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About the Aspen HYSYS Upstream

1.1 About the Aspen

HYSYS Upstream
Package

Aspen HYSYS Upstream™ provides the E&P industry standard
methods and techniques for handling petroleum fluids and
brings together the disciplines of petroleum and process
engineering. Production field data can be input in an easy to use
environment to create an asset-wide model from the reservoir
to the back end of the facility.

Advantages

Aspen HYSYS Upstream expands Aspen HYSYS capabilities in
the oil & gas sector for both reservoir thermodynamics and
petroleum hydraulic integration within the production facility
simulator. Other benefits include:

Significantly increases production by combining
production and process models, adding millions in
operating profit (e.g., BP’s Harding asset increased
production generating $30MM in additional revenue by
using an integrated petroleum and process model
description)

Achieves global production optimization, resulting in
significant improvements in return on capital employed
(ROCE)

Rapidly screens process and production alternatives to
select optimum designs saving millions on engineering
time and capital expenditure

Saves 30% on engineering man-hours spent
transferring, formatting, and analyzing production and
process data

Improves current production by 1-5% by de-
bottlenecking, increasing throughput, and reducing
production costs

Increases knowledge and reduces mistakes in modeling
from the sandface through the facility with a
thermodynamic description that can be adapted to the
required resolution
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e Increases asset uptime through increased safety and
reliability

1.2 Petroleum Fluid
Characterization
Capabilities

Black Oil Thermodynamics and Methods

Black oil methodology is a non-compositional model, commonly
used in the upstream industry for modeling petroleum fluids. At
the wellhead, the full compositional breakdown of a fluid is not
known, but phase-specific flows and density data are readily
available. Thus, a limited set of data, including pressure,
temperature, oil specific gravity, gas specific gravity, production
GOR and water cut is all that is required to model the behavior
of the oil. An industry-standard black oil thermodynamic
package from Neotechnology Consultants is integral to Aspen
HYSYS Upstream.

Black Qil Flowsheeting

Aspen HYSYS unit operations typically solve to equilibrium
conditions using an equation-of-state or activity model. With
Aspen HYSYS Upstream, these unit operations also solve in
black oil mode and blend different black oils together. Supported
operations include valve, separator, mixer, tee, compressor,
expander, heater, cooler, and heat exchanger.

Black Qil Translation

Aspen HYSYS Upstream uniquely translates from black oil to a
compositional model using the gas composition and established
Aspen HYSYS oil characterization methods to predict a set of
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Petroleum Fluid Characterization

hypothetical components that back-match the petroleum fluid
characteristics.

PVT: Fluid characterization data from
InfoChem

Multiflash is an integral part of Aspen HYSYS Upstream and will
create a thermodynamic package inside Aspen HYSYS good to
greater than a C82 cut. Aspen HYSYS Upstream can also read a
Calsep PVTSIM (licensed separately from Calsep) database of
fluids and extract the appropriate production fluid data for use in
the facility simulation.

Component Lumping / Delumping

When moving between flowlines and facilities, the number of
pseudo components needed to accurately model oil stream
changes. Aspen HYSYS Upstream manages this within the
flowsheet using the following operations:

Lumper: Converts a large number of pure and hypothetical
components to a smaller reduced slate of components required
by other applications, to improve performance or match known
stream characteristics.

DeLumper: Converts a small set of lumped components back to
a complete list of components when the extra fidelity is
required, or an allocation back to individual source or well flow
composition is required.

1.2.1 Hydraulics Capabilities

Aspen HYSYS Upstream contains new hydraulics capabilities
which consolidate upstream well and flowline technology in the
facility modeling environment. This enabling technology offers
the ability to create a complete model of an oil & gas asset
which can be used to optimally design new assets or
troubleshoot and improve existing assets, resulting in improved
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engineering, operations, and business decisions throughout the
asset lifecycle. These capabilities include:

Steady State Network Solver

Provides the ability to solve a network of pipes inside the Aspen
HYSYS environment. A hydraulics subflowsheet provides an area
to configure and solve complex networks of pipes from a subset
of unit operations. The hydraulics subflowsheet is designed to
solve in steady state, and that solution can then be used to
initialize a dynamic network. Compositional tracking is also
supported with version 2006.5.

Transient Flowline Network Solver

Aspen HYSYS Upstream includes AspenTech’s transient flowline
network operation. Based on the ProFES software engine?with a
new easy-to-use interface inside Aspen HYSYS, and initialized
from the steady state network solver?dynamic multiphase
flowline models can be implemented within the Aspen HYSYS
environment simply and efficiently.

Hydraulic Interfaces

A standard run-time interface is provided within Aspen HYSYS
Upstream to link Aspen HYSYS cases to PIPESIM-NET (licensed
separately by Schlumberger) models, enabling the user to
create integrated field models to be used for network or gas lift
optimization. Also included is a runtime interface to SPT Group’s
(formerly Scandpower) OLGA 2000 (licensed separately by
SPT), allowing the user to create integrated dynamic models of
multiphase flowlines connected to the facilities. The OLGA link
connects an Aspen HYSYS dynamic model of the facilities with
the pipeline model running in OLGA.
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Black Oil Tutorial Introduction

2.1 Black Oil Tutorial
Introduction

In today’s oil and gas industry, it becomes increasingly
necessary to use a compositional model and equation of state to
accurately model the behaviour of a petroleum fluid downstream
of the well and flowlines. The HYSYS Upstream Option translates
from black oil to a compositional model using the gas
composition and HYSYS oil characterization.

In HYSYS, Black Oil describes a class of phase behaviour and
transport property models. Black oil correlations are typically
used when a limited amount of oil and gas information is
available in the system. QOil and gas fluid properties are
calculated from correlations with their respective specific gravity
(as well as a few other easily measured parameters).

Black Qil is not typically used for systems that would be
characterized as gas-condensate or dry gas, but rather for
systems where the liquid phase is a non-volatile oil (and
consequently there is no evolution of gas, except for that which
is dissolved in the oil).

In this Tutorial, two black oil streams at different conditions and
compositions are passed through a mixer to blend into one black
oil stream. The blended black oil stream is then fed to the Black
Oil Translator where the blended black oil stream data is
transitioned to a HYSYS material stream. A flowsheet for this
process is shown below.

1Feed VLV-100 ValveOut
- // ,
MixerOut CﬂT 100 Qutlet
—_ MIX-100 i
geed
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The following pages will guide you through building a HYSYS
case for modeling this process. This example will illustrate the
complete construction of the simulation, from selecting the
property package and components, to installing streams and
unit operations, through to examining the final results. The tools
available in the HYSYS interface will be used to illustrate the
flexibility available to you.

The simulation will be built using these basic steps:

Create a unit set and set the Black Oil default options.
Select the components.

Add a Neotec Black Oil property package.

Create and specify the feed streams.

Install and define the unit operations prior to the translator.
Install and define the translator.

Add a Peng-Robinson property package.

Nk
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2.2 Setting the Session
Preferences

1. To start a new simulation case, do one of the following:
D | e From the File menu, select New and then Case.
New Case icon e Click the New Case icon.

The Simulation Basis Manager appears:

* Simulation Basis Manager I sl
Component List: 5
Boontaaat L 5| TS B Databank Selection———————————
St P & HrSYS Databanks
i Aspen Properties Databanks
Add
Delete
Copy
View.. | Import |
Export...
BRefresh | Re-impart |

Compnnentsl Fluid Plegs: I Hypotheticals I 0il Manager I RefSYS Assay Manager I Reactions I Companent Maps IUsel Properties r

Enter P¥T Environment... | Return to Simulation Environment. .. |

Next you will set your Session Preferences before building a
case.

2. From the Tools menu, select Preferences.
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The Session Preferences property view appears. You should
be on the Options page of the Simulation tab.

.+ Session Preferences (HYSYS.PRF) H=l
Simulation General Dptio;s ]
N [~ Allow Multiple Stream Connections ¥ Use Input Experts
Options ¥ Vi Creation [w Confim Deletes
Errars I Confirm Mode Switches
Desktop ¥ Recod Time When Notes Are Modiied [~ Enable Single Click Actions
Maming v Enahble Cross Hairs On PFD [v Enable Cell Edit Button
Tool Tips v Save =ML Fluid Package Ta User Defined File
Dynamics
ST Show Property Package W arning
Uzt v Show Property Package " aming
GLE el Stream Property Comelations
Colurnn v Activate Property Correlations
Status Window [v Confirm Before Adding if Active Correlations are Present
Trace "Window
Cut/Copy/Paste
" Simulati | Wariables J Reparts J Files | Resources J Estensions J Oil Input J Tray Sizing r
Save Prefersnce Set... Load Preference Set...

3. In the General Options group, ensure the Use Modal
Property Views checkbox is clear so that you can access
multiple property views at the same time.

2.2.1 Creating a New Unit Set

The first step in building the simulation case is choosing a unit
set. Since HYSYS does not allow you to change any of the three
default unit sets listed (in other words, EuroSI, Field, and SI),
you will create a new unit set by cloning an existing one. For this
example, a new unit set will be made based on the HYSYS Field
set, which you will then customize.

To create a new unit set, do the following:

1. In the Session Preferences property view, click the
Variables tab.

2. Select the Units page if it is not already selected.

2-5



2-6 Setting the Session Preferences

3. In the Available Unit Sets group, highlight Field to make it
the active set.

2 Session Preferences (HYSYS.PRF) [_ (O] =]
Variables Awvallable Unit 5 et

Units EuraSl e |

Urit Set Name  [Fied et |
Dizplay Unit:
Unit 4 Wiew .. |

Acidity mg KOHAg
At Gaz Flow ACFM Add.
Act. Yol Flow barrel/day
Actual Liquid Flow USGPM Uelete |
Actual Mass Density ka/m3 A l
Angle deg j z

" Simuldtion  Variables | Reparts IFiIes I Resouces I Estenzsions I Oil Input I Tray Sizing r

Save Preference Set... | Load Preference Set... |

The default Preference file is named hysys.PRF. When you
modify any of the preferences, you can save the changes in
a new Preference file by clicking the Save Preference Set
button. HYSYS prompts you to provide a name for the new
Preference file, which you can load into any simulation case
by clicking the Load Preference Set button.

4. Click the Clone button. A new unit set named NewUser
appears. This unit set becomes the currently Available Unit
Set.

5. In the Unit Set Name field, rename the new unit set as
Black Oil. You can now change the units for any variable
associated with this new unit set.

In the Display Units group, the current default unit for Std
Gas Den is |b/ft3. In this example we will change the unit to
SG_rel_to_air.

6. Scroll through the table in the Display Units group, until you
find the Std Gas Den variable.
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7. To view the available units for Std Gas Den, click the drop-
down arrow in the cell beside the Std Gas Den cell.

: Session Preferences (HYSYS.PRF) =] E3
Variables ~&vallable Uit Set
i Clone
Units EuroS|
Farmats E‘Ie‘d Delete

Unit Set Nams  [Black O

iew Wsers. .

Dizplay Unit:

Lirit N
S pecific Volume 3 [
Standard Density b3 |
Std Gas Den Ib/f3 =
Std. Gas Flow kg/m3
Std Vol Flow /o
Steam Fatio

SG_rel_to_air

igw

i (4

Delete

Simulation \I'aliahlesl Fieports IFiIas I Resources I Extensions I Oil Input I Tray Sizing r

Save Preference Set...

Load Preference Set...

©

From the drop-down list, select SG_rel_to_air.

Repeat the previous three steps to change the Standard
Density unit to SG_60/60 api.

Your Black Oil unit set is now defined.

Black Oil 2-7
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Setting the Session Preferences

2.2.2 Setting Black Oil Stream
Default Options

To set the Black Oil stream default options:

1. Click on the Oil Input tab in the Session Preference
property view.
2. In the Session Preferences property view, select the Black

Oils page.
-+ Session Preferences (hysys.PRF) [ [O1}
0il Input Black Qil Stream Dptions
Assay Definition Default Vizcosity Method Options | Specily Coefficients j
Assay Optians
Black Dils Drefault W ater Option |W’atar Cut ﬂ

Sirnulation J\u"aliab\es JHeports JF\Ies Resources J Extenszions  Oil Input _
L. SavePeferenca el | Load Prefererce Set..

In the Black Oil Stream Options group, you can select the
methods for calculating the viscosity, and displaying the
water content for all the black oil streams in your
simulation. For now you will leave the settings as default.

3. Click the Close icon x| to close the Session Preferences
property view. You will now add the components and fluid
package to the simulation.
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2.3 Setting the Simulation
Basis

The Simulation Basis Manager allows you to create, modify, and
manipulate fluid packages in your simulation case. As a
minimum, a Fluid Package contains the components and
property method (for example, an Equation of State) HYSYS will
use in its calculations for a particular flowsheet. Depending on
what is required in a specific flowsheet, a Fluid Package may
also contain other information such as reactions and interaction
parameters. You will first define your fluid package by selecting
the components in this simulation case.

2.3.1 Selecting Components

HYSYS has an internal stipulation that at least one component
must be added to a component list that is associated to a fluid
package. To fulfil this requirement you must add a minimum of a
single component even when the compositional data is not
needed. For black oil streams, depending on the information
available, you have the option to either specify the gas
components compositions or the gas density to define the gas
phase of the stream.
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2-10 Setting the Simulation Basis

To add components to your simulation case:

1. Click on the Components tab in the Simulation Basis
Manager.

2. Click the Add button. The Component List property view is
displayed.

# Component List ¥iew: Component List - 1 !E E I
Add Component —Selected Components———— —Companents Available in the Companent Librar
=) Eompanents —M s Match ||7 Wiew Filters |
- Traditional
- Electrolyte = Sim Mame £+ Full Name / Synonym " Formula
[ Hypathetical
- Other <-dd Pure | Propane 62 C3HB g
i-Butane C4 C4H10
= n-Butane n-C4 C4H10
<Substitute-> | iPertane i5 C5H12
r-Pentans nCh C5H12
nHexane CE CEH14
Flemave=—-> | n-Heptane c7 CFH1E
nOotane 0] CaH18
= n-Monane ca CaHZ0
Sort List | nDecane C10 C10H22
nCl1 Ci1 C11H24
nCi2 ci12 C12H26
Wiew Campanent | n13 C13 C13H28 =
w14 ri4 r1AHAN
¥ Shaow Synoryms [~ Cluster
—
Selected I Component by Type |
Delete | Marne ICompDnent List- 1

For more information,
refer to Chapter 1 -
Components in the
HYSYS Simulation
Basis guide.

N

Home View icon

3. In this tutorial, add the following components: C1, C2, C3,
i-C4, n-C4, i-C5, n-C5, and C6.
Select the components from the list in the Components

Available in the Component Library group and click the <=--
Add Pure button.

Close the Component List property view.
5. Return to the Simulation Basis Manager property view.

If the Simulation Basis Manager is not visible, click the
Home View icon from the toolbar.
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2.3.2 Creating a Fluid Package

In this tutorial, since a Black Oil Translator is used in
transitioning a Black Oil stream to a HYSYS compositional
stream, two property packages are required in the simulation.
You will first add the Neotec Black Oil property package and later
in the tutorial after, you have installed the black oil translator,
you will add the Peng-Robinson property package.

Adding the Neotec Black QOil Property
Package

To add the Neotec Black Oil Property Package to your
simulation:

1. From Simulation Basis Manager, click the Fluid Pkgs tab.

2. Click the Add button in the Current Fluid Packages group.
The Fluid Package Manager appears.

3. In the Component List Selection group, select Component
List - 1 from the drop-down list.

4. From the list of available property packages in the Property
Package Selection group, select Neotec Black Oil.

The Neotec Black Oil Methods property view appears.

Figure 2.8

Neotec Black 0il Methods

Procedure Recommendation B as
’7 % Black 0il Defaults " User-Selected ‘

— P%T Behaviour and Transport Property Procedure
Solution GOR Standing -
il FWF Standing -
Undersatursted Ol FYF Wasguez Begys T
Gags Yiscosity Lee, Gonzalez and Eakin Bl
Live Qil Wiscosity Chewy and Connally t
Unidersaturated Ol Viscosity Khian =l
Dead il Yiscosity Equation ASTM Equation T
Vatson K Factor Specify :
Surface Tension Calculate T

Cloze
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2-12 Setting the Simulation Basis

You can also filter the list of available property packages by
clicking the Miscellaneous Type radio button in the Property
Package Filter group. From the filtered list you can select
Neotec Black Oil.

Refer to Appendix A - The Neotec Black Oil Methods property view displays the
ﬂiﬁﬁiﬁf'fifkm?rfe nine PVT behaviour and transport property procedures, and
information on the black each of their calculation methods.

il method ilable and
S'thr:ftefm?niﬁ‘;j‘_ ean 5. 1In this tutorial, you want to have the Watson K Factor

calculated by the simulation. The default option for the
Watson K Factor is set at Specify. Thus, you will change
the option to Calculate from the Watson K Factor drop-
down list, as shown below.

Solution GOR Standing -
il FYF Standing =l
Undersaturated Oil FF “azguer Beggs :
Gas Yiscosity Lee, Gonzalez and Eakin =
Live il viscosity Chesre andd Connally -
Undersaturated Oil Yiscosity Khan :
Dead Oil viscosity Equation ASTM Ecjuation :
Watzon K Factor Calculats :
Surface Tension Calculate E

The User-Selected radio button is automatically activated
when you select a Black Oil method that is not the default.

You can restore the default settings by clicking the Black Oil
Defaults radio button.

6. Click the Close button to close the Neotec Black Oil Methods
property view.

The HYSYS Neotec Black Qil property view appears.

S HYSYS - Neotec Black Oil [ x]

B asis:

Launch Meotech Black Oil.. |

Advanced |
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0

Enter Simulation
Environment icon

7. In the Basis field, type in the new name Black Oil for the
fluid package.

8. Close the HYSYS Neotec Black oil property view by clicking
the Close icon x.

The Black Oil fluid package is now completely defined. If you
click on the Fluid Pkgs tab in the Simulation Basis Manger
you can see that the list of Current Fluid Packages now
displays the Black Oil Fluid Package and shows the number
of components (NC) and property package (PP). The newly
created Black Oil Fluid Package is assigned by default to the
main flowsheet. Now that the Simulation Basis is defined,
you can install streams and operations in the Main
Simulation environment.

9. To leave the Basis environment and enter the Simulation
environment, do one of the following:
e Click the Enter Simulation Environment button on the
Simulation Basis Manager property view.

e Click the Enter Simulation Environment icon on the
toolbar.

2.3.3 Entering the Simulation
Environment

When you enter the Simulation environment, the initial property
view that appears depends on your current Session Preferences
setting for the Initial Build Home View. Three initial property
views are available:

e PFD
e Workbook
e Summary
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Any or all of these can be displayed at any time; however, when
you first enter the Simulation environment, only one appears. In

this example, the initial Home View is the PFD (HYSYS default
setting).

»3 NoName.hsc - Aspen HYSYS 2004.1 - aspenONE
File Edit Simulation Flowsheet PFD Tools ‘Window Help

O |'|i§ h [E HEX}. |QG H;@ | A Erwitonment: Case [Main]
-

H B;ﬂ @ | &ﬂ H’*E |/O A 72 égﬁ' H ) IDefauItCoIourScheme vl

Mode: Steady State:

X

SiE
=i

| || Cancel selected object type E]: :IS’E “ alw

There are several things to note about the Main Simulation
environment. In the upper right corner, the Environment has
changed from Basis to Case (Main). A number of new items are
now available in the menu bar and toolbar, and the PFD and
Object Palette are open on the Desktop.
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1]

Object Palette icon

=]

Save icon

The PFD and Object Palette are described below.

Objects ‘ Description

PFD The PFD is a graphical representation of the flowsheet
topology for a simulation case. The PFD property view
shows operations and streams and the connections
between the objects.

You can also attach information tables or annotations to the
PFD. By default, the property view has a single tab. If
required, you can add additional PFD pages to the property
view to focus in on the different areas of interest.

Object A floating palette of buttons that can be used to add
Palette streams and unit operations.
You can toggle the palette open or closed by:
¢ Clicking the Object Palette icon in the PFD toolbar.
e Pressing F4.

e Selecting the Flowsheet | Open/Close Object
Palette command from the menu bar.

Before proceeding any further, save your case.

1. Do one of the following:
e Select File | Save command from the menu bar.
e Press CTRL S.
e Click the Save icon on the toolbar.
If this is the first time you have saved your case, the Save
Simulation Case As property view appears.

Figure 2.12

Sawve Simulation Case As ﬂ E
Savein: |9 Cases =] « @k - By default, the File
2y My Recent Documents Path I.S the Ca.ses
& Deskiop sub-directory in
- [} My Documents your HYSYS
. j by Computer di t
4 3% Floppy &) Irectory.
9 ceo Local Drive [C:]

t “e» Local Digk [D:]
Diesktop [3) AspenTech __//
1) Aspen HYSYS 200 et

5 e

My Documents

ty Computer

File: name: I j Save I
Save as lype: IHYSYS Simulation Caze ["hsc) j Cancel |
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=

Open Case icon

L d

Material Stream icon

When you choose to open an existing case by clicking the

Open Case icon, or by selecting Open Case from the File
menu, a property view similar to the one shown in Figure
2.12 appears. The File Filter drop-down list will then allow
you to retrieve backup (*.bk*) and HYSIM (*.sim) files in

addition to standard HYSYS (*.hsc) files.

In the File Name cell, type a name for the case, for example
BlackOil.

You do not have to enter the *.hsc extension, HYSYS
automatically adds it for you.

Once you have entered a file name, press the ENTER key or
click the Save button.

HYSYS saves the case under the name you have given it
when you save in the future. The Save As property view will
not appear again unless you choose to give it a new name
using the Save As command. If you enter a name that
already exists in the current directory, HYSYS will ask you
for confirmation before over-writing the existing file.

2.4 Building the

Simulation

2.4.1 Installing the Black Oil

Feed Streams

In this tutorial, you will install two black oil feed streams.
1. To add the first black oil stream to your simulation do one of

the following:
e From the Flowsheet menu, select Add Stream.

e You can also add a new material stream by pressing the
F11 hot key.

e From the Flowsheet menu, select Palette. The Object
Palette appears.

Double-click on the Material Stream icon.
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The Black Qil Stream property view appears.

1 1=l B3
Worksheet Streamn MName 1
Conditi Temperature [C] CEMmpl
(o ForTes Pressure [kPa] <empty>
Properties Specific Grawvity <emply
e Walumetric Flow <emplys
Gas Composition
.p ass Flow [kgh] <emply
User Variables tMass Enthalpy [kl /kg] < ermptys
Mates Fluid Package Black Oil
4 4
Cost Parameters —I—I —I

Bulk Properti
(Gas Ol Ratio: I<EI'HDL'.'> IWater Cut LI I<ampty> ‘

Oil Phaze Specific Propertie;
’7§urfaca Tension: fcempty> ‘Watson K: <Empty: ‘
Wizcosity Mid... | Lalibration |

—
Wolksheell Attachments I Diwnamics

[ Unknown Temperature

Define fram Other Stream... e =

HYSYS displays three different phases in a black oil stream.
The three phases are:

e Gas
e Oil
o Water

The first column is the overall stream properties column. You
can view and edit the Gas, Oil, and Water phase properties
by expanding the width of the default Black Oil stream
property view.

You can also use the horizontal scroll bar to view all the
phase properties.
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The expanded stream property view is shown below.

1 1] B3
Workzheet Stream Mame 1 Gas il WA ater
Conditi Temperature [C] <empli CEmply> <Emptys {EMmply
il Fressure [kPa] <emply: <emply> <empy: <emply>
Properties Specific Gravity <emply> <emply <empys <emplys
Gies Campasiian ‘alumetric Flaow <emply> <emplys <emplys {emplys
. tazs Flow [kg/h] <emply> <emply <empy> <Lemply
User Variables tazz Enthalpy [k A&a] <emphy <emply <emphys <Lemply
MNotes Fluid Package Black Oil
Cost P, "
Bulk Praoperti
(Gas Oil B atio: I<EmDLU> I W ater Cut ;I I<empty> ‘
0il Phase Specific Propertie
’7§urlace Tension: [cemptys  ‘Watson K: I<EmDW> ‘
Wiscosity Mid... | Lalibration |
_ -
Worksheet | Attachments | Dpnamics |

[ Unknown Temperature

D elete. | Diefing from Other Stream...

2. Rename the stream to Feed 1 by typing the new stream
name in the Stream Name cell of the Overall column (first
column).

You can only rename the overall column, and that name
appears on the PFD as the name for that black oil stream.
You cannot change the phase name for the stream.

Next you will define the gas composition in Feed 1.
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3. On the Worksheet tab, click on the Gas Composition page
to begin the compositional input for the stream.

Feed 1 =] B3
W'ollfsheel Methane Lemptys [

- Conditions Ethane <emptyr [
Properties Propane <emplys |
Gas Compozition IrfBuLE?::e ::—maty:——
Usertariables |[F50 1200 Zemptys ||

- Motes r-Fertane <emply> | |

o Cost P ‘ n-Hexane <emptyr |

Total [0.00000

Edi |

>

4 | |_| ™ Activate Gas Composition
—
Wolksheell Attachments I Dynamics |

[ Urknown Temperature

Delete | Define from Other Stream... e =5

4. Select the Activate Gas Composition checkbox to activate
the Gas Composition table.

The Activate Gas Composition checkbox allows you to
specify the compositions for each base component you
selected in the Simulation Basis manager. After you have
defined the gas composition for the black oil stream, HYSYS
will automatically calculate the specific gravity for the gas
phase. If gas composition information is not available, you
can provide only the specific gas gravity on the Conditions
page to define the black oil stream.
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5. Click on the Edit button. The Input Composition for Stream
property view appears. By default, you can only specify the
stream compositions in mole fraction.

I Input Composition for Stream: Feed 1

Methane LEmphys

Ethane <empy
Propane Lemphys
i-Butane <emphy:
rButane <emply>
i-Pentane <EMmphy:
rPentane <Emply:
rHexane <empy:

Composition Controls—————

Erase |

Marmalize |

Cancel |
Total  |0.0000 Ok I

6. Enter the following composition for each component:

Component ‘ Mole Fraction

Methane 0.3333
Ethane 0.2667
Propane 0.1333
i-Butane 0.2000
n-Butane 0.0677
i-Pentane 0.0000
n-Pentane 0.0000
n-Hexane 0.0000

7. Click the Normalize button to ensure that the mole fraction
sum equals 1.0.

8. Click the OK button, and HYSYS accepts the composition.
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9. Click on the Conditions page on the Worksheet tab.

Feed 1 M= B3

Worksheet Stream Mame Feed 1 Gas ail ‘W ater
Conditi Temperature [F] <emply> <emply> <empys <emplys
il Pressure [psia] <emply> <emply <empys {emplys
Properties Specific Gravite/5td. Density <emply> | 1.201 SG_rel_to <empy> <Lemply
s Cammasiian “Walumetric Flaw <emphy <emphy <emphys <Lemply

) tasz Flow [Ib/Hr] <emplys <emplys <emptys LEmplys
User Varisbles tasz Enthalpy [Btuslb] < emplis CEmplys <Emptys {Emplys
Mates Fluid Package Elack Dil
Cost P
Bulk Propertie:
(Gas il R atio: |<8th}'> | water Cut ;I I<empty> ‘

"Dil Phase Specific Propertie

Surface Tension: |<empty> Watgon K I<eth_v> ‘

Wizcosity Mid... | Lalibration |

- -
Worksheet | Attachments | Dynamics |

[ Unknown Temperature

Delete | Define from Other Stream...

Next you will define the conditions for Feed 1.

10.In the overall column (first column), specify the following
conditions:

Temperature (°C) 50
Pressure (kPa) 101.3
Volumetric Flow (barrel/day) 4500

HYSYS automatically assigns the same temperature and
pressure to the Gas, Oil, and Water phases.

11. Specify the Specific Gravity for the Oil phase and Water
phase to 0.847 SG_60/60 api and 1.002 SG_60/60 api,
respectively.

Next you will specify the bulk properties for Feed 1.

12.1In the Bulk Properties group, specify a Gas Oil Ratio (GOR)
of 1684 SCF/bbl, and Water Cut of 15%.

Figure 2.18

Bulk. Propertie:
’7653 OilRatio:  [1684  [Wwiater Cut =] [150 ‘
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The Gas Qil Ratio is the ratio of the gas volumetric flow to oil
volumetric flow at stock tank conditions. The Gas Qil Ratio
will be automatically calculated if the volumetric flows of the
gas, oil, and water phases are known. In this tutorial, the
volumetric flowrates for the three phases are calculated by
the Gas Oil Ratio and Water Cut.

The water content in the Black Oil stream can be expressed
in two ways:

e Water Cut. The water cut is expressed as a percentage.

Vwate 3
= Wwaier 2.1
Water Cut VoAV ( )

water

where:
Vyater = volume of water
V,ii = volume of oil

e WOR. A ratio of volume of water to the volume of oil.

Vpate
WOR = V—‘” (2.2)

oil

You can select your water content input preference from the
drop-down list.

Next you will specify a method for calculating the dead oil
viscosity.
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13. Click on the Viscosity Mtd button. The Black Oil Viscosity
Method Selection property view appears.

Displays the current
selection of the Dead Oil
ASTM Eguation & Viscosity Equation. You
can change this equation
in the Neotec Black Oil
Cosficierts, | CoeffiertE | Methods Manager. Refer
to Dead Oil Viscosity
Equation in Appendix
A.1 - Neotec Black Oil
Methods and
Thermodynamics for
more information.

You can select the calculation methods from the Method
Options drop-down list. Neotec recommends the user to
enter two or more viscosity data points. In the event that
only one data point is known, this is also an improvement
over relying on a generalized viscosity prediction.

14. Click on the Method Options drop-down list and select
Twu.

15. Close the Black Qil Viscosity Method Selection property view.
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Now Feed 1 is fully defined.

Feed 1 [_ (O] <]
Worksheet Stream Mame Feed1 Gaz ail W ater
= Temperature [F] 1220 1220 122.0 122.0
- Condil
r°0” ;r't?:f szl 14.69 14,69 14.69 14.69
DC i Specific Gravity/Std. Density [Estc] <emply> | 1.201 5G_rel to | 0.84705G_G0/ || 1.002 SG_B0/G0
= LOmpOston |y metric Flow [@st) 4500 barel/day | 25172002 MM: | 14.94 barrel/day | 2,637 bareliday
senVaniables | Flow [@ata) [Ib/hi] 9.1 9611 1845 BED
ates Mass Enthalny [Btu/lb] 5353 167.7 42,18 1218
st Parameters | [Fjyig Package Black Ol

Bulk Properti
Produced GOR IT 584 I \water Cut | I1 5.0 ‘

0il Phase Specific Propertie

Surface Tension: [25.75 Watson K |1 203 ‘

Lalibration |

<] [»]

— -
Worksheet | Attachments | Dpnamics |

Delete | Drefine frarn Other Strean.. | 4 =

Wiscosity kb

The Surface Tension and Watson K are automatically
calculated by HYSYS as specified in the Neotec Black Qil
Methods Manager. You can view the property correlations for
each phase by clicking on the Properties page where you
can add and delete correlations as desired.

Feed 1 =] B3 I

Streamn MName Feed 1 Gas ail i ater
Heat Capacity[E_0Oil] [Btu/lb-F] 04620 0.4043 0.3774 1.01
Masz Density[B_0il] [Ib/ft3] 02730 8.241e-002 51.42 61.75
|| Mass Flow Rate[B_0il] [Ib/hr] 319.1 95.97 1846 3|52
Gas Carmposition | Mass Fraction[B_0i] <emphy> 0.3007 05756 01207
User Variables | Wiscosity[B_Oil] [<F] 1.850=-002 9.769=-003 3.290 05352
Nates Wol. Fraction[B_0il] <emphyy 09364 3.072e-003 5 337e-004
Cost Parameters || Vise. Coeff. AB_OIl] 11.27 <empty: <empty <empty:
Vize. Coeff. B[B_Ql] 4140 <Emptys <Empty: <Empty:
Yolumetric Flow[B_Oil] [barrel/day] 4396 4378 15.35 2.BEE
Solution GOR[B_Dl] [SCF/bbl] 2372 <empys <emphy> <empy>
(Ol Farmation Yalume Factar[B_0il] 1.027 <empys <emphys <emply>

Property Correlation Control

Bdh e o XxE BB
ll_l—’l Preference Option: -

—
W’ulksheell Attachments I Diynamics

Delete | Define frorn Other Strearn | 4@ =
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16. Create a second black oil feed stream, Feed 2 and define it
with the following data:

In these cells... ‘ Enter...

Conditions Page
Temperature (°F), Overall 149
Pressure (psia), Overall 29.01
Volumetric Flow (barrel/day), Overall 6800
Specific Gravity (SG_60/60 api) Oil: 0.8487
Water: 1.002
Gas Qil Ratio 1404 SCF/bbl
Water Cut 1.5
Viscosity Method Options Beggs and Robinson
Gas Composition Page
Methane | 1.0
Workzheet Stream Name Feed 2 Gas gil Water
o Temperature [F] 143.0 143.0 143.0 143.0
f__ gf;t'ﬁ:; iz osie] 7501 2901 2901 Za01
" .. Specific Gravity/Std. Density [Estc] <empty> | 0.55425G_rel t | 08487 5G_G0/ []1.002 SG_GO0/G(
- Gas Compasition >
. ‘olumetric Flow [Estc] E800 barrel/day | 3.802e-002 MH: | 27.08 barrel/day | 0.4124 barrel/d:
“UserVarisbles | [ o Flow (@ate) [Ibhi] 108.0 £7.00 30 £.023
- Motes Mass Enthalpy [Etu/lb] 35.49 308.2 5572 1488
- Cost Parameters || Fjig Package Black 01

Bulk Properti
Produced GOR: I14U4 IW’atar Cut x| I'I 5 ‘

Dil Phaze Specific Propertie;

Surface Tensiar: [20.14 Waatzon K |1 203 ‘

| [v] Wiscosity Mid... | Lalibration |

—
Wolksheell Attachments I Dynamics |

Delete | Define from Other Stream... | & =
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2.4.2 Installing Unit
Operations

HYSYS unit operations typically solve to equilibrium conditions
using an equation of state or activity model.

The following unit operations can support black oil streams:

e Valve e Separator e Compressor
e Mixer e Pipe Segment e Heater

e Pump e Heat Exchanger e Cooler

e Recycle e Expander

With the HYSYS Upstream Option, HYSYS unit operations will
solve in black oil mode and be able to blend different black oils
together.

The Worksheet tab of some HYSYS unit operation property
views are not supported when the unit operations are used
in Black Oil mode.

Now you have fully defined two black oil feed streams. The next
step is to install the necessary unit operations for the blending
and transitioning process.
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Installing the Valve

The first operation that will be installed is a Valve, used to
decrease the pressure of Feed 1 before it is blended with Feed 2.

1. Double-click on the Valve icon in the Object Palette. The
Valve property view appears.

ve i 2. On the Connections page, open the Inlet drop-down list by
Valve icon clicking the Down Arrow icon .

¥LY-100 1= E3

Resin Mame  [VLv-100

Connections

Parameters

User Variables

Wt Irlet Outlet

=] .| 1=
Feed 1
Feed 2
Fluid Package

Elack il -

—
Designl Fiating I ‘Wiorksheet I Dynamics |

pecte | I | oo

3. Select Feed 1 from the list.

Alternatively, you can make the connections by typing the
exact stream name in the cell, then pressing ENTER.

4. Move to the Outlet field by clicking on it. Type ValveOut in
the Outlet cell and press ENTER.

The status indicator displays Unknown Delta P. To specify a
pressure drop for the Valve:

5. Click on the Parameters page.
6. Specify 5 kPa in the Delta P field.
Now the status indicator has changed to green OK, showing that

the valve operation and attached streams are completely
calculated.
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E 4

Mixer icon

Building the Simulation

Installing the Mixer

The second operation that will be installed is a Mixer, used to
blend the two black oil feed streams.

To install the Mixer:

1. Double-click on the Mixer icon in the Object Palette. The
Mixer property view appears.

MIX-100 =]

Design Mame |MIX-100

Connections

—_—
Parameters

Notes

Uzer Variables >

—,..

et Outlet

|| << Stream >3 'I
Fluid Package
Etlack il vl

—
Designl R ating I “whorksheet I Dynamics |

Delete |

I lgnared

2. Click the <<Stream>> cell to ensure the Inlets table is
active.

The status bar at the bottom of the property view shows that

the operation requires a feed stream.
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3. Open the <<Stream>> drop-down list of feeds by clicking

the Down Arrow icon |, or by pressing F2 and then the
DOWN arrow key.

MIX-100 [ (O]

Design Marne IN'”X'1 0o

Connections

—_—
Parameters

Uszer Yariables

Mates :
—_—
Inlets Outlst

Feed 2
Veaﬁfeﬂul Fluid Package
Elack Oil hd

e
Design | Rating I Worksheet I Dynamics |

Delete |

N

[~ lgnored

4. Select ValveOut from the list. The stream is transferred to
the list of Inlets, and <<Stream>> is automatically moved
down to a new empty cell.

5. Repeat steps 3-4 to connect the other stream, Feed 2.

Alternatively, you can make the connections by typing the
exact stream name in the cell, then pressing ENTER.

The status indicator now displays Requires a product
stream. Next you will assign a product stream.

6. Move to the Outlet field by clicking on it, or by pressing
TAB.

7. Type MixerOut in the cell, then press ENTER.

HYSYS recognizes that there is no existing stream named
MixerOut, so it will create the new stream with this name.

2-29



2-30 Building the Simulation

Refer to Appendix A -
Neotec Black Oil
Methods, for more
information on the
specific gravity and
viscosity of heavy oil/
condensate blends.

The status indicator now displays a green OK, indicating that
the operation and attached streams are completely

calculated.
MIX-100 1H[=] E3 I
Design Hame IMIX-‘I oo

Conneclions
—_—=
Farameters

Motes

Uzer Yariables >

—_—
Inlets Outlet
] “alvelut Im
Feed 2 .
|| << Sheam > Fluid Package
IBIack gil -

i
Design I R ating I ‘wioiksheet I Dyriamics |

I lgnored

8. Click the Parameters page.

9. In the Automatic Pressure Assignment group, leave the
default setting at Set Outlet to Lowest Inlet.

MIX-100 [ (O]

Design
Connections
Parameters _\
Uszer Yariables
Mates _/
—_—

"Autnmatlc Prezzure Azsighment—————————————————

= Equalize &l
{* Set Outlet to Lowest Inlet

e
Design | Rating I Worksheet I Dynamics |

[~ lgnored

HYSYS has calculated the outlet stream by combining the
two inlets and flashing the mixture at the lowest pressure of
the inlet streams. In this case, ValveOut has a pressure of
96.3 kPa and Feed 2 has a pressure of 200 kPa. Thus, the
outlet from the Mixer has a pressure of 96.3 kPa (the lowest
pressure between the two inlets).
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A

Enter Basis Environment
icon

Installing the Black Oil Translator

Next you will install a Black Oil Translator to transfer the black
oil stream data into a compositional stream so that you can
analyze the properties of the blended black oil stream from the
Mixer. The Black Qil Translator is implemented in HYSYS using
the Stream Cutter operation and a custom Black Oil Transition.
The Black Oil Translator interacts with an existing Stream Cutter
unit operation to convert the Black Oil stream into a
compositional material stream.

Adding Non-Black Qil Stream

Before you install the Black Oil Translator, you need to install a
non-black oil stream for the Black Oil Translator outlet stream.
Thus, you will need to add a new fluid package and assign it to
the outlet stream.

