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About This Manual

Aspen Plus is a powerful tool that allows you to easily model petroleum processes.
Using this book, you will learn the basics of how to build and run a process model
of a simplified crude fractionation train. After completing the five sessions in this
guide, you will be able to perform basic simulations of petroleum processes.

This manual assumes you have:

Installed the Aspen Plus Simulation Engine and User Interface

Completed the tutorial sessions in Getting Started Building and Running a
Process Model, so that you are familiar with the basics of how to use Aspen
Plus

Modeling Petroleum Processes with
Aspen Plus

Modeling Petroleum Processes

Version 10.1-0

Petroleum refining processes are highly complex and integrated. They have unique
characteristics that set them apart from other chemical processes, including:

Process feedstocks, which consist of complex and wide-boiling mixtures of
hydrocarbons, whose exact compositions are unknown

Highly-coupled and heat-integrated fractionation units, used to separate
feedstocks into a variety of products with different specifications

Open steam and cooling water for stripping and heat recovery, giving rise to
the presence of two liquid phases throughout the refining process

Degree of separation specified in terms of distillation temperatures, gaps,
overlaps, and other properties

Product specifications given in terms of stream properties such as flash point,
pour point, sulfur content, metal contents, and octane number



Aspen Plus provides special features to handle the unique characteristics of
petroleum refining applications. With Aspen Plus, you can develop a simulation
model of your petroleum process, then use this model to study alternative modes
of operation or optimize the existing operation.

This manual guides you through some of the key petroleum features in Aspen
Plus. You can use these features with the wide range of other Aspen Plus
capabilities, such as estimating and regressing physical properties, fitting plant
data to simulation models, and optimizing your process.

Sessions In this Book

This book guides you in building a flowsheet that describes a crude fractionation
train in a petroleum refinery. Each chapter contains a tutorial session that builds
one block of the flowsheet. You can complete the entire flowsheet by following each
chapter in succession.

This book includes the following hands-on sessions:

Complete this chapter To learn how to

1 Blending Crude and Petroleum Fractions Define components, enter assay data for two crude oils, and blend the
crude oils into a single process feed.

2 Adding a Preflash Tower Model a preflash tower.

3 Adding an Atmospheric Crude Distillation Unit Model a crude atmospheric unit.

4 Adding a Vacuum Unit Model a vacuum unit.

5 Displaying Petroleum Properties Use petroleum properties with your simulation model to obtain more

information about the process.

Using Backup Files

Vi

We recommend that you perform all sessions sequentially in order to build the
entire model. However, you can skip chapters and work on the session of your
choice, using backup files containing simulation data.

Aspen Plus provides backup files containing all problem specifications and results
for each tutorial session. If you skip a session, you might need to load a backup
file to supply missing data. The chapter describes how to do this. If you perform
each tutorial session in order, you can use backup files to compare your results.

Modeling Petroleum Processes
Version 10.1-0



For More Information

Online Help Aspen Plus has a complete system of online help and
context-sensitive prompts. The help system contains both context-sensitive help
and reference information. For more information about using Aspen Plus help,
see the Aspen Plus User Guide, Chapter 3.

Aspen Plus Getting Started Building and Running a Process Model This
tutorial includes several hands-on sessions to familiarize you with Aspen Plus.
The guide takes you step-by-step to learn the full power and scope of Aspen Plus.

Aspen Plus Getting Started Modeling Processes with Electrolytes This
tutorial includes several hands-on sessions to familiarize you with simulating
electrolyte systems with Aspen Plus.

Aspen Plus Getting Started Modeling Petroleum Processes This tutorial
includes several hands-on sessions to familiarize you with simulating petroleum
processes with Aspen Plus.

Aspen Plus Getting Started Customizing Unit Operation Models This
tutorial includes several hands-on sessions to familiarize you with the
customization of unit operation models with Aspen Plus.

Aspen Plus User Guide The three-volume Aspen Plus User Guide provides
step-by-step procedures for developing and using an Aspen Plus process
simulation model. The guide is task-oriented to help you accomplish the
engineering work you need to do, using the powerful capabilities of Aspen Plus.

Aspen Plus reference manual series Aspen Plus reference manuals provide
detailed technical reference information. These manuals include background
information about the unit operation models and the physical properties methods
and models available in Aspen Plus, tables of Aspen Plus databank parameters,
group contribution method functional groups, and a wide range of other reference
information. The set comprises:

e Unit Operation Models

* Physical Property Methods and Models
* Physical Property Data

* User Models

e System Management

e System Administration

e Summary File Toolkit

Aspen Plus application examples A suite of sample online Aspen Plus
simulations illustrating specific processes is delivered with Aspen Plus.

Modeling Petroleum Processes vii
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Aspen Plus Installation Guides These guides provide instructions on
platform and network installation of Aspen Plus. The set comprises:

* Aspen Plus Installation Guide for Windows
* Aspen Plus Installation Guide for OpenVMS
e Aspen Plus Installation Guide for UNIX

The Aspen Plus manuals are delivered in Adobe portable document format (PDF)
on the Aspen Plus Documentation CD.

Technical Support

World Wide Web For additional information about AspenTech products and
services, check the AspenTech World Wide Web home page on the Internet at:

http://www.aspentech.com/

Technical resources To obtain in-depth technical support information on the
Internet, visit the Technical Support homepage. Register at:

http://www.aspentech.com/ts/

Approximately three days after registering, you will receive a confirmation e-mail
and you will then be able to access this information.

The most current Hotline contact information is listed. Other information
includes:

* Frequently asked questions
e Product training courses
e Technical tips

viii Modeling Petroleum Processes
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AspenTech Hotline If you need help from an AspenTech Customer Support
engineer, contact our Hotline for any of the following locations:

If you are located in: Phone Number Fax Number E-Mail Address
North America & the +1-617/949-1021 +1-617/949-1724 support@aspentech.com
Caribbean +1-888/996-7001
(toll free)
South America
(Argentina office) +54-11/4393-5308 +54-11/4394-8621 tecnoba@aspentech.com
(Brazil office) +55-11/5506-0756 +55-11/5506-0567 tecnosp@aspentech.com
Europe, Gulf Region, & Africa atesupport@aspentech.com
(Brussels office) +32-2/724-0100 +32-2/705-4034
(UK office) +44-1223/312220 +44-1223/366980
Japan +81-3/3262-1743 +81-3/3262-1744 atjsupport@aspentech.com
Asia & Australia atasupport@aspentech.com
(Hong Kong office) +85-2/2838-6077 +85-2/2833-5642
(Korea office) +82-2/761-5800 +82-2/761-5803
o o o o
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Chapter 1

1

Blending Crude and
Petroleum Fractions

This tutorial contains five sessions to guide you through the process of building a
model of a crude fractionation train typically found in a petroleum refinery.

In this first session, you will begin to build the model by defining the crude feed
to the process, using the Aspen Plus Assay Data Analysis Run Type. You will use
this run type to analyze petroleum crudes before running a flowsheet simulation.

In this session you will:

Define components

Enter assay data for two crude oils

Blend the crude oils to produce the crude feed
Generate pseudocomponents for the blend
Run the Assay Data Analysis calculations
Examine results

Allow about 45 minutes to complete this session.

Modeling Petroleum Processes 1-1
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Blending Crude
and Petroleum
Fractions

Petroleum Process Flowsheet

The following illustration shows the petroleum process flowsheet you will work
with throughout this book:

Kl

=

CUAWATER OFF-GAS |-
HMAPHTHA WD

@ il
%
[FERGEENE |«
%‘ [cusTz}—» G
,
&G0} - A

L1
RED-CRD

1 VDL-STH

Problem Definition: Crude Fractionation Train

1-2

The process consists of the following steps:

1.

The process feed (MIXCRUDE), consisting of a blend of two crude oils (OIL-1,
see Table 1.1; OIL-2, see Table 1.2), goes to the preflash furnace.

The preflash tower (PREFLASH) removes light gases and some naphtha from
the partially vaporized feed.

Preflash bottoms (CDU-FEED) are further processed in the crude distillation
unit (CDU). The CDU consists of a crude unit furnace and an atmospheric
tower. First, the crude unit furnace partially vaporizes the bottoms from the
preflash. Then the atmospheric tower separates the preflash bottoms into five
cuts:

- Heavy naphtha (HNAPHTHA)
- Kerosene (KEROSENE)

— Diesel (DIESEL)

— Atmospheric gas oil (AGO)

— Reduced crude (RED-CRD)

Reduced crude goes to the vacuum distillation unit (VDU) for further
fractionation under vacuum conditions. The VDU consists of a vacuum unit
furnace and vacuum tower. The vacuum tower produces the following
additional cuts:

Modeling Petroleum Processes
Version 10.1-0



Chapter 1
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Table 1.1

Overhead (OFF-GAS)

Light vacuum gas oil (LVGO)
Heavy vacuum gas oil (HVGO)
Asphaltic residue (RESIDUE)

OIL-1: (API = 31.4)

TBP Distillation Light Ends Analysis API Gravity Curve
Lig. Vol. % Temperature (F) Component Lig. Vol. Frac. Mid. Vol. % Gravity
6.8 130.0 Methane 0.001 5.0 90.0
10.0 180.0 Ethane 0.0015 10.0 68.0
30.0 418.0 Propane 0.009 15.0 59.7
50.0 650.0 Isobutane 0.004 20.0 52.0
62.0 800.0 N-Butane 0.016 30.0 420
70.0 903.0 2-Methyl-Butane 0.012 40.0 35.0
76.0 1000.0 N-Pentane 0.017 450 320
90.0 1255.0 50.0 285
60.0 230
70.0 18.0
80.0 135
Table 1.2 OIL-2: (APl = 34.8)
TBP Distillation Light Ends Analysis API Gravity Curve
Lig. Vol. % Temperature (F) Component Lig. Vol. Frac. Mid. Vol. % Gravity
6.5 120.0 Water 0.001 20 150.0
10.0 200.0 Methane 0.002 5.0 95.0
20.0 300.0 Ethane 0.005 10.0 65.0
30.0 400.0 Propane 0.005 20.0 45,0
40.0 470.0 Isobutane 0.01 300 40.0
50.0 550.0 N-Butane 0.01 40.0 38.0
60.0 650.0 2-Methyl-Butane 0.005 50.0 330
70.0 750.0 N-Pentane 0.025 60.0 30.0
80.0 850.0 70.0 25.0
90.0 1100.0 80.0 20.0
95.0 1300.0 90.0 15.0
98.0 1475.0 95.0 10.0
100.0 1670.0 98.0 5.0

1-3



Blending Crude
and Petroleum
Fractions

Starting Aspen Plus

To start Aspen Plus:

U From your Windows desktop, click Start, then select Programs.

O Select AspenTech, then Aspen Plus 10.1-0, then Aspen Plus User Interface.

The Aspen Plus Startup dialog box appears.

Aspen Plus displays a dialog box whenever you must enter information or make a
selection before proceeding. In this simulation, you will use an Aspen Plus
template.

U Point the mouse to the Template radio button and click the left mouse button.

U  Click OK.

The New dialog box appears.

Use the New dialog box to specify the Application Type and Run Type for the new
run. Aspen Plus uses the Application Type you choose to set appropriate defaults
for your application. For this simulation, you will use the Petroleum with English
Units template and the Assay Data Analysis Run Type.

U Use the left mouse button to select the Petroleum with English Units template.
U  Click the arrow to the right of the Run Type box to display the available run types.
U From the list, select Assay Data Analysis to specify an Assay Data Analysis/PCS run.

U  Click OK.

Note If the Connect Host dialog box appears, see Appendix A.

Wait a few seconds while the changes are applied.

The Aspen Plus graphics workspace is shaded because you do not use a graphical
simulation flowsheet in specifying an Assay Data Analysis run.

Use the Aspen Plus expert guidance Next function to take you to the next
required input specification.

1-4 Modeling Petroleum Processes
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Chapter 1

U In the toolbar, click Next.

The Setup Specifications Global sheet appears.

Specifying Title and Global Options

The Setup Specifications Global sheet displays the defaults Aspen Plus uses for
other forms. You will use this form to:

« Specify a title for your simulation
« Review the global settings that were set when you selected the Petroleum
with English Units Application Type

The Run Type Assay Data Analysis is already selected. You do not need to
change this field.

It is always good practice to describe your problem by entering a title for the
simulation.

U In the Title box, type Getting Started With Petroleum -- Session 1. Press Enter.

Since you chose the Petroleum with English Units Application Type when you
started this session, Aspen Plus has set the following global defaults for input
specifications:

« ENGPETRO units (English Engineering units appropriate for Petroleum
applications, such as volume flow in barrels per day)

« StdVol flow basis for all flow inputs

o Free-water calculations

Modeling Petroleum Processes

Version 10.1-0
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Blending Crude
and Petroleum
Fractions

1-6

The form is complete, and all the defaults set by the Petroleum with English
Units Application Type are appropriate for this problem:

[ Setup Specifications - Data Browser
[@ specifications | |§5 | | <}:n|-b| <<||m| -] >>| $|@| N9|
=4 Setup JﬁluhallJDescription | Aecounting | Diagrostics |
----- &) Specifications
: @ Simulation Optiores
=-{3] Units Sets Title: IGetting Started with Petroleum--S egsion 1
@) ENG o _ i
@ ENGPETRO Units of meazurement Global settings
- @ MET Input data; EMGPET v[ Run type: Assay Data Analyziz j
g METCBAR Output results: |[ENGPET = =¥ el eie % j
METCKGECM
- @ METPETRO Stream clags: COMYEM j
= Kl Flowvs basiz: Stdviol j
=/ ] 5I-CBAR Ambient pressure: |14, 69535 Ipsi =]
o @ Feport Dptions Yalid phases: j
- gg] Components
{3 Properties ¥ Use free water calculations
{7 Flowshesting Options
{77 Results Summary
|[Input Complete &

U On the Setup Specifications form, click the Next button at the right of the toolbar.

The Components Specifications Selection sheet appears.

Modeling Petroleum Processes
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Chapter 1

Specifying Components

Use the Components Specifications Selection sheet to specify components for the
simulation.

U Enter the component IDs and component names shown below:

Component ID Component Name
H20 WATER

C1 METHANE

C2 ETHANE

C3 PROPANE

IC4 ISOBUTANE

NC4 N-BUTANE

IC5 2-METHYL-BUTANE
NC5 N-PENTANE

You will define two crude assays, OlIL-1 and OIL-2.

U In the next Component ID field, type OIL-1.

O In the Type field for OIL-1, click the left mouse button and select Assay.

U Enter OIL-2 and identify it as an Assay, in the same way as you did for OIL-1.

Modeling Petroleum Processes
Version 10.1-0
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1-8

The Components Specifications form is complete:

Iﬂ Specifications

B Components Specifications - Data Browser

----- &) Specifications

----- &) Simulation Dptions
B3] Units Sets

----- &) ENG

----- & METCKGCM

----- & METPETRO

..... & ol

----- & SI-CBaR

..... G Feport Options

= 4] Components

----- G Specifications

- ] Aesap/Blend

[-{¥] Petro Characterization

Py

----- ) Pseudocomponents

----- .’ ‘- Attr-Comps
1:| Herry Comps
----- () UNIFAC Groups
B Polymers

12 Pranerties

T

[

JSeIectlunI o Petraleumm | Moncorvertional | W Databanks |

— Define components
Component |0 Tupe Component name | Farmula

IC4 Conventional  ISOBUTAME C4H10-2 ;I
4 Conventional  [N-BUTAME C4H10-1
IC5 Conwentional  |2METHYL-BUTA CBH12-2
HCS Conventional  [N-PENTAME CAH12-1
01L-1 Agzay
olL-2 Azzay

» =
Find Elec wizard Uzer Defined Reorder |

Component I I data are to be retrieved from databanks, enter either Component Hame

or Formula, See Help.

|Input Cornplete

U Click the Next button.

The Components Assay/Blend Basic Data form for OIL-1 appears.

Modeling Petroleum Processes
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Chapter 1

Entering Assay Data

On the Components Assay/Blend Basic Data form for OIL-1, you will enter the
laboratory assay data for OIL-1 (Table 1.1).

g

Modeling Petroleum Processes
Version 10.1-0

In the Distillation curve type field, click the list box. Select True boiling point (liquid
volume basis) to indicate you are entering data for a TBP curve on a standard liquid
volume basis.

In the Bulk gravity value box, select the API gravity option by clicking the radio button.

In the API gravity field, enter 31.4.

In the Percent Distilled and Temperature fields, enter the following TBP distillation
values for OIL-1:

Percent Distilled

Temperature F

6.8 130
10.0 180
30.0 418
50.0 650
62.0 800
70.0 903
76.0 1000
90.0 1255

1-9



Blending Crude
and Petroleum

Fractions
The Components Assay/Blend Basic Data Dist Curve sheet for OIL-1 is complete:
= Components Azsay/Blend DIL-1 Basic Data - Data Browser [_ O] x|
[@ Basic Data J EfE [noretre] o= <«fan -] > | we
-~ Specifications J‘D.st [:unrel Light Ends I GravitgJOPE. I M alecular 't I Optional I
@ Simulation Options
E-{¥] Urits Sets — Distillation curve
""" G ENG Digtillation curve type: Percent | Temperature
..... &) ENGPETRO — — - distilled
..... G MET True boiling paint (iquid wolume basiz) j IF j
..... &) METCEAR _ - E.2 130 ﬂ
_____ @ METCKGCM Biessure; ID.1933353 ||:|3| j il o0
""" G METPETRO Bulk. gravity walue 30,0 IR
..... 5| o :
_____ g S CRAR = Specific aravity B0 E50
- Report Options * AP qavity 314 £2.0 200
[=1{g| Components 700 503
- Specifications i
B~ _QJ Azzay/Blend 6.0 1000
E| E oL b 30.0 1255 LI
B3
¥ Petro Characterization
T Peendaenmnnnents ;I
|Input Complete i
O Click the Light Ends tab.
The Light Ends sheet for OIL-1 appears.
Use this sheet to enter light ends analysis data, given as a fraction of the assay
mixture.
U Inthe Component and StdVol Fraction fields, enter the following light ends analysis
data:
Component Fraction StdVol
C1 0.001
C2 0.0015
C3 0.009
IC4 0.004
NC4 0.016
IC5 0.012
NC5 0.017
The Light Ends sheet for OIL-1 is complete:
1-10 Modeling Petroleum Processes
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Chapter 1

|.;;3 oIL-

1

J BB [encrerrcx] o= <<|fa -] >>] rfza] wo

@ Specifications
- @ Simulation Options
= Eﬂ Inits Sets

@ ENG
@ ENGPETRO
@ WET
@ METCBAR
- @ METCKGCM
@) METPETRO
@ SICEAR

0 Fepart Options
E".GJ Campaonents
G Specifications
_‘QJ Aszzan/Blend

-6 0IL1

=g OIL2

- ig Basic Data

- Property Curves

D Rezults

{3 Petro Characterization

S

i\ Peendnrnmnnments

||

of Dist Curve JL|ghl EndsIJGrawt_l,lHUDF'K I Molecular Wt I Optional |

Light ends fraction;

—

— Light ends analyziz
Component Fraction Gravity Mal&jcular
ISt Tval j weight
y | C1
c2 0.0015
C3 0.003
IC4 0.004
MC4 0.016
IC5 0.012
MC5 0.017

=]

Light ends fraction. If Light Ends Fraction iz specified, fraction values are normalized

otherwizse, reated as fractions of entire assay mixture,

|Input Complete

U  Click the Gravity/UOPK tab.

