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Overview

* Framework for understanding GOR performance in
unconventional solution gas-drive reservoirs

* Linear vs radial flow

* Four stages of GOR history
* Factors that affect GOR

* Practical applications

* SPE 184397




PVT of Oil Reservoirs

* Solution Gas Drive
* Rsi = dissolved gas at initial conditions, scf/stb
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Pi=4000 psi Pb=3000 psi P=1500 psi P=500 psi
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Gas-0il Relative Permeability
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Conventional Reservoir

* “High” k (md) Radial Pseudo-Radial
e Vertical well
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* Rapid boundary- 50—
dominated flow /T\
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Conventional GOR History

* Radial flow, quick
BDF

* Average reservoir
pressure controls
GOR

* Rising GOR
indicates p,. has
dropped below p,
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Unconventional Reservoir

Transverse Fractures
b

\Horizontal Wellbore

“Multi-Fractured Horizontal Well (MFHW)”

Wellbore

Linear Flow
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Unconventional GOR

* Low k (nd)
e Linear flow
* pus=BHFP

* p.sstrongly
influences GOR
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Linear vs. Radial Flow
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Transient vs. Boundary-Dominated Flow

Transverse Fractures _g _g
«— = =
- 8
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* Transient time depends on k and A EE
>|€——
fracture spacing Jld
* Assumes no flow beyond frac tips | :
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Longer Transient Period

Compound Linear Flow




Four Stages of GOR Performance in MFHW

1. GOR =R, while
pwf>pb
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GOR =R,

° pwf > Pp
* Important to correctly
estimate R,

e Take PVT samples here

e Can be very short, or
long
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GOR =R,

Example of long period
of GOR=R
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Four Stages

2. Rise due to
pr< Pb

During transient flow, for
a given reservoir and
completion, GOR is
controlled by pwf.
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Rise due to p,, < p,,

Shape controlled by:

p.sSschedule
Rel perm, especially S,

~inite frac conductivity

-rac length

Steve Jones, Cimarex

900

800

700

600

500

400

300

200 -5,

100

0

10

20

Oil Rate, STB/d

Meramec, 9900-ft lateral

30 40 50
Days

¢+ GOR —Estimated Pwf

3,500

3,000

2,500

2,000

1,500

1,000

500

60

16

OR GOR, scf/STB

psia

Pwf,



Rise due to p, < p,: Relative Permeability
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Four Stages

3. Transient plateau
during constant

pwf
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Transient GOR Plateau
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Four Stages

4. Rise during BDF

Steve Jones, Cimarex

2,500

2,000

‘b—‘
U
(@)
o

GOR, scf/STB

500 -

200

400
Days

600

4,500

4,000

3,500

3,000
2,500
2,000
1,500

1,000

20

Pwf, psia



GOR, scf/STB
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Variations

0 100 200 300
Days

* p, Very near p;

 BDF begins early
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Difficult to Explain

GOR constant while
Pwf is well below Pb

Bubble point known
from PVT

High Sgc?

Low frac conductivity?
Depressed Pb due to

“nanopore proximity”
effects?

Not linear flow due to
natural fractures?
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GOR Rise during BDF

Frac Spacing

e Cum oil for 10,000 ft
lateral

e 200 fracs for 50-ft spacing
e 25 fracs for 400-ft spacing

* Same p,,r schedule
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GOR Rise during BDF

* Closest frac spacing has
quickest GOR rise

* Rate of GOR rise depends
on efficiency of access to
drainage volume

k=300 nd
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GOR Rise during BDF

* Plot GOR vs. cum ol e
&
* Same OOIP 3
o
O
O

k =300 nd
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GOR rise in BDF correlates with OOIP
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Effect of Drainage Volume

Fully Bounded

Unbounded

q1s/33s ‘40D

papunoqun

papunog-jjeH

papunog Ajnyg

papunoqg-jjeH

27

Cumulative Oil Production
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Conclusions

* GOR depends strongly on p,

* Four idealized stages of GOR history

* Several factors cause deviation

* |dentify R, and flow regime (transient or BDF) to interpret history
* GOR in BDF is function of cumulative oil production

* GOR rises at cum oil proportional to drainage volume

* SPE 184397
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Questions ?

sjones@cimarex.com
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