Security Network

( International Water

Shale Gas development in the UK:
Reserve estimates and potential impact
on security of supply status

May 2014

Jenna Brown wm.sc.
PhD Researcher

lenna.brown@uwe.ac.uk
Funded by Led by In partnership with
, THE UNIVERSITY
Lloyd's Regjister ge University of the % MONASH South Africa . OF ARIZONA.
Foundation BRISTOL West.of England 7 A campus of Monash University Australia for Slucﬁjigsain }’E:l;lell; Policy


mailto:jenna.brown@uwe.ac.uk

International Water

Contents (ec

1. Introduction
* Origins of natural gas
* Natural gas demand

2. Shale Gas

e Extraction
* Resources vs. Reserves

* Security of supply

3. Regulation for onshore extraction
* Regulatory Network
* Regulatory Controls

4. Summary



International Water

Where does natural gas come from? €

There are two types of natural gas:

BIOGENIC THERMOGENIC
Methanogenic organisms Buried organic material
formed by the assistance of deeper into the earth at
bacteria in marshes, landfills greater temperature &
and shallow sediments pressure

| Schematic geology of natural gas resources
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Where does natural gas come from? €+
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Viability of extraction S

Conventional

Hard to find but 1000
easy to produce
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Natural Gas (\\

Gas use by sector Chemicas

Food & Beverages
Mineral products
Paper & Printing

Vehicles
Mechanical..
Other industries
Textiles & Leather
Iron and steel
Electrical Engineering
Non-ferrous metals
Construction

309% 0 5000 10000 15000 20,000 25,000

of our electricity

(UKOOG, 2014)

Energy Sector
® Public Administration inc. Schools and Hospitals
® Industry
®m Commercial inc. Retail and Hotels
= Domestic
m Miscellaneous

m Agriculture
DECC, (2013)



UK Natural Gas Demand

2011 was a turning point as we imported more natural gas than native production
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Imports, especially Liquid Natural Gas (LNG):

* More expensive
e Higher carbon footprint

* May originate from politically unstable countries

International Water
‘ Security Network

As a result, the government aspires to improve our NG security of supply status by

extracting shale gas


https://www.gov.uk/government/publications/natural-gas-chapter-4-digest-of-united-kingdom-energy-statistics-dukes
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Shale gas extraction -

Early 2000s
Adapted from vertical wells

 Conventional wells have been
‘fracked’ historically

* Tried to adapt technology to ‘frack’
horizontal wells but wells did not
produce
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Shale gas extraction -

From mid-2000s

Staged ‘fracks’ developed _ _
Then, a combination of three

technologies came together:

1. Drilling horizontal wells
2. Fracking
3. Fracking in stages

Result:

Shale gas is made economically
viable in the US
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Shale gas extraction (&

A mix of sand, water and Recovered water is taken
chemicals are injected into o a treatment plant
the borehole

Methane flows out of borehole
and is used to generate electricity
or fed into the gas grid

Kilometres

.
N

Fissures

Borehole turns
horizontal

Pressure inside the borehole

Shale formation
fractures the shale

British Geological Survey ©NERC 2013

A vertical well is drilled and lined
with steel casing and cement
(>2900m deep)

Water and chemicals are used to
cool the drilling bids and reduce
corrosion

The well proceeds horizontally into
the shale formation (1-2km length)
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Shale gas extraction (N

A mix of sand, water and Recovered water is taken
chemicals are injected into  to a treatment plant
the borehole

* The horizontal well is perforated
s i e 18 In sections

or fed into the gas grid

L * A water-based fracking fluid is
injected at a pressure of
E ~15,000psi to fracture the

designated section

2
: w * Sand particles prop open fissures
= toallow gas to flow
Bor_ehole turns 3I u
Shale formation Pressure inside the borehole

fractures the shale British Geological Survey ©NERC 2013



Shale gas extraction: The surface

International Water
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example of site~< 4

No commercial extraction
in the UK

Site of 1.5ha required
Impermeable membrane

‘Temporary’ site, therefore resources and equipment brought
onto site on trucks

Unlike the US, waste pits are not used — waste is ‘contained’
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Resource vs. Reserves O

Estimates can be misinterpreted in the media....

Resource or _
» Estimate of gas

Gas in Place held in rock

GIP
( ) * To 80% certainty

Technically » Technically recoverable
if production were not
Recoverable constrained by

Resource (TRR) economics.

