Crude Tower Simulation - HYSYS v10

Steps to set up a simulation in HYSYS v10 to model a crude tower system consisting of:
e Crude Oil Preheat Train
e Atmospheric Crude Tower
e Vacuum Crude Tower
e Debutanizer to stabilize the overhead naphtha stream from the Atmospheric Crude

Tower

The feedstock to the crude system will be an equal mix of Light, Medium, & Heavy Crude
oils.

When the simulation is set up the overall PFD should look like the following figure.
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The steps to set up this simulation in previous versions of HYSYS (back to v8.6) are
essentially the same, though some of the screen options may be slightly different.

Create new simulation file

When running under Windows 10 you can start the program from Start, the all programs
list, Aspen HYSYS, Aspen HYSYS V10. When the program opens choose the New button.
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Define the Components & the Property Models

Specify components, fluid property packages, & crude oil assays
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The first step is to add a set of pure chemical species to represent the light components of
the crude oils. With Component Lists highlighted click on the Add button. From the list of
pure components pick water, methane, ethane, propane, i-butane, n-butane, i-pentane, & n-
pentane. Note that you can pick a single component at a time or highlight components &
add at the same time. You can also reorder the components in the list & drag to a new

position.
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B H» |7| g Untitled - Aspen HYSYS V10 - aspenONE - o X
Home View Customize Resources Search aspenONE Exchange E v @
> Comp List-1x |+ -
Source Databank: HYSYS Select: Pure Components M Filter: W
Component Type Group Search for: I:l Search by: Full Name/Symamm vJ
H20 Pure Component
Methane Pure Component Simulation Name Full Name / Synonym Formula =
Ethane Pure Compoenent n-Hexane 6 CeH14
5 Propane Pure Component n-Heptane o7 CTH16
E i-Butane Pure Component n-Octane ca CaH18
"':'; n-Butane Pure Component = n-Nonane 9 C9H20
3 i-Pentane Pure Compenent n-Decane c1o C10H22
n-Pentane Pure Component n-C11 cn C11H24
— n-C12 a1z C12H26
n-C13 13 C13H28
n-Cl4 14 C14H30
n-C15 15 C15H32
n-C16 16 C16H34
n-C17 c17 C17H36
Dg Messages -~ 1 x
# Required Info : Fluid Packages -- Select property package
¢
Responsiveness: 5| 90% (& {] @

The next step is to pick a fluid property package. From the Fluid Packages screen click the
Add button. Choose the Peng-Robinson option and make sure it is associated with
Component List - 1.
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We now want to add assay data for the three crude oils: Light Crude, Medium Crude, &
Heavy Crude. The data to be added is shown in the following tables.

Table 1. Assay Data for Li

ht Crude

Cumulative Yield
[wt%] Density Sulfur Light Ends Analysis
IBP EP @ IBP @ Mid Ib/ft3! wt% [wt%]
Whole Crude 53.27 1.77 | Ethane 0.000
31 160 0 2.5 42.75 0.019 | Propane 0.146
160 236 5 7.5 45.40 0.031 | i-Butane 0.127
236 347 10 15 48.33 0.060 | n-Butane 0.702
347 446 20 25 50.46 0.379 | i-Pentane 0.654
446 545 30 35 52.38 1.064 | n-Pentane 1.297
545 649 40 45 54.18 1.698
649 758 50 55 56.04 2.159
758 876 60 65 57.92 2.554
876 1015 70 75 60.05 3.041
1015 1205 80 85 62.84 3.838
1205 1350 90 92.5 64.92 4.503
1350 FBP 95 97.5 70.64 6.382

1 Note that HYSYS uses a water density to convert to specific gravity of 62.3024 Ib/ft*> =8.32862 1b/gal =
997.989 kg/m?>.
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Table 2. Assay Data for Medium Crude
Medium Crude

Cumulative Yield
[wt%] Density Sulfur Light Ends Analysis
IBP EP @ IBP @ Mid Ib/ft3 wt% [wt%]
Whole Crude 55.00 2.83 | Ethane 0.000
88 180 0 2.5 43.47 0.022 | Propane 0.030
180 267 5 7.5 47.14 0.062 | i-Butane 0.089
267 395 10 15 49.42 0.297 | n-Butane 0.216
395 504 20 25 51.83 1.010 | i-Pentane 0.403
504 611 30 35 54.08 2.084 | n-Pentane 0.876
611 721 40 45 55.90 2.777
721 840 50 55 57.73 3.284
840 974 60 65 59.77 3.857
974 1131 70 75 62.30 4.706
1131 1328 80 85 65.74 5.967
1328 1461 90 925 68.08 6.865
1461 FBP 95 97.5 73.28 8.859

Heavy Crude
Cumulative Yield
[wt%] Density Sulfur Light Ends Analysis

IBP EP @ IBP @ Mid Ib/ft3 wt% [wt%]
Whole Crude 55.20 2.8 | Ethane 0.039
27 154 0 2.5 42.92 0.005 | Propane 0.284
154 255 5 7.5 45.75 0.041 | i-Butane 0.216
255 400 10 15 49.44 0.341 | n-Butane 0.637
400 523 20 25 52.23 1.076 | i-Pentane 0.696
523 645 30 35 54.49 1.898 | n-Pentane 1.245
645 770 40 45 56.62 2.557

770 902 50 55 58.77 3.185

902 1044 60 65 61.09 3.916
1044 1198 70 75 63.61 4.826
1198 1381 80 85 66.63 5.990
1381 1500 90 92.5 68.71 6.775
1500 FBP 95 97.5 73.10 8.432
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The following steps show how to enter the data for Light Crude. Similar steps should be
used for the other crude oils. The steps will be shown using the Oil Manager?.

