Multiphase RTA
consortium

Which reservoir parameters change the producing GOR profile, and
how?







Problem Statement

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

6000+

5000+

NN
o
o
o

w
o
o
o

Gas-0il Ratio (scf/iSTB)

N
o
o
o

10001

0 200 400 600 800 1000
Time (days)

But which reservoir parameters change producing GOR when the bottomhole pressure
IS below the saturation pressure? And how?
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Summary:
Which parameters change producing GOR, and how?

Fracture conductivity, F_4 GOR « F_4

Geomechanical effects, y GOR o 1y amix | GOR < 1Yt acture
Volume beyond frac tips / height GOR « 1/x,| GOR « 1/h
Relative Permeability Residuals GOR x S, | GOR x S, | GOR x S, | GOR o 1/S
Relative Permeability Exponents GOR « 1/n,, | GOR x n,,, | GOR o« 1/ny | GOR « n,
Relative Permeability Endpoints!? GOR o Ko | GOR o 1/K ey | GOR o K

[11 Producing GOR when p,s < Peat

21 k..o Relative perm of water at S, = 1-S,,,,, S
2 kocw- Relative perm of oil at S,,=S,,., S,=0.

2 ko Relative perm of gas at S, =S¢, S,=Sqq
Baker is used for three-phase relative perm.

g=0
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Base Case: Fluid System

Phase Envelope v [3 L4 [P
¢ Initial Reservoir Conditions O Separator Conditions 0 Crtical Point
—— Bubblepagint —— Dewpoint
o * Pgi = 8000 psia | T,.s= 200 F
« Initially undersaturated
G000
§ so0o] « Bubblepoint, p,; = 3900 psia
. B, =1.69 RB/STB
3000+
* R, =1500 scf/STB
1 « Volatile oil
° 0 130 260 360 460 560 660 ?ll)ﬂ 360 960

Temperature (F)

Fluid Properties at Initial Reservoir Conditions v 3

Total FVF - Bt Total GOR - Rt Bubblepoint - pb Reservoir Classification

Undersaturated Oil 1.691 RB/STB 1500 scf/STB 3907.06 psia Volatile il
I

.|
0il Saturation - So 0il FVF - Bo 0il Viscosity - po Reservoir 0il Density - po
100% 1.691 0.180 cp 40.046 Ibm/ft3
.| .|

Solution GOR - Rs
1500
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Base Case: Production Data

OOIP = 3130 STB | LFP = 320,000 ft2md*2

ooIP 3126 MSTB 0GIP 4690 MMsci OWIP 2238 MSTE
Oil Rate Locx  LOGY USE CUMULATIVES DATES T EB Gas Rate L0oGx LOGY USE CUMULATIVES DATES T E B Water Rate 106X | LOGY USE CUMULATIVES DATES T EB
o Historical — simulated o Historical — simulated o Historical — simulated
104 10° 10°
54 5 5
24 2
10%4 _ 10t 5 21
s 5 E 5 £10%4
= =
E 2] 7 2 E 54
2 10?4 240 s
E 54 E 5 E i
5 2 § 2 § 10+
101 10 5
54 5
24 2 e
1 T T T T T 10+ T T T T T 1 T T T T T
1] 200 400 600 200 1000 0 200 400 600 800 1000 1] 200 400 600 200 1000
Time (days) Time (days) Time (days)
Bottomhole Pressure pates V¢ o & ER Gas Oil Ratio use cumuLaTivEs 0GR DaTES T E B Water Cut USECUMULATIVES DATES  WOR + E B
o Measured Pressure —— simulated ----- Avg. Reservoir Pressure| o Historical — simulated o Historical — simulated
2000 014
7000 50004 0124
ﬁ‘ — pr—
w 6000
2 & 4000 0.1
£ 5000 2 =
] 2 0.084
£ 4000 2300 o
2 § § 0.051
£ 3000 S 2000
S Fd J
£ 2000 & 0.04
o
10004
1000 0.024
1] T T T T T 1] T T T T T 0 T T T T T
0 200 400 600 200 1000 0 200 400 600 200 1000 1] 200 400 600 200 1000
Time (davs) Time (davs) Time (davs)
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Base Case: Input

OOIP = 3130 STB | LFP = 320,000 ft2md*2

Relative Permeability Curves @ Nomalize

Layers:

oil-water Log Scale L 2 I Gas-0il Log Scale T E R
(® Display Only 10 Fractures  (O) Display Entire Well Box — —k —,
528.00 ft NN o '

