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Research Summary

• 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

Objectives
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• Bubble Point Suppression in Confinement

• Correlation for Excess Suppression

• Demonstration of the Impact on Flow Using a Black 

Oil Simulator

• Conclusions

Outline

3UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT
Advisory Board Meeting, November 13&14, 2014, Golden, Colorado

PVT cell vs. pore-confinement

Gas phase appears at 
bubble-point pressure
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Bubble Point Suppression
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Example: Phase equilibrium and excess suppression for a pure component

pc and     , may be available

pe, to be determined from VLE

௕݌ ܸܲܶ ൌ ௟௜௤௨௜ௗ݌ ൅ ௖݌ ൅ ߎ ൅ ௘݌
Modified from Udell, 1982 

pgas  pliquid  pc surfaceP

μ

μg = μl

pl pg

pc

Excess
Suppression, pe

pb

Bulk bubble point
Pl=Pg=Pbub

μg = μl

Modified from Udell, 1982 

Bubble Point Suppression
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Three unconventional-reservoir samples

Sample 1: Monterey
Sample 2: Bakken
Sample 3: Eagle Ford

Application and Results – Bubble Point Suppression
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• VLE was solved for two pressures (Pl and Pg) for the 
two phases

• Capillary K value (Kc ) definition is used

• PR EOS was utilized

• EOS parameters for three fluid samples that were 
determined through regression to lab measurements 
were input

Application and Results – Bubble Point Suppression
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Application and Results – Bubble Point Suppression
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Application and Results – Excess suppression
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Application and Results – Gas composition at Pbub

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

Total Suppression = Pc + Pexcess

Excess suppression needs to be input to the black oil 
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) 
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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

Rs for black oil formulation

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

Absolute value of excess suppression 
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Correlation for Excess Suppression 

Excess suppression ratio = Excess/total (Pc+excess) 

Very good trend for all the samples 
and radii

A single correlation suffice
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Correlation for Excess Suppression 

Excess suppression ratio 
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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 
Confinement
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Impact on Flow – Uniform Pcgo

Impact of 
Excess Suppression
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Impact on Flow – Random distribution of  Pcgo

Grid: 100x100x1
100ft

Mean = 400
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Impact on Flow – Random distribution of  Pcgo

GOR behaviors of uniform 
and no suppression are 
similar

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

Pcog distr. (mean 400 psi)

It is not the magnitude of the suppression
It is the distribution

Gas phase is trapped due to non-uniform capillary pressure 

Pcog=400 psi Pcog=0.0
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Impact on Flow – Random Pcgo and perm. with frac.

High permeability 
streak around matrix 
simulates fractures
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Impact on Flow – Random Pcgo and perm. with frac.

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

Gas saturation follows the 
pressure profile

Gas saturation is distributed 
as a function of not only 

pressure but non-uniform 
suppression also

Gas Saturation Distributions
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Impact on Flow – Random Pcgo and perm. with frac.

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

Solution Gas-Oil Ratio Distributions

Rs follows the 
pressure profile

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

Thank you!! 
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