Click on the 0Oil Manager button in the Home tab. You will have the options to install
individual crude oil assays & then create a blend of the assays.

Home | View  Customize  Resources

¥ cut = 1 [ Methods Assistant 7] Map Components L/’[g Hypotheticals Manager % ’3%}‘ L Associate Fluid Package
Z3Copy~ h 3 A Reactions (7} Update Properties Convert - A Deinitions~

Byraste | SOt s B User Properties e Remove Duplicates Monager  Refome hooy [ Options )
Clipboard Navigate Components Refining Hypotheticals il

Properties < _ OilManager - |+

All ltems " ||| GilManager | Comrelation Sets | Oil Output Settings
4 [£g Component Lists Qil Installation Information

& Component List - 1 Use HYS¥S Petroleum Refining
4 [ Fluid Packages Petroleum Assays

£ Basis-1 for improved assay management

[ Petroleum Assays Qil Name Ready Install Stream Name Flowsheet
4 [£g Oil Manager
[ Input Assay
[ Output Blend
[& Reactions
[& Component Maps
[ User Properties

Properties

7 Simulation

Clearall | [ calculatesn | [ inputassay | | Output Blend

Click on the Input Assay button & then the Add button. In the Assay Definition section
we want to use Bulk Properties, specify a TBP Assay Data Type, input compositions
for the Light Ends, and input an independent Density Curve. Ensure the Assay Basis is
Mass. When all of these are specified the Input Data should look like below.

Assay-1 |+
Input Data | Calculation Defaults | Working Curves | Plots | User Curves | Notes |
- Assay Definition ~Input Data
Bulk Properties ||_|sed - () Bulk Props Assay Basis ‘Mﬂ M

) Light Ends

Assay Data Type |Tep | |@ bititation fssay Percent Temp[i]rature
Light Ends |Inp||t Composition - © Density
Molecular Wt Curve | Not Used -
Density Curve |independent -
Viscosity Curves [Notuseas  ~

- TEP Distillatien Conditions

@ Atmospheric ) Vacuum
Edit Assay... At least 5 points are required
l Handling & Fitting l [ Calculate ]
Assay Was Mot Calculated
l Input Assay l [ Qutput Blend ]

2 Though the Assay Manager is more powerful it requires a special license which may not be available to you
at your location.
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e Let's input the TBP curve on a wt% basis for Light ® Assay Input Table L

Crude. Click on the Edit Assay... button. Since we e
will be entering 12 data points enter 11 for the sy et fempRstere
Num of Points to Add & click the Add Data Points 006D E)
button (since 1 is already showing). Now the table 1000 236.0
of Cumulative wt% Yield values (scaled 0 to 100) e e
vs. temperatures (in °F) can be entered. Click OK 40.00 545.0
50.00 649.0
60.00 758.0
70.00 876.0
80.00 1015
90.00 1205
95.00 1350
<empty> <empty>

Mum of Points to Add 1 Add Data Points

All input curves except distillation are on midpoint
basis. Dependent curves will be shifted to middle.

Assay-l - [+
Input Data | Calculation Defaults | Working Curves | Plots | User Curves | Notes |
~Assay Definition ~Input Data
Bulk Properties Used - ) Bulk Props Assay Basis Mass -
—_— © Light Ends. T "
| emperature
Assay Data Type TBP @ Distillation Assay Percent o
Light Ends Input Composition ~ ~ © Density 0.0000 31.00
5.000 1600
Molecular Wt. Curve | Not Used - 10.00 2360
2000 470
Density Curve Independent | 30,00 4460
40.00 5450

Viscosity Curves Not Used - 50,00 649.0

60,00 7580
~TBP Distillation Conditions

70,00 876.0
@ Atmospheric ) Vacuum 80.00 1015
90,00 1205
95.00 1350

[ Handling & Fitting | [ colculate |

[ Input Assay l [ Output Blend l Assay Was Not Calculated
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Now we’ll add in the composition of Input Data

the light ends. Make the Light Ends g e
option active & the form will change - oiaton
to allow you to enter the © Density

compositions (based on the
component list previously specified).
Make sure you change the Light Ends
Basis to Mass%.

Now we’ll add in the density data. Make the
Density option active & the form will change to
show you the density vs. yield data entered. Click
on the Edit Assay... button. Since we will be
entering 12 data points enter 11 for the Num of
Points to Add & click the Add Data Points button
(since 1 is already showing). Now the table of
Cumulative wt% Yield values at the middle of the
cut (scaled 0 to 100) vs. standard liquid density
values (in Ib/ft3) can be entered. Click OK. Note
that even though the standard liquid density
might be in the crude oil assay in other forms
(such as specific gravity of API gravity) HYSYS
will request the information in a specific form &
it cannot be changed on this form.

