Pipeline accidents and explosions happen, due to large leaks....
..... Small leaks are ubiquitous.

PHMSA 2009 Transmission Annual Data

Flames consume homes during a massive fire in a residential neighborhood September 9,
2010 in San Bruno, California. (Photo by Ezra Shaw/Getty Images)




Howarth et al. (2012-b) — Background paper for National Climate Assessment

Table 3. Unconventional gas (shale gas and gas from tight sands),
estimates of methane emissions from upstream (at the well site) plus
midstream (at gas processing plants), expressed as the percentage of
methane produced over the lifecycle of a well. Studies are listed
chronologically by date of publication. Modified from Howarth et al.

(2012).

Howarth et al. (2011) 3.3 % (mean; range = 2.2% to 4.3%)

EPA (2011)* 3.0 %

Jiang et al. (2011) 2.0 %

Hultman et al. (2011) 2.8 %

Burnham et al. (2011) 1.3%

Stephenson et al. (2011) 0.6 %

Cathles etal. (2012) 0.9 %

Petron et al. (2012) 4.0 % ("bestestimate;” range = 2.3 to 7.7%)

* The EPA (2011) estimate 1s as calculated in Howarth et al. (2012), using national
emissions from EPA reports and national gas production data from US Department of
Energy reports.



Howarth et al. (2012-b) — Background paper for National Climate Assessment

Table 3. Unconventional gas (shale gas and gas from tight sands),
estimates of methane emissions from upstream (at the well site) plus
midstream (at gas processing plants), expressed as the percentage of
methane produced over the lifecycle of a well. Studies are listed
chronologically by date of publication. Modified from Howarth et al.

(2012).

Howarth et al. (2011) 3.3 % (mean; range = 2.2% to 4.3%)

EPA (2011)* 3.0 %

Jiang etal. (2011) 2.0 %

Hultman et al. (2011) 2.8 %

Burnham et al. (2011) 1.3 %

Stephenson etal. (2011) 0.6 % Direct, landscape scale
Cathles et al. (2012) 099  Measurements!!

Petron et al. (2012) 4.0 % ("best estimate;” range = 2.3 to 7.7%)

* The EPA (2011) estimate 1s as calculated in Howarth et al. (2012). using national
emissions from EPA reports and national gas production data from US Department of
Energy reports.



Time frame for comparing methane and carbon dioxide:

e Hayhoe et al. (2002) 0 to 100 years
e Lelieveld et al. (2005) 20 & 100 years
e Jamarillo et al. (2007) 100 years

e Howarth et al. (2011) 20 & 100 years
e Hughes (2011) 20 & 100 years
e Venkatesh et al. (2011) 100 years

e Jiang et al. (2011) 100 years

e Wigley (2011) 0 to 100 years
e Fulton et al. (2011) 100 years

e Stephenson et al. (2011) 100 years

e Hultman et al. (2011) 100 years

e Skone et al. (2011) 100 years

e Burnham et al. (2011) 100 years

e Cathles et al. (2012) 100 years



High potential for massive emissions of
ancient CH, due to thawing permafrost and
release of “frozen” methane (methane
hydrates and clathrates).




TRANSACTIONS

- OF Fhil, Trans, . Soc. A [2007) 365, 1925 1954
THE RD?&A :lni:ln.lﬂgafl'!-:‘l}] 2007.2052
SOCIETY Published online 18 May 2007

Climate change and trace gases

By James ".-\NHI-’.NL*_, Makiko S.-rrg:-', PusHKER KH;‘I.IH-‘.C‘]-I.-\I,
Ganry Russert', Davio W, Lea® axp Mark Sippavt”

'NASA Goddard Institute for Space Studies and Columbia University
Earth Institute, 2880 Broadway, New York, NY 10025, USA
*Department of Earth Seience, University of California,

Santa Barbara, CA 93106, USA
*Lamont-Doherty Earth Observatory, Columbia University,
Palizades, NY 10864, US4

Hansen et al. (2007) identified critical threshold
in climate system, to avoid melting of natural
methane hydrates, leading to runaway positive

feedback of global warming = 1.8° .
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Without control of methane and BC,
critical thresholds of 1.5° to 2°

warming predicted in 15 to 35 years
(even with aggressive CO, control!!)
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Shindell et al.

