic fracturing with dry fracturing and
showing the potential benefits of the latter (seethis slide and the 3 following

ones)



http://www.shale-gas-information-platform.org/fileadmin/ship/bilder/news/argument_map_shale_gas_europe.pdf

Prof. Brian Horsfield (GFZ German Research Centre for Geoscierjcegave a
presentation focusing on the sustainable development of shale gas resourcebhe
abstract can be founchere and the presentationhere.

The main point of the presentation and the ensuing discussion were as follows:

T

There are great opportunities for scientific and technological breakthroughs
concerning the formation and exraction of shale gas. Technology has to be
tailored to the geology, and the geology is very difficult to predt, since no two
shales are the same

Improved fracturing and production methods, as well as new integrated geological
models are at the forefron of GFA @search efforts.

Transparency in operations (monitoring) and staying in close touch with all
stakeholders are of paramount importance if technologically proven reserves are
to be exploited.

Oredibility issues associated with industry-sponsored academic researchwere
discussed. ProfHorsfield recalled the example of Durhanuniversity appointing
an independent science board that included members ofNGOSs) to keep scientific
accountability. Of all the players involved, large research organizatis uniquely
stand out as the ideal foundation for honest brokering, including fadbased
debate.

The need for anEU database to facilitategeological knowledge in Europe was
discussed.

10



6 Summary of session 3
ABOVE SURFACE

Mathias Mitschanek(Mining University of Leober) gave a presentation on the modelling
of large-scale shale gasfield developments The abstract can be foundere and the
presentation here.

The main point of the presentationand the ensuing discussion were as follows:

1 Asystemdynamicsmodel for large scale field developments of shale gas using GIS
data was introduced, its boundaries and parametersvere described and some
technical andeconomic scenariosinvestigated.

1 The objctives are multiple, for instanceto study field development dynamics in
specific areas,to compare different field development strategies,to analyse
environmental impact andto define strategies to minimize it, etc.

1 Some preliminary findings for the modelling of the region of Lower Saxony in
Germanywere discussed

Peter Zeniewski(European Commission, JRMnstitute for Energy and Transport)gave a
presentation focusing on &nd use for shale gas and infrastructureThe presentation can
be foundhere.

The main point of the presentation and the ensuing discussion were as follows:

1 Aregulatory perspectivefor land requirements for shale gas was presented.

)l

these are often claimed to explain whyshale gaswill be much more difficult to

developin Europe as compared to the US: (Ihe unique nature of property rights

in the United States create a financial incentive for private owners to allothe

disruptions associated with shale operations (2) the population is used to
proximity to oil and gas operations whereas mshore oil and gas operations are
uncommon in Europe.

1 In Europe, the surfacelevel challenges of shale gas need to reconcile theerests
of three broad sets of actors: state actors, societal actors and market actors. Each
actor has different expectations, which need to be adequately addressed by a
robust regulatory regime.

1 From a spatial perspective, this requires coverage of aide number of different
issues ranging from the protection of air, water and land to a clear and robust
concessiongranting policy. In many countries in Europe, there are laws already in
place regarding these issues. The challenge is to determine what dudluial
regulation is needed to govern the unique features of shale gas extraction.

A case studyfor Polandd @arket and infrastructure needs for shale gas was
presented.

1 One of the goals of the R&D platforrimetwork proposed by the JRC can be to
inform regulators and authorities about the optimal centralised drilling
programme that minimises surface disturbance by reducing redundant
infrastructure and rationalising the placement of wells.

11
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Ruud Weijermars(TU Delft) gave a talk that focused on th@ossible R&D pathways for
enhancing the economic appraisal and the development of European shale liquidshe
presentation can be founchere.

The main point of the presentation and the ensuing discussion were as follows:

1 Ruud Wajermars discussed he need for governance of the industry anérgued
that more accurate resource reporting is needed (as some companies regularly
over-state their gas shows).

1 The need for precision fracturing and for the generation of more accurate stres
maps in order to create welpositioned wells was emphasized.

1 Ruud Weijermars offeredseveral interesting recommendations (consolidated as
below):

- Appoint an EU Shale Resource Ambassad@romote societal legitimacy shale
resources with main driver being energy security

- Reqgulate Governance Issues dlocation of regional benefits and
communicating with the public, reserves reporting guidelinesand research
access gperational monitoring issues, @vironmental issues such drinking
water, etc, development of standards and sharing of best practices on risk
management

- Model the regional & energy system for gas & oil price elasticityprevent price
collapse as it happened in the US(pipeline capacity shortage &
overproduction)

- Map out Geoscience & Petroptsics (European database)maturity windows
for all major shale plays regional in-situ stress maps seismic risk zones
identify prime shale development regions (based on above plus surface
conditions: markets, pipelines, local support levelsetc)

- Improve engineering practices & toolsstimulate well technology innovation
(pilot projects); improve fracturing efficiency, boost well productivity by
intelligent stimulation

- Improve economic _models & tools realistic field development scenarios
(infrastructure); well rollout rate & architecture; optimize return on
investment

12



7 Summary of session 4:
RISK ASSESSMENT

Marie-Valentine Florin (International Risk Governance Council- IRGG gave a
presentation on the IRGC draft risk governance guidelinesThe abstrat can be found
here and the presentationhere.

The main point of the presentation and the ensuing discussion were as follows:

1 The International Risk Governance Council is currenthcarrying out work to
AROGAT T B OOEOE ¢i1 OAOT AT AA COEAATETA m O O
would have relevance for various countries and context situations.

1 These guidelinesare being elaborated after a comprehensive literature review,
interviews with experts, and a multistakeholder workshop held in November
2012. Theyaim at addressng opportunities and risks for policymakers, regulators
and industry.

1 Further to the need to mitigate the technical, environmental, social and economic
risks involved in the industrial process, IRG@s keen to highlightthe importance
to involve and communicate with all stakeholders (n particular local
communities).

