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Abstract

Rapid implementation of horizontal drilling and hydraulic fracturing technology in producing oil and gas from tight rock formations across the
country has increased public concerns about possible impacts on the environment, especially on shallow drinking water aquifers. In eastern
Kentucky, horizontal drilling and fracturing activities in the Upper Devonian Berea Sandstone have increased in recent years. While production
activities in the Berea Sandstone are at a relatively small scale, public attention has been drawn to the Rogersville Shale, a deeper, thicker, and
more areally extensive organic-rich shale projected to become a major shale play in eastern Kentucky. Information about existing groundwater
quality, especially dissolved methane, in aquifers overlying the Berea and Rogersville play areas is critical to help address the public's
environmental concerns and protect groundwater resources.

The Kentucky Geological Survey, in collaboration with GSI Environmental, collected and analyzed groundwater samples from existing
domestic and public water-supply wells located in Greenup, Carter, Boyd, Lawrence, Johnson, and Elliot Counties. The objectives of this
project are to obtain an understanding of baseline groundwater chemistry throughout the study area and to use isotope data to evaluate possible
sources of methane detected in the groundwater. Fifty-one water wells were sampled and analyzed for major cations and ions, metals, and
dissolved gases including methane. Wells with elevated methane concentration were also analyzed for carbon and hydrogen isotopes. Results
from this study provide the first assessment of methane concentrations, possible sources of methane, and the relation of methane to water
chemistry in the area.
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Berea Play

e Historic Devonian
Berea Sandstone
production mostly
gas (red circles)

e Since 2010 active
oil play in Elliott,
Carter, Greenup,
Lawrence,
Johnson, and Boyd
Counties

e Approximately 70
horizontal oil wells
completed (green
circles)
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Oil Production in Kentucky

(2014 - 75% increase over 2011)
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63 Kentucky counties




Significant Increase in Berea Production
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Eastern Kentucky Mid-Upper
Paleozoic Stratigraphy

Groundwater ~270ft

Volume of fluid (103 aquifers
bbls) and sand (10°

lbs) used in hydraulic

fracturing small

compared e other Confining intervals
unconventional plays (~600 ft thick)

But horizontal
drilling and hydraulic
fracturing at shallow

depth—most less

than 2,000 ft) Oil reservoir
(~ 150 ft thick)

Courtesy of T. Sparks




Rogersville Shale

e 5,000 to 10,000 ft
deep

e Up to 1,100 ft thick
in Kentucky, but not
all is organic rich

e Very early stage of
development

e Opportunity to
gather baseline
groundwater data
prior to any large-
scale development




Possible Contamination Pathways of Hydraulic

Fracturing to Groundwater Aquifers
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Eastern Kentucky Landscape
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Hydrochemical Facies
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Existing water wells

e . B 7 F A Sy e SN o CroRTE ., 1

Domestic (Private): 6,753

Public: 1,348

Industrial: 55

Monitoring: 3,932

Agriculture (Irrigation or Livestock): 114

TOTAL: 12,202







Advanced Analytical Methods

e 3-Year project in 2 phases (currently in Phase )
e S3.5M from DOE/RPSEA, S900k in cost share
RESEARCH FOCUS ON THREE KEY ENVIRONMENTAL ISSUES:

Baseline Sampling and Stray Gas Investigation

Advanced Analytics for Air Emissions

Produced Water Characterization m RESEARCH INSTTUTE



Baseline Sampling Protocol
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Baseline Sampling of Water Sources
|SurfaceWater| | Water Wells | |Springs/Seeps|

Implications
&
Case Study

Regulations
&

Guidance

Y Develop a practical protocol for =
improved sample collection
methods and data
interpretation for pre-drill and
post-drill sampling programs

Information
Resources

Data Analysis = N0 Uy’
& EIIIIII

Management Sample Collection

© o

Analyses




Baseline Sampling Protocol

Baseline Samgling of Water Sources

| Surface Water | Water Wells | Springs/Seeps |
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Scope of Work

Select up to 50 water wells In the study area, including
Greenup, Carter, Boyd, Lawrence, and Johnson
Counties.

