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Abstract 

 

The Devonian Berea “Sandstone” was discovered in Lawrence County in the late 1870's. Major Berea development occurred in 

the 1920's and in the late 1950's with the advent of waterflooding. In the 1980's, Section 29 tight formation tax credits 

temporarily made the Berea interesting again. Recently, horizontal drilling and slickwater fracture stimulations have led to a 

Berea renaissance with Lawrence County now the leading oil-producing county in the state. Berea wells completed since 1997 

were selected that had enough periods of publicly available production data for analysis to characterize the initial performance 

of the wells. 

 

The maximum reported monthly production rate, first year cumulative production volume, and production decline were 

modeled. For each well with sufficient data, the better fit of an exponential or hyperbolic decline curve was used to characterize 

production trends. A gas production index was defined as the ratio of gas production to the sum of oil and gas production on a 

barrels of oil equivalent basis and used to map regional trends in oil- and gas-prone production. Well performance was divided 

into three classes based on the first year cumulative production at the 25th and 75th percentiles. Typical oil and gas decline 

curves for each of these groups exhibit significant differences relative to predicted future performance. 

 

Based on limited historic production data, Berea oil producers out-perform typical Kentucky wells. The Berea in Greenup and 

Lawrence counties is oil-prone while Pike County exhibits a significant wet gas-prone area with some wells reporting varying 

amounts of oil production. 
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Heterogeneity and Soft Sediment

KY 10, near Garrison, Lewis County, Kentucky



Horizontal Wells by Year

0

500

1000

1500

2000

2500

3000

0

50

100

150

200

250

300

350
19

79
19

90
19

91
19

92
19

93
19

95
19

99
20

00
20

01
20

03
20

04
20

05
20

06
20

07
20

08
20

09
20

10
20

11
20

12
20

13
20

14
20

15
20

16

To
ta

l P
er

m
its

 Is
su

ed

Ho
riz

on
ta

l W
el

ls

OIL O&G GAS D&A Other LOC Permits

40 Total

Berea oil wells

1,640 permitted

Presenter
Presentation Notes
Kentucky’s first horizontal well was drilled in 1979, but it took until 2006 for the technology take hold, mostly in the Devonian Ohio shale gas play in eastern Kentucky. Beginning in 2011 horizontal drilling began in the Devonian Berea oil play in northeastern Kentucky. 



2015 Oil Production: 2.8 MMbo
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Presenter
Presentation Notes
Since the early 1980s, Kentucky oil production steadily decreased to below 3 million barrels annually. However, the oil wells drilled beginning in 2011 have pushed annual production to more than 4 million barrels, the highest production since 1994. In 2015, production fell 30% to 2.8 million barrels.



Significant Increase in Berea 
Production
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Presentation Notes
In fact the Berea renaissance has pushed Lawrence County to the top oil producing county in the state and Greenup is not far behind. Henderson and Union Counties in western Kentucky, historically the most prolific oil producing counties have lagged behind. 



Daily Average vs 2010 Study
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Presenter
Presentation Notes
Including many historic wells, typically 90% of Kentucky’s wells are stripper wells and more than 50% of the wells produce less than 1 bo/d. Less than 10% of horizontal wells completed in the Devonian Berea are stripper wells and 50% produce 26 bo/d or more.



Kentucky Wells 
with Devonian 

Berea Completion

Earliest wells: 1879 to 1890’s in Johnson Co., 
and Blaine area of Lawrence Co.
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Devonian Berea Activity 
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Presentation Notes
Most wells permitted and completed since 2011 have been horizontal wells in Lawrence and Greenup Counties.



Public Data Selection Criteria

• Oilandgas.ky.gov
– 805 KAR 1:180

• Well was completed
– Berea only (no commingling)
– After 1997 (early-time data available)

• Oil or gas production values
– >0 for at least 1 month (no shut-in)



Well Types
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Decline Models
• Begin at period of maximum reported 

monthly production
• At least 11 months of data following
• Correlation coefficient, r2, at least 0.47

𝒒𝒒𝒕𝒕 =
𝒒𝒒𝒊𝒊
𝒆𝒆𝑫𝑫𝒊𝒊𝒕𝒕

𝒒𝒒𝒕𝒕 =
𝒒𝒒𝒊𝒊

𝟏𝟏 − 𝒃𝒃𝑫𝑫𝒊𝒊𝒕𝒕
𝟏𝟏
𝒃𝒃

Exponential Hyperbolic

www.uky.edu/KGS/emsweb/devsh/production/decline_obj.py



Sample data

Maximum reported 
monthly production rate

At least 12 periods



GOR & GPI

• No oil then what?