To add a new fluid package:

1. Click on the Enter Basis Environment icon in the toolbar.
The Simulation Basis Manager appears.

2. Click on the Fluid Pkgs tab.
3. Click Add.

Select Peng-Robinson from the property package list in the
Property Package Selection group.
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L d

Material Stream icon

5.

Figure 2.28

In the Name field, rename the fluid package to PR as shown

below.

Fluid Package: PR

Property Package Selection

Grayson Streed
Infochem Muliflash
K.abadi-Danner
Lee-Kesler-Plocker
targules

MEWFR

MBS Steam
Meatec Black il
MRTL
OL|_Elzcholyte

Propeity Package Filter———

i+ Al Types

" EDSs

i Activity Models

" Chao Seader Models
i Wapour Press Models
" Mizcellaneous Types

~Component List Selection

I Component List - 1

;I Wiew... |

1= E3
~EOS Enthalpy Method 5 pecificatio

+ Eguation of State
i Lee-Kesler

—Peng Robinzon Option:

= HYSYS
" Standard

[~ Use EOS Density v Modify H2 Te and Po

¥ Smooth Liquid Density
"Advanc:ed Themodynamics—————————————

Imnpart
[~ COMThema Heoession | _I
Erport

b
Set UpI Parameters I Birany Coeffs I StabT est I Phaze Order IHxns I T abular I Hotes |

Doee | ame [E Propety Pko. | REHG RGO _E it Piopeities

10.
11.

Close the Fluid Package property view.

Click on the Return to Simulation Environment button in
Simulation Basis Manger.

To add the Black Oil Translator outlet stream, do one of the

following:

¢ From the Flowsheet menu, select Add Stream.

e Press F11.

e From the Object Palette, double-click on the Material
Stream icon.

In the stream property view, click the Worksheet tab and

select the Conditions page.

In the Stream Name cell type Outlet.
In the Fluid Package cell, select PR from the drop-down

list.
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Once you selected PR as the fluid package, the Outlet
stream property view is automatically changed to a HYSYS
compositional stream.

Outlet J[=] E3
Worksheet Stream Mame Outlet
 Conditions ‘apour / Phase Fraction <Emphy>
= R Temperature [F] <emphy
roperties -
Compostion Pressure [psia] <emply
talar Flaws [Ibrmolehr] <emply
K\ alue . fasz Flow [Ibshi] < Emplys
UserVariables || St |deal Li ol Flow [bariel/da] <emply>
H Hates Molar Enthalpy [Btuflbmole] < Empty
- Cost Parameters | [Molar Entropy [Btu/lbmole-F] <emply:
Heat Flow [Btushr] <emply
Lig %al Flow &5td Cond [barrel/day] <emplys
Fluid Package FR

— n
Wolksheell Attachments I Dyriamics |

[ Unknown Temperature

Defing from Other Stream... + =

12.Close the Outlet property view.

Adding the Black QOil Translator

There are two ways that you can add the Black Oil Translator to
your simulation:

1. From the Flowsheet menu, select Add Operation. The
UnitOps property view appears.

You can also open the UnitOps property view by pressing the
F12 hot key.

2. In the Categories group, select the All Unit Ops radio
button.

3. From the Available Unit Operation lists, select Black Oil
Translator.

4. Click Add.

2-33




Building the Simulation

The Black Oil Translator property view appears.

¢ CuT-100 M=l E3

Design

Connections

Lser Vaniables

Hotes | = / /
/ / Outlet
Eemove Cutter |
-
Dexignl Tranzition I Workzhest |
Delete [ Mot Solved I lanored

In certain situations, the Black Oil Translator will automatically
be added to the flowsheet. This occurs when the stream
connections are made to operations that have streams with
different fluid packages connected or the operation itself is set
to use a different fluid package. The Stream Cutter dictates the
rules for when the Black Oil Translator is automatically added.

To delete the Black Oil Translator operation, click the Delete
button. HYSYS will ask you to confirm the deletion.

You can also delete a Black Oil Translator by clicking on the
Black Oil Translator icon on the PFD and pressing the DELETE
key.

To ignore the Black Oil Translator operation during calculations,
select the Ignored checkbox. HYSYS completely disregards the
operation (not calculate the outlet stream) until you restore it to
an active state by clearing the checkbox.

Defining the Black Qil Translator

To complete the Connections page:
1. Open the Inlet drop-down list by clicking the Down Arrow
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icon =|, or by pressing the F2 key and then the DOWN
arrow key.

Select MixerOut as the inlet.
Move to the Outlet field by clicking on it.
Select Outlet as the outlet stream.

Once the outlet stream is connected, the Black Oil Translator
starts transitioning the black oil data to the Outlet stream
using the HYSYS default transition setting.

T ]|
MName |CUT-100

N

Connections

UzerYariables
Inlet

Riates IMikerD ut hd / /

/ / Outlet
-

Eemove Cutter |

—_
Designl T ransition I ‘worksheet |

Do | I, | Lo"e

The solving status is indicated in the Object Status Window.
As the Black Oil Translator is solving, a list of
hypocomponents are generated in the Outlet stream to
characterize a black oil stream from a compositional stream
perspective. You can view each hypocomponent created in
the Trace Window as the Black Oil Translator is solving.

If the Outlet stream had Black Oil as the fluid package, the
following warning message property view would appear.

1 The outlet to the black oil three phase transition method must be a non-black oil stream,
e Y
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Refer to Appendix B -
Black Oil Transition
Methods for more
information on the
Simple, Three Phase, and
Infochem Multiflash
transition method.

5. Click the Transition tab.

e The Transition Type group displays the transition type

(in this case: BlackOil Transition) available for this
Black Oil Translator operation.

e The Current Transition group contains all the options

used to configure the Black Qil Transition method.

e The Transfer Basis drop down menu contains the
options for T-P Flash and P-H Flash transitions.

The composition of MixerOut is copied to the composition

table. Use the default value for the composition.

6. In the Black Qil Transition Method group, confirm that the

Three Phase radio button is selected.

7. Sav

e the case.

2.4.3 Results

When the solving is completed, the status indicator for the

Outlet stream and Black Oil Translator should be changed to a
green OK, showing that both operations are completely defined.

1. In the Outlet stream property view, click on the
Compositions page on the Worksheet tab.

2. In the component composition list, you can view the

composition for all the hypocomponents created as well as

the composition for C1 to C6.

Methane

4|
L

Ethane

NPILVE

Fropane

053641

i-Butane

035785

n-Butane

032423

iPentane

000000

n-Pentane

000000

| n-Hexane

000000

.
]

L3697 RS

Il

002376

01z

003763

(237

004404

262"

005320

is/ims]ims)in sl in |

0287

005530

312*

L 00E35E

006653

L 0DEREZ

O0ES43

006365

.00E308

0067583

006620

L00E407

L0061 60

{ie e e e e e e
o
4

L OD5B2E

005591

005253

twi
CIg
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3. Close the Outlet stream property view.
4. Double-click on the CUT-100 operation on the PFD. The

_7/ black oil translator property view appears.
CUT-100 5. Click on the Worksheet tab.
CUT-100 operation On the Conditions page, the Compositional stream

properties and conditions for the black oil stream MixerOut
are displayed in the Outlet column.
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You can examine and review the results for the MixerOut
stream as a compositional stream.

% CuT-100

Name MirerOut Olutlet

- Wapour < Empkys 0.7309
Condilions Temperature [F] 1350 1350
Properties Pressuie [psial 13.97 1397
Caompozition talar Flow [lbrnole/tr] < Empkys 11.79
M asz Flow [Ib/hr] < Empkys 7271

Std |deal Lig Vol Flow [barrel/day] < Empkys 75.43

olar Enthalpy [Btu/lbmole] < Empky -8. 37 0e+004

olar Entropy [Btu/lbmole-F] < Empkys 51.12

Heat Flow [Btush] < Empky -3.871e+005

Diesign | Transzition Wolksheell
Dot | I | 5o

fori0 ________________ m=E|

Name hizerut Outlet | |

" Heat Capacity [Bhu/lb-F] 0.4476 s _I
Condtiorrs Mass Dansity [Ib/t3] 0.2294
Properties Mazs Flow Fate [Ib/hr] F27A .
P Mazz Fraction <emphys .
CemEaslian Viscosity [F] 2 24 -2
ol. Fraction < Empty: o
Wizc. Coeff. & 12.73 b
Wizc. Coeff. B 4,642 i
“Yalumetric Flow [barrel/day] 1.355e+004 e
Solution GOR [SCF/bbI 1.448 i
0l Farmation Yalume Factar 1.033 e
Malecular Weight e E1.66

tolar Density [Ibmaleft3] = 2938e-003 LI

Diesign | Tranzition Wolk:heell
Do | I | 5
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2.5 Dynamic Simulation

In this tutorial, the black oil dynamic capability will be
incorporated into a steady-state black oil translation simulation
case.

You can continue into this dynamic section with the black oil
translation case that you built during the steady state section.

1. Open the BlackOil.hsc case (if it is not already open in the

HYSYS).

2. Save the case under the new name: BlackOilDyn.hsc.

2.5.1 Modifying the Steady

State Flowsheet

Before the case can be run in Dynamic mode, it is necessary to
modify the steady-state model so that a pressure-flow relation
exists between each unit operation.

In order to realistically model flow behaviour in a dynamic
simulation case, you will change the Mixer to equalize all inlet
pressures so that the flow to and from the Mixer is determined
by the pressure-flow network:

1.

2.
3.
4

|

Delete the specified pressure in Feed 2.
Double-click on the Mixer. The Mixer property view appears.
Click on the Dynamics tab, and select the Specs page.

In the Pressure Specification group, select the Equalize All
radio button.

Fressure Specification
f* Equalize Al
i Set Outlet to Lowest Inlet

You can also equalize the inlets pressures for the Mixer by
selecting the Equalize All radio button on the Parameters
page on the Design tab.

2-39




2-40

Dynamic Simulation

HYSYS automatically recalculates and solves the Mixer
operation. The status indicator of the Mixer has now changed to
a green OK. The flowsheet is completely defined.

2.5.2 Setting Pressure-Flow
Specifications

In Dynamic mode, the degrees of freedom for the flowsheet
must be zero. You can reduce the degrees of freedom by setting
the pressure-flow specifications in each boundary stream:

1. Double-click on Feed 1. The stream property view appears.
2. Click on the Dynamics tab, and select the Specs page.

3. Ensure the Pressure specification is active by selecting the
Active checkbox, and deactivate the Volumetric Flow
specification.

Feed 1

Dynamics

IS[=] B3

~Dynamic Specification:

Specs

Stripchart

—Preszure Specificatior:

| Pressure |

Aotive |

] 14.59 psia |

[

—Flow Specificatiar

“Yolumetic Flow [(Sstc
4500 barrel/day

Aotive

=

Feeder block. .. |

‘worksheet | Afttachments Dynamicsl

Delete

| Define frarn Other Stream

| « =
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4. For Feed 2, specify the Specs page as shown:

Feed 2 =] B3

~Dynamic Specification:

Dynamics
~Prezsure 5 pecification
Specs _
_— | Pressure | Active |
it | T397psial [

—Flow Specification

“Wolumetric Flow [@Esto) Aictive
E800 barrel/day v

Feeder block.. |

‘worksheet I Attachments Dynamicsl

Delete | Define from Other Stream... | e =5

5. For Outlet, specify the pressure-flow specifications as
shown:

Figure 2.38

Outlet 1=l E3
Timemies ~Dynamic Specification:
~Pressune Specificatior
Specs _
. | Fressure | Active
Stripchart [ 1297 poim v

—Flow Specificatiar
(& Molar ¢ Mass ( ldealLigvol ¢ Std Ligvol

| Malar Flow | Active |
| 11,79 Ibrncle/hr | [ |

Product block...

‘Worksheet | Attachments Dynamicsl

Delete | Define fiam Dther Strean.. | e =9

6. Save the case. The simulation case is ready to run in
Dynamic mode.
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Integrator Holding icon
(red)

e

Dynamic Mode icon

|

Integrator Active icon
(green)

7.

8.
9.

Click the Integrator Holding icon on the toolbar to hold all
calculations.

Click the Dynamics Mode icon on the toolbar.

A property view appears asking you to confirm switching the
simulation case to Dynamics mode. Click Yes.

If the Dynamics Assistant is active, HYSYS will ask you
whether you want to make certain changes to the simulation
case in the Dynamic Assistant before engaging in dynamic
mode. Click No to the Dynamic Assistant.

The Dynamic Assistant is one of the methods for preparing a
steady state case for dynamic mode. You can set your own
pressure-flow specifications and size the unit operations
manually on their Specs page on the Dynamics tab.

10.

The Dynamics Assistant makes recommendations as to
how the flowsheet topology should change and what
pressure-flow specifications are required in order to run the
case in dynamic mode. However, in this tutorial some of
these changes have been made manually as you modified
the flowsheet, and the remaining changes are not necessary
for the purpose of this example.

Start the Integrator by clicking the Integrator Active icon
in the toolbar.

The simulation case is now running in Dynamic mode. The
integration time and status are indicated in the Trace Window
and Status Bar.
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2.5.3 Monitoring in Dynamics

In Dynamic mode it is difficult to observe the behaviour of
simulation variables as they vary with time. Stripchart allows
you to monitor various variable sets of interest as they are
constantly updated in real time. You will create a strip chart to
monitor the temperature, pressure, and flow for the Outlet:

1. Set the Integrator to holding mode by clicking the

& Integrator Holding icon.

Integrator Holding icon 2. Double-click on the Outlet stream.

(red) 3. Click on the Dynamics tab, and select the Stripchart page.
4. From the Variable Set drop-down list, select the T, P, and

F variables set.

5. Display the strip chart by clicking the Create Stripchart
button. A strip chart property view appears.

6. Activate the Integrator by clicking the Integrator Active

TF icon in the toolbar.
Integrator Active icon As the Integrator is running, you should see the
(green) temperature, pressure, and flow of the Outlet updating.

M putlet-pL1 [_TO[x]

) [Ibmolex’J

am

@
B

B
B

1351 F)

2mm

Cutlet - Molar Flow {Ibrnale/hry
B

som
Minutes
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2.5.4 Notes

The following should be noted when using black oil in Dynamic
mode:

e Black oil system does not support Component Splitter
and tray section since they are strongly linked to
composition.

e In steady-state black oil translation, the component list
changes after the black oil stream is converted to a
compositional stream. However for black oil translation in
dynamic mode, a new composition using the existing
component list is calculated. Ensure that the desired
components are already present on the non-black oil side
of the transition before the simulation starts. The
simplest way to do this is to use the component list from
a steady-state result.

e Always refer to the stream property view for the black oil
simulation information.

e To obtain the most accurate black oil results, avoid using
black oil system with extreme simulation conditions or
phase ratios.
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For infomation on using
the Multiflash GUI in
Microsoft Windows, refer
to the Multiflash for
Windows User Guide in
your HYSYS root
installation directoy.

Introduction

3.1 Introduction

Multiflash is an advanced software package for modeling the
properties of gases, liquids and solids. It consists of a
comprehensive library of thermodynamic and transport property
models, a physical property databank, methods for
characterising and matching the properties of petroleum fluids
and multiphase flashes capable of handling any combination of
phases.

A Multiflash property package consists of a set of components
and thermodynamic and transport property models for several
phases. In HYSYS terminology it corresponds to a Fluid Package
plus a set of components. You may create several different
property packages with different components and/or models as
required.

This chapter describes the use of Multiflash with HYSYS
Upstream 2 (a product of Aspen Technology Inc.). When
Multiflash and HYSYS Upstream 2 are installed, Multiflash
features are made available through HYSYS property package
setup routines.

3.1.1 Installing Multiflash

As of Aspen HYSYS V7.2, you must purchase the Multiflash
program directly from Infochem. (Previous versions included it
as part of the HYSYS installation.) When you have installed 1.
Multiflash and its security dongle and 2. HYSYS Upstream 2,
HYSYS detects the presence of Multiflash and you can use the
HYSYS UI to set up Multiflash fluid packages.

3.1.2 Adding a Multiflash
Property Package

To add a Multiflash property package to a case, click Simulation
> Enter the Basis Environment.

3-2



Multiflash for HYSYS Upstream 3-3

The Simulation Basis Manager appears.

# Simulation Basis Manager
Companent Lists
i aster Component List Yiew. ..
Add
Delete
Copy
Impart..
Exzport...
Refresh
tCnmpnnenlx Fluid Pkgs J Hypotheticals J Oil Manager J Petroleumn Azzaps J Reactions J Compaonent kaps J UzerProperty r
Enter P%T Environment... ‘ Enter Simulation Environment... i

From the Basis Manager, you can add a Multiflash Property
Package:

e Through the PVT environment

e Through the HYSYS Fluid Package selection

e Through the COMThermo setup

To add a Multiflash Property package through the PVT
environment:

1. Click the Enter PVT Environment button on the Simulation
Basis Manager. The PVT Environment Manager appears.

2. On the Engine Setup tab, click the Add button. A new PVT
package (PVT-1) is added to the PVT package list.
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= p¥T Environment

Name: T3

Selected Engine

InfoChem Multiflash

Launch Engine...

Bemove
B Engine Setup | Feservoir Fluids

Leave Enviranmert... |

3. From the Selected Engine list, select Infochem
Multiflash.

4. Click the Launch Engine button to launch the Infochem
Multiflash GUI.

[ Multiflash 3.3 for COMThermo

=] E3
File Edit Select Tools Calculste Table Help
EH &4 B@R PTPHPS @ O dp o7 5P ET|1D | PT |32 T
Conditions
Temperatwz [ | K Enhopy [ | Jimal
Pressue [ | Ps Erropy [ dimaldk
Vokme [ | matmol  Intenermy [ ] Jimol
=
EE MULTIFLASH version 3.3.61 February 2004 Eg
el serial number: 2000 e
e Hysys Upstream: ateh s

Copyright (C) Infochem Computer Services Ltd, 1985-2004 H
W

Run on: 14 June 2004 at 13:5%

multiflash application files Tocation: c:Zprogram Fileshcommon FileshHyprotech
version 3.35

MultiFlash output will be recorded on the following file: c:‘program
i 1eshcommon £11es\hyprotechymultiflashiversion 3.3\mflash. iog
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To add a Multiflash Property Package though the HYSYS
Fluid Package selection:

1. On the Fluid Pkgs tab of the Simulation Basis Manager, click
Add.

2. In the Property Package list, select Infochem Multiflash.
The HYSYS Multiflash Setup property view will appear.

3. Click Launch Engine to launch the Infochem Multiflash GUI.

To add a Multiflash Property package through the
COMThermo setup:

1. On the Fluid Pkgs tab of the Simulation Basis Manager, click
Add.

2. In the Property Package list, select COMThermo. The
COMThermo Setup window appears.

From the Model Phase group, select Vapor.
In the Model Selection list, select MultiflashExtPkg.
From the Model Phase group, select Liquid.
In the Model Selection list, select MultiflashExtPkg.

After a brief pause, the Extended PropPkg Setup button
becomes available. Click this button.

8. The Extended Property Package Setup window displays. Click
Finish Setup. The Multiflash GUI appears.

Multiflash Flash

NouRW

The Multiflash flash is very reliable in most circumstances,
including situations with multiple liquid phases and solids. The
convergence tolerance is very tight and, therefore, it may take
longer to converge than some other options but the result is
correct. For simple vapour-liquid equilibrium calculations any
flash method should be reliable.

The Multiflash flash is capable of doing calculations for solid,
liquid and gas phases but for HYSYS Upstream only the gas
and liquid phases are used.
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HYSYS Flash

If you are using the HYSYS flash and you want to change the
flash settings, you can click the Advanced button on the HYSYS-
Multiflash Setup property view, which opens the Fluid Package

property view.

Fluid Package: Basis-1

Model Selectiorr

odel Phase
= Vapor " Liquid

el

tdodel Option:

Property
E xtendedFroperty

Method
AultiflashE «tPlkg Froperty

F.abadi-Danner

Estended Flash Setup... |

Lee-Kesler-Plocker

LI Extended PrapPlg Setup. |

Meotec Black Oil

Infochem Multiflash Extended Package

"Ebmponent List Selection

Wi, |

Import
¥ COMThema Begresswon...l —I
Expart

"Advanced Thermodpnamics—————————————————

—
Set Upl Parameters I Binary Coeffs I StabTest I Phasze Order IFikns I T abular I Hotes |

Delete | Name |Basis-1 Property Pkg | Vapar: MultiflashExtFka  Liquid:

Edit Froperties

When you click the Extended PropPkg Setup button, the
Extended Property Package Setup property view appears.

# Extended Property Package Setup B

Descriptiar

Package Mame: COTHMultiflashE stPkg ;I
Package Description: Multiflash COMThemo Package
Setup Files Required: 0
Setup Statug: 1
=
—Setup Fil

A

Eemove |

Or iew....

Finish Setup...

Clicking the Finish Setup button opens the Multiflash GUI.
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For infomation on using
the Multiflash GUI in
Microsoft Windows, refer
to the Multiflash for
Windows User Guide.

Refer to Section 3.1.3 -
Configuring a
Multiflash Property
Package for information
on configuring the
property package.

3.1.3 Configuring a Multiflash
Property Package

The Multiflash Windows GUI is used to configure a property
package for HYSYS Upstream but it can also be used to carry
out flash calculations, to plot phase envelopes or to regress
model parameters to match experimental measurements. This
section gives a brief description of how it is used with HYSYS
and highlights extra features provided for the HYSYS setup.

To configure a Property Package it is necessary to specify the
following information:
e The components (substances) that are included. These

maybe any components from databanks supported by
Multiflash or petroleum fraction pseudocomponents.

e The thermodynamic/physical property models that will
be used to evaluate properties such as volume, enthalpy,
fugacity coefficients, transport properties.

e The binary interaction parameters (BIPs) that will be
used by the model(s).

e The phases which may be included.

Components

The Select/Components menu item allows you to specify the
components in the property package. Components may be
selected from a databank by clicking on a component name or
typing the name of a component. Components in a databank
may be searched for by name, part of a name or by formula as
shown in the figure below.

Petroleum fraction pseudocomponents may be specified by
entering properties such as molecular weight, specific gravity,
and Multiflash will then estimate any other properties required.
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In addition there is an option to define a new component by
entering in all the data.

T |
Companents selected Data source:
ARGON IInfochem fluids databank [Infodata) j
METHAMNE
Search for...
seren et £ MName = Formula
& All companents = Synonyms = Substing
Search |
tz it databank:

HYDROGEM

BROMINE
CHLORINE
< Ingert | FLUORIME
NITROGEN
OZONE
8 [l | SULPHUR -
=

HvYDROGEM BROMIDE

Edit Delete Close | Lrits |

Petroleum Fluid Characterisation

An alternative way of entering compositional information is to
use the PVT Lab Input item on the Select menu. This displays a
form that allows input of the typical information included in a
PVT report produced by oil industry service companies. The
representation of the fluid can be controlled by the user by
selecting the number of pseudocomponents used to describe the
fluid is and how to group or split pseudocomponents.
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Other information used to set up solid deposition models in
Multiflash may also be entered.

Figure 3.7

P¥T Lab Fluid Analysis I

Defined component data: Ilnlochem fiuids databank (Infodata) j Analysis method: IHevised method (Infoanalz] j
Single Fluid | L|qu|d+|3as| Single Fluid with r-Paraffing | Liquid+ az with n-F'arafhnsI Black Oil Analyslsl
e | — Pseudocomponent
Start pseudocomponents at
ComperentDelete | Flid 53 = nparaine N6 E
Components mass % ﬂ Mumber of pseudocomponents required
» [MITROGEN =~ |5 ﬁ n-paraffing |15 ﬂ

Eég — Properti
METHANE - tatal \.iquwd ((.: b
ETHAMNE heaviest SCH 5G
PROPANE ~ SARA Andlysi =
ISOBUTANE _mass %
M-BUTANE Saturates
ISOPENTANE Aromatics
NEOPEMTANE i
E:‘ENTANE Azphaltenes
METHYLCYCLOPENTANE Exinez r
BEMZENE — Taotal Wax Cantent
CvCLOHEXANE l— T
c7
METHYLCTCLOHEAHE E stimate Wax Content I

| |TOLUENE LI —Whater Cut (a5 % of tatal liguid)

Total % I volume %
Total fuid
’7T0tal amaunt of fuid Imole 'I

Da Characterisation | Cloze |
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Physical Property Models and Phases

Multiflash offers a wide choice of models for representing the
properties of fluid and solid phases. Models are defined using
the Select/Model Set menu item.

Figure 3.8

Select Model Set
Asphaltenes | ‘Wares I LCombined Salids I
Equatians of State | Activity Models | Hydrates
" RKS PR " PSRE
. Ag30cish
£~ REKS AP version PR [Advanced) e [Séf\ﬁ':flaoclem]
- Comesponding
& RES [Advanced) " LKP (" states (TSHA]
£ RKSA (Infochem)  BwRS  LEVM
© PE-SAET € PL-54FET [Lynghy]
i~ Tranzport propertie: FPhase
¢ Pederzen. CLS. Macleod-Sugden ¥ Gas
= Pedersen + Twu, CLS, Macleod-Sugden # Liquidl
¢~ LBC. CLS. Macleod-Sugden -
W Liquid2
i Mixing nles
" Mone [T Include Diffusivity I wfater
T

The Select Model Set window has several tabs that group
together different types of models. Figure 3.8 shows the
equation of state models. A number of different transport
property options may be selected along with the thermodynamic
models. Models that are not part of your license will be greyed
out and cannot be selected. After choosing a model click the
Define Model button and then Close to return to the main
window.

The number of phases available in a Multiflash property package
can be controlled by the checkboxes in the lower right hand
corner of the Select Model Set window. By default most of the
equation of state models are set up for four phases: Gas,
Liquid1, Liquid2 and Water (aqueous phase). In cases where
two liquid phases in addition to water are unlikely performance
can be improved by clearing the Liquid2 checkbox. Similarly if
an aqueous phase will not be present the Water phase checkbox
may be clear.
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Although Multiflash does not have restrictions on the type
and number of phases, the HYSYS flash or HYSYS unit
operations may not support all the phases.

Binary Interaction Parameters

Most models require values of binary interaction parameters
(BIPs) to make sure the model represents the interactions
between components in a mixture. BIPs for the equation of state
models are mostly generated automatically using correlations.
For activity models a large humber of BIPs are stored on the
supplied BIP databanks but it is necessary for the user to enter
any missing values. This is done using the Tools/BIPs menu
item.

3.1.4 Carrying Out
Calculations

Once the components, models and other parameters have been
set up as described in Section 3.1.3 - Configuring a
Multiflash Property Package, you may use the Multiflash GUI
to carry out property calculations.

Composition

To enter a mixture composition click on the Compositions
button. The amount of each component can be entered in the
mole field. The amounts are total moles or mass rather than
mole fractions or mass fractions.

Compositions...

=+

compaonent mole
ARGON lo
METHANE .0
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Units

Units of measurement for the Multiflash GUI can be set using
the Select/Units menu item. This only affects operation of the
GUI and has no connection with units in HYSYS.

Unit Selection [ %]

Enthalpy / Int. Energy | Entropy / Cp / Cv | “iscosity
Thermal Conductivity I Surface Tension I Diffusion Coefficients
Amaunt | Temperature I Pressuie I Walume/D ensity

Input unit Olutput unit

& male o Al Metric |
" kmal i
kg o Al British |
b o
= lbmol “
g i

output ag ...
@ fractions
" total amounts
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Flash Calculations

To carry out a flash calculation set the values of known
quantities in the Input Conditions display and select an option
from the Calculate menu. There are toolbar buttons for many of
the common flash calculations. Calculated properties are
displayed in the main window. The properties calculated depend
on the property output level selected. This can be changed using
the Select/Property Output menu item.

Physical Property Dutput Options E
— Themadynamic Properti

v Fhase amounts and compositions plus.  §

Wolume / Enthalpy £ Entropy # Gibbs Energy /
I~
Intemal Energy

I~ Heat Capacity / Speed of Sound
[ Thermal properties relative to elements
I~ Fugacity coefficients

I Activity coefficients

r~ Transport Propertie:

r Yizcasity / Thermal Conductivity / Suface
Tension

I Diffusivity

ok I Cancel
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Phase Envelope

Phase boundaries and lines of fixed volume, enthalpy, entropy
can be plotted. Use the Calculate/Phase Envelope menu item. To
plot a vapour-liquid phase boundary click on the VLE AutoPlot
button - see example output below. Other types of diagrams
may be plotted by setting the Basis and X/Y axes as required.

Phase Diagram

]|

I = =l s N e | ) ) = ) s R A oY

Fhaze Envelope

[

o3
o
= |m
=
&
@ | ® PRV
o

a

in

o

o
o 1 1 1 1 1 1 1 ]
m =0 m 20 wm =0 i = o 2
Temperature K
v Eeepthe new plat

Write bo Excel | Elp_tic-nsl Clzar | Erint | Copy | Cloze |

Matching Experimental Data

It is possible to adjust models to match measured values of
quantities such as dew points, bubble points and viscosities for
petroleum fluids. The mixture must include petroleum fraction
pseudocomponents for the matching options to work. To match
data use the Tools/Matching menu item.
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Online Help

Help is provided by two items on the Help menu. Help Topics is
an online version of the Multiflash for Windows User Guide and
Multiflash Error Codes gives an explanation of any error or
warning messages issued by Multiflash.

Returning to HYSYS

After a property package has been configured you may return to
HYSYS by selecting the Exit item from the File menu. This will
display a warning message:

Multiflash [ x|

@ Exit Multiflash setup For COMThermo

Cancel

Click OK to return to HYSYS, or Cancel to return to Multiflash to
allow further editing of the configuration.
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Lumper

4.1 Lumper

The Lumper is an upstream operation, which allows the user to
blend multiple (well) streams to one stream with a reduced
number of components to the total components into the unit
operation. This technique is used to map petroleum and process
thermodynamic properties together.

The Lumper unit operation is currently available only in steady
state mode. The user can attach one or more streams using one
or more different fluid packages with a total of n distinct
components. In the simulation environment, the user then adds
a new equation of state (EOS) fluid package, fluid package
name and components list name to lump the n distinct
components into y components using the Montel and Gouel! or
Custom lumping methods.

4.1.1 Lumper Property View

There are two ways that you can add a Lumper to your
simulation:

1. From the Flowsheet menu, click Add Operation. The
UnitOps property view appears.

You can also open the UnitOps property view by clicking the
F12 hot key.

2. Click the Upstream Ops radio button.
3. From the list of available unit operations, select Lumper.
Click the Add button.

OR

1. From the Flowsheet menu, click Palette command. The
Object Palette appears.

You can also open the Object Palette by pressing F4.
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2. Click on the Upstream Ops icon. The Upstream Object
Palette appears.

= B

R B

é &5

Upst

Ope fcon %7
é&

3. In the Upstream Object Palette, double-click the Lumper

icon.
Lumper icon The Lumper property view appears.
- Lumper: LUMPER-00_______________________________ mEH|
Design Marmne ILUMPEFHDD

+ Connections

: —_—

Ej:;:gters Outlet Stream Mame:

 User Variables - JEUMPER 100 Dutput

- Mates :
—_—]

~Inlet streams——————————

[| << Stream >3

_—
Design I R ating I ‘wioikshest I Dynamics |

Dekle | e 5 Crenges | [ [Bioied

e To delete the Lumper operation, click the Delete button.
HYSYS will ask you to confirm the deletion.
You can also delete a Lumper by clicking on the Lumper
icon on the PFD and pressing the DELETE key.

e To ignore the Lumper during calculations, select the
Ignored checkbox. HYSYS completely disregards the
operation (and cannot calculate the outlet stream) until
you restore it to an active state by clearing the checkbox.
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Lumper

4.1.2 Design Tab

The Design tab consists of the following pages:

e Connections
e Parameters

e Lumping
e User Variables
e Notes

Connections Page

The Connections page is used to define all of the connections to
the Lumper.

» Lumper: LUMPER-100 !IEII!!
Design Name ILUMPEH-1DD

- Connections

Inlet streams——————
7

2
|| << Sheam >>

H E———
i Duthet Stream Mame:
umping
User Variables |LUMPER-1 00 Output
Motes B
—_—

i
Design I R ating I ‘wioiksheet I Dyriamics |

Dokie | eSS SO - | ™ lovored
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On the Connections page, you can:

e specify the inlet streams to attach to the operation in the
Inlet Streams group

You can specify one or more inlet streams using one or more
different fluid packages. The fluid packages may have
different component lists.

e modify the name of the operation in the Name field

e specify the name of the outlet stream in the Outlet
Stream Name field

Parameters Page

The Parameters page allows you to specify the outlet settings
and automatic pressure assignment.

Figure 4.4

» Lumper: LUMPER-100 M= E3
Design Mame ILUMF’EH-‘I ]

+ Connections

- Parameters ———

B Lumping

i User Variables .

- Notes - —Outlet Setting:

—_—

Fluid Pkg Mamie: ILUMPEFH 00 Output FPkg
Property Pka | Peng-Fiabinzon |

~ Equalzs Al Corp List Mame: |LUMPEF|-1 00 Output Camp List

(¥ Set Dutlet to Lowest Inlet Bulk Wiscosity Fit Temperature 1. [37.78C
Bulk Wiscosity Fit Temperature 2: 92.89C
Flash Type ‘with Respect to Feeds: | T-F Flash -

"Dutlet Stream Temperatur

"Automatic Pressure Assighment———

Source: {* Auto Calculated i Specified

Walue: I

—
Design | Rating I Wrksheet I Dyramics |

ey R R
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For more information on
the EOS property
packages, refer to the
Equations of State
(EOS) section from
Section 2.4.1 - Set Up
Tab in the HYSYS
Simulation Basis
guide.

Lumper

The Outlet Settings group consists of the following parameters:

Parameters ‘ Description

Fluid Pkg Name

Allows you to specify the name for the fluid package to
be generated.

Property Pkg

You can select the Equation of State (EOS) property
package from the drop-down list:

Peng-Robinson

PRSV

Sour PR

SRK

Kabadi-Danner

Sour SRK

A new fluid package with components will be created
during the delumping process.

Comp List Name

Allows you to specify the name for the component list
to be generated.

Bulk Viscosity Fit
Temperature 1

The first temperature at which the outlet stream bulk
viscosity is to match that of the combined feed.

Bulk Viscosity Fit
Temperature 2

The second temperature at which the outlet stream
bulk viscosity is to match that of the combined feed.

Flash Type with
Respect to Feeds

You can select the flash type to be used for the outlet
stream with respect to the combined feed. There are
two options:

e T-P Flash

e P-H Flash

Outlet Stream
Temperature
Group

This group appears when you select T-P as the flash
type from the Flash Type with Respect to Feeds drop-
down list. There are two radio buttons in the Outlet
Stream Temperature group:
¢ Auto Calculated. The outlet stream temperature
will be automatically calculated based on the
combined feed. You cannot specify the outlet
stream temperature in the Value field.
e Specified. You have to specify the outlet stream
temperature in the Value field.

The Automatic Pressure Assignment group consists of the
following radio buttons:
e Equalize All. Click this radio button, if you want to force
all stream pressure to be the same.

e Set Outlet to Lowest Inlet. Click this radio button, if
you want the outlet pressure to be the lowest inlet

pressure.
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nlgt—————————
Available Components
Soted By
* Mone

" Buoiling Paint
= Molecular Weight
= Malar Flow [Rev)

Methane -
Ethane Il
Propane
i-Butane
n-Butane
i-Pentans
n-Pentane
n-Hexane
n-Heptane
n-Octane
n-Honane
n-Decane
n-C11
nC12

g

Inlet group

Lumping Page

On the Lumping page, you can select the lumping method that
you want to use. The outlet component list shown on the
Lumping page can be constructed by a combination of the
following three ways:

e Keeping inlet components: You can select any
number of inlet components to keep as individual
components in the outlet component list. You can also
click the Keep All Comps button to keep all the inlet
components.

e Manually creating user hypothetical components
(User Hypos): After creating a hypothetical group, you
can create any number of user hypos and decide the
constituent inlet components for each user hypo. Any
empty user hypo will be deleted from the outlet
component list when you submit the changes or close the
Lumper property view.

e Automatically creating hypothetical components
(Auto Hypos): When the desired total humber of outlet
components is more than the sum of the kept
components and non-empty user hypos, the difference
will be the number of auto hypos to be generated
automatically by the lumping method you have selected.
You can select a lumping method by expanding the
Lumping page of the Design tab. The default method is
Montel and Gouel. Once an auto hypo is generated, you
are allowed to empty or delete it, but not to change the
contained components.

As a result, the outlet component list may contain three groups
of components: directly kept components, user created hypos,
and automatically generated hypos. The outlet components are
first ordered by groups in the aforementioned order and then,
within the first two groups, can be sorted by clicking the Sort
Comp List button. The auto hypos cannot be sorted since they
are generated on the fly.
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Outlet
Companents Hypo Design
Individual ﬁ_'gga”e Hypao: |Hpr2DDDU"
Components and 2-Mpentane Constituent Companents COmpOnentS from
3Epent: S — .
lumped —_— Miethans - the inlet _
; Hypo20000° iButane
hypothetical Hﬁggmmx ST components list.
components. Hypo20002+
Hypo20003*

Sort Comp List
Desired total number of components: 11

You can specify the total number of outlet components in the Desired total
number of components field. The valid range for this number depends on the
current state of the outlet components list. The minimum number equals the
total number of kept components and the non-empty user hypos plus one (if
there is one or more inlet components left). The maximum number equals
the total number of kept components and the non-empty user hypos plus the
remaining number of inlet components. If you enter an invalid number in this
field, the trace window will show you the valid range.
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There are currently three lumping methods:

e Montel and Gouel!. The Montel and Gouel method is
the default lumping method. This method uses an
iterative clustering algorithm around mobile centers,
resulting in a classification into hypothetical components
optimum with respect to the considered equation of state
(EOS) and the chosen lumping properties. This method is
therefore only applicable to the EOS property package

Figure 4.6

» Lumper: LUMPER-100 [_[O]x]

Desi It " Outlet
C E:Ign Ayailable Components g&ht I ETRL Components Hypo Design
onnections Sorted By Delete Hypo Group Propane Hypa: |H5'DDZUDDD,‘
Parameters & Mone nC30
I Lumping {~ Eoiing Point g-g‘lpenlane Constituent Companents
Montel and Gouel | || ¢~ Malecular 'Weight g iMiZ:E::: MMethare
Custorn " Molar Flow [Rev] | Hypo20000* iButane
Uzer Vanables Ethare Hypa20001* 2-Mhexane
Motes 234 Hypo20002%
R Hiypo20003
¢~ Remove from Hypo
Create User Hypa
Delete User Hypo
Sort Comp List
Desired total number of companents: 1

b
Design | R ating J ‘wiarksheet J Dynamics J

Delete Click "Submit Changes' button or close view to calculate the unit operation Submit Changes | I Ignered

For the Montel and Gouel method, both the lumping
properties and their weights are fixed as follows:

Lumping Property Weighting Factor
EOS sqrt (a) 1.0

EOS b 1.0

EOS m 0.1

Mw 0.5

where:

EOS means the equation of state such as PR and SRK

sqgrt (a), b and m are the square root of a, b and m
respectively used in the EOS

Mw is the molecular weight of a component
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e Custom. The Custom method uses the same iterative
clustering algorithm as the Montel and Gouel method,
although you can select lumping properties and specify
weighting factors to be used in the lumping algorithm.