Light Ends Basis Mass % h

Light Ends Composition N[:P
H20 0.0000 212.0
Methane 0.0000 -2587
Ethane 0.0000 -127.5
Propane 0.1460 -43.78
i-Butane 0.1270 10.89
n-Butane 0.7020 3110
i-Pentane 0.6540 8218
n-Pentane 1.297 96.91
[FD Assay Input Table - O et
Assay Input Data
Assay Percent Mass Density
[%] [Ib/ft3]

2.500 42.75
7.500 45.40
15.00 48.33
25.00 50.46
35.00 52.38
45.00 54.18
55.00 56.04
65.00 57.92
75.00 60.05
85.00 62.84
92.50 64,92
97.50 70.64
<empty> <empty>

Mum of Points to Add 1 Add Data Points

All input curves except distillation are on midpoint
basis. Dependent curves will be shifted to middle.
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Input Data | Calculation Defaults | Working Curves | Plots | User Curves | Motes |
Assay Definition Input Data
Bulk Properties |Used -| Bulk Props
) Light Ends Density
Assay Data Type ‘TBF '| Distillation Aesviacent [Ib/ft3]
2500 4275
Light Ends |Input Composition  ~| | | @ Density 7.500 4540
1500 4833
Melecular\Wt, Curve | Not Used -| 2500 5046
3500 5238
Density Curve |Independent -| 4500 5418
55.00 s6.04
Viscosity Curves [Not Used - 65.00 5792
TEP Distillation Conditions 73400 6005
8500 6284
@ Atmospheric Vacuum 250 popes
97.50 7064
Independent Curve Assay Percent Basis
End Point Based @ Mid Point Based
4 1Nni ] 1 Input Data
e Let’s finish adding in the data Molecular Weight emptys
1 @ Bulk Props i
needed to characterize the assay P Standard Density 33.99 APL 60
() Light Ends Watson UOPK <empty>
and allow HYSYS to create pseudo © Distillation Viscosity Type Dynamic
) - Vi ity 1T 100.0 F
components. Make the Bulk Props © Density V!5“°5!§1 emp :
iscosi <empty>
option active & the form will change Viscosity 2 Temp 2100F
Viscosity 2 <empty>

to allow you to enter the data. The
only information we have to add is
the standard liquid density for the
whole crude. Enter this value in the
Standard Density field. Note that

other units can be used on this form.
Further note that whatever units are

used for the data entry HYSYS will
convert the value to the units the
form is expecting (in this case API
gravity).

¢ Even though we can now characterize the pseudo components for the flash
calculations we still need to add the sulfur distribution so that this can be tracked.
First we'll have to define a User Property that represents the sulfur content. Click on
User Properties either from the tree structure in the left-hand column or the
appropriate button under the Home tab. When the User Properties form comes up

press the Add... button.
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Home View Customize Resources Ser

& Cut 1| H :‘ Methads Assistant L'IG Map Components k{ﬁ (7 Hypatheticals Manager & ’.‘L{I} :': Associate Fluid Package
._"‘ Update Properties

S3Copy~ 2 QOB Reactions d, Convert ﬂDeﬂnmuns'
Component Fluid Petraleum il Convert to

(4 Paste Lists Packages S5 User Properties Assays 3 Remove Duplicates Manager  Refining Assay 2] Options
Clipboard Navigate Components Refining Hypotheticals il

Properties ] ,,/ﬁser Properties < |+

All ltems @
User Properties Monotonic Mixing Basis

b [g Component Lists
b [@ Fluid Packages
[ Petroleum Assays
4 |4 Oil Manager
4 [ Input Assay
[g Assay-1
[C§ Output Blend
& Reactions
[% Component Maps
|[& User Properties

;‘ Properties

u-[g Simulation Add...

On the UserProp-1 form choose the Mass Fraction option & leave the F1 through F5
mixing parameters to the default 1 & 0 values. (These will give an untranslated mas
fration mixing of the pure & pseudo component values.) Set the values for the pure

components as zeroes.

| Data | Notes |
- Basic User Property Definition
Mixing Basis Mass Fraction ~
Mixing Rule ((F4*Pmix + F3) f F5)"F1 = F2 * SUM{ x(i)*( (F4*P(i) + F3) /F5 )"F1}
Mixing Parameter F1 1.00000 |
Mixing Parameter F2 1.00000 |~
Mixing Parameter F3 0.000000
Mixing Parameter F4 1.00000
Mixing Parameter F3 1.00000
Unit Type .
Edit User Property Values Assay Management Settings
Components in Master Component List Property Value
H2G 0.000000
Methane 0.000000
Ethane 0.000000
Propane 0.000000
i Butane 0.000000
n Butane 0.000000
i-Pentane 0.000000
n-Pentane 0.000000

Let’s make the label for this property more meaningful. Return to the User
Properties tab and single click the UserProp-1 label. Now type in “Sulfur Vals”.
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User Propertias Monotonic Mixing Basis

Sulfur Vals r Mass Fraction

Now we can add the sulfur distribution for the ® Assay nput Table -.b o x
assay. Click on Assay-1 in the tree structure in the User Curve Assay Input Data
left-hand column & choose the User Curves tab. S Value
Highlight Sulfur Vals in the Available Properties 2.500 1.900e-002
7.500 3.100e-002
column & press Add--->. Under the User Curve 15.00 6.000e-002
Data area retain the Independent setting for the j::g °f:§j
Table Type, enter the whole crude value for the 45.00 1.698
. . 55.00 2,158
Bulk Value, and set the lower and upper limits to 0 €500 2554
and 100 (scroll down the list to find these ;:‘;‘; ::3‘;
properties). Press the Edit... button at the bottom s2.50 4503
97.50 6.382
of the form to enter the assay values. Press OK. cempty> cempty>
Y=k
‘ Input Data | Calculation Defaults | Working Curves | Plots| User Curves | Notes
- User Property Selection ~User Curve Data
Available User Prop Selected User Prop Name Sulfur
Sulfur
Table Type Independent ||
Bulk Value 1.7700 =
Extrap Method Least Squares
Apply To Both Ends .
<--- Remove
Assay % Value
2.500 0.019 =
7.500 0.031
15.00 0.060 |
25.00 0379 3
35.00 1.064
45.00 1.698
55.00 2.159
65.00 2.554 -
Edit...

