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Questions:

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

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

= Major natural gas resource play in the Michigan (>3.55 TCF — 08/17)

= Peak Monthly Production - 17.614 BCF (03/98)
= 11,314 Total Wells Drilled.

Peak 9,822 Wells Online (12/12)
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Non-Conventional Fuels Tax

Incentive (1986 — 1992)

Development of the Antrim Play was based on land acquisition and spacing rather

than geological knowledge.

The geological controls on natural gas production have never been evaluated.
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Problem

= The Antrim Shale is never reached the gas window, but produces gas.

Approximation of Burial and Thermal Thermal Maturity — Vitrinite Reflectance
History from Maturation Modeling a 2 i = e 2 =
o tet et : e L EXPLANATION
Acatls eghenian letocem - - [ exentot Aatim sate
s A:)r?geny aciation T [ R e e T
: ; S —05— R, contour
é 0“ Window / = Immature (R, equiv. to SCI)

o
O Immature (R, measured)
o
(<]

- 2 ) Late Permian f1 3 —T Tt Oil window (R, equiv. to SCI)
g AT T 2k It = r’_ —;‘] : 0il window (R, measured) ]
© Lidiaiid | | | K#‘vf' il ~ : -

E — l — '.B. g
g Tl L Tl )

o Lake

- W i i Visconsin- 7 B A s Huron e
£ Y

F =N
f;l
[
ALJ
[ ] H—L
75 i
[
e
-\;5_‘

J:LJ | '7 s

ong - l 0“\ A 1::: -
6 i , s S *1_‘ wg = i, 5 “ :’fL—
-400 -300 200 -100 0 T }‘i{ , -y @F s H ,f
Time (mybp) T“t/ff Pree( TR A TR A
*St. Frederic 1-16 (Crawford County) " ﬁ\" e £s]. i {ﬁ 4
FLA | e W= .r.r A

| 6|

Apotria et al., 1994; USGS DDS-69-T



Western Michigan

o Problem
University
Background | | |
= @Gas production and composition varies spatially.

Localized pockets of thermogenic gas.

Weight % Ethane

S R Legend
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*Longer Chain Hydrocarbons Observed
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Purpose of Study

Research Objective:

=  Determine the geological controls on natural gas accumulation
=  Determine the origin of Antrim Gas

= Provide a new analog to explain controls on natural gas production
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Late Devonian — Michigan Basin

West !
MICHIGAN BASIN !
= ] 0w o8 = CHATHAM
> = @ Lower MICHIGAN
E o g SZ3 £ 5 IcH STRAIT
— oL CONODONT =g = = | Ellsworth $hole Paxten
Nexd J3d= SE. +~ plt X Quorry )
=1 ZONE m . 0
ol S0 Sl : = "&=| Norwood Porteldge |2 . I -
Ma = isconsin |—= : Z| Ohio 0 ’
[P G EGTs = w3 Pgind w
- 354 EVENTS Caldwoter Shale OINW NE (z) g g
n E:_E Slphonodelle crenuiata | s, ﬁg Red Rock Sunbury Shole e) SEA LEVEL 8 =
= 357 ;'—;u::tbs:w n F 4|28 [ Lm“ | g e é
-— . duplicata - E B iat ; P E— —p
E O & swicaty 7 ; £ l I “T % | 2 g 5 EVENT
) N A RPN L 068 —| w12y ‘UJ’I A T o=
U E %L‘: )| LT I ter el 18, Eastward regression of Daerer sands
| 8 proesurcat ’hEMEL_-ﬁm"_ 13 12 Bedford S 2 during oustatic fall,
£3 L 7 @ r 17. Progradation of Bedford mud delta
Lo ol .. gy .E 9 during lsostatic rebound,
T 7 1B =) —=
Fafmatolépis sipanss % '3'] ‘=‘ g ﬁ = 2’ Z ;Isost'wn A 3 16, Brial rasumption of basinal
k& mbh g (B b= B | rebound IES - black=mud regime,
c 0. postora Y §| ) E f 3 % _,3 % . g 16. Retroat of Ellaworth delta,
o ] 3* o |v 4 :5- B g ?i.n = is 14, Maximum progradation ef Elisworth
l P, frachytero Tl mENE 2|2 = ot @ S elte,
©154385 e i Z E b old & <5 3‘ 13. Fc;matlan of Ellaworth deltalc
fam . ol einm ] — 1% wodge.
c B i Pa, marginifera i i 0 3 m w ) E E 2 12, Progradation of three Ellswarth
=W o T 'I ) I Upper member | o 5| @ %] | distrlbutaries.
= ; U 3 P 1 — 5. [
O\ M AP rhomboidea = 6 | o| [e|d ° 11, First indlcation of Ellsworth mud
<{ o L nE io s 2 L P e b e dolta,
- || " e erapida :‘T bt se 0 L e W+ E 3 § 5;22 10, Subsidence; resumption of baslnal
zlo| L - a o | Lochine Member clgz 12 =53 black~mud regime.
U ajg o [A ket I =]
@] oks7o Pa. (riangularis W] %"5. o |® 0 ﬁ Elais E“'g@ U g‘:‘% =
e mll Pa_linguifarmis -ty “'f-,:. ;‘% O-___ £ S ——— : o D: E g U p ™ 9. Lullu Frgnnl'cn mass extinotion
= g| -] during brief, major regression,
tl o Po, glgos % ® § b | e IB |21 Paxton Member il b et 4 = 8. sostatlc rebound; Introduction of
=He =g = o - < g E 2z . oxygenated prodellslc muds.
@ L] #ff;ﬁ;;i?::ﬂus 4] 5 "|: dddddd E T T T _ﬂ._-l - l- 7. Intial deposltion of black muds
p= J g ¢ i
il I : |3 < 1€ {] Norwood Member o o j 8. Inltiation of & neroblc basl
, | N L) AN Qbic basin
wlal |Po. sunciain I B ; - _—_—3— .
(£, frans/tans | (0 [ T Harik Peinl WEr, z twot® beds Frout i Iy - 800 S 5. Davelopment of dysaatdblc sea floor,
Mesatauis falsiovalls 'E z ‘éﬁ- wurm dardan River P, :'3'2. L ) FCE | 4. Development cof pygnocling.s)
(] 5 7 3 M—— M 5 er thahel Mbr O | nE Zoophycas bed ! } % 9. Dovalopment of moderately deep
Lt Kigppering disporitis ST & =, Y = basin, :
hel A S —— Lig 2 | L ,h,;.,.IHL 3 o2 & 2, Rising soa level ana maximum
- sermidr _ Pol Ul & 5 i M |E_ " sussidence,
O g hormanni "eristalis L} v ! : LLill i [T 1 Extensive shallow-water carbonat
20 - Baschl [ Thiensvill  Whiskey Crogk Fm/  [Thundar Bay Le. ’ ? Gyttt s
9 ; Polygnaifius varcus ' H § wood Fr:.w e Fetoskey Ls. © Foiter Form L5, Y | p.la“mm"“""(«w S Lo
g e &9 g
= -z tact di 4 gg % I:,IE (rot discussad) ot digeunsed ) 23 {nod discussed) inot dizcunsod |
w 5| AQ |ACUN ¥ EE%I Ea
ZlE © II—
= 191