Figure 4.7

- . Outet
Deflgn r\ljztllahle Components M Components Hypo Design
Connections Sorted By Delete Hypo Group || | Propane Hypo: |Hypo20000*
Parameters & MNone n-C30
=I- Lumnping " Boiling Point 2-tpentane Conatituent Components
Montel and Gouel ||| Molecular Weight || —— 3Epentane ;

Custom " Molar Flaw (Fev) | a%ﬁ;ﬁ%ﬁ% 5
User Variables

Ethane Hypo20001*
Notes 22-Mpropane Hypo20002+

Hypo20003+
<-- Remave from Hypo!
Lumping Properties
Create User Hypo Sort Comp List Property weight

E0Sb  [J0.5000
Delete User Hypa

Desired total number of companents: il

—
Design | Rating J Warkshest J Dynamics J

You must add at least one lumping property.
The weighting factors must be between 0 and 1.
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Refer to Section 4.2 - e HYSYS 0il Characterization. The HYSYS Qil

Oil Characterization Characterization method uses the combined feed to

from the HYSYS construct the working curves similar to those used in the
Simulation Basis guide blend in the oil characterization. The working curves then
for more information. are cut according to the selected cutting method which

are: Auto Cut, User Ranges, or User Num of Cuts (in
other words, exactly the same as in the blend).

Figure 4.8

Design Inlet: Outlet -
C i Aywailable Componernts || -Kept Components Hypo Options
P:F:r::t:rgs Sorted By = Generated Hypos Cut method
! @ Nome Hypo50 HYF{T}-245° User Ranges =
=|- Lumping " Balling Paint Hypob HYPi 23
Montel and Gauel ||| ™ Molecular Wweight Hupo? 0" HyP{1}-47
Custom " Malar Flow [Fiev) Hypod0® H P20 Lower Hypa T||  -252.60C
Hysys Oil Char n}'W?g;x Hypo{2?057* Upper Hypo T|  36.343C
: ppo HYP{1}173*
User Variables Mitragen Hypal10® P 153 Range End T N of cuts
Hotes e Hypo 20 HP{1}-148" (3] ]
EIIK}'EBH Hypal 300 HyPi1 11307 125 00 5
= e v —
Ethane Hypo 60 HPi ) 8e: | <emphy
£o2 Hypot 70" =l |7z
Propene Sort Kent D Hy&o{Z?DBB" ﬂ
(@l LSS (LT . Edit Hypo G
fé%?::: Change Hypa Mame Blnp Sat
i-Butene Add to Keep Comp Delete Hppo Group
1-Butene
13-Butadiene ﬂ Remave Kept Comp | Delete All Hypas ‘ Edit Correlation Set ‘
N
—
Design | Rating J ‘Warksheet J Dynamics |

When the HYSYS Oil Characterization method is used in
lumping, the generated hypothetical components do not
have the knowledge on the distribution of the inlet
components. Therefore, if the inlet components are first
lumped using this method, the delumping will not be able to
recover the original inlet components, except the ones kept
in the lumper's outlet component list.

Sorting the Inlet Components

You can sort the available components in the inlet group by
clicking on the appropriate radio button.

Radio Button ‘ Description

None The components remain in the original order. This is the
order when you added the components to the fluid
package component list.

Boiling Point You can sort the components according to the boiling
point of each component.
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Refer to Section 5.2.3 -
Hypotheticals Tab in
the HYSYS User Guide
for more information.

Lumper

Radio Button ‘

Description

Molecular You can sort the components according to the molecular
Weight weight of each component.

Molar Flow You can sort the components according to the molar flow
(Rev) of each component. The component with the largest

molar flow is on the top.

Creating a Hypothetical Group

You can create a hypothetical group.

1. Click the Create Hypo Group button. The Hypo Group
property view appears.

Figure 4.9

Group Mame

~Hypo Group Contral

¥ Hypo Group: LUMPER-100 Hypo Group [_ O] x| I

ILUMPEFH 00 Hypo Group

Component Clags IHydrocarbon

E stimation Methods

| [Eleme Libran Eomps

Estimate Unknown Frops |

Motes

Name

NEP
[C]

Lig Denszity

e [kg/m3]

To
[C]

Pc
[kFa]

Wi
m3/kgmole

Acentricity

e,

~Individual Hypo Contral

Add Hupo

Sdd Salid [Elete

1HIRALE:.

% Base Properties ¢ %apour Pressure

The Lumper Hypothetical group name appears on the
Hypothetical tab of the Simulation Basis Manager when you
enter the Basis environment.

The Component Class field on the Hypo Group property

view shows the class for grouping the hypotheticals.

The hypothetical group created by the lumper is also
managed by the lumper. Therefore, you have very limited
access to the functionality of the group.

2. If you want to change the Hypo group name, type the new

name in the Group Name field.
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Refer to Base Properties
and Vapour Pressure
Properties sections from
Section 3.4.1 - Hypo
Group Property View in
the HYSYS Simulation
Basis guide for more
information.

For more information on
the Estimation Methods,
refer to the Estimation
Methods section from
Section 2.4.3 - Binary
Coefficients Tab in the
HYSYS Simulation
Basis guide.
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3. In the Individual Hypo Controls group, click the appropriate

radio button to select the

Basic Hypothetical component

properties to view in the table.

The table information changes according to the radio button

that has been selected.

Figure 4.10

MEP Liq Dengity Te Pc Wi ..
Wiz ] Ly [ka/m3] o] (kPa] | [mskgmols]) | “cenbiclt
Base Properties Table
Name Uity e Coef & Cosff B Coeff C CoeffD
IC] [C]

In Pzat =& +BAT+C) + DT + ETF

Units: Prezzure [kPa] Temperature [K]

Vapour Pressure Table

4. Click the Estimation Methods button to setup property
estimation methods for the contained hypothetical

components.

The Property Estimation property view appears.

# Property Estimation: LUMPER-100 Hypo Group

—Property Estimation Cantral

ISE E3

Property to Set Methods For

E stimation Method For Selected Property

Lrbeal Temperstine i s
Critical Pressune
Critical Yolume

| Defaulk Method

|

Acentricity
Iolecular weight

Wariables Affected by this Estimate

Tc

Narmal Boiing Paint

StdLigDen

apour Pressure
Liquid Density

COS5TALD_ Variables

|deal Gas Enthalpy

YiscosityThetas

Heat of Foimation

|deal Gas Gibbs Energy

Hash Af Ll amo LI

= skirw
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5. On the Property Estimation property view, select the

property to set the methods for from the Property to Set
Methods For list. Then, from the Estimation Method For
Selected Property drop-down list, select the estimation
method. The default estimation method is Default Method.

E stimation Method For Selected Property

Default Methad |

Aspen -
Bergman

Cavett

Chen Hu

Eaton Porter

Edmister

Group Contribution

Lee Fesler

I athur

Meizzner Redding —
Mokay

—| Riizzi D aubert

Roess x

6

7.

. Close the Property Estimation property view to return to the

Hypo Group property view.

If you want to add notes to the hypothetical group, click the
Notes button. The Notes and Descriptions for Hypothetical
Group property view appears.

# Motes and Descriptions for Hypothetical Group: LUMPER-100 Hypo Group

arialBlack | 10 = @ Bl 7|o| [= ==

The Notes and Descriptions for Hypothetical Group property
view provides a text editor that allows you to record any
comments or information regarding the hypothetical group.
After you have added the notes, close the Notes and
Descriptions for Hypothetical Group property view to return
to the Hypo Group property view.
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8. Close the Hypo Group property view to return to the Lumper

property view.

Once you have closed the Hypo Group property view, you
will notice that the Create Hypo Group button is now the Edit
Hypo Group button and that the Delete Hypo Group and
Create User Hypo buttons are now enabled on the Lumper
page.

Editing a Hypothetical Group

1. Click the Edit Hypo Group button. The Hypo Group
property view appears.
2. From here you can change the estimation methods, add

notes, change the group name and the basic hypothetical
component properties.

You can also access the hypothetical groups from the Basis
environment.

1. From the Simulation menu, select Enter Basis
Environment. The Simulation Basis Manager appears.

2. Click on the Hypotheticals tab.

3. Select the hypothetical group you want to edit from the
Hypotheticals Groups list.

4. Click the View button. The Hypo Group property view

appears.

Deleting a Hypothetical Group

1.
2.

Click the Delete Hypo Group button.

HYSYS will prompt you to confirm the deletion of the hypo
group.

Deleting the hypothetical group will also delete all the
hypothetical components it contains, including both user
created and auto-generated hypothetical components.




Lumper

Creating a User Lumped Hypothetical
Component

After you have created a hypothetical group, you can create a
new lumped hypothetical component.

1. Click the Create User Hypo button.

2. The created lumped hypothetical component is displayed in
the outlet components list. The Hypo field of the Hypo
Design group allows you to change the name of the lumped
hypothetical component.

Figure 4.14

Dutlet
Components Hypo Design

| Hypo20000* Hypo: |Hypo20000

Deleting a User Lumped Hypothetical
Component

1. From the list of components in the Outlet group, select the
lumped hypothetical component you want to delete.

2. Click the Delete User Hypo button.

HYSYS does not prompt you to confirm the deletion of your
lumped hypothetical component. After the lumped
hypothetical component is deleted, the information cannot
be retrieved.
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Viewing a Lumped Hypothetical Component

For more information on You can view both the user created and auto generated lumped

the lumped hypothetical . .
component property view, hypothetical components from the Hypo Group property view.

refer to Section 3.5 -

Hypothetical . .
cg,':,‘:,(,:el::property You are not allowed to alter any data in a hypothetical

View in the HYSYS component created by a lumper.
Simulation Basis guide.

1. Click the Edit Hypo Group button. The Hypo Group
property view appears.

2. From the Individual Controls group, click the View button.

3. The information that appears corresponds to the
hypothetical group the lumped hypothetical component is
associated with.

| Hypo20000= M= E
~Comporent |dentificatonr————————————————————

Component Hame Hypo20000*
Family / Class Hydracarban

Chem Formula
1D Murnber 20000
Group Name LURMPER-100 Hypo Group
CAS Number

~UNIFALC Stuchu

Structure Builder...

<4< No Structure Available »»»

UszerID Tag:

T ag Number Tag Text
1 <emphys Mot Spec'd

_= 1D I Critical I Fairk ITDep I UzeiProp

Estimate Unknown F'ropsl Edit Eropertiesl Edit Wisc Qurv%

You can also view the lumped hypothetical property view from
the Basis environment.

1. From the Simulation menu, select Enter Basis
Environment. The Simulation Basis Manager appears.

2. Click on the Hypotheticals tab.

3. Select a lump hypothetical component from the Hypothetical
Quick Reference table and click the View Hypo button.
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Adding Components to a User Lumped
Hypothetical Component

You can add inlet components to the created lumped

hypothetical component.

1. From the list of available components in the Inlet group,
select the components you want to add.

If you want to add all the inlet components to the lumped
hypothetical component, click on the first inlet component in
the list. Then press SHIFT and click on the last inlet
component in the list. All the inlet components will be
highlighted. Alternatively, you can also press SHIFT END.

If you want to add individual inlet components to the lumped
hypothetical component, press and hold down the CTRL key
then click on the inlet components you want to add to the
lumped hypothetical component. The selected inlet
components will be highlighted.

2. Click the Add to User Hypo button.

3. The hypothetical components are displayed in the
Constituent Components list of the Hypo Design group.

Figure 4.16

Outlet
Components
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Removing a Component from the User
Lumped Hypothetical Component

Ensure that you have a lumped hypothetical component
selected in the outlet components list before you can remove
the component.

1. From the list of constituent components in the Outlet group,
select the components you want to remove.

2. Click the Remove from Hypo button. The components will
now be moved back to the Available Components list in the
Inlet group.

Keeping All Inlet Components

You can add all inlet components to the output component list if
you have not created a lumped hypothetical component by
clicking the Keep All Comps button.

Keeping Individual Components

You can add individual components from the inlet components
list to the output component list.
1. From the available components list of the Inlet group, select

the component you want to add to the output component
list.

2. Click the Add to Keep button. The selected inlet component
is added to the outlet component list of the Outlet group.

Removing Components

1. From the components list in the Outlet group, select the
individual component you want to remove.

2. Click the Remove Comp button. The component will now be
displayed in the inlet component list.




4-20

Lumper

Ensure that you have a component selected in the outlet
components list before you can remove the component.

Sorting the Outlet Component List

You can only sort the outlet component list if you have at least
two individual components or two user lumped hypothetical
components.

If you have one individual component and one lumped
hypothetical component the Sort Comp List button remains
disabled.

You cannot sort the automatically lumped hypothetical
components.

1. Click the Sort Comp List button in the Outlet group. The
Sorting Output Components property view appears.

2. From the Sort List group, click the appropriate radio button.

You can sort the individual components or user lumped
hypothetical components in the outlet component list.

"&] Sorting Output Components for LUMPER-100
. Companent(s] ta Mave Inzert Before St List When you click the
ropane Propane .
Ethane Ethane € Eomplj to ke=p <y Comps to Keep radio
i-Butane i-Butane 361 Aypos button, the Sorting

FEpentans 3Epentane

Output Components
property view shows
the individual

components that you

can sort in the outlet
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Figure 4.18

"‘! Sorting Output Components for LUMPER-100
When you click the User

Hypos radio button, the
|____Sorting Output
Components property
view shows the user
lumped hypothetical
components that you can
sort in the outlet

Inzert Before

Hypo20000~ Sort List
Hypo20007* i :!:Dmps to keep

Hypa20002 :

Component(z] to Move
Hypo20000¢
Hypo20007*
Hypo20002+

3. From the Component(s) to Move list, select the component
you want to move. Then, from the Insert Before list, select
the component that you want the moved component to be
inserted before.

4. Click the Move button to move the component.

From example, if you have three lumped hypothetical
components as shown in Figure 4.17. When you select
Hypo20000 from the Component(s) to Move list, then you
select Hypo20002 from the Insert before list and click the
Move button, Hypo20000 will be inserted between
Hypo20001 and Hypo20002 as shown in the figure below.

Figure 4.19

"&] Sorting Output Components for LUMPER-100

Component(z] to Move Inzert Before

Sort List

Hypo20000
Hypo20002+

|Hypoz0oot .

Hypo20007*

"t | Hypo20000*

Hypo20002+

" Comps ta keep
v User Hypos

Move

5. Close the Sorting Output Components property view to
return to the Lumper property view.
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Emptying and Deleting an Auto Lumped
Hypothetical Component

If the desired total number of outlet components is more than
the sum of the individual components and the user lumped
hypothetical components, HYSYS will make up the difference by
automatically generating the required number of hypos using
the chosen lumping method.

The desired total number of output components is indicated
in the Desired total number of components field.

The Empty Auto Hypo and Delete Auto Hypo buttons are
active only when you have selected an automatically lumped
hypothetical component in the outlet component list.

You can remove all the components from an automatically
lumped hypothetical component.
1. From the outlet components list, select the automatically

lumped hypothetical component you want to remove all
components from.

2. Click the Empty Auto Hypo button. The components will
now be displayed in the inlet component list.

To delete the automatically lumped hypothetical component:

Ensure that you have an automatically lumped hypothetical
component selected in the outlet components list before you
can delete.

1. From the outlet components list, select the automatically
lumped hypothetical component you want to delete.

2. Click the Delete Auto Hypo button.

HYSYS does not prompt you to confirm the deletion of your
automatically lumped hypothetical component. After the
automatically lumped hypothetical component is deleted, the
information cannot be retrieved.
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For more information on
the User Variables, refer
to Chapter 5 - User
Variables in the HYSYS
Customization Guide.

For more information,
refer to Section 7.19 -
Notes Manager in the
HYSYS User Guide.

Calculating the Lumper Unit Operation

The Submit Changes button is enabled when there is sufficient
information for the lumper to calculate. By clicking this button,
HYSYS will calculate the unit operation based on the current
information. Therefore, the Submit Changes button can be
viewed as an ad hoc test button.

If you want to test what happens with the current changes,
click the Submit Changes button. If you have finished
editing, close the property view to enable on-the-fly
calculations.

Closing the Lumper Property View and On-
the-Fly Calculations

When the Lumper property view is open, HYSYS assumes that
the lumper is still in editing mode and most of the calculations
are on hold. Therefore, you must click the Submit Changes
button to calculate the unit operation. If you have finished
editing and want to enable on-the-fly calculations, you have to
close the Lumper property view.

User Variables Page

The User Variables page allows you to create and implement
variables in the HYSYS simulation case.

Notes Page

The Notes page provides a text editor that allows you to record
any comments or information regarding the specific unit
operation, or the simulation case in general.
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4.1.3 Rating Tab

This unit operation currently does not have rating features.

4.1.4 Worksheet Tab

Refer to Section 1.3.10 - The Worksheet tab contains a summary of the information

Worksheet Tab in the

HYSYS Operations
Guide for more
information.

For information on the
Lumper unit operation,
refer to Section 4.1 -

Lumper.

contained in the stream property view for all the streams
attached to the operation.

4.1.5 Dynamics Tab

This unit operation is currently not available for dynamic
simulation.

4.2 Delumper

The Delumper is an upstream unit operation used to delump the
lumped hypothetical components created by one or more

LUMPER-100

lumpers.
Figure 4.20
LUMPER-101
YLV-100 -
DELUMPER-100
Cutput
+ LUMPER-101 =—— DELUMPER-100
LUMPER-100 Oitput1 LUMPER-101
Qutput Qutput

You can attach one or more feed streams using one or more
different fluid packages (hence potentially different component
lists), with a total of m distinct components. In the Delumper
property view, you can specify a new equation of state (EOS)
fluid package, a new fluid package name and a new components
list name.
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By using the currently available Component Recovery delumping
method, you can recover part or all of the original components
from the lumped hypothetical components, with a total of n
outlet components, where nzm,

The Delumper does not have to be connected to a Lumper
directly in order to delump its lumped components.
Furthermore, the Component Recovery delumping method is
capable of recovering the very original constituent
components from a lumped hypothetical component,
regardless how many layers of lumping have been
conducted.

As a result, the outlet component list may include the individual
components from the input list, and recovered components from
the lumped components in the input components list.

4.2.1 Delumper Property View

There are two ways that you can add a delumper to your
simulation:

1. From the Flowsheet menu, click Add Operation. The
UnitOps property view appears.

You can also open the UnitOps property view by clicking the
F12 hot key.

2. Click the Upstream Ops radio button.
3. From the list of available unit operations, select Delumper.
Click the Add button.

OR

1. From the Flowsheet menu, click Palette. The Object
Palette appears.

You can also open the Object Palette by pressing F4.
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o

Delumper icon

2. Click on the Upstream Ops icon. The Upstream Object
Palette appears.

|
» P} &8
®— 58
Upstream ey
Ops icon % T
ét
3.

In the Upstream Object Palette, double-click the Delumper
icon.

The Delumper property view appears.

[ pemperprvperan |
Design Hame IDELUMPEF\-W o1
-+ Connections
E:E:;t:[; Outlet Stream Mame:
" User Variables - |DELUMPER-101 Dutput
L Motes :

rInlet streams

|| << Shream >>

_—
Design I Rating I ‘winikshest I Dynamics |

Deete | I - (oo | e

To delete the Delumper operation, click the Delete
button. HYSYS will ask you to confirm the deletion.

You can also delete a Delumper by clicking on the
Delumper icon on the PFD and pressing the DELETE key.
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To ignore the Delumper during calculations, select the
Ignored checkbox. HYSYS completely disregards the
operation (and cannot calculate the outlet stream) until
you restore it to an active state by clearing the checkbox.

4.2.2 Design Tab

The Design tab consists of the following pages:

Connections
Parameters
Delumping
User Variables
Notes

Connections Page

The Connections page is used to define all of the connections to
the Delumper.

= Delumper: DELUMPER-100 =] E3 I
Design Mame IDELUMF‘EF\-T 0o
-+ Connections
- Parameters -

[=I- Delumping

-Motes —]

Outlet Stream Mame:
|DELUMPEH-1 00 Dutput

Comp Recovery
Uzer Yariables

rInlet streams

|| LUMPER-101 O
<< Shream >

_—
Design I Rating I ‘winikshest I Dynamics |

Delete | Click ""Subrnit Changes" button or closs view to calculate the unit operation Submit Changes | I lanared
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On the Connections page, you can:

e specify the inlet streams to attach to the operation in the

Inlet Streams group

different component lists.

You can specify one or more inlet streams using one or more
different fluid packages. The fluid packages may have

e modify the name of the operation in the Name field
e specify the name of the outlet stream in the Outlet

Stream Name field

Parameters Page

The Parameters page allows you to specify the outlet settings
and automatic pressure assignment.

Figure 4.24

® Delumper: DELUMPER-100 =] E3 I

Design MName IDELUMPEH-1 it}

Automatic Preszure Aszsighment———
’7(" Equalize 2l

Connections
Parameters ——
lumping
Comp Recovery .\
ser Wariables o —Outlet Setting:

Notes — Fluid Pkg Name: DELUMPER-100 Qutput FPka
Property Pka: Peng-Fobinson k|
Comp List Mame: DELUMPER-100 Output Camp List

& Set Outlet bo Lowest Inlet

Bulk Vizcosity Fit Temperature 1 A7.TELC
Bulk Wiscosity Fit Temperature 2 95.83C
Flash Type \With Respect ta Feeds: T Flazh vI

"Dutlet Stream Temperature

Source: i+ Auto Calculated " Specified

Walue: I

_—
Design | Rating I Worksheet I Dynamics |

Delete | | Click ""Subrit Changes" button or close view to calculate the unit operation Submit Changes | [ lanared
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For more information on
the EOS property
packages, refer to the
Equations of State
(EOS) section from
Section 2.4.1 - Set Up
Tab in the HYSYS
Simulation Basis
guide.

The Outlet Settings group consists of the following parameters:

Parameters
Fluid Pkg Name

‘ Description

Allows you to specify the name for the fluid package to
be generated.

Property Pkg

You can select the Equation of State (EOS) property
package from the drop-down list:

Peng-Robinson

PRSV

Sour PR

SRK

Kabadi-Danner

Sour SRK

A new fluid package with components will be created
during the delumping process.

Comp List Name

Allows you to specify the name for the component list
to be generated.

Bulk Viscosity Fit
Temperature 1

The first temperature at which the outlet stream bulk
viscosity is to match that of the combined feed.

Bulk Viscosity Fit
Temperature 2

The second temperature at which the outlet stream
bulk viscosity is to match that of the combined feed.

Flash Type with
Respect to Feeds

You can select the flash type to be used for the outlet
stream with respect to the combined feed. There are
two options:

e T-P Flash

e P-H Flash

Outlet Stream
Temperature
Group

This group appears when you select T-P as the flash
type from the Flash Type with Respect to Feeds drop-
down list. There are two radio buttons in the Outlet
Stream Temperature group:
¢ Auto Calculated. The outlet stream temperature
will be automatically calculated based on the
combined feed. You cannot specify the outlet
stream temperature in the Value field.
e Specified. You have to specify the outlet stream
temperature in the Value field.

The Automatic Pressure Assignment group consists of the
following radio buttons:

e Equalize All. Click this radio button, if you want to force

all stream pressure to be the same.

e Set Outlet to Lowest Inlet. Click this radio button, if
you want the outlet pressure to be the lowest inlet

pressure.

4-29



Delumper

Delumping Page

On the Delumping page, you can select the delumping method
that you want to use.

= Delumper: DELUMPER-100 [ - [O] x| I
- Il —Outlet
De.slgn —Iglort By Outlet Companents rDelumped Hypos———
++ Connections = Mone —
SIEMEters ¢ Boiing Paint Delump Al Hypos -» | Ethane

Jelumping = Muolecular Weight
- Comp Recovery " Molar Flow [Rev) Keep Al Hypos - |
el Variables
Mates

Awail. Lumped Hypos
Hypo20000*

Hypoz20001 Ldd Hypo ta Keep > |
Hypo20002+
<-- Bemave Kept Hypul
Constituent Camponents
Constituent Components Delump Hepo - |

< Festare Hypa |
Sort Comp List |
Tatal number of autlet components: I14

—_
Design I R ating I ‘wiorksheet I Dynamics |

Delete | Click. "Subrmit Changes" button or close view to calculate the unit operation Submit Changes | I lanored

There is currently one delumping method:

Component Recovery: You may choose to recover none to
all of the lumped input hypothetical components. The default
is to recover all lumped hypothetical components to their
original constituent components, regardless how many times
the components have been lumped, as well as how many
intermediate unit operations exist between the lumpers and
the current delumper.

For the Component Recovery method only the lumped
hypothetical components can be delumped.
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The outlet component list may include the individual
components from the input list, and recovered components from
the lumped components in the input components list.

Figure 4.26

Outlet
Outlet Companents Delumped Hypos———
. Eth. ]

Components in w25 e Delumped
the outlet it Hype2000 = hypothetical
component list. Methane Hopa20n0s: components

I-Butane

n-Butane

iPentane

r-Pentane

n-Hexane

n-Heptane

n-Octane

n-Decane Corstituent Companents Com ponents

22-Mpropane Methane - .

22-Mbutane B - packaged in the

nilsEs +| [mButane h delumped

me = e < h othpetical

Sart Comp List n-Pentane ;I cg)lr?w ponents

Tatal number of outlet components: IZS‘\ '

HYSYS calculates the total number of the

outlet components.

Sorting the Available Lumped Hypothetical
Components

You can sort the available lumped hypothetical components in
the inlet group by clicking on the appropriate radio button.

Radio Button ‘ Description

None The components remain in the original order. This is the
order when you added the components to the fluid
package component list.

Boiling Point You can sort the components according to the boiling
point of each component.

Molecular You can sort the components according to the molecular

Weight weight of each component.

Molar Flow You can sort the components according to the molar flow

(Rev) of each component. The component with the largest

molar flow is on the top.
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ypo
Hypo20003*
HypoZ000z+
Hypo20001 =
HypoZ0000*

Constituent Components
2-+pentane
3dpentane
23-Mbutane
JEpentane

Delumper

Delumping All Available Lumped
Hypothetical Components

You can delump all the lumped hypotheticals that are shown in

the available lumped hypothetical list of the Inlet group.

Inlet

FSat By
(& Mone

" Bailing Paint

= Malecular Weight

£~ Molar Flow [Fev)

~Outlet

utlet
Outlet Companents

Delump &l Hypas -» | e

Keep All Hppos --» |

Avail. Lumped Hypos

Hypo20000~
Hypo20001*
Hypo20002*
HypoZ0003+
Hypo20004*
Hypo20005*

Constituent Components

Add Hypo to Keep - |
< Remave kept Hypol

Delump Hypo - |

<= Festare Hupo

Sort Comp List |

Delumped Hypos———

Constituent Components

T otal number of outlet components: I23

To delump all the available lumped hypothetical components:
Click the Delump All Hypos button.

1.
2. The delumped hypothetical components appear in the

Delumping Available Lumped Hypothetical

Delumped Hypos group.

Components

You can delump the lumped hypothetical components from the
inlet components list to the delumped hypos list.

1.

2.

From the Avail. Lumped Hypos list of the Inlet group, select
the lumped hypothetical component you want to delump.

Click the Delump Hypo button. The selected lumped
hypothetical component appears in the Delumped Hypos

group.
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Keeping All Available Lumped Hypothetical
Components

You can keep all the lumped hypotheticals that are shown in the
available lumped hypothetical list of the Inlet group.

1. Click the Keep All Hypos button.

2. The lumped hypothetical component appears in the outlet
components list of the Outlet group.

Figure 4.28

utlet
Outlet Companents Delumped Hypos———

Hypo200085*
HypoZ0004%
Hypo20003*
Hypo20002*
Hypo20001%
Hypo20000*

Constituent Components

Sort Comp List |
T otal number of outlet components: I"'I

Keeping Available Lumped Hypothetical
Components

You can add lumped hypothetical components from the inlet
components list to the output component list.
1. From the Avail. Lumped Hypos list of the Inlet group, select

the lumped hypothetical component you want to add to the
output component list.

2. Click the Add Hypo to Keep button. The selected lumped
hypothetical component is added to the outlet component
list of the Outlet group.
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5ot By————————
= Mone

" Bailing Paint

i~ Malecular Weight
= alar Flow [Fev]

i
Hypo20004*

Constituent Components

n-C11
nLC12
n-C25

Delumper

Removing Kept Lumped Hypothetical
Components

Ensure that you have the lumped hypothetical component
selected in the outlet components list before you can remove
the lumped hypothetical component.

From the components list in the Outlet group, select the
lumped hypothetical component you want to remove.

Click the Remove Kept Hypo button. The lumped

hypothetical component will now be displayed in the inlet

component list.

You cannot remove the individual components from the
outlet component list.

Restoring the Delumped Hypothetical
Components

You can restore the delumped hypothetical components.
1.

2.

From the Delumped Hypos group, select the delumped
hypothetical component you want to restore.

Click the Restore Hypo button. The delumped hypothetical
component appears in the Avail. Lumped Hypos list of the

Inlet group.
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Sorting the Output Components

The outlet component list may include the individual
components from the input list, and recovered components
from the lumped components in the input components list.

You can sort the available components in the Outlet Components
list by clicking on the Sort Comp List button. The Sorting
Outputs Components for Delumper property view appears.

Figure 4.29

Component(z] to Move Inzert Before
Propane Propane
Ethane Ethane St Methad———
nC28 nC2g
nC29 nC23 © e
n-C30 nC30 " Automatic
n-Monane nMonane
n-C11 rC11
nCl2 n12
n-C25 nL25
n-C26 nC26
nC27 nC2?
F-hexane 3-Mhexane e |
2-hexane 2-Mherane
2-Mpentane 2-pentane
3-Mpentane 3Mpentane
23-Mbutane 23-Mbutans
3-Epentane 3-Epentane
Hypo20000* HHEDZDDDD“

In the Sort Method group, you can select the method you want
to use to sort the output components by clicking on the Manual

or Automatic radio button.
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Manual Sort Method

By default the Manual radio button is selected. To sort manually:

1. From the Component(s) to Move list, select the component
you want to move. The Move button is enabled.

2. From the Insert Before list, select the component you want
the component from the Component(s) to Move list to be
inserted before.

Figure 4.30

Component(z] to Move Inzert Before

Propane Propane
Ethane Ethane
n-C28 nC28

n-C23 n-C29

n-C30 n-C30
n-Honane ntonane
n-C11

nLC12

n-C25

n-C26

n-C27

3-Mhexane

2-Mhexane

2-Mpentane 2+dpentane
J-Mpentane 3-hpentane
23-Mbutane 23-Mbutane
3-Epentane 3-Epentane
Hypoz0000+ HypoZ0000+

3. Click the Move button. For example, the figure below shows
that Propane has been moved before 3-Mhexane.

Component(z) to Move Insert Before
Ethane Ethane
rC28 n-C23
re29 n-C23

n-C30

n-Honane

n-L11

nCl2

n-C25

n-C26

n-C27

Propane
FMhexane
2-Mhexane 2-hexane
2tpentane 2-Mpentane
3-Mpentane 3-Mpentane
Z3-Mbutane 23-Mbutane
3Epentane 3-Epentane
Hypo20000+ Hypo20000+

4. Close the Sorting Outputs Components for Delumper
property view to return to the Delumping page.
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SotBy———
& MNone

= Boiling Point

= Mole Weight

" Maole Flow [Fev)

Automatic Sort Method

When you select the Automatic radio button, the Sort By group
appears.

Radio Button ‘ Description

None The components will be put in the order before the
sorting property view is launched.

Boiling Point You can sort the components according to the boiling
point of each component.

Molecular You can sort the components according to the molecular

Weight weight of each component.

Molar Flow You can sort the components according to the molar flow

(Rev) of each component. The component with the largest
molar flow is on the top.

Calculating the Delumper Unit Operation

The Submit Changes button is enabled when there is sufficient
information for the Delumper to calculate. By clicking this
button, HYSYS will calculate the unit operation based on the
current information. Therefore, the Submit Changes button can
be viewed as an ad hoc test button.

If you want to test what happens with the current changes,
click the Submit Changes button. If you have finished
editing, close the property view to enable on-the-fly
calculations.

Closing the Delumper Property View and On-
the-Fly Calculations

When the Delumper property view is open, HYSYS assumes that
the delumper is still in editing mode and most of the calculations
are on hold. Therefore, you must click the Submit Changes
button to calculate the unit operation. If you have finished
editing and want to enable on-the-fly calculations, you have to
close the Delumper property view.
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For more information,
refer to Chapter 5 -
User Variables in the
HYSYS Customization
Guide.

For more information,
refer to Section 7.19 -
Notes Manager in the
HYSYS User Guide.

Refer to Section 1.3.10 -
Worksheet Tab in the
HYSYS Operations
Guide for more
information.

References

User Variables Page

The User Variables page allows you to create and implement

variables in the HYSYS simulation case.

Notes Page

The Notes page provides a text editor that allows you to record

any comments or information regarding the specific unit
operation, or the simulation case in general.

4,2.3 Rating Tab

This unit operation currently does not have rating features.

4.2.4 Worksheet Tab

The Worksheet tab contains a summary of the information
contained in the stream property view for all the streams
attached to the operation.

4,2.5 Dynamics Tab

This unit operation is currently not available for dynamic
simulation.

4.3 References

1 Montel, F and Gouel P.L., A new Lumping Scheme of Analytical Data
for Compositional Studies. Presented at the 59th Annual Technical
Conference and Exhibition, Houston, Sept. 16-19, 1984; Paper SPE

13119.
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Introduction

5.1 Introduction

The hydraulics functionality is available in the Aspen Hydraulics
operation that enhances the pipeline simulation of pipes,
junctions, mixers, swages, and valves within HYSYS.

The pipeline and hydraulic network simulations can be solved in
Steady State mode or Dynamic mode on a single network, with
the ability to switch between the two modes and also switch
between solvers.

5.2 Aspen Hydraulics
Property View

The Aspen Hydraulics operation within HYSYS is a based on a
standard flowsheet that allows creation of operations supported
by Aspen Hydraulics.

To add an Aspen Hydraulics to your simulation:

1. In the Flowsheet menu, click the Add Operation command
or press F12. The UnitOps property view appears.

2. Click the Piping Equipment or Upstream Ops radio
button.

3. From the list of available unit operations, select Aspen
Hydraulics Sub-Flowsheet.

4. Click the Add button. The Aspen Hydraulics property view
appears.

To ignore the Aspen Hydraulics operation during calculations,
select the Ignored checkbox. HYSYS disregards the operation
until you clear the checkbox.

If there are errors in the configuration or calculation of the
Aspen Hydraulics sub-flowsheet, the Warning button located
beside the status bar will become active. Click the active
Warning button to open the Warnings property view and see
what caused the error(s).
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5.2.1 PFD Tab

The PFD tab lets you create the sub-flowsheet containing the
hydraulics configuration.

Refer to the following The options available in the PFD tab are exactly the same as the

sections from the HYSYS i ; ; :
User Guide for more options available in the HYSYS PFD property view. The only

information on PFD: difference between the HYSYS PFD and the Aspen Hydraulics
 Section 10.3 - PFD is the reduced number of unit operations available in Aspen
Editing the PFD Hydraulics.

e Section 3.4 -
Subflowsheet . .
Environment Note: Please refer to HYSYS online help for details on the Aspen

* Section 7.24 - PFD v 4raylics unit operations.

The following table briefly describes the options available in the
tab:

Name ‘ Icon ‘ Description

Attach Mode Lets you activate the Attach mode. In Attach
ﬂ mode:

¢ You can connect operations with each other
or with an existing stream, and create
streams attached to operations.

e The connection nozzles and ports
automatically appear for each object icon in
the PFD, when the cursor passes over the

icon.
Auto Attach Lets you activate the Auto Attach mode. In the
Mode o Auto Attach mode, new operations placed on the
PFD automatically have their own required
material and energy streams connected to them.
Size Mode Lets you activate the Size mode. In Size mode,
ﬂ you can shrink or enlarge the selected object
icons.
Break Lets you activate the Break mode. In the Break

E4

mode, you can break the connection between a
stream and an operation.

Lets you activate the Swap mode. In the Swap
mode, you can switch the nozzle connection points
for two streams attached to the same operation.

Lets you zoom/focus into a specified region/area
of the PFD.

Connection

Swap
Connection

=

Drag Zoom

Add Text Lets you adds text to the PFD.

= (B

5-3



5-4 Aspen Hydraulics Property View

Name ‘ Icon ‘ Description

Quick Route Lets you move icons quickly about the PFD. In
Mode E other words, icons can be moved with their
attached stream lines overlapping the other object
icons.
Drag Mode Lets you shift and drag the PFD frame property
ﬂ view to different areas/sections of the entire PFD.
Object Lets you access the Object Palette of the PFD.
Palette M
Colour Lets you access the PFD Colour Schemes property
Scheme @ view.
Colour Scheme drop- | Lets you select different PFD colour schemes.
down list
Zoom Out = Zooms the display out by 25%.
Zoom All Eu) Displays all visible objects in the current PFD.
1
- - P
Zoom In Zooms the display in by 25%.

Aspen Hydraulics Object Palette

The Aspen Hydraulics object palette contains the following
options:

Name ‘ Icon ‘ Description

Material add a material stream to the PFD.
Stream m—dp-

Energy add an energy stream to the PFD.
Stream =g

Valve add a valve to the PFD.

Pipe add a pipe to the PFD.

Swage add a swage to the PFD.
T-Junction add a T-junction mixer to the PFD.
Mixer ﬁ

T-Junction add a T-junction splitter to the PFD.
Splitter ﬁ

Complex add a multi-segment pipe to the PFD.
Pipe i‘
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Name ‘ Icon ‘ Description
Pipe Bend n add a pipe bend to the PFD.
Orifice add an orfice to the PFD.
SE=.
—ho

Refer to Section 8.1.1 - Install Objects Using the Object
Palette in the HYSYS User Guide for more information.

Unit operations inside the Aspen Hydraulics sub-flowsheet
have their own data entry views that only accept the data
Aspen Hydraulics supports.

5.2.2 Connections Tab

The Connections tab lets you specify the name of the Aspen
Hydraulics operation and the streams flowing into and out of the

operation.

The following table lists and describes the options available on
the Connections tab:

Object ‘ Description

Name field Enables you specify the name of the Aspen Hydraulics.
The default name is HYDR-#.

Tag field Enables you specify the tag name for the subflowsheet.

The default tag name is TPL#.

Inlet Connections to Sub-Flowsheet group

Internal Stream
column

Displays the name of internal stream in Aspen
Hydraulics sub-flowsheet that can be connected to the
streams in the Main flowsheet.

External Stream
column

Lets you specify or select the external stream (flowing
from the Main flowsheet into the Aspen Hydraulics sub-
flowsheet) connected to the internal stream in Aspen
Hydraulics.

Outlet Connections

to Sub-Flowsheet group

Internal Stream
column

Displays the name of internal stream in Aspen
Hydraulics sub-flowsheet that can be connected to the
streams in the Main flowsheet.

External Stream
column

Lets you specify or select the external stream (in the
Main flowsheet) connected to the internal stream
(flowing from Aspen Hydraulics sub-flowsheet).
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Object

Solver list

5.2.3 Steady State Tab

The Steady State tab lets you configure the solver options used
to solve the Aspen Hydraulics at Steady State mode. The
following table lists and describes the options available on the
Steady State tab:

‘ Description

Lets you select and see the list of solver methods available in Steady
State mode.

By default, the standard Aspen Hydraulic Steady State Solver is selected.

Status group

Displays the calculation status of the selected solver method.

Inner Iteration. Current iteration in the solution of the network
with the problem reduced to a convergent branched model.

Inner Pressure Error. Worst error in the pressure at any location
in the model. This is a relative fractional value.

Inner Energy Error. Worst error in the energy balance at any
location in the model. This is a relative fractional value.

