
5th CAPE-OPEN European Conference – Cambridge UK – 3 & 4 April 2008

©
IF

P

����������	�
 � �			
����������	�����			�			��������������	�������� 			�			�����	��������			�			��������	��������

CAPE-OPEN Physical Property 
Package based on Black-Oil 

correlations for upstream 
applications

M. Gainville, R. Lugo

5th CAPE-OPEN European Conference
3rd & 4th of April 2008



5th CAPE-OPEN European Conference – Cambridge UK – 3 & 4 April 20082

©
IF

P

Content

� Context and objectives

� Physical Model

� Implementation

� Demo

� Conclusion



5th CAPE-OPEN European Conference – Cambridge UK – 3 & 4 April 20083

©
IF

P

Context and objectives

� texte

Hydrates

Paraffin wax

Asphaltens

Insulation

Pumping

Separation

Multi phases flow

Damage

Sand arrival

Processing , gas-lift activation

Well Performances
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Context and objectives

� Develop a Black Oil Model to make easier fluid definition 
for preliminary engineering studies

� Show the feasibility to implement Black Oil Correlations 
into a CAPE-OPEN Physical Property Package

� Developments done within the TINA project
� A TOTAL and IFP R&D project to prove the feasibility of

� Modelling the flow from reservoir to process, in steady state and 
dynamic conditions, on an unique flowsheet

� Use of third party components (thermodynamics, unit operations, 
solvers)

� Components assembly using the CAPE-OPEN standard



5th CAPE-OPEN European Conference – Cambridge UK – 3 & 4 April 20085

©
IF

P

Physical Model

� What is a Black Oil Model?
� Black oil models : simplified assumptions used to model complex 

hydrocarbon behavior
� Use of correlations to determine the fluid properties at different 

temperatures / pressures
� Fluid composed by two compounds

� "Light", "Heavy"

� Several levels of model complexity
� Pure vapor, evaporation of the "Heavy" compound

� Description with more compounds
� Pure vapor in our case (only "Light" compound present)
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Physical Model: Input data

=�g

=�g

Oil relative density at standard conditions (water : 1)

Gas relative density at standard conditions (air : 1)

�g allows defining "Heavy" density              and 
"Heavy" molecular weight by correlations

�g allows defining "Light" density              and "Light" 
molecular weight by correlations
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Physical Model: PT Flash

� Rs
� Solubility of gas in oil ("Light" here)

� GOR : Gas Oil Ratio
� Depends of the overall    

compositions Zi
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Physical Model: PT Flash
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Calculated at P & T using BO 
correlationsCalculated using the overall 

composition

Liquid composition Vapor composition
Provides liquid and 
vapor fractions
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Physical Model

� Property calculations
� Black Oil correlations are used for calculating densities, viscosities, 

heat capacities, heat of vaporization and thermal conductivities

� Enthalpy calculation
� Based on phase heat capacities and heat of vaporization



5th CAPE-OPEN European Conference – Cambridge UK – 3 & 4 April 200810

©
IF

P

Implementation

� IFP thermodynamic wizard has been used for creating the 
PPP

� CAPE-OPEN version 1.0, C++ implementation

� PT Flash 
� Based on previous correlations

� PH Flash
� Iterative calculations on PT Flash to match targeted overall enthalpy
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Demo

� Black Oil Property Package used in COFE
� TOTAL/IFP Pipe Modules (subsea flowline + production riser)

Flowline ~ 2 km

Riser ~ 1500 m

Gas-lift injection

Oil production
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Demo

� Components assembly

COCO UOsBO PPP
TINA static
Pipe UO

COFE
PME

COCO UOs
TINA static
Pipe UO

COFE
PME

TEA PPP
TEA : 15 compounds
CPU : 37s
Arrival pressure ~ 30 bar

Black Oil : 2 compounds
CPU : 3 s
Arrival pressure ~ 32 bar
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Conclusion and perspectives

� Feasibility proved : PPP using Black Oil Correlations
� How to dynamically change component properties?

� Black Oil configuration data change "Heavy" and "Light" compound
molecular weights for instance

� Implement more complex correlations
� Models with "Heavy" present into the vapor phase
� Add a free water phase
� Add other properties (entropy for compressors, ...)
� Add other flash types (PVF, TVF, ...)
� Use correlations for vapor density calculation with Acid Gas content

� CO2, H2S, N2

� Move to CAPE OPEN version 1.1