Gutschick and Sandberg, 1991



Western Michigan
University

| Geologic Context |

Antrim Shale Deposition

Preservation of organic carbon is attributed to fluctuation in the chemocline
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Lithological Properties

Latuszek B1-32 - Total Organic Content, Fracture Frequency Curve
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Lithological Properties

Latuszek B1-32 Latuszek B1-32 (1602.3’) - Silicified Tasmanites
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Hydrocarbon Potential

All Available Antrim TOC and Rock-Eval. Pyrolysis Data for the Michigan Basin — Central Basin & Margin

Antrim TOC Measurements Antrim Rock-Eval. Pyrolysis
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Fracture Trend of the Antrim Shale St. Chester #18 - Fracture Orientation
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Microbial Gas Production
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Observations

v" Black Shale Facies — Norwood and Lachine Member

= High TOC and Quartz

= Most Fractured Interval

= Two Major Fracture Trends: NW-SE and NE-SW Strike
=  Fracture Distribution Varies Spatially

v Hydrocarbon Potential & Gas Production
= Thermogenically Immature 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
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Hypotheses

=  Fractures within the Antrim Shale are the reservoir
= The Antrim Shale is not the source for the natural gas
= Natural gas migrated from deeper stratigraphic units into Antrim Shale fractures

= 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 Acquired

Data & Results

=  Surficial & Subsurface Geology

®=  Formation Fluid Chemistry
= Gas Composition
=  @Gas Production

=  Structural Geology

| 21 |
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Topographic Relief of the Antrim Play Fairway

w Legend
X Well Type DEM

L Natural Gas Well  Metlsh - 450
e Oil Well

L YAntrim Play Fairway

X

et
Low : 200

40,

AT & -
Knloeters .

Miles) o B ; |22




Western Michigan
University

| | | Data & Results |

Surficial & Subsurface Geology

Structural Cross Section (Subsea Depth)
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Formation Water

Specific Gravity of Formation Waters Drainage Features
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Gas Composition of Antrim Play Fairway Wt. % Ethane of Antrim Play Fairway
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Gas Volume

Gas Production - Limitations

= Gas production is unitized.

= Volume reported to state by PRU.

= PRU’s have been merged and divided.

= Wells are drilled and completed differently and in various stages.
= Lachine
= Norwood
=  Upper Antrim — Sunbury

=  Antrim Gas commingles Ellsworth, Upper Antrim, Bedford-Berea, Sunbury.
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Conclusions

v" Fractures distribution is localized.
v" Fractures appear to control gas production.
v" Fractures are proposed to be related to major structural features.

v' Gas composition and volume appear to be related, but is difficult to measure due
to field unitization.

v" Rollover anticlines are believed to best target zones since they are structural traps.
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