—
Shale Gas

Exploration and
Production:

OVERVIEW

|

Larysa Dyrszka MD
September 2013



|

Shale gas development using

HVSWHLHF

What is it and how is it done

Why now
Where

YV V V V

What is involved in the life cycle--
the infrastructure of exploration,
extraction, production, transport,

storage and distribution

» Bridge or gangplank

MATERIAL
ACQUISITION & PRODUCTION* DISTRIBUTION
PREPRODUCTION & STORAGE

Exploration NATURAL GAS

Well production Transmission Well closure /
EI:I E site remediation
Site preparation [E W]

Onsite processing Storage
aon a

Vertical and
horizontal drilling

[E|W/Mj
Offsite processing Distribution
[£{wim] a

Hydraulic fracturing

Well completion

* Note
ad O ereryy [ waer [ wateriais irom prod

http://www.wri.org/publication/shale-gas-life-cycle-framework-
for-impacts



http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts
http://www.wri.org/publication/shale-gas-life-cycle-framework-for-impacts

HIGH-VOLUME SLICK WATER HORIZONTAL HYDROFRACKING

~silica ~ quantity of water withdrawn ~ transport ~ drilling
~ during and post fracking ~ storage

~ processing ~ waste disposal ~ pipeline transport




Factors Affecting the Shift to Shale Gas in the US

»Development of high volume, slick water hydraulic fracturing (old technology with new

application)
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EASTERN EUROPEAN SHALE GAS FIELDS
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RESERVES,
PRODUCTION,
CONSUMPTION
AND IMPORTS

Russia 653,000,000,000

United 651,300,000,000
States

Ukraine 19,360,000,000

Natural Gas Production

1
2
15

Iran 33,070,000,000,000
Russia ~31,000,000,000,000
United States 7,716,000,000,000

Ukraine 1,104,000,000,000

Proved reserves are those quantities of natural gas, which, by analysis of geologica
and engineering data, can be estimated with a high degree of confidence to be
commercially recoverable from a given date forward, from known reservoirs and
under current economic conditions.

United States 689,900,000,000
Russia 460,000,000,000
Ukraine 53,160,000,000

Energy production
Ukraine

Natural Gas Consumption

3 United States 97,860,000,000
11 Ukraine 36,400,000,000

13 Russia 32,500,000,000

Natural Gas Imports

https://www.cia.gov/library/publications/the-world-factbook/rankorder/2253rank.html
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PRODUCTION

Casing (6-9% fail immediately)
http://www.psehealthyenergy.org/data/PSE__Cement_Failure_Causes_a
nd_Rate_Analaysis_Jan_2013_Ingraffeal.pdf and
http://www.damascuscitizensforsustainability.org/wp-

content/uploads/2012/06/theskyispink_annotdoc-gasl4final.pdf

surface
casing
ineffective

g \ fracture
cased, | propagates
cemented [ [ upward
oilwell 1 |

gas zone

reservoir

upward gas migration along a casing
string. From Dusseault et a/., 2000.

Completion (fracking)

Wellhead (blowouts)

Processing (separates methane from other
gaseous hydrocarbons, water and oil, and
removes sulfur and carbon dioxide; this process

emits significant air pollutants)

The Natural Gas Production, Transmission
and Distribution System

Main Line Sales

Natural Gas
Gas Processing Company m
Plant Compressor

Station Consumers

Compressor
Products Removed Station LNG

Vented Nonhydrocarbon Storage
and Flared Gas Removed
Returned to Field ~ Un derground
Vented and Flared Storage Reservoir

l— Production —{—Transmission —+— Distribution _l

‘ Source: U.S. Energy Information Administration.
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GAS STORAGE FACILITIES:

INKING WATER' &
ESOURCES

~depleted gas reservoirs

~aquifers

DBEARS(‘ER%’LIND
~salt caverns QUACES OF

U.S. Lower 48 Underground Natural Gas Storage Facilities, by Type (December 31,2010)
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UNDERGROUND INJECTION WELLS

*PRODUCTION WELLS ARE NOT
REGULATED BY THE UIC PROGRAM




DISTRIBUTION

PIPELINES AND COMPRESSOR
STATIONS IN THE US

COMPRESSOR STATIONS EMIT:




American LNG Import/Ex
Proposed/Potential
Import Tel

4. Offshore New Yo

Export Termi
PROPOSED TO FE!