Outer Iteration. Current iteration in the solution of for unknown
flow directions in looped or divergent models.

Outer Error. Worst error in the calculated pressures at the tear
locations in looped or divergent models.

Current Unit Op. Unit operation currently being calculated.

Abort button

Lets you abort the calculation of the selected solver method.

Do Error Lets you toggle between checking or ignoring errors in the calculation.
Checking

checkbox

Solver Control Lets you specify the calculation parameter values of the selected solver.
group ¢ Max. Inner Iterations. Defines the maximum number of

iterations for the solution of the network with the problem reduced
to a convergent branched model.

Inner Tolerance. Defines the solution tolerance for the maximum
error in the pressure and energy balance at any point in the
network for the solution of the network with the problem reduced to
a clonvergent branched model. The tolerance is a relative fractional
value.

Inner Damping Factor. If the solution oscillates then specification
of a value between 0.1 and 1 may assist convergence. This should
not normally be required except in cases of extreme choking at a
pressure boundary.

Max. Outer Iterations. Defines the maximum number of
iterations for iterative solution of the reduced convergent branched
mogeI to solve for unknown flow directions in looped or divergent
models.

Outer Tolerance. Defines the solution tolerance for the maximum
error in the calculated pressures at the tear locations in looped or
divergent models. The tolerance is a relative fractional value. This
should normally be of the order of 100 * the Inner Tolerance.

Min.Jacobian Step / Max Jacobian Step. The solution of looped
or divergent models requires calculation of a Jacobian matrix that is
determined by finite difference. The step size for this calculation is
determine internally by the solver subject to these constraints.
These values should only very rarely need to be changed.
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5.2.4 Dynamics Tab

The Dynamics tab lets you configure the solver options used to
solve the Aspen Hydraulics at Dynamics mode. The following
table lists and describes the options on the Dynamics tab:

Object ‘ Description

Solver list Lets you select and see the list of solver methods available
in Dynamics mode.
By default, the standard Aspen Hydraulic Dynamic Solver is
selected. In addition, Aspen Hydraulics also provides a
three phase Dynamic Solver and a Compositional Solver.
(The Compositional Solver requires an Aspen Properties
Basis.)

Composition Provides component holdup tracking throughout a dynamic

Tracking network.
Enables a synthetic component balance as the Aspen
Hydraulic Dynamic Solvers do not provide a composition
model. This option is not available when the Compositional
Solver is selected.

PVT Contains the following options for you to configure the PVT

Generation Generation calculation:

group e Drop-down list lets you select the PVT Generation

method you want to apply to the calculation.

e The Modify PVT Table button lets you change the
PVT Table Bounds for Pressure and Temperature

e The Enable PVT Table Regeneration checkbox lets
you toggle between regenerating or not regenerating
the values in the PVT table during the calculation.

e Tolerance field lets you specify the set percentage
tolerance to which the PVT table values are
regenerated.

This group is not available when the Compositional Solver is
selected.
Solver Lets you configure the solver calculation parameter values
Control for Dynamics mode.
group
View Pig Allows you to view specifications of each pig. This button is
Options only active in Dynamic solver. If you select a 3-phase
Button Dynamic solver case, this button is disabled.
User Allows you to initialize the Aspen Hydraulics network with a
Dynamics globasl pressure and temperature. This view is only
Initialization | applicable if Dynamic Initialization option is set to “cold
Button start.”
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5.2.5 Profiles Tab

The Profiles tab lets you configure a table and graph profile data
of select pipes in the Aspen Hydraulics sub-flowsheet. The
following table lists and describes the options on the Profiles

tab:

Object ‘ Description

Profile List Lets you select and view composite profiles available in
the Aspen Hydraulics sub-flowsheet.

Add button Lets you access the Profile Editor property view and
create a new profile.

Insert button Lets you access the Profile Editor property view and
create a new profile.

Edit button Lets you access the Profile Editor property view of the
selected profile and modify the pipe selection of the
selected profile.

Delete button Lets you delete the selected profile.

Table button Lets you access the selected profile data in tabular
format.

Plot button Lets you access the selected profile data in plot format.

Profile Editor Property View

The Profile Editor property view lets you edit a profile.

1A Profile Editor S
— Selected Unit Ops — Awailable Unit Ops

Pipe-201 Pipe-101 add

Pipe-105 Pipe-103 —
PFipe-201 |nsert
Pipe-203 “nser |
Pipe-301
Pipe-303 Delete |
Fipe-105
F’iEeJ 07 oK |

LCancel |

Profile Mame  |[Selil =]
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The following table lists and describes options on the Profile
Editor property view:

Object ‘ Description

Selected Unit Displays the list of unit operations you have selected
Ops list for the current composite profile.

Available Unit Lets you select the unit operations available for the
Ops list current profile.

Profile Name
field

Lets you specify a name for the current profile.

Add button

Lets you add the selected unit operations to the
current profile. The added unit operation’s name will
appear in the Selected Unit Ops list.

Insert button

Lets you add the selected unit operations to the
current profile. The added unit operation’s name will
appear in the Selected Unit Ops list.

Delete button

Lets you remove the selected unit operation from the
Selected Unit Ops list and the current profile.

OK button

Lets you close the Profile Editor property view and
accept the current selection for the profile.

This button only becomes active after you specified a
name for the profile.

Cancel button

Lets you exit the Profile Editor property view without
accepting the current selection for the profile.

5.2.6 Variables Tab

The Variables tab lets you select modifiable variables for the
Aspen Hydraulics calculation parameters.

Object ‘ Description

Data Source
column

Lets you see and select the variable source object. For
example, you can select different streams for the vapour
fraction variable.

Description

Lets you modify the name/description of the selected

column variables.
Value Lets you modify the value of the variable
column

Unit Column

Lets you modify the type of units used to measure the
variable

Add button Lets you access the Add Variable To... View and add a
variable to the Aspen Hydraulics calculation parameter.
Edit button Lets you edit the configuration/selection of the selected
variable in the Externally Accessible Variables group.
Delete Lets you remove the selected variable in the Externally
button Accessible Variables group.
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Add Variable To... View

The Add Variable To... view lets you select the variable type and
source for the Aspen Hydraulics calculation parameters.

Add Yariable To Network I
Object “Yariable “ariable Specifics
3-103 = | [VAPFRACTION | Methane ok,
3-105 TEMPERATURE =
0-107 PRESSURE Propane Ohject Filtler——
g-10a MOLEFLO% iButane i Al
g-201 Comp Male Frac n-Butane
0-203 HPentane - St"_?am
3-301 n-Pentane e Umt_Dps
0-303 n-Hexane " Logicals
9 2 = ColumnOps
Spour-
Pipe-101 € Custom
Pipe-103 Custom... |
Pipe-105
Poeis _iconneet_|
Yariable Description IComp Male Frac [Ethane] LCancel

To select a variable:

1.

In the Object list, select the object that contains the
variable you want.

You can filter the list of objects in the Object list by
selecting the appropriate radio button in the Object Filter
group.

In the Variable list, select the variable you want to modify.
If required, you can select the specifics of the selected
variable in the Variable Specifics group.

In the Variable Description field, you can modify the
variable name or accept the HYSYS default name.

Click the OK button.

You can click the Disconnect button if you want to remove
the selected variable from the Aspen Hydraulics calculation
parameters.

You can click the Cancel button to exit the Add Variable To...

property view without accepting any of the changes or
selections in the property view.
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5.2.7 Transfer Basis Tab

The Transfer Basis tab lets you select the transfer basis for each

stream that have two different fluid package.

Object ‘ Description

Inlet Streams group

Name column

Lets you see and specify the name of the streams
going into the Aspen Hydraulics sub-flowsheet.

Transfer Basis
column

Lets you select the type of transfer basis for the
associate stream.

Outlet Streams group

Name column

Lets you see and specify the name of the streams
exiting out of the Aspen Hydraulics sub-flowsheet.

Transfer Basis
column

Lets you select the type of transfer basis for the
associate stream.

Aspen Hydraulics contains six types of transfer basis:

Transfer Basis ‘
T-P Flash

Description

The Pressure and Temperature of the Material stream
are passed between flowsheets. A new Vapour Fraction
is calculated.

VF-T Flash

The Vapour Fraction and Temperature of the Material
stream are passed between flowsheets. A new
Pressure is calculated.

VF-P Flash

The Vapour Fraction and Pressure of the Material
stream are passed between flowsheets. A new
Temperature is calculated.

P-H Flash

The Pressure and Enthalpy of the Material stream are
passed between flowsheets.

User Specs

You define the properties passed between flowsheets
for a Material stream.

None Required

No calculation is required for an Energy stream. The
heat flow is simply passed between flowsheets.
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For more information,
refer to the section on the
Transition Tab in the
HYSYS Operations
Manual.

For more information,
refer to Section 1.3.5 -
Notes Page/Tab in the
HYSYS Operations
Guide.

5.2.8 Transition Tab

The Transition tab allows you to select and modify the stream
transfer and map methods for the fluid component composistion
across fluid package boundaries. You have three options for
transition types:

e FluidPkg Transition

e Basis Transition

e Black Oil Transition

5.2.9 Notes Tab

The Notes tab provides a text editor where you can record any
comments or information regarding the specific unit operation or
the simulation case in general.
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Introduction

6.1 Introduction

We are pleased to introduce the PIPESIM Single Branch
Extension to HYSYS - the first and only commercial coupling
between petroleum and process simulation. This extension is a
result of a collaborative development between Hyprotech and
Schlumberger. Together we are working on a vision of “Total
Hydrocarbon Asset Management”. Examining the sensitivity of
production and process systems simultaneously or performing
production system optimization can yield significant production
benefits, sometimes as high as 15% increases in production. We
at Hyprotech and Schlumberger aim to bring you the
commercial software tools to achieve these gains.

Hyprotech and Schlumberger have announced an alliance aimed
at producing the first fully integrated, commercial Production
System Model. In this, the first product from our alliance,
Schlumberger’s industry leading wellbore, tubing, and flowline
simulation software, PIPESIM, has been coupled into
Hyprotech’s HYSYS simulation environment, allowing for the
development of models from well description through the entire
process production facilities sharing common PVT descriptions
from the HYSYS thermodynamics.

Existing PIPESIM production models of wells, flowlines, and
risers can be imported into the HYSYS environment and used
seamlessly as a HYSYS unit operation using the power of the
PIPESIM engine in the background. This first release is limited to
a serial string of devices within the PIPESIM model where there
is no change in composition; all composition changes are
handled within the HYSYS environment. However, one can add
multiple PIPESIM extensions to any HYSYS simulation.

6.1.1 How This Chapter Is
Organized

This chapter is a comprehensive guide that details all the
procedures you need to work with the PIPESIM Link extension.
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To help you learn how to use PIPESIM Link efficiently, this
chapter thoroughly describes the property views and capabilities
of the PIPESIM Link as well as outlining the procedural steps
needed for running the extension. The basics of building a
simple PIPESIM Link model is explored in the tutorial (example)
problem. The case is presented as a logical sequence of steps
that outline the basic procedures needed to build a PIPESIM Link
case.

This chapter also outlines the relevant parameters for defining
the entire extension and its environment. Each property view is
defined on a page-by-page basis to give you a complete
understanding of the data requirements for the components and
the capabilities of the extension.

The PIPESIM Link chapter does not detail HYSYS procedures and
assumes that you are familiar with the HYSYS environment and
conventions. If you require more information on working with
HYSYS, please refer to the HYSYS User Guide.

In this chapter, you will find all the information you require to
set up a case and work efficiently within the simulation
environment. If you require more information regarding
PIPESIM 2000 please refer to the PIPESIM 2000 reference
manuals.

6.1.2 Disclaimer

PIPESIM Link is the proprietary software developed jointly by
Hyprotech, a subsidiary of Aspen Technology Inc., (hereafter
known as Hyprotech) and Schlumberger (hereafter known as
Schlumberger).

Neither Hyprotech nor Schlumberger make any representations
or warranties of any kind whatsoever with respect to the
contents hereof and specifically disclaims without limitation any
and all implied warranties of merchantability of fithess for any
particular purpose. Neither Hyprotech nor Schlumberger will
have any liability for any errors contained herein or for any
losses or damages, whether direct, indirect or consequential,
arising from the use of the software or resulting from the results
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obtained through the use of the software or any disks,
documentation or other means of utilisation supplied by
Hyprotech or Schlumberger.

Hyprotech and Schlumberger reserve the right to revise this
publication at any time to make changes in the content hereof
without notification to any person of any such revision or
changes.

6.2 PIPESIM Link
Extension

The PIPESIM Link Extension is a unit operation for using the
PIPESIM software package used to simulate pipeline systems
within the HYSYS framework. The PIPESIM Link functions in the
same manner as any HYSYS unit operation or application in
terms of its layout and data entry methods. The property view
consists of three worksheet tabs. At the bottom of each
worksheet is a status bar which guides data entry and indicates
required information, as well as indicating the status of the
PIPESIM simulation once the calculation has been initialized.

PIPESIM has a comprehensive suite of methods and correlations
for modeling single and multi-phase flow in production
equipment and is capable of accurately simulating a wide range
of conditions and situations. You have the option of using the
default correlations for the PIPESIM calculations, or specifying
your own set from the list of available methods for each
parameter. Any change to the PIPESIM models must be done
from within the PIPESIM environment.

PIPESIM is fully compatible with all of the gas, liquid, and gas/
liquid fluid packages in HYSYS. You can combine PIPESIM and
HYSYS objects in any configuration during the construction of a
HYSYS flowsheet. PIPESIM objects can be inserted at any point
in the flowsheet where single or multi-phase pipe flow effects
must be accounted for in the process simulation.
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6.2.1 PIPESIM Link Features

The PIPESIM Link extension is functionally equivalent to a
HYSYS flowsheet operation. It is installed in a flowsheet and
connected to material streams. Unlike a standard pipe segment,
an energy stream is not supported. All PIPESIM Link Extension
properties are accessed and changed through a set of property
views that are simple and convenient to use. The starting point
for the definition of a PIPESIM Link Operation is the PIPESIM
Link property view.

The PIPESIM Link property view is where the inlet and outlet
material streams are specified. The Inlet Object and Outlet
Object fields are read only. These fields are blank when the
extension is first installed. Once the PIPESIM Link model has
been selected, via the Model page, the names of the boundary
objects within the PIPESIM Link model will be displayed

Solution is possible with connection of either a single or both
ends of the unit operation. The following specifications are
supported in addition to the inlet temperature that must always
be specified if a connection.

e Inlet Connection: Inlet flow or inlet pressure

e Outlet Connection: Outlet flow or outlet pressure
(Outlet flow specification is only supported for models in
which as Adder/Multiplier operation is not used)

e Both Ends: Inlet flow and inlet pressure
e Inlet flow and outlet pressure
e Inlet pressure and outlet pressure

The HYSYS specifications will always override any specifications
made within the PIPESIM model.

The following restrictions may surprise experienced HYSYS
users:
e An outlet flow specification is not the same as an inlet
flow specification since the PIPESIM Link model may

manipulate the flow such that the inlet does not equal
the outlet flow.

e Negative flowrate cases are not supported for modeling
reverse flow.
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For further details on
creating a HYSYS case,
refer to Chapter 5 -
Basis Environment in

the HYSYS User Guide.

PIPESIM Link Extension

6.2.2 Adding the PIPESIM Link

To add a PIPESIM Link Extension to a HYSYS case:

1. Create a HYSYS case suitable for the addition of the PIPESIM
Link Extension. As a minimum, you must create a case with

a fluid package and two material streams.
2. From the Flowsheet menu, select Add Operation. The

UnitOps property view appears.

3. From the Categories group, select the Extensions radio

button.

4. From the Available Unit Operations group, select

PIPESIM Enhanced Link.

2 UnitDps - Case {Main)

Categories

¢ AllUnit Ops

" Wessels

" Heat Transfer Equipment
" Fotating Equipment
" Piping Egquipment

" Solids Handling

" Reactors

" Prebuilk Columns

" Shoit Cut Colurnns
" SubFlowsheets

" Logicals

+ Extensionzs

™ User Ops

™ Electrolyte Equipment
™ Refinery Opz

¢ Upstream Opz

Ayailable Unit O perations
FSVS L Lk et

CPIPE 51 E nhanced Link
FIPESYS Exlension %

SULSIM Estension
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5. Click the Add button. The PIPESIM Link property view
appears.

% psLINK-101 |_ (O] x|

Mame
|F‘SLINK-1 il

Design

Connections

Model
Inlet Olutlet

T Iﬁ_ Iﬁ'

—{]

Inlet Object Outlet Object

=
Designl Performance IWorksheet |
Ciges S Co- |

6. On the Connections page of the Design tab, select the
material streams from the Inlet and Outlet drop-down lists.
If you have not yet installed these streams in the case, type
the material stream names in the Inlet and Outlet fields.

7. To define the stream conditions, click on the Worksheet tab
and then the Conditions page.

Following these steps allows you to complete the installation of a
PIPESIM Link Extension. Once the calculations are complete the
Object Status bar will be green and state OK.
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6.2.3 PIPESIM Link User
Interface

The PIPESIM Link user interface is completely integrated into
the HYSYS environment and conforms to all HYSYS usage
conventions for operations and data entry. If you are an
experienced user of HYSYS, you will already be familiar with all
of the features of the PIPESIM Link user interface. If you are a
new user, you should begin by studying the HYSYS User
Guide, since you will need to learn more about HYSYS before
you can use the PIPESIM Link Extension.

Like all HYSYS property views, the PIPESIM Link property view
allows you access to all of the information associated with a
particular item. The property view has a number of tabs and on
each tab are pages of related parameters.

6.2.4 PIPESIM Link Property
View

The PIPESIM Link property view allows you to enter the data
that defines the basic characteristics of a PIPESIM Link
operation.

The the Ignore checkbox at the bottom of the property view can
be selected if you want to disable the concurrent calculation of
intermediate results during data entry. HYSYS completely
disregards the operation until you restore it to an active state by
clearing the checkbox.

This setting is recommended if you have a slow computer
and data processing is slowing down the entry process or if
you want to delay the calculations until you have entered all
of your data.

The PIPESIM Link property view is the starting point for the
definition of any PIPESIM Link operation.
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The PIPESIM Link property view consists of the following tabs:
e Design
e Performance
e Worksheet

Design Tab

The Design tab is used to define the connections between the
HYSYS simulation case and the PIPESIM Link operation, to
import and export PIPESIM cases, and to view the basis for
tabular physical properties.

Connections Page

The Connections page allows you to select the input and output
material streams using the drop-down list or by typing the new
material streams in the Inlet and Outlet fields. You can also
enter a name for the operation in the Name field.

% po| INK-101 T[] B3
Design Mame
Connections IF‘S ]
Model
Inlet Outlet
YT ; -
0ag rezervoir hd I Tiger - l
Inlet Object Outlet Object
Source_1 [Source] N4 [Nade]
_
Designl Performance I ‘Worksheet
Figey N o
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Model Page

The Model page allows you to import, export, and edit a
PIPESIM model.

Figure 6.4

= pSLINK-100 1H[=] B3
Design Original PIPESIM Model
Connections IC:\SM_WOIk\HYSYS\F‘IF‘ES|M_Iink\Samples\wellmodel.bps

Model

Impaort | E xport |
PT

il Save and exit from the PIPESIM environment to update

wiel =|fio =] @| B|z|u| Al

The text editor
allows you to
| | record any
~—~comments or
information
regarding the
PIPESIM link or

™ Design [ Par [wokehes: | your simulation
esign erMormance orkshee! Case in general.
I lgnore - S — Cose |

The Original PIPESIM Model field is read only and echoes the
original path and file name of the model that is imported via the
Import button.

The Original PIPESIM Model field is for documentation
purposes only since the model is embedded within the
HYSYS model rather than referenced at the location in this
field. It may be empty if the model has been created from
within the link, rather than by importing an existing PIPESIM
model.

The Import button allows you to import an existing PIPESIM

model. Clicking the Import button opens the standard Window
file picker property view that allows model selection. Only single
branch models identified by the *.bps extension can be selected.

The Edit Model button loads and runs the PIPESIM2000 GUI with
the current model. If a model has not been imported then the
PIPESIM2000 GUI contains an empty model. When the GUI is
loaded, a work file name appears in the caption bar. The model
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#= PIPESIM 2000 - P=000000_bps
File Echt Setup Prefeiences View Tools Dperstions Dlessgn  Heports Ewxpest.. Window - Help

can be freely edited, but in order for changes to be reflected in
the HYSYS flowsheet, it must be saved under the same file
name.

Di|eQE|w| sl clee vl =] DEEEE @ 82|

N R T R e A R T N A=Y

o[> [[2[#]x[o[% 7]

The PIPESIM2000 GUI appears modally, so HYSYS does not
continue its calculation until the GUI is closed. The PIPESIM
model is saved with the HYSYS case and not recorded stand
alone.

The Export button allows you to make a copy of the PIPESIM
model reflecting any changes made since importing it. Clicking
the Export button opens the standard Windows file picker
property view that allows selection of the file name. Only single
branch models identified by the *.bps extension can be selected.
Notice that only the configuration of the pipes and nodes will be
changed. The source composition data is not changed to reflect
the current composition of the feed stream in the HYSYS
flowsheet.
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The PIPESIM model may not contain any unit operations that
change the compositions of the fluid because the PVT table
corresponds to a single composition. Thus the following
restrictions apply:

e Vapour/Liquid separators are not supported.
e Well completions cannot use gas lift.

If any of these constraints are violated the status bar gives an
appropriate indication and the link will not attempt to solve.

PVT Page

The PIPESIM model solves using tabular physical properties
generated by the chosen HYSYS property package. The PVT
table defines the extents and granularity of the table. The table
is regenerated using the current feed composition each time the
link resolves. A maximum of 20 pressure and 20 temperature
points can be specified.

Figure 6.6

% pol INK-100 1[=] E3

Design Pressure Tempeiature |4 Get Ta Default |
. [kPa [C] |
Connections I al T SRR Sont
odel 1720 -34.44 Export
PYT 3000 Tg| bt |
4480 0.0000
EB3.0 15.56
1000 32.22
1373 48.83
2000 E5.56
o3 g2.22
4314 1000
E255 1156
1.000e+004 1322
1.379e+004 1483
2.000e+004 165.6
3.103e+004 1622 =]
W aximurm 20 points

—
Designl Performance IW’orksheet
GoE T Co
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If you want to set the values of the pressure and temperature
points to correspond to the internal PIPESIM default values, click
the Set to Default button. The pressure and temperature default
values are::

Pressure (psia)

14.50 24.95 43.51 64.98 99.93 145.0 200.0 290.1 450.1 625.7
1000 1450 2000 2901 4500 6527 10000 1450 20000 29010

Temperature (OF)

-60 -30 0 32 60 90 120 150 180 212
240 270 300 330 360 390 420 450 480 510

Calculations do not start unless the data is in ascending order. If
the data is not sorted in ascending order, you can sort the data
by clicking on the Sort button.

The Export button allows you to export the PVT table file for
standalone use with PIPESIM.

Performance Tab

The Performance tab contains two pages that allow you to view
a table of the profile data and to view the traditional PIPESIM
output.
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Profiles Page

The Profiles page displays the profile data in tabular formate for

the following key variables vs. axial distance along the pipe:

Figure 6.7

Mass Flow
Pressure
Temperature
Holdup (actual volumetric)

Velocity

Performance Total Distance Maszs Flow Pressure Temperature
—— [it] [Ibhi] [psia] IFl
romes 0.0000 | 16476.2986 2320.6032 30200
FIFESIM 0.0000 16476.2986 23206032 302.00
500.0000 164762986 2304.5214 29244
1000.0000 164762986 2288.2874 283.23
1500.0000 164762986 22719111 274.31
2000.0000 16476.2986 2255.4073 265.66
2500.0000 16476.2986 2238.7468 257.30
3000.0000 164762986 2221.9428 24913
3500.0000 164762986 2205.0038 24116
4000.0000 16476.2986 2187.9256 2334
4500.0000 164762986 2170.6351 225.85
5000.0000 164762986 2153.3182 218.41
5500.0000 164762986 2135.8078 211.10
6000.0000 16476.2986 2118.1407 204.04
E500.0000 16476.2986 2100.3098 197.06

L ——
Design Pel[mmancel ‘workzhest |
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PIPESIM Page

The PIPESIM page displays the traditional PIPESIM output. The
type of information shown depends on the radio button you
have selected in the View group:

e None. Select the None radio button, if the link is within a

recycle and/or adjust loop to minimise the overhead of
importing the results files into the display widget.

e Output File. Displays all results and an echo of the
PIPESIM model data.

e Summary File. Displays a summary of the calculated
pressure/temperature/flow profile.

Figure 6.8

Performance e
. Warning 3Z10 from COMPIMAN, : CMAN DEFCOIM
Profiles o -
PIPESIM || ##+s+ssrsres DIDESIM ##sttsassasr
* (Belease 2.620 EZ0/10500) *
* MULTIPHASE FLOW SIMULATOR *
*  »»» Pipesim 2000 Beta << *
* PBaker Jardine and Associates *
* London *
Project  : DSE Composit
User BJA Deno -
4 I I »
Wie
= Mone
= Output File
& Summary File pspLoT |
el
Design Pel[olmancel WwWorksheet |

Pipe profiles can also be viewed by clicking the PSPLOT button
on the PIPESIM page. The PSPLOT button loads and runs the
PIPESIM plotting utility.
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The PIPESIM plotting utility can be used to display any of the
profile results that have been calculated by PIPESIM.

Figure 6.9

File Edit Sernes.. Help

{Graphs; 1 Data )

‘Compositional Nodai Analysis’

1451
1464+

16 4r
134 -

Pressure (Bara)

124 -
1224+

T T T T T T T T T
0 1,000 2,000 3,000 4,000 5,000 £,000 7,000 8,000
Total Distance (m})

Baker Jardine

The PSPLOT appears modally, so HYSYS does not continue its
calculations until the PSPLOT is closed.

Worksheet Tab

Refer to the Slfcrt'ion b The Worksheet tab allows you to directly edit the material
;‘?BIEOH'YV;\?; sheetTa streams that are attached to the PIPESIM Link operation without
Operations Guide for having to open the material streams property views.

more information on the
Worksheet tab.
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6.3 PIPESIM Link Tutorial

The purpose of the tutorial is to insert a PIPESIM pipeline into
HYSYS that has a series of connecting components. In this
example, you will go through the steps of importing a PIPESIM
model into HYSYS. All units of measurement in this example are
SI, but you can change these to whatever unit system you are
accustomed to using.

For this case, a simple PIPESIM pipeline consisting of a fluid
source, a tubing, a choke, a flowline, an operator, a second
flowline, and a riser will be imported into HYSYS. The figure
below shows the PIPESIM piping schematic of the system.

Figure 6.10
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6.3.1 Flowsheet SetUp

Before working with the PIPESIM Link Extension, you must first
create a HYSYS case.

1. In the Simulation Basis Manager, create a fluid package
using the Peng Robinson equation of state (EOS). Add the
components methane, ethane, propane, i-butane, n-butane,
i-pentane, n-pentane, n-hexane, nitrogen, carbon dioxide,
and hydrogen sulphide.

Property Package Components
Peng Robinson C1, C2, C3, i-C4, n-C4, i-C5, n-C5, C6, Nitrogen,
C02, H2S

2. Create a stream named Inlet in the main Simulation
Environment and define it as follows:

Temperature [°C] 150

Pressure [kPa] 16000
Molar Flow [kgmole/h] 360

Comp Mole Frac [methane] 0.7540
Comp Mole Frac [ethane] 0.1696
Comp Mole Frac [propane] 0.0410
Comp Mole Frac [i-Butane] 0.0068

Comp Mole Frac [n-Butane] 0.0100
Comp Mole Frac [i-Pentane] 0.0028
Comp Mole Frac [n-Pentane] 0.0026
Comp Mole Frac [n-Hexane] 0.0060
Comp Mole Frac [Nitrogen] 0.0066
Comp Mole Frac [CO2] 0.0003
Comp Mole Frac [H2S] 0.0003
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6.3.2 Adding the PIPESIM Link
Extension

Once the case is created, the PIPESIM Link Extension can be
added.

1. From the Flowsheet menu, select Add Operation. The
UnitOps property view appears.

2. From the Categories group, select the Extensions radio
button.

3. From the Available Unit Operations group, select
PIPESIM Enhanced Link.

2 UnitDps - Case {Main)

Categories Ayailable Unit O perations

¢ Allnt Ops [FYSYEDLGALTE Add
CVesds [FIPESYS Ernton Cencel

" Heat Transfer Equipment SULSIM Estenzion

" Fotating Equipment
" Piping Egquipment
" Solids Handling

" Reactors

" Prebuilk Columns
" Shoit Cut Colurnns
" SubFlowsheets

" Logicals

+ Extensionzs

™ User Ops
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4. On the Connections page of the Design tab complete the
page as shown in the figure below.

* pipe 1

Design

Connections
Model
T

Inlet

Hame
IF'\pa 1

Outlet

I[=] E3

|Inlel

x| |Dutlet

—{)

Inlet Object Outlet Object

I~ Ignore

-
Designl Perfoimance I WwWorksheet |

L PedmModsiNatSet ke
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6.3.3 Importing the PIPESIM
Case

1. Click on the Model page on the Design tab of the PIPESIM
Link property view.

2. Click the Import button, and select the location of the
PIPESIM model wellmodel.bps.

3. To activate and/or to make changes to the PIPESIM model,
click the Edit Model button.

£ pPSLIMK-100 [_ o] <]
Design Original PIPESIM Model
Connections IC:\SM_work\HYSYS\PlF‘ESIM_Iink\Samples\wellmodel.bps
Model Import | Ezport |
PYT

Edit Modsl Save and exit from the PIPESIM ervironment ta update

sl [0 -] @| B|s|u| Wl

- N
De:lgnl Performance Iw’nrkshaet
Cooe N Co

For the pipe to solve the PVT physical properties must be
specified. A maximum of 20 temperature and 20 pressure
points can be specified or defaults pressure and temperature
points that correspond to the internal PIPESIM can be
selected by clicking the Set to Default button.
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4. Click the Set To Default button on the PVT page of the

Design Tab.

Figure 6.14

= B3

% pSLINK-100

Design

Connechions
Model
PYT

Temperature ;I Set To Default |

IC]
11 Soit |

-34.44 Export |
-17.78

Pressure
[kPa]
000
1720
3000
4430 f.0000
F830 15.56
1000 32.22
1379 48.83
2000 B5.56
303 8222
4314 100.0
5855 1156
1.000e+004 1322
1.379e+004 1433
2.000e+004 165.6
3.103e+004 Tezz |

I aximum 20 points

—
Designl Performance I ‘Worksheet

Close

5. The HYSYS case will run and the stream results will appear
as shown in the figure below.

Worksheet

Conditions
Froperties

Compasition

Mame

Design | Perfoimance Wulksheell

gas reservoir ligar
W apiour 1.0000 1.0000
Temperature [C] 150.0000 15.4506
Fressure [kFPa] 1.600e+004 1.145e+004
talar Flow [kamole/h] 360.0000 14337334
Mass Flow [ka/h] 74746415 23334.4000
Ligol Flow [m3#h] 22.0778 88.2930
talar Enthalpy [kJ/kgmale] -7.512e+004 -B.309e+004
Malar Entropy [k Ak gmale-C] 160.3 1397
Heat Flow [k /h] -2.70425e+07 | -1.19634=+08
KIN| =]

6. Save your completed case as PIPESIM1.hsc.

To add a table to a PFD, right-click on the PFD and select Add
Workbook Table command from the Object Inspect menu.
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The PFD generated for the completed case, plus a material
stream table is shown below:

Figure 6.16

Pipe 1

Inlet Outlet

Material Streams
Inlet Qutlet
Vapour Fraction 1.0000 1.0000
Temperature C 150.0 15.45
Pressure kPa 1.600e+004 1.145e+004
Molar Flow kgmole/h 360.0 1440
Mass Flow kg/h T475 2.989e+004
Liquid VYolume Flow | m3/h 22.08 88.30
Heat Flow kJm -2.704e+007 | -1.196e+008

6.3.4 Plotting PIPESIM Data

On the Performance tab, select the PIPESIM page.

Click the PSPLOT button to view a plot of your PIPESIM
data. When your plot opens you will see a plot of pressure
vs. time.

N =

3. From the Edit menu, select Plot Setup to add temperature
to your plot.

Figure 6.17

=

Editing
Chart I Series I

Sefies ]General] iz ] Titles 1 Legend} Panel ] Paging] Walls I b ]

| | ‘ Series Title ‘
iz ¥ - Seriesd L3

Add..

Delete
Title...
Clone

LChange...

Help Cloze

el

6-23



6-24 PIPESIM Link Tutorial

4. Click the Add button to add a new series to your plot. Select
the Line plot type and click the OK button.

5. Click Close to exit the Plot Setup property view.
6. Click the Series menu to assign data to your new series.

Figure 6.18

[ Series Selection

Select = Axiz Uitz

Stock-tank Liguid at MA ok
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Completion ‘well_2 Static pressure PS5

Select Right ' duwis
iTempelature at kA, point _v_i iF Li

Add to Right v Axiz
Completion Wel_2 Flowing Temperature

Select Custom v Axiz
i Nore _'_' ! .'_i

Add to Custom 7 Axiz i Eustanm Yertical ey Seb up
|

e

i | Position on the Horizantal dsis 100

| Start Position

e

F|‘5|
{=]
o

|
| End Position

7. From the Select Right Y Axis drop-down list, select
Temperature (C) and then click the OK button.
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When you are finished making these changes your plot will

look like the figure below.

Figure
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For information on the
PIPESIM 2000 Open Link,
refer to the Schlumberger
PIPESIM Reference
manual.

Introduction

/.1 Introduction

PIPESIM NET is a data model and solver used for the solution of
network models. HYSYS links to compositional PIPESIM NET
models.

HYSYS also links to the black oil PIPESIM NET models, which
allow modeling of Gas Lift systems and faster execution speed
for the PIPESIM NET models.

The PIPESIM 2000 GUI is used for editing and calculating
PIPESIM NET models.

Open Link is an ActiveX component that allows programmatic
access to data within and execution control of the PIPESIM NET
models.

/.2 PIPESIM NET

PIPESIM NET is a unit operation for using the PIPESIM software
package used to simulate pipeline systems within the HYSYS
framework.

HYSYS and PIPESIM 2000 must be installed prior to adding
the PIPESIM NET unit operation.

7.2.1 PIPESIM NET Property
View

There are two ways that you can add a PIPESIM NET to your
simulation:

1. From the Flowsheet menu, click Add Operation. The
UnitOps property view appears.

You can also open the UnitOps property view by clicking the
F12 hot key.

2. Click the Upstream Ops radio button.
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PIPESIM NET icon

3. From the list of available unit operations, select PIPESIM.
4. Click the Add button.

OR

1. From the Flowsheet menu, click Palette. The Object
Palette appears.

You can also open the Object Palette by pressing F4.

2. Click on the Upstream Ops icon. The Upstream Palette
appears.

Figure 7.1
]
a5
*H ﬁ—‘ PIPESIM
o — &

é
Upstream % T

Ops icon
&

3. Double-click the PIPESIM NET icon.
The PIPESIM property view appears.

To delete the PIPESIM operation, click the Delete button. HYSYS
will ask you to confirm the deletion. You can also delete the
PIPESIM by clicking on the PIPESIM icon on the PFD and
pressing the DELETE key.

To ignore the PIPESIM during calculations, select the Ignored
checkbox. HYSYS completely disregards the operation (and
cannot calculate the outlet stream) until you restore it to an
active state by clearing the checkbox.

7.2.2 Design Tab

The Design tab consists of the following pages:

e Model
e Sources
e Sinks
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e Simple Gas Lift
e Detailed Gas Lift
e Variables

e User Variables

e Notes

Model Page
The Model page allows you to link to the PIPESIM NET model.

You can change the name of the operation in the Name field.
You can also change the Fluid package to be associated with the
PIPESIM Net Operation by using the drop-down list at the
bottom of the page.

The Model page contains of three groups:

e PIPESIM Model
e PIPESIM Engine
e Property Model

PIPESIM Model Group

The PIPESIM Model group contains options than let you
configure the location of files used by PIPESIM Net.

e The Original File, On Computer, and Imported On
fields are read only fields that display the imported
PIPESIM NET model information.

e The XML Location field displays the location for the
PIPESIM NET model files, if the HYSYS case is managed
as an XML file. If the field is empty then the model files
are in the same directory as the HYSYS case. The models
files are the *.bpn, *.out, *.sum, and *.pns files for the
model plus the *.plc and *.plt files for any PIPESIM NET
objects that contain profile information.

e The Work Directory field is a read only field that is
displayed solely to assist in the diagnosis of computer
system related problems such as low free disk space.
The directory contains working copies of all the files that
comprise the PIPESIM NET model data and results.
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e The Browse button allows you to select an existing
PIPESIM NET model (.bpn file).

Figure 7.2

Select PIPESIM Network Model (21 I
Look ir: | 3 PS00000 x| =@k E

HPSNetS Production Gathering Metwark.

File name: F'E. MNetd Production Gathering Metwork j DOpen I
=l

| Files of type: | PIPESIM Network Files (*bon)

You can select an existing PIPESIM NET model (.bpn file)
from the case studies that are available when you have
installed PIPESIM. These case studies are located on
C:\\Program Files\Schlumberger\PIPESIM\Case Studies.

The selected model is embedded within the HYSYS case,
which provides complete portability of the model within a
single HYSYS file (.hsc). During a HYSYS session,
temporary copies of the files that comprise the model are
automatically managed in the Work Directory.
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The Edit button allows you to edit the PIPESIM NET

model once it has been embedded within the HYSYS

case. It modally launches the PIPESIM 2000 GUI and
automatically loads the PIPESIM NET model.

Figure 7.3

= PIPESIM - [PSNet3 Production Gathering Network]
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1 1
G £ £ 8 R
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Once you have finished editing the PIPESIM NET model,
you can save it from within the PIPESIM GUI then exit
the PIPESIM GUI. The PIPESIM NET model file
modification date/time is checked against the pre-edit
value to determine if any changes have been made. The
model name must not be changed by Save...As when
saving the model within PIPESIM 2000.

The Export button allows you to export the embedded
PIPESIM NET model file.

The Clear button clears the contents of the embedded
model. This works by embedding the empty template
model file newmodel.bpn located in the HYSYS \support
subdirectory. This is the state of the link when the
instance is first created.
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PIPESIM Engine Group

In the PIPESIM Engine group there are three checkboxes:

Checkbox Description
Run Run Minimised causes the PIPESIM NET engine process to
Minimised open minimised on the task bar rather than full screen.

The PIPESIM Engine is controlled by the Run Minimised and
Restart checkboxes.

Restart Restart causes the PIPESIM NET engine to initialise the new
solution from the last solution, useful for case studies,
optimisation and recycle calculations.

Delete Deletes the compositional work files created by PIPESIM
COMPMAN NET in the Windows Temporary directory, each time the link
Files is executed.

Engine Sends calculated engine output data results to an

Output To engine.log file.

engine.log

Property Model Group

From the Property Model group, contains two radio buttons that
let you toggle between the following property model:

e Compositional
e Black Oil

When creating a new/empty *.bpn model, the default
property model is Compositional.

PIPSIM Version Info Button

The following button, PIPESIM Version Info, displays versions of
the PIPESIM components:
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Sources Page

The Sources page allows you to specify the feed stream and
PIPESIM object.

