18th European Symposium on Computer Aided Process Engineering – ESCAPE 18

Bertrand Braunschweig and Xavier Joulia (Editors)

© 2008 Elsevier B.V./Ltd. All rights reserved.


2

 MACROBUTTON  AcceptAllChangesShown "D.Paen et al." 
Upstream simulation lifecycle

3

Upstream simulation lifecycle
Didier Paen,a Pascal Roux,b Alain Ricordeau,c Alain Vacher,d Martin Gainville,b
aRSI Simcon, ZA pré Milliet, Montbonnot 38330, France

bIFP, 1 & 4av. de Bois-Préau, Rueil-Malmaison Cedex 92852, France
cProSim SA, Stratège Bat A BP27210 Labège Cedex 31672, France

dTOTAL, CSTJF av. Larribau, Pau 64000, France
Abstract

As operating conditions are constantly becoming more complex and challenging (deep water – heavy oil - high pressure - etc.), as investments are becoming more important, and as profitability is thoroughly scrutinized, a tool that provides a consistent set of data from the first evaluation to the final operation along the production flow from reservoir to export facilities has now become a requirement.

Presently, different simulation packages are used to assist in the profitability analysis of a production project from exploration to production. Steady state simulation tools are used at the early stages of a study for a preliminary evaluation. Diverse dynamic simulation tools are used for conceptual design, detailed engineering, process operation analysis, training, and operations support. Each of these specific simulation tools provides with a suitable stand-alone data set. However, gathering and consolidating not necessarily consistent data from this different simulation software does not contribute efficiently to the overall analysis of investment and production.

IFP and RSI are working on the R2P project (Reservoir to Process) project based on results of collaborative TINA project from TOTAL and IFP. TINA developments were made on INDISSTM, the actual product provided by RSI. R2P development address, among other things, the issue of consistent data set for a consolidated profitability analysis of the entire production loops. This new platform is a user friendly open tool that provides a unifying environment to encompass the whole set of simulation tools used from the near well bore to export, from design to operation.
CAPE-OPEN technology has improved openness of simulation platforms for unit operation and thermodynamic modeling. R2P project demonstrates that CAPE-OPEN standard for unit operation can also be used to integrate various components for simulation strategy resolution.
R2P project uses the SPEC module developed by Prosim SA to solve Design Spec problems. The integration of a non-linear Sequential Quadratic Program optimization module developed by ProSim SA (thereafter called CO-OPTI) into R2P CAPE-OPEN compliant simulation environment solves optimization problems. 

Some application examples are provided to illustrate the interest of the CAPE-OPEN interface standard for seamless integration of third-party components and to show that a dedicated CAPE-OPEN unit operation is capable of design spec resolution or optimizing an objective function under constraints.

The practical manner of integrating the CAPE-OPEN resolution component is not dedicated only to the oil & gas upstream domain but this sector is very active in the domain, and especially in the improvement and the promotion of the standards
Keywords: CAPE-OPEN resolution, steady-state and transient simulations.

1. Introduction
Petroleum industry has to deal with more and more sophisticated software solution across technical disciplines. End-users ask for having consistent models and also open software platforms to build in their own way the physical system that they need to study and to evaluate. Moreover, there are several specialized models available within each discipline and some crossed comparison tests are required to evaluate their performance and accuracy and to select the most appropriate integrated solution. Thus, software platforms have to provide flexibility for integrating physical models in order to build and simulate complex systems.

One of the main challenges is the seamless construction of an integrated model across technical disciplines. The different technical disciplines use various tools and models describing their special technical fields. These models are often highly specialized and there is no common interface across disciplines.

R2P project is the software packaging of TINA R&D project. Objectives and results of TINA project are described in Gainville et al., 2007.  This project was set up to prove the feasibility of integrating complex physical models coming from different software providers into a simulation platform while insuring data and model consistency. To achieve this objective, the CAPE-OPEN standard has been used as the basis of all developments. The CAPE-OPEN standard provides a seamless way for integrating models: it specifies interfaces for manipulating unit operations within a flowsheeting environment and for dealing with all sorts of thermodynamic calculations. The standard has been applied to many kinds of Computer Aided Process Engineering (CAPE) applications. At the beginning those applications were mostly in the downstream market but they proved also convenient in the upstream market. Consequently, CAPE-OPEN is proving more and more useful in upstream (Banks et al., 2005). TOTAL is actively supporting the CAPE-OPEN standard as it represents a solution for integrating models proceeding either from funded research developments or from software suppliers. 