1 A crucialfactor is legitimacy and trust so as teeduce perceived risks.

Lars Sgrum(DNV) gave a presentatim on the DNV Recommended Practice on Risk
Management The abstract can be foundere and the presentationhere.

The main point of the presentation and the ensuing discussion were as follsw

1 Managing the risk associated with shale gas operations by applying risk
management frameworks supported by independent verification will provide a
"social licence to operate”.

1 The use of recommended practices was addressed, and a summary of DNV's

recommended practice in a life cycle perspective was included.

The importance of baseline surveys was highlighted.

The presentation showed how the operator could manage their total risk by

discussing different types of risk and risk management frameworks.

1 DNVs recommended practice is not aimed at replacing existing legislation but
discusses perceived risks and cumulative probabilities or consequences of
potential shale gas development.

E |

Paul Krishna(XTO Energy gave a presentation orassessing practices andsk for shale
resources, including environmental and social considerations The abstract can be
found here and the presentationhere.

The main point of the presentation and ensuing dis@sion were as follows:

1 Paul Krishnapresented the view that he safe and efficient development of shale
gas resourcesby a company depends on two important elements (1) a

13



responsible operations philosophy and(2) an established and effective risk
managemaent approach.

The view was given thatit is important to assess the risk based on real data and
mitigate them (when significant) to lower levels.

Risks should be assessed and managed by the probability and consequence rather
than as dsolute worst case scearios.

Peer reviewed technical studies exist, enablingcompanies to apply this risk
management framework to water management, groundwater protection/well
integrity, air quality and emissions, induced seismicity, andhence addresssocial
and community con@rns.

ExxonMobil risk management framework was presented as a responsible
approach for progressing shale development.

FracFocus, the voluntary disclosure bythe industry of chemicals used in the
fracturing process, was discussed.

14



8 Summary of session 5:
ENVIRONMENT

Monika Konieczynska(Polish Geological Institute) gave a presentation oandertaking
an environmental impact assessment on thé A A EvAlidnear Gdansk, Poland. The
abstract can be foundhere and the presentationhere.

The main point of the presentation and the ensuing discussion were as follows:

1 Detailed studies of changes in environmental conditions were carried out in area
of the first horizontal exploratory well in Poland, in which the Lane Energy
company performed fulkscale hydraulic fracturing in the middle 0f2011.

1 The team of 30 specialists from several Polish research instituteexamined
environmental conditions before, during and after the hydraulic fracturing.The
studies were comprehensive, covering air, soil gas, surface water and usable
groundwater, soil, noise level and induced seismicity. A special attention was paid
to the presence oimethane, the major component of natural gas, andf radon.

1 The studies did nd show any changes in the natural environment which could be
linked with the hydraulic fracturing. No air pollution due to work of power
generators was noticed. Neither methane nor radon concentration increase were
detected. Seismic stations did not recorany quakes during the time of fracturing,
excepttremors associated with seismic activity inSouth-East Asia. Also analyses
of water from the local creek and 9 water wells did not show any changes in
chemical composition as found before the hydraulic fraaring. Only noise level
turned to be intensified from time to time but only in the direct proximity of the
well pad equipment.

1 The use of large quantities of water in hydraulic fracturing operations did not
cause any depletion in groundwater resources i EA | AAEAd xAl 1 AOAA
being collected constantly for several months in quantities consistent with the
water rights permit and stored in leakproof reservoirs.

Jan Hupka (Gdansk University of Technology) gave a presentation @aivanced
technologies for water and solid waste treatment in shale gas productianThe
presentation can be founchere.

The main point of the presentation and the ensuing discussion were as follows:

1 The goal of GUT research is to point ouhe areas which, through strategically
focused R&D, will allow Poland to become an important participant in the
discovery and production process, far beyond geological resource owner and
production labor supplier.

1 Examples of some of the work being carriedut include using photocatalysisas a
prospective technology that may be used to better manage wastewater during
fracking. A photocatalytic reaction can be defined as a chemical reaction induced
by photoabsorption of a solid material, or photocatalyst, wlkth remains
unchanged during the reactionPhotocatalytic decomposition of pollutants in gas
and liquid phasescan target several pollutants in wastewater and air purification
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processes. In this context a spinning fluids reactor is seen as an important
technology that can be developed to better manage and reduce the environmental
footprint of drilling activities.

GUT is developing a automatic mobile equipped with two 600 dm3and one 1200
dm3 cylindrical tanks and several new type SFR series or in paralld.
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9 Summary of session 6:

DEMONSTRATION PROJECTS AND PUBLIC ACCEPTANCE

Tomasz Gryzewski (Talisman Energy) gave a presentation on Polish good practices in
the area of ommunity relations in shale gas developmentThe abstract can be found
here and the presentationhere.

The main point of the presentation andhe ensuing discussion were as follows:

T

In partnership with San Leon Energy, Talisman holds three exploration
concessions in the Baltt Basin of Poland, with a total area of over 2500 sqg. km.
Three concessions provide Talisman with an exposure to a range of geological
objectives, thus diversifying the high level of risk associated with exploration in a
complex region with sparse geologial data.

Talisman has several initiatives to create public awareness and eventual
acceptance of shale gas exploration activities in Poland. Stakeholder engagement
is a key part of the company's Shale Principles. Examples include the Social Impact
Assessmen study of publicly available documents z municipalities, villages,
regions development plans, macro economies of the region, any possible
characteristics of the region, village nearby to landeases andexploratory drilling

Z with local visits and faceto face talks with identified influential individuals z
either formal (government) and informal (ocal businessmen, church rectors,
board members oflocal associations)

Another example of local engagement is the Good Neighbour Program, which is a
common sense approach to assist in addressing concerns that are important to
landowners and other stakeholders. In this framework Talisman attempts to limit
environmental impacts; noise, light and traffic resulting from our operations; hold
contractors accountable;investigate, act and resolve concern; and implement a
Local Economic Engagement Strategy.

Nikolaas Baeckelmans (ExxonMobil) gave a presentation on good practices in the area
of social and community engagement. The presentation can be fouhere.