Figure 7.5

Design

hodel
Sources

Sinks

Simple Gas Lift
Detailed Gas Lift
Warisbles
UzerVariables

Motes

Mame IPSM-1DD

Shrzams
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I§]
2

Metwork Production el

Transfer Composition|
d

Metwork Production Well

3

W1
WD
W3

Metwork Production wWell

<<l

<4 Stream >

n— N
De:lgnl Property Model I Peifarmance I Worksheet |

When you have selected a feed stream from the Streams

column drop-down list, you can also select the PIPESIM object
from the PIPESIM Object column drop-down list. The
PIPESIM Object Type column shows the type of object based

on the PIPESIM object you selected in the PIPESIM Object

column.

If the Transfer Composition checkbox is selected as shown in
the figure above, then the composition of the feed
(compositional or black oil model) is transferred between HYSYS

and PIPESIM each time the PIPESIM engine is executed.

The transfer is forward only (HYSYS to PIPESIM), and the
transfer is in addition to any specifications on pressure,
temperature, and mass flow. Negative flow rates are not
supported.

The PIPESIM model must contain at least one sink pressure
specification made either within the PIPESIM model or from
HYSYS.
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Sinks Page

The Sinks page allows you to specify the product stream, and

PIPESIM object.

PIPESIM NET

7-9

Figure 7.6
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When you have selected a product stream from the Streams
column drop-down list, you can also select the PIPESIM object

from the PIPESIM Object column drop-down list. The

PIPESIM Object Type column shows the type of object based

on the PIPESIM object you selected in the PIPESIM Object
column.

If the Transfer Composition checkbox is selected, then the

composition of the product (compositional or black oil model) is
transferred between HYSYS and PIPESIM each time the PIPESIM
engine is executed.
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Simple Gas Lift

Design

Model

Sources

Sinks

Simple Gas Lift
Detailed Gas Lift
Variables

User Variables

Naotes

The Simple Gas Lift page allows you to specify the gas lift
stream, and PIPESIM object.

Figure 7.7

Mame IW’EII With Gas Lift

= Well With Gas Lift

—Simple Gas Lift Model Data

Gasz Lift Stream

PIPESIM Object

Measured Depth
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Injection Rate
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Temperature
[C]

|gnared

|| <ermphys

=181 %]

—
Designl Froperty Model I Performance I worksheet |

When you have selected a gas lift stream from the Streams
column drop-down list, you can also select the PIPESIM object
from the PIPESIM Object column drop-down list. The
PIPESIM Object Type column shows the type of object based
on the PIPESIM object you selected in the PIPESIM Object
column.

If the Ignored checkbox is selected, then the boundary data is
not transferred between HYSYS and PIPESIM when the PIPESIM
engine is executed.

The depth field is a read-only value that displays the depth of
the injection point within the tubing.
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The temperature and gas glow fields are links to the connected
process stream, and may be edited.

The SG field is a read-only value that displays the specific
gravity of the injection field relative to air.
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Design

Model

Sources

Sinks

Simple Gas Lift
Detailed Gas Lifl
Wariables

User Yariables

Nates

Detailed Gas Lift

The Detailed Gas Lift page allows you to specify the gas lift
stream, and PIPESIM object.

Figure 7.8

Mame  [well with Gias Lift
~Detailed Gasz Lift Model Data

=+ Well With Gas Lift
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Gas Lift Stream FIFESIM Object [n] [kamolesh] Ic] SG lgrored
Gas Lift 1 ‘wiell : Tub_1 @ Lift_1 1500 211.5 37.78 06260 | O
GasLiftt 2 ‘whel s Tub_1 @ Lift_2 2134 211.8 3778 06260 |

<Emphys

g [ S|

—
Designl Property Model I Peformance I ‘worksheet |

When you have selected a gas lift stream from the Streams
column drop-down list, you can also select the PIPESIM object

from the PIPESIM Object column drop-down list. The

PIPESIM Object Type column shows the type of object based
on the PIPESIM object you selected in the PIPESIM Object

column.

If the Ignored checkbox is selected, then the boundary data is
not transferred between HYSYS and PIPESIM when the PIPESIM

engine is executed.

The depth field is a read-only value that displays the depth of
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the injection point within the tubing. In the case of a Gas Lift
Valve, only the topmost injection point is shown.

The temperature and gas glow fields are links to the connected
process stream, and may be edited.

The SG field is a read-only value that displays the specific
gravity of the injection field relative to air.



PIPESIM NET

Variables Page

The Variables page allows you to interact with any PIPESIM NET
data variable that is available via the Open Link. The variables
have either read or write access with the exception of the depth
of sub-equipment within the PIPESIM NET tubing model.

Figure 7.9
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Open Link is an ActiveX component that allows programmatic
access to data within and execution control of the PIPESIM NET
models.
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For more information,
refer to Chapter 5 -
User Variables in the
HYSYS Customization
Guide.

PIPESIM Variable Navigator Property View

When you click the Add or Edit button in the Variables page of
the PIPESIM Net property view, the PIPESIM Variable Navigator

appears.
Figure 7.10
i*x PIPESIM Yariable Navigator =] B2

PIPESIM Objest

Flowlind : FLOWLIME 101
w1 :VERTICAL COMPLETION 1

Wariable Mame

HEIGHT UNDULATIONS

HORIZOWTAL LENGTH

w1 : TUBING 1 PIPE 4MB TEMPERATLRE
w_1:CHOKE 1 PIPE ID

w2 :VERTICAL COMPLETION 1 PIPE OO

i 2: TUBING 1 PIPE ROUGHMESS
W_2:CHOKE 1 PIPE ‘T

w_3:VERTICAL COMPLETION 1 WVERTICAL LENGTH

w3 TUBING 1

Wwi_3:CHOKE 1

W_3: TUBING 1 : Injectar [10ft])

YYariable Description

This property view contains a list of available PIPESIM objects
and the associated variable names. The Variable Name list
contains a list of all the supported properties for the selected
PIPESIM Object.

The PIPESIM objects colon “:” indicates a new level within
the PIPESIM model. W_1: VERTICAL COMPLETION 1
indicates a single branch unit operation "VERTICAL
COMPLETION 1” in network unit operation “W_1".

An additional level can apply for sub-equipment within a
tubing unit operation.

In the Variable Description field, you can enter the name for
each variable to be added to the list of Selected Variables on the
Variables page of the PIPESIM Net property view.

User Variables Page

The User Variables page allows you to create and implement
variables in the HYSYS simulation case.
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Notes Page

For more information, The Notes page provides a text editor that allows you to record
refer to Section 7.19 - any comments or information regarding the specific unit

Notes Manager in the

HYSYS User Guide.

operation, or the simulation case in general.

/7.2.3 Property Model Tab

The Property Model tab consists of the following pages:

e Compositional
e Black Oil

Compositional Page

You can map boundary compositions on the Compositional page.

Figure 7.11

Property Model | Boundar Class——
{* Sources
= Sinks
Black Oil FIPESIM Companents
Methane Ethane Propane Sum
HY'5YS Components  |Methane 1.0000 0.0000 0.0000 1.0000
~Transfer Basi Ethane 0.0000 1.0000 0.0000 1.0000
Propane 0.0000 0.0000 1.0000 1.0000
i« Molar
 Mass

" Lig. Vol

Llear |
Clear All |
Hamalise |
Mormalize All |

Impart Hppatheticals |

=
Design Property Modell Perfoimance I WwWorksheet |

Compositional

In the Boundary Class group, you can click on the Sources or
Sinks radio button to define the component map. Component
maps are defined for transfer of the composition between
HYSYS and PIPESIM NET which defines the Sources component
map, and between PIPESIM NET and HYSYS which defines the
Sinks component map.
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For the Sources boundary class, the first column of the
component mapping table (in the figure above) shows a list of
components in the HYSYS flowsheet that contains the PIPESIM
NET link unit operation.

For the Sinks boundary class, the first column of the component
mapping table shows the list of components in the PIPESIM NET
model.

Figure 7.12
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The transfer of the composition is based on the selected basis
type in the Transfer Basis group. There are three types of basis
available: Molar, Mass, or Liq. Vol., each basis is associated to a
radio button.

The Compositional page has the following buttons:

Button ‘ Description

Clear Resets all mapping factors to zero for the selected row.

Clear All Resets all mapping factors to zero for all rows.

Normalise Normalises the mapping factors to 1 for the selected
row.

Normalise All Normalises the mapping factors to 1 for all rows.

Import Imports the definitions of any hypothetical (petroleum

Hypotheticals fraction) components into the list of HYSYS
components.
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When a PIPESIM NET model is first imported into the link, the
component maps are automatically initialized where possible.
The file pscomps.sdb in the HYSYS\Support subdirectory
contains the mapping between HYSYS and PIPESIM 2000
component names.

Black Oil Page

The options in this page is not yet available for the current unit
operation.

7.2.4 Performance Tab

The Performance tab consists of the following pages:

e Profiles
o Text

Profiles page

You can view the PIPESIM NET results on the profiles page.

Figure 7.13

Performance [ Erafile List
Profiles Profile Mame
Add
Test
Profile Ends Insert
Edit
Delete
Wiew Table
Wiew Graph
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Frofile Import Mode
Design I Property Model  Performance | \Workshest
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The extraction of profile data from the PIPESIM NET output
files is a slow operation. To optimize this speed, the Profile
Import Mode offers three options:

eNone - Profile and branch end data is not imported after
PIPESIM solves

e All - Profile and branch end data is imported for all single
branch models within the PIPESIM model after it solves

eUsed By Profiles - Profile and branch end data is imported
only for single branch models that have been used by the
profile setup

Adding and Editing Profiles

1. In the Profiles page, click the Add button to add a profile or
click the Edit button to edit a profile.

The Profile Editor appears.

Figure 7.14

2 Profile Editor <]

— Profile — Selection

PIPESIM Dbject Reverse |FIan|n'| Add
W_2 r =
W 3 r w:% Inzert |
Delete |
ak |
Cancel |

Prafile Hame I

The Add button adds to the Profile List after the currently
selected profile, whereas the Insert button adds to the
Profile List before the currently selected profile.

2. From the Selection group, select the PIPESIM NET unit
operation you want to add to the profile.

3. Click the Add or Insert button.
The Add button adds to the PIPESIM Object list after the
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4.

6.

currently selected PIPESIM Object, whereas the Insert
button adds to the PIPESIM Object list before the currently
selected PIPESIM Object.

The selected PIPESIM NET unit operation appears in the
PIPESIM Object list of the Profile group.

If you want to remove the PIPESIM Object from the profile,
select the PIPESIM Object you want to remove and click the
Delete button.

You can select the Reverse checkbox if you want to reverse
the profile information for the PIPESIM Object. This is
required to correctly display the profile when you have
reverse flow through the PIPESIM Object.

In the Profile Name field, type the name for the profile and
press ENTER.

The profile name appears in the Profile List of the Profiles
page.

Click the OK button to return to the Profiles page.

Figure 7.15
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If you want to remove the profile name from the Profile List,
select the profile name and click the Delete button.
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Viewing Profiles

You can define composite profiles that contain multiple network
unit operations, which allows you to view the profile between
the source and the sink.

When you click the View Table button of the Profiles page, a
tabular formate of the calculated data for the selected profile
appears. Refer to the figure below:

Figure 7.16

Buial Distance Hor. Distance Pressune Ter;l
[rn] [m] [kFa] |
0.0000 0.0000 2.483e+004
0.0000 0.0000 2.483e+004
0.0000 0.0000 2.483e+004
a04.8 0.0000 2.556e+004
EOSE 0.0000 2.630e+004
914.4 0.0000 2.704e+004
1067 0.0000 2741e+004
1067 0.0000 2.747e+004
1067 0.0000 2.758e+004
1067 -5.873e-283 2.530e+004
1067 -8.873e-283 2.530e+004
1067 -B.873e-283 2.530e-+004
1372 -8.873e-283 2.605e+004
1676 -8.873e-283 2.6B0e+004 |
am; 0

When you click the View Graph button of the Profiles page, a
graphical property view of the calculated data for a specific
variable for the selected profile appears. The figure below shows
an example of a graphical property view.

Figure 7.17

+*» PSM-100 - Profile 1 |_ (O] x|

Plat

Temperature vs Axial Distance

cate

Tem peratere @)

e

Akl D
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Launching PSPLOT

PSPLOT allows you to view the calculated profiles for the unit
operation within the PIPESIM NET models. To launch PSPLOT,
click the PSPLOT button of the Profiles page.

You can view the profiles as a graph or table by clicking on the
Graph or Data tab of the PSPLOT program.

Figure 7.18

File Edit Units Series... Help

PIPESIM 2000 Project:

39504

3,900
3850 -
sg00]!
azs0 ]!

Pressure (psia)

3700 ]

3RS0

3‘800 : T T T T T
1,500 2000 2,500 3,000 3,500 4000
Total Distance (ft)

AT W3 W 2
Bahium berger

Created by No NHame on 304503 164557

File Edit Units Series... Help

Graphs

Taotal Pressure Taotal Pressune Total Fressure G =
Digtance [ft] [psia) Diztance [ft] [pzia) Distance [ft) [psia)
Wl Wl W3 W_3: W2 W2
00000 | 40000243 | 5000000 @ 40000243 | 7000000 | 4000.0243
00000 | 39758743 | 5000000 @ 3397.5243 | 7000000 @ 3334.8743
00000 | 39758743 | 5000000 @ 3397.5243 | 7000000 @ 3334.8743
5000000 | 33218045 1500.0000 | 3857.3042 | 1000.0000 @ 3361.2447
15000000 | 3814.3038  2500.0000 | 3777.8336 | 2000.0000 @ 35436640
25000000 | 3707.6331 | 3500.0000 | 3663.71423 | 3000.0000 @ 37388333
35000000 | 3607.6425  3500.0000 | 3663.71423 | 4000.0000 @ 36287826
35000000 | 3607.6425  3500.0000 | 3663.71423 | 4000.0000 @ 36287826
35000000 | 3607.6425 40000000 | 36287526

=]

)

)

=

o

=
m
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Text Page

On the Text page you can view the PIPESIM NET output files
content.

Figure 7.19

Output File Contents

Performance
Profiles
Tent
Frofile Ends
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*

+

*

+

*

ONETWORE

Page 1
Page 1

txrtrtrrter DIDESTM-Net *H*ttitssss

Date : D3/06/04
ZZ/04704) *

Time : 17:21:089
MULTIPHASE NETWORKE STMITLATOR =

(Release 3.70

NETWORE INPUT DATAL ECHO

* NETWORE INPUT DATA ECHO
PC/DIGITAL
Schlumbergar = NETWORE INPUT DATAL ECHO
London *
Site : Licensed

Input Data File :

Code : EJA

2 hEup PEOOODLIERTOPL detailed. tnt

Wiew Dutput File
" Mone

" Summary [ zum)

" Hesultz [ phz)

L

] Design | Property Model  Performance | “Workshest

In the View Output File group, the radio buttons allow you to
display the contents of the results files. The are four radio

buttons: None, Output (.out), Summary (.sum), or

Results(.pns). The figure above shows the output file contents
when the Output radio button is selected.
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The figure below shows the Summary and Results output file

contents.
Figure 7.20
ONETWORK Page 3 i‘
Page 3

trrxrtrtrrs DIPDESIM-Het *THitttsttss
Date - 30/03/03
- ({Release 3.70 Z26/02/03) *

Time : 16:45:57
* MULTIPHAZE NETWORE SIMULATOR = HNetwork Output at Time 0.0000
MONTHS
* * Network Output at Time 0.0000
MONTHS PC/DIGITAL
= Schlunberger = HNetwork Output at Time 0.0000
MONTHS
* London *

Site : No Nawme

Code : BJA

Project : ﬂ
Summary Output File Contents

For a PIPESIM run the MI is repeated for every case.
-..this file was written by PIPESIM-Net engine at 20/09/032 on 16:46:Z0

# -
# This is a Pipesim-MNet Solution (.PHNS) file. j
#

# NE. It must always be possible to add an entry to the end of a line

# without breaking an earlier wersion of the reader of this file.

# That is, the reader wmust only look for the entries it requires,

# and not complain if there are more on that line.

#

#

# NI line contains: Model name conv_error mnathal err status

# model name is the root filename of the .NET file

# CORV_error is the awverage node pressure error

£ mathal error is the average node flowrate error

# status iz T for converged 0K, F for not conwverged

#

#

#

#

=
Results Output File Contents

If processor/calculation speed is of importance, you can select
the None radio button because the Output File contents are
updated after every calculation.

You can print the contents of the displayed output file by right-
clicking on the output file contents. The object inspect menu
appears.

P=lprine 7

D Print Setup. ..
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Profile Ends Page

The Profile Ends page displays the profile end properties of the
PIPESIM Net operation.

Figure 7.22

Performance Branch Mame
Erofiles Tatal Distance [m] 0.0000 3.030e+004 0.0000
Huorizantal Distance [m] 0.0000 3.000e+004 0.0000
Teut Pressure [kPa] 2.501e+004 2 5hEe+004 2.758e+004
Gas Lift Temperature [C] E1.44 2385 E5.55
Profile Ends Maszs Flowrate [ka/h] 5.351e+004 5.381e+004 1.722e+004
Liquid Holdup [%] <Lemply <emply <emply
Fluid Mean Velocity [m/s] LEmplys <emplys <emplys
Gas Velocity [m/z] {Emplys < Emplys CEmplys
Liguid “/elocity [m/s] {EMmply CEmplys CEmply>
Fressure Gradient [kPa/m] <emply> -2.166 <emply>
Fric. Press. Gradient [kPa/m] <emplys 0127 <emply>
Elev. Press. Gradient [kPa/m] {emplys -2.293 <emply
Accel. Press. Gradient [kPa/m] <emplys 0.0000 <emply>
Flowing G as Flowrate [STD_m3/h] 7.057=+004 0.0000 2.258e+004
Stock-tank Gas Vol Flowrate [STD_m3/h] 7.057e+004 7.057e+004 2 258e+004
Flowing Dil Vol Flovrate [m3/h] 0.0000 2301 0.0000
Stock-tank il Yol. Flowrate [m3/h] 0.0000 0.0000 0.0000
Flowing Lig. “¥ol. Flowrate [m3/h] 0.0000 23041 0.0000
Stock-tank Lig. Wol. Flawrate [m3/h] 0.0000 0.0000 0.0000

K

3
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7.2.5 Worksheet Tab

The Worksheet tab contains a summary of the information
contained in the stream property view for all the streams
attached to the operation.
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Introduction

8.1 Introduction

The GAP unit operation provides a link between HYSYS and
Petroleum Experts.

With this operation, you can import a GAP simulation model,
export streams from a HYSYS simulation case into the GAP
model, perform calculations and use the capabilities of the GAP
model to generate product streams, and import the product
streams back into the HYSYS simulation case for further analysis
or processing.

In essence, the GAP unit operation acts as a black box using
streams and fluids to characterize the input and output
boundaries of the GAP model from Petroleum Experts software.

The GAP unit operation is for advance users of Petroleum
Experts software. Refer to the Reference manuals provided
by the Petroleum Experts for detailed information on using
GAP models.

8.2 GAP Property View

There are two methods to add a Petroleum Experts GAP to your
simulation:

1. From the Flowsheet menu, click Add Operation. The
UnitOps property view appears.

You can also access the UnitOps property view by pressing
F12.

2. Click the Upstream Ops radio button.

3. From the list of available unit operations, select Petroleum
Experts GAP.

4. Click the Add button.

OR
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1. Select Flowsheet | Palette command from the menu bar
(or press F4). The Object Palette appears.

2. In the Object Palette, click the Upstream Ops icon to open
the Upstream Object Palette.

|
o

R w

OLGALINK

¢
Upst A
oien  w L

3. In the Upstream Object Palette, double-click the Petroleum
éb Experts GAP icon.
Petroleum Experts GAP The GAP property view appears.
icon
Figure 8.2
GAP-100 I[=] B3
Design Mame IGAP'1 oa
Model —GAP Modet
Configurations Driginal File | Selact... |
e Specs werking File | Select |
Conatraints d eect
User Yarniables Clear All |
Motes Source Stream GAP Object Mame Caloulate |
Sink Stream Gap Object Mame
B Designl Performance I “wintkSheet |
L | | i i =M | lonored

e To delete the GAP operation, click the Delete button.
HYSYS will ask you to confirm the deletion.

You can also delete a GAP operation by clicking on the
GAP icon on the PFD and pressing DELETE.
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GAP Property View

e To ignore the GAP during calculations, select the
Ignored checkbox. HYSYS completely disregards the
operation (and cannot calculate the outlet stream) until
you restore it to an active state by clearing the checkbox.

8.2.1 Design Tab

The Design tab consists of the following pages:

e Model

e Configurations
e Equip Specs

e User Variables
e Notes

Model Page

The Model page is used to select the GAP model and define all of
the stream connections to the objects in the selected GAP

model.
Figure 8.3
Design Mame  |E4P-100
Model ~GAP Modet
Configurations Original Fils ID:\F‘etExperls\comp\CDMP-THACK-DEMD.GAP Select. . |
Equip Specs X :
X Wwarking File ID:\F‘etExperls\comp\DUT-Comp-Track-Demo.gap Select. . |
Constraints
User Vaniables Clear Al I
Naotes Source Stream GAP Object Mame _ Caloulate |
1 Devenick-L1
2 Rhum-L2
Sink Stream Gap Object Name
IE] Sepl

1
Designl Performance IW’olkSheet |
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The following table lists and describes each option in the Model

page:
Object ‘ Description
Name field Lets you modify the name of the GAP operation.

Original File field | Displays the location and name of the original GAP
model attached to the operation.

The imported GAP file cannot be modified.

Select button Lets you find and select the original GAP model file.
Working File Displays the location and name of the working GAP
field model attached to the operation.

When you make modifications to the GAP model
attached to HYSYS, a working GAP model (containing
the changes) is created. The purpose of this feature is
to enable you to make modifications to the copy of the
imported GAP file.

Select button Lets you save the working GAP model file.

Clear All button Lets you clear all data model and stream attachments
to the GAP operation.

Calculate button Lets you propagate the calculated results from the GAP
model back into the HYSYS simulation case.

Source Stream Lets you select and connect source/inlet streams from

column HYSYS simulation case to objects in the selected GAP
model.

GAP Object Displays the available inlet streams from the objects in

Name column the selected GAP model.

Sink Stream Lets you select and connect sink/outlet streams from

column HYSYS simulation case to objects in the selected GAP
model.

GAP Object Displays the available outlet streams from the objects

Name column in the selected GAP model

Configurations Page

The Configurations page allows you to configure the Petroleum
Experts GAP operation. There are two configuration options for
the GAP operation: System Settings or Property Model.

The Property Model configuration is only applicable to a GAP
model that is Compositional (in other words, not BlackOils).
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Depending on which configuration option you selected, the

following variables are available for you to configure the GAP
operation:

If you select System Settings radio button.

Figure 8.4

Design

& Bystem Seltingd

[ Modsl
Configurations
Equip Specs
Constraints
Uzer Yariables

Motes

= Property Model

~System Options and Setting:
Swstem Type m‘m 0il Viscosiy Carrelation Wﬂ
Optimization Method FWE Gas / Liquid pipe GOR Cutaff !W’
Prediction 5tatus Hone i 01, Ba Correction !‘II]I]I]—‘
Prediction Methad | Pressure And Temperature ‘_v_j e !‘II]I]I]—‘
Solving Methad I No Dptimization ..'..i

i
Designi Performance IWorkSheet !

The following variables are available:

Object ‘ Description

System Type Lets you select the type of system for the GAP
drop-down list operation. You have the following selection:

e Production

e Water Injection

¢ Gas Injection
Optimization Lets you select the optimization method for the GAP
Method drop- operation. You have the following selection:
down list « Production

e Revenue
¢ Qil Rate Only
e Gas Rate Only
e Water Rate Only
The selected optimization method is not applicable if

the selection for the Solving Method drop-down list is
No Optimization.

Prediction Status | Lets you toggle between activating (select On) or

drop-down list ignoring (select None) the selected prediction method.
Prediction Lets you select the prediction method for the GAP
Method drop- operation. You have the following selection:

down list

e Pressure Only
e Pressure And Temperature
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Object ‘

Solving Method
drop-down list

Description

Lets you select the solving method for the GAP
operation. You have the following selection:

e No Optimization

e Optimization With Constraints

e Optimization WithOut Constraints

Oil Viscosity
Correlation drop-
down list

Lets you select the correlation for the oil viscosity in
the GAP operation. You have the following selection:
e Beal et al
e Beggs et al
e Petrosky et al

Gas / Liquid pipe
GOR Cutoff field

Lets you specify the gas liquid ratio value of the pipe
gas oil ratio cutoff.

Correction field

Oil, Bo Lets you specify the Bo correction value for the oil
Correction field calculation.
Gas, Bg Lets you specify the Bg correction value for the gas

calculation.

e If you select Property Model radio button.

Design " System Settings

Model @ Property Modet

Configurations

Figure 8.5

i-ﬁoundar_u Clas C —
cmpositional
{+ Souices Fropery Model
i~ Sinks o Associated Model Mo &ssociated Model

Equip Specs

N coz Cl Cz (2 a|

HYSYS  [Mitrogen

I

Constraints oo

User Vanables Methane

Motes Ethane

Propane

i-Butane

n-Butane

n-Pentang

n-Hexane

EP51*

EPS2:

EPS3

EPS4*

BPS5*

DPS1-

Dpsz:

olo|o|o|o|loo|alalalo|o|o|lolo|—
olo|o|o|o|oo|a|a|alo|o|a|o|=|o
olo|o|o|o|oo|alalalo|a|a|2lo|a
olo|o|o|o|oo|a|a|alo|a|=|olo|e

]

= —
Designl Performance IW’olkSheet |

The following variables are available:

Object ‘ Description

Property Model
field

Displays the property package of the selected GAP
model.

Associated Model
field

Displays the name of any models associated to the
selected GAP model.

Sources radio
button

Lets you access the HYSYS vs. GAP component table
for source/inlet streams.
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GAP Property View

Object ‘ Description

Sinks radio Lets you access the HYSYS vs. GAP component table
button for sink/outlet streams.

HYSYS vs. GAP Lets you specify the ratio value of components flowing
table between the HYSYS and GAP model.

Equip Specs Page
The Equip Specs page allows you to specify GAP object variable

values. Depending on the selected GAP model, not all GAP
objects will be available for configuration.

Figure 8.6

Design & el ~ Separatars

Madel GL1 _GL2

EefE Pressure [kPa] BBEY 1.732e+004
Temperature [C] E0.00 5444

Equip Specs il Gravity [kg/m3] B74.4 B74.4

e s Gas Graviy [kg/m3] 07823 07823
GOR [STD_m3/m3] 88.50 88,80

Motes water Cut [%] 50.00 || 50.00

b —1
Design | Pefformance | ‘wWarkSheet

The radio buttons at the top of the Equip Specs page let you
select which possible group of GAP objects you can see and
modify.

The GAP objects are split into the following groups:

e Wells
e Separators
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For more information,
refer to Chapter 5 -
User Variables in the
HYSYS Customization
Guide.

For more information,
refer to Section 7.19 -
Notes Manager in the
HYSYS User Guide.

User Variables Page

The User Variables page allows you to create and implement
variables in the HYSYS simulation case.

Notes Page

The Notes page provides a text editor that allows you to record
any comments or information regarding the specific unit
operation, or the simulation case in general.

8.2.2 Performance Tab

The Performance tab displays the calculated performance results
of the Petroleum Experts GAP operation.
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Results Page

The Results page displays the calculated results of the objects in
the GAP model.

Figure 8.7

Performance = wiells & Separators ” Pipes " Chokes  { Tanks
Results Sepl
e Total Gas Available [STD_m3sh] 0.0000

0il Produced [m3¢h] 0.0000
Gas Produced [STD_m3/h] 0.0000
‘water Produced [m3/h] 0.0000
Liquid Produced [m3/h] 0.0000
Injected Gaslift [STD_m34h] 0.0000
Temperature [C] 10.00
Prezzure [kPa] 1.031e+004
GOR [STD_m3/m3] {Emplys
“wiater Cut [2] {EMmplL
CGR [STD_m3/m3] <emply>
‘WGH [STD_m3/m3] <emplys
Qil Gravity [kg/m3] <Lemplys
Gas Gravity [ka/m3] <emplys
H25 [%] <Lemply
COZ [%] Lemplys
M2 [%] {Emplys
“wiater 5 alinity [%] {EMmplL
Oil Removed [m37/h] 0.0000
Gas Remaoved [STD_m3/h] 0.0000
‘Water Removed [m3/h] 0.0000
)
Design Performance l ‘wiorkSheet |

Use the radio buttons at the top of the Results page to access
the calculated results of the following objects:

e Wells

e Separators
e Pipes

e Chokes

e Tanks



Report Log Page

The Report Log page displays the calculation logs.

Figure 8.8

Performance J
Results

Report Log
R

Desigh  Performance | WorkSheet

8.2.3 Worksheet Tab

Refer to Section 1.3.10 - The Worksheet tab contains a summary of the information
Worksheet Tab in the : : .

HYSYS Operations contained in the stream property view for all the streams
Guide for more attached to the operation.

information.
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Introducing OLGA Link

9.1 Introducing OLGA Link

The HYSYS-OLGA Link Extension software lets you combine an
OLGA2000 pipeline transient simulation with a HYSYS Dynamics
process model. The OLGA Link is seamlessly added to the
HYSYS Process Flowsheet Diagram (PFD) just like a standard
unit operation. From within HYSYS, you then connect to an
OLGA server, and load and run the OLGA model with inlet and
outlet stream(s) connected to the HYSYS model.

By connecting a rigorous pipeline simulator with an equally
rigorous process simulator, dependent effects can be assessed.
It has been observed that in certain circumstances, the control
system at the processing facilities can actually induce or worsen
slugging. Of course the slug catcher and other receiving
facilities, including the control system, must be able to handle
any slugs or pipeline variation. With this easy to use HYSYS to
OLGA Link, any user familiar with modeling in OLGA can pick up
the use of HYSYS and readily connect an integrated model. Any
level of model detail can be supported from a single flowline
connected to a slug catcher with level and pressure controller in
HYSYS, to a complete gathering network and processing
facilities.

The OLGA Link is licensed separately from Aspentech and is
implemented as a dynamic unit operation extension within
HYSYS dynamic simulation. The link supports the connection of
one or more inlets to an OLGA pipeline or network with one or
more outlets from the end of the OGLA pipeline. When linking,
you do not need to connect or provide any inlet stream from
HYSYS to OLGA as a material source. Instead you can rely on
the OLGA model to provide a source, well, or boundary. For
example, the "well" might exist only in the OLGA model, while
HYSYS knows nothing about the inlet source. You can also
connect re-injection or gas lift pipelines from the HYSYS model.

The software can be run on the same computer or two different
computers. It is easy to set up and use with only a few simple
steps. Once an integrated model is setup, you can review any
transient trend or pipeline profile variable directly from HYSYS.
Some control aspects of the OLGA model can also be

9-2



OLGA Link 9-3

accomplished from HYSYS such as the manipulation of OLGA
controllers and inserting a pig (a type of device used in pipeline
operation for cleaning). You can initially use the standard OLGA
software and graphical interface to build the standalone OLGA
model, and then open the model in HYSYS for rigorous process
simulation. Similarly, you can build a HYSYS Dynamics model,
and then integrate with a pre-existing OLGA model.

Disclaimer

OLGA Link is the proprietary software developed jointly by
AspenTech, a subsidiary of Aspen Technology Inc., (hereafter
known as AspenTech) and Scandpower Petroleum Technology
(hereafter known as Scandpower).

Neither AspenTech nor Scandpower make any representations
or warranties of any kind whatsoever with respect to the
contents hereof and specifically disclaims without limitation any
and all implied warranties of merchantability of fitness for any
particular purpose. Neither AspenTech nor Scandpower will have
any liability for any errors contained herein or for any losses or
damages, whether direct, indirect or consequential, arising from
the use of the software or resulting from the results obtained
through the use of the software or any disks, documentation or
other means of utilisation supplied by AspenTech or
Scandpower.

AspenTech and Scandpower reserve the right to revise this
publication at any time to make changes in the content hereof
without notification to any person of any such revision or
changes.
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OLGA Link Usage

9.2 OLGA Link Usage
9.2.1 Introduction

The OLGA Link functions as any other unit operation within
HYSYS. You can connect material streams (no energy streams
are required) and bring up the property view for data entry.

The OLGA Link extension is purely a dynamic unit operation. It
performs no calculations or communication with OLGA while
HYSYS is in steady state mode. OLGA Link will solve in steady
state however by merely combining the inlet fluids and passing
these conditions on to the outlet streams. This lets you build a
case in steady state before moving to dynamics. Thus, you can
add the extension to your flowsheet in either steady state or
dynamics mode.

Add an OLGA Link

To add an instance of the OLGA Link extension, you first need a
HYSYS Dynamics case with a fluid package defined. Then
proceed as follows:

1. Select the Add Operation command from the Flowsheet
menu or press F12.

2. In the UnitOps property view, select the Extensions radio
button and select the HYSYS-OLGA Link unit operation
from the Available Unit Operations group.

3. Click the Add button.

If you do not see the OLGA Link as an available extension then it
has not been registered with HYSYS. See Registering OLGA
Link on page 41. for instructions.

You will need an OLGA2000 Transient model for use with the
OLGA Link.

9-4



OLGA Link 9-5

You can build the OLGA model in ScandPower's software and
graphical user interface. If you are not familiar with this
software, it is recommended that you become so at this point.
At a minimum, you should be familiar with an OLGA *.inp file
and the keywords and keys that may be permitted therein.
Examples would be the SOURCE and BOUNDARY keywords,
which are most important.

The OLGA labels which appear in the *.inp file to uniquely
tag a particular instance of a keyword and unit operation
within the OLGA model is case sensitive. Capital letters are
required where used in the *.inp file. It is important that you
give unique labels to your POSITIONs, NODEs and SOURCEs
otherwise the first instance in your OLGA model *.inp file
will be connected to.

9.2.2 HYSYS-OLGA Link
Property View

The OLGA Link property view has 6 tabs, each containing one or
more pages.

= gLNK-100
Setup HY'5Y'S-0LGA Link £.1.0
Connections Mame: |OLNE-100 [v Trace Emors
SR Reference Stream: ﬂ
Caontrallers -
Mud Reference Stream Deaddil j
Components
Inlets
MNotes
HYSY'S Inlet Streamn OLGA 5ource/Boundary Boundary
I prod-1 FROGT | [
<emplys
Outlets
HY'5YS Dutlet Stream 0LGA Boundary/Source Source| [-1]
] cutlet OUTLET | ™ |
<emplys

[~ Setup ‘ ‘wiorksheet J Diynamics J Pertormance J OLGA File Data J Messages |

Delete | Close
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OLGA Link Usage

The following sections contain a complete description of each

page of the OLGA Link property view. The required input as well

as interpretation of presented results are described here.

Setup Tab

The Setup tab contains the options required to configure the

OLGA Link operation.

Connections Page

The Connections page is where you specify the HYSYS streams
which will flow into (Inlets) and out of (Outlets) the OLGA
pipeline model.

S OLNK-100
Setup HY'SY'S-0LGA Link £.1.0
Connections Mame: |OLNE-100
EElE] Fieference Stream
Controllers -
Mud Fieference Steam Dreadil
Companents
. Inlets
i
otes Hv'5YS Inlet Stream OLGA Source/Boundary
[l prod-1 FROD-1
<emplys
Outlets
HY'5YS Outlet Stream OLGA Boundary/Source
[ cutlet OUTLET
<emplys
—
Setup ‘ Workshest J Dynamics J Performance J OLGA File Data J Messages J
Delete 5 Close
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The following table lists and describes the objects in the

Connections page:

Objects
Top right corner display field

Description

Displays the version number of the
OLGA Link.

Name field

Lets you type in a new name for the
OLGA Link operation.

Trace Errors checkbox

Lets you send all Link extension
message dialogue boxes to the
HYSYS Trace Window (located at the
bottom right of your HYSYS
application).

This option is useful in Operator
Training applications, where you just
want the model to continue running
without user interaction to
acknowledge or OK the message
dialogue boxes.

Reference Stream drop-down list

Lets you select a HYSYS stream
which is used to calculate the outlet
composition of the non-drilling mud
portion of the outlet streams.

Mud Reference Stream drop-down
list

Lets you select a HYSYS stream
which is used to calculate the
composition of the drilling mud
portion of the outlet streams.

Inlets Group

HYSYS Streams column

Lets you connect the HYSYS
stream(s) flowing into the OLGA
Link.

OLGA Source/Boundary column

Lets you type in the label of a
corresponding SOURCE or
BOUNDARY keyword from your OLGA
input file. Normally a SOURCE is
used.

Boundary checkbox

Lets you use a BOUNDARY operation
as an inlet, by selecting this
checkbox.

Outlets Group

HYSYS Streams column

Lets you connect the HYSYS
stream(s) flowing out from the OLGA
Link.

OLGA Boundary/Source column

Lets you type in the label of a
corresponding BOUNDARY or
SOURCE keyword from your OLGA
input file. Normally a BOUNDARY is
used.
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See HYSYS Pressure-
Flow Network
Considerations on
page 35. for more
information.

You can also refer to
OLGALinkSample2 from
the tutorial for techniques
to best connect OLGA and
HYSYS streams.

OLGA Link Usage

Objects Description

Source checkbox Lets you use a SOURCE operation as
an outlet, by selecting this checkbox.

(-1) checkbox Available for a special modeling
circumstance in OLGA. See Outlet (-
1) Checkboxes on page 40. for
details

Notes:

eThe actual BOUNDARY or SOURCE label/name must exist in
the OLGA model before it can be connected to HYSYS.

oAt least one Outlet connection is required, whereas an Inlet
is not mandatory if a Reference Stream is given.

eTo remove a connection, just delete the HYSYS stream
entry.

eThe BOUNDARY must be of TYPE = PRESSURE.

eThe SOURCE in OLGA may not use the DIAMETER keyword
to model an integral valve; in other words, only a flow
specified SOURCE is acceptable. Use a VALVE equipment
operation in OLGA to obtain the same functionality.

oOLGA Sources that have the DRILLING_FLUID value defined
are referred to as Drilling Fluid Sources. Because Drilling
Fluid Sources behave differently in the OLGA model, these
sources cannot be connected as inlet or outlet streams. In
order to control behavior of Drilling Fluid Sources, refer to
the Dynamics tab | Drilling Fluid page.

It is important to understand the difference between a SOURCE
and a BOUNDARY in the integrated model. The former is used
when a flow specification is made to the OLGA model and the
latter is used when a pressure specification is made at the OLGA
boundary.

The two different types of streams are necessary since OLGA
performs a simultaneous solution of all of its model variables
including the hydraulic flow and pressure variables, and HYSYS
also performs its own Pressure-Flow solution. The two models
and solutions are linked by passing pressure and flow values and
amount of change of pressure with respect to flow (or the
inverse) back and forth.
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In summary, it is advised to use a SOURCE operation where the
flow coming from HYSYS is invariant or a weak function of
pressure. A BOUNDARY operation is recommended when the
pressure as set or solved for in the HYSYS model is a weak
function of the HYSYS model operation (and particularly the flow
that is enforced from OLGA at its last time step solved value).

See Outlet The OLGA model does not calculate nor track individual
Compositions on component fractions. Instead, the model uses the assumption of
page 39. for more . Yy . . .
information. fixed total composition. The Reference Stream is optional if you

have connected any inlets to the extension, but otherwise it is
mandatory and it is used to set all outlet compositions. If you do
not specify a Reference Stream, then the summation of all Inlets
at their respective flow rates will be used to infer the outlet
composition.