The TINA domain of application is dedicated to flow assurance studies from well-bore to topside. Modeling systems are composed of productivity index modules, wells, pipes, manifolds, valves and topside models such as separators, compressors, pumps and heat exchangers. All models may be run either in steady state or transient mode. The platform used for the demonstration purpose is INDISSTM which allows for dynamic simulations and which is also CAPE-OPEN compliant for thermodynamics and unit operations.

The objective of the paper is to demonstrate that the use of the CAPE-OPEN standard is a technical solution to easily integrate different software components in order to simulate complex upstream systems for flow assurance studies. R2P platform is developed to integrate external components as unit operation or thermodynamic package. The interchangeability of those components is the first requirement for a new upstream simulation platform. This paper explains how R2P uses CAPE-OPEN components to solve steady state simulation and how unit operations and network are managed to solve transient simulation based on previous steady state results.
2. Upstream Simulations
Several types of simulation are performed on upstream domain. Some need high precision thermodynamic packages with large number of components, other are focused on performances like optimization and use simplify thermodynamic package as black-oil correlations. The simulation model stays unchanged, or just parts of it is used for detail studies. Configurations of unit operations like pipeline profiles are kept. This is a way to allow communication between each discipline through a unified environment. A collaborative work can be defined to federate teams around a common tool.
Future versions of R2P, particularly in terms of software components, will be determined by market needs. However, in IFP research programs for the year 2008, it should be noted the development of a black oil module, compatible with the thermodynamics standard. The models will be common Black Oil Trades reservoir and production thus providing a better collaboration between these disciplines.
R2P allows also the user to define different thermodynamic areas in the flowsheet, each thermodynamic area using a different thermodynamic package or a different mixture. The most appropriate component is selected for each area from reservoir to topside facilities. R2P provides tools to connect together the different thermodynamic areas ensuring data consistency and continuity.
3. Steady state simulation
After thermodynamic configuration, the user selects the unit operations required for its simulation. Connections are done between units. The process modeling environment uses this oriented graph to determine the unit operation computation order.

3.1. Unit operations

A CAPE-OPEN unit operation has to calculate its output connections based on its input connections. R2P unit operations are defined with pressure, flows, and one action parameter. 
R2P unit operations are also associated with a specific type with depends of their contribution in hydraulic network:

· An arc is an element that computes a flow between two pressures, such as pipe segments, pumps and valves.
· A node is a pressure point where several flows meet, such as manifolds, vessels.
· A boundary is high inertia pressure point, such as large vessel, buffer tank, limit of simulation like battery limit.
The behavior of a unit operation depends of its type. For example, a scrubber is considered as a node, the pressure must be the same on all its connections. The input flow must be set by upstream unit and the scrubber calculates the output liquid and vapor flows based on thermodynamic separation. If we detail the computation of a valve, it is an equation that links pressureinput, pressureoutput, flow, and opening or cv. If the opening or cv is not set, all other variables, pressureinput, pressureoutput, flow must be set before the valve calculation. The valve can then calculate the value of opening or cv. If opening or cv is fixed, the calculation algorithm of valve is flexible to be able to calculate one of all other 3 variables: pressureinput, pressureoutput or flow. The modeling equations used for each case remain the same.
Configuration on unit operations is done on Graphic User Interface (GUI) of each unit. Calculation begins with validation step. Flows are propagated by the steady configuration module one downstream and upstream line. Each unit checks that its configuration is well defined for steady state calculation. The “calculate” method of each unit is called with respect to the calculation order list. A criteria is defined based on all material objects flow, pressure and enthalpy to stop iterations when the convergence is reached.
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Figure 1: definition of actions and constraints on steady state unit operations
The steady state resolution needs advanced configuration feature to answer to the design specifications requirements. Some pressures on downstream units are fixed and are consistent only with modification of upstream configuration. The same kind of specification must be solved when a unit node has more than one entry. All its input flows must have the same pressure to be compliant with rules defined for transient nodes. R2P implements a global configuration view to manage actions and constraints on the flowsheet model. The problem is solved by using a dedicated module to design specification: SPEC.