One more thing to clean up for the assay, changing its name. Click on Input Assay in
the tree structure of the left-hand column. In the Input Assay form single click Assay-

1 & type Light Crude.
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_/ﬁ!putAssayx |+

Assay Correlation Set
Light Crude Default Set
{ Add... ] { Copy l [ Delete l [ Oil Manager l [ Output Blend
Qil Input Preferences...

Repeat the steps for the Medium & Heavy Crudes.

Do characterization calculations, specify crude oil blend, & install into flowsheet

After entering the assay we have to tell HYSYS to perform the characterization calculations.
Select each crude oil in the tree structure of the left-hand column & click on the Calculate
button if there is a warning that the assay has not been calculated. When properly
calculated there should be a message in green.

Heavy Crude «  +

Input Data | Calculation Defaults | Working Curves | Plats | User Curves | Motes |
- Assay Definition “Input Data
Bulk Properties [Used = | | BulkProps
——— | |©LightEnds Assay P Density
- 1y Percent Ib/ft3
Assay Data Type [1ep s lb/ft3]
— N 2500 4202
Light Ends |input Composition  ~| || @ Density 7500 4575
15.00 19.44
Molecular Wt. Curve | Not Used ~ 25.00 5223
- 35.00 5049
Density Curve |independent ~ 45.00 5662
E 55.00 877
Viscosity Curves | Not Used A 65.00 61.09
~TBP Distillation Conditians ——— 7500 6361
35.00 6663
@ Atmospheric ©) Vacuum 02.50 687
97.50 7310
“Independent Curve Assay Percent Basis

[ Handiing & Fitting | [ coluiate |

I Input Assay l | Output Blend ‘

Now we’ll create a blend of the three crudes and use that as our feedstock in the simulation.
Select Output Blend in the tree structure of the left-hand column. On the Output Blend tab
select the Add button. On the Blend-1 tab select the crudes & press Add--->. Accept the
Liquid Vol option for the Flow Units. Enter three equal flow units under Flow Rate, such as
33 kbpd (thousands of barrels per day).
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If all of the crude oils have been characterized previous to this then you should receive a
Blend Was Calculated message in green.

_Blend-1 ~ |+ —

Data | Tables | Praperty Plat | Distribution Plot | Composite Plot | Plot Summary | Correlations | Notes |

- Assay Selection and il Information -Bulk Data -Cut Ranges
Available Assays 0il Flow Infarmation Wolecuia Weight s Cut Option Selection

0il Flow Units. Flow Rate Mass Density <empty>

Light Crude  Liquid Vol  3.300e+004 Watson uopk cempty>

et et et | e e

Viscosity 1 Temp 100.0F

Viscosity 1 <empty>

Viscosity 2 temp 210.0F

Viscosity2 <empty>

Hypocamponent Ideal Liquid Density Calculation:

Default Method -
[ Install Oil | [ ouputslend | [ Input Assay |

One more cleanup step, changing the name of the blend. Select Output Blend in the tree
structure of the left-hand column. In the tabbed form select Blend-1 and change to Mixed
Oil.

Tt < OutputBlend - |+

AllTtems =

© [@ Component Lists Blend Correlation Set Status
b [ Fluid Packages Mixed Oil Default Set Installed - in <> on <Basis-1>
(% Petroleum Assays
4 53 0il Manager
4 [FInput Assay
[@ Light Crude
[& Medium Crude
@ Heavy Crude
4 |[5% Output Blend
& Mixed Oil
% Reactions
[& Component Maps

b [ User Properties Add ] o ] Delete | [ OilManeger | [ Inputhssay

The next step is to install the ) Mixed it Install il - o X
blend into the flowsheet. From P et cream Mo oot

this tabbed form select 0il Mixed Ol Crude Oil Case (Main)
Manager and then select Install s j:::’; o E::::::::
Oil from the next form. Now we Mixed Oil/Medium Crude Case (Main)
get a form that we can install
one or more of the oils. We're
only interested in installing the
blend, Mixed Oil. In the Stream mstal ] [ caneel
Name column enter Crude 0il
for Mixed 0Oil. Click Install.