O

Modeling Petroleum Processes
Version 10.1-0

The Gravity/UOPK sheet for OIL-1 appears.

In the Type box, select API gravity by clicking the radio button.
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U Inthe Mid percent distilled and API gravity fields, enter the following API gravity curve

data:

Mid Percent Distilled

API Gravity

5.0

90.0

10.0

68.0

15.0

59.7

20.0

52.0

30.0

42.0

40.0

35.0

45.0

320

50.0

28.5

60.0

23.0

70.0

18.0

80.0

135

The Gravity/UOPK sheet for OIL-1 is complete:

B Components Assap/Blend OIL-1

|;;'g oIL-1

- Data Browser

IS[=1 E3

..... G Specifications
----- &) Simulation Options
= E):' Uritz Sets

G EMGFETRO
6 MET

G METCBAR
6 METCKGCM
6 METFETRO
o 6 5l

6 SI-CBAR

..... 0 Fepart Options
[‘]_QJ Components

&) Froperty Curves

D Results
E Petro Characterization

LT Peandnrarmnnnents

[

— Tyupe
" Specific gravity

W Dist Cuwel Light Ends Jﬁlavlty!UI]PKl M olecular Wt | Optional |

i+ AP gravity

¢ UOPK

— &Pl gravity curve data

Builk, walue:

id percent
distilled

|3'|.4

AP gravity

0.0

Ell

10.0

E2

]

15.0

03.7

20.0

52

30.0

4z

|Iput Cormplete

U Click the Next button.
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The Assay/Blend Basic Data form for OIL-2 is complete.

The Assay/Blend Basic Data form for OIL-2 appears.

Enter laboratory assay data for OIL-2 (Table 1.2) in the same way as you entered

assay data for OIL-1.

In the Distillation Curve Type field, click the list box. Select True boiling point (liquid

volume basis) to indicate you are entering data for a TBP curve on a standard liquid

volume basis.

In the Bulk gravity value box, select the API gravity option by clicking the radio button.

In the API field, enter 34.8.

In the Percent Distilled and Temperature fields, enter the following TBP distillation
values:

Percent Distilled

Temperature F

6.5 120.0
10.0 200.0
20.0 300.0
30.0 400.0
40.0 470.0
50.0 550.0
60.0 650.0
70.0 750.0
80.0 850.0
90.0 1100.0
95.0 1300.0
98.0 1475.0
100.0 1670.0

O Click the Light Ends tab.

Modeling Petroleum Processes
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The Light Ends sheet for OIL-2 appears.
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O

In the Component and StdVol Fraction fields, enter the following light ends analysis

data:

Component Fraction StdVol
H20 0.001

C1 0.002

C2 0.005

C3 0.005

IC4 0.01

NC4 0.01

IC5 0.005

NC5 0.025

The Light Ends sheet for OIL-2 is complete.

O

Click the Gravity/UOPK tab.

The Gravity/UOPK sheet for OIL-2 appears.

In the Type box, select API gravity by clicking the radio button.

In the Mid percent distilled and API gravity fields, enter the following API gravity curve

data:
Mid percent Distilled API gravity
20 150.0
5.0 95.0
10.0 65.0
20.0 45,0
300 40.0
40.0 38.0
50.0 330
60.0 300
70.0 25.0
80.0 20.0
90.0 15.0
95.0 10.0
98.0 5.0

Modeling Petroleum Processes
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The Gravity/UOPK sheet for OIL-2 is complete.
O  Click the Next button.

The Required ADA/PCS Input Complete dialog box appears.
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Blending the Oills

You should be viewing the Required ADA/PCS Input Complete dialog box.

U To specify a blend, select Modify assay/blend specifications.

U Click OK.

The Assay/Blend Object Manager appears.

O Select New.

The Create New ID dialog box appears.

U Enter MIXOIL as the ID.
O Select BLEND as the Type.

0 Click OK.

The Mixture Specifications sheet for MIXOIL appears.
Use this sheet to define the fractions for each crude oil in the blend.

U Click the first Assay ID field and select OIL-1.
U In the StdVol Fraction field, enter 0.20.
O Click the next Assay ID field and select OIL-2.

O In the StdVol Fraction field, enter 0.80.

1-16 Modeling Petroleum Processes
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The MIXOIL Mixture Specifications sheet is complete:

EE &) E [eneretrir] =] <« -] >>| rilza] we

""" @ Specifications _I JSpemllcatmnsl
----- &) Simulation Options
=5 Eﬂ Unitz Sets —&zzap blending fraction————————— [~ Feport distillation curve as

@ EEEPETHD Azzap D Fraction [~ 45TH DEE
G [staval =]
- MET [ ASTH D180

oL 0z
@ METCBAR [ Wacuum [iquid wolume]
- METCKGCHM QiL-2 0.8

- METPETRO
. 6 =1

a SI-CB&R

..... G Fiepart Options
= E Components

------ &) Specifications
E‘ @ Aszzay/Blend

| E-EA MIXOIL b
-l Misture

D Results

Iezan-lD. May nat be the zame az a component 1D,

I {3 Petro Characterization
LT Peandocnmonnents ;I

|In|:uut Complete &

U Click the Next button.

The Required ADA/PCS Input Complete dialog box appears.
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Generating Pseudocomponents

By default, Aspen Plus generates a set of pseudocomponents for your simulation
based on all the assays and blends in your problem. However, in this problem, the
pseudocomponents should be based on the blend only.

You should be viewing the Required ADA/PCS Input Complete dialog box.

U Select the Specify options for generating pseudocomponents.

U Click OK.

The Petro Characterization Generation Object Manager appears.

U Select New.

U Enter CRUDE as the new ID, and click OK.

The Specifications sheet for CRUDE appears.

U  Click the Assay/Blend ID field and select MIXOIL.

The Specifications sheet is complete. You do not need to enter data in any other
fields.
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@ Components Petro Characterization Generation CRUDE - Data Browser x
[@ crupe J B [encrerrix] )= <[ -] >>] | we
= Eﬂ [drits Sets Jﬁpec"“:ahnnsl Cutz I Maming Options I

- ENG

- ENGPETRO — Select azzap/blends to be included:

@ MET Assap/Blend 1D | Weighting

- @J METCBAR factar

- METCKGCM p | MIOIC 1

- METPETRO

@ sl *

- SI-CBAR

----- &) Report Options
[—]—E Compaonents

------ &) Specifications
|_—_| @ Azzay/Blend
(3 MIKOIL
-4 OIL1 — Pseudocomponent property options

=54 0IL-2 =
-] Petro Characterization Property method: IAS FEM "'l

-] Generation
- @ CRUDE
- Analyziz Optiong

: ] Properties _I

[ =P
|In|:|ut Complete

U  Click the Next button.

The Required ADA/PCS Input Complete dialog box appears.
U Select Go to Next required input step, and click OK.

The Required Properties Input Complete dialog box appears.
U  Click OK.

The Required Assay Data Analysis/Pseudocomponent Generation Input Complete
dialog box appears.
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Running the Simulation

You have entered the data and specifications for this session. You can now run
the Assay Data Analysis.

U Inthe Required Assay Data Analysis/Pseudocomponent Generation Input Complete
dialog box, click OK.

Aspen Plus displays the Control Panel. The Control Panel allows you to monitor
and interact with the Aspen Plus simulation calculations.

As Aspen Plus performs the analysis, status messages will display in the Control
Panel. Soon you will see the message Results Available in the status bar at the
bottom of the main window.

U Use the vertical scroll bar to the right of the Control panel window to see the
messages.

You can now examine the results of your analysis.

1-20 Modeling Petroleum Processes
Version 10.1-0



Chapter 1

Examining

Results

An ADA run calculates a wide variety of properties for the assays, blends, and
generated pseudocomponents.

For this session, you will review pseudocomponent properties and TBP curves for
the oils and the blend.

Modeling Petroleum Processes
Version 10.1-0

Click the Check Results button gl on the Control Panel.

The Results Summary Run-Status form appears. It indicates that calculations were
completed normally. The main properties for each pseudocomponent appear on the
Components Petro Characterization Results Summary sheet.

Expand the Components folder.

The Assay/Blend and the Petro Characterization folders are revealed.
Expand the Petro Characterization folder.

The Results form is revealed.

Click Results.

The main properties for each pseudocomponent appear on the Components Petro
Characterization Results Summary sheet.

Click the scroll arrow at the bottom left of the form to scroll through the component
properties.
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B Components Petro Characterization Results - Data Browser

I Results j |§jg I VI <::l|*| ﬁ”Hesults "'l ﬁl [ H-)l
B- Components Summary |
¢ -3 AssayBlend
E‘E Petra Characterization
-] Results Pseudocomponents| Momal BP | AP Gravity | Specific Mualecu
E--E Results Surnmary aranity weigh
g Fun Statuz IF j
p [FC120F 120083471 [81.8332787 0BR3Z23142 |77 091 E?ﬂ
FC138F 137.70481 |77 4601986 [0E7716245 [81.13633
PC1E3F 162680744 720614456 (069512181 (87 23542
FC188F 187. 729121 |B7.2545235 [0.71193348 (9352802
PC213F 212976267 B2 4203273 [0.7296623 (1033290,
FC238F 238262494 |57 3528678 [0 74926053 (109 0283
FC2E3F 263191275 |B1.9331906 [077139802 (114 4645 LI
FIN 0

|Results Available
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Plotting Distillation Curves

You will plot the TBP curves for the blend and each crude oil in a single plot. The

results for each assay or blend appear on the Components Assay/Blend Results

form. To plot the TBP curve for OIL-1:

g

[ Components Azsay/Blend OIL-1 Results - Data Browser H=] E3

From the Data Browser, click the Assay/Blend folder to expand it.

The MIXOIL, OIL-1, and OIL-2 folders are revealed.

Click the OIL-1 folder to expand it.

The Results form is revealed.

I Results

=3 Comporents
= Assay/Blend

Light Ends Analysis | Reeudocamm Breakdatm | Curves |

m M =01l
I?“g-l;;lesults Specific gravity: Diensity: 36.2497 261 IIb.f'cuft j
. E a2 AP gravity: Molecular wt;  [59.4808741
E--Eﬁtr;i‘j{:ctenzahon Component Waolume percent | Weight percent| Mole fraction
of agzay of agzay
=34 S;"S Ssutmtma” C1 01 003457145 [0.03161354 ﬂ
un Status
C2 015 . 06145202 (. 02332037
Ca 049 [ 5256157 17486383
[C4 0.4 0.2591946 (. 0E542002
M4 16 1.07641199 0 27168351 ﬂ
JTotaI £.05 4. 05453574 1 |
|F|esu|ts Aailable o

U Click the Curves tab.
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The Curves sheet for OIL-1 appears.
B Components Assay/Blend OIL-1 - Data Browser O] =]
FYm =] |§5 | -] <::n|-p| ﬁ”ﬁe&ult& .|£| [j|@| EI
E-{3# Components Light Ends énalysiz I PEEldEtaE Breakatwi | Curyes |
. B Assan/Blend
C 3 MIKOIL
E‘@ 0L Specific gravity: [ 0& Dienaity: 54.0902478 IIb.r'u:uft j
- Results ° r
E E ojL-2 AP gravity: |31.4 b clecular wit:
. - Petro Characterization Percent distiled | True boiling pt
E@ Resultz Summary [liquid *wolumne)
¥ Fun Status IF =]
Fres: PSI 14 5959433
] -46.525133 iI
R 584 7012928
10 180
a0 418 -
|Results Available o
To plot the TBP curve:
O Select the Percent distilled column by clicking on the column heading.
O From the Plot menu on the Aspen Plus toolbar, select X-Axis Variable.
U Select the True boiling pt. (liquid volume) column by clicking on the column heading.
U  From the Plot menu, select Y-Axis Variable.
U  From the Plot menu, select Display Plot.
The TBP curve for OIL-1 appears in a new window.
To label this curve for OIL-1:
U Double-click the legend box.
The Plot Legend Box dialog box appears.
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O Select True boiling pt (vol).

U Edit the Text field to read TBP for OIL-1.

U Click Replace.

U  Click OK.

To plot the TBP curve for OIL-2, select the data and assign it to the X and Y-axes
the same way you did for OIL-1.

O Expand the OIL-2 folder in the Data Browser.

The Results form is revealed.

U Click the Curves tab.

The Curves sheet for OIL-2 appears.

O Select the Percent distilled column.

O From the Plot menu on the Aspen Plus toolbar, select X-Axis Variable.

O Select the True boiling pt. (liquid volume) column.

U From the Plot menu, select Y-Axis Variable.

To add this curve to the plot containing the curve for OIL-1: .
U From the Plot pulldown menu, select Add New Curve.
The Plot Window List dialog box appears.
O Select the available item, and click OK.
The curve for OIL-2 appears on the plot. To label this curve for OIL-2:
U Double-click the legend box.

The Plot Legend Box dialog box appears.

U Select True boailing pt (vol).
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U Edit the Text field to read TBP for OIL-2.
U Click Replace.
U Click OK.
To plot the BLEND curve:
U Inthe Data Browser, click the MIXOIL folder to expand it.
The Results form is revealed.
U Click the Curves tab.
The Curves sheet for MIXOIL appears.
[ Components Assay/Blend MIX0IL - Data Browser M=l E3
[ MixoIL =l |§l,g | -] <}:-|-}| ﬂhesults v|2| D|@| M
EI--E Components Light Ends Analpsiz | Pseudocomp Breakdown  Curves I Blend Fran 4 | Il
=G Assaw/Blend
. E-SA MIXDIL
Bl Resis Specifc giaviy: [EEMMEHE  Denslyy  [53.2055436 [bout |
=G4 0L : =
Aesults AP gravvity: |34.1DEEE|3 Molecular wt:
E‘"@ OlL-2 Percent digtiled | True boiling pt
g Results [liquid walurme]
EIE Petra Characterization IF j
[l Resuls Pres: P 14 5950488
=3 Results Summary
I Pun Status 0 93 FAEA4E4 ﬂ
5 B2 EAR4A04
10 194 999523
30 42747953 | -]
|Fresults Available 4
Add this curve to the plot containing curves for OIL-1 and OIL-2, using the same
procedure as for OIL-2.
U Select the Percent distilled column.
O From the Plot menu on the Aspen Plus toolbar, select X-Axis Variable.
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U Select the True boiling pt. (liquid volume) column.

U From the Plot menu, select Y-Axis Variable.

To add this curve to the plot containing the curve for OIL-1 and OIL-2: .
U From the Plot pulldown menu, select Add New Curve.

The Plot Window List dialog box appears.

U Select the available item, and click OK.

The curve for MIXOIL appears on the plot. To label this curve for MIXOIL:

U  Double-click the legend box.

The Plot Legend Box dialog box appears.

U Select True boiling pt (vol).

U Edit the Text field to read TBP for Blend.

U Click Replace.

U  Click OK.

To combine the y-axes:

U Double-click on the plot.

U Select the AxisMap tab.

U Select All in One, and click OK.

U Edit the plot title to read TBP Curves for Crude Oils and Blend.

U Double-click the plot title to select it.

[l Type TBP Curves for Crude Oils and Blend.

Modeling Petroleum Processes 1-27
Version 10.1-0



Blending Crude
and Petroleum

Fractions
O Click OK.
As the completed plot shows, the TBP curve for the blend is between the curves
for each oil. Curve locations depend on the proportions of the two oils you define
for the blend:
B Component: Assap/Blend OIL-1 Besults Curves - Plot M=] E3
= Components Assay/Blend OIL-1 Results Curves
= ' :
——C——TEP for QL1 \
————— TEF for OIL-2
= ——————— True hoiling pt (vol) s
E— . gp :
W I I
=l ! :
E‘_ 1 1
=1 : :
EE 1 1
& [] 1
o *, '
il : |
|_ 1 1
! |
0 a0 100
FPercent distilled
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Creating a Backup File

Once you are satisfied with your Assay Data Analysis results, you can save this
simulation as a backup file. This allows you to use the assay data analysis you
have developed in another Aspen Plus simulation.

To save this simulation as a backup file:

U  From the File menu, select Save As.
U Inthe Save As dialog box, select Aspen Plus Backup Files for the Save as type.

U In the File name field, enter BLEND.

Your working directory appears in the Save In box.

Your simulation is saved as blend.bkp.

A dialog box asks if you also want to save the simulation as an Aspen Plus Document
file.

O Click No.
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Exiting Aspen Plus

To exit Aspen Plus:

U From the Aspen Plus File menu, select Exit.

This run will be used as the starting point for the session in Chapter 2.

oo 0O 0O
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Adding a Preflash Tower

In this session you will add a preflash tower to the simulation. You will also
specify options for pseudocomponent generation.