3.2. SPEC integration
The SPEC module is developed by ProSim SA to solve Design Spec problems. SPEC is also used to solve recycle tearing. This component has been made compliant with CAPE-OPEN unit operation interface specifications to be easily integrated into R2P. The integration of simulation resolution component into a platform requires data transfer back and forth between the component and the rest of the flowsheet. Some CAPE-OPEN information streams are used to get back to SPEC in order to know how the equality constraints are satisfied. Streams get back to OPTI equality an inequality constraints and the value of the objective function. Other CAPE-OPEN information streams update iterative variables within the flowsheet components. In addition, material streams are used to tear recycles by connecting SPEC or OPTI with these streams. 
R2P steady state module connects SPEC ports to material and information connections like other CAPE-OPEN unit operations and calls validate and calculate methods. SPEC is integrated as a standard steady state unit operation with just some specific interactions to handle the steady state resolution:
· A dedicated GUI (cf figure 1) sets connections for actions and constraints as standard information connections between CAPE-OPEN unit operations.

· SPEC is automatically inserted inside recycle tearing

SPEC is called at the last position of computation order list and its return status is used for convergence result. Only one unit is used for resolution of the process simulator.Unit operations are calculated in a sequential modular resolution. SPEC unit operation acts on free variables and tearing streams (its output streams) to find values that are compliant with constraints.
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Figure 2: flowsheet builder with layout of actions and constraints
This integration is an elegant and efficient solution to extent steady state feature of a process modeling platform. The recycle tearing algorithm is implemented by the platform. SPEC is inserted at the recycle tearing position and is in charge of solving consistency of these input and output material connections. The above figure 2 shows SPEC actions (connected to opening of chocked valves and the flow of one well) and constraints (for pressure on manifolds and on output of the riser)on a subsea system. There is only one SPEC module to solve the whole system in a global resolution that is able to detect singularity for example when actions have no effect on constraints. Then, error messages are returned to the user to help him configuring correctly the flowsheeting problem.
4. Transient simulation
One major asset of a multimode simulation platform is the ability to switch to transient simulation once steady state simulation is converged. The steady state resolution takes into account transient specificity as node pressure points. Process simulation flowsheet and its constraints and recycle stream are solved with two different methods that give same results. One uses a design spec and recycle stream solver and the other uses dynamic algorithm (Paen et al, 2005) based on flow pressure network and its derivatives. In both cases, the same thermodynamic package is used and R2P unit operations calculate their state with the same equation set for all modes. Dynamic unit operation calculates their derivatives (flows and compressibility w.r.t. pressure). So unit operation must implement continuous and derivable function for all expected domain of simulation. They must also manage their accumulation. The direct definition of a transient simulator is not easy because some transient values set by hydraulic solver may be outside functional range of some unit operation. Steady state initialization provides to transient flow pressure network a correct state for first time step execution.
A transient simulation is defined between two pressure simulation points. All flows and pressures depend of hydraulic network resolution. Unit operations keep their sizing and configuration variables when they switch from steady state to transient mode. Specific dynamic unit operations as controller, transmitter are used to configure the control system.

When the user wants to return back to steady state mode, those control unit operations have reverse action. For example the valve actuator does not set the opening to the valve, but takes current valve opening to configure its set point value. Flows of entry battery limits are kept and units that perform a separation as splitter adapt their separation coefficients to be consistent with latest dynamic values.
5. Optimization simulation
The ProSim OPTI optimization component is integrated as a CAPE-OPEN unit operation like SPEC component. This mode adds the capability to solve non linear optimization problem considering a set of equality and inequality constraints. The OPTI mechanism is similar to SPEC module, i.e., iterative values are updated and sequential calculation is performed to evaluate equality constraints, inequality constraints and the objective function. Then, a new set of iterative values are proposed for the next iteration until the optimizer reaches a optimum solution. The objective function is defined as regular expression with unit operation variables as operands and is evaluated in a specific “PROG” unit operation just before OPTI execution. One limit of the approach is the number of sequential calculations required to estimate first and second order derivatives by numerical differentiation.
In M. Gainville and al, an example shows the optimization of the design cost of a subsea production system. The optimization consists in choosing the most appropriate design solution with respect to production constraints. The optimization parameters are the pump unit capacity to install and the diameter of the production flow line. A smaller diameter of the line required a higher pump capacity and vice versa. The CO-OPTI module allows calculating the optimized solution for minimizing investment cost.
6. Conclusion 

The use of standards and in particular the CAPE-OPEN standard offers multiple benefits. The construction of simulations is not easier but adapting the model to the simulation or more precisely to the problem allows both to save time, but also to have the "best" possible results. Many components are already on the market, include Multiflash, Tuwax, Simulis ... The effort of openness does not stop to thermodynamic and operations unit. IFP, RSI, Total, ScandPower Petroleum Technology, Infochem are engaged in the definition of a hydrodynamics standard, which will provide a new dimension to the simulation.
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