KNS
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As a final step let’s make sure
everything is calculated & the pseudo
components are installed into the
component list. Select Oil Manager in
the tree structure in the left-hand

Properties
AllTterns

<

4 [iZ Component Lists
& Component List - 1
4 [ Fluid Packages
[g Basis-1
£B Petroleum Assays
4 (55 Oil Manager

Component List-1 - | +

Source Databank: HYSYS

Component
H20
Methane

Type
Pure Compoenent

Pure Compenent

Group

4 [5g Input Assay
[ Light Crude
% Medium Crude
[ Heavy Crude
4 [2g Output Blend
(2% Mixed Oil
[ Reactions
[& Component Maps
(@ User Properties

Ethane Pure Component

m

Propane Pure Component

column. At the bottom of the form click
Calculate All. Now when you look at the
Component List you should see a series
of pseudo components after the pure
components chosen earlier.

i-Butane Pure Companent

n-Butane Pure Compoenent
i-Pentane Pure Compenent
n-Pentane
NEP[1]114%
NEP[1]139*
NEP[1]162%
NEP[1]188*
NBP[1]215*
NEP[1]241%
NEP[1]266*
NEBP[1]292%
KIEPI1310

Pure Component
Qil Hypothetical
Oil Hypathetical
Qil Hypothetical
Oil Hypathetical
Oil Hypothetical
Qil Hypothetical
Oil Hypathetical
Qil Hypothetical
il Hunnthetical

Mixed Oil Hyposl
Mixed Oil Hyposl
Mixed Oil Hyposl
Mixed Oil Hyposl
Mixed Oil Hypost
Mixed Oil Hyposl
Mixed Oil Hyposl
Mixed Oil Hyposl
Miver (il Hunnsl

" Properties

] Simulation

2 P

Status:

Set up & Solve the Flowsheet
Units Used in Simulation

Before actually setting up the simulation we should determine what set of units are being
used. The preference for this example is to use U.S. Customary units (temperature in °F,
liquid flow in bbl/day, mass flow in Ib/hr, etc.). There is a default unit set, Refining, that is
almost everything that we will want.

Under the Home tab there is a section for Units that show the B Ho € v
current set being used & a button to change options within a Home | Economics
unit set. For this problem the default is a set called NewUser1 Rl ewusert L
(for new files the starting set is dependent on what was “aCopy” | [MAERESEE KA

. . . [f4Paste ™ 44 Flu
previously used on the particular computer being used). To Cipboard i .
ensure the actual set being used let’s create a new one which Uit Sete

we will call Refining-US. Click on the Unit Sets button to bring
up the form to examine the available unit sets & change (if
desired).

Edit the current user set or create and
edit a new custom user set if the
current set is read only.

In the lower section let’s start with the refining unit set. Select refining & press Copy. A new
unit set will be created (here called NewUser2). Double click on this name & enter Refining-
UsS.
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@ Units Of Measure

Simulation

Reports

Equipment

Units Of Measure

Aspen Properties Options
Resources Options

Set detaults options for units of measurement

Display Units

Acidity

Act. Gas Flow
Act. Vol. Flow
Actual Liquid Fle
Actual Mass De1
Angle

API Fire Equatio
Area
AreaPerVolume
BWR ‘Alpha’
BWR 'B'

Unit
mg KOH/g
ACFM
barrel/day
USGPM
kg/m3
deg
Btu/hr-ft1.64
ft2
ft2/ft3
ft9/lbmol3
t6/lbmol2

View
| o)
(Loslete |

Available Units Sets

Unit Set Name | NewUser2 Copy

Field

sl

EuroSi
Safety EN
Safety SI
NewUser
NewUser1
refining
Field2ei
NewUser2

Delete

| Load Preference Set 1 | Save Preference Set

[[) Units Of Measure

Simulation

Reports

Equipment

Units Of Measure

Aspen Properties Options

Resources Options

Set detaults options for units of measurement

Display Units
Unit

Acidity mg KOH/g

Act. Gas Flow ACFM

Act. Vol. Flow barrel/day

Actual Liquid Fl¢ USGPM

Actual Mass Dei kg/m3

Angle deg

API Fire Equatio Btu/hr-ft1.64

Area ft2

AreaPerVolume ft2/ft3

BWR ‘Alpha’ ft9/lbmol3

BWR 'B' ft6/lbmol2 =
Available Units Sets

Unit Set Name  Refining-US Copy

Field

51

EuroS!
Safety EN
Safety SI
NewlUser
NewUser?
refining
Field2ei

m

| Load Preference Set ‘ | Save Preference Set |

In the upper section we can set the units used for various properties in the simulation. We
can see that most units used are very reasonable. For example, temperature is in °F,

standard volumetric flow is in bbl/day, & pressure is in psia.
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Display Units Display Units Display Units

Unit View ‘ Unit View Unit | View
Temp To Flow Li (Ib/hr)/F Add ‘ Small Length in s Add Permeability ft3/s2 ‘ Add
Temperature F Small Press Per inH20/ft Petroleum Smal mm
Thermal Cond. Btu/hr-ft-F Delete | Small Velocity mm/year Delete Power hp | Delete
Time seconds 7/\17‘ Specific Volume m3/kg 5l Power Per Flow hp/lbmole/s ‘ 3
Torque Ibf-ft Standard Densit API 60 PressPerLength inH20/ft
UA Btu/F-hr std Gas Den kg/m3 Pressure i psia
Unitless Unitless Std. Gas Flow MMSCFD Quick Opening %/s
Valve CV Mass Ib/h-psia Std. Vol. Flow | barrel/day Radiusgy Angstrom
Valve CV Mole Ibmole/h-psia Steam Ratio kgsteam/m3 Reaction Rate Ibmole/ft3-hr
Valve CV Volum: ft3/h-psia | Surf Tension dyne/cm Reciprocal FOE 1/teFOE
Vapour Fraction Unitless = Surge Control P m . Reciprocal Gas \ s/sm3

The pressure units would normally be OK, but we’d like Display Units

to see gauge pressure in this problem instead (especially e e View
since all of the operating conditions will be given in this Petroleum Smal mm —
way). We can change the units by clicking on the PowerPucFou.  bpmeler o
pressure’s dropdown list & choosing psig instead. Click —
OK when done to close this form. e ———

Reaction Rate Ibmeole/ft3-hr

Reciprocal FOE 1/teFOE

Reciprocal Gas \ s/sm3 .