The main point of the presentation andhe ensuing discussion were as follows:

1 One key message is that in Germany fracturing technology has been executed

more than 300 times and yet no environmental incident has occurred. It was
noted that operations in the area of Munsterland generated negative public
perceptions because of the lack of past exploration and production in the area
(as opposed to lower Saxony which has a historical experience with such actiyity
i.e. 16,130 wells dilled over several decades). Broadly, up until the controversial
'‘Gasland’ documentary, the public had by and large accepted oil and gas
exploration activity onshore in Germany.

Since 2011 negative public perceptions towards shale gas and fracturing
activities have spilled over into conventional gas and oil production.
ExxonMobil's response was to create a framework for information and dialogue
which included early, open and proactive information sharing with citizens (as
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well as, inter alia, talks with maors, round tables with authorities,
press/politics/public engagement, info-mobiles and advertising campaigns,
internet presence, etc.)

1 ExxonMobil also undertook a rigorous, scientific study of the effects of shale gas
exploration using a neutral body of sientific experts. The current focus is to
build multiple show-cases at early exploration stage to demonstrate safe and
prudent operations. ExxonMobil invited the JRC and other stakeholders to
participate in the pilot project to test for aspects such as gundwater,
seismicity, fracture-geometry, etc.

Malcolm RiceJones (International Association of Oil and Gas Producers, OGP) gave a
presentation on the industry's response to the disclosure of hydraulic fracturing fluids.
The abstract can be foundhere and the presentationhere.

The main point of the presentation and ensuing discussion were as follows:

1 OGP has beefacilitating the voluntary disclosure of chemicals used in hydraulic
fracturin g of European shale gas wellhe presentation gavean overview of the
shale gas extraction process and the safeguards built into. iThe Hydraulic
Fracturing Fluid and Additive Component Transparency Service (FACTS)
programme is a step in the direction ® providing industry transparency.
Progress on developing this web based tool to date as well as expected activity
over the next few months were discussed along with potential future
developments.

1 FracFocus is a key initiative to disclose chemicals used laydraulic fracturing in
the United States. The aim is to ensuremaximum disclosure consistent with
protecting proprietary information sufficiently to encourage innovation.

1 FracFocus will be extended to Europe and will provide pewell information that
will include, inter alia, data on the operator, location of well, depth, volume of
water used and chemical usage (% by mass). Buropean focused variation of
version 2.0 will due for release inlate 2013

18



10 Summary of session 7:
JOINT INITIATIVES AND EUROPEARLATFORM&
WORKSHOP CONCLUSIONS

The final session started with Anton ANTONENKQ DiXi Group, presenting

O! S5EOAET EAT DI AOA&EI O A O OEAI A CQolegedtatenUEO 51
provided information on the expected unconventional gasveesé@n Ukraine and discussed

the development of these resources. It also addressed main public and political concerns
voiced in Ukraine. The presentation gave information about the concept of the Kyiv
Unconventional Gas Institute and presented the onliagopm developed to promote the

dialog between stakeholders.

4EA OAI AET AAO T &£ OAOGOEIT x xAO AAOT OAA O1 A
SEAT A ' AG6 h AireEikSony)IRE, EriVEcknAl Schilt2) DG ENER.

Arne Eriksson started the discssion by presenting a proposabn how to organize such
cooperation, and questions to address, based on a draft text developed jointly by JRC

and DG ENER (circulated to the workshop participants ahead of the meeting). Arne

Eriksson stressed that these idemwere just simply to start the discussion and should be

further developed and agreed among participants.

The background for this discussion was the European Parliament report on
unconventional hydrocarbons, drafted by MEP Tzavela and adopted on 21 Noveenb

¢mpgch EECEI ECEOAA OEAS EHTPAARMATAM O M1 AOMA O 1
industry and science representatives aiming to provide opinions and establish good
DOAAGEAAOS

The ideas presented for discussionvere circulated prior to the meeting asreported in
the text boxin the following page The discussion that ensued is summarized below.

1. @ystein Lind asked rhetorically z should we create such a platform or not? He
offered conditional support. There are already many initiativesg OGP, Shale Gas
Europe (platform for media outreach by companies); we need to find a place for
this platform within all the others. The proposed platform can bring together
research and academic institutions.

2. Rachel Bonfante argued that we need a good balance of stakelder participants.
There will be overlap, so we should look at what has come before and identify the
missing elements. Good practices are already underway by OGR¢d have already
been issued by other industry players (including DNV, UKOOG and othess) we
should be careful not to waste time and to create wasteful repetitions. Pilot projects
and demonstration projects with involvement of independent research institutions
are extremely important. On the issue of baseline monitoring and independent
verification, she mentioned that the offshore safety directive has very clear
provisions and suggested that the EU should use ths&ame approach

- Arne Eriksson asked what would be good balance of stakeholders. Rachel
Bonfante answered that everyone in the chain shuld be represented.
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The main goal would be to contribute to the safe and efficient shale gas development by
bringing together industry and research representatives, sharing information, reviewing
R&D results and needs as well as communicating with policy makers.

The platform should operate by:

The platform could address some of the following questions:

Additional issues could include various social and (macro) economic aspects: expected
benefits such as investments, job creation, supply of goods and services, taxes, royalties,
induced effects, environmental and climate, etc. Also, the platform should address specific
guestions raised by various policy makers (governments, EU institutions, etc.).

Bringing together stakeholders in a structured dialogue to achieve information and
knowledge sharing;

Presenting and discussing European Research agendas/projects and results as well by
identifying gaps and R&D needs;

Sharing information on exploration and demonstration projects;

Establishing state of the art knowledge and best practices; and

Communicating with policymakers.

What developments are undertaken, or should be undertaken in Europe to pave the
way for shale gas E&P in Europe?