You will:

o Define the flowsheet graphically

« Specify properties, feed streams, and preflash tower

« Modify cuts specifications for pseudocomponents generation
« Run the simulation

« Examine simulation results

Allow about 45 minutes to complete this session.
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Preflash Tower Flowsheet

Figure 2.1 shows the process flowsheet for this session. The process feed, consisting
of the oil blend, goes first to the preflash furnace where it is partially vaporized.
The partially vaporized feed then enters the preflash tower. You will model the
tower and the furnace simultaneously with a single PetroFrac block.

Steam is fed to the bottom of the tower. The tower produces a wide naphtha cut

as a distillate product.

T Process Flowsheet Window

PREFLASH

= MIXCRUDE

CDU-FEED

4]

=1 B

ol

Figure 2.1 Flowsheet for Preflash Tower

You will simulate the tower with 10 theoretical stages, no reboiler, and a partial
condenser. The condenser operates at 170 F and 39.7 psia, with a pressure drop

of 2 psi. The tower pressure drop is 3 psi.

The tower is stripped with open steam in the bottom. The steam stream is at 400
F and 60 psia, and has a flow rate of 5,000 Ib/hr. The furnace operates at a
pressure of 50 psia and a temperature of 450 F. The distillate rate is estimated at
15,000 bbl/day. Its value is manipulated to produce a wide naphtha cut with an

ASTM 95% temperature of 375 F.

2-2
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Starting Aspen Plus

To start Aspen Plus:

U Use the Windows Start menu, or double-click the Aspen Plus icon on your
desktop.

Note If the Connect Host dialog box appears, see Appendix A.

The Aspen Plus Startup dialog box appears.

Modeling Petroleum Processes
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Opening an Existing Run
If you saved the assay data analysis simulation created in Chapter 1:

U Inthe Aspen Plus Startup dialog box, select Open an Existing Simulation .

If your saved file blend.bkp appears in the list box:

U Select blend.bkp in the list and click OK.

If your saved file blend.bkp does not appear in the list box:
U Double-click on More Files... in the list box.

The Open dialog box appears.

0 Navigate to the directory containing your saved file blend.bkp.

O  Select blend.bkp from the list of files, and click Open.

Note If the Connect to Engine dialog box appears, see Appendix A.

The Aspen Plus main window appears.

If you did not create the assay data analysis simulation in Chapter 1, you can
open the backup file blend.bkp in the Examples folder.

U From the Aspen Plus Startup dialog box, select Open an Existing Simulation, then
click OK.

The Open dialog box appears.

O Click the Look in Favorites button )

By default, the Favorites list contains five folders that are provided with
Aspen Plus.

U Double-click the Examples folder.

O Select blend.bkp, and click Open.

Note If the Connect to Engine dialog box appears, see Appendix A.

The Aspen Plus main window appears.

2-4 Modeling Petroleum Processes
Version 10.1-0



Chapter 2

Saving a Run Under a New Name

Before you create a new run adding a preflash tower, you will create and save a
copy of BLEND with a new Run ID, PREFLASH. Then you can make modifications
under this new Run ID.

U  From the File menu, click Save As.

The Save As dialog box appears.

U Choose the directory where you want to save the simulation.
U Inthe File name box, enter the new filename PREFLASH.
U From the Save as Type list, select Aspen Plus Backup Files (*.bkp).

U Click Save to save the simulation and continue.

A dialog box asks if you also want to save the simulation as an Aspen Plus Document
file.

U Click No.

The current Run ID, PREFLASH, appears in the titlebar.
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Changing the Run Type

In Chapter 1, the BLEND run you performed was an Assay Data Analysis run. In
this session, you will perform a flowsheet simulation. You need to switch to the
Flowsheet Run Type.

U From the Data menu, select Setup.

The Setup Specifications form appears.

U Click the Run type field. Select Flowsheet from the list.

U Change the simulation title to Getting Started with Petroleum-Session 2.

U Close the window.

The graphics workspace is now active and ready for you to build the flowsheet.
No more changes to this form are necessary.
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Selecting a Distillation Model

Aspen Plus offers several distillation models. To determine which is appropriate for
the preflash tower, you will use prompts and online help.

U From the Aspen Plus main window, click the Columns tab on the Model Library.

The list of available distillation columns is displayed.

O Move the mouse over any model in the Model Library and read the description in the
lower left of the window.

From the prompts, it appears that PetroFrac is appropriate for this petroleum
problem. You can obtain more extensive information on PetroFrac by reading the
online help:

U Click PetroFrac.

U Press the Help Key—F1 on most systems.

A Help window appears, with detailed information about PetroFrac.

U Review this information to confirm that PetroFrac is the best choice, then close the
Help window.
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Defining the Graphical Simulation
Flowsheet

Now you will begin to build the process flowsheet. Since you will enter your own
block and stream IDs, you must turn off the default Create auto block ID and
Create auto stream ID options, which provide these I1Ds automatically.

U From the Tools menu, select Options.

The Options dialog box appears.

U Click the Flowsheet tab.
U Click the Automatically assign block name check box, to deselect this option.

U Click the Automatically assign stream name check box, to deselect this option.

Y |

General I Component 0 ata I R ezults YWisw I Fun
Startup Flowzheet I Grid/Scale I Platz

— Stream and Block labels

[ Butomatically assign block name with prefis IB

¥ Display block name

[ Automatically assign stream name with prefis: I

¥ Display stream name

— Placement optiohz

¥ futomatically place blocks when importing:

™ Lock block spacing factar at;

1

Label zize zcale factor:

| k. I Cancel Apply Help

U Click OK to apply these changes.
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You are ready to build your flowsheet. Figure 2-1 shows the process flow diagram
for this session. To review how to define a flowsheet graphically, see Getting
Started Building and Running a Process Model, Chapter 2.

To place and connect the distillation unit on the flowsheet:

O Click the Column tab in the Model Library.

U Inthe Model Library, select PetroFrac, the unit operation model that you want to place
in your process flowsheet.

You can choose a different icon for the model:

U Click the down arrow next to the PetroFrac block icon to display all the icons available
for the PetroFrac model.

U Move the mouse over the icons to see a name (or label) for each.

In this exercise, you will select the PetroFrac icon PREFL1F.

U Hold down the mouse button on the PetroFrac icon PREFL1F, and drag the icon to the
Process Flowsheet window. Release the mouse button when the icon is in the desired
location.

The Input dialog box appears.

U Enter the Block ID PREFLASH, and click OK.

Connect and name the streams, as shown in Figure 2.1. You can use the port
names shown below to connect to the appropriate port.

Stream Port

MIXCRUDE Main Column Feed

PF-STEAM Main Column Feed

LIGHTS Vapor Distillate from Main Column
PF-WATER Condensed Water Decant for Main Column
NAPHTHA Liquid Distillate from Main Column
CDU-FEED Bottoms Product from Main Column

O Click the Material Stream icon on the left side of the Model Library.
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U Move the cursor to the Process Flowsheet window. Point to the Main Column Feed
port on the PetroFrac and click to create a new stream.
U Point to a blank part of the process flowsheet window where you want the feed to
originate and click once.
0O Enter the Stream ID PF-STEAM, and click OK.
U Create the remaining streams in similar fashion.
For the MIXCRUDE stream, first connect it to the bottom feed port and then drag it to
the desired location in front of the feed furnace.
U In the Aspen Plus main window toolbar, click the Next button to guide you to the next
required input.
The Flowsheet Complete dialog box appears.
0  Click OK.
The Properties Specifications Global sheet appears.
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Specifying Properties

Use the Properties Specifications Global sheet to select the thermodynamic
methods used to calculate properties such as K-values, enthalpy, and density.
Property methods in Aspen Plus are arranged according to Process Types, and in
logical groupings called Base Methods. The BK10 physical property option set
(Braun K-10 method) is appropriate for most refining applications involving heavy
petroleum fractions and low pressures.

U To select the BK10 option set for the physical properties, click the arrow to the right of
the Process Type box, and select REFINERY.

O  Click the arrow to the right of the Base Method box, and select BK10.

Since you selected the Petroleum with English Units Application Type in Chapter
1, Aspen Plus has selected appropriate defaults for petroleum applications.
Steam Tables (STEAM-TA) is the default for the free-water phase properties, as
shown in the Free-water method field. Aspen Plus has also selected Method 2 for
the water solubility default, as shown in the Water solubility field. The Water
solubility option controls the method for calculating the solubility and K-value of
water in the hydrocarbon phase.

You do not need to change anything on this form.

[ Properties Specifications - Data Browser
|® Specifications =) B ] 4= << Al x| > (1 N2>
+ il Setup Jﬁlnhall Flowsheet Sections ] Referenced ]
+-{7g] Components
-] Properties Property methods & models - e
- roperty rethad:  |BE10 4
g Specifications IR I—UEFINEHY - [
+-(3f] Property Methods :
+-{] Estimation Base method: BE10 - [~ Modify property models
+-{3¥] Molecular Structure
+-3] Parameters
j Diata Fetroleum calculation optiohs 3
(£ Analysis Free-water method: -
+- (] Prop-Sets Wwhater solubility: 2 - 3
+-( ] Advanced Iﬁ
+- G| Sheams Electrolyte calculation options I—_|
=1 Block
i il or S Chermisty [0 -
+-[] Reactions -
+-_ ] Corvergence "
+-[_] Flowsheeting Options r
+-] Model Analysis Tools
+ {7y Aesults Summary
Input Complete
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U Click the Next button.

The Required Properties Input Complete dialog box appears.

Correct representation of physical properties is essential to process modeling. For
many simulations, the only physical property specification you must provide is to
select an option set. The Required Properties Input Complete dialog box is a
reminder that the Aspen Plus physical property system has many optional
capabilities that you can use to increase the accuracy of physical property
calculations.

U Click OK.

The Stream MIXCRUDE Input form appears.

2-12 Modeling Petroleum Processes
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Entering Stream Data

You should be viewing the Stream MIXCRUDE Input form, as indicated in the
Data Browser window title bar. MIXCRUDE is the crude oil blend feed stream to
the tower. You will enter condition and flow rates for the MIXCRUDE stream.

U In the Temperature field, enter the feed temperature 200. The default units F
(Fahrenheit) are correct for this session.

U In the Pressure field, enter 60. The default units PSI are correct for this session.

0 Enter 100000 for the MIXOIL component flow value. This is the oil flow rate in bbl/day.

The Streams Input form for MIXCRUDE is complete:

@ Stream MIXCRUDE [MATERIAL) Input - [_ [O] ]

Data Browser

(@ ot J B & [eneretrix] &= <¢ffa -1 >>| | we|
EI Setup 1= JSpemllcatlunsl Flazh Options | ES0 | [Eomparent At I
H-{Zg] Companents
=8 E Properties Substream narne: IJ MIXED j
""" g =pecifications — State variables — Composition
- Property Methods - - = -
1:' E stimation ITemperatute J ISthDI Flawe J II::I:IHI:Ia_I.J J
& (M) Malecular Structure [200 |F =] Camponent Value
H-{7] Parameters 3
ﬁ [ata IF'lessure j =3 =
----- ﬁ Analyziz &0 - -
! (3] Prop-Sets I ||:|$| J T4
-] Advanced M4
=] Streams Total flow: m IC5
20D ———
: .
E| m MIXCRLDE kAL<01L 100000 -
@ Input T REEE [ Total [100000
: ] Results
E E?ZI}I Ezﬂ etz pou select the substream name.
£ PRWATER
[+ &0 Blark = j

|Input Complete i
U Click the Next button.
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The Input form for PF-STEAM appears. PF-STEAM is the steam feed to the tower.
U In the Temperature field, enter 400 F.
O In the Pressure field, enter 60 PSI.
U In the Composition area, click the arrow and select Mass-Flow to specify the steam
flow in Ib/hr.
O Enter 5000 for the H20 component value, to enter a Steam flow rate of 5000 Ib/hr.
The Input form for PF-STEAM is complete:
i Stream PF-STEAM [MATERIAL] Input - Data Browser =] E3
(@ 1nput J B E [encrerriz] =] <<ffa -] >>| ilEa] e
-3 Setup [ JSpemflcatmnsl Flash Options | FE | TRt i, |
-9 Components
= m Properties Substrearn name: IJ MIXED j
""" @ Specifications — State varables————— ~ Composition
% E;Tifne;:fgremads ITemperature j IMass-FIDw j IIb.fhr j
% l;dolecultar Structure |4UU IF =] Camponert Value
aramelers
1:' Diata IPressure j E'IED P00 ﬂ
----- 1:| Analpsis &0 - -
! ] Prop-Sets I Ipm J C2
-] Advanced C3
=3 geacgz e Totalflow:  [stdval 7] T
& - bbl/d -
w7 LIGHTS ! > = e
3] MIXCRUDE = =]
- #-£ NAPHTHA b Solvent: I j Total |5|:||:||:|
EI ] FF-STEAM
i @) Input
Pobe Results
Gl £ PRWATER
[+ A0 Blnck LI
|Input Complete o
U Click the Next button.
The PREFLASH Setup Configuration sheet appears.
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Specifying the Preflash Unit

Use the PREFLASH Setup Configuration sheet to enter configuration and
operating specifications for the column, including:

o Number of theoretical stages
« Valid phases in the column
« Distillate vapor fraction

U In the Number of stages field, enter 10 for ten theoretical stages.

U Click the Condenser list box and select Partial-Vapor-Liquid. This indicates that there
is a partial condenser with both vapor and liquid distillate.

In the Reboiler field, the default None-Bottom-Feed is appropriate, since the
column has no reboiler and there is a bottom steam feed.

O Inthe Distillate rate field, enter 15000 to specify an estimate for the distillate rate of
15,000 bbl/day.

The distillate rate will be manipulated to achieve a specification on the ASTM
95% temperature for the naphtha product.

The Blocks PREFLASH Setup Configuration sheet is complete.

= Block PREFLASH [PETROFRAC) Setup - Data Browser M=l E3
@ Setp = -lj,g IENGPETHE -] <::n|-}| <<||f-'«|| Iﬁl [_]|@| N9|
El- &) PREFLASH _I J[:nnhgurahunlvﬁtreamsl Steam |‘-’Pressure|‘dtondenser| Eifhace |

..... ,;, Setup

{27 Pumparounds — Setup optionz

{1 Stippers Murnber of stages: 10

----- #®) HeatersCoolers

_____ @ RunbackSpecs Condenzer: Partialy apar-Liquid j

----- @ Efficiencies Reboiler: Fione-Battom feed j

(] DesignSpecs alid phases: VaporLiquid-Freshw/ater |

-] CondenserHcurves F ' e J

-0 Hebm!e‘rchwes — Dperating specifications

-] TrapSizing

-7 TravRating Distillate rate j Stdvol j 15000 bbl/day j

{77 PackSizing - ¥ -

{27 PackRating J J J

----- &) Propertiss

----- &%) Estimates

----- &%) Corwergence

----- &) Fepot e

----- 0 JzerSubrautines

----- &) Connectivity
AT Besult=Sormman LI
[Required Input Incomplete [10 Main column stages |0 Pumparound(z] |0 Side stippers) 2
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U Click the Next button.
The Blocks PREFLASH Setup Streams sheet appears.
You will enter feed locations and conventions for the MIXCRUDE stream.

U For MIXCRUDE, enter 10 in the Stage field. Click the convention list box, and select
Furnace to indicate that a furnace is attached to the tower on stage 10. The feed goes
to the furnace first.

0 For PF-STEAM, enter 10 in the Stage field. Click the convention list box and select
On-Stage.

The Blocks PREFLASH Setup Streams sheet is complete:
= Block PREFLASH [PETROFRAC) Setup - Data Browser M=
[ setp =l & [eneretriz] &)= <«ffan -1 »| il n|
=g PREFLASH _| + Configuration JStleamsl Steam |'-fF'ressure| w Condenzer | '-'Furnac:el
..... ,;, Setup
{7 Pumparaunds — Feed streams
%l Shrippers M ame Stage Carvertion
----- HeatersCoolers
_____ @ FunbackSpess MI=CRUDE 10 Fumnace ;l
..... @ Efficiencies FPF-STEAM 10 OrrStage v |
-] DesignSpecs
-{Z7] CondenserHourves — Product streams
g ?EI:II;I!E.[HCUTVES kame Stage Phaze Basis Flo
raghizing —
-] TrayRating p [COU-FEED 10 Liquid bl
-{77] PackSizing LIGHTS 1 Vapor Stdval
{11 PackRating FFWATER 1 Free water S tavol
""" @ Properties NAPHTHE i Ciquid
..... @ Estimates 1qu Stdval
----- &) Corvergence ‘l | i
----- & Repoit b
----- & EBlockOptions
----- &) UserSubroutines
----- &) Connectivity
1 Peslt=Soramarn LI
|F|equired Input Incomplete |'I 0 Main column stages |D Purmparaundz)] |EI Side stripper(s] 4

U Click the Next button.

The Setup Pressure sheet for the PREFLASH block appears. On this sheet, you will
enter the column pressure profile, or specify a top stage pressure and a pressure drop
or the rest of the column.

U Click the arrow to the right of the View box to display a list of available views. Select
Top/Bottom.
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U Enter the following pressure profile data:

Top Stage Pressure 39.7 PSI
Second Stage Pressure 41.7 PSI
Bottom Stage Pressure 44.7 PSI

The Setup Pressure sheet is complete.
O  Click the Next button.
The Setup Condenser sheet appears.
O Click the Temperature radio button. Enter a value of 170 F.
The Setup Condenser sheet is complete.
U  Click the Next button.

The Setup Furnace sheet appears.

U Select Single stage flash as the furnace type.

U Enter the following information to specify furnace operating conditions:

Furnace temperature 450 F
Furnace pressure 50 PSI

These specifications model the furnace as a single-stage flash at the specified
conditions.

