Assessing Risks of Unconventional Shale Oil and
Gas Development to Groundwater Resources
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Which country is the top producer of petroleum and natural gas?
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Estimated petroleum and natural gas hydrocarbon production in selected countries
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Horizontal Well and Hydraulic Fracturing (7K F3-:F17K 11 E34VE)
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Water Cycle of Hydraulic Fracturing
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Produced Water

Produced Very Salty
- \

Hydraulic Fracturing Fluid Chemical Transformation Products

Base fluid, proppant, and additives in hydraulic fracturing fluids. New chemicals that are formed when chemicals in

hydraulic fracturing fluids undergo
chemical reactions, degrade, or transform.

Formation Water

Produced Water contains

Salts, including those composed from chloride, bromide, sulfate, sodium,
magnesium, and calcium;

Metals, including barium, manganese, iron, and strontium;
Naturally-occurring organic compounds, including benzene, toluene,
ethylbenzene, xylenes(BTEX), and oil and grease;

Radioactive materials, including radium;

Hydraulic fracturing chemicals and their chemical transformation products.



Potential Pathways of Fluid Migration
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How is Methane Formed? (FH %t ? )
Biogenic (I RLH):

0 Temperature

/’Biogenic ("C) Biogenic gas is produced from
/ gas 30 bacterial activities near the earth
k surface (10s of meters). Biogenic
~60 gas is overwhelmingly methane
(=2 99%).

Thermogenic (F %X ):

Thermogenic natural gas occurs at depths
exceeding 1,000 m and is generated from
chemical reactions under high
temperature and high pressure without
the presence of micro-organisms.
www.petropedia.com Thermogenic gas contains a large
percentage of non-methane
hydrocarbons, including ethane, propane,
etc.

https://pubs.usgs.gov/of/1996/0f96-272/ch03s07.html



Methane in Shallow Groundwater
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Methane in Shallow Groundwater

(2 H R 7K 7 ) F )
ﬁgﬁgé SCIENCE PRODUCTS NEWS CONMNECT ABOUT _ 4

Unconventional Oil and Gas Production Not
Currently Affecting Drinking Water Quality

Release Date: MAY 31, 2017 Contacts

Decades or longer may be needed to fully assess the effects of Department of the
unconventional oil and gas production on the quality of Interior,

groundwater used for drinking water in Arkansas, Louisiana, and gﬁ{;;eologmal
Texas

Office of
Communications and
Publishing

12201 Sunrise Valley
Drive

Reston, VA 20182
United States

A new U.S. Geological Survey study shows that unconventional oil and gas
production in some areas of Arkansas, Louisiana, and Texas is not currently a
significant source of methane or benzene to drinking water wells. These production
areas include the Eagle Ford, Fayetteville, and Haynesville shale formations, which
are some of the largest sources of natural gas in the country and have trillions of
cubic feet of gas.

“Methane concentrations were not spatially correlated with

VISVEWCIRVRYIRIIEN 1) (rocarbon well locations in any of the study areas”




Lower 48 states shale plays
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Dissolved Methane Distribution (J&#& F %¢4317)
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Methane(CH,) Isotopes (6°H and 6'3C)

PG vAY
82H(%o) = (zHllH)samp'e —1{x1000
(o) = (°H/'H) :

B standard ]
55C(% —_(BC/HC)WP'G 1_ 1000
(%) = (13C/12C) X
B standard ]

Standard:
Hydrogen isotopes: standard mean ocean water (SMOW)
Carbon isotopes: Vienna Pee Dee Belemnite (VPDB)



Methane(CH,) Isotopes (6°H and &13C)

schoell I(1980)
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Methane Origin (B 4E3RIE)
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Gas Wetness vs 813C-CH, (RSB EB 13X R)
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Conclusions (&51£)

» Methane is a relatively common occurrence in
shallow groundwater in Berea and Rogersville play
areas of eastern Kentucky.

= Methane in groundwater is primarily generated
from microbial sources.

» Methane is associated with hydro-geochemical
conditions. Elevated methane concentrations were
found more common in sodium-rich water and
reducing redox conditions.
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