What are the obstacles (technical, social, econom
What are the results of on-going and planned exploration and demonstration projects

(resource potential, environment al i mpac¢ts, indic
What technologies (technical equipment, processes/procedures, communication

methods,etc) are available and which may be ¢onsidered
advantages in terms of lower environmental risk, lower impact/intrusion locally (land,

traffic, air, visualé) as well as efficiencyl/l owe

Possible ideas for a Platform or Network, developed by JRC and DG ENER and circulated
to the workshop participants ahead of the meeting

Nick Riley reminded that there is a European Energy Research Alliance (EERA)
that aims at having joint programmes between member states byetting together -
with help from the Commission- national research institutes. Perhaps this is closer
to the technology platforms? They look at knowledge gaps, make roadmaps, etc. So
where can we position ourselves? It would be nice to have a balancedogp of
stakeholders giving a trusted source of information.

Arne Eriksson suggested that the platform, in addition to the EERA group, could
not only be about research and data collection, but could also have a role about
communicating with policy-makers.

Michael Schitz remarked that the technology platforms are linked to SET plan

that have specific R&D needs for new technology (e.g. CCS, /). Shale gas
technology has much more maturity7 EO8 O AAT OO AT OEOI 11 Al
There is no intention toET A1 OAA OEAIT A CAO ET 3%4 DI A
of overlap there.

6,
T

Ruud Weijermars suggested that rather than doing inventorying we should ask
what can we do to add new insights. He stated to be a critic of inventorying and not
taking action. Thisshould be ambitious and preactive platform, more so than the
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existing initiatives. He stated that we should make sure our energy is spent in the
most effective and efficient way. How do we make that happen?

Anton Antonenko suggested that the platform uneér discussion could be the
umbrella organization for national platform and initiatives. It could be useful to
share results from other platforms, and to ensure exchange of expert opinions.

Brian Horsfield concurred with Ruud Weijermars, and suggested weeg involved

in all European drilling activities for shale gas. The operators will already be
working with the groups they prefer as regards shale characterisation. He made the
following two points:

i Examining the sediments in the grey zone lying between thghallow and deep
foci of interest is key for mapping petrophysical properties, and modelling
leakage scenarios, and thence building a monitoring database for Europe.
Existing geological survey data forms a backcloth for interpretation.

U Monitoring. International teams can be built and deployed as fracking sites
become available. Every opportunity that presents itself should not be wasted.
Getting some EU funds moving is the logical step to coordinate the issue of safety.
The EU Energy and EU Environmental rgups should unite on this issue,
irrespective of whether you are for or against. Testing is needed, and money for
honest brokers to do the testing is a prerequisite.

Nikolas Baekelmans suggested we need to get data from pilot projects before a
regulatory framework is in place, including multiwell projects, e.g. in Germany.

This could be part of a JRC exercise. He also suggested that we should not talk about
OAAOO DPOAAOEAAOGS AOO OCiT A POAAOEAAOGHe AAA
universally applicable. Another idea is to know the process of how public institution

reports are produced and disseminated. JRC could also play a bridgeélding role

between US and Europe (by working with EPA, DoEfc) and hoped that future

events will bring in more US expertise. Finally, he stressed the need for more

research on competitiveness (e.g. domestic versus nalomestic production).

- Arne Eriksson mentioned, to the last point, that JRC is planning a follow up
study (from energy market impacts) on wider econont impacts from shale gas.

Marie -Valentine Florin raised 5 fundamental questions regarding a platform:

i)  Who will organize this? She would like to see it as a consortium with different
chapters.

i)  Where would it be located? It should be a neutral anddependent place.

iii) What would its objective be? Responsible and sustainable shale gas for the
benefits it can bring to social and economic development.

iv) What could it do? Organise collection and sharing of data. Share experiences
on-good and badpractices. Communication. Organisation of capacity building
and knowledge transfer on technical, regulatory and policy issues between
countries. Training course on e.g. risk communication and community
involvement. Developments of standards.
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10.

11.

12.

v) Who should participate? Industry, science, civil society, and public sector
(governments, authorities, 10s), i.e. at least 4 chapters. And it should probably
be international, i.e. including e.g. USA, India, China, S. Africa, etc

Andrei Bala stated that the purpose of the workshop is focused onhow safe is
shale gas exploration and production in Europe. If this will be establishethen the
relations between the different type of stakeholderswill be much easier and it will
allow decision-makers in each EU countryto make informed decisiors. Since the
regions in EU are very different with respect to local geology, pilot studieshould
be carried out in each country (for each geologic regioh and should at least
address (1) geological andpetrophysical properties of the rock layers between the
surface and the productive shaleg(2) geophysical characterization and presence of
deep fractures or faults;(3) local seismic hazards (by monitoring the area with
portable seismic stations for possible induced earthquakes durg the drilling,
fracking and extraction of shale gas Theenvironmental impact assessmentarried
out in Poland at thel A A mvélidpresentation by M. Konieczynskd is a very good
example of such a pilot study andtishould be continued for at least one year of
production. In general, pilot studies should be done by independent parties and
should be financed either by country scientific authorities (not possible in all
countries) or by EUFramework Programme Horizon 2020. Their outcome should
be included in acommon Europeandatabase. The calldor proposals of pilot
research projects should involve several institutes, representing multiple
disciplinary fields and specifically geology,tectonics andthe monitoring of induced
seismicity.

Steve Garrett stressed first the importance ofdata; as a pactical step, it would be
useful to have shared European view of data standards, basedimeasurements
surveillance data, with clear bare minimum requirements. Secondhe saidthat a
better understanding of the first principles of rock properties and reservoir
performance is needed building on work already being doneat universities e.g.in

Leeds Third, risk assessment and risk managemenmethodology had emerged at
the workshop as key topics needing further work at the EU levelgéntification of

high risks would help target more research Fourth, there was an opportunity for a
diversity of community engagement needs and experiences. Fifth, apilot

development project (as proposed byExxonMobil in Germany) z would provide

subsurface and operational datdrom controlled experiments- JRC should look into
this very seriously.

luliana Chidu , representative of the Romanian environmental authorities, brought
up (1) the necessity of presenting a report on the use of water, energy and
chemicals,(2) a comparative analysis of the carbon footprint per energy unit from
unconventional sources compared to energy fronconventional sources, as well as
(3) the possible medium and long term impact on agricultureA darification was
also requested regarding the possibility of including energy from unconventional
sources and its ratio in the energy mix at EU level for 2020.