2012 Science




Greenhouse gas footprint of shale gas compared to other fossil fuels
(20-year integrated global warming potential for methane)

A DAUNTING CLIMATE FOOTPRINT

Over 20 years, shale gas is likely to have a greater greenhouse
effect than conventional gas or other fossil fuels.

I Methane [ Indirect CO, [l Direct CO,
2 6o
<
=
=
o @
D5 45

30 -

15 -

Grams of carbon (CO
per Megaloule h

Low High Low High  Surface Deep Diesel oil
estimate estimate estimate estimate mined mined

L Shale gas __I 'l conventional gasJ L Coal —!

Howarth & Ingraffea, Nature, 15 September 2011



Natural gas systems
Animal agriculture
Landfills

Coal mining

Petroleum systems
Wastewater treatment
Forest management
Rice agriculture
Stationary combustion

All other sources

10 20 30 40 50
% of total U.S. methane emissions

(Howarth et al. 2012, based on 2011 EPA data for 2009)



Percentage contribution of methane to the total
greenhouse gas inventory of the US (2009 data)

20-yr integrated 100-yr integrated

time frame time frame
Methane from all sources 44% 19%
Methane from natural gas 17% 7.4%

(Howarth et al. 2012)



Percentage contribution of methane to the total
greenhouse gas inventory of the US (2009 data)

20-yr integrated 100-yr integrated

time frame time frame
Methane from all sources 44% 19%
Methane from natural gas 17% 7.4%

Shale gas a very small part of gas in 2009... As shale gas
increasingly replaces conventional gas, methane emissions
will grow! (40% to 60% greater emissions from shale gas).

(Howarth et al. 2012)



Can methane emissions be reduced?
Yes, but:
-- a lot are purposeful venting (economic decision)
-- leakage from old tanks and pipelines would be
very expensive to fix. Is it worth the
investment for a “transitional fuel?”
-- would require regulation; industry is strongly

opposed to regulation, and has a history of
getting around regulation when imposed.




Energy Information Agency, U.S. Department of Energy

Monthly U.S. Natural Gas Wellhead Price

12-
104~ Break even point (Berman 2010) = : |
2 | ' | - a®

~ " Break even point (IEA 2011) ~— i o e

Dollars per Thousand Cubic Feet
[=2]
|

1975 1930 1935 1390 1995 2000 2005 2010

Source: U.S. Energy Information Administration

On Feb. 29, 2012 = $2.52 per 103 ft3

http://www.eia.gov/dnav/ng/hist/n9190us3m.htm
(downloaded March 1, 2012)



Shale plays
I Current plays * Mixed shale &

| Prospective plays chalic play

™™ Muied shale &
Stacked plays limestone play
— Shallowesl/ youngest e Mixed shale &
—— Intermediate depth/ age
— Deepest/ oldest

fight dolostone. .~
siltstone-sandstone
Updated: May 3, 2011




Why Is Shale Gas Development
“Unconventional”? Why an SGEIS?

Because it requires 4 technologies only recently combined to make
gas production from shales technically and economically feasible.

Directional drilling: needed to access a thin layer of shale with long
laterals.

High frac fluid volumes: needed to stimulate gas release from many
existing fractures.

Slickwater: needed to control the amount of power needed to pump
large volumes of frac fluids, at high pressures, quickly, over long
distances, through small diameter casing.

Multi-well Pads and Cluster Drilling: needed to access as much of
the gas inventory as possible, under constraints of leasing and
capital.

15



High Volume, Slickwater Fracing from
Long Laterals (HVSFLL): The Concept

i

~ 5000 ft
Cap rock
%
Shale Layer 1
Cap rock ~ 100 ft

Pay zone
@ Geology.com

Not to scale

Well IS turned

hor'iy The Lateral

NI

Hydrofrac Zone
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Example of Spatially Intense Development:
Dallas/Fort Worth Airport Property, Barnett Shale Play

