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The Marcellus Shale gas Methane emissions: Life Cycle modeling and uncertainties

Drive-Around campaigns and Dispersion modeling Regional network for inverse modeling of CH4 sources

Figure D: Methane concentrations from three days of drive-around (June 18-20, 2012) in
southwestern Pennsylvania (wet gas area). The high concentrations (around 3ppm) in the
lower right corner were measured near recently drilled wells (first few weeks of operation)

Figure G: Methane concentrations (from 2.1ppm in background to 3.1ppm) from drive-around (October 24, 2012). Largest 
concentrations were observed near recent wells (about 6 months old). The future deployment in North East Pennsylvania 
(dry gas area) will include three sites, two in the elevated area and one in New York State (no fracking). 
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Figure A: Depth of Marcellus Shale Base and campaigns using 
continuous CH4 analyzer (Picarro, CRDS) and 3D sonic anemometer 
(Campbell Scientific)

Figure B: Locations of unconventional wells in the Marcellus Shale (Pennsylvania only)

Table 1: 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)

Tower deployment

 - Background site: New York state (non-drilled area)
 - Two sites in active zone

Flask sampling 

Thermogenic and biogenic gases can be discriminated by measuring their stable carbon (δ13C) and 
hydrogen (δD) isotopic composition and their chemical compositions. The ratio of various hydrocarbon compounds 
(the ratio of methane to ethane-plus-propane, for example) and baseline geochemical data from numerous gas-wells 
over Pennsylvania (Baldassare, F.J. et al., 1992, 1998) offer the possibility to fingerprint the geologic source of atmospheric 
CH4. We will analyze the isotopic composition of the methane in our flask samples.

Inverse modeling

 - WRF-ARW (27/9/3/1km) using the multiple tracer mode from Lauvaux et al. (2012)
 - Four Dimensional Data Assimilation system: nudging to 
   WMO meteorological database
 - Adjoint modeling using Lagrangian Particle Dispersion 
   Modeling (Uliasz et al., 1995)
 - Prior emissions built with drive-around measurements 
   upscaled to the region (using well distribution + 
   production start dates) and emissions from life-cycle 
   Models

Objectives

 - Estimate emissions from unconventional gas production
   over two months
 - Test hypotheses / life cycle emissions 
 - Upscale to North East Pennsylvania

Sources of uncertainty in Life Cycle models (not exhaustive):
(from NETL – DoE)

Data Uncertainty

– Episodic emission factors
– Formation-specific production rates
– Flaring rates (extraction and processing)
– Natural gas pipeline transport distance

Data Availability

– Formation-specific gas compositions (including CH4, H2S, NMVOC,
and water)
– Effectiveness of green completions and workovers
– Fugitive emissions from around wellheads (between the well casing
and the ground)

* in red: Objectives of regional atmospheric inversion

Natural gas in the US:
 - Natural gas in the CH4 budget: about 40% of the total emissions, first contributor (US EPA)
 - Unconventional gas: about 50% of the total production of natural gas in the US
 - Rapid increase in the coming years (65% in 2020) 

The Marcellus Shale gas
 - 3rd shale gas reservoir in the US with 2,000 wells in 2011
 - Two major areas: wet gas in SW PA and dry gas in NE PA
 - EPA’s Air Rules for the Oil & Natural Gas Industry: flaring (before 01/2015) and capture 
(after 01/2015)

Major questions related to gas production

 - water/air quality impact
 - emissions of CH4/CO2 

How to assess the impact of Shale gas 
exploration on the C cycle? 
 - Life Cycle models: inventory products 
   (bottom-up)
 - Atmospheric inversions (top-down)

Life Cycle modeling
 - process-based modeling
 - Emission factors to convert energy and practices into CH4
   -> Large uncertainties on emissions from several steps

Sources of emissions
 - Drilling/Flowback followed by production: large variability in first
   few days/weeks, then production stage with more constant emissions
 - Storage/processing: compressor station, other facilities
 - Transport/distribution: along major pipelines, distribution in urban areas: 0.4 – 3.6 %

Drive arounds

 - Using the drive-around data, we were able to identify well pads with surrounding areas of CH4 enhancement.
 - Flux estimates and plume estimates were calculated using drive-around data and wind turbulence data to drive the 
   EPA AERMOD plume dispersion model.
 - Complications from weather conditions, lack of accessibility to areas near well-pads and complex terrain in SW Pennsylvania makes flux 
estimations difficult.
 - Estimates of leakage rates for this campaign ranged from 40 to 60 gCH4 s-1 on Day 1, and 65 to 105 gCH4 s-1 on Day 2.
 - These estimates correspond to wells, a compressor station and a dew point facility on Day 1, and a recent well only on Day 2

Day 1: Completed well pad: Drive-around
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Day 1 – Completed well pad: Plume
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Day 2: Drilling well pad: Drive-around
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Day 2 – Drilling well pad: Plume
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Figure E: Drive around was conducted to measure enhancements around natural gas well pads. Driving transects downwind of the well 
pad allowed for the deployment of a sonic anemometer to record wind and turbulence data. 

0.6 – 4.3 %

Figure C: Schematic of the different types of gas resources

Figure F: Methane concentrations (from 1.9ppm in background to 2.5ppm) from 
drive-around on Day 2 (June 19, 2012). The plume structure was observed on the 
East of the site (Stewart Compressor station, dew point facility, wells, and pond). 
The 3D sonic anemometer measured the wind components whereas our fast 
analyzer (Picarro, CRDS) measured the CH4 concentrations.
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