Modeling Petroleum Processes
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The Setup Furnace form for the PREFLASH block is complete:

= Block PREFLASH [PETROFRAC) Setup - Data Browser M=l E3

----- &) HeatersCoolers
----- 0 RunbackSpecs
----- 0 Efficiencies
7] DesignSpecs

% Single stage fash

€ Single stage fash with iquid runback

|9 setun J -|j,g [enaPETRC>] <}:-|-I>| ﬂlml Iﬁl LI|@| El
E-3) PREFLASH f Configuration | JStleamsl Steam | JF'ressurel «f Condenzer JFurnaceI
----- &) Setup
-] Pumparounds — Furmmace type
(] Stippers " Stage duty on feed stage

-] CondenserHcurves

— Furmace zpecification

Furnace pressure

-] ReboilerHcurves
{27 TravSizing

Furnace temperature

-~

(£ TrayRating
{7 PackSizing

450 F

-

|50 f psi =l

-] PackRating

----- &) Propetties
----- &) Estimates
----- &) Convergence

----- 0 BlockOptionz
----- &) UserSubroutines

----- &) Connectivity
-1 Rezulb=Surmnmanm ;I

Furnace as a single stage flazh; furnace temperature, degree of wapaorization and
vaporliquid compozitions are calculated.

|Input Complete

[10 Main column stages

|0 Purnparound(z) |0 Side stipper(s)

4

U Click the Next button.

The Required Input Complete dialog box appears.

O Click Cancel.

Next, you need to set up a design specification for the product quality of the

naphtha stream, using the ASTM 95% temperature. You will manipulate the
distillate rate to achieve this target.

U From the Data Browser, select the PREFLASH block’s Design Specs folder.

The Design Specs Object Manager appears.

U Select New.

U In the dialog box, click OK to accept the default ID, 1.

The Design Spec 1 form appears.

Modeling Petroleum Processes
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O On the Specifications sheet, enter the following information for the naphtha product
design specification:

Type ASTM D86 temperature (dry, liquid volume basis)
Target 375F
Liquid % 95

U Click Next.

U On the Feed/Product Streams sheet, move the NAPHTHA stream from the Available
streams area to the Selected streams area using the single arrow key.

O Click Next.

00 On the Vary sheet, select Distillate flow rate from the available list.

= Block PREFLASH [PETROFRAC) DesignSpecs 1 - Data Browser M=] E
A J -ljg IENGPETHE -] <J:-|-}| ((”.-’-\.II Iﬁl [_||@| H-)l
E-{¥] PREFLASH o Specifications | (e [ el = |JFeedJProductStreams ary | RS |
----- & Setup
{7 Pumparounds —Adjusted variable
L] Stippers Type: IDistiIIate flowe rate j

----- G HeatersCoolers
----- &) RunbackSpecs - -
----- &) Efficiencies Fhlfers ——

-] DesignSpecs StAgE: E

EI(E] ; " SHiERER fame: "I
ohdenserHourves ﬁ
] ReboilertHcurves Puinparaund riains: —
- TraySizing Feed|stieam name; 'I
-] TravRating
-{Z]] PackSizing
{27 PackRating
----- &) Properties

----- &) Estimates

----- &) Convergence

----- 0 BlockOptions

----- & UserSubroutines
..... Wi " rrnectivitn ll

|In|:uut Complete |‘| 0 Main column stages |EI Pumparound(z] |EI Side stipper(s] 2

U Click the Next button.

The Required Input Complete dialog box appears.

U Click Cancel.
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Modifying Pseudocomponents

In Chapter 1, Aspen Plus generated all pseudocomponents using default options. In
this session, you will modify the number of pseudocomponents generated for
different temperature ranges.

U From the Data Browser, click the Components folder to expand it.

O Expand the Petroleum Characterization folder. Click Generation.

The Object Manager appears.

U Click CRUDE, then click the Edit button.

The Specifications sheet appears.

U  Click the Cuts tab.
U Click the Range and Increments radio button.

U Enter the following temperature ranges and increments to generate
pseudocomponents for this problem:

Lower temperature 100 Upper temperature 800 Increment 25
Upper temperature 1200 Increment 50
Upper temperature 1400 Increment 100
Upper temperature 1640 Increment 120
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The Cuts sheet is complete:

[ Components Petro Characterization Generation CRUDE - Data Browser
|®@ cruDE J -IjE IENGF‘ETHE -] <}:-|-}| ((”.-’-\.II -] >>| [_||@| H-)l
-] Setup || +Speciications ¥ Cuts IJNamlng Options |
=79 Components
: 0 Specifications — Pzeudocomponents generation option
{2 Assap/Blend ™ List of cuts ¥ Range and increments
= E Petro Characterization
E‘ m Generation —Range and increment pseudocomponent data
1. L ower Upper Mumber of | Ihcrement
a Analymg Uptiors temperature | temperature clits
: ] Properties
----- [y Results |F =l i [F =]
- Pzeudocomponents 100 =00 5 il
() AlirLomps B0 T B
~{Z7) Henry Comps
-1 UNIFAC Groups 1200 1400 100
{27 Comp-Groups 1400 1640 120
-] Polymers _l
1640
=¥ Properties Fuid i
& Specifications
{3 Property Methods
{271 Estimation
{3 Malecular Structure
1.7 Pararnstars ;I
|Input Complete o

U Click the Next button.
The Required ADA-PCS Input Complete dialog box appears.
O Click OK.

The Required Input Complete dialog box appears.
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Running the Simulation

To run the simulation:

U Click OK in the Required Input Complete dialog box.

The Control Panel appears.

As the run proceeds, status messages appear in the Control Panel. It takes about
a minute for Aspen Plus to process input specifications and perform the
simulation. When the calculations finish, the message Results Available appears
in the status bar at the bottom of the main window.

O Use the vertical scroll bar to the right of the Control panel window to see the
messages.

00 When the Results Available message appears in the toolbar, click the Close button to
close the Control Panel window.

O Click the Close button to close the Data Browser.

You can now examine the results of your run.
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Examining Simulation Results

Aspen Plus produces a wide variety of simulation results. In this session you will
examine:

Condenser duty
Distillate rate
Temperature profile
Crude TBP curves

Condenser duty results appear on the PREFLASH Results Summary sheet. To
examine these results:

U Select the PREFLASH block by clicking the PREFLASH icon.

U  Press or click the right mouse button to display the Block menu.

O Select Results.

The Results Summary form for PREFLASH appears, showing a summary of all
condenser and bottom stage results.

Modeling Petroleum Pro
Version 10.1-0

[ Block PREFLASH [PETROFRAC] Results Summary - Data Browser M=l E3 I
I Resultz Summany j Iglg I "'I ﬁl*l ((”Hesults "'I >>| [_]l@l H')l
-3 Components Summary | Balance I Furnace I Furnace =<K I
B+ Streams
E‘E Blocks Wiew: Condenszer / Top stage = B azis: IMDIE vl
E@ PREFLASH I J
g Design Specs — Condenzer / Top stage performance
[l Results Summary Temperature: 169.999779 [F =]
o[ Profiles . - =
g Stream Results Fiessure: B e J
-] Results Summary Heat duty: 6336286 [MMEN ]
Subcoaled duty: j
Distillate rate: 235501498 | lbrol,/hr j
Rl rate: B0E.842888 |bmolhr ¥
Fieflue ratio: 0 34260627
Free water distillate rate: 221.662548 ||brnolhr j
Free water reflus ratio: i
Select view option.
|F|esu|ts Available |'I 0 Main column stages |D Pumparound(s] |D Side stipper(s] 4
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Distillate rate results appear on the PREFLASH Design Specs 1 Results sheet.
To examine distillate rate results:
U Expand the Design Specs folder in the Data Browser, and click design-spec 1.
The Design Specs 1 form is revealed.
U Click the Results tab.
The Results sheet appears, showing the distillate rate value that Aspen Plus
calculated to satisfy the design specification.
[ Block PREFLASH [PETROFRAC] Design Specs 1 - Data Browser M=l E3
[ =l @ [encrerrz] G| =] <<|[Resus =] >3] [i|@a] ne
E Components +f Specifications | i1 (Bl pl e |JFeed.v'F'raductStleams |J'V'ar_',' Rezults
E Streams
EIE Blocks — Design specification
E‘E PHEFM_‘SH Type: DasT
=3 Design Specs
Y & Target: 375 F j
[ Results Surmary Enror: 0.00064120 [F =l
[l Profies Qualifiers:  [STREAM: MAPHTHA
g Stream Results
1 (@ Results Summary LYPCT: 9500000000 +01
—Adusted vanable
Type: DISTILLATE RATE OF MaIN COLUMN
Final walue: |20232072  |bbl/day j
|F|e&u|t$ Available |‘| 0 Main column stages |D Furnparound(z] |EI Side stripper(s] 2
The temperature profile for the column appears on the PREFLASH Profile form.
To examine results by plotting a temperature profile:
U Inthe Data Browser, click the Profiles form.
The PREFLASH Profiles form appears.
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= Block PREFLASH (PETROFRAC]) Profiles - Data Browser [_ O] x|

I Profiles

-3 Components
- Streams
EIE Blocks
= (] PREFLASH
=3 Desion Specs
A
Results Surnmmary
Profiles
g Stream Results
-3 Results Summary

TPFQ | Compositionz I K alues I Hidraulizs | Efficiencies | Eroperties
Wi ISummary j B azis: IMCI|E v|
— Profiles
Stage| Temperature|  Pressure Heat duty | Liguid flow | %apor fl
[F Zllesi MM z]|[omoine =]|[omolehr
1 169939765 (39.7 63316279 [2BB2BE2T2 BDS.ES#Sﬂ
2 240306151 (41.7 i 70461893 (3383519
3 7R 97R3FE (42075 i 727 B14585 (3347139
a4 208672309 (4245 il E28.E7ZE6EE (3304.292
] 395 212342 (42825 i F54 957405 (3265 350
E 299 771378 432 n EZ1 214477 32731 R?RLI
‘ 0
Select view option.
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To plot the temperature profile:
U From the Plot menu, select Plot Wizard.
The Plot Wizard Step 1 dialog box appears.
O  Click the Next> button.
O Click the Temperature Plot Type.
The Plot Wizard Step 2 dialog box appears.
U Click the Next> button.
The Plot Wizard Step 3 dialog box appears.
O  Click the Next> button.
The Plot Wizard Step 4 dialog box appears.
U Click the Finish button.
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The temperature profile plot appears.

B Block PREFLASH: Temperature Profile [Main column] - Plot [ll[=] B3

= Block PREFLASH: Temperature Prafile (Main column)

45

—————— Temperature F

4IIZII:I

3I|:II:I 3|5IZI

Temperature F

2|5EI

T T
O
0 1
i 1
1
1

A

]

]

&
1

Stage

You can follow the same steps to display any other column profile. You may want
to close some forms to make space for the new plots.

The True Boiling Point curves appear on the Stream Results Vol.% Curves sheet.
To plot TBP curves for PREFLASH feed and product streams:

U Inthe Data Browser, click the PREFLASH Stream Results form.

The Stream Results form is revealed.

U Click the Vol.% Curves tab.
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The Stream Results Vol.% Curves sheet is displayed.

I Stream Results

B Block PREFLASH [PETROFRAC) Stream Results - Data Browser [_ O] x|
B = EER| | & «|lresuns =] 33| || ne

-3 Components

-3 Streams

EE Blocks

EE PREFLASH
-G Design Specs
g

Results Summary

Prafiles

E-3 Results Summary

M aterial | Heat Vol % Curves | TE S Eunves | PEta Elrves | [ 4 | 4

Curve wiew: Eressire: Iﬁ

&l steams = ||| COU-FEED = |[| MIXCRUDE = (| MAPHTHA =]
Wolume % |[F j F j F j

1 139.789233 -98.698263 -81.391734 “

5 298.599234 96. 9644349 30.8932032 j

10 371322877 136.036561 076430723

30 512.928227 402937107 173.250043

i 671.709762 SEE. 344301 245236319 oy

KIN| [

Select view aption.

|Riesults Availabls

|10 Main columin stages

|0 Pumparound(s) |0 Side stipper(s)

4

U Click the CDU-FEED column label to select the column.

To select CDU-FEED and MIXCRUDE as dependent variables:

U Move the mouse to the MIXCRUDE column. Ctrl-Click the MIXCRUDE column label to
select the MIXCRUDE column in addition to the CDU-FEED column.

U  From the Aspen Plus Plot menu, select Y-Axis Variable.

U  Click the Volume % column label.

U  From the Aspen Plus Plot menu, select X-Axis Variable.

U From the Aspen Plus Plot menu, select Display Plot.
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Aspen Plus displays the following plot:

B Block PREFLASH [PETROFRAC] Stream Results Vol % Cur... =] E3

Block PREFLASH (PETROFRAL) Stream Results Yol % Curves
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As expected, the preflash tower removes a significant portion of the light
material from the process feed. This reduces the load for the subsequent
atmospheric crude unit and increases overall process capacity.

U When you finish viewing this plot, close the Plot window.
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Exiting Aspen Plus

To exit Aspen Plus:
U  From the File menu, select Exit.
A dialog box asks if you want to save your simulation.
U Select Yes to save the simulation.

A dialog box asks if you also want save the simulation as an Aspen Plus Document
file.

U Click No.

This run will be used as the starting point for the session in Chapter 3.
O o0 0O 0O
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Adding an Atmospheric
Crude Distillation Unit

In this session, you will add an atmospheric crude distillation unit to the
simulation you ran in Chapter 2.

You will:

« Add the atmospheric crude distillation unit to the flowsheet.
« Specify additional feed streams.

« Specify the atmospheric crude distillation unit.

« Run the simulation.

« Examine the results.

Allow about 45 minutes to complete this session.
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Atmospheric Crude Distillation Unit
Flowsheet

Kl

T Process Flowsheet Window

FREFLASH

Figure 3.1 shows the process flowsheet you will develop in this session. The
topped crude from the preflash tower goes first to the crude furnace, then to the
atmospheric tower. You will model the crude furnace and the atmospheric tower
units together, using a single PetroFrac block. This approach enables you to
adjust furnace variables to achieve certain tower specifications, such as the
overflash. The tower has:

« A total condenser
« Three coupled side strippers
« Two pumparound circuits

= B

o
LIGHTS <

NAPHTHA |—= CRUDE CUWATER Jo
HNAPHTHA

Figure 3.1

3-2

Process Flowsheet: The Atmospheric Crude Distillation Unit

PetroFrac simulates the furnace and the atmospheric tower simultaneously, as a
single unit. The furnace operates at a pressure of 24.18 psia and provides an
overflash of 3% in the tower. The furnace outlet enters the atmospheric tower on
stage 22 of the main fractionator.

The main fractionator is modeled with 25 equilibrium stages. The heavy naphtha
product flow is estimated at 13,000 bbl/day, and is manipulated to achieve an
ASTM 95% temperature of 375 F. The condenser operates at 15.7 psia with a
pressure drop of 5 psi. The tower pressure drop is 4 psi.
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The main fractionator has 2 pumparound circuits. The following table
summarizes the pumparound locations and specifications:

Pumparound Location Specifications
1 From stage 8 to 6 Flow: 49,000 bbl/day Duty: -40 MMBTU/hr
2 From stage 14 to 13 Flow: 11,000 bbl/day Duty: -15 MMBTU/hr

The crude distillation unit has three sidestrippers. Their locations and operating
specifications are:

Stripper Location Specifications
KEROSENE Liquid draw from stage 6 Product rate: 11,700 bbl/day
Vapor return to 5 Steam stripping (CU-STM1)
4 equilibrium stages
DIESEL Liquid draw from stage 13 Product rate: 16,500 bbl/day (estimate)
Vapor return to 12 Steam stripping (CU-STM2)
3 equilibrium stages
AGO Liquid draw from stage 18 Product rate: 8,500 bbl/day
Vapor return to 17 Steam stripping (CU-STM3) 2 equilibrium stages

The diesel flow rate is an estimate only. You will manipulate it to achieve an
ASTM 95% temperature of 640 F for the diesel product.

All sidestrippers and the main fractionator use steam for stripping. The following
table summarizes the steam flows and conditions:

Stream Location Conditions and Flow
CU-STEAM Main tower 400 F, 60 psia, 12,000 Ib/hr
CU-STM1 Kerosene stripper 400 F, 60 psia, 3,300 Ib/hr
CU-STM2 Diesel stripper 400 F, 60 psia, 1,000 Ib/hr
CU-STM3 AGO stripper 400 F, 60 psia, 800 Ib/hr
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Starting Aspen Plus

To start Aspen Plus:

U Use the Windows Start menu or double-click the Aspen Plus icon on your desktop.

Note If the Connect Host dialog box appears, see Appendix A.

The Aspen Plus Startup dialog box appears.

3-4 Modeling Petroleum Processes
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Opening an Existing Run
If you saved the preflash flowsheet simulation created in Chapter 2:

U Inthe Aspen Plus Startup dialog box, select Open an Existing Simulation.

If your saved file preflash.bkp appears in the list box:

O Select preflash.bkp from the list and click OK.

If your saved file preflash.bkp does not appear in the list box:
U Double-click More Files... in the list box.

The Open dialog box appears.

0 Navigate to the directory containing your saved file preflash.bkp.

O Select preflash.bkp from the list of files and click Open.

Note If the Connect to Engine dialog box appears, see Appendix A.

The Aspen Plus main window appears.

If you did not create the assay data analysis simulation in Chapter 2, you can
open the backup file preflash.bkp in the Examples folder.

O From the Aspen Plus Startup dialog box, select Open an Existing Simulation. Click
OK.

The Open dialog box appears.
O Click the Look in Favorites button )

By default, the Favorites list contains five folders that are provided with Aspen Plus.

O Double-click the Examples folder.

O Select preflash.bkp and click Open.

Note If the Connect to Engine dialog box appears, see Appendix A.

The Aspen Plus main window appears.
Aspen Plus displays the graphical flowsheet for the PREFLASH run.

Modeling Petroleum Processes
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Saving a Run Under a New Name

Before you create a new run adding the atmospheric crude unit, you will create
and save a copy of PREFLASH with a new Run ID, CRUDE. Then you can make
modifications under this new Run ID.

U  From the File menu, click Save As.

The Save As dialog box appears.

U Choose the directory where you want to save the simulation.
U In the Filename box, enter the new filename CRUDE.
U From the Save as Type list, select Aspen Plus Backup Files (*.bkp).

U Click Save to save the simulation and continue.

