
Carl S. Kirby
Department of Geology

Director, Marcellus Shale Initiative
Bucknell University

Acknowledgments: 
aƻƭƭȅ tǊƛǘȊ Ωмл ŦƻǊ ŎƘŜƳƛǎǘǊȅ Řŀǘŀ
[ǳƪŜ {ǿŜƴǎƻƴ Ψмм ŦƻǊ /ƻƴŘǳŎǘƛǾƛǘȅ ǊŜǎŜŀǊŎƘ 
Bucknell University Environmental Center for funding

Presented at 
Marcellus Shale Natural Gas 
Stewardship: Understanding the 
Environmental Impact

A Temple University Summit
March 18, 2010



Characterization of waters:

ÁExtent of the Marcellus Formation & Drilling

ÁHorizontal Drilling ςslickwater& fracwater

ÁChemical signature of fracwater

Monitoring:

ÁDischarge and conductivity with time

ÁDischarge vs. conductivity curves ςhysteresis

ÁMass balance modeling

ÁProblems associated with poor mixing



Map by Carl Kirby from Pennsylvania Spatial Data Access information
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Diagram after 
Pritz, 2010

Slickwater+ Oil Field Brine = fracwater



Gel used in hydrofracturing.  Photo by Daniel Soeder, 
USGS. USGS Fact Sheet 2009ɀ3032, May 2009.

Slickwater additives





Marcellus fracwater has
distinctive Na/Ca/Cl signature

Pritz & Kirby  

(2010)



Some of the 
fracwatersare 

1/3 solids!



Changes in fracwater composition with time during flowback





Geochemical modeling



y = 0.2427x + 2341.3
R² = 0.754
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y = 0.5883x + 3967.5

R² = 0.9013
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Some clear correlations with TDS (amount of oil-field brine?)

Some mixed correlations with TDS

y = 0.0652x - 667.62
R² = 0.6939
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Ca y = 0.0039x - 60.885
R² = 0.6486
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Some mixed correlations with TDS

y = 0.0159x + 18.274
R² = 0.587
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y = 0.036x + 361.74
R² = 0.2814
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Some lack of correlations with TDS

y = -0.0007x + 173.14
R² = 0.0122
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y = 0.0253x + 102.77
R² = 0.8177
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Some lack enough data for correlation



Feasibility of Using Conductivity 
for Monitoring Streams



flowrate vs. time

Conductivity vs. time

Will increases in 
stream conductivity
tell us we have a 
aŀǊŎŜƭƭǳǎ άƭŜŀƪέΚ



Map by Carl Kirby from Pennsylvania Spatial Data Access information



Could be Marcellus-influenced



Tioga R., Could be Marcellus-influenced

Could be Marcellus-influenced



Not in Marcellus region



Not in Marcellus region
Not in Marcellus region



Juniata River, 6-day period

Not in Marcellus region











AMD and road salt can cause high conductivity. Can we distinguish 
aŀǊŎŜƭƭǳǎ άƭŜŀƪǎέ ŦǊƻƳ ǘƘŜƳ ǿƛǘƘ ŎƻƴŘǳŎǘƛǾƛǘȅΚ

Overlap between Marcellus and AMD areas