280 w o oo
o @ ao R oa0  ow
- o Fracture Rel. Perm:
200 ft 100 ' nd  0.05 Straight line rel.

e permeabilities.
4 e-f/psia 0 le-4/psia O Te-4/psia

@®  Nomalize

Relative Permeability Curves

x

Relative Permeability X

MATRIX FRACTURE

‘Well Specific Relative Permeability Set

Residual Saturations &

20 % 20 % 20 % 5

Exponents @

2 2 2 2

Endpoint Permeabilities ()

1 1 1

Matrix Rel. Perm:
This is the default
Corey relative
permeability.

* W Relative Permeability x

FRACTURE

Well Specific Relative Permeability Set

oil-Water Log Scale T [ B Gas-0il og Scale B
e — ke ke
1 1
08 038
< 0s os
= £
. P F04 S04
5 Preszure - £
TR 0.0 ; @ 02 02
______________________________________________________________________________________________________ . .
0 50 100 0 50 100
S, (%) S (%)

Residual Saturations ()

0 % 0 % 0 % 0 %

Exponents ()

1 1 1

Endpoint Permeabilities

1 1
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Fracture Conductivity: F_,

GOR « F_4: When F_4 goes up, GOR goes up*

Gas Oil Ratio USE CUMULATIVES 0GR  DATES 4 [ @

Fcd =1 —Fcd=10 ——Fcd =50
—Fcd =100 —— Fcd = 1000

6000 -

Increasing F_4

Gas-Oil Ratio (scf/STB)
N w N o
o o o o
o o o o
o o o o

1000 -

D T T T T T
0 200 400 600 800 1000
Time (days)

*The GOR does not go up more when F_, starts to behave infinite conductive.
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Geomechanical Effects: vy, i

GOR o 11y amic: When vy .qix 90€s up, GOR goes down

Gas Oil Ratio USE CUMULATIVES 0GR  DATES 4 Q
Y:O —Y=1—Y:2 —Y:S—y:.q_
6000 -
m 5000 -
=
2
4000
o
& 3000
5
& 2000 ;
? Increasing v atix
10001
0 L] L] L | |
0 200 400 600 800 1000

Time (days)
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Geomechanical Effects: y; ciure

GOR « 1/Yfracture: When Ytracture 90€S UP, GOR goes down

Gas Oil Ratio USE CUMULATIVES 0GR  DATES T [ B
y=0 —y=1 —y=2 —y=3 —y=4
6000 -
0 5000+ //
t g
© 4000
o .
gaooo Increasmg Yiracture
5
& 2000
)
1000
O ) ] T ] T
0 200 400 600 800 1000

Time (days)
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Relative Permeability: S,

GOR « S,.: When S, goes up, GOR goes up

Gas Oil Ratio USE CUMULATIVES OGR  DATES 4 @

Swc =0 —Swc=10 —Swc=20
—— Swc =30 ——Swc=40

Y
x
Y
o
T

Qo
*®
—
o
=
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X
—
(an]
o

Increasing s,

o Gas-Qil Ratigy(scf/SEB)
X
U

(.}
x
—_
o
N

0 200 400 600 800 1000
Time (days)

*Swi= 30% (if S, >= S,,;, 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: S

orw

GOR « S, When S, goes up, GOR goes up
Gas Oil Ratio USE CUMULATIVES OGR  DATES < @
Sorw=0 ——Sorw=10 —— Sorw =20
—— Sorw =30 — Sorw =40

7000
6000+
)
=
9 5000 -
S
L
04000
g Increasing S
— 3000 g orw
Q
© 2000
V)

1000+

O T T T T T
0 200 400 600 800 1000

Time (days)
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s-0il Ratio (scf/STB)

1
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G

Relative Permeablility: S

org

GOR « S,,,: When S, goes up, GOR goes up

Gas Oil Ratio USE CUMULATIVES 0GR  DATES 4 @
Sorg=0 ——Sorg=10 —— Sorg=20
—— Sorg =30 —— Sorg =40
1.4x10*
1.2x10*4
1x10%- -
Increasing S,
0.8x10*+ ]
0.6x10% —
0.4x10%-
0.2x10*
O T T T T T
0 200 400 600 800 1000
Time (days)
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Gas Oil Ratio USE CUMULATIVES