.9
8. Lake Charles, LA:
Hackberry, LA

bine P:
Magnalia LNG)
CE FLNG)

(OMARAD/USCG

28. Kitimat,

Office of Energ
http://ferc.gov/industries/gas/indus-act/Ing/lng-proposed-potential.pdf

As of April 17, 2013

LNG export/import terminals

. North American LNG
- Import /Expor
Term Ina |S 1. Manzanillo, MX: 0.5 Bcfd (KMS GNL de Manzznillo)
App/‘o Ved nPSPRDF\éED - NOT UNDER CONSTRUCTION

[odina

Import Terminal

. Freeport, TX: 2.5 Befd (Cheniere/Fresport LNG Dev. -
Expansion)*
3. Baltimore, MD: 1.5 Bcfd (AES Corporation — AES Sparrows
Point)

U.S. - MARAD/Coast Guard

4. Gulf of Mex 1.0 Befd (Main Pass McMoRan Exp.)

5. Offshore Florida: 1.2 & - Port Dolphin Energy)
6. Gulf of Mexico: 1.4 wille LNG,

Canada
7. Riviére-du- Loup, QC: 0.5 Bcfd (Cacouna Energy -

TransCanada/PetroCanada)
8. Quebec City, QC :
Met/Gaz de France]

As of April 17, 2013

*  Expansi

http://ferc.gov/industries/gas/indus-act/Ing/Ing-approved.pdf
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/ BRADFORD COUNTY, PA, BUILD OUT

QUARTERLY PROGRESSIO! T
'OF GAS WELL PERMITS OCTOBER 2012 "+

OVERALL GAS ACTIVITY

DEP Active Permits Jan 2012
County Database
FEATURE TYPE
HORIZONTAL GAS WELL
VERTICAL GAS WELL
WATER IMPOUNDMENT
COMPRESSOR STATION
£ GROUNDWATER WITHDRAWAL
¥ DEMYDRATOR
METER STATION
NATURAL GAS POWER PLANT
SUBSTATION
® TAP LOCATION
WATER PUMP STATION
WATER TRANSFER PAD
WATER TREATMENT FACILITY
WATER WITHDRAWAL
0 } e WATERMUD STORAGE FACILITY
= 4 ue 3 T %) = i 4 e - COMMUNICATION TOWER
Pennsylvania requlators : Lrte: T 200 eV - L 05 || cestines

Pipe Size

determined that gas | JEPEL TR o] O] ey | —=
development damaged the e | | '
water supplies for at least 161

Pennsylvania homes, farms,

N

churches and businesses ‘ A

between 2008 and the fall of overai Gas actvy Mo CLOSE X
2012

http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-
murky-testing-methods-1.1491547 May 2013

11


http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547

Area shown is about 7 miles across.
Jonah Natural Gas Field, upper Green River valley, Wyoming, 1986.
Description: Landsat satellite image from 1986,showing the area of the future
onah natural gas development. Mostly undisturbed sage / grassland.
Note two graded roads (pale lines) that intersect in the lower left.

1986

—
A

TRUTH

Jonah Natural Gas Field, upper Green River valley, Wyoming, 2006.
Description: SPOT-5 XS satellite image from September 12, 2006,

showing the Jonah natural gas field. Graded well pads and connecting
access roads are clearly visible. Each pad covers an area of 3-4 acres.

Open pits of waste drilling fluids appear as dark spots on many of the pads
This SPOT image was created using natural-color processing to emulate the
earlier Landsat images for this area.

2006
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http://www.damascuscitizens.org/

Barnett Shale First-Year and Total Production Rates
Color-Coded by Year
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The darker blue line is the production curve of an
individual gas well — the production drops to 15% of]
the initial production within two years (decline
curve). The rising aqua-colored curve is total
production of all Chesapeake’s Marcellus gas wells —
this rising production curve happens by drilling
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more and more wells.

Marcellus Shale -
Targeted Horizontal Well Profile

£
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End of Year
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130day P 2Average Horizontal IP

http://66.147.244.96/~damascu5/wpcontent/uploads/2012/01/Chesa
peake_decline_rate_page_10-NY_SOGL_Final.pdf
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Productraty declines 35%
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fear

U.S. operating natural gas wells versus average well productivity,

http://www.postcarbon.org/reports/DBD-report-FINAL.pdf
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Human-controlled sources of atmospheric methane from the United States for 200, [ p e

based on emission estimates from the U.S. Environmental Protection Agency in 2011 ; [ pm g
graph from Howarth (2012) Landfills

CLIMATE CHANGE

Methane is the second largest contributor to human-caused climate
change, after carbon dioxide. Natural gas systems are the single largest
source of anthropogenic methane emissions in the U.S., representing

almost 40% of total emissions (EPA 2011 data)
http://www.psehealthyenergy.org/data/PSE_ClimatelmpactsSummary_ALLCitations_01Feb2013.pdf

* 2009 Sheffield and Landrigan. Global climate change costs significant
healthcare dollars “Global Climate Change and Children’s Health:

Threats and Strategies for Prevention”
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3059989/

* 2009 Shindell. Methane is a potent greenhouse gas, 33 times more
efficient at trapping heat than carbon dioxide over 100 years, and
about 100 times more potent than carbon dioxide over 20 years.