The compositions of the Reference stream must be consistent
with the compositional basis of the OLGA input and PVT files to
be used by this extension. If the compositional basis used does
not match the data supplied by the OLGA PVT files, then the
results of the simulation may be inaccurate.
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Server Page

The Server page is where you define the communication details
with the OLGA software as well as details of the OLGA model you
want to use. Basically, the communication uses a TCP/IP
protocol to connect, on a designated port, to a computer that
will run OLGA.

= 0| NK-100

OLGA Communication D etails

Setup
Conmections: OLGA Host [l localhast | « |
OLGA Executable | D:vProgramshSPTYOLGAMD IgaE senutables\olga 5.2
Server DLGA Server | olga2000 [
Controllers OLGA Server Port | 16200
Components Communication Timeout [5] | 3
Initialization Timeout (3] | 300
Notes OLGA Time Step Timeout [5] | o~
¥ Use Auto Connect Shutdown
OLGA Input Files
OLGA Model Path |_| D4y DocumentsOLGAAT estshDrilingFluid
OLGA Input File | Deadoilestinp ..
Shapshat File | Deadaitest021506143011.snp

Load Snapshat

Auto Start Details
[v Use Auto Start Load Snapshat v

—
Setup ‘ Worksheet J Diynamics J Performance J OLGA File Data J Meszages J

Delete - Close
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The following table lists and describes the objects available in
the OLGA OLGACommunication Details group:

Object Description

OLGA Host cell Lets you specify the name of a computer which will
run the OLGA software.

If you are running the OLGA software on the same
machine that you will run HYSYS, just use the
name localhost. Do not enter the actual name of
you local machine or else the batch file that starts
OLGA will not work.

It might be advised to go to a DOS prompt at this
time and issue the following command:

C:\ ping OLGAHost

where OLGAHost is the name of the computer
you want to run OLGA on. You need to get an
affirmative reply back from this command telling
you that you can see this computer from the
HYSYS computer.

OLGA Executable cell Lets you specify the name and location of the
OLGA executable that you want to run. This should
be something like:

disk:\path\olga2000-4.05.exe

The existence of this file is not checked until you
try to run using the Use Auto Connect or Use
Auto Start checkboxes. If you are not using
either of these checkboxes then this OLGA
Executable entry is not used. Additionally this
executive file needs to be accessible by the OLGA
Host machine and not necessarily the local HYSYS
PC. You can check where this file is located by
going to the OLGA PC and looking for an
OLGA_SERVERPATH environment variable. This
environment variable is setup by the ScandPower
install wizard.

Click the __... I button to browse and select the OLGA
Server executable file.

See Registering OLGA OLGA Server cell The OLGA Server entry must correspond to the

Link on page 41. for first entry on a line of the SERVICES file. Typically,

further details on OLGA you just specify this as olga2000.

Server and OLGA Server OLGA Server Port cell The OLGA Server Port entry must correspond to

Port. the second entry on a line of the SERVICES file.

Typically, you just specify this as 16800.

Communication Lets you specify the general timeout value for the
Timeout(s) cell initial Connection request as well as any other

messaging with the exception of Initialization. The
default value is 5 seconds.

The timeout value determines how long the
extension will wait for the communication to occur
between HYSYS and OLGA.
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Object

Initialization
Timeout(s) cell

Description

Lets you specify the amount of time HYSYS will
wait for OLGA to load its input file and initialize
(which means run its steady state preprocessor).
This initialization step may take seconds to even

minutes depending on the size and complexity of
the initialization.

OLGA Time Step
Timeout(s) cell

Lets you specify the amount of time HYSYS will
wait for OLGA to complete its model integration
calculations; in other words, integrate for the
amount of time specified as the OLGA Run Interval
on the OLGA page.

The HYSYS case might pause at the start of its
new time step to ensure that OLGA has completed
its integration.

Connection Attempts

Lets you specify the number of times the HYSYS
and the OLGA Link will attempt to connect to the
OLGA server. This is useful for overcoming latency
issues when running the OLGA server on a remote
host.

Connect button

Lets you manually start the connection and
verification of the HYSYS and OLGA models.

Use Auto Connect
checkbox

Lets you toggle between automatically or
manually invoking a batch file that will start the
OLGA Executable on the OLGA Host machine and
then connect the machine to the OLGA server.

Shutdown button

Lets you manually shutdown the OLGA model and
software. You are prompted to save the OLGA
model state first.

With any of the timeout periods, HYSYS might appear
unresponsive until OLGA responds. If OLGA does not respond
within the timeout period, an error is reported.
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The following table lists and describes the objects available in
the OLGA Input Files group:

Object Description

OLGA Model Path cell Lets you specify a directory path or location of the
OLGA input file (*.inp) and OLGA restart or
snapshot file.

The files, in their common defined path, need to
be accessible and visible from both the HYSYS PC
and OLGA PC. A Universal Naming Convention
(UNC) path reference with a given network share
name is advisable for the OLGA Path. For example:
\\dsslawek\c_drive

Click the __... | button to browse and specify the
directory path or location of the OLGA files.

OLGA Input File cell Lets you specify the name of the OLGA input file
(*.inp).

Click the __... I button to browse and select the OLGA
input file.

Snapshot File cell (Optional) Lets you specify the name of an OLGA
restart or snapshot file.

Click the __... I button to browse and select the OLGA
restart or snapshot file.

Load Input File button Lets you start up OLGA one step at a time by
loading the selected Input file.

Load Snapshot button Lets you start up OLGA one step at a time by
loading the selected Snapshot file.

Notes:

oIf you reference a specific disk drive and directory, then
this disk and directory must be referenced and seen the
same way on both the HYSYS PC and the OLGA PC; this is
why a UNC name is preferred. For example, both machines
may have a D: drive which would cause confusion.

oIf the OLGA input file has dependencies on other OLGA files
(such as *.tab files), they need to be located in the
specified directory as well.

eWhen you save the HYSYS case, an OLGA snapshot file is
also saved and the corresponding Snapshot File entry is
changed. When you reload your HYSYS case at a later time,
the appropriate OLGA model snapshot is already referenced
and ready to be loaded.
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The following table lists and describes the objects available in
the Auto Start Details group:

Object Description

Use Auto Start Lets you automatically or fully initialize the

checkbox connection and verification between HYSYS and
OLGA when the HYSYS Integrator has started.

*Load Snap Shot Lets you automatically load the selected Snapshot

checkbox file.

Notes

oIf you are using the *Load Snap Shot checkbox option,
make sure the Snapshot File entry is not be blank.

eYou cannot use the *Load Snap Shot option the first time
you run because an OLGA snapshot restart file does not
exist.

After the necessary data is entered for the Link extension, the
HYSYS model would be ready to connect to and verify with the
OLGA model. The easiest way to do this is to use the Use Auto
Start checkbox. All you need to do is start the integrator in
HYSYS. This will connect to the OLGA server, load the input file,
initialize, load the snapshot (if selected) and then start
integrating.

You can put the HYSYS Integrator in manual mode first if you do
not want to take any timesteps until you confirm that OLGA
starts up correctly. With the Auto Start feature, you can also
chose to automatically load the snapshot file specified. This is
the recommended way of starting and synchronizing the HYSYS
and OLGA systems.

If you want to start up OLGA one step at a time, you can also
use the Connect, Load Input File, and Load Snapshot File
buttons as an alternative to the Auto Start feature.



When both Use Auto
Start and Load
Snapshot are selected,
the system starts up
faster since OLGA is not
requested to go through
its initialization step. The
initialization step can take
anywhere from seconds
to over a minute
depending on the case
and the calculations
required for the steady
state initialization.

If you select the Use Auto Connect checkbox (a sub-feature of
the Connect button), then a batch file is automatically invoked
that will start the OLGA Executable on the OLGA Host machine.
If you do not use this checkbox, you will need to issue the
following command from a DOS prompt of the OLGA PC:

C:\OLGA-2000\01lga-2000.4\winnt\01ga2000-4.05 -
server 01ga2000

If this command is successful, OLGA will return OLGA_SERVER
STARTED and OLGA_SERVER READY messages in the DOS
window.

Caution: If you did not select the Use Auto Start checkbox,
make sure you start the OLGA exe manually from the
directory where your OLGA Input files all reside. This is a
requirement of the OLGA server.

To start the OLGA exe manually, just issue a cd command to the
input files directory before issuing the above command.

After a successful connection is established, click the Load
Input File button to have the OLGA server read and process the
OLGA model file. If the file does not load, check the name and
locations of the file or use the stand-alone version of OLGA to
determine if there are any errors in the input files.

You can click the Load Snapshot button at any time during
your simulation, although it does mean that you are
resetting the OLGA model to a prior state; this should be
done with care as it may induce bumps in the integrated
model.
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Controllers Page

The Controllers page lets you control any predefined OLGA
CONTROLLERs of TYPE=MANUAL from the HYSYS model.

Figure 9.4

| 01 NK-100

Setup OLGA Control Paints
c . ¥ Use OLGA Control Paints Add | Remove |
onnections
Semen HYSYS Controller/alve OLGA Controller Label ap
IC-100 COWTROLLER-T [ <emphys |

Controllers
Companents

Notes

= Setup | ‘Worksheet J Dynamics J Perfarmance J OLGA File Data J Messages J

Delele S — Close

To use this feature:

1.
2.

Select the Use Olga Control Points checkbox.

Click the Add button for each new control connection you
would like to add.

In the HYSYS Controller/Valve column, specify the name
of a HYSYS Controller or Valve.

In the OLGA Controller Label column, specify a

CONTROLLER label from the OLGA input file.

e If the name of a HYSYS controller was entered, the
output of that controller will be sent to OLGA.

e If the name of a HYSYS valve was entered, then the
HYSYS valves actuator position will be sent to OLGA.
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5. To remove a control point, click a cell associated to the
controller that you want to remove and click the Remove
button.

In the OLGA model, the OLGA CONTROLLER must be of type
MANUAL and be attached to a VALVE.

6. The OP column in the OLGA Control Points table, actually
shows the value of the CONTROLLER CONTR output variable
as received from OLGA. This can be used to verify the
correct communication in a full loop (although there will be
some lag).

Components Page

The Components page provides comparative information about
the components in both OLGA and HYSYS. The Compositional
Tracking group shows whether the Compositional Tracking is on
and the number of components counted in both OLGA and
HYSYS. The component table matches the names of the OLGA
components with the names of the HYSYS components.
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Notes Page

The Notes page provides a text editor where you can record any
comments or information regarding the specific unit operation or
the simulation case in general.

| Figweos |
e =0 1 @] B[ z|u|[E=[=] i

Enter comments o infarmation in this text editor]

{Last modified Thu Oct 09, 2003, 05:41)

To add a comment or information in the Notes page/tab:

1. Go to the Notes page.

2. Use the options in the text editor tool bar to manipulate the
appearance of the notes.

Name Icon Description
Use the drop-down list to select the text type
Font Type for the note.
Font Size Use the drop-down list to select the text size
for the note.
Font Colour @ S:)I‘(::: this icon to select the text colour for the
Bold il Click this icon to bold the text for the note.
Italics il Click this icon to italize the text for the note.
Underline £l ng: this icon to underline the text for the
Align Left = Slc;fc:lg this icon to left justify the text for the
Center = Click this icon to center justify the text for
= the note.
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Name Icon Description

Align Right = Click this icon to right justify the text for the
note.

Bullets 1= Click this icon to apply bullets to the text for
the note.

Insert _I Click this icon to insert an object (for

Object L example, an image) in the note.

3. Click in the large text field and type your comments.

Notes

eThe information you enter in the Notes tab or page of any
operations can also be viewed from the Notes Manager
property view.

eThe date and time when you last modified the information
in the text field will appear below your comments.

Notes Manager Property View

The Notes Manager lets you search for and manage notes for a

case.
Figure 9.6
™M Notes Manager [_ O] x]
( List of Object Mot
[~ Wiew Objects with Notes IArlaI j Iﬂ @I B | Il HI j
EF-Simulation Cases You can enter infarmation abaut the selected

i iCase itern in this field
) Fluict Packages

[ (Last modified Fri May 02, 2003, 11:25)
- Unit Operations
[+ Logical Operations

View... I | Fluid Package Basis-1 | Clear |

Search Critet]

[~ Search notes containing the sting: I
¥ Searchls Case Sensitive

[~ Search notes mocified since:  Morth Dy I Year i
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Tip: Click the Plus icon to
expand the tree browser.

Tip: You can change the
search option to be case
sensitive by selecting the
Search is Case
Sensitive checkbox. The
case sensitive search
option is only available if
you are searching by
string.

Refer to Chapter 12 -
Streams from HYSYS
Operations Guide for
more information on the
Conditions and
Properties pages.

OLGA Link Usage

To access the Notes Manager, select the Notes Manager
command from the Flowsheet menu, or press CTRL G.

View/Add/Edit Notes:

To view, add, or edit notes for an object, select the object in the
List of Objects group. Existing object notes appear in the Note
group.
e To add a note, type the text in the Note group. A time
and date stamp appears automatically.

e To format note text, use the text tools in the Note group
tool bar. You can also insert graphics and other objects.

e Click the Clear button to delete the entire note for the
selected object. Click the View button to open the
property view for the selected object.

Search Notes:

The Notes Manager allows you to search notes in three ways:

e Select the View Objects with Notes Only checkbox (in
the List of Objects group) to filter the list to show only
objects that have notes.

e Select the Search notes containing the string
checkbox, then type a search string. Only objects with
notes containing that string appear in the object list.

e Select the Search notes modified since checkbox,
then type a date. Only objects with notes modified after
this date will appear in the object list.

Worksheet Tab

The Worksheet tab contains a summary of the information
contained in the stream property view for all the streams
attached to the OLGA Link.

e The Conditions page contains selected information from

the corresponding page of the Worksheet tab for the
stream property view.

e The Properties page displays the property correlations
of the inlet and outlet streams of the unit operation. The
following is a list of the property correlations:

Vapour / Phase Fraction
Temperature
Pressure

Vap. Frac. (molar basis)
Vap. Frac. (mass basis)
Vap. Frac. (volume basis)
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Refer to Chapter 12-
Streams from HYSYS
Operations Guide for
more information on the
Composition and PF
Specs pages.

Actual Vol. Flow
Mass Enthalpy

Mass Entropy
Molecular Weight
Molar Density

Mass Density

Std. Ideal Liquid Mass Density
Liquid Mass Density
Molar Heat Capacity
Mass Heat Capacity
Thermal Conductivity
Viscosity

Surface Tension
Specific Heat

Z Factor

OLGA Link 9-21

Molar Volume

Act. Gas Flow

Act. Lig. Flow

Std. Lig. Flow

Std. Gas Flow

Watson K

Kinematic Viscosity
Cp/Cv

Lower Heating Value
Mass Lower Heating Value
Liquid Fraction

Partial Pressure of CO2
Avg. Liq. Density

Heat of Vaporization
Mass Heat of Vap.

e The Composition page contains selected information
from the corresponding page of the Worksheet tab for
the stream property view.

e The PF Specs page contains a summary of the stream
property view Dynamics tab.

Dynamics Tab

The Dynamics tab contains options to modify the calculation
process in Dynamics mode.
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OLGA Control Page

The OLGA page contains a number of features and options

concerning how you might want to run your integrated model.

Figure 9.7

S5 0p-100 CEX

Drmemites OLGA Cantral

OLGA Control Ignore OLGA r Run OLGA
azs Flows Log All Communication [~ Write P-F Equations v
wiells @ SyncOlgatoHYSYS  © Spnc HYSYS ta Olga
Heat Transfer 2 2

. Current OLGA Simulation Time I_I 003:23:30.00
Pigaing OLGA Planned Time Step | 000:00:0.33
Drrilling Fluid OLGA Fun Interval | 000:00:0.50

0OLGA End Timne | <Emphy>

] Setup | ‘Worksheet Dynamics| Perfarmance J OLGA File D ata JMessages J

1, — Clase
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For more information on
communication messages,
refer to chapter

Tipubissheeting:
equations can be
obtained in chapter OLGA
Link Reference.

The following table lists and describes the options available in

the OLGA page:

Object
Ignore OLGA checkbox

Description

Lets you run the HYSYS model without OLGA being
connected or simulating. This feature will copy the
(mixed) inlet(s)/reference stream conditions to
each outlet stream as if the pipeline had reached
steady operation.

The outlet streams will have their pressure and
flow calculated and/or set by the HYSYS model,
including any PF specifications that you might
want to turn on. The inlet streams will also need to
have their pressure (and/or flow) set/calculated
within HYSYS.

The OLGA model, in this state, will not dictate any
flows or pressures at the connected streams. To
use this feature, which can be useful when you
just want to focus on the HYSYS process model
considerations, make sure that your HYSYS model
is complete and then simply select this checkbox
and start the Integrator.

9-23

Run OLGA button

Lets you run the OLGA model without the HYSYS
model integrating.

First you would enter an OLGA End Time in the
matrix entry and then click this button to run to
that desired time. While OLGA is performing its
calculations (which may take some time
depending on the End Time you specified), you
can still interact with your HYSYS case, but you
cannot interact any further with the OLGA model
until the Current OLGA Simulation Time
updates to equal the OLGA End Time (indicating
OLGA has completed).

Any HYSYS Inlet and Outlet streams will have their
relevant stream data sent over to the OLGA
simulation first and upon completion of the OLGA
run, the HYSYS streams are again updated with
the OLGA output information. This feature can be
useful to allow OLGA to run out at its high
computational speeds (using larger time steps)
and solved to a steady operation.

Log All Communication
checkbox

Lets you activate the option to place all
communication messages between HYSYS and
OLGA to a log file.

Write P-F Equations
checkbox

Lets you use the derivatives from the OLGA
simulation which in turn allows the HYSYS
pressure-flow solver to predict how the OLGA
simulation may be changing.

It is recommended to select this checkbox,
because the feature makes for a more robust,
accurate, and tightly integrated simulation
solution approach.
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Object Description

Sync Olga to HYSYS Lets you set the OLGA simulation time to the

radio button HYSYS model time when the HYSYS Integrator is
started.

Typically you would set the OLGA simulation time
to that of the HYSYS model.

Sync HYSYS to Olga Lets you alternatively set the HYSYS simulation
radio button time to the OLGA model time when the HYSYS
Integrator is started.

If you have some OLGA time dependent behavior

(from your *.inp file and the time series that may
be entered), then you might want to preserve the
OLGA simulation time from a restart/snapshot file.

Current OLGA Displays the current OLGA simulation time.

Simulation Time cell The HYSYS simulation time can be seen by
pressing CTRL I while within HYSYS (this brings up
the Integrator property view).

OLGA Planned Time Displays the OLGA calculated time step value. This
Step cell indicates the integration step size that OLGA
foresees taking the next time it is requested to
integrate ahead in time. This value is limited by
the OLGA *.inp keyword INTEGRATION and the
sub-keys MAXDT and MINDT.

OLGA Run Interval cell Lets you specify the time value for the OLGA Run
Interval.

OLGA End Time cell Lets you specify the end time for the simulation
when running the OLGA in a standalone mode.

The value is only used with the Run OLGA button.

The current OLGA Simulation time stays equal to the HYSYS
simulation time while the integrator is running.

When the Planned Time Step is greater than the OLGA Run
Interval, this indicates that OLGA believes it can take longer
time steps without losing accuracy. If the Planned Time Step is
less than the user specified Run Interval, then OLGA is taking
more than one integration step each time it is requested to
integrate ahead.

The difference between the Planned Time Step and the OLGA
Run Interval is important since it indicates that you could speed
up your overall rate of simulation/integration. However, OLGA
and HYSYS do not communicate for the complete Run Interval
time and if something does change discreetly in the HYSYS
model, the OLGA model will not see this change until the start of
the next Run Interval. Always, if OLGA detects that it needs to
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integrate with a smaller time step due to some rapid changes it
is detecting, it might integrate numerous time steps over the
OLGA Run Interval. In practice, you can manipulate manually
the OLGA Run Interval or implement some strategy via an Event
Scheduler or similar to optimize a run speed. The OLGA Run
Interval defaults equal to the HYSYS Step Size as shown on the
Integrator property view.

Mass Flows Page

The Mass Flows page displays the mass flows for each of the
three phases that OLGA computes. The outlet mass flows table
also reports any mud mass flow (if the OLGA case contains a
Drilling Fluid Source). Note that in the case of a Drilling Fluid
Source, any mud mass flow is combined with the oil mass flow
rate in the oil mass flow column.

Figure 9.8
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S — Close
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Wells Page

The Wells page allows viewing or manipulation of the properties
of selected OLGA WELL keyword entries. The table is
automatically populated with all WELL keyword entries upon
loading of the OLGA input (.inp) file.

Figure 9.9

o100 OEX
D ‘el Resevoir
2 Temperature Pressure GORST FRODI
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Pigaing
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S Close

When any of the values in the Wells Page tables is changed, the
new value is sent to OLGA prior to the next time step.
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Heat Transfer Page

The Heat Transfer page allows for viewing or manipulation of
ambient temperatures of each HEAT TRANSFER keyword entry.
The table is automatically populated with all HEAT TRANSFER
keyword entries upon loading of the OLGA input (.inp) file.

Figure 9.10

2 00 CEX
Dynamics Branch/Fipe Heat Transfer
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~ Setup | Warksheet D_vnamics| Performance J OLGA File Data J Messages |

.| | —— Close

OLGA allows for either a single ambient temperature value
(TAMBIENT) or an inlet and outlet (INTAMBIENT, OUTTAMBIENT)
value for each HEAT TRANSFER entry. It is not possible to
change between these two options via the OLGALink in HYSYS -
this change can only be made through the OLGA input (.inp) file.
Unused keys in this table are displayed as “***”.
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Pigging Page

The Pigging page allows you to interact with the OLGA
simulation. At this time, the user can either invoke the SHUTIN
keyword in their OLGA simulation or launch pigs.

5 0p-100 B

Dy Plug [pig) contral

Plug Label Activate Shutln [
OLGA Contral FLUGA

Mass Flows E

wiellz

Heat Transfer

Pigging
Dirilling Fluid

=] Setup | Workshest Dynamics| Performance J OLGA File Data JMessages J

Delete | Close

The following table lists and describes the objects available in
the OLGA Operation page:

Object Description
Plug Label column Lets you launch a predefined plug from the OLGA
*.inp model.

This feature does not support the Advanced Plug/
Pig Tracking Module of OLGA but just the standard
PLUG keyword.

Activate column Lets you toggle between activating or deactivating
the predefined plugs by selecting the appropriate
checkboxes.

Shut In checkbox Lets you force the OLGA model to its SHUTIN

mode of simulation.

This option is also saved with the case and
activated the next time you load your integrated
model. Please refer to OLGA documentation for
more details of this feature.
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To use the features in the Plug (pig) control group:
1. In the Plug Label column, type in the Label of a PLUG from
your OLGA model.

2. Select the appropriate checkbox under the Activate column
to launch the plug at any time. The Activate checkbox is
automatically reset to clear with the next time step.

Drilling Fluid Page

OLGA Sources that have the DRILLING_FLUID value defined are
referred to as Drilling Fluid Sources.

The Drilling Fluid Page allows access to view or modify certain
parameters of any Drilling Fluid Source defined in the OLGA
input (.inp) file. The table is automatically populated with all
SOURCE keyword entries which contain DRILLING FLUID upon
loading of the OLGA input (.inp) file.

N op-100 E]@

o Source Drilling Fluid

0LGA Contral Semesllakd Driling Fluid Label Tem'?g;at“'e M‘[aks; ;']D"" [[l::::n'g“] Vislzgi"y
Mass Flows DFLUIDA DEADOIL 20000 3.600e+004 800.2 8.625
Wells

Heat Transfer

Pigging

Diilling Fluid

Outlet Mud Mass Flow [az calculated by OLGA)
tud

[karh]
OUTLET 0.0000

Setup | Warksheet Dynamics| Performance J OLGA File Data JMessages J

LDkt — Close
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Performance Tab

The Performance tab displays the calculated results and
performance values of the OLGA Link.

Trends page

The Trends page allows you to receive the results of the OLGA
simulation within the pipe network. Essentially, all OLGA output
variables are available that would normally be available for
Trending with the standalone OLGA2000 software. The trends
are a single variable value (from a certain location within the
piping system) as a function of time.

N op-100 [_[O[=]
Pert ~Trending
‘erformance
: (000:00:10.00 Add Remave
Trends Trend Interval:
Profiles Position/E gquip ariable Walug Linit Tupe
RISERBASE | HOL [Wolume fraction of total liquid [hald 0.6356 Wolume
—Add Mew POSITIOM
| Label | Branch [ Pipe [ Section # [ Add
il \ | [ <empty |
_ Setup I ‘workshest I Dynamice Pel[olmancel
pabie_| " S Coss |

To view a trend variable:

9-30



OLGA Link 9-31

Tip: The Trend Interval
allows you to specify
some lower frequency
(other than every time
step) to retrieve the trend
data from OLGA.

1. Click the Add button. A default trend is setup.

2. Select a Position or Equipment label in the Position/Equip
column that appears.

For the GlobalVariable type, the Position/Equip entry is not
required.

3. If specifying a POSITION, it either must be predefined in the
OLGA input file or created at run time using the features in
the Add New Position group.

4. If an error occurs when setting up the trends make sure that
the trend position label exists in the input file and the
spelling is correct.

5. If you want to view a history of the trend variable while you
run in dynamics, create a strip chart in HYSYS and drag the
desired trend value on to it.

If you want to remove a trend variable, select a cell
associated to the trend variable and click the Remove
button.

The Add New Position feature allows you to create a new
Position label without having to shutdown the OLGA program
and editing the *.inp file.

This Position label is stored in the snapshot/restart file, so as
long you load this when restarting HYSYS, any Trends you
create using the Add New Position feature will be correct. If you
plan to shutdown the OLGA Server and then restart without
loading the snapshot file, then it is advised to enter the Position
labels directly in the *.inp file.

To use the Add New Position feature:
1. Type in a Label for the new Position in the Label cell.

2. Type the branch number in the Branch cell, pipe humber in
the Pipe cell, and section number in the Section cell of the
pipe at which you want to trend a variable.

3. Click the Add button.

OLGA will respond with an error if it cannot reconcile your
request against the existing loaded OLGA model.
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Profiles Page

A profile is a series of variable values from each computational

volume or boundary in a BRANCH. Branches must be pre-

defined in the OLGA input file.

Figure 9.14

M op-100

Performance

Trends

Profiles

Delete |

M=l E3
—Profiling
Profe ntervat [FO00BTO00  Add | Remove|  view. |
Branch arable Lnit Flot Type
BRAM-1 FT [Pressure] N/m2 | [ Wolume
Setup I “wiorksheet I Dynamics Pelfulmancel
] Oese |

Profiles are added and removed the same way the trends are.

To view the profile:
1. Click the Add button. A default profile is setup.

2. Select a variable for trending from the drop-down list in the
Variable column.

The value of the variable will be retrieved from OLGA in the units
that OLGA responds in.
3. After you select a particular variable, you will see the Type

column change to tell you what type of OLGA variable you
have selected.

4. Select the appropriate checkbox in the Plot column.

Only one profile can be selected and viewed at a time.
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5. After a profile has been selected, click the View... button.
This will bring up a separate dialog box with a Plot.

i op-100 [_O[x]
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The profile variable will be plotted against the length of the
Branch from its inlet. If you want to see the plotted data in a
table, select the Table radio button.

6. If you want to view a different profile, select another one by
selecting the appropriate checkbox under the Plot column.

Only Variables of type Volume or Boundary (see OLGA
documentation) are available for profiling.

7. If you want to remove a profile variable, select a cell
associated to the profile variable and click the Remove
button.
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9.3 OLGA Link Reference

9.3.1 OLGA Link Operation
Overview

The Link extension passes a few key variables for the connected
Inlet and Outlet streams. For all streams, the temperature,
pressure, gas fraction, and water fraction are passed to OLGA.
Additionally the total mass flow will be passed to SOURCE
connections. OLGA may use this information depending on the
sign of the flow (for example, the HYSYS temperature and gas/
water fractions are irrelevant for negative flow at an Inlet).

e In the case of a SOURCE connection, OLGA will use the

total mass flow from HYSYS as a fixed and known value
for the duration of that integration calculation.

e In the case of a BOUNDARY connection in the OLGA
model, the pressure from HYSYS will be fixed and set at
that terminus NODE in OLGA.

The Link then retrieves from OLGA some key variables.

e For a SOURCE connection (either Inlet or Outlet), the
pressure is retrieved from OLGA and, optionally, along
with the dP/dF (change of pressure with change in phase
flow rates) derivatives. A pressure-flow relationship is
enforced on the HYSYS model.

e For a BOUNDARY connection, the total mass flow is
retrieved from OLGA and, optionally, along with dF/dP
derivatives, a pressure-flow relationship is enforced upon
the HYSYS model.

e The temperature and phase flows (gas, oil and water)
are also retrieved in all cases and would be used to set
the composition and temperature of the HYSYS stream
where the direction of the flow dictates this.

Both of the above data send and receive operations are
performed with each OLGA Run Interval. This would occur with
every HYSYS time step if the OLGA Run Interval equals the
HYSYS Step Size (default).

After HYSYS has told OLGA to run for the Run Interval, and with
the start of the next HYSYS integration step, HYSYS will check to
see if OLGA has completed integration to the time specified by
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this OLGA Run Interval (this might be multiples of the HYSYS
Step Size). Once OLGA has completed this integration, HYSYS
retrieves the solved output values which may be for some
simulation time in the future since HYSYS may not have
integrated up to this time as of yet. The solved pressure-flow
conditions from OLGA are not immediately enforced upon the
HYSYS model but instead HYSYS linearly moves to these final
values at its smaller step size. Implied in all this is that the
OLGA Run Interval must be an integer multiple of the HYSYS
Step Size. See Time Synchronization on page 37. for further
details.

The OLGA simulation does not track the actual component
fractions that might have been available from the HYSYS Inlet
streams. Although OLGA does have a Composition Tracking
advanced module, this is not supported by their OLGA Server.
The modeling within OLGA, then, and the resulting vapor-liquid
equilibrium, is based upon the PVT data specified for your OLGA
simulation. It is therefore important when generating the PVT
data that a similar equation of state and other component
physical properties are used. As a way of checking this, try
flashing the HYSYS Reference Stream (or the combination of the
Inlets at the steady state design flow rates) at the steady state
outlet conditions of the OLGA pipeline simulation. The phase
fractions of gas, oil and water should be the same from the
HYSYS flash as predicted by the standalone OLGA model at its
outlet(s).

9.3.2 HYSYS Pressure-Flow
Network Considerations

If the Write P-F Equations checkbox is clear (on the OLGA -
Dynamics page), then the following applies.

e For the HYSYS streams connected to an OLGA SOURCE,
the mass flows will be input to OLGA and the pressures
at these sources will be calculated by OLGA. These
streams will therefore require a pressure spec activated
so that the calculated pressure can be written to the
stream.
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e For the HYSYS streams connected to an OLGA
BOUNDARY the pressures at these boundaries will be
input to OLGA and the phase mass flows will be
calculated by OLGA. These streams will need a Mass Flow
specification so that the calculated phase flows can be
summed up and set into the stream.

These stream specifications in HYSYS are not true and fixed
values (as most HYSYS users think of them) but instead
change during integration to match that value from OLGA.
Open a HYSYS stream's Dynamics - Specs property view to
set either of pressure or mass flow specifications.

If you are using the Write P-F Equations checkbox feature, as
is normally recommended, then HYSYS will try to predict the
relationship between pressure and flow at the inlet/outlet
streams. This prediction is based upon a linear dependency
assumption and the derivatives as calculated by OLGA and may
not always be accurate particularly during rapid transients.

The relationship in simple form is as follows:

- 4P - ar , o
P—P+dF(F F) or F=F+=5(P-P)
where:

' = use to indicate the variable value at a prior time step

pressure

flow rate

When connecting to a SOURCE in OLGA it is still good practice to
try to connect to a HYSYS pressure-flow network which really
does calculate the flow. This HYSYS flow should be a weak
function of the pressure-flow solution. Similarly for a BOUNDARY
connection, the best HYSYS connection is to a stream, which has
a relatively fixed pressure. When using this feature, the inlets
and outlets from the LINK extension need not have any
pressure-flow specifications set (unless they are required to
satisfy the rest of the HYSYS PF network).
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See Server Page on
page 11. for more
information Load
Snapshot checkbox.

9.3.3 Initial Values

To facilitate a smooth initialization of the integrated dynamic
simulation, it is important to have good initial conditions for the
inlet and outlet streams of the Link extension. The initial flows
at the sources and the pressures at the boundaries should be
checked carefully. These conditions can quite often be found in
the OLGA input file in the INITIAL VALUES section.

It is not recommended to load a Snapshot file that is not
compatible with the HYSYS case that you opened.

Sometimes it may be necessary to run the OLGA model
independently of HYSYS until conditions become stable. This can
be done on the OLGA page of the Dynamics tab. Once the
HYSYS and OLGA models have been run together, it is always
recommended to load an OLGA snapshot file to re-initialize this
model. The HYSYS model is always initialized at it's last saved
state.

Use the Load Snapshot checkbox feature of the Auto Start
feature to always load the integrated model in a synchronized
state.

9.3.4 Time Synchronization

OLGA and HYSYS integrate differently using potentially different
time steps and integration techniques. HYSYS is a fixed time
step method whereas OLGA uses a variable time step.

HYSYS's default time step is 0.5 seconds and it is not
recommended to increase this significantly, although a one
second time step may still maintain sufficient accuracy.

The time period that OLGA will go away and run for is the OLGA
Run Interval (which is always an integer multiple of the HYSYS
Step Size). OLGA may integrate over this time period in one or
more time steps, but in every case it will stop precisely at the
end of its run interval.
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To visualize this, consider simulation time zero. At this time
HYSYS will write the input values to OLGA and tell OLGA to go
away and integrate up to a simulation time equal to zero +
OLGA Run Interval. HYSYS then takes its one time step solving
its equations. On the start of the next HYSYS time step, the Link
checks to ensure that OLGA has completed its integration to the
end time requested, which may be equal to or greater than the
HYSYS Simulation time. The Link then retrieves the output
values (solution at the OLGA end time) for use in the next
HYSYS pressure-flow step.

If HYSYS has not integrated up to the same simulation time as
OLGA (if the Run Interval is greater than the HYSYS Step Size),
then the pressure and flow values from OLGA will be used to
interpolate values for use in HYSYS on its next time step.

For example, OLGA was told to go away and run for 3 seconds,
and the HYSYS Step Size is the default 0.5 seconds. HYSYS is
ready to continue integrating from 0.5 up to 1 second, and then
from 1 to 1.5 seconds, and so on. The OLGA values are returned
to HYSYS at the 0.5 second HYSYS time, however OLGA has
already completed simulating for a full 3 seconds before the
values are returned. So the OLGA values are further in the
future of where HYSYS wants to simulate to. Hence the need to
linearly interpolate in time, the effective OLGA boundary flows
and pressures.

When HYSYS integrates enough time steps (OLGA Run Interval
divided by HYSYS Step Size), the input values are again sent to
the OLGA server, OLGA's end time is set to the current time plus
the OLGA Run Interval and then OLGA is told to integrate up to
this time. The integration cycle then repeats itself in this
manner. This approach best combines the integration
capabilities of both simulators, but care needs to be taken to
ensure that OLGA does not go away and calculate without
frequent enough synchronization with HYSYS. This is the
modeler's responsibility and is dependent on the rate of
transients in their simulation and any events and changes as the
simulation progresses.
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9.3.5 Outlet Compositions

The OLGA Link adjusts the composition of the Outlet streams
based on the Reference Stream (or the sum of the weighted
Inlet compositions) and the phase flows for each Outlet as
follows:

1. The reference stream information is taken either directly
from the user specified Reference Stream or by the
weighting of each Inlet's compositions based upon that inlets
flow rate.

2. This reference stream is flashed at the Outlet temperature
and pressure.

3. The resulting three phases will then have their component
mole fractions mixed based upon the flow of each phase out
of the Outlet stream.

4. A final flash is done of this resulting mixture at the Outlet
temperature and pressure.

These calculations will be done every Composition time step if
the net mass flow is positive. If a phase flow is negative but the
net flow is positive (a rare circumstance), then the phase with
the negative flow is ignored in computing the outlet
compositions.

The Link extension relies on the fact that any water phase
needs to be in the third phase slot of the HYSYS stream.
While this is usually the case, it is not always true and may
not be if your oil has a higher specific gravity than water.
Check your inlet and outlet streams to ensure that the third
phase slot is occupied by water. If not, then you will have to
use the Phase Order tab from the Fluid Package property
view within the Basis Environment of HYSYS and select the
Use User Specified Primary Components radio button.

Due to the fact that the OLGA model does not track
compositions, it is best to use one OLGA Link instance to model
a single contiguous network or flow path. Separate networks
with entirely different compositions should be modeled with
separate OLGA Link extensions and hence separate Reference
Streams.
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Outlet (-1) Checkboxes

The (-1) checkbox option in the Outlet group, located on the
Connections page of the Setup tab, is for a special modeling
circumstance within OLGA.

This option can only be used if the Outlet is connected to a
BOUNDARY in OLGA, in other words the Source? checkbox
cannot be selected. The modeling situation is as follows:

Two flowlines are looped with wells W1 and W2 flowing into
them. They flow to two outlets, A and B, which are also
represented by two HYSYS streams A' and B'. The flowlines
have flows F1 and F2 in them which are positive in the sense of
being towards A or B.

Figure 9.16

W1 F1
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In the past, it was not possible to model the above example in
OLGA directly and you had to unravel the above diagram into
the diagram below

Fl W1 F2

a— A A » T R
W2
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The flow towards A is against the direction of the flowline.
Consequently, when OLGA reports F1 it is negative. Hence you
need to use the (-1) checkbox.

9.4 Troubleshooting
9.4.1 Known Problems

The OLGA Server does not always consistently handle the case
of labels. To avoid problems, it is recommended that you always
use upper case for all labels both within the extension and in the
*.inp file.

On occasion and with certain LAN networks, it has been
observed that the first attempt to connect to the OLGA Server
(either via the Connect button on the Server page of the
Setup tab or via the Auto Start feature) may result in a refusal
to connect. Simply try again and the connection should be
successful. This problem occurs when you typically start a new
HYSYS session.

Whilst this is not a problem, it has been observed that
simulating your integrated model across two computers with a
LAN may lead to slower simulation run speeds. In our testing a 2
computer model (one computer for HYSYS and one for OLGA)
obtained a simulation speed of 4 times real time. When the
same model was run on a single computer, 24 times real time
was achieved. This will be dependent on your network
communication speed.

9.4.2 Registering OLGA Link

The following information is provided for more advanced
troubleshooting and should not be normally required if the
Installation Wizard has been used during installation. This
section can help you understand some of the entries on the
Server page of the Setup tab of the OLGA Link property view
within HYSYS.
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Adrninistrative
Toals

Administrative Tools
icon

b

Services

Services icon

At times and if working with multiple versions of the OLGA Link,
the HYSYS user may need to un-register and re-register
alternate versions of the extension.

To update register status use the following proceed:

1.

2.

Open HYSYS and select Preferences from the Tools menu.
The Session Preference property view appears.

On the Extensions tab click the Register an Extension
button. If you already have another version of this extension
registered, then click the Unregister Extension button
first.

Select the OLGALink.dll from the directory that you
installed it in and click OK. Read the output window to verify
that the OLGALink.dll and OLGALink.edf files were
successfully registered.

