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Resource	Starfish
(Ophiura ophiura)

Source Rock Composition and Maturity
(In-situ, migration)


Geomechanical Properties (Natural Fractures, Fracability)



Hydrodynamics
(Overpressuring, Aquifers)
















Stress
(Minimum Principal Stress Gradient)

Reservoir Characterization (Sequence Stratigraphy, Petrophysics)
From: Hillewaert, 2005


Outline/Key Points




•	The five components of a successful resource play

•	Reservoir and Facies
–	10 Facies, 21 subfacies
–	Residual structure mapping and facies distribution
–	Facies Interpretations and depositional models
–	Porosity by facies depth ‐ dolomite implications

•	Hydrogeology, migration modeling
–	Source rock maturity from temperature data
–	Force vector modeling of water and oil
–	Hydrogeological play types


Outline/Key Points



•	Petrophysical model
–	Confirmation of hydrogeological model

•	Preliminary stress analysis
–	Minimum principal stress measurements from Fracs
–	The effects of stress on drilling and production

•	Conclusions




























FACIES


Study	Area
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•	95 Cores
•	2916 Wells
•	151 Thin Sections
•	352 DST’s
•	30 SEM, TOC, XRD


Bakken Facies




10 Major Facies, 21 Subfacies
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Bakken North	Dakota:
[image: ]Log-Core	Correlation


3rd 	Order	Residual	Structure
[image: ]Map	of		Three	Forks oUnc
nformity



Basal Transgressive Facies of
Bakken –	“Pronghorn	Member”
Or Big Valley‐Margin Facies?? (But Unconf. On Torquay)
BF.1A: Subfacies a, b, c, d


Stratified	Basin	Model	for
Bakken Black “Shales”




















Oxidization of organic matter-high alkalinity, high pH: favorable
to precip’n of fine cryst. dolomite?
= Bakken BF.8, other.
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Bakken 	BF.1B 	"Lower Shale"
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Bakb nPenetrations
Thf'HFOI"ks Unconformity Structure
Thlrd.Otder RHidua1

-- Cl= 50ft
High :637ft


Low :-745ft
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a, c: lower TOC, higher QTz, feldspar, lower
total clays
pyrite, intermed gamma, resistivity


b:higher TOC, =::s
lower QTz,
feldspar, higher total clays pyrite, high gamma, resistivity
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TF1


Bakken BF.2 “Lower	Siltstone”
Selected Trends and Calcite Cement (N. Dakota)
(on Third‐Order Residual Structure)
•	Thins/pinches out onto
‘Eastern Shelf ’
•	Thickest in Northern
“East Nesson” Subbasin
•	Increased microbioclastic content (or preservation?) into
‘East Nesson’ Subbasin, off eastern shelf

=		Increased nodular/massive calcite cement (core data only)

=	Reduced poroperm



INJ: Sediment‐infilled injection
structures in BF 1B


Bakken Siltstone (BF 2/3)
[image: ]Isopach


Bakken Facies 3:
Laminite to Rippled Silt/Sand -
[image: ]Distribution & Subfacies Trends


Event	Bed	Depostion,	Bakken
Facies 7,8
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Violet Olsen, 9,974.5 ft


BF	7,	Base	8:
Depositional Trends of
[image: ]Storm? Event Beds
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Internal Bakken
Unconformities
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RESERVOIR


Bakken Composition: BF.2
Siltstone

•	Very high dolomite compAve. by Point Count % *
(Excluding burrows)
Quartz
43
Feldspar
7
Musc. Mica
1
Heavies
1
Clay/Mx
0
Dolomite	(Detr/Auth)
46
Pyrite
2
Macro‐Porosity
28
n=4
* Contrex Consulting


•	Very early diagenetic
emplacement (pre‐comp.) of auth. dolomite
•	Some on detrital dolo. nuclei
(= Montney)
•	Some ≈ syndepositional – reworked into event beds
•	Density, Pe impact
•	Reduced compaction??
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BF.2

Bakken:
Porosity-Perm by Facies: 1
BF.3
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BF.4	BF.5


Bakken:
Porosity-Perm by Facies: 2



BF.6

BF.7
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BF.8	All Facies


Bakken • 	Porosity vs Depth,•
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INCLUDES  THINNER
'CONDENSED' BF2a/b
var. more
microbioclastic, calc.
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* NODULAR TO MASSIVE CALCITE CEMENT
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-	Sandstones
-	Carbonates
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HYDROGEOLOGY AND

MIGRATION MODELING
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Geothermal Gradient Map


Mature Source Rock Map
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Fresh Water Head Map
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Bakken Salinity 	Map
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Three ForbUnconformity
Structure Map


..-----  -- 5.3


Water Impelling Force Vector
Calculation


[image: ][image: ]
FRESHWATER HEAD MAP 	WATER DENSITY MAP 	STRUCTURE CONTOUR MAP (BASE OF RESERVOIR)
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Dpw  = point water density Dtw  = freshwater density h	= freshwater head
V = gradient operator
Eb  = elevation  of confining surface
• = grid node

[image: ]
Water Migration Map
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Dynamic Water Migration Model



s  0 u  t  h	Dakota	4.4


Oil Migration	Map
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Dynamic OilMigration Model
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Bakken Play Types
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PETROPHYSICS

[image: ]
Petrophysical Answer Log


SW Map Bakken Sandstone

(BF4/5) Faciesm
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Bakken Facies 415
Average Water Saturation Map
(Porosity >•6%)
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PRELIMINARY STRESS ANALYSIS


Frac	Pressure	Curve
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•	Minimum Principal Stress can be derived from ISIP
•	Fracture closure pressure is a fraction of the ISIP
•	Variable but usually 0.8‐0.9 of ISIP
•	Fracture closure pressure is equivalent to the Minimum
Principal Stress


www.fracdatabase. com
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Analyzed / Reviewed
(~ 3,000)

Key Data (~ 9,000)


PDF Acquired
(~ 10,000)


Parshall 	Bakken 12 Month
Cum Oil vs Number of 	Stages
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Parshall Bakken 12 Month
Cum. Oil vs Wellbore Length
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Parshall	Bakken	IP	Oil	vs	Avg.
[image: ]MPS Gradient


Parshall	Bakken	IP	Oil/Stage
[image: ]vs	Avg.	MPS	Gradient


Parshall	Bakken	12	Month
[image: ]Cum.	Oil	vs	Avg.	MPSGradient



Parshall	Bakken	12	Month
[image: ]Cum.	Oil/Stage	vs	Avg.	MPSGradient



Parshall	Bakken	12	Month
[image: ]Cum.	Oil/Stage	vs	Avg.	MPS Gradient


Parshall	Bakken	First	12
[image: ][image: ]Month	Avg.	Rate/Well	vs	MPS Gradient


Conclusions


•	There are five key components to a resource play that should be addressed.
•	The Bakken has complex facies trends and a diagenetic overprint reflecting tectono‐eustatic controls.
•	Bakken reservoir quality is a function of facies variations and depth.
•	Geochemistry, hydrogeology and migration modeling can be used to identify three play types.
–	A highly overpressured oil rich resource play.
–	An overpressured less oil rich resource play.
–	A normally pressured conventional (migrated) play.
•	Petrophysics confirms the migration model.
•	Stress regimes, derived from frac data, appear to have a significant impact on productivity in the Parshall area.
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