* 53 pads on 18,076 acres,
30 square miles

4 * Eachredlineis a well lateral
AN * Each red dot is a pad

k * Almost complete
coverage

& * Patchwork, mostly ideal
units

\ J, | P&l ° One leaser, one developer
SOURCE: CHESAPEAKE ENERGY 18




Unconventional Development of
Gas from Shale Is New Technology

Hydraulic Fracturing Technological Milestones -
Early 1900s | Natural gas extracted from shale wells. Vertical wells fracked with foam.
1983 First gas well drilled in Barnett Shale in Texas
1980-1990s | Cross-linked gel fracturing fluids developed and used in vertical wells
1991 First horizontal well drilled in Barnett Shale <€
1991 Orientation of induced fractures identified
1996 Slickwater fracturing fluids introduced <€
1996 Microseismic post-fracturing mapping developed
1998 Slickwater refracturing of originally gel-fracked wells
2002 Multi-stage slickwater fracturing of horizontal wells <€
2003 First hydraulic fracturing of Marcellus shale™
2005 Increased emphasis on improving the recovery factor
| 2007 | Use of multi-well pads and cluster drilling <€

From NYS SGEIS revised draft, page 5-5, 2011

About % of all unconventional shale gas globally

produced in the last 3 years

19




How Much Water For Each Well?

* Depends on length of lateral, number of frac
stages

* Typically, much more than 1 million gallons

Chesapeake Energy is averaging 5.5 million
gallons/well in PA Marcellus play.

http://hydraulicfracturing.aitrk.com/Pages/information.aspx

20



What Else Goes Down The Well With
The Water?

Proppant: Sand or coated ceramic beads, transported into the
fractures to keep them open after fracturing pressure release.

Gelling Agents: Increase fluid viscosity to help proppant transport.
Biocides: Kill bacteria that harm the gelling agents, can sour well.

Breakers: Decrease viscosity of the fracturing fluid, after the
fracturing process, to improve flowback.

Fluid-Loss Additives: Decrease leakoff of fracturing fluid into the
rock.

Anti-Corrosives: Protect metallic elements in the well.
Friction Reducers: Allow high pressures and flow rates.

http://www.epa.gov/OGWDW!/uic/pdfs/cbmstudy_attach_uic_ch04_hyd_frac_fluids.pdf

See Table 6.1 NYS dSGEIS, page 6-19
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What Comes Back Up? Called FLOWBACK

 When the fracturing process is completed, the
pressure is released, and much of the fracturing fluid
backflows to the wellhead, during the flowback
period, and afterwards*.

* The backflow will:

be highly saline, e.g. sodium and calcium salts;
contain some heavy metals, e.g. barium, strontium;
contain frac fluid additives;

contain NORM, primarily Radium-226

YV V VYV V

See Table 5.10, NYS dSGEIS, page 5-106
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Where Does The FLOWBACK Go?

Initially, it remains on site, in a collection pit, or tanks.

Pit serving a single well

http://www.epa.gov/OGWDW/uic/pdfs/cbmstudy_attach_uic_ch04 hyd frac_fluids.pdf .



Where Does The FLOWBACK Go?

e
o

it goes after that is the B

ESTION

http://www.donnan.com/Marcellus-Gas_Hickory.htm




Flowback Disposal Possibilities

EPA-regulated Class Il “brine” injection well
Sewage treatment plant (POTW)

ndustrial waste treatment facility

Road spreading

Recycling/Reuse

25



Gas Is Supposed to Rise
Inside the Production Casing,
Not Qutside

VIDEO of
Methane Bubbling
At Well Head

26



Bubbling in Muncy Creek, Lycoming County, PA:
Example of Migration of Hydrocarbons

Video Courtesy of Ralph Kisberg, Responsible Drilling Alliance



------ GOOD MECHANICAL INTEGRITY
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CEMENT CHANNELING
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LEAK THROUGH CASING
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3 INSUFFICIENT CEMENT COVERAGE
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New Scientific Data on Methane Contamination of Water Wells

70
] @ Active Extraction Areas
] . ANonactive Extraction Areas
60 { @
-y ]
i
* ] O
T .. 1%

Methane contamination of drinking water
accompanying gas-well drilling and
hydraulic fracturing

Stephen G. Osborn®, Avner Vengosh®, Nathaniel R. Warner®, and Robert B. Jackson

ab,c,1

aCenter on Global Change, Nicholas School of the Environment, EDivision of Earth and Ocean Sciences, Nicholas School of the Environment, and
‘Biology Department, Duke University, Durham, NC 27708