Figure 9.18

HYSYS Extension Registration ﬂ E I

regextn: Version of Dec 17 2003 12:00:57

-

Fegisterad D:%\Program Files\HyprotechHY'SYS OLGA LIMNE Extension\OLGALink.dl
Scanning D:\Program Files\Hypratech\HYSY'S OLGA LIMNK Extension\OLGALnk. edf...

Adding keys:

Software\HyprotechHY'5Y541. 14EstensionshDLGAPipeline. OLGA:
ProglD: DLGAPipeline OLGA
ExtenzionDefinitionFile: D:\Program Files\Hyprotech HY'SYS OLGA LINE
ExtensionyOLGALink. edf
<defaultz: HYSYS-0LGA Link
ExtenzsionT ype: Unit0peration

Successfully registered 1 objects.

The OLGA Link communicates to the OLGA software using TCP/
IP communication protocol. One requirement of this is to have
the TCP/IP NetBIOS Helper Service properly configured and
started on the machine running your copy of HYSYS.

To check the TCP/IP NetBIOS Helper Service:

1.

2.

In the Windows desktop, click Start | Settings | Control
Panel.

In the Control Panel property view, double-click the
Administrative Tools icon.
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3. Click the Services icon in the Control Panel property view to
see if the TCP/IP NetBIOS Helper Service is installed.

4. 1If the service is installed, make sure that it is activated.

When you have installed the OLGA software from ScandPower,
their installation wizard should automatically add an olga2000
entry with a port address of 16800 in the SERVICES file. Hence
if you just want to connect to one instance of OLGA, then this
file need not be modified. Otherwise on the machine that is
running the OLGA2000 software, you may need to modify the
following file:

C:\WINNT\System32\drivers\etc\SERVICES.

This would be necessary if you want to run more than one
instance of the OLGA Link, connecting to multiple OLGA server
applications. This file may also be located within some other
parent directory depending on the Operating System (for
example C:\Windows\...). Check to see where the windir
environment variable points, if you are uncertain.

At the bottom of the file you may have to add new lines with a
unique name and unique port number for any further TCP/IP
ports that you may want to connect to for multiple instances of
the extension.

01ga2000 16800/tcp
01ga2000a 16801/tcp

If you are running OLGA on a remote machine and you want to
allow other or new local HYSYS computers to also run the
extension and access OLGA on this remote machine, then you
will need to modify a *.rhosts file.

The name of the *.rhosts file does begin with a dot or period
character and it has no extension.

The *.rhosts file should be located in the C:\WINNT directory.

The format of this file is a new line for each computer that you
might want to grant access to. The first entry on the line is the
name of the computer you are giving access to and the second
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entry is the account access. Always use System for the account
access. The computer name should be a full name appended
with the complete domain of the machine.

For example,

jreevesl8.aeathtl.com.

If you are uncertain of your domain name, just try the MSDOS
ping command from a DOS prompt. For example, at the C:\
prompt type:

ping jreevesl8

and in the response it should show you that complete machines
domain. This complete name is necessary if you are
communicating across a larger portion of your LAN to different
sub networks.

Typically, you can enter two lines - one with the computer name
with no domain and the second with the full computer and
domain name. Once you change this file you will need to reboot
your computer or just manually stop and re-start the RSH
Daemon service (rshd.exe) from the Services panel.

An example of typical lines to put in the *.rhosts file are as

follows:
Jreevesl$8 System
Jreevesl8.aeathtl.com System

MyComputer.myDomain.com System

If you are having problems with communication for some
reason, you can also stop the rshd.exe application and start it
from a DOS prompt with the debug option:

Start rshd -d
Always ensure that this service starts automatically (upon
reboot) from the Services applet panel of your remote or OLGA

PC and ensure the Allow service to interact with desktop
checkbox is selected.
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9.4.3 Reverse and Abnormal
Flow Situations

The HYSYS-OLGA Link correctly simulates reverse flow in an
Outlet stream, because the detailed component representation
is lumped into just a water and gas fractions and then passed
to OLGA. OLGA has its own internal component property
representations. This process is exact the same as what is done
for one of the Link extension Inlet stream with forward or
positive flow.

Reverse flow in an Inlet stream will continue to solve, but the
stream will not be updated with any composition or thermal
state from the extension, since the variables cannot be readily
accessed from OLGA. The basic premise for setting an Outlet
streams composition (with positive outflow) is for that
composition to be accessed from either the reference stream or
the sum of the inlet streams. It is not thought practical to take
the reference stream composition for a negatively flowing Inlet
stream.

When reverse flow in an Inlet stream occurs, the model will
continue to run. However, a component material balance
cannot be maintained. A caution message appears in the
HYSYS Trace Window.

For situations where phase slip occurs in the OLGA model to the
point at which one phase is flowing in the opposite direction, the
total mass flow is preserved and maintained between the two
models. For the purposes of updating an Outlets composition,
however, the phase(s) with negative flow is discarded and so
strictly speaking, the model will not be maintaining a component
material balance.
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The above mentioned reverse flow situations should be avoided.

The convention for an OLGA SOURCE is to have positive flow
mean flow into the OLGA pipe. Negative flow means material
removal. This means for an Outlet from a HYSYS-OLGA Link

which is connected to a SOURCE, the OLGA GGSOUR, GLHLMA
and GLWTMA flow variables will be negative but this sign is

negated when used in HYSYS since the HYSYS Outlet flow is
actually positive.

9.4.4 Simulation Stability

The HYSYS-OLGA Link relies on the linking of two simultaneous
hydraulic solvers. This means that the simulation will not
necessarily be stable nor accurate if rapid transients occur at the
Link boundaries. This instability is usually seen when you try to
stop the flow completely. It is recommended that you either:
e Put the valve or other flow control device (pumps
included) at the immediate boundary of the link.

e Put the valve or other flow control device (pumps
included) within either the OLGA or HYSYS model to give
sufficient capacitance to stabilize this tearing of the
hydraulic solutions.

9.4.5 Errors

The HYSYS-OLGA Link will report a number of different types of
errors if problems are experienced. You have the option of
reporting the errors to the HYSYS Trace window or having the
errors appear as a message dialogue box that has to be
acknowledged. You can change this behavior via the Trace
Errors checkbox on the Connections page of the Setup tab.

Most errors will just be of some descriptive text, which should
be self-explanatory. Other categories of messages are described
below.
e If a message is preceded with the words OLGA_SERVER
Reported Error (OLGA_ERROR - Log All

Communication and review log file):, then this
indicates the OLGA Server responded with an error
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message to one of the messages sent by the Client. The
error message from OLGA follows in either the HYSYS
Trace window or message dialogue box.

If OLGA responds with an OLGA_ERROR but it is only of type
warning then this will not prompt an error in HYSYS.

See OLGA Control Page To see these warning messages, you need to use the Log
on page 22. for more All Communication checkbox and view the special
Ifofmatlon on the Log HYSYS trace log file. These error messages should be
Ched:’b':)’)'(“““'ca fon reviewed in conjunction with your OLGA documentation
' and perhaps running the OLGA model standalone
through the same operating scenario.

e If a message is preceded with the words METHOD - then
this indicates that Visual Basic has experienced an
exception in the extension code. The Link was written to
be as robust as possible and the VB code will just report
this exception with its associated error message and then
carry on.

The normal path of code execution would not occur. This
may or may not be a significant problem to the user. If this
error message occurs and you can carry on with your
simulation or what you wanted to do, then it is likely that the
error is immaterial. Otherwise, you may want to contact
Aspentech Support for assistance.

9.4.6 Trace Debugging

If problems are experienced while using the HYSYS-OLGA Link,
then you can try turning on the Log All Communication
checkbox on the OLGA page of the Dynamics tab. This will
trace all client to server (and vice versa) messages by opening
two new files.

¢ One will be on the HYSYS side and will be located in the
same directory as where your HYSYS case resides. The
file will have a name of OLGA2000Client-
dd_mmm_yy-hh_mm.log where the date and time
stamp are appended. This file contains all messaging as
logged by the client (that is the HYSYS extension code).

e The second file will be located in the OLGA model
directory with a name of OLGA2000Server-
dd_mmm_yy-hh_mm.log where the date and time
stamp are appended. This is the logging as done by the
OLGA software.
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Refer to Chapter 11 -
Simulation Tools of the
HYSYS User Guide for
more information.

The two files should match in presenting similar messaging
information.

In order to understand the details of these trace files, you
need to understand some of the OLGA Server Interface
standards as published in ScandPower's Technical Note
(latest revision is document TN3/13.010.002/Rev. 6, 3
March 2003).

9.4.7 HYSYS Communication
using Process Data Tables

Using Process Data Tables in HYSYS makes the extension to
HYSYS communication as fast and efficient as possible. It also
collects the relevant variables in one convenient place.

Each time the Integrator is started in HYSYS, two new Process
Data Tables are constructed for each link extension, one for
inputs into the OLGA server and one to receive outputs from
OLGA. To view these tables select the Databook command in
the Tools menu of HYSYS (or press CTRL D).

On the Databook property view you will see a Process Data
Tables tab where you can view individual tables. Examine these
tables to see if all the expected variables are in the input and
output tables. Look for any typos the way they have been
entered.

9.4.8 OLGA Restart Files

OLGA has the concept of restart files which typically have a
*.rsw extension. These are saved every time that OLGA shuts
down, including when some exception has occurred and the
system has inadvertently shutdown. These files are actually the
exact same file format as the *.snp snapshot files that the Link
saves.
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ju)

New Case icon

Hence, you can just use any pre-existing *.rsw file to initialize
the Link. You will, however, have to rename the extension to
*.snp. You also need to ensure that the restart file being loaded
is sufficiently compatible with the state of the HYSYS model to
prevent errors or to at least allow the simulation to integrate
successfully.

9.5 Getting Started
Example

9.5.1 Introduction

This getting started example will take you through a step-by-
step procedure, which demonstrates how to take an OLGA
model and create a HYSYS case that utilizes the model.

Before you begin, make sure that you have installed both
OLGA2000 and HYSYS on the same or separate machines. Verify
that you have the HYSYS-OLGA Link extension installed and
properly registered on the machine that HYSYS is installed on.
For the purposes of this exercise, we will use an existing OLGA
model, process-test.inp, which can be found in the
Samplel\OLGA files directory where the OLGA Link was
installed. If these conditions are satisfied open HYSYS and
create a new simulation case.

9.5.2 Simulation Basis

The first step is to create the basis for the integrated simulation
that you wish to run. Both OLGA and HYSYS need to know about
the property package and components that will be needed in the
simulation and these need to be consistent. It is known, from
how the OLGA processtest.tab file was created, that the PR
(Peng-Robinson) equation of state is used.

1. Open HYSYS and click the New Case icon. The Simulation
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4.

Basis Manager property view appears.

In the Components tab, create a component list and add
the following components: nitrogen, CO2, methane,
ethane, propane, i-butane, n-butane, i-pentane, n-
pentane, n-hexane, n-heptane, n-octane, n-nonane, n-
decane, n-C11, n-C12, and n-C13.

In the Fluid Pkgs tab, create a fluid package and select
Peng-Robinson EOS for the property package.

Click the Enter Simulation Environment button.

9.5.3 HYSYS Flowsheet

Once the simulation basis has been set up the main simulation
environment is entered. Here you will add the required streams
and OLGA Link extension to the flowsheet (or PFD).

1.
2.
3.

5.

Add a new stream to the flowsheet and call it Feed.
Open the Feed stream property view.

In the Composition page of the Worksheet tab, edit the
compositions of this stream to reflect the composition in the
case Samplel\HYSYS\processtestFinal.hsc.

In the Conditions page of the Worksheet tab, supply this
stream with some initial values for pressure (7500 kPa),
temperature (60°C) and mass flow (57,600 kg/hr).

Save this HYSYS case as myTest.hsc.

9 5.4 OLGA Link Extension

From the OLGA 2000 GUI, open the OLGA input file
process-test.inp.

From the drawing you will notice that there is one BRANCH
named BRAN-1 which has two terminal nodes.

If you examine the input keywords more closely the
following information can be obtained.

On the inlet end there is a SOURCE called INLET1. On the
outlet side there is a terminal pressure BOUNDARY NODE
labelled OUTLET. Using this information we can now add the
HYSYS-OLGA Link extension to the HYSYS flowsheet and
complete the required information on the Setup tab.
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Connections

1. Switch back to your HYSYS case.

2. From the Flowsheet menu select Add Operation or press
F12.

3. In the UnitOps property view, select the Extensions radio
button and select the HYSYS-OLGA Link from the list of
available extensions.

4. Click the Add button to add OLGA Link to the flowsheet. The
OLGA Link property view appears.

5. On the Connections page of the Setup tab, connect the
stream Feed to the Inlets group and change the OLGA
Source label to INLET1.

6. Type Product in the HYSYS Stream column of the Outlets
group to create and connect an outlet stream. Change the
OLGA Boundary label to OUTLET.

7. Open the Product stream property view and click the
Define From Other Stream button. Initialize this stream
from the Feed stream.

8. Switch the mode from Steady State to Dynamics.

9. Click No to the message dialog box regarding the Dynamics
Assistant.

Server Details

1. In the OLGA Link property view, select the Server page of
the Setup tab.

2. At this point take note of the directory locations of the OLGA
executable, the name of the machine where OLGA is
installed and the name of the communication port that was
setup in your system SERVICES file.

3. Enter the name of the machine where OLGA is installed in
the OLGA Host field.
Enter the path to the OLGA EXE on the host machine.

5. Enter the name of the service under which the OLGA server
will be started. On installation OLGA edits the SERVICES file
and will call the service olga2000. Verify this in the
SERVICES file.

6. Enter the number of the port on which the OLGA server will
be started. This is also found in the SERVICES file.
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7. In the OLGA Input files group, enter process-test.inp
proceeded by the full path to the location of this file on the
OLGA computer. You need to make sure that this is shared
with read and write access by the user on the HYSYS
computer.

8. Save the HYSYS case. Make sure that the process-test.inp
and processtest.tab are all in the same file location as you
had specified on the extension property view.

Dynamic Specifications

The OLGA model is calculating the pressure at a SOURCE
location and the phase Mass flows at a BOUNDARY location. The
dynamic specifications in HYSYS should coincide with this,
therefore the inlet stream should have an activated Flow
specification (because OLGA will be calculating pressure) and
the outlet stream should have an activated Pressure
specification. Since we are going to be using the Write P-F
Equations checkbox feature, you could also specify pressure at
the inlet and flow at the outlet, but you would be reliant on the
OLGA derivatives to relate the pressure and flow variables.
1. Open the OLGA Link property view, select the PF Specs
page of the Worksheet tab.
2. Activate the Flow spec of the stream Feed and change the
flow type to Mass Flow. Deactivate the Pressure spec.

3. Specify a mass flow value of 57,600 kg/hr.

Activate the Pressure spec of the stream Product and
specify a value of 5,000 kPa. Deactivate the Flow spec.

Initial Conditions

It is important to initialize the streams in HYSYS with values that
correspond to the conditions given in the OLGA input file. If
these conditions do not match then the results out of the OLGA
model may not be what was expected and the model may
become unstable.

1. Open the process-test.inp file in OLGA2000 and view the

SOURCE and BOUNDARY data for each stream connected to
the OLGA link extension.

2. Remember the conditions given at these locations.
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3. Go back to the HYSYS case and double check this.

You may want to save the HYSYS case at this point as we are
now ready to connect to the OLGA server and run the
simulation.

OLGA Server

The HYSYS case is now properly setup to run the integrated
simulation. At this point it is necessary to start the OLGA server,
connect to it and load the input file.

1. Open the OLGA Link property view in HYSYS.

2. On the Server page of the Setup tab, click the Connect
button to link up the extension with the OLGA server.

If this fails an error will be reported and the status bar will
indicate that the server is not connected. Make sure that the
Use Auto Connect checkbox is selected.

3. Check that the OLGA Model Path and OLGA Input File name
are entered correctly, and click the Load Input File button.

4. The OLGA server will attempt to load the file and initialize
the server. If this is successful the status bar will read OK.

Integrating

The OLGA server has successfully loaded the input file and
initialized. Providing that the dynamic specifications are correct,
the model is ready to be run.

1. In HYSYS, start the integrator from the Integrator property
TF view or by clicking the Solver Active icon on the tool bar.
Solver Active icon It is recommended that initially, you put the HYSYS

Integrator in manual mode and then click the Solver Active
icon. This action will only start the integrator but not take
any steps. Next, you can take a few manual steps and see
how the model simulates. If there are problems with your
OLGA Link extension HYSYS will fail to initialize and a
warning will appear.
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2. View the OLGA Server window to see if the server is
integrating along with HYSYS (this is not possible if the
Server was started automatically on a remote PC).

To see the variables that are being input to and retrieved from
the OLGA server, view the process data tables.

3. In the Tools menu select the Databook command.

4. On the Databook property view, click the Process Data
Table tab.

5. 1In the list of tables you will find an input and an output table
for each OLGA link extension in the flowsheet. Check that
these are the variables that you expect to be transferred to
and from OLGA.

Snapshots

You may want to save both the OLGA model and the HYSYS case
at a certain point in time.

When you save the HYSYS case a snapshot file will be saved
with the name specified on the Server page of the Setup tab
from the OLGA Link property view. This file name is
automatically updated by appending a date and time to the file
name, this keeps the file name unique.

It is recommended that, once you have integrated the HYSYS
and OLGA models, you always load the OLGA snapshot,
which keeps its time and overall simulation state consistent
with that of HYSYS.

9.5.5 Tutorial on HYSYS to
OLGA Stream Connections

As mentioned previously, some care must be taken when
making the pressure-flow connections to and from OLGA. See
HYSYS Pressure-Flow Network Considerations on page 35.
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for description. A linked HYSYS case has been prepared which
demonstrates preferable and non-recommended connection
techniques.

Model Description

The case is called OLGALinkSample2.hsc. You will find that this
OLGA model has a BOUNDARY connection to node TOPSIDE and
a SOURCE connection for material outflow which is connected to
TOPSIDESOURCE. Both of these Outlets flowing into HYSYS are
taken from the end of a pipeline in OLGA (see the file
OLGALinkSampe2.inp). The BOUNDARY connection has an
isolation valve between the final section of the pipeline and
HYSYS, whereas the SOURCE does not.

As a general rule, where connections are made with the
possibility of flow closure or abrupt change, the device which
causes the abrupt change should be placed at the immediate
bound of the two linked models with no holdup (or a very
large holdup with sufficient material capacitance) thereafter.
The device which will most directly affect the flow needs to
send a flow specification to the other model.

In the example case, the HYSYS valve VLV-105 should not be
closed (nor modulated severely) since the stream 14 will be
sending a pressure specification value to the OLGA TOPSIDE
BOUNDARY connection. The valve VLV-101 connection to
SOURCE TOPSIDESOURCE is a much better modeling
technique that allows the closure of VLV-101, because stream
3 will then set an explicit zero flow specification to OLGA. The
VLV-106 in this case is a bad candidate to close since VLV-101
has a holdup of 2m3. This provides two non-zero holdup
volumes between the OLGA and HYSYS model which must
equilibrate their pressures all via the linear PF relationship. If
the holdup of VLV-101 were zero, then the downstream valve
could be fully closed.

In the OLGA model there is a valve called SDVALVE2-VLV
which is controlled via CONTROLLER SDVALVE2. SDVALVE2 is
controlled in the sample model via the OP of HYSYS controller
IC-100. This valve can be successfully closed since it writes an
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explicit zero flow specification to the HYSYS stream 14. The
valves CHOKE-VLV and SDVALVE1-VLV cannot be closed
dependably, since they leave a (small) volume of holdup
material downstream and are connected to the HYSYS model
which must balance off their pressures when either of these two
upstream OLGA valves are closed. If these two OLGA valves
were located, say, a few hundred meters upstream and there
was always sufficient gas holdup in the downstream piping, then
the valve closures would likely be robust and stable. This is
because there is a large volume and hence the pressure
changes more slowly. Of course, a smaller integration step in
HYSYS is always a solution to this type of problem, but this is
not always practical.

This same discussion would apply to connections with pumps or
other abrupt flow control equipment.
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Introduction

10.1 Introduction

DBR PVT Pro is an equation-of-state based program that is
specially designed for petroleum engineers and laboratory

technical personnel for simulating standard PVT laboratory
measurements and evaluating gas miscibility with reservoir
fluids.

PVT Pro is capable of predicting the phase behaviour and the
fluid properties, and performing regression for up to twenty
reservoir fluid samples as well as performing regression on
multiple samples. It offers users the flexibility of choosing
between the Peng-Robinson (PR) equation of state (1976, and
1978) as well as the Soave-Redlich-Kwong (SRK) equation of
state (1972) with both two and three parameters. Also, the best
known literature data and published in-house measured data
have been used to determine the pure component properties
and the binary interaction parameters for the components that
are included in the PVT Pro component library.

This chapter describes the use of PVT Pro property package with
HYSYS Upstream (a product of Aspen Technology Inc.) and the
configuration procedures in PVT Pro environment.

10.1.1 Installing PVT Pro
Package

PVT Pro for COMThermo is installed automatically as a merged
module as part of the HYSYS Upstream. The installation
instructions in the PVT Pro User’s Manual refer to the standalone
version of PVT Pro and do not apply to HYSYS Upstream.

10.2 PVT Pro Package

A PVT Pro property package consists of an equation of state, a
set of samples and components, and thermodynamic and
transport property models for several phases. The objective is to
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characterize a property package using PVT Pro, and then export
the complete package in to HYSYS so that you model your
simulation in a HYSYS environment.

10.2.1 Adding a PVT Pro
Package

To add a PVT Pro property package to a case:

1. Enter the Simulation Basis environment. The Simulation
Basis Manager appears.

* Simulation Basis Manager =l

—Component List:
- - Databank Selechon————————————
Compohent List - 'S5 Databanks]
Component List - 1 [HY5YS Databanks & HYSYS Databanks
i~ Aspen Properties D atabanks
Add |
Delete |
Copy |
Wiew... | Impart... |
E xport.
BRefresh | Fie-import |

1
Components | Fluid Pkgs I Hupotheticals I il M anager I RefS'S Assay Manager I Reactions I Companent Maps IUsar Properties r

Enter P¥T Environment... | i Retun to Simulation Environment.... |

The components for the property package are selected
within the PVT Pro GUI, for more information refer to the
section on Component/Sample Selection Tab. You cannot
select the components within HYSYS.

2. Click the Enter PVT Environment button. The PVT
Environment Manager appears.
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3. On the Engine Setup tab, click Add Package. A new PVT
package (PVT-1) is added to the PVT package list.

IS[E B3

= PYT Environment

~Packages————————————— PackageSetup———

Mame:

Selected Enghe————————————

<none

FTSim D atabase Text File Import
Pet-Ex GAP .prp file import
InfoChem Multiflazh

Add Package |

Bemaove Package | Lavnch Engine. I

- N
Engine Setup | Reservoir Fluidz |

Leave Environment... |

Engine scenarios available are:

e PVTSim Database Text File Import

e Pet-Ex GAP .prp file import

e InfoChem Multiflash

e DBR PVTPro

You can launch the engine via a PVT Sim text file, or a Pet-Ex
GAP .prp file import, with options as shown below:.

= Select PYTSim Text File [_ O] x|

~Path and Filename

P4TSim Filename |

& Estimate HC-HC / Set Mon HC-HC ta 0.0
" SetAlta0.0

& HYSYS

—Treatment of interaction parameters not in Librar HvSwS PR Parameters——
y—‘ " Standard

Companent Impark
’7_ s & ‘ I~ Use EOS Densities

I Library Components As Hypotheticals FBead File

Note: “Treatment of interaction parameters” option on text file import only.

InfoChem Multiflash starts the Multiflash User Interface.
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DBR PVTPro launches the PVT Pro User Interface as
explained below:
1. From the Selected Engine list, select DBR PVT Pro.

Click the Launch Engine button to launch the DBR PVT Pro
GUL.

Setting up a New PVT Pro Property Package

To create a new PVT Pro project, click File > New... in the PVT
Pro Main Menu. The Create New PVT Pro Project view appears.

Figure 10.4

Create New PVT Pro Project

General Setting | Component/Sample Selection I Project Sallingsl Descripliunl

oK

. Create Mew Project by Auto Wizard Start Yizard Mows... |

—System Selection

& 'with characterization

The pragram will characterize true boiling point [TEP) and plus
fractions. Carbon numbers from CF onwards must be continuous.

 without characterization

[ The program will use default or user-defined component properties. ]

—Sample

Pro 5.0 can handle up to 5 reservior fluid samples at the same time. However program may
take langer time to perfarm calculations in the case of a large number of samples. Please
zelect the number of reservior fluid zamples.

Mumber of Reservior Fluid 5amples: |1 3_

—Component Praperty Sharing

= All samples share a same set of characterzed properties.

{* Each sample uses a separate set of characterized properties.

Help

You can open an existing PVT Pro project by clicking on the
Open PVTPro Project File icon.

The Create New PVT Pro Project view consists of four tabs:

e General Setting

e Component/Sample Selection
e Project Settings

e Description
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You have the option to configure the property package manually
by specifying the required information on each individual tab, or
by using the built-in project setup wizard which guides you
through the necessary eight steps to complete the
configuration.

Click on the Start Wizard Now button to start the 8-step Auto
Wizard.

General Setting Tab

Use the General Setting tab to select a pre-defined component
system or a system that requires characterization. If the system
requires characterization, specify whether each sample uses a
separate set of characterized properties, or all sample share the
same set of characterized properties. PVT Pro can handle up to
five reservoir fluid samples at a time.

Component/Sample Selection Tab

Use the Component/Sample Selection tab to specify the
components in the property package. You can select a
component group or a sample to describe the compositions of
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the system for each reservoir fluid sample.

Create New PVT Pro Project E

General Setting  Component/Sample Selection | Praject Sattmgsl Descnphnnl

Sample 1 | LI
Select Component Group ~ Select Sample | Select it later Cancel
Selection Preview
Mo | Group | [ Mo. | Companent

15 1

2 | Clo+a 2 | HX

3 | cni+ 3 N2
4| Ca0+ 4 ct
3| C2zv £ c2
& | C25 B C3
f | C30+ 7 |ic4
8 | C30+A 8 | nC4
3 | C35 9 |ics
10| C7+ 10| nC5
11 | C7+andH20 11 | cB

12 | 5LBC30+ 127 C7

17 | SlRram. =l 13 |8
If the existing ilams do NOt MEST your requirsments, 14 | C3
Plezss use CompBANK to crezts your cwn item. 15 | c1o+

& Start CompBANK | -

Please select a companent group or a sample for each fluid sample. You may also select it later.

Help |

If a component group is selected, you need to specify the
compositions after you complete setting up the project. If a
sample is selected, the composition of the sample is pre-
defined. You may modify the compositions for any selected
sample after you exit the Create New PVT Pro Project view.

If the built-in component group library or sample library do not
meet your system requirement, click Start CompBANK button
to create a user-defined component group or sample as desired.

Project Settings Tab

Use the Project Settings tab to select the equation of state,
including the volume translation (the corrective tern for liquid
density calculation, or commonly known as the three-parameter
PR or SRK equation of state), and a van der Waals mixing rule.
In addition you have the option to select a viscosity model for
the fluid sample, and edit the standard condition and the criteria
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for Pseudo-Ternaries as desired.

Figure 10.6

Create New PVT Pro Project

General Settingl Component/Sample Selection  Project Settings | Descriplionl

r— Select an EOS
¢ PengFlobinzon [1978]  Peng-Robinson [1976] " SRE[1972]
[ wiith Valume Translation IConstant Yolume Translation j
Mixing Rule Ivan derwWaalz Mixing Rule with Temperature Independent Kij j

— Select a Viscosity Model

IEnrrespnndmg-Stales Model with C1 az the Reference Fluid j

i~ Standard Conditior
Standard Pressure psia 7
Standard Temperature | 0.0 F 7

i Criteria for Pseudo-T enaries

Pseudo-Tenaries | From | To |
g e e |
1 T Range for <Lights as.0
2 Tc Range for <Intermediate: | 28.0 460.0
g T Range far <Heavy> | 4600

Help

The With Volume Translation checkbox is selected with Constant
Volume Translation selected by default. The volume correction
option is provided because volume translation improves the liquid
volume predictions of the PR equation of state. It is known that the
two-parameter cubic equation of state (e.g., PR or SRK) tends to
under-predict the liquid volume calculations (Jhaveri and Youngern,
SPE 13118).

Description Tab

The Description tab provides a text editor that allows you to
record any comments or information regarding the project or
the fluid sample in general.

10.2.2 Working Environment

Once you have finished setting up the PVT Pro project, click the
OK button in the Create New PVT Pro Project property view to
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return to the PVT Pro main window.

Save the project by clicking the Save PVTPro Project icon on
the toolbar.

T& PVT Pro 5.0 -- [Untitled] - [Reservior Fluid]

E5 File View Project Functions Model Tuning Units Tools CompBANK Help ===
Dl@|d| 8] =lo| of3|v|[a «|a] B @moEE oldlel«sl e & cl

PYT Caleulation | ECLIPSE &WIP...

2% Ewcel | 9 Nolepadl [ Plat | = Characterization | Toolbar
-1 Fluid Compositions - e
Fas Fiesert'oir Fluid = B Dalogy | IO Data DUtDUtI

# Contamination Studp r— Reservoir Fluid No Eomponentl It | Density | Separatorﬁas| 53parat0rDiI|

- &4 Stream Operation 15 Ib/lbrnal 7| Ib/f73 7| mole % 7| mole % 7|
-3 Characterization Delete Sample | 1 co2 0.0000 0.0000
2 Phase Envelope 2 Ha5 34.08 0.0000 0.0000
8 Compostional Gradiert _ ClerzSarpe | | 1555 2801 0.0000 0.0000
EIA Rleservair Fluid Analysis 4 ol 16.04 0.0000 0.0000
i [~ Data Type 15 c2 30.07 0.0000 0.0000
@ (=t ol B C3 4410 0.0000 0.0000
: : 7 i-L4 58.12 0.0000 0.0000
3D % Sep. Gast Sep. Oif B | nid 5812 0.0000 0.0000
] Recombine Fluid | g i-C5 7215 385 0.0000 0.0000
_ Et[f EipD;t:tEEch 0 | nis 7215 388 0.0000 0.0000
B& Sep. Evp. Data Chec Nirmals Eonmations | 1 | C& 54.00 443 0.0000 0.0000
B FVT Caloulation Tools 12 | C7 100.21 453 0.0000 0.0000
. il FWF [Bo) | Change Fluid Name I 13 | C8 107.00 467 0.0000 0.0000
[l Gas FVF [Ba) 14 | C3 121.00 48.0 0.0000 0.0000
GOR Caleulation [Rs 15 | Clo+ 260.00 55.6 0.0000 0.0000

Gas Recovery
Two PhaseVLE

B Bubble/Dew Poirt

=10 ultinle Phass Rehavion T
1 *

| Worksheet

| Characterization: Yes, Share Model Properties: No, EOS: PR{1978) | 5

The PVT Pro main window is displayed in a two-pane format:
Function Explorer (left pane) and Data Operating Area (right
pane).

Function Explorer

The Function Explorer pane resembles a Windows directory in
which you can click on the corresponding item in the directory to
access a desired function window.
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Data Operating Area

The Data Operating area displays the corresponding function
window that you select via the Function Explorer. It is the main
working area where you can input data, run calculations, and
view results.

10.2.3 PVT Calculation

This section focuses on the Fluid Compositions,
Characterization, and Phase Envelope functionalities. The use of
other PVT Pro calculation capabilities are described in the PVT
Pro online help system.

Fluid Compositions

The Fluid Compositions function consists of three sub-functions:

e Reservoir Compositions
e Contamination Study
e Stream Operation

Reservoir Compositions

The Reservoir Compositions function window allows you to
specify the molecular weight, standard density, and composition
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for each component.

Figure 10.8

3€ Excel | &) Notepad Plat |@|
(1] Datalnpull =
— Reservoir Fluid———— | No_| Component | M | D ensity | Reservoir Fluidl
12 Ibelbrnal 7] b3 | mole % =
DeleteSample | | [T 1z 2801 GREED]
S £O2 44.01 00000
ﬂl H25 3408 01770

C1 16.04 E3.5364
2 a0.07 1.239
4410

—DataT
a

O EeME =6

—leofoo || o o] =foafr
]
[

: i o4 5512
{~ Sep. Gas & Sep. Ol ] 5812
Becambine Eluid | L5 7215 388 04228
0 | nC5 7215 388 0.3048
Narmalize Compasitions | e 84.00 443 0777
12 | C7+ 199.69 537 25,5659
Change Fluid M ame |

To transfer all data from a PVT Pro Worksheet to MS Excel:

1. Right-click anywhere on the PVT Pro worksheet.
2. Select Send to MS Excel from the menu.

In the Data Type group, you have the option to specify the
sample to be a Reservoir Fluid or Sep. Gas & Sep. QOil.

Sep. Gas refers to the gas that is produced through the
separator (or series of separators). Sep. Oil refers to the oil
that is produced by flashing a reservoir fluid through a separator
at the surface. Both separator gas and oil samples are sampled
directly from the separator at the specific operating pressure
and temperature of the separator. For separator oil, the
separator pressure normally exceeds ambient pressure, and as
such, the separator oil can be expected to contain dissolved gas.

If the Sep. Gas & Sep. Oil option is selected, the Recombine
Fluid button becomes available. There are two types of fluid
recombination: GOR Recombination and Bubble/Dew Point
Recombination.
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GOR Recombination

Figure 10.9

r— Stream Selection e |
Input Stream 1 [Gas) I T
Input Stream 2 [0il) | =l |
Result Stream [Fhid) | =

r— Recombination Method

i« GOR " Saturation Pressure

i Recombination Condition

& Stack Tank ¢ Separatar

— GOR Data Type
{* Molar  Wolumetric  { Weight

Data Input under Stock Tank Condition———————

Mole GOR mﬁiiiil 7

Caleulate O Density
Help |

The GOR Recombination function allows you to calculates the
mixing proportion of the separator oil and separation gas that
results in a recombined reservoir fluid composition according to
a gas-oil ratio (GOR).
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Bubble/Dew Point Recombination

Figure 10.10

Fluid Recombination

i Stream Selection
Calculate |
Input Stream 1 [Gaz] I X
Input Steam 2 (0] | = | [
Result Stieam (Flid) | =l

r— Recombination Method

 GOR £ Saturation Pressure

i~ State of Recombined Reservair Fluid

& 0l " Gas Condensate

i~ Recombination Conditions

Bubble Point pda 7
Reservoir Temperature | 0.0 F 7

i Initial K- alues

f* Generated by Program

€ Entered by User Erter Iritial K alues |

Help

The Bubble/Dew Point Recombination function allows you to
calculate the mixing proportion of the separator oil, and
separator gas that result in a recombined reservoir fluid
composition according to a specified saturation condition. This
condition may be a bubble point pressure or a retrograde drew
point pressure.

Contamination

Oil based drilling mud is widely used in offshore drilling
applications. The use of mud can cause major difficulties in
collecting high quality fluid samples because the mud could
affect key fluid properties such as the cloud point, saturation
pressure, and gas-oil ratio. Since accurate reservoir fluid
properties are needed in reservoir development, it is highly
beneficial to determine accurate compositions and phase
behaviours of reservoir fluids from contaminated samples.

This new function, in PVT Pro 5.0, makes it possible to calculate
the reservoir fluid properties of a sample contaminated with a

10-13



10-14 PVT Pro Package

synthetic drilling mud with a known or unknown composition
using the Subtraction and Skimming Method respectively.

In PVT Pro, you may enter in the compositions of your
contaminated reservoir fluid. Typically a composition of at least
C20+ is required to determine the drilling mud composition
since mud composition is usually in the range of C9 - C30. Once
the fluid composition is entered you can click on the
contamination function found in the directory pane.

Once you have selected the Contamination function, the
Contamination Study view appears. The Contamination Study
consists of five steps:
e Step 1: Determine Oil & OBM Using Skiming or
Subtracting Method

e Step 2: Characterize Contaminant into Pseudo-
Components

e Step 3: Tune Properties of Pseudo-Components to Match
Experimental Data

e Step 4: Display Tuning Results & Save Pseudo-
Components to CompBANK

e Step 5: Further Steps

Step 1 is primarily used to determine if the fluid is contaminated
and by what percentage. Step 2 to 5 are available for
determining the uncontaminated properties of the original fluid.
Typically, only experimental data for the contaminated fluid is
available, and it is not an accurate indicator of how the original
reservoir fluid will behave with changes in pressure and
temperature.

Select the five steps from the drop-down list or use the Previous
and Next button to navigate the corresponding view of each
step. Specify the required information as you proceed. The five
steps are discussed in the following sections.
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Step 1: Determine Oil & OBM Using Skiming
or Subtracting Method

You can choose the method to determine the composition and
amount of mud in the reservoir fluid. Two methods are
available: The Subtraction Method if the user knows the drilling
mud composition or The Skimming Method if the drilling mud
composition is unknown.

Contamination Study

IStep‘I Determing Ol & OBM Using Skiming or Subtracting Method j << Previous | Mext = |

Method Selection | Composition Input | Calculation Result |
B Perform Calculation | = -
7~ Method Selection Plat |

& Known Diiling Mud Components / Subtracting Method

" Unknown Driling Mud Components / Skimming Method

— Drilling Mud Camposition Selection

Drilling mud compositions starting from I j to I j

I~ Enaow Drilling Content (Mud/Contamined Fluid)

Options [Save Calculation Results)

Save Uncontamined Stieam to I [31] Shream3t ﬂ

Save Drilling Mud Stream ta I [32] Stream32 ﬂ

Help |

If the drilling mud compositional data is not available, a range
for the mud components must be entered (usually C9 - C25 is
sufficient). The program will only find the components that have
caused contamination (i.e., the drilling mud composition) and
the calculation results may find that the mud only has
components from C12-C16 even though the user's range was
larger than needed.

Save the uncontaminated stream and mud composition in the
project. By default, Stream 31 is set to be the uncontaminated
and Stream 32 is for the drilling mud.
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Click Perform Calculation to calculate the composition of the
drilling mud and the amount of mud (mol% or wt %). The
results are displayed on the Calculation Results Tab.

The window below indicates that the reservoir fluid was only
slight contaminated with drilling mud (i.e. < 0.5 mol%).

Step 2: Characterize Contaminant into
Pseudo-Components

Step 2 allows you to create pseudo components for the drilling
mud. You can create pseudo component groupings for the range
of calculated drilling components determined. For example, if
your drilling mud composition lies between C12-C16, you can
create one pseudo component or two groups and name them as
desired by typing in the Component Name column. To
characterize the mud pseudo components, click the Do
Characterization button.

Contamination Study [ <]
IStep 2 Characterize Contaminant into Pseudo-Components j << Previous | Mext > |
Characterize Contaminant inta Pseudo-Companents |

Cloze |
Number of Pzeudo-Companents @ |2 3‘ .“. Do Characterization |

Pt |

Help
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Step 3: Tune Properties of Pseudo-
Components to Match Experimental Data

Step 3 consists of three tabs:

e Characterization Results. Allows you to view the
characterization results for the pseudo components. The
Save Mud Properties into CompBANK allows you to save
the pseudo components into the CompBANK to later
create a component group with the mud pseudo
components (Step 5).

o Experimental Data. Allows you to specify mud density
and viscosity at different pressures and temperatures.
The liquid compositions (calculated values) are also
displayed for the pseudo components in the bottom table
of the experimental tab.

e Select Tuning Parameters. Allows you to tune the
pseudo components to experimental data and select the
parameters to tune against.