A dialog box asks if you also want to save the simulation as an Aspen Plus Document
file.

U Click No.

The current run ID, CRUDE, now appears in the titlebar. To update the title for
this run:

U From the Data menu, select Setup.

The Setup Specifications form appears.
Ll Change the simulation title to Getting Started with Petroleum-Session 3.
U Close the window.

The graphics workspace is now active and ready for you to add to the existing
flowsheet.
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Adding the Crude Distillation Unit to the
Flowsheet

You are ready to add the crude distillation unit to the flowsheet. To make space
for the new tower:

U Drag a region around the entire flowsheet.

O Press and hold the left mouse button within the region and drag the flowsheet to the
left, to make room for the crude distillation unit, as shown in Figure 3.1.

To place and connect the distillation unit on the flowsheet:

U In the Model Library, click the Column tab.
U  Select the unit operation model, PetroFrac, to place in your process flowsheet.

U  Click the down arrow next to the PetroFrac block icon to display all the icons available
for the PetroFrac model.

00 Move the mouse over the icons to see a name (or label) for each.

In this exercise, you will select the PetroFrac icon CDU10F.

U Hold down the mouse button on the PetroFrac icon CDU10F, and drag the icon to the
Process Flowsheet window. Release the mouse button in the desired location.

0 Place the CDU10F icon in the flowsheet, as shown in Figure 3.1. Name the block
CRUDE.

0 To increase the size of the icon, click the PetroFrac icon, hold down the Shift key, then
press the + key.

To reconnect the distillation unit to the preflash block already on the flowsheet:

U Select the CDU-FEED stream.

O  Click the right mouse button on the stream, and select Reconnect Destination from the
menu that appears.

Modeling Petroleum Processes 3-7
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O

Point to the Main Column Feed port at the bottom of the column.

U Click to connect the CDU-FEED stream to the bottom feed port and then drag it to the
desired location in front of the feed furnace

U To display the flowsheet as large as possible, from the View menu, select Zoom full.

U Connect, move, and name the streams as shown in Figure 3.1. Use the port names in

Table 3.1 to help you connect to the appropriate port.

Table 3.1 Streams and Corresponding Ports

Stream ID

Port Name

CDU-FEED

Main Column Feed

CU-STEAM

Main Column Feed

CU-STM1

Stripper Steam Feeds

CU-STM2

Stripper Steam Feeds

CU-STM3

Stripper Steam Feeds

CU-WATER

Condenser Water Decant for Main Column

HNAPHTHA

Liquid Distillate from Main Column

KEROSENE

Bottoms Product from Stripper

DIESEL

Bottoms Product from Stripper

AGO

Bottoms Product from Stripper

RED-CRD

Bottoms Product from Main Column

You have finished adding the distillation unit to the flowsheet.

U Click the Next button.

The Flowsheet Complete dialog box appears.

U Click OK.

The Input form for stream CU-STEAM appears.

3-8
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Specifying Steam Feeds to the Tower

Use the Input form for stream CU-STEAM to enter the specifications for the
steam feed to the main column.

U  Enter the following state variable and component flow specifications:

Temperature 400 F
Pressure 60 PSI
Composition Basis Mass-Flow LB/HR
H20 Flow value 12000 LB/HR
The Input form for CU-STEAM is complete:
= Stream CU-STEAM (MATERIAL) Input - Data Browser =] E3
(@ npu J G £ [encretriz] 4= =] <<|fa - >5| || we
=4 Setup Jspgm[.ca[mngl Flash Options | FEm | [Be] e i |
@ Carmporents
{3 Properties Substream name: IJ MIXED vl
E‘"'ﬂgezgz —State varables———  — Composition
[] - | - -
% 5 COL-FEED ITemperature J IMass Flow J IIb.n"hr J
= ii"l CU-STEAM IJ'I:“:I IF j Component Yallie
...... G Input AT
----- ] Results IF'ressure =] 4 ﬂ
&) CU-GTHT a0 . — L
- &) CU-5TM2 ! lps =l C2
g CU-5TM3 C3
- CUwWATER Tatal flow: Stdwol 'l T4
H-C DIESEL hbl/da -
-] HMAPHTH, ! Y [ MC4
- KEROSENE | 5 =]
&g LIGHTS Solvert: | - Total: [12000
-2 MIXCRUDE
- [Z5] MAPHTHA,
H20  WATER
- [Zx) PF-STEAM
{7y PFWATER
[+.47 BREMN-CRN LI
|Input Complste A

U Click the Next button.

The Input form for CU-STM1 appears.

U Enter the following state variable and component flow specifications:

Temperature 400 F

Pressure 60 PSI
Composition Basis Mass-Flow LB/HR
H20 Flow value 3300 LB/HR

U Click the Next button.
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The Input form for CU-STM2 appears.

U Enter the following state variable and component flow specifications:
Temperature 400 F
Pressure 60 PSI
Composition Basis Mass-Flow LB/HR
H20 Flow value 1000 LB/HR

U  Click the Next button.

The Input form for CU-STMS3 appears.

0O Enter the following state variable and component flow specifications:
Temperature 400 F
Pressure 60 PSI
Composition Basis Mass-Flow LB/HR
H20 Flow value 800 LB/HR

You have finished entering steam feed specifications.
O  Click the Next button.

The Blocks CRUDE Setup form appears.
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Specifying the Atmospheric Tower

Use the Blocks CRUDE Setup form to specify the main column configuration.

U On the Configuration sheet, specify:

Number of stages
Condenser
Reboiler

Distillate rate

25

Total

None-Bottom Feed
13000 BBL/DAY

The distillate flow rate is an estimate. This value will be manipulated to achieve
the desired ASTM 95% temperature for the heavy naphtha stream.

[ Block CRUDE (PetroFrac] - Data Browser [ (O] %]

lica CRUDE

4.5 PREFLASH
Reguired Input Incomplete

--:&y CRUDE

@ Setup

{7 Pumparaunds
(& Strippers

&) Heaters Coolers
&) Funback Specs
&) Efficiencies

7] Design Specs
£ Condenser Heurves
[C7) Reboiler Hourves
7] Tray Sizing

[Z7] Trap Rating

7] Pack Sizing

7] Pack Rating

&) Properties

&) Estimates

&) Convergence
&) Feport

@ Connectivity

&) User Subroutines
@) Block Dptions

| |

Jl:unhguratmn]\r Streams] Steam ] i Pressure ] ] ]

Setup optiong
Murmber of stages: ’25—3
|Tnta|
Rebailer: |

Yalid phaszes: |

Condenzer;

Operating specifications
| Distilate rate =||staval =] [13000 [ bblday

| | | |

Ll

28 Main column stages 0 Pumparound(z) 3 Side stipper(s]

U  Click the Next button.

The Blocks CRUDE Setup Streams sheet appears.

Enter the following feed locations and conventions:

Stage Convention
CDU-FEED 22 Furnace
CU-STEAM 25 On-Stage

Modeling Petroleum Processes
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The Furnace feed convention attaches a furnace to stage 22. This furnace is
solved simultaneously with the main fractionation column and strippers.

= Block CRUDE [PetroFrac) - Data Browser | (O] %]
liza cRUDE J | 2| [ENGPETRL = << [ Input 3> E
-I-¢x CRUDE o Canfiguration JSlleams] Steam | & Pressure| ]vFumace]
o Setup
) Pumparounds Feed streams
+- gy Strippers Mame Stage Corvention
@ Heaters Coolers CUSTEAM 22 On-Stage
&®jJ Funback Specs
0 Efficiancies » [COU-FEED 25 Furnace
{Z7) Design Specs
£ Condenser Hourves Product streams
%l ?eboéh_ar.chrves Mame Stage Phaze Basis Flo
{1 Tray Sizing ] —
= Tray Rating RED-CRD 28 Liguid
[ Pack Sizing HMAPHTHA 1 Liguid
[ Pack Rating CU-WATER 1 Free water
&) Pioperties
&) Estimates ﬂ—| 2
& Corvergence
&j FRepot .

o Connectivity
&) User Subroutines
&jJ Block Option:
4. PRFEFLASH ﬂ

Required [nput Inconplete 28 Main column stages 0 Pumparound(z] |3 Side stripper(s]

[ Click the Next button.
The Pressure sheet appears.
O  Enter the following pressures using the Top/Bottom View:

Stage 1/ Condenser Pressure 15.7 PSI
Stage 2 Pressure 20.7 PSI
Bottom Stage Pressure 24.7 PSI

U  Click the Next button.

The Furnace sheet appears.

0 Select the Single stage flash Furnace type

O  Specify a StdVol Fractional overflash of 0.03 and a Furnace pressure of 24.18 psi.
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The Furnace sheet is now complete:

= Block CRUDE [PetroFrac) - Data Browser | (O] %]

{& Strippers

@) Heaters Coolers
&) Punback Specs
&) Efficiencies

7] Design Specs
7] Condenzer Hourves
") Rebailer Hourves
] Tray Sizing

[C7] Tray Rating

[C7] Pack Sizing

[C7) Pack Rating

@) Froperties

&) Estimates

&) Corvergence
&) Feport

o Cornectivity

&) User Subroutines
&) Elock Options

+.i% PRFFL &5H
Required Input Incomplete

|

i CRUDE J | £ [ENGrETRC > o =] >3] 1] 2] Na
-I-iz5) CRUDE o Configuration ] JStleams] Steam ] JPressure] JFurnacel
&) Setup
7 Pumparcunds Furnace type

(" Stage duty on feed stage
(+ Single stage flash
(" Single stage flash with liquid runback

Furnace specification Furnace pressure

| Fractional overflash ﬂ |24.1 a pai j

|Stdval x][0.03 7

Furnace az a zingle stage flazh; furnace temperature, deqree of vaparization and
waporliquid compogitions are calculated,

28 Main column stages 0 Pumparound(s] 3 Side stipper(s]

You have completed specifications for the main column.

O Click the Next button.
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Because you attached feed and product streams for three sidestrippers in the
graphical flowsheet, Aspen Plus automatically configured this block with three
sidestrippers: S-1, S-2, and S-3.

The Setup form for Stripper S-1 appears.

0  Enter the following specifications:

Number of stages 4

Liquid draw stage 6

Overhead return stage 5

Stripper product KEROSENE
Stripping steam CU-STM1
Bottom product flow 11700 BBL/DAY

The S-1 Setup form is complete:

[ Block CRUDE [PetroFrac) Strippers 5-1 Setup - Data Browser
| Setup J | & [EnGreTRCY << [ Input >> N>
—=I-{&] CRUDE Jl:unllguratmnl Optiohal Feeds ] Liquid Returs ] Prezsure ]
& Setup
{7 Pumparounds Setup tain column connecting stages
T —?-Ii;"pgﬁls Mumber of stages: (4 E Liquid draw: B 3
& Setup Stipper product:  |KEROSENE - Overhead return: |5 3
&) Efficiencies -~ ;
[ Rebailer Hew Stripping mediurm
%l Pa-"' giiZithg % Stipping steam: CU-STHY b
:II P:i'lk S?zli:gg Steam to bottom product ratio [optional); | |Ib j
) Pack Rating _| ™ Reboiler duty: | | J
& Puoperties
0 E stimates Flows specification Optional rebailer heat streams
* _Q‘J g; |Bnttnm product ﬂ Inlet: -
+ il - . =
@ Hesters Coslers |Stebval =] [11700 bbliday = | Dutlet
&®jJ Funback Specs
& Efficiencies
(£ Design Specs
— Camdensar Hepmmes e
1| b
Input Complete 28 Main column stages 3 Side stipper(z]  Stipper: 51 4 Stages

O Click the Next button.

The S-2 Setup form appears.

O Enter the following specifications:

Number of stages 3
Liquid draw stage 13
Overhead return stage 12
Stripper product DIESEL
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Stripping steam CU-STM2
Bottom product flow 16500 BBL/DAY

The S-2 Setup form is complete:

= Block CRUDE [PetroFrac) Strippers 5-2 Setup - Data Browser |_ (O] %]
| cetp J | £ [ENGrETRC > << || Input >> N2>
-l & CRUDE J[Znnllguralmnl Optional Feeds ] Liquid Fieturn ] Fressure ]
& Setup
) Pumparounds Setup tain column connecting stages
T —?—I S;;ng?s Mumber of stages: |3 E Ligquid dram: :
= ﬂ 5.2 Stripper product:  |DIESEL - Overhead return: |12 _I
&j Setup - ;
&) Efficiencies Stipping medium
%l ?ebogn_ar.ch {* Stipping steam: CU-STM2 ~
:: T::ﬁ lelt?ngg Steann to battarm product ratio [optional): | |Ih ﬂ
=) Pack Sizing _| (" Rebailer duty: | | J
£ Pack Rating
&) Propeties Flova specification Optional reboiler heat streams
. 503 Estimates | Bottom praduct = | Inlet I—L|
+ ] 2- . -
&) Heaters Coolers |SICNDI ﬂl'IEEDD bbl/day ﬂ Cutist
&) Funback Specs
@ EffIEEIEnCIES Stripping steam.
) Design Specs
*— Candenser Hepnmee e
4] r
Input Complete 25 Main column stages |3 Side stipper(s]  |Stripper: 5-2 3 Stages

O Click the Next button.

The S-3 Setup form appears.

O Enter the following specifications:

Number of stages 2
Liquid draw stage 18
Overhead return stage 17
Stripper product AGO
Stripping steam CU-STM3
Bottom product flow 8500 BBL/DAY
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The S-3 Setup form is complete:

[ Block CRUDE [PetroFrac) Strippers 5-3 Setup - Data Browser |_ (O] %]
(@ setp J | £ [ENGrETRC > o =] >3] 1] 2] Na

= il CRUDE J[Znnllguralmnl Optional Feeds ] Liguid Return ] Pressure ]
&) Setup
7 Pumparcunds Setup M ain column connecting stages
f Si:;pgirs Mumber of stages: |2 3 Liquid draw: 18 3
-] 52 Stripper product:  [AGO bl Overhead return: (17 3
-3 5-3
@) Setup Stipping medium
,G Efficie_ncies {+ | Shipping stean: CU-STH3 -
,J HEbDIh.Er.ch Steann to baottarmn product ratio (optional): | |||;. ﬂ
] Tray Sizing PR
[ Tray Rating _| elaa=r ey | | J
[C7] Pack Sizing
[ Pack Rating Flows specification Optional rebaoiler heat streams
g Ernlperties | Bottom product =] | | Inket -
shimates
@) Heaters Coolers |Std\"ll':'I ﬂlBEDD bhl/day ﬂ Jut jv
&) Funback Specs
&) Efficiencies
7] Design Specs
" Candeneer Hepnees e
4| | ’
Input Complete 25 Main column stages |3 Side stripper(z]  Stipper: 5-3 2 Stages

[ Click the Next button.
The Required Input Complete dialog box appears.
[ Click Cancel.
Next, you will supply specifications for Pumparound 1 and Pumparound 2.
O In the Data Browser, click the Block CRUDE Pumparounds folder.

The Pumparounds Object Manager sheet appears.

O Select New.

O In the dialog box, click OK to accept the default ID P-1.

The Pumparounds P-1 Specifications sheet appears.
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U To specify P-1, enter:

Draw stage
Return stage
Drawoff type
StdVol Flow
Heat duty

8

6

Partial

49000 BBL/DAY

-40.0 MMBTU/HR

The Pumparounds P-1 Specifications sheet is complete:

= Block CRUDE [PetroFrac) Pumparounds P-1 -

| P

Data Browser

=1 B3

3 o e el edfer 0] Ol o

4

= E-‘.'I CRUDE

...... a Setup

EI g Purnparounds

B3] Strippers
) 51
G 52

{77 Tray Sizing
-7 Tray Rating
--{77] Pack Sizing
--{7) Pack Rating
..... &J Puoperties
----- &J Estimates
----- &®J Heaters Coolers

----- &®J Funback Specs
..... Wl CHiriencia:

{7 Rebaier Heu™

JSpemhcatmnsl Heat Streams I HESUHSI

— Source Destination
Drraw stage: IB 3 ’7F|elurn stage: IE E
r— Drawaff type
* Partial [enter 2 specifications]
" Total [enter 1 specification anly)
— Operating zpecifications
Flow =||stdva =][49000 bhl/day =l
Heat duty ﬂ j [40 kb Bt e j

o

|Input Complete

|25 Main column stages

[1 Pumparound(s] |3 Side strippers)

Heat duty for azsociated cooler/heater. Enter negative value for cooling, pogitive value
for heating, 0 for o heating ar cooling.

i

O Click the Pumparounds folder to reopen the Object Manager.

Modeling Petroleum Processes
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The Pumparound Object Manager appears.

Select New.

In the dialog box, click OK to accept the default ID P-2.

The Pumparounds P-2 Specifications sheet appears.

Enter the following specifications for P-2:

Draw stage
Return stage
Drawoff type
StdVol Flow
Heat duty

14

13

PARTIAL

11000 BBL/DAY
-15.0 MMBTU/HR
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The Pumparounds P-2 Specifications sheet is complete:

[ Block CRUDE [PetroFrac) Pumparounds P-2 - Data Browser M=l 3
| P-2 J -ljg [EngrETRC =] <::n|-)| <<|||nput -] >>| [_]|@| EI
= @ CRUDE JSpemhcatmnsl Heat Streams I Fesults I
- Setup
D E Pumparounds — Source Destination
Emg Hourves Diraw stage: I'I 4 3 ’7F|elurn stage: I'I 3 E
= @ P-2
_____ £ Hourves Dirawoff type
[_]g Strippers % Partial [enter 2 specifications]
I & 51 ¢ Tatal [enter 1 specifization anly)
(¥ 52
=- Eﬂ 5-3 o — Dperating specifications
----- &) Setup - — —
_____ & Eficiencies Flow =||stdval  =|[11000 bbl/day =l
£ Reboiler Heu Heat duty =l =Js MMBhe =
-~ Tray Sizing
{7 Tray Rating
~{C 7] Pack Sizing
~{Z] Pack Rating
""" G F'ro_perhes Partial drawff,
----- &J Estimates
..... Wl Hesters Caclas i
| i 3
|Input Complete |25 Main column stages |2 Pumparound(s] |2 Side stipperls] 2

U Click the Next button.

