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Objectives

» Create a correlation for bubble point suppression
that is applicable to black oil formulation

* Model and demonstrate the impact of bubble
point suppression on flow using a black oil

simulator
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Outline

Bubble Point Suppression in Confinement

Correlation for Excess Suppression
Demonstration of the Impact on Flow Using a Black
Oil Simulator

Conclusions
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Bubble Point Suppression

PVT cell vs. pore-confinement
PVT Cell (Bulk) Confined Environment

The interface is flat The interface is curved

Pgas = Pliquid = Pb Pgas — Pliquia = Pc + 11

Gas phase appears at
P = app » p, =?
bubble-point pressure
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Bubble Point Suppression

Example: Phase equilibrium and excess suppression for a pure component

pp(PVT) = Pliquia T Pc t I+ pe

Bulk bubble point

and , may be available
Pc Yy PI:Pg:PFbub

P, to be determined from VLE

\ Excess
< Suppression, p,

Modified from Udell, 1982
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Application and Results — Bubble Point Suppression

Three unconventional-reservoir samples

Sample 1: Monterey
Sample 2: Bakken
Sample 3: Eagle Ford
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Application and Results — Bubble Point Suppression

VLE was solved for two pressures (P, and P,) for the
two phases

Capillary K value (K, ) definition is used

PR EOS was utilized

EOS parameters for three fluid samples that were
determined through regression to lab measurements
were input
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Application and Results — Bubble Point Suppression
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*(Mod from Kamath and Boyer, 1995)
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Application and Results — Excess suppression

P Excess -
4 bars suppression =2.7 bars

121 hars  EXCESS )
W bars

i
=== Pbubb ‘
| Hg = M,
PquuiJJ‘ — = 3
|
== Pliquid

Pressure, bar

410 430 450 e Excess
Temperature, K < Suppression, p,

! ) UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT 9
’ Advisory Board Meeting, November 13&14, 2014, Golden, Colorado

Application and Results — Gas composition at P,

The gaseous phase contains lighter components as
the bubble-point suppression increases.
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Application and Results - Formation volume factor

Undersaturated portion of the curve is extended

«f==No Pb supression
(Pc=0)

==a=Pb supression
(Pc>0) at 10 nm

Formation Volume Factor,Bo,

20 40 80 100
Pressure, bar
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Correlation for Excess Suppression

Total Suppression = P+ P, cess

Excess suppression needs to be input to the black oll
simulator

Must be correlated to the bulk black oil properties
(measured or calculated)
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Correlation for Excess Suppression

The bulk and confined properties of the three
samples used in the analysis were calculated for a
series of bulk saturation pressures (i.e. compositions)

Bulk Properties Confined Properties
oil surface
Bo, density, Rs, Plig (Psat), ift,
Vres/Vsurf Er-mol/cma cm3/em3 |bar Pgas, bar |r, dynes/cm

1.266311 73472 62.3374 62.6333 68.4687 5.8355

0.73472 62.3374 60.1706 67.9617 5.8435

73472 62.3374

9 2
9 2

734729] 62.33742 5§5.2371 66.9527 ED 5.8581
9 2 40.4154 63.9751 5.00E07 5.8904
9 2

73472 20.7639 60.1409 EL7 5.9066

62.3374

734509] 58.56951 57.4140 2.00ED 6.1010
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Correlation for Excess Suppression

Composition drives the capillary pressure and the
excess suppression

Properties that represent the composition was
correlated to excess suppression

R, for black oil formulation

Only R, relationships will be demonstrated in this presentation.
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Correlation for Excess Suppression

Absolute value of excess suppression

All Samples Decreases as a function of radius
Same trend for all the radii

’\ Peaks at Rs=650 and then reduces
r=2 nm

r=3nm Total suppression levels are
r=snm different for different compositions;
normalization is necessary

r=10nm
._.I... ® r=20nm
L] [ ] ™ ——Poly. (r=2 nm)

Excess supression, bar

' ——Poly. (r=3 nm)
e ——Poly. (r=20 nm)

250 450 650 850 1050 1250
Rs, scf/stb
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Correlation for Excess Suppression

Excess suppression ratio = Excess/total (Pctexcess)

All Samples Very good trend for all the samples
and radii
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Correlation for Excess Suppression

Excess suppression ratio

All Samples (r= 3nm)
Excess Suppr.

