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Abstract

The Bakken Shale is charged with high concentrations of indigenous gas at low levels of maturity (Ro = 0.3 - 0.7%). A good
correlation with TOC demonstrates that the gas is adsorbed to indigenous bitumen and kerogen. During the succeeding levels of early
catagenesis the kerogen structure loses diaromatic components by generation and migration and/or cross-linking and condensation,
and the gas is no longer retained. The origin and fate of the gas seems intrinsically linked to that of the diaromatic structural units in
the organic matter which we know are inherited from green photosynthetic sulphur bacteria living in the water column under photic
zone euxinia above the site of source rock deposition.

Here we employ organic geochemistry and basin modelling to evaluate the shale gas potential of the Bakken Shale and to place
findings within a petroleum systems context. Compositional kinetics have been measured to predict GOR development as a function
of maturity, and to establish the phase behaviour of the generated fluids. The Bakken Shale is indeed inherently more gas-prone than
many marine source rocks worldwide, exhibiting a lower saturation pressure.

Carbon and hydrogen isotopes have been utilized to trace the origins and fate of the light hydrocarbons occurring in a free form, the
diaromatic units and also the latter’s thermal degradation products. To facilitate comparisons with known shale gas provinces, star
diagrams based on TOC, Tmax, vitrinite reflectance, Transformation Ratio and light hydrocarbon concentrations have been
constructed. Potential sweet spot definition will be presented.
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Take home messages

Shale oil and shale gas exploration and
production — source rock properties of
paramount importance

Organic matter properties help govern
disfunctionality in the case of the Bakken Shale

Is HI of 300 mg/gTOC critical? Change In
adsorptive properties related to disappearance

Nnf rartain arnmMmMmatie 11Nnite from thoe lrarnnon
Uil CCitaiil aroiriaut uiiito 1 UM uic KCiOycii.

Bakken is a low GOR system overall - variability
INn field GOR Is complex: generation kinetics and
phase behavior are important.



The Bakken Shale
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Today'‘s Presentation

e Physical and chemical changes that take
place during maturation

e Adsorptive properties
e GOR
e Saturation pressure

Bulk petroleum
characteristics

e Part 1: natural maturation series
e Part 2: simulated maturation series



Samples

OO SVANGSTU 24-18 @N AARD 1 ! ! Z
@L CKS ELSON 1-29 e
DIVIDE NORDSTOG 14-23-161-98H BURKE BOTTINEAU O/\
(o) P
LARD JOHNSON TRUST 24B-2-1H ECKTEN1-205 0y 1e ) )

m v <, TOWNER

3

N.D."C"A1 2,

PEDERSON-CATER UNIT 1 H. BORSTAD 1
ET OLSON 31-29H ~ NELSON FARMS 1424H
WILLIAMS
7 J.HeRST 1-11H i< 5 RAMSE]
BEAVER LODGE-ORDOVICIAN UNIT 1 @ MOUNTRAIL =\
,—4_& A o,
A " EHAREN1:12 PARSHALL 2-36 ’
oun S 'E‘u..\_:?‘-"‘-‘?" . SNk BENSON
et v y . oo +
Y Y
! < (_M
MCKENZIE
USA 24-21-17
GRAHAM U

|
\ Legend
MER(ER & | ||
A Q Qil & Core
OLIVER .
e -8000/-8250" O c |
47°00°N |+ peai I - S A= + + " ore only ;
GOLDEN VALLEY REEV ETACT34 { BURLEIGH HIV
‘ O Cuttings (not Bakken|
Ve m < . Qil only B
SLOPE HERE| LZ 341 T TINGER GRANT )
: " : " SEIARY .
104°00"A 103°00"A 109°00"N 101°00"W 100°00"N

GFZ

PorTsbpaAam



Early Gas in the Bakken Shale
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Gas Yield as a function of maturity

Yield of Gas (mg/g TOC)
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Gas Yield as a function of maturity

Yield of Gas (mg/g TOC)
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Kerogen Structure
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Hydrogen Index Zonation
(approximate)
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Petroleum Quality in Reservoirs

Kerogen Type
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Simulated Maturation using MSSV pyrolysis
(Horsfield et al., 1989)

e Distillation fractions
e« Compound classes
* Individual compounds
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Gases — Individual components, tuning

Compositional Kinetic Model

Liquids — Boiling ranges, molecular weight and density
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Cumulative GOR versus maturity
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GOR of Bakken Tested Fluids

49°0'0"N

48°0'0°N \EFE\%

47T°00°N | +

GOLDEN VALLEY e

WILLIAMS

"-87§§/-9000"
o]

MCKENZIE

O

I

(@]
QOOO
@)
]

BURKE

STARK

|overview: North Dakota, USA|

o b T
rﬂ?%%d'\( AR
- |

& | —:* I R
. e

ol N
¥ = 1R

SR - g [
=t T Y

WARD

e

MERCER

o,
SR et

e a
3 oo

OLIVER

SLOPE

HETTINGER

GOR [Sm*/Sm?]

e 0-100

@ 101 -250

© 251-500

® 501 -850
Bakken Dep. [ft below SL]
110000 - 9250
9249 - 8500
8499 - 7500
7499 - 6500
16499 - 5500
5499 - 4750
14749 - 3750
3749 - 2750
2749 -1750
. 1749-750

OilFields

104°0'0"W

103°0'0"W

102°0'0"W

GFZ

PorTsbpaAam




Predicted Phase Envelopes
2 Bakken samples at 3 stages of maturation
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Predicted Phase Envelopes
2 Bakken samples at 3 stages of maturation
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Predicted Phase Distribution
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Conclusions

Shale oil and shale gas exploration and
production — source rock properties of
paramount importance

Organic matter properties help govern
disfunctionality Iin the case of the Bakken Shale

Is HI of 300 mg/gTOC critical? Change In
adsorptive properties related to disappearance
of certain aromatic units from the kerogen.

Bakken is a low GOR system overall - variability
In field GOR Is complex: generation kinetics and
phase behavior are important.

Evolution of bulk petroleum properties within
petroleum system model is the next step
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