The Required Input Complete dialog box appears.

U Click Cancel.

You have completed all required PetroFrac specifications. However, in this
session you will specify two design specifications, the ASTM 95% temperature for
HNAPHTHA and for DIESEL.

U From the Data Browser, click the Blocks CRUDE Design Specs folder.

The Design Spec Object Manager appears.

O Click New.

O In the dialog box, click OK to accept the default ID 1.

The Blocks CRUDE Design Specs 1 Specifications sheet appears.

First, you will enter specifications to have PetroFrac manipulate the distillate
rate to achieve an ASTM 95% temperature of 375 F for HNAPHTHA:

U Inthe Type field, select ASTM D86 temperature (dry. liquid volume basis) .
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0  Enter the following specifications:

Target 375
Liquid % 95

[ Block CRUDE [PetroFrac) Design Specs 1 - Data Browser |_ O] %]

Required Input Incomplete

O

Click the Next button.

=E =l &k [enereTrez] < <&|firpu =] 53] 7 N> |
&J Estimates ﬂ Jspgciﬁcatignsl ]G’FeedfF‘roductStreams ]G’\-"ary ] ]
&®J Heaters Coolers
&) Rurback Specs Degign specification
&) Efficiencies Tupe: |.&STM DB6 termperature [dry, iquid volurme basiz) j
(] Design Specs
1 Specification
(7] Condenser Hourves Target: |3?5 |F
{77 Reboiler Heurves
[Z7) Tray Sizing
1 Trap Rating [N
j Pack Sizing o % |3
[ Pack Rating
& Pioperties
&J Estimates
& Convergence
&j Report
& Connectivity
& User Subroutines
2 %EBFIEEESNIMS Liquid percent.
+.17 1 Beartinns i
i ol

28 Main column stages 2 Pumparound(z] 3 Side stripperz)

The Feed/Product Streams sheet appears.

Move HNAPTHA from the Available streams area to the Selected stream area by

clicking the > button.
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[ Block CRUDE [PetroFrac] Design Specs 1 - Data Browser |_ [O] %]

X = BB [evererree] Sl «ffme =155 D[] ol

&) Estimates ﬂ

& Heaters Coolers
& Funback Specs
& Efficiencies
=I- &) Design Specs
w1

7] Condenser Hourves
[ Reboiler Hourves
7] Trayp Sizing
7] Trap Rating
[C] Pack Sizing
{C7]) Pack Rating
&) Froperties
& Estimates
& Convergence
&) Report
&) Connectivity
&) Uszer Subroutines
&) Block Dptions

+) (g PREFLASH

+1.171 Reartinns i
1] | B

Required Input Incaonmplete

of Specifications ] J'Feed/Pioduct Slleams]";\f’aw ] I

Product streams
Selected stream

Awailable streams

DIESEL
KEROSENE

g

> |
_<|
_« |

Product streams to include in the specification.

28 Main column stages 2 Pumparound(z] 3 Side stripper(z]

O Click the Next button.

The Vary sheet appears.

O  Click the arrow to the right of the Type box, and select Distillate flow rate from the list.

[ Block CRUDE [PetioFrac) Design Specs 1 - Data Browser M= B

&J Estimates ﬂ

&®J Heaters Coolers
&®jJ Funback Specs
& Efficiencies
=13 Desion Specs
g1

7 Condenzer Hourves
[_) Reboiler Hourves
) Trap Sizing
) Trap Rating
") Pack Sizing
£ Pack Rating
& Puoperties
&J Estimates
&j Corvergence
&j Repott
&) Connectiviy
&) User Subroutines
& Block Option:

+/- {7 PREFLASH

+.17 1 Beartinns i
4| | B

Input Complete

+f Specifications ] ]JFeeda’F‘roductStreams JSyap ] ]

Adjuzted variable
Tupe: |Distillate flaw rate j

Gualifiers 3
_ T
_ I
[

28 Main column stages 2 Pumparound(z] |3 Side stripper(s]
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The HNAPHTHA design specification is complete.

U Click the Design Specs folder to reopen the Object manager.

For the second design specification, you will enter specifications to have
PetroFrac manipulate the DIESEL flow rate to reach an ASTM 95% temperature
of 640 F.

The Design Specs Object Manager appears.

O Click New.

0 In the dialog box, click OK to accept the default ID 2.

The Block CRUDE Design Specs 2 Specifications sheet appears.

00 Enter, or use List to select, the following specifications:

SpecType ASTM D86 temperature (dry. liquid volume basis)
Target 640
Liquid % 95
= Block CRUDE [PetioFrac) Design Specs 2 - Data Browser |_ (O] x|
=E @& E [enererroe] a0 <l ]33] ]| Ne|
G E stimates ﬂ JSpecilicalinnsl ]iiiFeed.f'F'mduct Streams ]iir'\-"al_l,l ] ]
&) Heaters Coolers
@) Funback Specs Design specification
@) Efficiencies Type: |.-’-‘«STM D8E temperature [dy, liquid wolume baszis) ﬂ
-l gg] Design Specs
g Specification
- 2 Target: |E4EI |F

] Condenser Hourves
") Reboiler Hourves

" Tray Sizing P

j Tray Rating Lisuid ]85
[ Pack Sizing

[0 Pack Rating

&) Properties

@) Estimates

&) Corvergence

&) Feport

&) Cornectivity |
&) User Subroutines

&) Elock Option:

4.7 PRFFI 45H hd
4] | »

Required Input Inconplete 25 Main column stages 2 Pumparound(z] 3 Side stripper(z)

Liquid percent.

U  Click the Next button.

The Feed/Product Streams sheet appears.
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0 Move the DIESEL stream from the Available streams area to the Selected stream area

using the > button.

[ Block CRUDE [PetroFrac) Design Specs 2 - Data Browser

|.—\

w 2

=& E fenerernce] o] «lmen =1 33| G 2] e

&J Estimates
&®J Heaters Coolers
&®jJ Funback Specs
&) Efficiencies
=1 &| Design Specs
g
- 2
7 Condenzer Hourves
[_) Reboiler Hourves
) Trap Sizing
) Trap Rating
") Pack Sizing
£ Pack Rating
&j Puoperties
&J Estimates
&J Corvergence
&j Repott
& Cornectivity
& User Subroutines

& Block Option:
| ;IJ

w533 PREFLASH

Jl

Required [nput Incomplete

[

of Specifications ] J'Feed/Product Stleamsl";\f’af}' ]

Froduct streams

Awailable streams Selected stream

RED-CRD
AG0

KEROSENE
HNAPHTHA

| |

ool ]

M= E3

Product streams to include in the specification,

28 Main column stages 2 Pumparound(z] 3 Side stipper(z)

U  Click the Next button.

The Vary sheet appears.

0 Select Bottoms flow rate as the Adjusted variable Type.

00 Select S-2 as the Stripper name.
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The Block CRUDE Design Specs 2 form is complete:

[ Block CRUDE [PetroFrac) Design Specs 2 - Data Browser |_ [O] x|
TE =l @f E [eneretroz] <6 <o =] 33| [ N

&) Estimates ﬂ o Specifications ] ]JFeeda’ProductStreams vary l ]
&) Heaters Coolers

&) Funback Specs Adjusted variable
&) Efficiencies
=[] Design Specs
1

g 2 [ualifiers
£ Condenzer Hourves 3

[C7) Reboiler Hourves Stripper name: 5.2 -
7] Trap Sizing ,——|
[C7] Trap Rating
[C7]) Pack Sizing

[C7) Pack Rating

&) Froperties

&) Estimates

&) Corwergerce

&) Feport

&) Cornectiviy |
&) User Subroutines ‘

Type: |Bnttnms flow rate ﬂ

&) Elock Options

4. PRFFI 45H il
4| | B

Input Complete 28 Main column gtages 2 Pumparound(s] 3 Side stripper(z]

You have entered all the specifications for the atmospheric crude tower, without
any initial profile estimates for tower temperatures, flow rates, or compositions.
Aspen Plus can converge the column without estimates for these variables.

U Close the Data Browser window.

U In the Aspen Plus main window, click the Next button.
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Running the Simulation

To run the simulation:

U In the Required Input Complete dialog box, click OK.

The Control Panel appears.

As the run proceeds, status messages appear in the Control Panel. It takes about
a minute for Aspen Plus to process input specifications and perform the
simulation. When the calculations finish, the message Results Available appears
in the status bar at the bottom of the main window.

U  Use the vertical scroll bar to the right of the Control panel window to see the
messages.

0O When the Results Available message appears in the toolbar, click the Close button to
close the Control Panel window.

O Click the Close button to close the Data Browser.

You can now examine the results of your run.
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Examining Simulation Results

This run produces a wide variety of simulation results. In this session, you will

examine:
o Furnace duty

« Pumparound return temperatures

« Stream results for the atmospheric tower products
« ASTM curves for the tower products

Furnace duty results appear on the CRUDE Results Summary Furnace sheet. To

examine these results:

O Select the CRUDE block by clicking on the CRUDE icon.

U  Press or click the right mouse button to display the Block menu.

O Select Results.

The Blocks CRUDE Results Summary form appears.

U Click the Furnace tab.

A summary of important Furnace results appears:

I Results Surnmary

[ Block CRUDE (PETROFRAC) Results Summary - D ata Browser

= |

-] Components

-] Streams

Eg Blocks

- CRUDE

¢ - Pumparounds

-] Design Specs
Results Summary
Profilez

o g Stream Results

{%# PREFLASH

-] Results Summary

Summaryl Ealance Fumacel Furhace #K. |

Baszis:

— Fumace summary
Temperature:
Pressure:

Heat duty:
Feed flow:
Wapor flow;

Liguid Flow;

IMD|B vI

E7a.710061 |F =]
2418 psi =l
199752418 [MMBtbe 7
386927885 | Ibmol/hr =l
256543792 [ Ibmnal/hr =]
130284073 [ibmol/he =l

Select view option,

|Rresults Available

|25 Main column stages

|2 Pumparound(s] |3 Side strippers]

Modeling Petroleum Processes

Version 10.1-0

3-25



3-26

Adding an
Atmospheric
Crude
Distillation Unit

To examine pumparound return temperatures:

U Inthe Data Browser, click the Pumparounds folder for CRUDE.

U Click the Results tab.

The Pumparounds Results sheet appears:

Inm Pumparoundz

B Block CRUDE [PETROFRAC) Pumparounds - Data Browser =] E3
=l @ E [encretroz] S| «|[resus =] 53]

(6]

[

E-{3#] Components

-3 Streams

Elg Blocks

=34 CRUDE

| E-3f Pumparounds
E Strippers
E Design Specs

; g Results Summary

g Profiles

. g Stream Results

&3 PREFLASH

-3 Results Summary

 Object Manager | Summary  Results |

— Pumparound resultz summarg

Pumparound 10 P P2

p [Draw stage: & 14 ﬂ
Return stage: E 13
T emnperature: F 337.091373 |389.236672
Pressune: psi 21.7434783 |22 TBEI5ES

apor fraction: 0 0

Heat duty: MME A -40 -15
hole flow: Ibrnal A 3364.69314 577 390196
b ags flow: bk R93005.951 [138508.935
bl s b 430000469 [T1on0.0zoe |~ |

|Riesults Available

|25 Main column stages |2 Pumparcund(s] |3 Side stripperfs)
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Examining the Product Streams

To review the stream results for the crude tower products:
U Inthe Data Browser, click the Stream Results form for CRUDE.

The Blocks CRUDE Stream Results Material sheet appears.
To examine the results for the five product streams:

U Click the first Streams field, then select HNAPHTHA.

U In the next four Streams fields, select KEROSENE, DIESEL, AGO, and RED-CRD.

To examine the 5% and 95% cutpoints and product yields:

U Using the scrollbar, scroll down until *** Dry Total*** is the top line displayed.

From these results, you can see that the tower produces a large quantity of the
diesel cut. By specifying a high ASTM 95% temperature (375 F), you also
maximize the amount of heavy naphtha produced.
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Stream results for the crude tower products appear on the Blocks CRUDE
Stream Results Material sheet:

[ Block CRUDE [PETROFRAC) Stream Rezults - Data Browser H= E3 '

I Stream Fesults ﬂ |§;g I Yl ﬁl*l ﬁ”ﬂesults Ylﬁl ul@l &I

& Companents

Maleriall HEat | Yol 2 Curves I S BT Es I Fetra Eurwes I Ealp Corves I

{4 Streams
g Blocks
I?",;Upﬁnpamunds Diizplay: Ist[eams j Farmat: IPETHD_E j Stream Tablel
¥ Stippers
g::g:‘s%ﬁ;a{ |HNAPHTH£;IhKEHDSENE thIESEL ;IhAGD =|[Feccro =l
Profiles ’ [ iR ML ;I
M Stream Results [iq Vol BOF bbiday TEE17 716930 172481 54995 45450
-3 PREFLASH [PT Gravity N 2 XN ] 165
i @ Results Summary Gy GOF 0778 0828 0858 089 095
ateon UOPE, 7 16 i .7 6
TBF Cuve F
0 = T 3099 3666 4337 Ea7 3
E % 1363 630 4457 EETE EG63
1 = T2 3808 4736 E052 7303
ETR 74z 8T E157 721 e
TR 7581 4368 E647 7073 55 4 L
M = 323 4556 Ead2 7433 325
Tz 304 4500 E4ED AR T T40E 5
T =z 33 5070 EE3 B042 5120
100 = A1TF R | e ] EQ oF] 4 16124 LI
‘ ol

|Hesults Available |25 ain column stages |2 Pumparound]z) |3 Side stripper(s] 2

O Scroll through this form to examine stream information for different products.
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Plotting Distillation Curves

Next, you will examine and plot the ASTM curves for the products. The ASTM
curves are on the Stream Results Vol.% Curves sheet. To plot the curves for the
product streams:

U In the Data Browser, click the CRUDE Stream Results form.

The Stream Results form is revealed.

U Click the Vol.% Curves tab.

The Stream Results Vol.% Curves sheet is displayed.

U Click the arrow to the right of the Curve view box, and select ASTM D86.
U  Select the Volume % column label to select the column.

U From the Plot menu, select X-Axis Variable.

U  Click the HNAPTHA column label to select the column.

U Move the mouse to the RED-CRD column. Shift-Click on the column label to select the
HNAPTHA column, the RED-CRD column, and all of the columns in between,
KEROSENE, DIESEL, and AGO.

U From the Aspen Plus Plot menu, select Y-Axis Variable.

O  From the Plot menu, select Display Plot.
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The ASTM curves should appear as shown:

= Block CRUDE [PETROFRAC) Stream Fesults Yol % Curves - Plot  [l[=] B3

= Block CRUDE (PETROFRAC) Stream Results Yol % Cumves
Lﬂ_ 1 1 I 1 L L 1 1 1 1
- |=———C— ASTK D85 HMAPHTHA : :
—{— ASTH D5 KERDSENE ! ! !
E_ —— ASTH D85 DIESEL : :
- |————r——— ALTM DEE AGD ! !
—— ASTK D85 RED-CRD : : :
= . L
] | 1 1 1
u_E 1 1 1 1
Lu : o
D: 1 1 1 1
= ! | |
=@ e
LIJr\-H- 1 1 1
|:L 1 1 1
LIJ 1 1 1
—o 1 1 1
= .

250

Yolume percent

O  When you finish viewing this plot, close the Plot window.
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At this point, you can simulate other modes of operation, such as maximizing
kerosene production to satisfy a higher demand for jet fuel. You can do this by:

« Decreasing the ASTM 95% temperature for heavy naphtha to 325 F

« Increasing the ASTM 95% temperature for kerosene to about 520 F

« Introduce another design specification by manipulating the kerosene flow
rate

The product flow rates resulting from these specifications are:

ASTM-D86 ASTM-D86 Product Flow-Rate
5% Temperature F 95% Temperature F (m bbl/day)
HNAPHTHA 166 325 4.7
KEROSENE 374 520 20.0
DIESEL 502 640 10.9
AGO 578 772 8.5
RED-CRD 674 1358 35.6

The results show that the kerosene production goes up at the expense of heavy
naphtha and diesel.
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Exiting Aspen Plus

To exit Aspen Plus:
U From the File menu, select Exit.
A dialog box asks if you want to save your simulation.
U Select Yes to save the simulation.

A dialog box asks if you also want to save the simulation as an Aspen Plus Document
file.

O Click No.

This run will be used as the starting point for the session in Chapter 4.
O o0 0O 0O
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Adding A Vacuum Unit

In this session, you will build on the simulation from the previous session and
install a vacuum unit to complete the process model.

You will:

« Add a vacuum tower, steam feed, and product streams to the flowsheet
« Specify the steam feed

o Specify the vacuum unit

« Run the simulation

« Examine the results

Allow about 30 minutes to complete this session.
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Vacuum uUnit Flowsheet

Figure 4.1 shows the process flowsheet for this session. It contains a vacuum unit
that separates the reduced crude from the atmospheric tower into:

« Off-gas

« Light vacuum gas oil

« Heavy vacuum gas oil

« Residual vacuum oil

PREFLASH

Kl

CU-WATER OFFGAS [+
HHAPHTHA vou

LVGED =
— 1, e

% :
:
860 Tﬁ*
RED-CRD

=1 VDL-STM

@ il
&

&4

Figure 4.1
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Process Flowsheet Adding a Vacuum Unit

The vacuum tower has no condenser or reboiler. Stripping steam is fed to the
bottom of the tower. The following table shows the steam flow rate and
conditions:

Stream Location Conditions and Flow

VDU-STM Bottom of main fractionator 400 F, 60 psia, 20,000 Ib/hr

The furnace operates at a pressure of 2.03 psia, and provides an overflash of
0.6%. The overflash is bypassed to the tower furnace.

Modeling Petroleum Processes
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The tower has two pumparound circuits. The following table shows their
locations and specifications:

Pumparound Location Specifications
1 Fromstage 2to 1 Flow: 20,000 bbl/day Duty: -28 MMBtu/hr (estimated)
2 From stage 4t0 3 Flow: 49,000 bbl/day Duty: -80 MMBtu/hr

The duty for the first pumparound is adjusted so that the top of the tower is at
150 F.

