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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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Oil Production in Kentucky
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Significant Increase in Berea Production
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Eastern Kentucky Mid‐Upper 
Paleozoic Stratigraphy

Groundwater 
aquifers 

Confining intervals
(~600 ft thick)

Oil reservoir 
(~ 150 ft thick)

Courtesy of T. Sparks

~850ft

~270ft
Volume of fluid (103
bbls) and sand (105
lbs) used in hydraulic 
fracturing small 
compared to other 
unconventional plays

But horizontal 
drilling and hydraulic 
fracturing at shallow 
depth—most less 
than 2,000 ft)



Rogersville Shale

• 5,000 to 10,000 ft
deep 

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

• Very early stage of 
development

• Opportunity to 
gather baseline 
groundwater  data 
prior to any large‐
scale development



Possible Contamination Pathways of Hydraulic 
Fracturing to Groundwater Aquifers 

(http://www.geosociety.org/criticalissues/hydraulicFracturing/waterQuality.asp)



Harlow and LeCain, 1993

Groundwater Flow System

Eastern Kentucky Landscape

http://www2.ca.uky.edu/forestry/maehrbearky.php



(Wunsch, 1993)

Ca + Mg, HCO3 + SO4

Na + Ca, HCO3 + SO4  + Cl Na, HCO3 + SO4  

Na, Cl



Existing water wells

Domestic (Private): 6,753
Public: 1,348
Industrial: 55
Monitoring: 3,932
Agriculture (Irrigation or Livestock): 114
TOTAL: 12,202



(http://appvoices.org/2011/08/11/methane‐well‐contamination‐kentucky/)

Possible Methane Contamination of Drinking 
Water Wells in Kentucky 

"In all my 20 years ofwol1;ing on water quality probJems, I have never seen a drinking 

water well catch on fire and burn continuously lor days on end: Donna Lisenby saKl 

in reaction to news reports 01 a well fire in Pike Co unty, Kentucky 

r"" Wi"" ... "' !<FCC ""-"'" tt.. ........ 
"""_"" "". n_ing ..." """'" ,...." .. sr.'''.I .. , 

KentuCk~ns for the Commonwealth Steering 

Committee member Ted Wrthrow contacted 

Appalachian Voices lor assf.>tance wrth 

heavy metal sampliflglor 4 Kentucky 

lamilies whose welfs may be contaminated 

with methane One well has names that 

shoot more than a loot h'llh out 01 the t op 01 

their well Families in the area report that the 

water sometimes runs orange or black. and 

causes their skin to burn upon contacL 

Some indfvKluals suspect nearby Excel 

Number 2 mine to be the source 01 the 

contamination The lamilies reported the 

water prob~ to government o/flCials in 

May, but no action has been taken to help 

the lamil ies 



Advanced Analytical Methods
RPSEA 11122‐45

RESEARCH FOCUS ON THREE KEY ENVIRONMENTAL ISSUES:

Baseline Sampling and Stray Gas Investigation

• 3‐Year project in 2 phases (currently in Phase II)
• $3.5M from DOE/RPSEA, $900k in cost share

Advanced Analytics for Air Emissions

Produced Water Characterization



Baseline Sampling Protocol
What’s the Goal?
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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. 

1

2

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

occurrence
• Origins of methane

3

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 CH4> 1 mg/L)
• BTEX/TPH



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 

Collect water samples Deliver water samples

51 wells sampled in March-April, 2016



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

 78% of wells have 
detectable methane (MDL: 
5 µg/L).

 51% wells > 1 mg/L
 27% wells >10 mg/L 
 12% wells >28 mg/L 



Dissolved Ethane Statistics

 33% >5 µg/L

 1 wells > 1 mg/L



Distances to oil/gas wells

Distance Criterion: 3280 ft

Site type Count
Wells with 
CH4 > 1 mg/L

Percent

H&V oil/gas 
well 10 10 100%

No oil/gas well 25 10 40%
V oil/gas well 16 6 38%



Methane vs. Water Types

c/
CATICNS 

o 
CI 

_~N1CNS N 

A 
5 10 

• 

• 1. • 

• 
GREENUP 

Water Type 

• Calcium·Bicarbonate (15) • 

Calcium·Bicarbonate-Chloride (1) 

• Calcium·Chleride (1) 

• C3Icium-Sodi.Jm-Bic3rbon3Ie (11) . 

• Sojium·B lcalOonale (18) • 

... calcium-sodium·Bi:arbonate-Chloride (2) 

... sodium-Bicarbonale·Chloride (2) 

• sOO ium-Chlortde (1) 

--



 51 wells 
sampled.

Methane vs. Water Types

Na‐HCO3 Waters – 18 
wells, 14 with CH4 > 1 

mg/L

Na‐Cl Waters –1 wells, 1 with 
CH4 > 1 mg/L

Ca‐HCO3 Waters – 15 wells, 4 
with CH4 > 1 mg/L

Total 51 wells sampled Ca‐SO4 Waters – 1 wells, 0 with 
CH4 > 1 mg/L

Ca‐Na‐HCO3 Waters – 11 wells, 
6 with CH4 > 1 mg/L

Other types: 5 wells, 1 with 
CH4 > 1 mg/L 



Methane vs. Water Chemistry Parameters 

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

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

Methane Conc. (mg/L)

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. Water Chemistry Parameters 

Methane Conc. (mg/L)

Methane Conc. (mg/L)



Methane vs. Redox Condition 

(Courtesy of GSI)
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Mississippian‐Devonian Gas

Methane  Isotopes

(Image source: Isotech)
The image is based on whiticar (1999)

Groundwater Wells



Gas Wetness

Gas wetness (C1/(C2 + C3)) versus δ13C-CH4. Dissolved gases in groundwater are 
shown with filled symbols, whereas gases from eastern Kentucky oil and gas 
reservoirs are shown with unfilled symbols. 

100000 
• Elliott Co. In= 1) 

Biogenic 
0 <> Greenup In= 2) 

0 
~ A Johnson Co, I n= 3) 

10000 
0 e. 4IIb o Lawrence Co. In= 12) 

-=:J 
r::P> en .. 0 • 0 o Miss_Dev_In= 15) 

1000 ., .. t:. Silurian_ln= 2) 

m . .. [] Ordovician_ln= 5) u 
+ 
N <> Cambrian_In= 6) u -.... 

100 .... 

8 
u 

@) [] raa 
10 0 t:.O r::f> $ [] O. 

Thermogenic 
00 0 

1 

-90.00 -80.00 -70.00 -60.00 -50.00 -40.00 -30.00 

6 13C-CH4 , C2 H6 (%0, VPDB) 



Well: BR05

Depth: 420 ft
CH4: 78 mg/L
C2H6: 4.5 mg/L
δ13C1: ‐62.32‰
δDC1: ‐246.5‰
δ13C2: ‐35.19‰
δDC2: ‐155.2‰



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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