Larysa Dyrszka MD
September 2013
1

Shale gas development using
HVSWHLHF
 What is it and how is it done
 Why now

 Where
 What is involved in the life cycle--

the infrastructure of exploration,
extraction, production, transport,

storage and distribution
 Bridge or gangplank

Defining the Shale Gas Life Cycle: A Framework for Identifying
and Mitigating Environmental Impacts, Branosky et al, 2012.
http://www.wri.org/publication/shale-gas-life-cycle-frameworkfor-impacts
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HIGH-VOLUME SLICK WATER HORIZONTAL HYDROFRACKING
~ silica ~ quantity of water withdrawn ~ transport ~ drilling
~ during and post fracking ~ storage
~ processing ~ waste disposal ~ pipeline transport

Source: GASLAND
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Factors Affecting the Shift to Shale Gas in the US
Development of high volume, slick water hydraulic fracturing (old technology with new
application)
Dwindling oil reserves and a push toward alternative fuels
Misperception that natural gas (NG) is a bridge fuel that is “clean”
Financial incentives to extract natural gas
2005 Energy Policy Act
The profitability of exporting liquefied NG (LNG)
http://www.fas.org/sgp/crs/misc/R43148.pdf
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GLOBAL SHALE GAS RESOURCES

http://www.eia.gov/analysis/studies/worldshalegas/pdf/fullreport.pdf

EASTERN EUROPEAN SHALE GAS FIELDS

http://www.eia.gov/analysis/studies/worldshalegas/pdf/fullreport.pdf
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RESERVES,
PRODUCTION,
CONSUMPTION
AND IMPORTS

Rank

Country

cubic meters

1

Iran

2

Russia

6

United States

7,716,000,000,000

25

Ukraine

1,104,000,000,000

33,070,000,000,000
~31,000,000,000,000

Rank

Country

cubic meters

Proved reserves are those quantities of natural gas, which, by analysis of geological

1

Russia

653,000,000,000

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

2

United
States

651,300,000,000

under current economic conditions.

34

Ukraine

19,360,000,000

Natural Gas Production

Rank

Country

cubic meters

1

United States

689,900,000,000

2

Russia

460,000,000,000

15

Ukraine

53,160,000,000

Natural Gas Consumption
Rank

Country

Cubic meters

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_Ingraffea1.pdf and
http://www.damascuscitizensforsustainability.org/wp-

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

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

•

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)
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~depleted gas reservoirs
~aquifers
~salt caverns

UNDERGROUND INJECTION WELLS

GAS STORAGE FACILITIES:
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DISTRIBUTION

PIPELINES AND COMPRESSOR
STATIONS IN THE US
COMPRESSOR STATIONS EMIT:
• Nitrogen Oxides (NOx)
• Carbon Monoxide (CO)
• Volatile Organic Compounds (VOC)
• Formaldehyde (H2CO)
• Particulate Matter <10 (PM<10)
• PM2.5
• Sulfur Dioxide (SO2)

9

http://ferc.gov/industries/gas/indus-act/lng/lng-proposed-potential.pdf

LNG export/import terminals

http://ferc.gov/industries/gas/indus-act/lng/lng-approved.pdf

Globe Staff Photo / David L. Ryan

http://timrileylaw.com/LNG_TANKERS.htm

BRADFORD COUNTY, PA, BUILD OUT

Pennsylvania regulators
determined that gas
development damaged the
water supplies for at least 161
Pennsylvania homes, farms,
churches and businesses
between 2008 and the fall of
2012
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damagemurky-testing-methods-1.1491547 May 2013
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www.damascuscitizens.org

1986

2006
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PRODUCTION
DECLINE

CURVES

http://www.slb.com/~/media/Files/dcs/industry_articles/201105_aogr_shale_baihly.ashx
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1990-2010
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
more and more wells.

http://www.postcarbon.org/reports/DBD-report-FINAL.pdf

http://www.postcarbon.org/reports/DBD-report-FINAL.pdf

http://66.147.244.96/~damascu5/wpcontent/uploads/2012/01/Chesa
peake_decline_rate_page_10-NY_SOGL_Final.pdf

The pyramid of oil and gas resource volume versus resource quality
This graphic illustrates the relationship of in situ resource volumes
to the distribution of conventional and unconventional
accumulations and the generally declining net energy and
increasing difficulty of extraction as volumes increase lower in the
pyramid.
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Human-controlled sources of atmospheric methane from the United States for 2009,
based on emission estimates from the U.S. Environmental Protection Agency in 2011;
graph from Howarth (2012)

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_ClimateImpactsSummary_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.
Shindell et al, Improved attribution of climate forcing to emissions, Science.

• 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

• 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/17489326/7/1/014019/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
15

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

Potential
water
supply
conflicts
in the
western
US by
2025

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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GEOPOLITICS

Global net imports and net exports of oil and gas by
region, 2011
http://www.postcarbon.org/reports/DBD-report-FINAL.pdf
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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 NYS.
http://www.stanford.edu/group/efmh/jacobson/Articles/I/NewYorkWWSEnPolicy.pdf

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 (SO2),
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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ДЯКУЮ

Source: http://passaicnews.wordpress.com/
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