You will model the tower with six equilibrium stages. The light vacuum gas oil is
taken out from stage 2 as a total draw. The flow is estimated at 8,000 bbl/day.

The second pumparound provides all the necessary reflux for the lower section of

the tower. The heavy vacuum gas oil is withdrawn from stage 4 at 17,000
bbl/day.
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Starting Aspen Plus

To start Aspen Plus:

U Use the Windows Start menu, or double-click the Aspen Plus icon on your desktop.

Note If the Connect Host dialog box appears, see Appendix A.

The Aspen Plus Startup dialog box appears.
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Opening an Existing Run
If you saved the crude flowsheet simulation created in Chapter 3:

U Inthe Aspen Plus Startup dialog box, select Open an Existing Simulation.

If your saved file crude.bkp appears in the list box:

U Select crude.bkp from the list and click OK.

If your saved file crude.bkp does not appear in the list box:
U Double-click on More Files... in the list box.

The Open dialog box appears.

0 Navigate to the directory that contains your saved file crude.bkp.

O  Select crude.bkp from the list of files and click Open.

Note If the Connect to Engine dialog box appears, see Appendix A.

The Aspen Plus main window appears.

If you did not create the crude distillation simulation in Chapter 3, you can open
the backup file crude.bkp in the Examples folder.

O From the Aspen Plus Startup dialog box, select Open an Existing Simulation. Click
OK.

The Open dialog box appears.
O Click the Look in Favorites button )

By default, the Favorites list contains five folders that are provided with Aspen Plus.

O Double-click the Examples folder.

O Select crude.bkp and click Open.

Note If the Connect to Engine dialog box appears, see Appendix A.

The Aspen Plus main window appears.
Aspen Plus displays the graphical flowsheet for the CRUDE run.
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Saving a Run Under a New Name

Before you create a new run adding the vacuum unit, you will create and save a
copy of CRUDE with a new Run ID, VACUUM. Then you can make modifications
under this new Run ID.

U  From the File menu, click Save As.

The Save As dialog box appears.

U Choose the directory where you want to save the simulation.
U Inthe Filename box, enter the new filename VACUUM.
U From the Save as Type list, select Aspen Plus Backup Files (*.bkp).

U Click Save to save the simulation and continue.

A dialog box asks if you also want to save the simulation as an Aspen Plus Document
file.

U Click No.

The current run ID, VACUUM, now appears in the titlebar.
To update the title for this run:

U From the Data menu, select Setup.

The Setup Specifications form appears.
U Change the simulation title to Getting Started with Petroleum-Session 4.
U Close the window.

The graphics workspace is now active and ready for you to add to the existing
flowsheet.
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a Vacuum Tower to the Flowsheet

You are ready to add the vacuum tower and steam feed to the flowsheet. To make
space for the new tower:

U From the View menu, select Zoom Out.
U Drag a region around the entire flowsheet.
O Press and hold the left mouse button within the region and drag the flowsheet to the

left, as shown in Figure 4.2.

Next, you will place and connect the vacuum unit on the flowsheet to create the
process flowsheet in Figure 4.2. If you need to review how to create a graphical
simulation flowsheet, see Getting Started Building and Running a Process Model,
Chapter 2.

II|||II Aszpen Plus - vacuum_bkp = =]E3

Fle Edit “ew Data Tools Bun Flowsheet Window Help
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FIE=F i for =] acfza]ai]=] IT“GLDBAL -] %153@” Alz|Olalo]~]¢ ] mE—=] [w =l
[ |

OFF-GAS o
RESIDUE o

4] | _>|_I

l; Iixers/Spliters Separator: I Heat Exchangers Columnsl Feactors I Prezzure Changers I I anipulators I Solidsl User Models I

>

Material careu e oL e Ao aE h aTRACT M e M e e V| v | T BeTEHRAT e

STREAMS DSTwW L Diiztl RadFrac Extract MultiFrac SCFrac PetoFrac RateFrac EatchFrac

|For Help, press F1 [ [CAwINDOWSNDESKTOPYGS Petioleum | |Required Input Incomplete 2

Figure 4.2
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To place and connect the distillation unit on the flowsheet:

g

Click the Column tab in the Model Library.

Select the unit operation model, PetroFrac, to place in your process flowsheet.

Click the down arrow next to the PetroFrac block icon to display all the icons available
for the PetroFrac model.

Move the mouse over the icons to see a name (or label) for each.

In this exercise, you will select the PetroFrac icon VACUUMI1F.

g

4-8

Click and hold down the mouse button on the PetroFrac icon CDU10F, and drag it to
the Process Flowsheet window. Release the mouse button when it is in the desired
location.

Place the VACUMMLF icon in the flowsheet, as shown in Figure 4.2. Name the block
VDU.

To increase the size of the icon, hold down the Shift key, then press the + key.

Connect, move, and name the streams, as shown in Figure 4.2, using the port
information below for guidance.

Stream ID Port Name

RED-CRD Main Column Feed

VDU-STM Main Column Feed

OFF-GAS Vapor Distillate from Main Column
LVGO Side Product from Main Column
HVGO Side Product from Main Column
RESIDUE Bottoms Product from Main Column

Click the Next button.

The Flowsheet complete dialog box appears.

Click OK.

The Input form for stream VDU-STM appears.
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Specifying the Steam Feed

Use the Input form for stream VDU-STEAM to specify the steam feed to the
main column.

U Enter, or use List to select, the following stream conditions. (Be sure to check the
prompts to see which fields are List fields.):

Temp 400 F

Pres 60 PSI
Composition Basis Mass-Flow LB/HR
H20 Flow value 20000 LB/HR

The Input form for VDU-STM is complete:

[ Stream YDU-STH [MATERIAL) Input - Data Browser H=] E3

Iﬂ Input Jﬁ Im *l*l ﬁ”ﬁﬁl L“@l El

E CU-WATER JSpemhcahunsl Flash Options | FED | e el AL |
1:| HYGO — State warables———— [~ Compaosition
#-C LVGO [400 F
» [H2D 20000 ﬂ
B OFF-GAS [60 Ll
& {7y RED-CRD Totalflow: [Stdvel 7] ]
@ Input )2 =
+-{" ] Reaction:
-2 badel Amalisis Tanks =l

-7 DIESEL
B[ KEROSENE [MassFiow =] [ibshr =]
{7 MIXCRUDE
= {7 PF-STEAM lps L2
#-) RESIDUE | bbl/day =l NC4
EI Flesults Sl vent: I j Tatalk Iggggg
E
E
("] Convergence b
E
|In|:uut Complete &

ITemperature

LeJLe

LefLed

m HHAPHTHA, Substream name: IJ MIXED j
H-7g LIGHTS
Component Y alue
E MH&PHTHA IPIESSUIE
{7y PFwaTER =
=8 E WOIL-5THM
+- & Blocks
+-{77] Flowsheeting Options

U Click the Next button.

The Blocks VDU Setup Configuration sheet appears.
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Specifying the Vacuum Unit

Use the Blocks VDU Setup form to specify the main column configuration.

U On the Configuration sheet, specify:

Number of stages 6
Condenser None-Top pumparound
Reboiler None-Bottom feed

Click the Next button.

The Setup Streams sheet appears.

Enter the following feed locations and connections:

State Convention
RED-CRD 6 Furnace
VDU-STM 6 On-Stage

The Furnace feed convention attaches a furnace to stage 6. This furnace is solved
simultaneously with the vacuum tower.

O

Enter the following product location, phase, and rate specifications:

Stage Phase Flow
LVGO 2 Total liquid 8000 bbl/day (estimate)
HVGO 4 Liquid 17000 bbl/day

LVGO is a total liquid draw from stage 2. The flow rate you enter is an estimate

only.
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The Setup Streams sheet is complete:

= Block ¥DU [PETROFRAC] Setup - Data Browser =l E3
@ Setup = @) [enareriz] E| =] «]fan -1 »| || w]
E- & You | | o Canfiguration JSlreamsl Shearn |'-'F'ressure| (e le = =) |‘-’Fumace|
,;, Setup
- gg] Pumparounds — Feed streams
%l Strippers Mare Stage Corwvention
- HeaterzCoolers
@ RunbackSpecs » [RED-CRD Fumace B
- @ Efficiencies DU-STM On-5tage - |
-] DesignSpecs
-{Z] CondenserHcurves — Product streanns
g ?ehgﬂe_[chwes Mame Stage Phase Bess Fla
raysizing
-7 TragRating OFF-GAS 1 Wapor Stdval
-7 PackSizing RESIDUE 5 Liquid Syl
{2 PackRating V&0 2 Total liquid < tdhvol 2000
- Properties —
- Estimates ey 4 Liguid Staval 17000
- Convergence 4 | i
@ Report |
- @ BlockOptions
@ UserSubroutines
@ Conhectivity
1 ReasultSurmrmam ;I
|Hequired Input Incomplete |E Main column stages |D Pumparound(z] |EI Side stnpper(s] 2
U Click the Next button.
The Setup Pressure sheet appears.
U Click the View field and select Pressure profile.
You will specify the pressure profile by entering stage numbers and
corresponding pressures on this form.
U Inthe Pressure profile section of this form, change the pressure units to mmHg.
U Enter the following values:
Stage 1 Pressure 60 mmHg
Stage 6 Pressure 70 mmHg
The Setup Pressure sheet is complete.
U Click the Next button.
The Setup Furnace sheet appears.
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U Select the Single Stage Flash with liquid runback as the Furnace type.

O Specify a StdVol Fractional overflash of 0.006 and a Furnace pressure of 2.03 psi.

The single stage flash with liquid runback option models the furnace as a single-
stage flash with the overflash from the flash zone now bypassed to the furnace.

The Setup Furnace sheet is complete:

= Block VDU [PETROFBAC) Setup - Data Browser [_ O] x]
| setup = -ljg IENGPETHE -] <::n|-b| ((”.-’-\.II -] >>| [_]|@| Na>|
=-& VDU || v Configuration |J8treamsl Stearn | JPressurel B [ =l JFumaceI

0 Setup

=1 F'u!'nparcuundx — Furnace type

(] Strippers = Stage duty on feed stage

- HeatersCoolers ;

@ FunbackSpecs "~ Single stage flazh

@ Efficiencies i Single stage flash with liquid runback,

-] DesignSpecs

--{77] CondenserHcurves — Furnace specification Furnace pressure

-0 HEbDI!E.[HDUWES Fractional averflazh j |2.|33 Ipsi j

-] TraySizing

-7 TrayRating St jID'DDE j

-{£7) PackSizing

-{£7) PackRating

- Properties

- Estimates

- Convergence

@ Report |-

a BlockO ptions

a UzerSubroutings

a Connectivity

-1 Rezulk=Sormman ;I

Furnace az a zingle stage flash with the overflazh bypassing to fumace; furnace
temperature, degree of waparization and vapordiquid compositions are calculated.

|Hequired Input Incomplete |E M ain column stages |D Pumparound(s) |D Side stipper(s] 2

U Click the Next button.

The Pumparounds Object Manager appears.

O Select New.

U In the dialog box, click OK to accept the default ID P-1.
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The Blocks VDU Pumparounds P-1 form appears.

U To specify P-1, enter, or use List to select, the following specifications:

Draw stage 2

Return stage 1

Drawoff type Partial

StdVol Flow 20000 bbl/day
Heat duty -28.6 MMBtu/hr

The Pumparounds P-1 form is complete:

= Block ¥DU [PETROFRAC] Pumparounds P-1 - Data Browser M= E3
FIR J mfE [enaretrix] &]=] <<|fa -1 > |ez| ne|
E ﬂ wDU JSpemhcalmnsl Heat Streams | Heslts |
@ Setup
= m Pumparounds — Source Deztinatiar
Sy @E: Heurves Diraw ztage: _E ’7Heturn ztage: I‘l E
(7] Strippers N
@ HeatersCoolers Drawof type
@ RunbackSpecs ¥ Partial [enter 2 specifications)
@ Efficiencies " Total (enter 1 specification only)
7] DesignSpecs
{7 CondenserHcurves — Dperating specifications
{7 RebolerHourves
) Treybicing Flow =][stdva x][z0000 bbl/day =]
] TrayRating Heat duty =l | MM Btk =]
-~{{] PackSizing
~{Z7] PackRating
@ Properties
@ Estimates
@ Convergence Stage number of purmparound draw location. May not be stage 1.
@ Repart
@ BlockOptions
.l | |2erSobrnbines ;I
Input Eumplete E tain column stages |1 Pumparound(z] |0 Side stripper(s]
A

U In the Data Browser window, click the Pumparounds folder.

The Pumparound Object Manager appears.

U Select New.

U In the dialog box, click OK to accept the default ID P-2.
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U Enter, or use List to select, the following specifications for P-2:

Draw stage 4

Return stage 3

Drawoff type Partial

StdVol Flow 49000 bbl/day
Heat duty -80.0 MMBtu/hr

The Pumparounds P-2 form is complete:

= Block ¥YDU [PETROFRAC] Pumparounds P-2 - Data Browser _ O] ]
|4 P2 J -|jg IENGPETHE -] <}:|-}| <<||.-’-\II -] >>| [_||@| Ha|
EE wou Jﬁpemhcahunsl Heat Streams I Hesults I
- Setup
L__| E Pumparounds — Source Destination
r Dirav stage: E ’7F|etum ztage: |3 E
E| @ P-2
_____ £ Heurves Dirawoff type

{3 Stippers & Partial [enter 2 specifications]

""" &%) HeatersCoolers = Tatal [enter 1 specification anly)

----- &) FunbackSpecs

""" &) Efficiencies — Operating specifications

({7 DesignSpecs

-] CondenserHcurves Flow j Stdvol j 49000 bbi/day j

-] ReboilerH curves Heat duty j j -80 tAbdBtushre j

{77 TrapSizing

(7] TrapRating

] PackSizing

({7 PackRating

""" 0 F'rn.pertles Stage number of purparound draw location, kMay not be stage 1.

----- &) Estimates

----- @) Convergence

----- Wl Benart ;I
|Input Complete |E tdain column stages |2 Pumparound(z] |D Side stripper(s] 4

U Click the Next button.

The Required Input Complete dialog box appears.

You have completed all required PetroFrac specifications. However, in this
session you have a design specification—the temperature specification for the top
of the tower.

U Click Cancel.

O Click the Blocks VDU Design Specs folder.

The Design Specs Object manager appears.

O Click New.
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In the dialog box, click OK to accept the default ID 1.

The Blocks VDU Design Specs 1 Specifications sheet appears.

Enter, or use List to select, the following specifications:

Type Stage temperature
Target 150

Stage 1

Click Next.

The Blocks VDU Design Specs 1 Vary sheet appears.

Click on the arrow to the right of the Type box, and select Pumparound duty from the

list.

Select P-1 as the Pumparound name.

The design specification is complete.

O

Close the window.

You have entered all the specifications for the vacuum unit.

g

g
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Close the Data Browser window.

In the Aspen Plus main window, click the Next button.
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Running the Simulation

To run the simulation:
U In the Required Input Complete dialog box, click OK.

The Control Panel appears.

As the run proceeds, status messages appear in the Control Panel. It takes about
a minute for Aspen Plus to process input specifications and perform the
simulation. When the calculations finish, the message Results Available in the
status bar at the bottom of the main window.

O Use the vertical scroll bar to the right of the Control panel window to see the
messages.

00 When the Results Available message appears in the toolbar, click the Close button to
close the Control Panel window.

You can now examine the results of your run.
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Examining Simulation Results

This run produces a wide variety of simulation results. You will examine

simulation results for the vacuum tower that include:

Column profiles

Pumparound results

TBP curves
Stream results

Column profiles are on the VDU Profiles sheet. To examine column profiles:

U Click the VDU block icon to select it.

Select Results.

Press or click the right mouse button to display the Block menu.

The Blocks VDU Results Summary form appears on the screen.

Click the Profiles form in the Data Browser.

= Block ¥DU [PETROFRAC] Profiles - Data Browser

I [=] B3

I Prafiles j Iaﬂ I 'I {,‘leﬁl {<||F|esults 'I })l [_]l@l H-)l
E Components TPFQ | Compozitions | KA alues | Hipdraulics | Effiziencies | Broperties |
-3 Streams
=34 Blacks igan Summary - B asis: IMnIe vI
-G} CRUDE I =
E PREFLASH — Profiles
EIE WD Stage| Temperature|  Pressure Heat duty | Liquid flow | Wapor fl
-G Pumparounds
R gES'E:" %F'ECS [F =lesi Zlfrmernz]|omolne =] ibmothr
i 1
FEEE SUIMMELY T [150.000527 [1.16020648 [25.075401 |012.269642 [1110.323 -
Profiles
W Stieam Fiesults 7 |320639097 119888002 0 109521978 [1131.690
[]"E Results Summary 3 024630042 [1.23755358 |80 2181.36734 1414620
4 03647375 [1.27622713 |0 2084 19237 |2146.724
I} 781.826607 [1.371430063 |0 4. 28268393 |2043.548
E FO] Oean 1 3RIETADS 0 78 220848 0207 FJ"I'ILI
‘ i
Select view option.

|Results Availabls

|E Main column stages

|2 Purparound(z] |0 Side stippers)

v
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This form shows that the simulation calculated a bottom temperature above 790
F. If this is higher than you want, you can reduce the tower pressure in a later
simulation case. Lowering the tower pressure also affects the gas oil yield.

The pumparound results are on the VDU Pumparound Results sheet. To examine

these results:

U Inthe Data Browser, click the Pumparounds folder.

U Click the Results tab.