* Both technically and

Reserves economically

guardian
recoverable

News | Sport | Comment | Culture | Business | Money | Life & style

Britain's shale gas deposits 'could

supply country for 25 years'

UK sitting on deposits that could hold at least 1,300tn cubic feet of
gas, much more than previous estimates, British Geological
Survey report says

1 billion cubic meters (bcm) = 28.3 trillion cubic feet (tcf)
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Global Resources &

Estimates of technically recoverable shale gas resources (tcf) for

selected shale formations in 32 countries (EIA, 2013)



EIA (2013) Technically Recoverable Shale Oil and Shale Gas Resources: An Assessment of 137 Shale Formations in 41 Countries Outside the United States 2013 http:/www.eia.gov/analysis/studies/worldshalegas/
http://www.eia.gov/analysis/studies/worldshalegas/

Global Resources
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Estimates of technically recoverable shale gas resources (bcm) per capita

TRR Shale Gas Resources by country per capita
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Resource vs. Reserves

UK Shale gas assessments
eia)

United Kingdom
(2011)
TRR: 566bcm

(2012)

“...the UK shale gas
reserve potential could be
as large as
150bcm

eia)

International Water
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1835

The Midland Valley
Proposed assessment
>2014

—(ecs —
— CuADRILLA

The Bowland-Hodder
(GIP)
Cuadrilla (2011): 5,663bcm
BGS (2013): 37,633bcm

Cuadrilla (2014): 9,344bcm

United Kingdom
Revised (2013)
TRR: 732bcm

Reserves

Technically
Recoverable

Resource / GIP

—— R, ——

South Wales and West
(GIP)
968bcm (2011)

88\
BGS
1835

The Weald Basin
Shale OIL not gas

(May 2014)



http://www.eia.gov/analysis/studies/worldshalegas/archive/2011/pdf/fullreport.pdf?zscb=46511704
http://www.eia.gov/analysis/studies/worldshalegas/
https://www.og.decc.gov.uk/upstream/licensing/shalegas.pdf
https://www.gov.uk/government/publications/bgs-weald-basin-jurassic-shale-reports
http://www.edenenergy.com.au/pdfs/926201282fa9408ce7db90979f0a8cfb.pdf
http://www.edenenergy.com.au/pdfs/926201282fa9408ce7db90979f0a8cfb.pdf
https://www.og.decc.gov.uk/upstream/licensing/shalegas.pdf
https://www.gov.uk/government/publications/bowland-shale-gas-study
http://www.bbc.co.uk/news/science-environment-26440101
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Resource vs. Reserves

Scope of the Shale Gas Strategic Environmental Assessment
by DECC 2013
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Security of supply &

How could shale gas potentially affect our natural gas

security of supply status?

Bowland- Technically : . Potential
Hodder Recoverable Resource Poss_lble Protiable Specmilatlve Reserves =
i ~ = - 0
B80S Esilmais (FRR) 43% TRR 329% TRR 250 TRR 3%
Scenario = Speculative
(bcm) 25% GIP TRR
Low 23,279 5,834 2,492 1,869 1,444 736
Most Likely 37,637 9,402 4,050 3,002 2,351
High 64,598 16,142 6,938 5,154 4,050 2,011

To contextualize this figure:
« The UK’s remaining recoverable conventional gas reserves are

493bcm (17.4tcf) oecc, 2013)
« Annual UK gas consumption is 80 — 85bcm (2.8 — 3tcf)

Shale gas extraction of the Bowland-Hodder contains the equivalent of
>15 years’ UK natural gas consumption
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Security of supply &

How could shale gas potentially affect our natural gas
security of supply status?

Continued uncertainties in the estimation of shale gas’ contribution
to ur SoS status as a result of:

e Limitations to extrapolation from US case studies
* Updated resource estimates

* Projected natural gas demand

* Wells / laterals / well pad figures

e Public opinion



Security of supply (& et

* @Gas production rates decrease from 15t year

lllustrative shale gas 8
production profile
based on average

Barnett shale gas well

™ Year 10
Year 9

M Year 8

production . et

2 4 M Year 6

Ref: M Year 5

(Rogers (2013): Berman (2012) 3 - M Year 4

M Year 3
M Year 2
M Year 1

1 13 25 37 49 61 73 85 97 109
Months

* To meet 10% UK of gas demand in 10 years requires
300 wells to be drilled annually / 25 well pads


http://www.oxfordenergy.org/wpcms/wp-content/uploads/2013/07/UK-Shale-Gas-GPC1.pdf
http://www.oxfordenergy.org/wpcms/wp-content/uploads/2013/07/UK-Shale-Gas-GPC1.pdf
http://www.oxfordenergy.org/wpcms/wp-content/uploads/2013/07/UK-Shale-Gas-GPC1.pdf
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Security of supply N

“..exploiting the Bowland shale, based on the example of
the US, might require
33,000 wells.”

Prof. Andy Aplin

Former adviser to oil giant BP and now at Durham University
ShaleUK Conference (March 2014):


http://www.bbc.co.uk/news/science-environment-26440101

International Water
Security Network

Regulation




Private and Public Sector Research
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i Monitoring and control of fugitive
presmed g pedplade | methane from unconventional gas
s e e e 1 operations
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Planning practice guidance for onshore oil
and gas

PUBLICATION DATE

Teams
Office of Unconventional Gas and Qil
(OUGO)

The Office of Unconventional Gas and Oil (OUGO) is a new
Government office which aims to promote the safe,
responsible, and enviranmentally sound recovery of the
UK's unconventional reserves of gas and oil. The Office of
Unconventional Gas and Qil covers not only the
development of shale gas and il but also other forms of
unconventional preduction such as coal bed methane.