Edited* by William H. Schlesinger, Cary Institute of Ecosystem Studies, Millbrook, NY, and approved April 14, 2011 (received for review January 13, 2011)

0 1000 2000 3000 4000 5000 6000
Distance to Nearest Gas Well (m)

www.pnas.org/cgi/doi/10.1073/pnas.1100682108 32
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Horn River Area, NE British Columbia

Two Island Lake Operations Status

APA

70-K Pad

- Stimulation operations complete | |
- Total of 274 fracs placed
- 111 million Ibs sand placed
- 5.6 million bbls water pumped
- Flow back & testing in progress
- 6 wells on production

1 - All wells on-prod early July

7




Encana Says “No!” This One Is It

417 million gallons of water

78,400 tons of sand

8 milllion gallons of fracing chemicals
500 frac intervals

10,000 foot laterals =«

40,000 hp for fracing pumps

N

Iy ._;.” ZERE ~ﬂ:w‘1ww,a‘@% PRI

s -,_}_,‘ .




s3121m

Nowlan 220 Unit ~
Vel 531248

Fiek: Langden HI

Frod. Secl; Marcelus

WELL BORE DATA
Surface

Tergel Enlry
BoromHale

691.78 ac

Cparator: Chesapeske Appalachia, LG

vo ™D
380" 3830
386" 1Y

NADB3
LAT  LONG

A2170035 -76.636024
4248056 -76.539570)
42189246 -TE645736

', INOWLAN 2-2H

Unit Acreage: 691.76 ac
UNIT Fleld: Langdon Hil
£91.78 ac Productive Section: Marcellus

\ Bere Fath
| BWTTET/BH - 5024'

\ Prod.Saet:
\ ETBH -4872

Well: Mowtan 2:2H, 831248
AP1: Unassigned

Operalor: Chesapeake Appalachia, LLC, [/f

3122

J'\ L

244213

A

Chesapeake

ENERGY

non-square, about 640 acre, spacing
unit. Geology and leasing control.

LXENERGY

O P 42008 |

STEINER 2H (831116)

SPACING UNIT EXHIBIT
Erin & Baldwin Twp., Chemung Co., NY

1 Inch = 1,000 feet
Inset: 1inch = 400 feet

Ot 750007




Footprint of the Best Unit, 7-Well Pad,
Pennsylvania

Photos courtesy Robert Donnan



Marcellus Well Being “Finished” Outside Dimock, Pa
June, 2011: Major Source of Methane Emission

Photo and FLIR Methane-Tuned Video Courtesy Frank Finan >



Marcellus Well Being “Finished” Qutside Dimock, Pa.
June, 2011: Major Source of Methane Emission

Video

6/22/11 1 1.57.20AM

Video courtesy of Frank Finan
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Ancillary Infrastructure Is Major Source of Methane Emission

Courtesy of Calvin Tillman.




Natural Gas Leaks in and Around Boston: Pipelines A

ﬁ“ Boston Natural Gas Distribution Map
\

Courtesy of Prof. Nathan Phillips, Boston University
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Dr. Robert Howarth is in Brussels this week to discuss the
impacts of shale gas development in European Parliament.
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ﬂwabgashasagraenhusegashctpnntﬂ'ﬁtﬁmleastzﬂ%geawad perhaps more
than twice a5 great as ooal on & 20-year horizon. .

DONATE NOW
Click hare *

Passenmartmon, AnaLvsms

How Environmental Contamination Can Impact Human Health,
the Endocrine System in Particular

The Health Implications of Hydofracking, Upstate Medical University Public Health
Symposium

April 13, 2011

Featured Authors ‘

Stanley R. Scobie, PhD
Dr. Scobia is retired from the
faculty of the Psychology
Cepartment 2t Binghamaon
University in 2003 after =
33-year academic career,

Read More

Trevor Pinch,
PhD

Trewar Finch,
Ph.D. is
Professor of
Science and Tachnology Soudies
and Professor of Sociclogy at
Cornell University.

