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Key Themes

* Unplanned subsurface fluid migration
resulting from the well construction process

* Accidental surface release of fracturing fluids
and chemicals

* Induced seismicity from wastewater disposal
and hydraulic fracturing injection operations
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2 Consensus Accident Pathways
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* Other experts selected truck accidents and
leakage of wastewater pits and ponds



Increasing Unknowns
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Discussion Questions

 How should risk evaluation be prioritized? Are
routine shale gas development risks and
impacts sufficiently well characterized?

* To what extent are the risks and impacts of
unconventional natural gas development
intrinsic to the process itself, and to what
extent are they preventable?

— Through better management practices?

— Through improved technology?



Marcellus Liquid Waste Transport, 2011
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Liquid (Excluding 56% Direct Reuse)
Waste Transport

26 million miles of waste transportin 2011
(0.1% of total truck traffic in PA)


https://www.lcacommons.gov/nrel/process/show/0b3e64ec-4586-4f71-aef0-47b574e1886e?sort=flow&max=35&order=desc
https://www.lcacommons.gov/nrel/process/show/0b3e64ec-4586-4f71-aef0-47b574e1886e?tabview=E&qlookup=&max=35&hfacet="Truck+Transportation/General+Freight+Trucking"&loc=&dtype=&offset=&crop=&sort=unit&order=desc
https://www.lcacommons.gov/nrel/process/show/0b3e64ec-4586-4f71-aef0-47b574e1886e?tabview=E&qlookup=&max=35&hfacet="Truck+Transportation/General+Freight+Trucking"&loc=&dtype=&offset=&crop=&sort=amt&order=desc

Average Waste Transport Distance,
Aggregated to the Firm Level
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Explaining Variance in Waste Transport Intensity

Sum DQ per Well 2011

-0.722
Percent Wells Southwest " : .
(0.360) Spatial Determinants
.32
Percent Wells Northeast (822(5))
Total Waste per Well 0'0000*1** Standard errors in parentheses
(0.0000) * * % * %k %k
2 083 p<0.100, ** p<o0.01, p < 0.001
N 34




Explaining Variance in Percent Waste Reused

Sum DQ per Well 2011

Standard errors in parentheses
*n<0.100, ** p<0.01, ***p<o0.001



Explaining Variance in Violations

Average Violations per Well 2011

R? 0.053

Standard errors in parentheses
*n<0.100, ** p<0.01, ***p<o0.001



Discussion Questions

 How should risk evaluation be prioritized? Are
routine shale gas development risks and
impacts sufficiently well characterized?

* To what extent are the risks and impacts of
unconventional natural gas development
intrinsic to the process itself, and to what
extent are they preventable?

— Through better management practices?

— Through improved technology?



Spatial Temporal Clustering Improves
Opportunities for Reuse

240 Miles