7000+
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Relative Permeability: S,

GOR « 1/S,.: When S . goes up, GOR goes down
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Relative Permeability: n,,

GOR « 1/n,: When n,, goes up, GOR goes down

Gas Oil Ratio USE CUMULATIVES 0GR  DATES 3 @
nw=1 —nw=2 —nw=3 —nw=4 —nw=5
7000 -
@
Q .
2 4000 Increasing n,,
Rl
I
X 3000 A
5
§2ooo-
1000 -
O ] ] ] ] ]
0 200 400 600 800 1000
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Relative Permeability: n,

GOR « n,,: When n,,, goes up, GOR goes up

Gas Oil Ratio USE CUMULATIVES 0GR  DATES \'4 P
now =1 —— now =2 ——now =3
— now =4 — NoOwW =95
7000~
60004 —
E /
® 5000+
3
—4000
£ Increasing n
1]
& 3000+ 9 Now
5
& 2000
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1000+
0 T T T T T
0 200 400 600 800 1000

Time (days)
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Relative Permeability: n,

GOR « 1/n,: When n, goes up, GOR goes down

ng=1 —ng=2 —ng=3 —ng=4 —ng=>5

1.2x10%

Increasing n,

(a's] —
% x
- —_
o o
= =
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<
2

/
4x10*
0.2x10%-
U T T T T T
0 200 400 600 800 1000

Time (days)

18 whitson



Relative Permeability: n,,

GOR « n,,: When n,, goes up, GOR goes up

Gas Oil Ratio USE CUMULATIVES OGR  DATES A4 [Z_,‘j

——nog =4 ——nog=>5

8000 -
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Relative Permeability: k

r'wWro

GOR « K,,o: When k,,,, goes up, GOR goes up

Gas Oil Ratio USE CUMULATIVES OGR  DATES 4 @
krwro = 0.2 —— krwro = 0.4 —— krwro = 0.6
—— krwro = 0.8 —— Kkrwro =1
s000{ INCreasing Ko

@ 5000+

@0

C

£.4000

o2

& 3000+

.c_?

¢ 2000 -

)

0 200
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Relative Permeability: k..,
GOR « 1/K,,,, : When K., goes up, GOR goes down

Gas Oil Ratio USE CUMULATIVES 0GR  DATES T [ B

krocw =0.2 — krocw=0.4 — krocw =0.6

—— krocw = 0.8 —— krocw = 1

6000 +

—

Increasing k...,
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Relative Permeability: k

rgro

GOR « k4, : When ki, goes up, GOR goes up
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Reservoir extent > Frac length (k = 100 nd)

GOR o 1/x, : When x, goes up, GOR goes down*

Gas Oil Ratio USE CUMULATIVES 0GR  DATES g [
xe =400 ——xe=500 -——xe =600
—xe =700 ——xe =800
6000 -
{5000 I —
2 :
Q
84000 Increasing X,
=]
33000
6
& 2000
Q
1000 ~
O T T T T T
0 200 400 600 800 1000

Time (days)

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

1.4x10*4

Gas-O0il Ratio (scf/STB)

0.2x10%-

GOR o 1/x, : When x, goes up, GOR goes down*

1.2x10%

1%10% -
0.8x10*
0.6x10" 4

0.4x10% A

Gas Oil Ratio USE CUMULATIVES 0GR  DATES T [ B
xe =400 ——xe=500 ——xe =600
——xe =700 ——xe=2800
Increasing X,
200 400 600 800 1000
Time (days)

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

GOR « 1/h,..: When h, goes up, GOR goes down*

Gas Oil Ratio USE CUMULATIVES 0GR  DATES 9 3

h res =200 ——h_res =300 —— h_res =400

——h res =500 — h_res = 600

5000- — Increasing h,,s
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*This is a strong function of permealbility.
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Reservoir height > Frac height (k = 1000 nd)

GOR « 1/h,..: When h, goes up, GOR goes down*

Gas 0Qil Ratio USE CUMULATIVES 0GR

DATES

T [ [

—— h_res = 500 — h_res = 600

h res =200 —h_res =300 — h_res =400

1.4x10% 1
1.2x10%1

1%10%4

(scf/STB)

0.8x10%

10

| Rat

0.6x10%

0.4x10%A

Gas-0

0.2x10%4

Increasing h,

0 200

*This is a strong function of permealbility.
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