Resd More

Sandra
Steingraber,
PhD

Ecologist,

author, and
cancer survivor, Sandra
Sreingraber, PhD iz an
internationally recognized
autharity on the environment,
lirks 2o cancer and hurman

Read More

Madelon L.
Finkel, PhD

Health at Weill Comall Madical
Collzge in New York Gy,
Read LMore

v all

Where Can You
Find Reliable
Information?

http://www.psehealthyenergy.org/

43



PROTECTING COMMUNITIES AND THE ENVIRONMENT

| ¥ =< = © "  EARTHWORKS
Mining Reform  Int]Mining Ol and Gas AboutUs  EARTHblog  Places and Projects W h e r e C a n Y 0 u

OILANDGAS ~~  OIL & GAS ACCOUNTABILITYPROJECT =~ COMMUNITY
& About OGAP VOICES

) ,n and ., EARTHWORKS' Oil & Gas Accountability Project works with tribal, urban and rural communities to - 3
. Scm““ O protect their homes and the environment from the devastating impacts of oil and gas Buffalo, WY I n e la e

upport . ' development. Learn more. ' "Reaching an Agreement: Luck
* Health and Toxics of the Draw™ provides an -
* Public Lands | | account of Pete Dube's efforts l f ?

SR to achieve a Surface Use n o r a l 0 n

* Doing it Right HOT ISSUES Agreement with a company. m .

* Resources |

Even with that agreement, he
New Mexico showdowns over common sense drilling protections: drilling rules under Egﬁ:gfniggn?:;:: r;];;ny =
TAKE. ACTION attack in court and legislature started seeping into his stock
- e well soon after the company
Feb 22 -- The battle over New Mexico's landmark Pit Rule — the nation's most protective measure drilled & CBM well on a neighbor's

SUPPORT to safeguard citizens, water and land from hazardous oil and gas driling wastes — is building to a | property.
EARTHWORKS showdown in the courthouse and the Roundhouse (NM's Capitol).

. - ) ’ | PUBLICATIONS
In December Districk Judge Barbara Vigil heard arguments from the New Mexico Oil and Gas
Association, which is seeking to overturn the Pit Rule in its entirety. Tomorrow (2/23) she wil hear 1gint letter to House

W= http://www.earthworksaction.org/oil_and_gas.cfm

; - o .
Rule. . estate amendment. Vote "yes”
on passage HR. 3534

More info:
0il and Gas Pollution Fact
® Read our press release. | Sheeat
| |
® The Albuguergue Journal's recent story gives some political context to the showndown. Contaminants assodated with

® newmexicocommonsense.org provides fact sheets that explain why New Mexico's pit rule is, df”e “la”"us stages of il and gas
in fact, common sense. And why industry's argurments against i are bunk. BEipnETl

® Background on what the New Mexico pit rule is. Our Drinking Water at
Risk

What EPA and the Qil and Gas
! Industry Don't Want Us to Know

On November 19th and 20th, the 2010 National l About Hydraulic Fracturing, (Ful

People’s Oil & Gas Summit was held in
Pittsburgh, Pennsylvania, the heart of the
Marcellus Shale natural gas drilling boom.

| Report)

0il and Gas at Your Door?

The Summit was a huge success with more than 250 Naclonal Mﬁﬂwgm:”n&mlt {2005 Edition)

citizens frormn 26 states and Canada joining together to A landowner's guide to oil and
share infarmation, stories, and strategies. gas development.

Click here to view the agenda and download copies of presentations and materials from
[ | the 2010 National People’s Oil & Gas Summit. (Video clips from the Summit will be availzble ! 44



MIT Study On Economics of Shale Gas

TABLE 1
Initial p  Natural gas spot prices (Henry Hub) 5 in major U.S. shale plays
res
$ MIMBtu
£.00
e Marcellus Woodford
Mean 7.00 3,500 2,676
6.5 4.00 5.67
—_— &
Median | 55 n/a 2,520
500 n/a 5.97
4.50
P20 400 5,500 4,200
- 2.87 3.95
P80 4.00 1,500 1,000
250 8.09 13.71
200 Jul™Mi Jar 11 Jul ™1 Jan 1 2
e??" Source; Matural Gas Inteligence

Jacoby et al., Economics of Energy & Environmental Policy, Vol. 1, No. 1, pp. 37-51, 2011 45
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Figure 2: Approximate elevation for the base of the Utica Shale (top of the
Trenton). Elevations shown on the map are feet below sea level.

This map was compiled by Geology.com using data provided by the
Energy Information Adminisiration [1], the United Siates Geological
Survey [2] and the Pennsyhvania Geological Survey [3].
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