Contents
Making tha mst afour aturak

_J

dewlopmant n heir

Supporting publc engagement
Buleing cut ot base
Contact detals

r resourcesis 3
notably the United States. has proved an impartant source of eneray. We
know that there are. for example, large shale resources in the UK but we do
ot yet know how much of the unconventional energy in the UK s
recoverable.

01/01/2000 [ 12/31/2013 [

Ultimately the question of whethes recovery of these resources s
economicaly viable fs ene for Industry, but the Government wans to ensure
the right ramewerk i in place to supgortindustry and Iocal areas a3 this
exploration and,in some cases, production, moves forward, The
Gavernment wants to see any growth patental realised, to enhance our

ible, and to safeguad
public safoty in the process.

OGO sits within the Department of Enegy and CEmate Change, part of the
coogy Dovelogaiont Unit Tho Uit i tecoqpeitla o angaucagino

Hyperlinks available



http://ec.europa.eu/environment/integration/energy/pdf/fracking study.pdf
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&ved=0CEYQFjAC&url=http://www.raeng.org.uk/shale&ei=bbPKUvDqD_TB7AbGhIGgCQ&usg=AFQjCNFEQoVg10uq6BHIsFt-gDanAsWh_g&sig2=PNvH7Xzl7PPhVIZnU1zUrA&bvm=bv.58187178,d.ZGU
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/15745/5075-preese-hall-shale-gas-fracturing-review.pdf
http://www.hse.gov.uk/offshore/unconventional-gas.htm
http://a0768b4a8a31e106d8b0-50dc802554eb38a24458b98ff72d550b.r19.cf3.rackcdn.com/LIT_7983_3b53c2.pdf
http://a0768b4a8a31e106d8b0-50dc802554eb38a24458b98ff72d550b.r19.cf3.rackcdn.com/scho0812buwk-e-e.pdf
https://www.gov.uk/government/groups/office-of-unconventional-gas-and-oil-ougo
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/270980/Developing_Onshore_Shale_Gas_and_Oil__Facts_about_Fracking_140113.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/265988/Onshore_UK_oil_and_gas_exploration_England_Dec13_contents.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/224238/Planning_practice_guidance_for_onshore_oil_and_gas.pdf
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Regulatory Controls &

Regulatory Controls

Groundwater

Surface water

Air Quality

Habitats

Water Framework Directive

Groundwater Daughter Directive

Chemicals used much be in accordance to REACH regulations
Abstraction permits (EPR)

Borehole integrity checked by HSE

Water Framework Directive

Abstraction Permit (EPR)

Mining Waste Directive

Site design and construction standards regulated by LPA and HSE

Air Quality Directive

Mining Waste Directive

Borehole checked by HSE

Flaring and Venting authorised by Petroleum Licences (DECC)

Habitats Directive
Natura 2000
Environmental Impact Assessment (LPA)
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RegUIatOry Roadmap \

;"“": For more information, please click the relevant box ﬁ *
Gimase Enange

—_l

[ Other public bodies |

v
Operatorengages with local - v
B

. | Operatorinforms N
| BGS ofintention to -
juired drill
Operator consults with
> Coal Authody and ;
“|  obtains permi if '
Operatorarranges
| independent examination of
wellunder established scheme
Operatornotifies HSE of

A 4

intention to.all 21 days n
advance



https://www.gov.uk/government/publications/regulatory-roadmap-onshore-oil-and-gas-exploration-in-the-uk-regulation-and-best-practice
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Exploration

Department of Energy and Climate Change (DECC)
Petroleum Exploration and Development Licence
awarded following an open competition

DECC

Local Authorlty (LA) Environment Agency (EA) /
== Application for >96hr well Planning Permission Scottish Environmental
testing Protection Agency (SEPA)
Statutory Consultee

21 day Notification/ Well integrity Licences: Abstraction

I
I
I
I
I
I
I
I
I
: ‘ Health and Safety Executive (HSE) EA/SEPA
I
I
I
I
I
I
I
I
I
I
I
]

Permits: Radioactive Substances Regulation
(RSR) and discharges

J DECC

’L Checks with HSE/EA/SEPA - Issues consent J\

4
Exploration Unsuccessful: 96hr EXPLORATION WELL H Exploration Well Success
New location or deemed unviable

Ve

DECC <
60-day extended well test (EWT), if required
Limit on hydrocarbons produced, vented or flared
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Summary K

BGS continue to evaluate UK reserves with the Midlands Valley report
due to be published in Summer 2014

Based on annual demand of 8bcm, shale gas reserves from the Bowland-
Hodder alone to meet at least 15 years of NG demand

 However land use, population density, economic viability (and to a
degree public support) act as limiting factors to development

* Considerable variation in wells required and well pad density

Regulation is adapted from established on onshore conventional gas
extraction or deals with issues not isolated to unconventional gas
exploration. This continues to be enhanced.
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Thank you,
| welcome your questions

Jenna Brown

jenna.brown@uwe.ac.uk
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