Crude Oil Feed & Preheat

When you activate the Simulation you'll see a single steam called Crude Oil. We want to
process this stream through two heat exchangers (to model the preheat before & after the
Desalter) and a Mixer to set an expected amount of water in the Crude Oil coming from the
Desalter.

Q-Preheat-1 Q-Preheat-2
® o — |
Crude e Warm Crude —_.—>O—_;
Oil Preheat-1 1 Vo owarmwet Warm Crude

Crude g 2
Desalter yix-100 Preheat-2

One way to start the set up is to define the unit & stream attachments before worrying
about defining stream compositions & conditions. This can be done by dragging the
appropriate units from the Model Palette to the flowsheet (2 Heaters & one Mixer) and then
using the Design Connection window to create & attach the streams. For example, after
double-clicking on the Heater representing Preheat-1 the Design Connection window
should look like the following. Note the following:

e The Crude Oil stream was associated with the Inlet by pulling down the list &
choosing this existing stream. It exists because it was created in the Properties
definition step when you clicked the Install Oil button.

e The steam names Q-Preheat-1 & Warm Crude 1 can be typed into the Energy &
Outlet stream areas. Since these streams do not yet exist they will be created &
shown on the PFD.
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e The name of the Heater can be changed by double-clicking on the Name field &
replacing with what you want (here Preheat-1).

[ED Heater: Preheat-1 - O X

Design | Rating | Worksheet | Performance | Dynamics

Design Name Preheat-1

t || Connections

Parameters

User Variables Inlet Energy

E|| Notes r
‘ Crude Qil A Q-Preheat-1 -

-
> >
Outlet

Warm Crude 1 -
Fluid Package N B

Basis-1 e

Delete Unknown Delta P Ignored

The following are the conditions to be set on the operations.
Crude Oil Feed: 100°F, 300 psig, 101,000 bpd
Preheat-1 outlet: 260°F, 294 psig

Desalter outlet: 260°F, 294 psig, 500 bpd of water
Preheat-2 outlet: 450°F, 260 psig

The conditions on the streams can either be set directly on the stream through its forms,
indirectly using the unit forms, or a combination of the two. (There are actually other
options using Adjust operations & spreadsheets but these will be discussed later.)

Double-click on the Crude Oil stream to open up the entry forms for this stream. Note that
the flow rate comes from Oil Manager, but we’re going to overwrite this. Note that once you
enter the pressure & temperature the necessary conditions to define the phase condition
for Crude Oil are complete & the flash calculations are performed; this is designated by the
stream taking on a new color in the flowsheet & the message OK is shown at the bottom the
stream’s form. .
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Utility Type

[FD Material Stream: Crude Oil - m] X
Worksheet | Attachments I Dynamics

Worksheet Stream Name Crude Oil Liquid Phase
Conditions Vapour / Phase Fraction 0.0000 1.0000
Properties Temperature [F] 100.0 100.0
Composition Pressure [psig] 0 300.0
Oil & Gas Feed 1| pjo1ar Flow [Ibmole/hr] 5580, 5580
Ee\:::li“m A2 | Mass Flow [Io/h] 1.287¢+006 1287e+006
User Variables Std Ideal Liq Vol Flow [barrel/day] 1.010e+005 1.010e+005
Notes Molar Enthalpy [Btu/lbmole] -2.119e+005 -2.119e+005
Cost Parameters Molar Entropy [Btu/lbmole-F] 8242 8242
Normalized Yields| | Heat Flow [Btu/hr] -1.182e+009 -1.182e+009
Liq Vol Flow @Std Cond [barrel/day] 1.010e+005 1.010e+005

Fluid Package Basis-1

[ Delete J [ Define from Stream... I EE]
[F) Heater: Preheat-1 m]
- Rating | Worksheet | Performance | Dynamics
Worksheet Name Crude Oil  Warm Crude 1 Q-Preheat-1
Conditions Vapour 0.0000 <empty> <empty>
Properties Temperature [F] 100.0 260.0 <empty>
Composition Pressure [psig] 300.0 <empty> <empty>
PF Specs Molar Flow [lbmole/hr] 5580 5580 <empty>
Mass Flow [lb/hr] 1.287e+006 1.287e+006 <empty>
Std Ideal Liq Vol Flow [barrel/day] 1.010e+005 1.010e+005 <empty>
Molar Enthalpy [Btu/Ibmole] -2.119e+005 <empty> <empty>
Molar Entropy [Btu/Ibmole-F] 82.42 <empty> <empty>
Heat Flow [Btu/hr] -1.182e+009 <empty> <empty>
Delete [ Unknown Delta P | 1 1gnored

Double-click on the unit for Preheater-1 & select the Conditions option under the Worksheet
tab. Let’s define the pressure & temperature in this window. Note these are sufficient
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conditions to flash the outlet stream & determine the required heat.