The Pumparounds Results sheet appears, displaying pumparound results:

= Block ¥DU [PETROFRAC) Pumparounds - Data Browser

Im Pumparoundz

&)k [enererrce] <a| =] <<][Resis =53]

1]

IS[=] E3

Wl

#-{3# Components

-] Streams

EIE Blocks

-] CRAUDE

-3 PREFLASH

=& vou

#-{3f Pumparounds
; (3] Design Specs
Results Surmmary
i Profiles

Strezam Results
F-3# Results Summary

W Object Manager | Surmmary  Results |

— Pumparound rezults summarny

Pumparaund 1D P-1 P-2

p [Drave stage: 2 4 ﬂ
Feturm stage: 1 3
T ernperature: F 128277734 1419352865
Pressure: psi 1.19833003 |1.27622713

apor fraction: il 0

Heat duty: MMEtuthr -25.975401  [80
Il Flomar lbrnalhr 790.922736 14492646
It az:s Flow: Ib/hr ZE3EE3.383 |E7RE3217E
bl Pl BELid- 19993, 9637 149000, 0887 LI

|Results Available

B Main column stages

|2 Pumparound(s] |0 Side stipperfs] 2

—

U Close the window.
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Plotting Distillation Curves

Next you will plot the TBP curve for streams LVGO, HVGO, and RESIDUE. The
True Boiling Point curves appear on the Stream Results Vol.% Curves sheet. To
plot TBP curves:

U Inthe Data Browser, click the VDU Stream Results form.

The Stream Results form is revealed.

U Click the Vol.% Curves tab.

The Stream Results Vol.% Curves sheet is displayed.

U  Plot the ASTM curves for streams LVGO, HVGO, and RESIDUE following the same
steps as in Chapter 3, Plotting Distillation Curves.

= Block ¥DU [PETROFRAC] Stream Results Yol % Curves - =] E3
S Block YDU (PETROFRAL) Stream Results Yol % Curves
r_D- 1 1 1 1 1 1

1

—C— ASTM DBE LW150
—{— ASTM DB HW GO0
r —{— AT D6 RESIDUE

1400

1200

TEMPERATURE F
1000

800

]

B0

o 10 20 30 40 50 B0 YO0 80 90 100
Yolume percent

The simulation shows a good separation between the gas oils and residue.
However, the separation between the light and heavy gas oils is rather sloppy.

U Close the Plot window.
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Examining Stream Results

Next, you will review the stream results.

U Click the Material tab.

O Click the horizontal scrolling arrow at the bottom left of the form until the RESIDUE
stream appears.

O  Click the scrolling arrow at the bottom right of the form to scroll through the form and
examine the results for the RESIDUE stream.

You can review the calculated flows and properties of the stream.

U To examine the calculated API gravity for this stream, click the scrolling arrow at the
bottom left of this form until the API Gravity row appears.

U Click the horizontal scrolling arrow at the bottom left of the form until the LVGO stream
appears.

The calculated value for LVGO product rate is different from the specified value
of 8000 bbl/day. Since you specified a total draw, Aspen Plus treated the specified
value as an initial guess. The final value is the one corresponding to the total
draw from the stage.
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Exiting Aspen Plus

To exit Aspen Plus:
U  From the File menu, select Exit.
Aspen Plus displays a dialog box asking if you want to save your simulation.
U In the dialog box, select Yes to save the simulation.

A dialog box asks if you also want to save the simulation as an Aspen Plus Document
file.

U Click No.

This run will be used as the starting point for the session in Chapter 5.
O o0 0O 0O
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Displaying Petroleum
Stream Properties

It is important to monitor certain petroleum properties such as sulfur content,
PNA composition, octane number, flash point, metals content, and pour point
when modeling refinery operations. Frequently, operating parameters are
adjusted in order to achieve a desired product quality, expressed in terms of
these petroleum properties.

These properties are often available as part of the assay data for a crude feed.
Aspen Plus enables you to enter these data as property curves. Once you enter
these curves, Aspen Plus can calculate these properties for any flowsheet stream.

You can use the calculated stream properties as column specifications, access
them in Fortran blocks, use them in optimization constraints, and so on.

In this session, as an example, you will include sulfur content in your model.

You will:

« Add a sulfur curve for each of the two crude oils
« Select options for the property sulfur

« Define a property set for the sulfur content

e Run the simulation

« Examine simulation results

Allow about 30 minutes to complete this session.
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Starting Aspen Plus

To start Aspen Plus:

U Use the Windows Start menu, or double-click the Aspen Plus icon on your desktop.

Note If the Connect Host dialog box appears, see Appendix A.

The Aspen Plus Startup dialog box appears.
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Opening an Existing Run
If you saved the crude flowsheet simulation created in Chapter 4:

U Inthe Aspen Plus Startup dialog box, select Open an Existing Simulation.

If your saved file vacuum.bkp appears in the list box:

U Select vacuum.bkp from the list and click OK.

If your saved file vacuum.bkp does not appear in the list box:
U Double-click on More Files... in the list box.

The Open dialog box appears.

0 Navigate to the directory containing your saved file vacuum.bkp.

O  Select vacuum.bkp from the list of files and click Open.

Note If the Connect to Engine dialog box appears, see Appendix A.

The Aspen Plus main window appears.

If you did not create the vacuum unit simulation in Chapter 4, you can open the
backup file vacuum.bkp in the Examples folder.

U From the Aspen Plus Startup dialog box, select Open an Existing Simulation, then
click OK.

The Open dialog box appears.
O Click the Look in Favorites button )

By default, the Favorites list contains five folders that are provided with Aspen Plus.

O Double-click the Examples folder.

0 Select vacuum.bkp and click Open.

Note If the Connect to Engine dialog box appears, see Appendix A.

The Aspen Plus main window appears.
Aspen Plus displays the graphical flowsheet for the VACUUM run.
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Saving a Run Under a New Name

Before you create a new run adding sulfur content specifications, you will create
and save a copy of VACUUM with a new Run ID, PPROP. Then you can make
modifications under this new Run ID.

g

From the File menu, click Save As.

The Save As dialog box appears.

Choose the directory where you want to save the simulation.

In the Filename box, enter the new filename PPROP.

From the Save as Type list, select Aspen Plus Backup Files (*.bkp).

Click Save to save the simulation and continue.

A dialog box asks if you also want to save the simulation as an Aspen Plus Document
file.

Click No.

The current run ID, PPROP, now appears in the titlebar.

To update the title for this run:

g

5-4

From the Data menu, select Setup.

The Setup Specifications form appears.

Change the simulation title to Getting Started with Petroleum-Session 5.

Close the window.
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Adding Sulfur Content Data

In Chapter 1 you defined and blended two crude oils, OIL-1 and OIL-2. Now you
will enter the sulfur content (in weight percent) of these oils into your simulation.

g

Modeling Petroleum Processes

Version 10.1-0

From the Data menu, select Components.

The Assay/Blend and the Petro Characterization folders are revealed.

Expand the Assay/Blend folder.

The folders for the blend, MIXOIL, and the two assays, OIL-1 and OIL-2, that were
created are revealed.

Expand the OIL-1 folder.

The Basic Data, Property Curves, and Results form are revealed.

Click on the Property Curves form.

The Assay/Blend Property Curves form for OIL-1 appears.

Click the Property type field, and select SULFUR from the list.

In the Bulk value field, enter 2.3.

In the Mid percent distilled and Property value fields, enter the following sulfur content
percentage values for OIL-1:

Mid percent distilled Property value (wt% sulfur)
20 0.0
5.0 0.01
10.0 0.013
20.0 0.05
300 115
40.0 1.62
450 1.90
50.0 2.15
Continued
5-5
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Mid percent distilled

Property value (wt% sulfur)

60.0 254
70.0 30
80.0 3.7

The Assay/Blend Property Curves form for OIL-1 is complete:

Iﬂ Property Curves

i Components Assap/Blend OIL-1 Property Curves - Data Browser M=l E3
J = [encreTriz] &|=] <<|fa -1 >>| (e ne|

E Setup

,_:_HE Components
a Specifications
Eﬁ' Azzap/Blend
m k= 0IL

lmmLz

----- () Attr-Comps
-] Heny Comps
----- i1 UMIFAC Groups
{7 Comp-Groups
B-{77) Polyrners
E-{¥] Properties

{7 Streams

{7 Blocks
IT:I-I-IC'_I Reartnns
L

{75 Fetro Characternization
----- @ Pzeudocomponents

o

J'Petio Pmpertlesl Wizcosity I

Property type: IJ SULFUR

~

— Property curve data

Bulk, value: |2.3

Idid percent | Property
diztilled walue
45 1.9 ;'
A0 215
&0 2 54
70 3
50 3.7
» =

tdid-percent diztiled [zame basis as distilation data, i e., wolume or weight).

To add sulfur content percentages for OIL-2:

U Inthe Data Browser, expand the OIL-2 folder.

The Basic Data, Property Curves, and Results form are revealed.

U  Click the Property Curves form.

The Assay/Blend Property Curves form for OIL-2 appears.

U Click the Property type field, and select SULFUR from the list.

U Inthe Bulk value field, enter 2.5.

U Enter the following sulfur content percentage values for OIL-2:
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Mid-Pct Prop. Value
20 0.0
5.0 0.01
10.0 0.015
20.0 0.056
300 13
40.0 17
450 2.0
50.0 2.3
60.0 2.7
70.0 32
80.0 38

The Assay/Blend Property Curves form for OIL-2 is complete.
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Selecting Options for the Sulfur Property

For a petroleum property, you can select calculation options such as the blending
and extrapolation methods.

Now you will select options for the sulfur property.
O Inthe Data Browser, expand the Petro Characterization folder.

The Generation and Property Methods folders, and Analysis Options and Results
forms are revealed.

O  Click the Analysis Options form.

U Click the Blend Options tab.

The Components Petro Characterization Analysis Options Blend Options sheet
appears.

U Enter the following data for the Property and Blend method fields:

Property SULFUR
Blend Method Mass

By default, Aspen Plus will extrapolate to the 0 and 100% points, if these values
are missing from the curve.

The Petro Characterization Analysis Options form is complete:
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[ Componentz Petro Characternzation Analysis Oplions -

Iﬂ Analpsiz Options

Data Browser

Jﬁl—_lglzlslmzl I

ol

H-{¥] Setup
5@ Cormponents
------ a Specifications
! (28] Assap/Blend
E@ Petra Characterizatian
-{¥] Generation
&} Analysis Dptions
i+{7) Properties

----- L[] Results
----- &®) Pseudocomponents
----- () Atr-Comps
-{Z_] Henry Comps
----- (:} UMIFAL Groups
{7 Comp-Groups
-] Polpmers
-] Properties
-7 Streams
{7 Blocks
E
E
E

+-{"7] Reactions
+-{"7) Convergence

+-{_ ] Flowsheeting Options
#1770 badel drnalisis T Aok

[ |

o Bzzay Procedures  «'Blend Uptlunsl

— Petroleum property blending parameters

Property Blend Blend option| Estrapolate
method
p | SULFUR Mazz
*

|Input Complete

U Close the Data Browser window.
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Adding the Sulfur Property

In order to include in the report the sulfur property you just defined, you must
create a Property Set.

U From the Data menu, select Properties.

O Click the Prop-Sets folder.

The Prop-Sets Object Manager appears.

U Select New.

U In the dialog box, click OK to accept the default name, PS-1.
O Click OK.

O Click the Search button.

O Inthe Search Physical Properties dialog box, type Sulfur in the field and click the
Search button.

O Select Sulfur content from the list of Physical property names.
0  Click the Add button.

0 Click OK.
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Search Physical Properties

1 Type phyzical property pou want to find and then click Search

ISLI":LI[ Search

[ Search pure components only

2 Click one or mare properties you want, and then click Add.

Phwzical property name | Aliaz |ﬂ

bl azz fraction of sulfur atoms MasS5FRS

b ole flove of zulfur atoms MOLEFLS

bole fraction of sulfur atoms MOLEFRS

Sulfur content SULFUR

Sulfur content curve SULFCRW j A

3 Click OF to accept the selection.

Phyzical property name | Aliaz |
Sulfur content SULFUR

Hemmve |

Cancel | Help |

SULFUR now appears as a selected Physical Property on the Prop-Set form.

(@ s =] | t [encreTRCx] <& ﬂf-‘«ll - ﬂ (] ﬂ

(] Property Methods ﬂ JPmpg[tiegl Dualifiers ] |
[~ Estimation
iﬂ Malecular Structure Properties

[¥] Parameters Physical properties Uitz

(] Data SULFUR
(£ Analysiz
(3] Prop-Sets *

&) CUTSE

&) DoES

&) Do64s

&) GASPROPS

&) HADESIGM

&) KINVISC

& LGHT

&j HIDOLE

&) FETRO i

a P5-1 Subsztrean: - Search

& TBP-S

&j TeEP-95

&) THERMAL

THPORT

e |gwanm=r| ﬂ

|nput Complete

-+

U  Click the Qualifiers tab.
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U Inthe Water basis field, select Dry from the list.

The Properties Prop-Sets PS-1 form is complete:

= Properties Prop-Sets P5-1 - Data Browser
R =l @fE [encretriz] | =] <<|fa - >3] |z N

m Property Methods ;I o Properties Jﬂualifiersl

|:| E stimation

m t olecular Structure — Qualifiers of zelected properties

B3] Parameters

] Data ) p [Phaze

|:| Analyzis

E'E}:l Frop-Sets Camponent
..... &) CUTSE 2id liquid key component
g ggg 35 Temperature W System
..... &) GASPROPS Prezsure V¥ System
..... &) H<DESIGN % Distilled
""" 6 KINVISC ater bazis Dy
----- &) LIGHT
----- &) MIDDLE
----- &) FETRO -
..... P5-1
----- TEP-5
""" @ TEP S Phaszelz] for which to calculate the properties. Phases are determined at stream
""" g THERMaL conhditions or conditiohs specified in Analysis.
----- TXPORT

L2 Acheancad LI

[Input Complete o

U Close the Data Browser window.

Now you will add the SULFUR Property Set to the stream property list.

U From the Data menu, expand the Setup folder.
O  Click the Report Options form.

U Click the Stream tab.

The Setup Report Options Stream sheet appears.
U Click the Property Sets button.

U Move PS-1 from the Available property sets area to the Selected property sets area
using the > button.
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Hroperty Selts x
— Property zets
— Available property setz— — Selected property sets —
FETRO
Dae-5 P51

DBE-95
GASPROPS
HXDESIGM
KINVISC =

P LLEL

Cloze

*roperty get 1D Use List o lizt existing [Ds; or enter a new 1D,

U Click the Close button.

The Report Options form is now complete.

U Close the Data Browser window.

O Inthe Aspen Plus main window, click the Next button.
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Running the Simulation

To run the simulation:

U In the Required Input Complete dialog box, click OK.

The Control Panel appears.

As the run proceeds, status messages appear in the Control Panel. It takes about
a minute for Aspen Plus to process input specifications and perform the
simulation. When the calculations finish, the message Results Available appears
in the status bar at the bottom of the main window.

O Use the vertical scroll bar to the right of the Control panel window to see the
messages.

You can now examine the results of your run.
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Examining Results

To review the stream results for the crude tower products:

U Click the Check Results button gl on the Control Panel.

The Results Summary Run-Status form appears and indicates that the calculations
were completed normally.

To examine the stream results:

O  Click the first Results Summary Streams form.

The Blocks Results Summary Streams Material sheet appears.

To examine the results for the five product streams:

U Click the first Streams field, select HNAPHTHA.

O In the next four Streams fields, select KEROSENE, DIESEL, AGO, and RED-CRD.

U  Click the vertical scroll bar until you reach the SULFUR results.

The Results Summary Streams form displays sulfur content:

B Results Summary Streams - Data Browser [_ (O] x|
I Streams j |§jg I 'I <):'|-}| ﬁ”ﬂesults 'Iﬁl ) El
=3 Components Material | Bl | e | ol % Curves | Ut W= | FErEET e | el e |
-3 Streams
=-{34 Blocks
=5 Results Summary o :
E Flun Statis Dizplaw: IStreams j Format: IPETHD_E j Strearm Tablel
Streams
[ Convergence | EREEREE | (SR | EEER | e | o0 B
30 S Fiah| 1330 2806 408.2 5415 ;I
50 % 96.7 207.5 3041 4327 B50.2
70 % 124.2 2252 337.0 4635 2126
90 % 1541 250.8 3805 5023 1075.2
95 X 167.6 2558 3383 516.3 1181.8
1m0 1919 286.7 424 4 BEE.4 1284 8
SULFUR  percent 0.303 1.484 2225 2.927 4057 j
i B
Results Available i
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As expected, the sulfur content of the heavier products, such as RED-CRD, is
higher than the sulfur content for the lighter products, such as HNAPHTHA. By
following the same procedure described in this section, you can incorporate other
petroleum stream properties into your model and track their distribution
throughout the flowsheet.
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Leaving Aspen Plus

To exit Aspen Plus:
U  From the File menu, select Exit.
A dialog box asks if you want to save your simulation.
U Select Yes to save the simulation.

A dialog box asks if you also want to save the simulation as an Aspen Plus Document
file.

U Click No

oo 0O 0O
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Appendix A

A Connecting to the
Aspen Plus Simulation
Engine

If either of the following conditions exist, you will be prompted to specify the host
computer for the Aspen Plus simulation engine after you start the Aspen Plus
User Interface:

e The simulation engine is not installed on your PC.
e The simulation engine is installed on your PC, but the Activator security
device is not connected to your PC.

In these cases, the Connect to Engine dialog box appears.

O Click the Server Type list box and select the type of host computer for the simulation
engine.

If you choose Local PC as the server for the simulation engine, you do not need to
enter any more information into the dialog box.

0 Click OK to continue.

If you choose UNIX host, OpenVMS host, or Windows NT server as the server for
the simulation engine:

O Enter the node name of the computer on which the Aspen Plus simulation engine will
execute.

O Enter your User Name, Password, and Working Directory, and click OK.

When the network connection is established, a message box appears saying
Connection Established.
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If the Connection Established message does not appear, see your Aspen Plus
system administrator for more information on network protocols and host
computers for the Aspen Plus simulation engine.

O o o d
A-2 Modeling Petroleum Processes

Version 10.1-0



	Contents
	About This Manual
	1  Blending Crude and Petroleum Fractions
	2  Adding a Preflash Tower
	3  Adding an Atmospheric Crude Distillation Unit
	4  Adding a Vacuum Unit
	5  Displaying Petroleum Stream Properties
	A  Connecting to the Aspen Plus Simulation Engine

