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Kentucky Shale Gas Wells

2014: 257 Bcf
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Endeavor Wells in Breckinridge Co.

e 2011 —drilled, gas
e 2012 — new report, oil

Initial GOR from 1.8to 4
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Gas wgﬂg with
sm/c;lf/c/vmo\tfﬁts\
_of oil (4 to 450
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Oil Production from New Albany

° Endeavor Energy ‘
- #1 Baum (107321)
T2 #3 Bun:ton-Whltfill (107

— "’#5 Whitﬁll (10765’1-
\ * Hard ROCk #1 Pullen

Thanks to Dave Harris for digging these out KENTUCKY:
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Initial Completions

e Endeavor wells e Previous wells
— Vertical wellbore — Vertical wellbore
— Cased hole — Cased hole
— High GR in Grassy Creek — Entire New Albany
— 7’ to 8’ interval — 113’ to 160’ interval
— Water: 376 to 390 bbl — N, or N,-foam frac
— Sand: =45,000 |Ib — Sand: =60,000 |Ib
— IOF 150 to 200 Mcf/d — IOF 20 to 500 Mcf/d
e Oil after 1 yr +/- e Some production data

indicate possible oil
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0il & Gas Production through 2013

Hard Rock 1 Pullen @ (32bo, 4 MMcf)

(3,538 bq

( ;IL' L)Qz
5 Whitfill O9.548 bo, 35.8 MMcf cn Jean

3 Whitfill-Burton _ . ©(449 bo, 152 MMcj)
Vanzant (U720 bo, 2.4 MMcf

4 Burton-Whitfill O 1,696 bo, 10 MMcf

1 Baum () 2,303 bo, 41.8 MMcf

Cumulative total: 17,805 bo, 90 MMcf UK
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Isopach of New Albany
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Structure on Top of New Albany
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Sampling

Emulsi

on_

e

e Medium olive, 42° API oil
* All sampling done in closed systems
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Analyses & Data Sets

Endeavor4 Endeavor5 KGS 1 Blan

Natural gas

Composition

I
E N
2 i
o
Isotopes g G
o g 2
Whole oil GC ; S
Isotopes <<
)
MPLC =
ICuttings/Core
Extract GC
Aromatic GCMS

Saturate GCMS
MPLC
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Mole Percent

80
70
60
50
40
30
20
10

CEIFAENHE

Well

BTU

GPM

Endeavor 5

1,182

5.74

Cl1 C2 C3

iC4 nC4 iC5 nC5 C6+ He H2 Ar

B Endeavor 5

02 N2

CO2
UK
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Gas Chromatograms of Whole Oil

Endeavor # 4
Depth 1858’
APl 42 GOR 3.8

Unusually large <nC7
gasoline component

) | i | U..LLLLI "..!.ﬂ'-‘._._.l.:_; :

Endeavor #5
Depth 1998’
APl 42 GOR 1.8

Unusually large <nC7
gasoline component

KERTUCKY



Oil & Extract Gas Chromatographs

|
® Ordovician

0.8 ® Cincinnati Arch
© o6 West Kentucky
= .
O ¢ Extracts
c .
? 0.4 0]13
c Non-Ordovician
"r'u" 0.2 | Data:
E Burgess, Humble Geochemical

. o Burruss, USGS
o 0 Ordovicia Reynolds (WKY)
0 0.5 | 1.5 2
Pristane/n-C17
Modified from Hamilton-Smith (KGS unpublished) . UK

Hunt (1995) KENTUCKY






Rock-Eval Definitions

e S1 - free oil content
e S2 —remaining hydrocarbon potential
e T _ —temperature of maximum rate of

max

evolution of S2 hydrocarbons, thermal
maturity

— %R, =0.018*T,__ -7.16 (Jarvie, 2001)

e Kerogen types:
— HI — normalized hydrogen content

— Ol — normalized oxygen content
¥e UK

KERTUCKY



Endeavor #4 Pyrogram

e Organic-rich, early mature source rock
 Broad S2 indicates large capacity to generate

hydrocarbons
700 900 .,
600 = Temperature A - 800 B
700 3
—FIDResponse ' :
>90 o T_:430 600 3
2 400 500 =
® 300 400
2 200 S1 S2 300
= 100 \ 200
A 100
0 0
0 5 10 15 20
Time (Minutes) UK
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(°C) — Max. Rate S2 Conversion

max
12
g @
= =
B :
E >
s

Observations
r O

4 Burton-Whitfill

2 N

400 410 420 430 440 450 460 470 480 490 500

After Cole et al (1994) UK
Data from Endeavor 4, Blan, IP136, RPSEA KENTUCKY
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Mastalerz anéd others”2013, AAPG v. 97 n. 10

New Albany Shale
vitrinite reflectance, R, (%)

Bl <050
B 050-055
B 055-0.60

[ 0.60-0.70
[ ] 0.70-0.80
[ ] 0.80-0.90
[ ] 0.90-1.00
B 1.00-1.10
B 1.10-1.20
B 1.20-150

® Sample location
I New Albany Shale outcrop
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1,000

| Oil-prone * RPSEA
900 A e [P136 (KY)
m Endeavor 4
800 ABlan
|
700 |
A Il Oil-prone
600
JAN
I 500 ‘A
.‘ Y
[ )
400 o .l.
o0
300
o
o
200
Iy
Gas-prone
100 o
11
0
0] 20 40 60 80 100
Modified van Krevelen Ol