[H) Heater: Preheat-1 - m} X
Design | Rating | Worksheet | Performance | Dynamics
Worksheet Name Crude Oil  Warm Crude 1 Q-Preheat-1
Conditions Vapour 0.0000 <empty> <empty>
Properties Temperature [F] 100.0 <empty> <empty>
Compaosition Pressure [psig] 300.0 <empty> <empty>
PF Specs Molar Flow [Ilbmole/hr] 5580 5580 <empty>
Mass Flow [Ib/hr] 1.287e+006 1.287e+006 <empty>
Std Ideal Liq Vol Flow [barrel/day] 1.010e+005 1.010e+005 <empty>
Molar Enthalpy [Btu/Ibmole] -2.119e+005 <empty> <empty>
Molar Entropy [Btu/Ibmole-F] 82.42 <empty> <empty>
Heat Flow [Btu/hr] -1.182e+009 <empty> <empty>
[ Delete ] | Unknown Duty | [[] 1gnored
[F) Heater: Preheat-1 - m] X
Design | Rating| Worksheet | Performance | Dynamics
Worksheet Name Crude Oil  Warm Crude 1 Q-Preheat-1
Conditions Vapour 0.0000 0.0000 <empty>
Properties Temperature [F] 100.0 <empty>
Composition Pressure [psig] 300.0 <empty>
PF Specs Molar Flow [Ibmale/hr] 5580 <empty>
Mass Flow [Ib/hr] 1.287e+006 <empty>
Std Ideal Liq Vol Flow [barrel/day] 1.010e+005 1.010e+005 <empty>
Molar Enthalpy [Btu/lbmole] -2.119e+005 -1.936e+005 <empty>
Molar Entropy [Btu/Ibmole-F] 82.42 1111 <empty>
Heat Flow [Btu/hr] -1.182e+009 -1.080e+009 1.023e+008
ooce | | | -

Operating conditions (such as pressure & temperature) & compositions can be set either
from the stream forms or the unit forms; there is greater flexibility in set setting
compositions of a stream from the stream forms. Here we'll set the entrained water by
opening up the input form for Desalter Water. On the Worksheet tab select Composition.
Click on the Edit... button, enter 1 for the fraction of H20, click the Normalize button, and
then OK. Next we will set the pressure of the entrained water (same as the outlet from the
Desalter) & the flowrate. Note that we will not set the temperature at this time.
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Worksheet | Attachments -

ﬂ Material Stream: Desalter Water - [m] X
Worksheet | Attachments | Dynamics
Worksheet Mole Fractions
Conditions oo 1.0000
Properties Methane 0.0000
Composition Ethane 0.0000 =
Oil & Gas Feed Propan 0.0000
Petroleum Assay EOF:B © §
K Value LButang 0.0000
User Variables n-Butane 0.0000
Motes i-Pentane 0.0000
Cost Parameters n-Pentane 0.0000
Normalized Yields| | NBP[1]114* 0.0000
NBP[1]139* 0.0000
NBP[1]162* 0.0000
NBP[1]188* 0.0000
NBP[1]215* 0.0000 hd
Total 1.00000
[ Edie [ viewproperties.. | | asis.. |
Unknown Temperature
Delete I { Define from Stream... l &« =
[ Material Stream: Desalter Water - o X

Worksheet Stream Name Desalter Water
Conditions Vapour / Phase Fraction <empty>
Properties Temperature [F] <empty>
Composition Pressure [psig]

Oil & Gas Feed | | pyojar Flow [Ibmole/hr]

Ee\::?i“m ASSY || Mass Flow [Ib/hr]

User Variables Std Ideal Liq Vol Flow [barrel/day] 500.0

Notes Molar Enthalpy [Btu/lbmole] <empty>

Cost Parameters Molar Entropy [Btu/lbmole-F] <empty>

Normalized Yields| | Heat Flow [Btu/hr] <empty>
Lig Vel Flow @5td Cond [barrel/day] 491.7
Fluid Package Basis-1
Utility Type

| Unknown Temperature

[ Delete ] { Define from Stream... I L ] »

Now let’s set the conditions for the outlet of the Desalter. Double click on the Mixer and
click on the Worksheet tab. Note that the pressure of the outlet stream has been determined
(set as the lowest pressure of all streams being mixed) & the standard liquid flowrate has
been determined (since this is just additive of the two streams into the Mixer). Now, let’s
specify the temperature of the outlet of the Desalter; note that the temperature of the water
stream has been back-calculated to enforce the adiabatic nature of the Mixer operation.
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Before SpeCifying outlet [FD Mixer: MiX-100 R

temperature: Design | Rating| Worksheet | Dynamics
Worksheet | Name Warm Crude 1 Desalter Water Warm Wet Crude
Conditions Vapour 0.0000 <empty> <empty>
Properties Temperature [F] 260.0 <empty> <empty>
Composition Pressure [psig] 294.0 294.0 2940
PF Specs Molar Flow [Ibmole/hr] 5580 4045 5985
Mass Flow [lb/hr] 1.287e+006 7287 1.295e+006
Std Ideal Liq Vol Flow [barrel/day] 1.010e+005 500.0 1.015e+005
Molar Enthalpy [Btu/Ibmole] -1.936e+005 <empty> <empty>
Molar Entropy [Btu/lbmole-F] 1111 <empty> <empty>
Heat Flow [Btu/hr] -1.080e+009 <empty> <empty>

Delete [ Not Solved [ ignored

After specifying outlet © wicer Mix-100 - 00X
temperature: Design | Rating = Worksheet | Dynamics |
Worksheet Name Warm Crude 1 Desalter Water Warm Wet Crude
Conditions Vapour 0.0000 0.0000
Properties Temperature [F] 260.0 41481 :
Composition Pressure [psig] 294.0 294.0 2940
PF Specs Molar Flow [Ibmole/hr] 5580 404.5 5985
Mass Flow [lb/hr] 1.287e+006 7287 1.295e+006
Std Ideal Liq Vol Flow [barrel/day] 1.010e+005 500.0 1.015e+005
Molar Enthalpy [Btu/Ibmole] -1.936e+005 -1.165e+005 -1.883e+005
Molar Entropy [Btu/Ibmole-F] 1111 22.25 105.2
Heat Flow [Btu/hr] -1.080e+009 -4.712e+007 -1.127e+009

=

Specifying outlet conditions on the second preheater completes the flowsheet calculations
for this part of the simulation.