Lars S6rum supported the building of a European databaseand supported OGPs
view on independent verification. He expressed his belief in the importance of the
following peer reviewed research topics:understanding rocks; understanding gas
migration; understanding how chemicals behave over time in that environment,
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13.

14.

15.

16.

17.

18.

19. .

and fugitive methane. A platform should feed into policynaking and be a trusted
source of information, objective, factbased research. In terms of hosting, he stated
his belief that JRC is begtlaced to coordinate.

Other ideas mentioned during the discussion included:

- the activity should addressed policymakers,

- inventory of reported accidents worldwide,

- aplatform should also include civil society,

- the environmental impact assessmentcarrid | OO0 ET o011 AT A AO
(see presentation by M. Konieczynska)was a good example, and should be of
interest in the Horizon 2020, (the upcoming EU Framework Programme for
Research and Innovation),

- safety/environmental issues of shale gag water contamination.

Didier Bonijoly and others mentioned the initiative from EERA, who have started
to think about which type of research can be done on shale gas. This platform
should be supported by JRC, but as a place avh everybody shares information.

Michael Schitz said we do not know if Horizon 2020 will include research on shale
gas. The EU research budget is not as large as e.g. funding provided by the US
federal government. Therefore, member states and industry rght be more likely
source for funding. He added that the energy Commissiondglinther Oettinger,
thinks shale gas is important for competitiveness and security of supply. The
Commissioner is keen to see the industry develop if it can be done without harngn

the environment.

Nick Riley said that there needs to a trusted source with a broad spectrum of
knowledge in Europe that provides information to the policymakers and citizens. If
EOC8O0 110h EO xEIl AA A OEAI A8

Jan Hupka said we need a shale gas developme platform. He stated that the

basics are already outlined in the draft proposal, and proposed to move to the next
step, i.e. establishing a working group to work out the detalils.

Ruud Weijermars suggested that we might be underestimating the sense of

urgency given the demand for energy outside Europe, and we could have a real
energy security on our hands. Arne Eriksson stated, regarding the next step, that
JRC is willing to take the lead to develop these ideas further. This should be not just
a JRC projet, but a network or platform with close involvement of its members.

Al g E 9stated that the suggested R&Dplatform cannot (and should na)

conduct R&D studies regarding the entire spectrum of thehale gas processin

Europe. What it may (or should) do is to act as abody pointing out and setting
priorities in all related aspects ofshale gas R&D in Europelt may also try to bring

all relevant information and data together to form a datéaseor center of trusted

source of information. However, howsuch knowledge z gained and created at
different locations and institutions in Europez can/will made be available for this
platform would require a wide European agreement.

Michael Schiitz and Arne Eriksson closed the meeting by thanking all the speakers and
all participants for joining the workshop and contributing to the discussion.
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10.1CONCLUSIONS

The following summarises the above discussion concerning the network or platform.

Support for a Platform:

In general the participants expressed support for the ida of creating a network or a
platform on shale gas, along the principles put forward by JRC and DG ENER. It would be
important, however, to take into consideration several already existing initiatives to
avoid unnecessary overlapping of activities.

Goals and Objectives
The general goal put forward in the draft text was
041 Al 1T OOEAOOA O OEA OAZEA AT A AEEEAEA
An alternative goal was suggested as
041 DOIT i 1T OA OAOPIT 1T OEAI A AT A
for the benefitsitcan bringtosd EAT AT A AAT 11T 1 E

Some more specific objectives mentioned were:

1 Communicate with policy-makers to inform the policy-making process;

1 Become a trusted source of information, displaying a broad spectrum of
knowledge.

Both general goals and spsfic objectives will need to be discussed further.

Modus operandi and Location

There needs to be a good balance between participating stakeholders, in order to
become a trusted source of information. Invited to this meeting were organisations
representing the academia, the industry and national geological surveys, but some
participants wondered whether all stakeholders (i.e. civil society, the public sector, etc.)
should participate. The question of geographical uptake was also mentioned, with
specific swggestions to have a network or platform with a truly international dimension.
Specifically, the United Stateg the country leading the technological development in
this areaz were mentioned. This will need further discussion.

Several participants suggestd a leading role for JRC but other ideas were discussed.
Which organisation (or organisations) should lead the effort is a key question to
address.

Working areas

During the discussion several topics were proposed for inclusion, included in the nen
exhaustive list below. The topics to be addressed by a potential network or platform
should strike a balance between pure R&D needs and policy relevance.
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Pilot projects with involvement of international teams of independent research
institutes or laboratories to perform baseline measurements, data gathering,
monitoring etc.

Competitiveness and security of supply.
Geological strata and source rock characteristics, seismicity.

Collection and sharing of data, good practices, standards on data formats, baselines
etc.

Communication, risk communication, capacity building, community engagement.
Risk assessmentisk managementand risk governance

Safety and environmental aspects (chemicals, methane migration into water, other
potential water contamination risks, accident and incident reporting).
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11.1Welcome and opening of the workshop
Marcelo MASERA, Head of ES Unit, JRC IET

11.1.1 Presentation

Joint Research Centre

The European Commission’s in-house science service

www.jrc.ec.europa.eu

Serving society
Stimulating innovation
Supporting legislation

Safe and Efficient Shale Gas
Exploration and Production

Best available technologies and
R&D projects for Europe

Amsterdam, the Netherlands
7-8 March
E&I Workshop

The JRC in cooperation with Directorate General for Energy

5 April 2013

29



Welcome to....

41 participants

From > 20 countries
Representing

Industry
Academia
(ESSOIogical Surveys

Marcelo Masera
Head of Unit
Energy Security Unit

5 April 2013

DG Joint Research Centre

The European Commission’s in-house science service

S April 2013
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Who are we and what do we do?