Rock-Eval

e Early mature
Type | & I

* Oil prone

* Marine

Blan: Nuttall (2013) KGS
Ser12,RI 17

IP136: Chou and others,
(1991)

RPSEA: Salehi and others,
(2010) contract 07122-6
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HIl — Kerogen Conversion

New Albany- New Alba ny

s Shale
Petroleum
System

Outline

N
Faults

380/Catc:hmen Av_ ' L 57 x b )ﬂ,, Smaller HI

Boundaries,, o N . .
Contour /"N . 1 n d ica tes
Interval 50 Hli L 2 [N .
| more
conversion

x ‘ .,\ ; A ]
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Higley et al (2003) pubs.usgs.gov/of/2003/ofr-03-037/ KENUCRY




Methane Isotopes

-120
-100

-80

&613C

-60

-40
Early mature

-20 .
thermogenic

-450 -350 -250
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Biomarkers: Early Mature

Ts/Ts+Tm w
Sl h

Early to peak oil generation
Co-aBp/(aBp+aaa) ® 0 (,

Early to peak oil generation

Early to peak oil generation

C,5-20S/(20S+20R) Q
D
At or above peak oil generation

C,5-20S/(20S+20R) w
Early to peak oil generation

C,7-20S/(20S+20R) m

At or above peak oil generation

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
@Endv4 Oil ©Endv4 Ext @Endv5 Oil <¢Blanl Ext UK
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Key Data Summary

Endeavor 4 Endeavor 5 Blan 1

Depth (ft) 1,858 1,998 1,876.5

Rock-Eval

(0]113

%Saturates (Ext)

%Aromatics (Ext)
Sat. §13C
Arom. 813C

Extracts

UK

Consistent with having been generated in place BEE e



Biomarkers: Sterane Distributions
(GCMS)

me

bl

LY/ 1N

Cuttings
Extracts

Endeavor 4
KY0014 (U. Devonian, distal marine
Geoma rk shale, moderate maturity)
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Endeavor 4 Saturates (Steranes)

] %C27 abb$ (218)
GCMS ratios (on area) )
/\
%C29 aaaR (217) %C28 abbs (218)
= D\
Oil
\ —EXxtract

%C28 aaaR (217) v %C29 abbs (218)

%C27 aaaR (217)

UK

Drawn from same population (X? @ 95% confidence) KENTUCKY'



Oils and Extracts

%C28

Clustering indicates
oil and source are
related (statistically
significant)
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47 Permits issued
since1/1/13 -

.'O >
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2 o
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g}oonA

bo/d, ~5,363 bo
IP 45 C;/ Or :

o, 1P(36 bo/d; 50 Mcf/d. ...

@ ©

o O
\.O

A B cieval

O X

o
Permitted location
X
Not completed in
New Albany Shale

?

Reported completed,
but no completion or
production available

Kentucky Division of Gepgraphic Information-(DGI)



Organic
dlagenesls
phases

Hydrocarbon generation from source rocks
containing kerogens type-l and type-ll

Maturity

Types

Hydrocarbons generated

dia-
genesis

dia-
genesis

immature

early

blogenic CHy

cata-
genesis

vol. bit.

semi- [<-

anthrac.

cata-
genesis

mature

anthra-| 5

cite

meta-
anthrac.

meta-
genesis

over-
mature

conden-
sate and
wet gas

thermo-
genic

dry gas

[ gas
ol

B biomarkers

Modified from Mastalerz and others (2013) AAPG v. 97, n. 10

Maturity
Summary

Good source
rock

Early mature
Type | & |
Oil prone
Marine
Thermogenic
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Conclusions

e Early mature source rock
e Consistent with generation in New Albany

e Not consistent with classic measures of
thermal maturity

— Wet gas
— Higher than expected light gasoline fractions
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Thanks

Brandon C.:Nuttall
Kentucky Geological Survey
www. uky.edu/KGS
bnuttall@uky.edu

(859) 323-0544
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RPSEA Contract 07122-16

Final Report
07122-16.FINAL

New Albany Shale Gas Project
07122-16

November 23, 2010

RPSEA/GTI, 2010

Detailed geochemical and
geomechanical assessment of
selected wells in Indiana and
Kentucky

*  WWWw.rpsea.org
 www.gastechnology.org
www.isgs.lllinois.edu
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Chou and others, IP 136

Rock-Eval pyrolysis and oil
fingerprinting data for wells in
lllinois, Indiana, and Kentucky
(includes data other than New
Albany Shale)
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KGS #1 Blan Publication

e TOC-4.75% t0 9.74%
Middle and L::Zer:;iiie::::L::g:lnAlbany Shale . Oil to Wet gas

in the Kentucky Geological Survey
Marvin Blan No. 1 Well,

e - TAI-21t02.3
— Ro__ - 0.45% to 0.55%
~T__ —431°C to 440°C

WWV\;.‘uky,E:d,U/‘. L (CN) e k—9.48x10° md
to download PDF |

eological Survey
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