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Background A DAUNTING CLIMATE FOOTPRINT

Comparison of greenhouse gas emissions from shale gas development with low and high
estimates of fugitive emissions using the Shindell et al 2009 revised Global Warming
Potential (GWP) of methane (105 x greater than CO2 on a 20 year time frame)

Natural gas is widely proposed as a clean bridge fuel to a lower carbon economy; however, the full life-cycle green- 75 e
house gas (GHG) emissions of shale gas development is poorly constrained and suffers from a chronic lack of Methane Elindirect CO- [l Direct CO:
information. 3 co-- -
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The most recent science indicates: 25
gg 45 -
« Immediate control of short-lived climate forcers such as methane is essen- gé
tial to limit long-term climate change (UNEP/WMO, 2011). g%.so.. [
« The 20 year global warming potential (GWP) of methane is 45% greater than E Y s g u L

that reported by the IPCC 2007 when interactions with aerosols and other indi-
rect effects are considered (Shindell et al. 2009) 0
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« The fossil fraction of the global methane budget may be 50% greater than
previosly thought and is increasing (Lassey et al. 2007)

Methane emissions from shale gas development are at least 30%

 Fugitive methane emissions related to shale gas development may be 30% to higher than that of conventional gas and the ful life-cycle GHG
2-fold greater than that of conventional gas (Howarth et al 2011) ftame. Souroe: Howarth ot &l QOAL). o vearime:

(Primary Goal

Importance of short-lived climate-forcing gases Eddie co-variance measurements
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Quantify the flux of methane to the atmo-
sphere associated with shale gas development
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Approach
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CH4 + BC measures

L We will use the eddy covariance method to measure the
/ flux (i.e., degree of transfer to the atmosphere) of methane
. downwind of areas of intensive hydrofracturing activity
CO2 + CHa4 + BC : : , .
Imeasures — | - | | , and downwind of areas not experiencing hydrofracturing.
| ® Air flow can be imagined as a horizontal flow of numerous rotating eddies .
Measurements from both areas will reflect other methane
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T B ® Each eddy has 3-D components, including a vertical wind component

= - oot f sources (e.g., wetlands, cattle production, etc.) and the dif-
T i i t t . . . .
o5 L . e diagram looks chaotic but components can be measured from tower ference between sites will represent the contribution of
190 1950 2000 2050 : o
The eddy covariance method [above; source: Burba and Anderson (2005)] hyd rofractu r'ng to total methane emission.
o o _ takes advantage of the way air behaves near the surface of the Earth. The
Observed deviation of temperature to 2009 and projections under various surface is rough and slows down the air and causes it to rotate or ‘eddy’. :
scenarios show that immediate controls on short-lived climate forcing Simultaneous measurements of the direction (up or down) the air is moving All measurements will be made from a portable tower SYS-
:)pecier? Combi?id with reducr:]ed CO2 emissions (green Iinle), prr]ovic;eéth? and the concentration of a gas of interest (e.g., carbon dioxide, methane, tem that can be moved among sites. On the tower is a
est chance of keeping Earth’s temperature increase to less than 2°C rela- etc.) can be used to calculate the net movement of the gas. For the mea- : . -
tive to pre-industrial levels. Source: UNEP/WMO (2011). surement to be robust, the measurements must be made at very high rates hlgh precision SOOIC ar)emometer for the measuremeqt of
(> 10 measurements per second). Therefore, in the case of methane we wind speed and direction and a laser-based methane in-
o . measure the vv_md speed and_dlrectlon using sound a_tr_1d the concentration strument. The combination of these instruments (pictured
Methane emissions from shale-derived gas of methane using the absorption spectrum of a precision laser [below]

to the right) allows for an integrated measurement of to-
tal methane flux and accounts for both methane emission
(methane entering the atmosphere) and methane con-
sumption (methane returning and consumed at the sur-
face).
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We will coordinate our measurements with well operations
to gain insight into the flux rate during different phases of
the hydrofracturing process.

Future Related Work

Re-assess the global methane budget - We will use the eddy
measurements of methane flux from well sites as well as the
most recent literature values for other methane sources and
Isotopic composition of atmospheric methane to update the
global methane budget.
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Natural gas is invisible to the naked eye, so infared cameras are often
used to detect leaks in the system; here an infared video camera cap-
tures the completion vent from Marcellus gas well. Still taken from video
footage courtesy Frank Finan.

Economic implications - using the emissions data from the
previous methane analyses, we will conduct a sensitivity anal-
ysis explicitly considering the interaction of methane emis-
sions with a carbon tax
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