Contamination Study I

IStep 3 Tune Properties of Pseudo-Camponents to Match Experimental D ata j << Previous | Mext =» |

Charaterization Results  Experimental Data | Select Tuning Palametersl

Murnber of Available Mud-Miked Streams |2 3 Close |
Mud-Mixed Stream 1 | Mud-Mixed Stream 2 | Plot |
Mumber of YLE Experiment Stages |3 vl

Feed Stagel | Stage 2 I Stage 3 |

Condition/Properties | Pressue psia 7
Temperature 0.0 F T
Liquid Density | 0.0 b/ft3 7
Liquid ¥igcozity | 0000 cP 7
Liquid Compostions Mo | Component | b | Liquid |
] | Ib/lbrnol 7| Mol Fras |
Momalize 1 0.000000
B | 0.000000
3 Berzene | 78.11 0.000000

Help
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Step 4: Display Tuning Results & Save
Pseudo-Components to CompBANK

In Step 4, the tuning results are displayed along with the
deviation between calculated and experimental data.

Step 5: Further Steps

To create a component group that contains the mud
components:

1.

2.

Click on a new sample tab (i.e., Sample 2) found on the right
side of the program screen.

Click Start CompBANK and add the mud component(s)
(previously saved in the CompBANK in step 3) to the same
component list that was used for the original contaminated
sample.

To create the contaminated system by mixing the appropriate
amounts of uncontaminated oil and the mud components:

1.
2.

Click the Excel icon to open MS Excel

Refer Go to the Step 1, in the Decontamination Module for
Sample 1, in the Calculation Results tab, click copy all to
paste the uncontaminated fluid and drilling mud composition
into Excel. Also copy the contamination level of the drilling
mud and uncontaminated fluid (in mol%).

Copy the Pseudo Drilling Mud Composition(s) from Step 3,
Experimental Data and put it into the Excel spreadsheet.

Calculate the appropriate mud composition for the pseudo
components by multiplying the contamination level of the
drilling mud and the mole fraction of the pseudo component
copied in Step 3.

Calculate the appropriate uncontaminated fluid composition
by multiplying the mol % of the decontaminated level copied
in the Step 2 above and each component mol % and dividing
by 100.

Copy these mol % into the Sample 2 component list now in
PVT Pro (This sample is representative of the contaminated
fluid originally entered into Sample 1)
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To tune the EOS model with any experimental data done on the
contaminated reservoir fluid.

Under Sample 2, clone sample 1. This will clone all the tuning
done and experimental data etc. Set the pseudo mud
component(s) to zero and recalculate the PVT tests to find the
uncontaminated phase behaviour and fluid properties. Do not
re-characterize the fluid. Rerun the calculations to obtain
uncontaminated reservoir fluid properties.

Solvent Composition

To enter solvent compositions:
1. Select Stream Operation from the Function Explorer.

2. On the Stream Compositions tab, click on the MW cell for
Solvent.

3. Enter a composition.
Repeat step 2 and 3 for Dry Gas and NGL.

5. If desired, right-click on the units under the stream and
select Normalize to normalize the compositions.

6. To combine the streams, click the Stream Mixing button.

7. Select the Input Streams and the Result Stream from the
drop-down list.

8. Click on the Save Stream to CompBANK button to save
the stream to CompBANK.

9. In the Save Current Stream to CompBANK view, enter the
Stream name.

You may save the current reservoir fluid data to CompBANK
as an oil sample. To do so, select Save Stream to CompBANK
from the Stream Operation menu. Enter the sample name in
the dialog provided. Select Solvent or Dry Gas & NGL.
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10.2.4 Model Tuning

Cubic equations of state (EOS) usually do not predict laboratory
data of oil/gas mixtures accurately without tuning of the EOS
parameters.

PVT Pro provides a wizard to guide the user through the tuning
process. Model tuning is achieved by using a multi-variable
regression package to fit one or more of the following
experimental data:

e Saturation Pressures

e PVT Tests

e Saturation Pressures and PVT Tests

e \Viscosities

It is recommended that model tuning be performed right after
the system is specified but before any calculation functions are
executed. Otherwise, you may need to update the calculation
results that were generated prior to model tuning. See Refresh
Calculation Results for details.

Tuning Model Parameters

e Adjustable Parameters

C.
1
Tci, Pci, b_.’Kg and o (10.1)
1

e Saturation Pressures
The interaction coefficients are estimated using the
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following equation:

11, 1 1«
_ 6,6 102
Kij = 1- [2VCiVC]j/(ViiVijj (102
e PVT Tests

Adjust Volume Translation Parameters

- For light components (MW<90)
The volume translation is calculated as follows:

)

i

5. = 0.46720)1.—0.1547 (10.3)
i

- For heavy components (MW 90)
Volume translations are tuned by the standard
densities of single components. (Standard Condition
60F, 14.7 psia)

c? _ PR pexp (10.4)

Select whether to use the Peneloux Correlation to
tune volume translation:

€
b_,' = const(1) -

0
C_i

0 + const(2) (10.5)
i

S
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e Viscosities
Select whether to adjust viscosity coefficients Cy;sc i

TV’:S - C T (10.6)

ci visc, 1" ci

Model Tune with Saturation Process

1.

10.

11.

12.

13.
14.

15.

Activate the Model Tuning function from the menu bar or
toolbar. There are four items that can be tuned in the Model
Tuning dialog.

Select Saturation Pressures.

Under the Reservoir Fluid tab enter the number of
experimental data points.

Enter each set of experimental data.

Select a PVT test and select the checkbox to include swelling
test.

Under the Swelling Test tab, choose whether to tune
saturation pressures for swelling test.

Enter the number of experimental data points and the
experimental data.

Click Next Step to proceed to Select Parameters.
Select whether to use theta to tune Kij.

Enter the number of Kijs to be tuned and input appropriate
data.

Enter any other information desired in the Tc, Pc, Acentric
factor, Pedersen Coefficients, Omega A and Omega B tabs.

Click Next to proceed to Sensitivity Analysis. The Start
Sensitivity tab will appear. Select the Iteration Limit as
well as the Error Tolerance.

Click Next to view the Sensitivity Results dialog.

Click Next to proceed to the Do model Tuning Step. Enter
the Iteration and Error Tolerance. Click Start Tuning.
The result dialog appears upon the completion of model
tuning.

Click Save & Close to exit the result dialog.
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Model Tune with PVT Tests

1. Enter experimental data in the Experimental Data tab of PVT
test(s).

2. Activate the Model Tuning function from the function
explorer or toolbar.

3. Select PVT Tests. There are several options: CCE, DL, CVD,
Separator, Swelling and P-T Flash/Dead Oil.

4. Select a test on the sample tab and select the checkbox on
the test tab.

5. Corresponding tuning information appears in the area on the
right.

6. Adjust the number of Experimental Data points and enter
the information below.

7. Assign a weight for each checked property item by moving
the tab marker or click on the Set All Weights to 100 button.

8. Click next to proceed to the Select Parameters step.
9. Adjust Volume Translation Parameters.

10. Click next to proceed to the Perform Sensitivity Analysis
step.

11. Enter a desired Iteration Limit and Error Tolerance. Click
Start Sensitivity Analysis.

12.Click Next to proceed to the Modify Sensitivity Analysis
results step. Modify as desired.

13. Click Next to proceed to the Do Model Tuning step.

14. Select Iteration Limit and Error Tolerance and then click
Start Model Tuning button.

15. Click Next to proceed to the Model Tuning Results. The
result dialog appears upon the completion of model tuning.

16. Click Save & Close to exit the result dialog.

Model Tune with Saturation pressures and PVT tests:

1. Select Saturation Pressures and PVT Tests from the model
tuning dialog.

2. Simply follow the steps outlined for each item individually.

10-23



10-24 View Calsep PVTSim File

Model Tune with Viscosities

1.

2.

10.

11.

12.

13.
14.

Enter experimental data in the Experimental Data tab of PVT
test(s).

Activate the Model Tuning function from the function
explorer or toolbar.

Select Viscosities. There are several options: CCE, DL, CVD,
Separator, Swelling, and P-T Flash/Dead Oil.

From the tree browser in the sample tab, select the desired
tests. Click on the Test tab, located on the right, to make
the corresponding tuning information appear.

Adjust the number of Experimental Data points and enter
corresponding data.

Assign a weight for the oil viscosity by moving the tab
marker or click on the Set All Weights to 100 button.

Click Next to proceed to the Select Parameters step.
Adjust Viscosity Coefficients.
Click Next to proceed to the Sensitivity Analysis step.

Enter Iteration Limit and Error Tolerance then click Start
Sensitivity Analysis.

Click Next to proceed to the Modify Sensitivity Analysis
step. Modify as desired.

Click Next to proceed to the Do Model Tuning Now step.
Enter the Iteration Limit and Error Tolerance, then click
Start Model Tuning.

Click Next to display Model Tuning Results.
Click Save & Close to exit the result dialog.

If you want to update all existing results based on the tuned
model, click on the Refresh All button on the PVT Pro toolbar.
See Refresh Calculation Results.

10.3 View Calsep PVTSim

File

Providing consistent thermodynamic results across different
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modeling environments is a key prerequisite on the path to
integrated assest modeling. HYSYS Upstream makes this viable
by providing access to industry recognized third party PVT
packages.

You must have a HYSYS Upstream license to read the case the
first time. Once you have viewed the case, you can close it and
reopen it without a license.

HYSYS Upstream links to Calsep PVTSim through the PVT
Environment.
1. From the PVT environment, click Add to add a new engine.
Select an engine from the Selected Engine list.
Click Launch Engine.
Click Select to navigate to the CALSEP text file.
Select either Treatment of interaction parameters not
in Library:
e Estimate HC-HC / Set Non HC-HC to 0.0, or
e SetAllto 0.0
6. Select the HYSYS PR Parameters:
e HYSYS or Standard
e Use EOS Densities
7. Click Read File.

u A~ WN

HYSYS will read the text file and create a Fluid Package with the
appropriate components, method and interaction parameters. A stream
will be created with the compositions given in the text file (if present) and
the user will be put into the Flowsheet Environment.

PVT Pro for HYSYS Upstream 10-25
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Introduction

11.1 Introduction

The Production Allocation Utility lets you track the contribution
of selected streams to other down-flowsheet streams. The
contribution is tracked on a compositional flow or percentage
basis.

Use of the Production Allocation utility is particularly relevant in
scenarios where a model depicts a system that relies on multiple
suppliers for inlet feeds and you want to track the individual
supplier contributions to the resulting products.

Notes:

The utility does not navigate into Column Subflowsheets and
does not support the use of reactions or reactors.

Black Oil streams must first be translated in order to be used
with the utility.

11.2 Production Allocation
Utility Property View

To add a Production Allocation Utility:

1. From the Tools menu, select Utilities. The Available Utilities
property view appears.

2. From the list of available utilities, select Production
Allocation Utility.
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3. Click the Add Utility button. The Production Allocation
property view appears..

™ production Allocation: Production allocation Ukility-1

rContribution Stream Selection:

Flowshest: Available Streams: Selected Streams:
Case [ET Bailup Feed @COLT
him iﬁ]!k_ Feed Propane &COLT
Prapane Prapene &COLT
Propene —

4 | ToCondenser GCOLT
Rect Out i
R

To Rect

Bemove |

—
Selupl Fieport | Dynamics |
Delete Mame !:-‘:[Dductinn Allocation Utiity-1

11.2.1 Setup Tab

The Setup tab lets you select the flowsheet and streams within
the flowsheet. Typically feed streams are selected.

Object ‘ Description

I~ lgnored

Flowsheet list Lets you select the flowsheet containing the streams
you want to track.

Available Lets you select the streams available in the selected

Streams list flowsheet.

Selected Streams | Displays the list of streams you have added into the

list Production Allocation utility.

Add button Lets you add the selected stream (in the Available
Streams list) into the Production Allocation utility for
tracking.

Remove button Lets you remove the selected stream (in the Selected
Streams list) from the Production Allocation utility.

Property View Assign a unique name to the utiltity to distinguish it

Common Area: from other Production Allocation Utilities you may add

Name Field for other parts of the simulation case.
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Object

Property View
Common Area:
Delete Button

‘ Description

Use this button to delete the Production Allocation
Utility from the simulation case.

Property View
Common Area:
Ignore checkbox

other processes.

Check the box to ignore the results of the utility in any
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11.2.2 Report Tab

The Report tab lets you view the component flow rate of the
selected streams.

™| production Allocation: Production Allocation Utility-1

~Selected Report Stream

Methad "6 Mol Flow € MassFlow Volums Flow ¢ Flow Percent |

Matrix

Flowshest Avalable Streams:
== e [Boiop Feed @COLT | Propane GCOL] | Propens @COLT [o Conde
Variables TN (COLY) - 3 B

Propene [lbmolerhr]

Ta Condenser
To Reboiler
oRect

ol

Setup Report | Dynamios

[~ lgnered

Object ‘ Description

Flowsheet list Lets you select the flowsheet containing the
stream you want to view.

Available Streams Lets you select a stream available in the selected

list flowsheet.

Selected Report Displays the contribution (component or percent

Stream table flow rate) from the added streams to the selected
stream.

Basis group Contains radio buttons that let you select the basis
of the contribution flow rate.
The types of basis available are: Molar, Mass,
Volume, and Flow Percent.

Variables Page

Use the Production Allocation Utility Reports Tab Variables Page
to output reports for selected variables in Stripchart form.

1. In the Production Allocation Utility, click the Reports tab,
Variables Page.

2. Use the Variables selector forms to populate the Report
Variable List.

3. Set the report basis in the Basis selection box.
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4. Click Create Stripchart.

2 Production Allocation: Production Allocation Utility-1

rSelected Report ~Lomp ~Source ~Report Variable List————
Wariable
Propene @LOLT Fropare
Propene @COL1 Propane
Add Propene GCOL1 Propan:
Propene @COL1 Propars

=
I
3

Method
Flowsheet: Bwailable Streams:

HEN Tose Tan]
Variables Tin  (coln

Fragare]
Fiopene

RIRIRIR]

Bu

Remove

(Bawis

Mass Flow

Std Lig Vol Flow
Flow Percent Lreate Stripchart

Setup Report | Dynamics
Delete Name  [Fioduction Allacation tliy-1 -

11.2.3 Dynamics Tab

Use the Production Allocation Utility Dynamics tab Properties
page to set a value for the control period, and check whether to
use default time periods, or to enable the settings in Dynamics.
1. In the Control Period field, specify the frequency that the
utility is calculated.
A value of 10 indicates the utility is recalculated every tenth
pressure flow step. This can help speed up your dynamic
simulation since utilities can require some time to calculate.

2. Activate the Use Default Periods checkbox to set the

Control Period of one utility to equal the Control Period of
any other utilities that you have in the simulation.

3. Activate the Enable in Dynamics checkbox to activate the
utility for use in Dynamic mode.

I~ lgnored
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Neotec Black Oil Methods and

A.1 Neotec

Black Oil

Methods and
Thermodynamics

You can select the desired black oil methods in the Neotec Black

Oil Methods Manager.

Several black oil PVT calculation methods exist, each based on
data from a relatively specific producing area of the world.

Correlations

Standing (1947) Correlation
for Rg and B,

‘ Data

Based on 22 California crude oil-gas
systems.

Lasater (1958) Correlation
for Rg

Developed using 158 data from 137
crude-oils from Canada, Western and
mid-continent USA, and South America.

Vasquez and Beggs (1977)
Correlations for Rg and B,

Based on 6004 data. Developed using
data from Mid-West and California crudes.

Glaso (1980) Correlations
for Rg and B,

For volatile and non-volatile oils.
Developed using data from North Sea
crudes.

Al-Marhoun (1985, 1988,
1992) Correlations for Rg
and B,

Based on data from Saudi crude oils and
Middle East reservoirs.

Abdul-Majeed and Salman
(1988) Correlation for B,

Based on 420 data points from 119 crude
oil-gas systems, primarily from Middle
East reservoirs.

Dokla and Osman (1992)
Correlations for Rg and B,

Based on 51 bottomhole samples taken
from UAE reservoirs.

Petrosky and Farshad (1993)
Correlations for Rg and B,

Based on 81 oil samples from reservoirs
in the Gulf of Mexico.
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A.1.1 Terminology

Before we discuss the PVT behaviour and transport property
procedures, you should be familiar with the following terms:

Stock Tank Conditions

Produced Gas Oil Ratio

Solution Gas Oil Ratio

Viscosity of Heavy Qil/Condensate Blends
Specific Enthalpies for Gases and Liquids
Oil-Water Emulsions

Stock Tank Conditions

Stock tank conditions are the basic reference conditions at
which the properties of different hydrocarbon systems can be
compared on a consistent basis. The stock tank conditions are
defined as 14.70 psia (101.325 kPa) and 60°F (15°C).

Produced Gas Qil Ratio

The produced gas oil ratio is the total amount of gas that is
produced from the reservoir with one stock tank volume of oil.
Typical units are scf/stb or m3 at s.c./m?3 at s.c.

Solution Gas Qil Ratio

The solution gas/oil ratio is the amount of gas that saturates in
the oil at a given pressure and temperature. Typical units are
scf/stb or m3 at s.c./m3 at s.c.

Above the bubble point pressure, for a given temperature, the
solution gas/oil ratio is equal to the produced gas oil ratio. For
stock tank oil (in other words, oil at stock tank conditions) the
solution gas oil ratio is considered to be zero.
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Viscosity of Heavy Oil/Condensate
Blends

A common relationship for estimating the viscosity of a mixture
of two hydrocarbon liquids is as follows:

Cy (1-Cp
Ky = p‘A4 oy ! (Al)
where:

u, = viscosity of the blended stream

viscosity of liquid A

M
viscosity of liquid B

Hp
Ca= volume fraction of liquid A in the blended stream

Ky
For cases where u_B>2O, it is recommended by Shu (1984) that
another correlation should be used to calculate the viscosity of
the mixture assuming that liquid A is the heavier and more
viscous fluid than liquid B.

X, (1-X,
W, = by Xy (A.2)

where:

aCy
=4 A.3
X4 aC,+Cp (A-3)

B 17'04(SA _ SB)0.5237S/34A2745SIB.6316

Ln(ﬁ—:)

S, = specific gravity of liquid A

o

(A.4)

Sg = specific gravity of liquid B
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Data from two different crude oil/condensate blends have been
used to compare the results predicted by Equation (A.1) and
Equation (A.2) through Equation (A.4). The following table
contains the available data for the two oils and the condensate

liquid.
API Specific Viscosity (mPa.s)
Gravity Gravity
Oil A 14.3 0.970 12840 7400 2736
oil B 14.3 0.964 3725 2350 1000
Condensate 82.1 0.662 0.42 0.385 -

To simplify viscosity calculations at intermediate temperatures,
the data given in the above table for each liquid were fitted to
the following form:

_ 100 b A.5
“_“'(1.8~T+3 (A-5)

where:
T = temperature, °C

a, b = fitted constants

The resulting values of a and b are given in the following table.

Liquid ‘ a ‘ b

Oil A 849.0 3.07
oil B 370.0 2.62
Condensate 0.28 0.44

In all cases, the fit is very accurate (maximum error is about
3.6%) and the use of Equation (A.5) introduces minimal error
into the comparison.
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Measured data were available at three temperatures (0°C, 5°C,
and 10°C) for each of the crude oils with three blending ratios
(90%, 80%, and 70% crude oil). Mixture viscosities calculated
by Equation (A.1) and Equation (A.2) are compared with
these data in the following table.

Equation 1.3 Equation 1.4
Blend Umeas
(% crude) (mPa.s) | MHealc Heale
(mPa.s) (mPa.s)

A 0 90 2220 9348 321.1 2392 7.8
A 0 80 382 3111 714.4 370 -3.1
A 0 70 89 1035 1062.9 86 -3.4
A 5 90 1464 4661 218.4 1442 -1.5
A 5 80 272 1656 508.2 260 -4.4
A 5 70 71 588 728.2 66 -7.0
A 10 90 976 2670 173.6 953 -2.4
A 10 80 198 999 404.6 194 -2.0
A 10 70 56 374 567.9 53 -5.4
B 0 90 744 2774 272.9 989 32.9
B 0 80 147 1056 618.4 205 39.5
B 0 70 45 402 793.3 58 28.9
B 5 90 516 1531 196.7 629 21.9
B 5 80 112 615 449.1 148 32.1
B 5 70 37 247 567.6 45 21.6
B 10 90 396 951 140.2 436 10.1
B 10 80 87 399 358.6 113 29.9
B 10 70 29 168 479.3 37 27.6

From the table it is clear that the results calculated using
Equation (A.1) are not acceptable and would lead to gross
errors calculated pressure losses. As for Equation (A.2), it
gives excellent results for the blends involving Qil A. While the
errors associated with Oil B blends are significantly larger, they
are not unreasonable.
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Equation (A.3) can be further modified to improve its accuracy
by introducing a proprietary calibration factor.

Equation 1.4

Blend Pmeas

(% crude) (mPa.s)
B 0 90 744 817 9.8
B 0 80 147 157 6.8
B 0 70 45 43 -4.4
B 5 90 516 529 2.5
B 5 80 112 115 2.7
B 5 70 37 34 -8.1
B 10 90 396 371 -6.3
B 10 80 87 90 3.4
B 10 70 29 28 -3.4

The results obtained from the modified Shu correlation show
that the calibration procedure has yielded a significant
improvement in accuracy. This also applies to data at 0°C, which
were not used in the determination of the calibration since no
measured viscosity values for either Oil B or the condensate
were available at that temperature.

It has been demonstrated that the correlation of Shu (1984) is
much superior to the simple blending relationship expressed by
Equation (A.1), and it is capable of giving acceptable accuracy
for most pipeline pressure drop calculations.

Specific Enthalpies for Gases and
Liquids

The temperature profiles are calculated by simultaneously
solving the mechanical and total energy balance equations. The
latter includes a term that is directly related to changes in the
total enthalpy of the fluid(s). This means that all Joule-

Thompson expansion cooling effects for gases, and frictional
heating effects for liquids would be taken into account implicitly.

A-7
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In pipelines and wells the Joule-Thompson effect is typically
exhibited as a large decrease in temperature as a gas
expands across a restriction. According to the relationships
between the temperature, pressure, and latent energy of the
fluid, the fluid typically cools when it expands, and warms
when compressed.

It is not necessary, for example, to impose the approximations
inherent in specifying a constant average value of a Joule-
Thompson coefficient. it is, however, necessary to be able to
compute the specific enthalpy of any gas or liquid phase, at any
pressure and temperature, as accurately as possible. The
following sections describe the procedures for computing this
important thermodynamic parameter for various fluid systems.

Undefined Gases

For undefined single phase gases, where only the gravity is
known, the specific enthalpy is determined by assuming the gas
to be a binary mixture of the first two normal hydrocarbon gases
whose gravities span that of the unknown gas. The mole
fractions are selected such that the gravity of the binary mixture
is identical to that of the unknown gas of interest.

For example, a natural gas having a gravity of 0.688 would be
characterized as a binary mixture consisting of 72.3 mole %
methane (gravity = 0.5539) and 27.7 mole % ethane (gravity =
1.0382) since (0.723)(0.5539) + (0.277)(1.0382) = 0.688. The
enthalpy of the binary mixture, calculated as described above
for compositional systems, is then taken as the enthalpy of the
gas of interest. This is in fact the same procedure that has been
used to create the generalized specific enthalpy charts that
appear in the GPSA Engineering Data Book (1987).

The specific enthalpy has been evaluated as described above for
a number of specified gas gravities over a relatively wide range
of pressures and temperatures. The enthalpy of the unknown
gas is obtained at any given pressure and temperature by
interpolation within the resulting matrix of values.
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Undefined Liquids

Undefined hydrocarbon liquids are characterized only by a
specific or API gravity, and possibly also the Watson K factor.
They are also referred to as “black oils”, and the specific
enthalpy is computed using the specific heat capacity calculated
using the correlation of Watson and Nelson (1933):

C, = Ay x [Ay+(457)] (A.6)

where:
Cp = specific heat capacity of the oil, btu/Ib°F

T = temperature, °F

The three coefficients have the following equations:

A, = 0.055K +0.35
A, = 0.6811-0.308y, (A.7)
A5 = 0.000815 - 0.000306y,

where:
1/3

K = Watson K factor = -2—

S, = specific gravity of the oil

The specific enthalpy at any temperature T, relative to some
reference temperature T, is given by the following equation:

T
H= jcp(r)dT (A.8)
T

o

The specific enthalpy computed using Equation (A.8) is
independent of pressure. For real liquids, the effect of pressure
is relatively small compared to the temperature effect, but it
may become significant when the pressure gradient is large due
to flow rate rather than elevation effects.
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Large pressure gradients tend to occur with high viscosity oils.
At higher flow rates, frictional heating effects can become
significant, and the heating tends to reduce the oil viscosity,
which in turn, affects the pressure gradient. Unfortunately, this
complex interaction cannot be predicted mathematically using
specific enthalpy values that are independent of pressure. The
net result is that the predicted pressure gradient will be higher
than should actually be expected.

For fully compositional systems, the calculated specific enthalpy
of a liquid phase does include the effect of pressure. A series of
calculations have been performed using the Peng-Robinson
(1976) equation of state for a variety of hydrocarbon liquids,
ranging from relatively light condensate liquids to relatively
heavy crude oils. In each case, specific enthalpy was calculated
over a wide range of pressures at a low, moderate, and high
temperature. In the case of the condensate liquids, specific
compositional analyses were used. For the heavier crude oils,
the composition consisted of a number of pseudo-components,
based on published boiling point assay data, as generated by
Neotec's technical utility module HYPOS. In all cases, the effect
of pressure was found to be constant and is well represented by
the following relation:

Hp g = H, +0.0038 x (P~ 15) (A.9)

where:

Hp 1 = specific enthalpy at the specific pressure and
temperature, btu/Ib-°F

Hpo 1 = specific enthalpy computed with Equation (A.8)

P = pressure, psia

Figure A.1, Figure A.2, and Figure A.3 show the comparison
between specific enthalpies calculated using the Peng Robinson
equation of state and those computed using Equation (A.9) for
16.5, 31.9, and 40.5° API oils, respectively. For comparison
purposes, Hpo T was taken to be the value computed by the Peng
Robinson equations of state at 15 psia.
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Effect of Pressure on Specific Enthalpy for a 16.5° API Oil
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Effect of Pressure on Specific Enthalpy for a 31.9° API Oil
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The effect of pressure is included in all specific enthalpy
calculations, and therefore, in all temperature profile
calculations, in a way that closely approximates similar
calculations for fully compositional systems.

Oil-Water Emulsions

The rheological behaviour of emulsions may be non-Newtonian
and is often very complex. Generalized methods for predicting
transport properties are limited because of the wide variation in
observed properties for apparently similar fluids. It is usually the
case with non-Newtonian fluids that some laboratory data or
other experimental observations are required to provide a basis
for selecting or tuning transport property prediction methods.

Neotec assumed that an emulsion behaves as a pseudo-
homogeneous mixture of hydrocarbon liquid and water and may
thus be treated as if it were a single liquid phase with
appropriately defined transport properties.
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The volumetric flow rate of this assumed phase is the sum of the
oil and water volumetric flow rates,

0,=0,+0, (A10)
where:
Qe = volumetric flow rate of emulsion, ft3/sec or m3/sec
Q, = volumetric flow rate of oil, ft3/sec or m>/sec
Q,, = volumetric flow rate of water, ft3/sec or m3/sec

The water volume fraction in the emulsion, C,, is thus given by,

0
- _Zw A1l
C, 0.0, (A11)

Since the emulsion is assumed to be a pseudo-homogeneous
mixture, the density is given by,

Pe = pwcw+po(1 7Cw) (A12)
where:
pe = density of the emulsion, Ib/ft> or kg/m>
pw = density of the water at flowing conditions, Ib/ft3 or kg/

m3
po = density of the oil at flowing conditions, Ib/ft> or kg/m>

The effective viscosity of an emulsion depends on the properties
of the oil, the properties of the water, and the relative amounts
of each phase. For a water-in-oil emulsion (in other words, the
oil is the continuous phase), the effective viscosity of the
emulsion can be much higher than that of the pure oil.
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A commonly used relationship for estimating the viscosity of a
water-in-oil emulsion is,

u, = Fu, (A.13)
where:
pe = viscosity of the emulsion, cP or mPa.s
po = viscosity of the oil, cP or mPa.s

Fe = emulsion viscosity factor

The factor Fe is usually considered to be a function of the water
fraction C, and the best known procedure for estimating F, is
the graphical correlation of Woelflin (1942).

More recently, Smith and Arnold (see Bradley, 1987)
recommended the use of the following simple quadratic
equation,

F,=10+25C, +14.1C, (A14)

The emulsion viscosity factors based on Woelflin’s *‘medium’
emulsion curve (he also presented curves for ‘loose’ and ‘tight’
emulsions) are compared in Figure A.4 with those calculated
using Equation (A.14).
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The two relationships are virtually identical for C,, < 0.4, but
diverge rapidly at higher values of C,,.

Figure A.4
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With increasing water fraction, the system will gradually behave
more like water than oil. The water fraction at which the system
changes from a water-in-oil emulsion to an oil-in-water
emulsion is called the inversion point. The transition to an oil-in-
water emulsion is generally very abrupt and characterized by a
marked decrease in the effective viscosity. The actual inversion
point must usually be determined experimentally for a given
system as there is no reliable way to predict it. In many cases
however, it is observed to occur in mixtures consisting of
between 50% and 70% water.

Guth and Simha (1936) proposed a similar correlation as Smith
and Arnold (Equation (A.14)),

F, = 1.0+25C,+14.1C, (A15)

where:

Fo = emulsion viscosity multiplier for the continuous phase
viscosity

Cy = volume fraction of the dispersed phase
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If C,; is defined as the water fraction at the inversion point, then
for C,, < C,j, the emulsion viscosity is given by Equation
(A.13), with F. defined by Equation (A.14). However, for C,, >
Cywi, the emulsion viscosity should be computed using the
following expression,

He = Fep‘w (A16)

where:
wy = viscosity of the water phase, cP or mPa.s

Fe = 1.0 + 2.5(1-C,)+14.1(1-C,)?

As shown in Equation (A.15), while the constant and the first
order term on the right can be shown to have a theoretical
basis, the squared term represents a purely empirical
modification. It seems reasonable therefore to view the
coefficient of the squared term (i.e., 14.1) as an adjustable
parameter in cases where actual data are available.

To illustrate the predicted effect of the inversion point, Figure
A.5 shows a case in which C,; = 0.65. Also the corresponding
curves for several different values of the coefficient of the
squared term are compared.
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The large decrease in the predicted value of the emulsion
viscosity is evident. The effect on the emulsion viscosity can be
seen in Figure A.6, since, above the inversion point, the factor
is used to multiply the water viscosity, which is typically
significantly lower than the oil viscosity.

Limited experience to date in performing pressure loss
calculations for emulsions suggests that the Woelflin correlation
over-estimates the viscosity at higher water fractions. It is thus
recommended that one use the Guth and Simha equation unless
available data for a particular case suggest otherwise.

Figure A.6
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A.1.2 PVT Behaviour and
Transport Property
Procedures

Figure A.7

MNeotec Black 0il Methods [ =]
Procedure Becommendation Bas

’7 {+ Black Oil Defaults " UserSelected ‘
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Solution GOR Standing -
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Gaz viscosity Lee, Gonzalez and Eakin -
Live Cil Yiscosity Chewy and Connally -
Undersaturated Oil Yiscosity Khan -
Dead Cil Yiscosty Ecustion ASTM Equiation -
Watzon K Factor Specify -
Surface Tension Calculate -

Cloze

There are nine PVT behaviour and transport property procedures

available in the Neotec Black Oil Methods Manger:

e Solution GOR

e Oil FVF

e Undersaturated Oil FVF

e Gas Viscosity

e Live Qil Viscosity

e Undersaturated Oil Viscosity
e Dead Oil Viscosity Equation
e Watson K Factor

e Surface Tension

Solution GOR

The solution gas oil ratio, Rs, is the amount of gas that is
assumed to be dissolved in the oil at a given pressure and

temperature. Typical units are scf/stb or m3 at s.c./m?3 at s.c.



Neotec Black Oil Methods A-19

Above the bubble point pressure, for a given temperature, the
solution gas oil ratio is equal to the Produced Gas Oil Ratio. For
the oil at Stock Tank Conditions, the solution gas oil ratio is
considered to be zero.

You can select one of the following methods to calculate the

solution GOR:
e Standing.
e Vasquez Beggs.
e lasater.

e Glaso (Non Volatile Qils)

e Glaso (Volatile Qils)

e Al Marhoun (1985)

e Al Marhoun (Middle East Qils)
e Petrosky and Farshad

e Dolka and Osman

Oil FVF

The Oil Formation Volume Factor is the ratio of the liquid volume
at stock tank conditions to that at reservoir conditions.

The formation volume factor (FVF, B,) for a hydrocarbon liquid is
the volume of one stock tank volume of that liquid plus its
dissolved gas (if any), at a given pressure and temperature,
relative to the volume of that liquid at stock tank conditions.
Typical units are bbl/stb or m3/m3 at s.c.

You can select one of the following methods to calculate the Qil

FVF:
e Standing
e Vasquez Beggs
e Glaso

e Al Marhoun (1985),

e Al Marhoun (Middle East Olls)
e Al Marhoun (1992)

e Abdul-Majeed and Salman

e Petrosky and Farshad

e Dolka and Osman
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Undersaturated Oil FVF

In HYSYS, the default calculation method is Vasquez Beggs. You

can choose other calculation methods as follows:

e Al Marhoun (1992)
e Petrosky and Farshad

Figure A.8 shows the typical behaviour of the oil formation
volume factor that is observed as the system pressure is
increased at a constant temperature.

Figure A.8
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From the initial pressure up to the bubble point pressure (i.e.,
the point at which GOR = R, which happens to be 3,073 psia in
this case), the oil is assumed to be saturated, and B, continues
to increase, as more and more gas goes into solution. The effect
of this increasing solution gas is always much greater than the

corresponding shrinkage of the oil due to pure compression
effects.
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At the bubble point, there is no more gas to go into the solution,
and the oil then becomes progressively more undersaturated
with increasing pressure. With the solution gas-oil ratio being
constant, the portion of the curve in Figure A.8 labelled
“Compressibility Ignored” shows the behaviour that would be
predicted by the correlations for B, that we have looked at to
this point. In actual fact, however, at pressures greater than the
bubble point pressure, B, is decreasing, due totally to the
compressibility of the oil. The actual behaviour that is observed
is thus indicated in Figure A.8 by the portion of the curve
labelled “"Compressibility Included”.

In general, the compressibility of liquids tends to be relatively
low, and the pressure effect on B, is thus not large. In this
particular case, B, decreases from 1.417 at the bubble point
pressure to 1.389 at a pressure of 6,000 psia, which represents
a volume decrease of only about 2% for a pressure increase of
almost 50%. For some fluid systems, however, particularly
lighter oils with relatively high GOR values, the effect can be
significantly larger.

Gas Viscosity

Viscosity is a measure of resistance to flow of or through a
medium. As a gas is heated, the molecules' movement increases
and the probability that one gas molecule will interact with
another increases. This translates into an increase in
intermolecular activity and attractive forces. The viscosity of a
gas is caused by a transfer of momentum between stationary
and moving molecules. As temperature increases, molecules
collide more often and transfer a greater amount of their
momentum. This increases the viscosity.

You can select one of the following calculation methods to
calculate the gas viscosity:

e Lee, Gonzalez and Eakin
e Carr, Kobayashi and Burrows (Dempsay version)
e Carr, Kobayashi and Burrows (Dranchuk version)
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Live Oil Viscosity

Live oil viscosity is the measure of flow resistance of the live oil.
Live oil refers to oil that is in equilibrium with any gas that may
be present. If there is any free gas, the oil is also said to be
saturated. If there is no free gas, but more could go into
solution in the oil if it were present, the oil is said to be
undersaturated.

You can select one of the following calculation methods to
calculate the live oil viscosity:

e Chew and Connally
e Beggs and Robinson
e Khan

Undersaturated Oil Viscosity

For a given temperature, an oil is said to be undersaturated at
any pressure above the bubble point pressure. Increasing the
pressure would force more gas to go into solution if there was
any, but above the bubble point pressure, there is no more free
gas. With no more gas going into solution above the bubble
point, the viscosity of the oil actually begins to increase with
increasing pressure due to the compressibility of the oil. Since
liquid compressibility is typically small, the effect of pressure on
viscosity is much smaller above the bubble point than below.

A number of correlations have been proposed for computing the
viscosity of undersaturated oils, and a few of these are
described below. All of these procedures assume that the bubble
point pressure is known at the temperature of interest, as well
as the saturated oil viscosity corresponding to the bubble point
pressure.

You can select one of the following calculation methods to
compute the undersaturated oil viscosity:

e Vasquez and Beggs
e Beal

e Khan

e Abdul and Majeed
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Dead Oil Viscosity Equation

The term Dead Oil refers to oil that has been taken to stock tank
conditions and contains no dissolved gas (in other words, gas
solution). Dead oil may exist at any pressure or temperature,
but it is always assumed that all gas was removed at stock tank
conditions. Any properties ascribed to a dead oil are thus
characteristic of the oil itself.

Dead Qil Viscosity is the viscosity of an oil with no gas in
solution. A number of the more useful methods for calculating
this quantity are defined in the equations below.

The General Equation is defined as,
SLP
ny, = czspr(%) (A17)

where:
Hg4o = dead oil dynamic viscosity, cP
CEPT, SLP = constants for a given oil

T = oil temperature, °F

The ASTM Equation is defined as,
log,(log,pZ) = A~ Blog, (T +460) (A18)

where:
Z=vg+0.7
V4o = dead oil kinematic viscosity, cS
A, B = constants for a given oil

T = oil temperature, °F
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The kinematic viscosity, vq4, is given by,
v,, = do (A.19)

where:

po = density of the oil at the temperature of interest,
expressed in g/cm3.

The Eyring Equation is given by,

_ 1.8B
Vdo ~ Ae"p(ﬂ 460) (A.20)

where:

A and B = constants for a given oil

Watson K Factor

You can choose to specify the Watson K Factor, or you can have
HYSYS calculate the Watson K Factor. The default option is
Specify.

The Watson K Factor is used to characterize crude oils and crude
oil fractions. It is defined as,

K = (A21)

where:
K = Watson K factor

T1g = normal average boiling point for the crude oil or crude
oil fraction, °R

SG, = specific gravity of the crude oil or crude oil fraction
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For example, a particular kerosene cut, obtained over the boiling
point range 284 - 482 °F, has a specific gravity of 0.7966. Then,

0.5(284 + 482) + 4601"">

_ [
K 0.7966 (A22)

= 11.86

Values of K typically range from about 11.5 to 12.4, although
both lower and higher values are observed. In the absence of a
known value, K = 11.9 represents a reasonable estimate.

Surface Tension

Surface tension is the measure of attraction between the surface
molecules of a liquid. In porous medium systems (i.e. oil
reservoirs), surface tension is an important parameter in the
estimation of recoverable reserves because of its effect on
residual saturations. On the other hand, most correlations and
models for predicting two phase flow phenomena in pipelines
are relatively insensitive to surface tension, and one can
generally use an average value for calculation purposes.
Calculations for wells have a somewhat stronger dependence on
surface tension, in that this property can be important in
predicting bubble and droplet sizes (maximum stable droplet
size increases as surface tension increases), which in turn, can
significantly influence the calculated pressure drop. Even then,
however, surface tension typically appears in the equations
raised to only about the Y4 power.

You can choose to have the surface tension calculated by
HYSYS, or you can specify the surface tension. The default
option is Calculate.
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