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Questions:

A What are the controls on natural gas production in the Antrim Shale?
A Why do some Antrim wells produce better than others?

A How do we predict which wells will be better natural gas producers?

| 3]



Western Michigan
University

Significance

Background | | | |

A Major natural gas resource play in the Michigan (>3.55 TOB/17)
A Peak Monthly Production 17.614 BCF (03/98)

A 11,314 Total Wells Drilled.
A Peak 9,822 Wells Online (12/12)
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Ve

A Non-Conventional Fuels Tax Incentive (1986992)

A Development of the Antrim Play was based on land acquisition and spacing rather
than geological knowledge.

A The geological controls on natural gas production have never been evaluated.
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A The Antrim Shale is never reached the gas window, but produces gas.
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A Gas production and composition varies spatially.
A Localized pockets of thermogenic gas.
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Research Objective:

Ve

A Determine the geological controls on natural gas accumulation

Ve

A Determine the origin of Antrim Gas

A Provide a new analog to explain controls on natural gas production
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Lithological Properties

LatuszekB1-32 - Total Organic Content, Fracture Frequency Curve
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Hydrocarbon Potential

All Available Antrim TOC and Roé&lwal Pyrolysis Data for the Michigan BasirCentral Basin & Margin

Antrim TOC Measurements Antrim RockEval Pyrolysis
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Fracture Distribution
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Fracture Trend of the Antrim Shale
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V Black Shale FaciesNorwood and Lachine Member

High TOC and Quartz

Most Fractured Interval

Two Major Fracture Trends: NVSE and NHSW Strike
Fracture Distribution Varies Spatially

> > > >

V Hydrocarbon Potential & Gas Production

A Thermogenicallymmature in the Antrim Play Fairway

Reaches the Oil Window in the Central Basin

Wells Penetrating Extensive Fracture Networks have Higher IP Rates

Gas Composition has Biogenic Signature as well as a Thermogenic Signature

> > D >
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A Fractures within the Antrim Shale are the reservoir
A The Antrim Shale is not the source for the natural gas

A Natural gas migrated from deeper stratigraphic units into Antrim Shale fractures

A Fractures that penetrated the surface allowed glacial meltwater to enter the
reservoir resulting in biogenic over printing of thermogenic gas signatures.
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Data & Results
A Surficial & Subsurface Geology

Formation Fluid Chemistry
Gas Composition

A
A
A Gas Production
A

Structural Geology
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Topographic Relief of the Antrim Play Fairway
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Structural Cross Section (Subsea Depth)
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Specific Gravity of Formation Waters Drainage Features
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Gas Composition of Antrim Play Fairway Wit. % Ethane of Antrim Play Fairway
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Gas Production Limitations

A Gas production is unitized.
A Volume reported to state by PRU.
Atw) Qa4 KIS 06SSYy YSNHSR I'YR RAQOARSR
A Wells are drilled and completed differently and in various stages.
A Lachine
A Norwood
A Upper Antrim¢ Sunbury
A Antrim Gas commingles Ellsworth, Upper Antrim, BedfdBarea, Sunbury.

| 27]



Western Michigan

Gas Volume

University
| | | Data & Results |
9001
8001
7001
3
2 6001 -
)
2 5001
=
=
£ 4001
=
3001
2001 -
1001
1 T T T T 1
1/1/1990 12/14/2000 11/27/2011 11/9/2022 10/22/2033 10/4/2044
Month/Day/Year
To Date Productic 9505321 R2- 180 0.473497 0
Max Wells 20 R2-90 0.514364 0
Production per we 475,266 R2-35 0.547109 -2.12070¢
Projecter per well 248,544 Recomp Flag TRUE
EUR/Well BCF 0.72 Start Date  1/1/1991
Error Flag (Formt  FALSE Curve Used R2-35
Error Flag (Slope) FALSE
Data Table kBrowsing Key
Label 547 22 547

| 28]