JRC is the European Commission’s in-house science service. It
provides the science for policy decisions, with a view to ensuring
that the EU achieves its Europe 2020 goals for a productive
economy as well as a safe, secure and sustainable future.

The JRC plays a key role in the European Research Area and
reinforces its multi-disciplinarity by networking extensively with
leading scientific organisations in the Member States, Associated
Countries and worldwide.

5 April 2013

Our Mission... is to provide customer-driven scientific and
technical support for the conception, development, implementation
and monitoring of EU policies.

Our Vision driven by the Europe 2020 Strategy... is to be a
trusted provider of science-based policy options to EU policy-
makers to address key challenges facing our society, underpinned
by internationally-recognised research.

Our Impacts for the EU citizen... supporting general well-being
via harmonised research on energy, environment, transport,
climate change, safety of food and consumer products, crisis
management, and nuclear safety and security, that have important
positive impacts on the daily life of the citizen.

S April 2013
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The JRC inside the European Commission
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Director-General DG Research & Innovation (RTD)
Dominique Ristori

\ Joint Research Centre /
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5 April 2013

Panorama of the European Union
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Science-based input to EU legislation and standardisation

‘ Scientific-based
Support

EU Legislation
Standardisation

2

Sustainability

Competitiveness

Innovation
Jobs & Growth

5 April 2013

DG Joint Research Centre
Institute for Energy and Transport (IET)

(Overview)
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Institute for Energy

and Transport

Petten, The Netherlands

The mission of the Joint Research Centre - Institute for Energy and Transport (IET) is to
provide support to Community policies and technology innovation related both:
* energy - to ensure sustainable, safe, secure and efficient energy production,

distribution and use and

e transport -to foster sustainable and efficient mobility in Europe.

Towards a competitive low-carbon society
Provide scientific and technical support in the design and implementation

of the EU's transition towards a competitive low-carbon society,
focusing on the 20/20/20 targets

Europe 2020 Strategy- Flagship Resource Efficient Europe & Innovation Union, Nuclear Safety

Energy

Energy
Competence Centre

Energy Strategy 2020 (DG ENER)
Energy Road Map 2050 (DG ENER)
Beyond 20% CO2 2020 (DG CLIMA)

Transport

JRC Response

Transport
Competence Centre

Transport White Paper (DG MOVE)
Green Vehicles (DG ENTR / CLIMA)
Joint
Reseorch
Centre

Nuclear Reactor Safety

Reactor Safety
Competence Centre

Nuclear Safety Directive (DG ENER)
IAEA Conventions
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SPAIN N \E
@ Shate gas exploration sites |- =, L
Source: Helmholez Centre Potsdam G2 | )

Gas Networks & Disruption scenarios Unconventional gas sources: techno- Offshore safety
(Regulation 994/2010) economicstudy (Sept 2012) (COM/2011/688)

(DG ENER initiative)

JRC contribution:

Communication on smart grids
(202/2011)

Standards (Mandate 490)

European Industrial Initiative
on Electricity Grids (SETIS)
Smart Grids Task Force (DG
ENER)
Industry:

« MEDGRID

¢ Eurelectric

« ENTSOE
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Shale Gas at JRC

Institute for Energy and Transport
. Bep;rtl:EuUnconventional Gas: Potential Energy Market Impacts
in the
¢ Ongoing: Best available technology; Wider economic
implications of domestic shale gas

Institute for Environment and Sustainability
* Ongoing: Study focused on land use and water demand
 Draft report: Literature review report on environmental and
social impacts

Institute for Prosgectfve Technological Studies
* Review of Best Available Technologies reports (BREFs, Mining
Waster Directive)

Institute for Health and Consumer Protection
. Rg:ilig'w of REACH registration dossiers for fracturing fluid
additives

5 April 2013 16
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Today’s Workshop:
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Forward Looking
» Working Together
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(risk & reward)

5 April 2013 18
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WWW.jrc.ec.europa.eu

Contact: jrc-info@ec.europa.eu

W Jfc.ec.europa.eu
Robust science
¢ potcy making
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11.20pening remarks by DG Energy
Michael SCHUETZ, DG Energy

11.2.1

Presentati on

Unconventional
Gas for Europe ?

Michael Schitz

Policy Officer
Directorate-General for Energy
Source: Cuadrilla European Commission

JRC Workshop, Amsterdam, 7-8 March 2013

Commission

The Global Supply Challenge

Share of global energy demand (Source IEA WEO 2012)
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» Increased energy demand and competition
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Competitiveness Challenge

Global natural gas prices
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Less CO; intensive fuel

Gas-fired power stations support
the integration of renewables

Diversity of sources

(pipeline, LNG, indigenous production, gas-to-power)

Impact of US 'Shale Revolution’

Historical and projected net US LNG imports

*+ US now world's
largest gas
producer and
only uses 10%
of its LNG

import capacity
1 / \ + More LNG

3
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. Pressure on
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US Energy Information Administration, 'Various American Energy Outlooks'

Eneray

41



i
i

)

Commission Work
Programme 2013:
"Environmental,
climate and energy
assessment
framework to enable

tnse

RROCODENS |
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Tt/ shae ot B B - safe and secure
; ; unconventional
hydrocarbon
extraction"

Conclusions

+ Unconventional gas in Europe?
» Geology, market, public acceptance...

- Needed for public acceptance
» Improved technologies and practices
» Adequate regulatory framework
» Citizens: benefits, information and consultation

+« Until 23 March 2013: Public Consultation

http://ec.europa.eu/environment/consultations/
uff_en.htm
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11.3Workshop agenda, objectives and expected output
Arne ERIKSSON, JRC IET

11.3.1 Presentation

Safe and Efficient Shale Gas
Exploration and Production

Arne ERIKSSON
DG JRC F.3 - Energy Security
European Commission
07/03/2013

EC Staff
JRC Energy Security Unit (Petten, NL)
» Marcelo MASERA Head of Unit
* Ricardo BOLADI-LAVIN Group leader Security of Supply
¢ Arne ERIKSSON Sci. Officer
¢ [uca GANDOSSI Sci. Officer
o Peter ZENIEWSKI Sci. Officer
DG Energy
¢ Michael SCHUTZ Policy Officer
DG Environment
¢ Florence LIMET Analyst

[ |
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Welcome to....