Total Suppr.
2.1x1077Rs* + 0.0009R, —

0.1022

Excess supression/Total supression

500 1000
Rs, scf/sth

The correlation is very good for the data
evaluated.
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Impact on Flow

» UREP simulator (COZSim) was used to evaluate
the impact of confined fluid behavior on flow.

» Evaluates the oil and gas PVT properties at the

corresponding pressures

* The formulation was extended to include the
excess suppression correlation generated as
part of this study
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Impact on Flow

Conceptual simulation datasets were generated
and ran with and without the confinement impact.

Oil is initially understaurated.

Constant Pcog was specified for each grid block
(No curve)
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Impact on Flow - Uniform Pcog

Grid: 9x9x1
100ft
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Impact on Flow - Uniform Pcgo

Impact of

Conﬂnement Production Cumulative: Total System
WFc=0.0psi Pc=200psi [lPC=700 psi

GOR (M SCF/ETH)

Gas Valume (MMMSCF)
0.80 1.60 2.40 320

il Volurne (W 5TB)
£0n. 1200 DD 2400
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Impact on Flow - Uniform Pcgo

Impact of
Excess SuppreSSion Production Rate: Total System

Wrc=700psi [IPC=700 psi-No excess suppression
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Impact on Flow — Random distribution of Pcgo

Array Distrinstion Plot: Case 7U-082.
Mean = 3.964124E+002. StDy = 9.963302E+001, nBata

Grid: 100x100x1
100ft

! ) UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT 23
’ Advisory Board Meeting, November 13&14, 2014, Golden, Colorado

Impact on Flow - Random distribution of Pcgo

Production Cumulative: Total System
Rzndom (Pc mean=200)  [llconstant (Pe=0.0)  [llconstant (Pc=400;

GOR behaviors of uniform
and no suppression are
similar

GOR (M SCF/STH)

Distributed suppression
creates significant
deviation from the other
cases
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Impact on Flow — Random distribution of Pcgo

SATM-GAS MATRIX _E

PRE, 0712 0d55 o0d7 034 0 0425
b

o e

Pcog=400 psi ' ‘ Pcog=0.0
It is not the magnitude of the suppression
It is the distribution
Gas phase is trapped due to non-uniform capillary pressure
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Impact on Flow - Random Pcgo and perm. with frac.

Ay
Mean = 2.666127E-001, StDv = 8.189783E-002, nData = 9594, Sum = 2.557882E+003
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Impact on Flow — Random Pcgo and perm. with frac.

Gas Saturation Distributions

Conventional PVT (Pcog=0.0) Confined PVT (Pcog>0.0)

! [TE o!n oEv og oE og o; 0f09 0123 0137 i 0082 012 0165 0206 0347 0289 0% 0471 0413

Gas saturation is distributed
as a function of not only
pressure but non-uniform
suppression also
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Gas saturation follows the
pressure profile

Impact on Flow - Random Pcgo and perm. with frac.

Solution Gas-Oil Ratio Distributions

Conventional PVT (Pcog=0.0) Confined PVT (Pcog>0.0)

Rs follows the Rs is distributed as a function of
pressure profile not only pressure but non-
uniform suppression also

! ) UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT 28
’ Advisory Board Meeting, November 13&14, 2014, Golden, Colorado

14



11/12/2014

Conclusions

* In confinement the bubble-point pressure is
suppressed and the excessive suppression
amount is a function of the capillary pressure and
fluid composition.

* A correlation that can be used in a black-oil
simulator to quantify the excess suppression
amount was generated as a function of the bulk
R, and the capillary pressure.
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Conclusions

» The results showed that normalization of the
excess suppression using the total suppression
was necessary to handle the impact of capillary
pressure difference

Confined phase behavior changes the flow profile
in the reservoir. The difference manifests itself as
reduction in GOR and distribution of gas
saturation.

It is a positive impact on oil production due to gas
later gas breakthrough and the extension of the

understaurated property range of oil
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Conclusions

The impact on production can be more drastic
when (normally) distributed gas-oil capillary
pressure values are assigned to represent the
confinement in the reservoir.

Gas saturation builds up in the grid blocks with
low suppression that are surrounded by the blocks
with high suppression further preventing gas from
reaching the wells due to phase discontinuity
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Questions?
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