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Intro
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Problem Statement

We observe a wide-range of producing GOR profiles in tight unconventionals. 

But which reservoir parameters change producing GOR when the bottomhole pressure 

is below the saturation pressure? And how?



4
Copyright © Whitson AS

Confidential Report 

Summary: 

Which parameters change producing GOR, and how?

[1] Producing GOR when pwf < psat
[2]  krwro: Relative perm of water at Sw = 1-Sorw, Sg = 0
[2]  krocw: Relative perm of oil at Sw=Swc, Sg=0.
[2]  krgro: Relative perm of gas at Sw=Swc, So=Sorg

Baker is used for three-phase relative perm.

Parameter Relationship to producing GOR*

Fracture conductivity, Fcd GOR ∝ Fcd

Geomechanical effects, γ GOR ∝ 1/γmatrix | GOR ∝ 1/γfracture 

Volume beyond frac tips / height GOR ∝ 1/xe | GOR ∝ 1/h

Relative Permeability Residuals GOR ∝ Swc | GOR ∝ Sorw | GOR ∝ Sorg | GOR ∝ 1/Sgc

Relative Permeability Exponents GOR ∝ 1/nw | GOR ∝ now | GOR ∝ 1/ng | GOR ∝ nog

Relative Permeability Endpoints[2] GOR ∝ krwro | GOR ∝ 1/krocw | GOR ∝ krgro
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Sensitivities
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Base Case: Fluid System

• pRi = 8000 psia | Tres = 200 F

• Initially undersaturated

• Bubblepoint, pbi = 3900 psia

• Boi = 1.69 RB/STB

• Rsi = 1500 scf/STB

• Volatile oil
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Base Case: Production Data
OOIP = 3130 STB | LFP = 320,000 ft2md1/2
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Base Case: Input
OOIP = 3130 STB | LFP = 320,000 ft2md1/2

Matrix Rel. Perm: 

This is the default 

Corey relative 

permeability.

Fracture Rel. Perm: 

Straight line relative 

permeabilities.

Fracture Rel. Perm: 

Straight line rel. 

permeabilities.
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Fracture Conductivity: Fcd

Increasing Fcd

GOR ∝ Fcd: When Fcd goes up, GOR goes up*

*The GOR does not go up more when Fcd starts to behave infinite conductive.
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Geomechanical Effects: γmatrix

Increasing γmatrix

GOR ∝ 1/γmatrix: When γmatrix goes up, GOR goes down
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Geomechanical Effects: γfracture

Increasing γfracture

GOR ∝ 1/γfracture: When γfracture goes up, GOR goes down
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Relative Permeability: Swc

Increasing swc

GOR ∝ Swc: When Swc goes up, GOR goes up

*Swi = 30% (if Swc >= Swi, no water flowing). Just a little water flow changes the GOR a lot (most likely a three-phase rel. perm model item). 
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Relative Permeability: Sorw

Increasing Sorw

GOR ∝ Sorw: When Sorw goes up, GOR goes up
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Relative Permeability: Sorg

Increasing Sorg

GOR ∝ Sorg: When Sorg goes up, GOR goes up



15
Copyright © Whitson AS

Confidential Report 

Relative Permeability: Sgc

Increasing Sgc

GOR ∝ 1/Sgc: When Sgc goes up, GOR goes down
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Relative Permeability: nw

Increasing nw

GOR ∝ 1/nw: When nw goes up, GOR goes down
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Relative Permeability: now

Increasing now

GOR ∝ now: When now goes up, GOR goes up
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Relative Permeability: ng

GOR ∝ 1/ng: When ng goes up, GOR goes down 

Increasing ng
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Relative Permeability: nog

GOR ∝ nog: When nog goes up, GOR goes up 

Increasing nog
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Relative Permeability: krwro

GOR ∝ krwro: When krwro goes up, GOR goes up

Increasing krwro
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Relative Permeability: krocw

GOR ∝ 1/krocw : When krocw goes up, GOR goes down

Increasing krocw
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Relative Permeability: krgro

GOR ∝ krgro : When krgro goes up, GOR goes up

Increasing krgro
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Reservoir extent > Frac length (k = 100 nd)

GOR ∝ 1/xe : When xe goes up, GOR goes down*

Increasing xe

*This is a strong function of permeability.
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Reservoir extent > Frac length (k = 1000 nd)

GOR ∝ 1/xe : When xe goes up, GOR goes down*

Increasing xe

*This is a strong function of permeability.
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Reservoir height > Frac height (k = 100 nd)

GOR ∝ 1/hres : When hres goes up, GOR goes down*

Increasing hres

*This is a strong function of permeability. 
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Reservoir height > Frac height (k = 1000 nd)

GOR ∝ 1/hres : When hres goes up, GOR goes down*

Increasing hres

*This is a strong function of permeability.
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Appendix


	Agenda
	Slide 1

	Untitled Section
	Slide 2
	Slide 3: Problem Statement
	Slide 4: Summary:  Which parameters change producing GOR, and how?
	Slide 5
	Slide 6: Base Case: Fluid System
	Slide 7: Base Case: Production Data
	Slide 8: Base Case: Input
	Slide 9: Fracture Conductivity: Fcd
	Slide 10: Geomechanical Effects: γmatrix
	Slide 11: Geomechanical Effects: γfracture
	Slide 12: Relative Permeability: Swc
	Slide 13: Relative Permeability: Sorw
	Slide 14: Relative Permeability: Sorg
	Slide 15: Relative Permeability: Sgc
	Slide 16: Relative Permeability: nw
	Slide 17: Relative Permeability: now
	Slide 18: Relative Permeability: ng
	Slide 19: Relative Permeability: nog
	Slide 20: Relative Permeability: krwro
	Slide 21: Relative Permeability: krocw
	Slide 22: Relative Permeability: krgro
	Slide 23: Reservoir extent > Frac length (k = 100 nd)
	Slide 24: Reservoir extent > Frac length (k = 1000 nd)
	Slide 25: Reservoir height > Frac height (k = 100 nd)
	Slide 26: Reservoir height > Frac height (k = 1000 nd)

	Appendix
	Slide 27