41 participants, > 20 countries

Representing
e Industry
* Academia
* Geological Surveys
e EC

But, why are we here?

8 April 2013 3

DG ENER/JRC study

Published September 2012 —
JRC SCIENTIFIC AND POLICY REPORTS

Why? Contentious subject with policy ; .

gnpiicatfons Unconventional Gas:
Potential Energy Market Impacts
Aims in the European Union

* Assessment of the evidence on the
impact on energy markets.

Contents

* Review of regional and global estimates
e Review of technologies

e Land and market access

Impact on the European and the global
energy systems

g University of

Other contrbutors: Cona AL Arne ErkEson
Petér Taft URE) & Mkl Schusets (06 ENER)

2012

Methodology
s Evidence based policy and practice - s o= = A -
s Energy Modelling 4
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Agenda

e 7 sessions of 2 to 3 presentations chaired by JRC
- followed by 20-25 minutes of discussion

e Discussions: What conclusions can we reach?

e Speakers: 20 min inc. Qs (aim at 15-17 min)

Objectives

e To present and discuss ongoing European
research, development and demonstration
projects

e To explore the interest in, and viability of a
European Platform for Shale Gas Development

45



Expected output?

o Summary and Conclusions — to be circulated for
comments

» Workshop report/proceedings — public document:
- Agenda, participants list
- Summary and Conclusions

- Abstracts & Presentations (Voluntary. Only upon written
agreement from each speaker)

e Discussion on the need/viability of a Platform?
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11.4# EAOOT 160 OEAT A CAO OAOAAOAE AT A A,
guestions and key partnerships
Steve GARRETT, Chevron

11.4.1 Abstract

Chevron is currently pursuing shale hydrocarbon exploration and development
opportunities in several countries. Working in partnership with regional business units,
the Energy Technology Company (ET@yovides technical services and technology
development to meet business challenges.

A new crossfunctional Shale Unit has been formed within ETC. This is organized
around four key technical themes:

Core area identification
Well stimulation
Footprint minimization
Water management

PonNPE

Some key challenges which are particularly relevant to Europe include:

Finding core areas for development with minimal well and seismic data

1 Understanding mechanisms of gas flow through rock and fractures

1 Minimizing the surface footprint of operations by maximizing the number of
wells per pad

1 Minimizing water usage and maximizing water recycling

This work is benefitting from existing skills ard competencies in the companyChevron
also values partnership with universities andcommercial groups.

Independent, peerreviewed science, accompanied by appropriate press releases and

articles, is critical to inform public debate and policy making, as shown during 2012
consultation in the United Kingdom.
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11.4.2

Presentation

Chevron’s shale gas research and
development: themes, questions

and partnerships

Steve Garrett

Manager, Global Technology Centre
Chevron Energy Technology Company
Aberdeen

Presentation at JRC Workshop
Amsterdam, March 7-8, 2013
Organized by European Commission Joint Research Center

©2013 Chevron North Sea Limited

Chevron

«

Talk Outline

» Chevron and Shale

+  Chevron Energy Technology Company (ETC)
+ Cross Functional Themes

+  Some Key Questions

+  Some Key Partnerships

» Social License to Operate

+ Conclusions

®2013 Chevron North Sea Limited

«
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Chevron 2012 Shale Activity

Onshore Europe

i — Marcellus &

Piceance S8 oD Utica
Wolfcamp=#¢ L Haynesville
& Avalon “=& Bossier

Vaca Muerta
(Argentina)

2012 )
Exploration C&E g

Shale and tight rock

® Significant Exploration/Appraisal Wells

©2013 Chevron North Sea Limited

e

®, Seismic

Chevron Shale Activity Onshore Europe

LATVIA

»

BELARUS

CZECH
REPUBLIC

SLOVAKIA
AUSTRIA
HUNGARY
CROATIA

BOSNIA

HERZEGOVINA ek 1y
i SERBIA ~Block 18
FYROM

Chevron Interest

I Successful Bidder

® 2013 Chevron North Sea Limited

o=

Exploring more than

1.3 million hectares

under recent and pending
agreements with the
governments of:

» Bulgaria
e Lithuania
* Poland
* Romania
» Ukraine
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Chevron Energy Technology Company (ETC)

* Integrated upstream/ downstream
+ Serves Chevron worldwide

» Expert technical consulting

» R&D for new technology solutions
* > 2,600 employees, mostly in US
* ~100 employees in UK

) ﬁi-n:j

e ) !I'ili‘iﬁ;

©2013 Chevron North Sea Limited

| LBl
-

&)

ETC Functional Departments

Reservoir & Earth Facilities

Pro_ductl_on Sciences Engineering
Engineering

i
Drilling & Technical Upstream
Completions Computing Workflow

Transformation

® 2013 Chevron North Sea Limited

Process,
Analytical &
Catalysis

Health,
Environment
& Safety
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ETC Shale Unit
Cross-Functional Themes

Core Area

Identification % <
Stimulation

Focused
R&D
Programs

Minimizing
Footprint

«

© 2013 Chevron North Sea Limited

Developing Natural Gas Resources in Europe

It Takes Time
10 20

30

Ve

1. Bids and Licenses (Months fo years)

2. Permitting (Full lifespan of the project)

3. Impact Assessment (Full lifespan of the project)

4. Data Analysis (6-7 years)

5. Seismic Surveys (1-2 years)

6. Exploration Drilling (2 years)

7. AppraisallPilot Testing (2-3 years)

8. Commercial Agreements (2 years)

9. Development (1-2 years)

10. Infrastructure (1-2 years)

11. Production (30+ year life of recoverable gas resources)

12. Reclamation (Final months of each exploration/production well and up to a year
beyond)

13. Contracting for Services (Once step 1 is completed, the lifespan of the project)

14. Government and Community Engagement (Full lifespan of the project)

© 2013 Chevron North Sea Limited

} OngoingActivities

} Exploration—upto 8
years

} Production- life of field

approx 30 years
Reclamation —ongoing
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«