* 2011 Howarth, Santoro and Ingraffea. “The footprint for shale gas is
greater than that for conventional gas or oil when viewed on any time

horizon, but particularly so over 20 years.”
http://link.springer.com/article/10.1007%2Fs10584-011-0061-5

* 2012 Tollefson. In an area known as the Denver-Julesburg Basin,
where gas drilling is the prominent industry, they are losing about 4%
of their gas to the atmosphere — not including additional losses in

the pipeline and distribution system.

http://www.nature.com/polopoly_fs/1.9982!/menu/main/topColumns/topleftColumn/pdf/4821
39a.pdf

Coal mining _
Petroleum systems [
Wastewater treatment [l
Forest management I

Rice agriculture

I
Stationary combustion I
!

All other sources

0 10 20 30 40
% of total U.S. methane emissions

* 2012 Howarth. While methane is only

causing about 1/5 of the century-scale
warming due to US emissions, it is
responsible for nearly half the warming
impact of current US emissions over the

next 20 years.
http://www.eeb.cornell.edu/howarth/publications/How
arth_et_al_2012_National_Climate_Assessment.pdf

2012 Myhrvold, N. P. and K Caldeira. The
carbon dioxide emitted from burning
natural gas contributes significantly to
greenhouse gas emissions driving global

climate change. http://iopscience.iop.org/1748-
9326/7/1/014019/pdf/1748-9326_7_1_014019.pdf

2013 NOAA and CIRES. An emission rate
corresponding to 6.2-11.7% of average
hourly natural gas production in Uintah
County was measured in the month of

February.
http://onlinelibrary.wiley.com/doi/10.1002/grl.50811/abst
ract [)
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2009 Global Climate Change Impacts in the United States

1. Global warming is unequivocal and is primarily human induced.

2. Climate changes are under way in the United States and are projected
to grow.

3. Widespread climate-related impacts are occurring now and are
expected

to increase.

4. Climate change will stress water resources.

5. Crop and livestock production will be increasingly challenged.

6. Coastal areas are at increasing risk from sea-level rise and storm surge.
7. Threats to human health will increase.

8. Climate change will exacerbate many social and environmental stresses.
9. Thresholds will be crossed, leading to large changes in climate and
ecosystems.

10. Future climate change and its impacts depend on choices made today.

The United States is connected to a
world that is unevenly vulnerable to
climate change and thus will be
affected by impacts in other parts of
the world.

http://waterwebster.org/documents/clima
te-impacts-report.pdf
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2011National Security Implications of Climate Change

for U.S. Naval Forces, National Academy of Sciences
The Chief of Naval Operations has recognized the linkage
between energy use and climate change by establishing two key
task forces: Navy Task Force Energy (charged with formulating a
strategy and plans for reducing the Navy’s reliance on fossil
fuels—and thus reducing carbon dioxide emissions, operational
energy demands, and, potentially, energy costs); and Navy Task
Force Climate Change

http://www.nap.edu/catalog.php?record_id=12914 .
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2013 Jacobson. “Examining the feasibility of converting New York State’s all-purpose energy infrastructure to one using wind, water, and
sunlight,” Energy Policy

New York State can be powered by wind, water and sunlight by 2030. Conversion to a WWS energy infrastructure will reduce air pollution
mortality and morbidity and the associated health costs, as well as global warming costs in N'YS.
http://www.stanford.edu/group/efmh/jacobson/Articles/|/NewYorkWWSEnPolicy.pdf
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COAL vs GAS

Jacobson, M.Z,, et al., Response to comment on paper examining the feasibility of changing New York state's energy.... Energy Policy
(2013),“..natural gas production and use in the US emit more carbon monoxide(CO), volatile organic carbon (VOC), methane
(CH4), and ammonia (NH3) than coal production and use, whereas coal emits more nitrogen oxides (NOx), sulfur dioxide (502),
and particulate matter smaller than 2.5- and 10-um in diameter (PM2.5, PM10). Thus, both fuels result in significant local and
regional air pollution, although the higher SO2 and Nox emissions from coal results in overall greater air pollution from coal than
natural gas.”  http://dx.doi.org/10.1016/j.enpol.2013.07.105
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