Follow the Baseline Sampling Protocol to collect

water samples, which are analyzed for :
Dissolved gases
Major cations, anions, and metals
Carbon and hydrogen Isotopes (samples with CH,> 1 mg/L)
BTEX/TPH

Analyze the resulting dataset for:
Spatial variability in dissolved gases
Relationship between water quality parameters and methane
occurrence
Origins of methane




The Field Team

Bart Davidson Steve Webb Richard Smath




Locating Water Wells

With help from UK Agricultural
Cooperative Extension Office,
contact well owners to get
permission to sample

https://extension.ca.uky.edu/county




Field Sample
Collect well information Purge

51 wells sampled in March-April, 2016

Collect water samples Deliver water samples




Sample Sites

Surface elevations
range from 550 - 1000 ft

Well depths range from
15 - 485 ft

Depths to water range
from 3 - 200 ft




Dissolved Methane Statistics
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<MDL 0.005-1mg/L 1-10mg/L 10-28 mg/L 28- 78 mg/L

/8% of wells have
detectable methane (MDL.:

5 ug/lL).

= 51% wells >1 mg/L
wells >10 mg/L
wells >28 mg/L




Dissolved Ethane Statistics
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<0.005 0.005-1mg/L 1-10 mg/L 10- 28 mg/L 28 - 78 mg/L

= 33% >5 ug/L

= 1 wells >1 mg/L




Distances to oil/gas wells

Site type

H&YV oil/gas
well

No oil/gas well

V oil/gas well

Wells with
CH,>1mg/L

Percent

Distance Ciriterion: 3280 ft




Methane vs. Water Types




Methane vs. Water Types

100

Ca-SO, Waters — 1 wells, 0 with
CH, >1mg/L

Total 51 wells sampled

Ca-HCO,; Waters — 15 wells, 4 -. |
with CH, > 1 mg/L 0 & 5o Na-Cl Waters —1 wells, 1 with

CH, > 1 mg/L

Ca-Na-HCO; Waters — 11 wells,
6 with CH, > 1 mg/L

Other types: 5 wells, 1 with
CH, > 1mg/L

100

Na-HCO,; Waters — 18
wells, 14 with CH, > 1

mg/L



Alkalinity (mg/L)

Methane vs. Water Chemistry Parameters

Spearmans’s Ruo: 0.26
Correlation strength : weak
p-value: 0.1 (insignificant)

>NDto 1 >1to 10
Methane Conc. (mg/L)

Spearmans’s Ruo: 0.58
Correlation strength: moderate
p-value: 9e-5 (significant)

>NDtol >11t0 10
Methane Conc. (mg/L)



Calcium (mg/L)

Sodium (mg/L)

Methane vs. Water Chemistry Parameters

| |

>NDto 1 >1to 10
Methane Conc. (mg/L)

T

— =

ND >NDto1l >1to10

Methane Conc. (mg/L)

Spearmans’s Ruo: -0.29
Correlation strength : moderate
p-value: 1e-2 (significant)

Spearmans’s Ruo: 0.49
Correlation strength: moderate
p-value: 1e-3 (significant)




Methane vs. Redox Condition

(Courtesy of GSI)




Methane Isotopes

Groundwater Wells
Mississippian-Devonian Gas




Gas Wetness

Gas wetness (C,/(C, + C,)) versus 613C-CH,. Dissolved gases in groundwater are
shown with filled symbols, whereas gases from eastern Kentucky oil and gas
reservoirs are shown with unfilled symbols.




Well: BRO5

Depth: 420 ft

CH,: 78 mg/L

C,H¢: 4.5 mg/L
513C,: -62.32%o0
85DC,: -246.5%0
513C,: -35.19%o0
8DC,: -155.2%o




Conclusions

= 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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