Core Area ldentification

©2013 Chevron North Sea Limited

Stimulation and Well Design

«

Multiple
steel barriers

Multiple
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Water Management

©2013 Chevron North Sea Limited "

Minimising Footprint

® 2013 Chevron North Sea Limited 12
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R&D Partnership

«

©2013 Chevron North Sea Limited

R&D Partnership
ReFINE proposal

WP1 - Induced Seismicity

WP2 - Fugitive Emissions l
WP3 — Subsidence |

WP4 - Long Term Impact of Fracking Fluid |

N/

I WP5 — Hydraulic Fracture Height l

I WP6 — Reservoir Behaviour After Abandonment I Research
I WP7 — Water — Sourcing, Disposal and Clean-up | [

I WP8 — Wellbore damage and Integrity |

©2013 Chevron North Sea Limited 14
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The Chevron Way

Vision Values

Atthe heart o The Chevrn Way

We concuct woport

Trust
weet.s

0 weiro 10 ooty grove We o oot

Al AP (o1 it e g OO -

Our vision means we
- satn e eearyy prutucts vl 1o
arstanatie e e g
reomert Becuthint the wons

B —
« e

The
Chevron
Way

Majer Busionss Strategies Getting Results the Right Way
The Chevn W ectan s we .

+ e potnerof e

+ oo e i f s o ke -
[— eal

+ e i st o e

waacypestins ol o coorgn.

st s comrom rentancng

©2013 Chevron North Sea Limited 15
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11.5Current situation of shale gas exploration in Spain
JorgeLOREDO, University of Oviedo

11.5.1 Abstr act

The current situation of the panorama on shale gas exploration in Spain will be
presented in this talk. According to their geological typology, there are different basins
with possibilities to have important reserves on unconventional gas and they mubge
investigated in order to evaluate the resources of shale gas. Currently there are
exploratory permits in the Autonomous Communities of Asturias, Cantabria, Castila
Ledn, Pais Vasco, Aragon, Catalufia and CastiédaMancha, and there are too diligense
for exploratory permits in the Autonomous Communities of Valencia and Navarra. Some
of the most interesting exploratory permits are Gran Enara in Alava, with previous
estimations in the order of 185,000 millions of cubic metres of gas, also Arquetu in
Cantabria, and Urraca and Sedano in Castilleeén Community. These and other projects
have caught the interest of many multinational companies, and this fact has made that
nowadays, the surface of the national territory occupied by exploratory permits in lash
will be the highest of our recent history, assuring a high exploratory activity on the next
years. Most of the companies in charge of these researches have not been able to begin
with the exploratory campaign due to the great number of restrictions andlkegations
from the local and regional administrations and from ecological and local associations
organized against the hydraulic fracking. Despite of the support from the Ministry of
Industry to fracking, there are some regional governments such as Aragdma Rioja and
Cantabria which reject to carry out any fracking and in consequence the unconventional
gas resources exploration in their territories.
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11.5.2

Presentation

“Prof. Jorge Loredo e
/Un’ versity of Ovuedo. Spait

Spain is very dependent in terms of energy from abroad and the country imports
almost 100% of oil and gas consumed; natural gas in 2010 constituted a 24,5% of
primary energy in Spain, whereas it was only 2% in 1985. It means an energetic deficit
of 45.000M<£ in 2012, 5.000M€ more than 2011.

We are currently involved in an exploration phase for unconventional gas resources,
where the required permits have as objectives an evaluation of gas resource and the
technical, economical and environmental viability of its extraction and subsequent
production.

Recently, some unconventional gas exploration permits have been adjudicated or are in
process in different parts of the country, mainly in Cantabria, north of Castilla y Leén
and Pais Vasco.

The current permits allow research but not extraction nor production of the resource.

The confirmation of both shale gas potential and technical-economical and
environmental viability of those reserves will mean a transformation of the Spanish
economy.
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Exm_&ﬁ'AmRY PERMITS

activity in Spain of both conventiona

and Bética basins.

The geological age of the potential
Upper and Lower Cretaceous,
(Carboniferous). They are geological

The obtention of exploratory permits, administrative authorisations at a national,
regional and local levels, and complex environmental regulations (with fields of action
not well defined amongst the different administrations) are restraining exploration

The outlook for the existence of shale gas is more modest than other countries. The
main prospective areas are located in the Vasco-Cantébrica, Pirenaica, Ebro, Guadalquivir

the Liasic-Jurasic and Westfaliense-

potential mother rocks for hydrocarbons.

| and unconventional gasresources.

identified objectives correspond to the Paleogen,
Estefaniense
formations that have been traditionally studied as
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EXPLORATION-ACTIVITIES

* Those factors have led to a significative increase of exploration requests in Spain from
public and private companies, as shown the 45 applications for exploration permits to
the Ministry of Industry in 2011, considering that the annual average was 15
applications per year.

* There are several companies involved in the development of different shale gas projects
in the country. The companies are involved in an intense hydrocarbons research and
prospecting programme, including office work, seismic data acquisition and exploratory
drills in order to value the potentialto obtain research permits.

* Despite the interest of the companies, exploratory activity is due to the different
problems to obtain the corresponding permits and authorisations. The Cantabrian basin
has become an interesting area for the exploration of unconventional gas resources.
The following permits have been already obtained: Luena, Arquetu, Urraca, Enara,
Mirta, Usapal and Usoa.

* However, there are nowadays different social movements in Spain against the use of
fracking, due to its potential impacts on human health and the environment.
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