• Ratios on boeq basis
• Compare cumulative 

production data

𝑮𝑮𝑮𝑮𝑮𝑮 =
𝑮𝑮𝑮𝑮𝑮𝑮𝑴𝑴𝑴𝑴𝑴𝑴
𝑶𝑶𝑶𝑶𝑶𝑶𝒃𝒃𝒃𝒃𝒃𝒃

𝑮𝑮𝑮𝑮𝑮𝑮 =
𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 ∗ 𝑮𝑮𝑮𝑮𝑮𝑮𝑴𝑴𝑴𝑴𝑴𝑴

𝑶𝑶𝑶𝑶𝑶𝑶𝒃𝒃𝒃𝒃𝒃𝒃 + 𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 ∗ 𝑮𝑮𝑮𝑮𝑮𝑮𝑴𝑴𝑴𝑴𝑴𝑴

• 0 to < 0.25 – oil well
– <= 2Mcf/bbl (stripper gas)

• 0.945 to 1 – gas well
– >= 100 Mcf/bbl

Gas Production Index



Gas Production Index
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Regional 
Distribution of 

Production Data



Production Data 
Set

• 139 wells

17%

2%

31%

50%

0 50 100

GREENUP

JOHNSON

LAWRENCE

PIKE

Number of wells

Horizontal

Vertical



Pike Co. r2=0.98 Greenup Co. r2=0.87

Lawrence Co. r2=0.03 Greenup Co. r2=0.002



Oil Production

• Production data
– 88 wells

• At least 12 months
– 32 wells
(Cumulative graph)

• Decline significant 
(r2 > 0.47)
– 10 wells
(Type declines)



y = 6.1297x0.9917

R² = 0.953
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Presentation Notes
Fifty percent of wells have a reported maximum monthly production rate between 331 and 1,786 barrels. In the first 12 months of production fifty percent of wells produce between 1,290 and 5,750 barrels. In general, horizontal well completions perform better than conventional vertical wells.
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Presentation Notes
On the basis of these production levels, the wells were assigned to one of three types for type curve assessment. Type 1 wells have cumulative production in the lower 25th percentile and Type 3 wells are in the upper 25th percentile (exceed the 75th percentile cumulative production rate).



Typical Oil Declines
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Presentation Notes
Wells above the 25th percentile annual cumulative oil production rate are predicted exceed 10 barrels of oil per day, the stripper well production rate, over the first 24 months of production. Even Type 1 wells are expected to significantly out perform the less than 1 barrel per day exhibited by the typical Kentucky oil producer 



Greenup County Cumulative 
Production
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Presentation Notes
The diameter of the pie represents the cumulative oil and gas production in barrels of oil equivalents, boeq. The pie wedges represent the proportions of oil and gas produced.



Lawrence County 
Cumulative Production

1st year oil and gas 
total (boeq)

Oil bbl

Gas boeq

Presenter
Presentation Notes
The largest Berea well for which we have production records is in Lawrence County and produced more than 29,000 barrels of oil equivalents in the first year. Two horizontal wells drilled from the same pad produced in excess of 25,000 barrels of oil equivalents in the first year.



Gas Production

• Production data
– 128 wells

• At least 12 months
– 98 wells
(Cumulative graph)

• Decline significant 
(r2 > 0.47)
– 74 wells
(Type declines)



Short Term Gas Well Performance

y = 7.823x0.9743

R² = 0.9591
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Presentation Notes
Fifty percent of gas wells have a reported maximum monthly production rate between 1.5 and 9.5 MMcf. In the first 12 months of production fifty percent of wells produce between 13 and 83 MMcf. In general, horizontal well completions perform better than conventional vertical wells.




Short Term Gas Well Performance
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On the basis of these production levels, the wells were assigned to one of three types for type curve assessment. Type 1 wells have cumulative production in the lower 25th percentile and Type 3 wells are in the upper 25th percentile (exceed the 75th percentile cumulative production rate).




Typical Gas Declines
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Presentation Notes
Wells above the 25th percentile annual cumulative gas production rate are predicted exceed 60 thousand cubic feet of natural gas per day, the stripper well production rate, over the first 24 months of production. Even wells exhibiting Type 1 declines are expected to out-perform the 12 Mcf/d rate exhibited by the typical Kentucky gas producer.




Pike 
County

Cumulative oil 
production by well 
ranges from 1 to 
2,394 barrels
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Presenter
Presentation Notes
The biggest producers of natural gas from the Berea are primarily horizontal wells located in Pike County, eastern Kentucky. Some of these wells, especially those along the trend of the D’Invilliers Structure are wet gas producers with reported oil production from 1 to up to 2,394 barrels over the first 12 months.



GPI

• Oil prone
– Greenup
– Lawrence
– Martin ?

• Gas prone
– Pike

0.25

Presenter
Presentation Notes
Production data and the gas production index suggest an oil prone producing area within and to the north of the Rome Trough. South of the Rome Trough, in Pike County, Berea production is dominantly gas prone, but liquids production has been observed.



Synthesis
• Limited historic production data

– Most recent public data are 2 years old
– Few oil wells with >12 months of data

• Berea oil producers out-perform typical 
Kentucky well
– Horizontal, Greenup and Lawrence Counties

• Oil-prone areas: Greenup and Lawrence
• Gas-prone area: Pike County

– Wet gas includes reported oil production 



Implication

There may be additional areas with old, 
relatively shallow producing wells where 
horizontal drilling and modern completions 
could revive that production.

If the price is right…
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