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« Transient Integrated Network Analysis

e A TOTAL-IFP research collaborative project
— TOTAL: oil company requirements and validation

— IFP: physical and numerical modelling (near wellbore, transient
compositional multiphase flow, hydrates, wax, ....)

o A platform for integrated multiphase flow simulations
From reservoir to process facilities
For flow assurance applications
Based on an open software architecture (INDISS)

Ensuring interchangeability and interoperability of thermodynamic
components and unit operations by using the CAPE-OPEN standards
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Domain description

Processing , gas-lift activation

Multi phases flow

Hydra‘tes

Paraffin wax
Asphaltens

Damage Pumping
Sand arrival | .~ Separation
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Well Performances

© IFP2007




TINA

Technical solutions

Project based on INDISS platform

— Dynamic simulation platform developed since 1996 by RSI (an IFP
subsidiary)

— CAPE-OPEN 1.0 compatible - dynamic unit interfaces supported

« CAPE-OPEN standard used to develop/integrate unit operations
— Steady state and transient pipe unit operations
— Transient Productivity Index module (the purpose of the presentation)

— CAPE-OPEN dynamic unit specifications have been extended
* anew type of dynamic unit operation has been defined: bi-arc unit

e Interoperability achieved
— RSI Units, IFP Units, COCO units into INDISS-TINA

— Multiflash (V3.3, 3.4 and 3.5), RSI Thermos, Simulis Thermodynamics,..
— IFP/TOTAL Units into HYSYS (V3.1), Pro/ll (V8.0), COFE (v0.4, 0.5, 0. 6)
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ma~ ~ CAPE-OPEN Unit Operation Dynamic Interfaces

 Dynamic OU types

Network Limit [ >

—b

<

Flowsheet example : ﬂ
1.20e+007 Pa
300 K

Provides with pressure, temperature,
composition and enthalpy or temperature.

A network limit, supports ICapeDynamicUnit.

Mixing point with low accumulation. Characterised
by: Inlet and outlet pressure are identical, Hold up

A node unit operation implements two interfaces:
ICapeDynamicUnit and ICapeNodeDynamicUnit

Device characterised by pressure drop

Arc operation implements two interfaces:
ICapeDynamicUnit and IcapeArcDynamicUnit

» »
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62.35 kg/s
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CAPE-OPEN Unit Operation Dynamic Interfaces

Dynamic simulation

Understand dynamic simulation with a simple network
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Problem

— Knowing P;(t), P",,(t), P,,(1),T;,(t), T',.(t),and every Public unit parameters
of every UO (length, diameter, valve opening, ....) what is the state of the
system and its time evolution ?

* Flow, pressure and temperature everywhere in the network and
each moment
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. Dynamic simulation

Dynamic Simulation
e Three sequential stages

A

First Compute

\4

Network
Compute

lterative phase

A 4

Last Compute
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Dynamic simulation

First stage : First Compute

Opening

 Compute properties that are not thermodynamic dependant

— Ex : update a valve opening (user or controller), update boundary
conditions,...
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. Dynamic simulation

Second stage : Network Compute

 Equations
— For each node
 Mass balance

« Mass content relative to the node pressure n

— For each arc
* Flow relative to connected nodes pressure

— lterative values for the solver : nodes pressures
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. Dynamic simulation

Second stage : Network Compute

Newton (Pressure as iterative variable) to resolve the node material
balance (F, + F, - F;= dM/dt) given P

—

calculated

dF /dP, dF /dP

calculated

dF /dP

calculated

calculated

P
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Dynamic simulation

Third stage : Last Compute

 —

I:)calculated

»
»

FZ
T, H, X, Y, Props

 Energy balance
— Update thermodynamic on the all network

« At the end of this stage the system is calculated at time t

© IFP2007

TINA project : Transient productivity index module — CO-LaN Annual Meeting 2007




ma~ ~ CAPE-OPEN Unit Operation Dynamic Interfaces

Need for another unit type

— There are unit operations that are neither of the arc, nor of the nodes,
and even less of the limits of networks: this is the case for the Transient
Pl

Typically, these unit operations have the following characteristics:
F

—— p

out

out

Where F is flow and P is pressure

— To deal with this kind of unit operation, it is necessary to define a new
type and a news interface.

BiArcs
— A BiArc is a specific unit operation characterised by:
e Pressure drop
 Inlet and outlet flows are different

— Therefore a BiArc operation should implement two interfaces:
|CapeDynamicUnit and |ICapeBiArcDynamicUnit
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Transient productivity index module

Transient productivity index module
— It correlates the well production rate to the wellbore drawdown
— The transient behaviour of the reservoir layer is modelled
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Transient productivity index module

— The pressure profile in the reservoir layer is a logarithmic
function of the eccentricity

K Ej
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Transient productivity index module

_ e
e Transient model

— Pressure diffusivity equation solved on a radial circular domain

« Boundary conditions : Reservoir pressure

— Well flow rate is computed based on the wellbore pressure
gradient
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Arc Unit Operations

BiArc Unit Operation ——
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e Transient scenario
— Choke opening variation: 10 to 40 % then 40 to 10%

Production flow

Inlet Pl flow
Pressure buildu

Pressure drawdown
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Discrepancy is reducing with time

Inlet/outlet PI flows differ due to the transient
effect of the reservoir layer capacity

Pressure drawdown
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e Conclusion

IFP has developed the first BiArc unit operation
— Transient Pl is used in real case simulation

— This unit operation will be given to CO-LaN as an example and will
be available for CO-LaN members

Perspectives
— Integrate a transient pipe module as a bi-arc unit
— Dynamic unit interfaces need to be enriched
« Some methods should be added (ex: get maximum time step)
» Generalization of the arc concept : generic arc
— Need of an other dynamic PME for real interoperability testing
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