Western Michigan

University Gas Volume

| | Data & Results |

lize E 1L (BCF. = A
o g Legend
= e ) Mean EUR/Well 0.301-0.350 | | 0.701 - 0.750 Il Dissected/Merged PRU
: BCF [ 0.351 - 0.400 | 0.751-0.800 | __: Township Range
o i [ 0.018 - 0.050 0.401 - 0.450 [ 0.801 - 0.850 ] County
I 0.051-0.100 | 0.451 - 0.500 [0 0.851 - 0.900
o N 0.101 - 0.150 0.501 - 0.550 [ 0.901 - 0.950 N
- [ 0.151 - 0.200 0.551 - 0.600 I 0.951 - 1.000
' R e T -k Sirng, | M 0.201-0.250 [ | 0.601-0.650 [ 1.001 - 3.239
e 0 e www 1 | [0 0.251-0.300 | | 0.651 - 0.700
:l j NI SINOLE p—
P G
L ' Il 36N03E SONOIE
I o IR
o | — T S .
o : A t JSNOIE ISN02E ISNOIE : ISNME JSNOSE " -
ey G ! ! B b i

SNosE

B
Seviw v v P w01k 0% a3
1
'
N e ] B | B B T e N
i v 0
1 \ |
I | '
Zoviow 27v0mm e o 2 vas o 2 o 5 . . o ' ” i . ' v
E o s von Nosw o v o oz v ! vk v0sE v :
\ '
I i
.......... H R e P DS seresane A [ S Zeed
v 1
1 ' '
v ' ' A I
| ' ' L I
TR P oo | a0 ! 2ovesw suvoan o H 2ovom - p— — : — : s - — i soone sz
' ' H
i ! : i ]
H ' 1) i
, R e Tt L i e Ittty CEETT TP TTY M
! 1
1 '
NI svoow 25808 25807 25800 25805 P pron 295020 2580w i i e p— — N o N — p—
! H
1 '
H
' i j '
' : ' ' 5 '
! ' ' ' ¢
ot ' . ! H 7 ' 2 2
' 25 xorw 2an06W 24n0sw 2N0w 4 2ev02m i g 2501 20v026 24303 2aN0a: P 245065 ! 240807 ! 2v0sE 1 2o
|
1 g i ' ' ! '
i ' 1 '
- L
Hometers —————————— -~ cc e e e -t —————— e s T T
2aviow 28N07W 23v06W H 20v05w 20v0aw : 23702 2801w 23801 ' 20v02E 4 23N03E 2v0E 23n0sE ' 23N06E 23807 i 20v08E | 2wose
H H




Western Michigan

University Faults & Fractures

| | | Data & Results |

Sunbury Shale Traverse Limestone

s 1 260

Elevation (m)
N
l \
|
1
!
1
N
~
-~

Distance (m)

| 30]



Western Michigan

University

Faults & Fractures

Sunbury Shale

| Data & Results |

Traverse Limestone

N = 15286 wells
This Study

Hill Shade (North Lit}; 3" Order Structural Derivative

| 31




Western Michigan

University Faults & Fractures

| Data & Results |

Legend \Dooley & McClay, 1997
Charlevoix Well EUR (Mcf)

0 - 50,000
50,001 - 150,000
© 150,001 - 250,000
: 250,001 - 500,000
o © 500,001 - 938,427
-_—T
## O Gelow B1-12R (CBIL)

: . i
i 50tsEgONE =

S——

T —, -

e

B —™

Sand Box Model:
TranstensionaPullApart Analog

Oscoda’

Hill Shade (North Lit}; 3" Order Structural Derivative of Sunbury Shale




Western Michigan

University Faults & Fractures

Background | Geologic Context | Observations & Hypothesis | Data & Results | Interpretations

Legend

Well EUR (Mcf)

0 - 50,000

50,001 - 150,000
© 150,001 - 250,000

. | © 250,001 - 500,000
® 500,001 - 938,427 :
) Gelow B1-12R (CBIL)

[CJBass Lake
|— Lineaments

7 .

| 33|