Atmospheric Distillation Column

The next step is to set up the Atmospheric Distillation Column. Table 4 contains the
conditions & configuration for this column.

The fired heater on the feed is separate from the column environment & will be created
first. Create a new Heater on the flowsheet & call it Atm Heater. Change the icon to look like
a heater instead of a shell & tube heat exchanger. Enter the following connections & set the
following outlet conditions to match the approximate atmospheric column conditions in
Table 4.
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Design - Worksheet | Performance | Dynamics

[ Heater: Atm Heater ] X
Design | Rating | Worksheet | Performance i Dynamics ‘
Design Name Atm Heater
Connections
Parameters
User Variables Inlet Energy
Notes r 1 1
Warm Crude o Q-Atm Heater -
R >
> >
Outlet
Hot Crude -
Fluid Package :
Basis-1 M|
[ Delete ] ‘ Unknown Delta P | £ 1gnored
[ Heater: Atm Heater m} X

Worksheet

Name
Conditions Vapour
Properties Temperature [F]
Composition Pressure [psig]
PF Specs Molar Flow [lbmole/hr]

Mass Flow [Ib/hr]

Std Ideal Lig Vol Flow [barrel/day]
Molar Enthalpy [Btu/lbmole]
Molar Entropy [Btu/Ibmole-F]
Heat Flow [Btu/hr]

Warm Crude
0.0619
450.0

260.0
5985
1.295e+006
1.015e+005
-1.629e+005
1364
-9.751e+008

Hot Crude
0.7049

634.0

59&5‘
1.295e+006
1.015e+005

-1.283e+005

1726

-7.680e+008

Q-Atm Heater

<empty>
<empty>
<empty>
<empty>
<empty>
<empty>
<empty>
<empty>
2.072e+008

coce | |,

This portion of the PFD should look like the figure on

the right.

Warm
Crude
2

q—
Q-Atm
Heater

Atm

Hot
Crud

er

Setting up a distillation column is a multi-step process in HYSYS. First, create a Refluxed
Absorber Column on the flowsheet then start to fill in the information. (The icon for this unit
can be found under the All tab of the model palette or specifically under the Separator tab.)
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Table 4. Definitions for Atmospheric Distillation Column

Type Operating Parameter

Trays & Efficiencies 50 trays. Numbering from top:
Trays 1 to 6: 80%

Trays 7 to 10: 50%

Trays 11 to 16: 70%

Trays 17 to 30: 50%

Trays 31 to 39: 30%

Tray 40: 100%

Trays 41 to 50: 30%

Condenser Type Total Condenser; 130°F (approximate)

Distillate product 410°F D86 T95; 30,200 bpd (approximate)
Reboiler Type None, Direct Fired Heater
Pressures Condenser: 4 psig

Top Tray: 12 psig
Bottom Tray: 22 psig

Temperatures Top Tray #1 250°F (estimate)

Bottom Tray #50 650°F (estimate)
Feed Locations Crude oil to Tray #40

Stripping Steam at bottom (Tray #50) — 20,000 Ib/hr @ 500°F, 150 psig
Feed Heater Outlet @ 25 psig & 635°F

Desire is 2,500 bpd overflash (liquid rate from tray above feed, Tray #39)
Side Strippers Kerosene Stripper

10 trays @ 30% efficiency

Kerosene draw from Tray #10, vapor returned to Tray #6

Stripping steam @ bottom (Tray #10) — 2500 Ib/hr @ 500°F & 150 psig
Kerosene product 525°F D86 T95; 8800 bpd product (approximate)
Diesel Stripper

10 trays @ 30% efficiency

Diesel draw from Tray #20, vapor returned to Tray #16

Stripping steam @ bottom (Tray #10) — 2500 Ib/hr @ 500°F & 150 psig
Diesel product 645°F D86 T95; 10,240 bpd product (approximate)
AGO Stripper

10 trays @ 30% efficiency

AGO draw from Tray #30, vapor returned to Tray #26

Stripping steam @ bottom (Tray #10) — 2500 Ib/hr @ 500°F & 150 psig
AGO product 750°F D86 T95; 3835 bpd product (approximate)
Pumparounds Kerosene Pumparound

Draw from Tray #10, returned to Tray #7

25,000 bpd flow, 200°F return temperature

Diesel Pumparound

Draw from Tray #20, returned to Tray #17
15,000 bpd flow, 250°F return temperature
AGO Pumparound

Draw from Tray #30, returned to Tray #27
10,000 bpd flow, 350°F return temperature
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When you double click on the column for the first time a wizard starts and will guide you
through entering information. If you don’t fill it all in, don’t worry - you can always specify
the information from the forms & column sub-flowsheet.

The first step in the
wizard is to set up
the basic information
for the main feeds &
products (but not the
side products which
will be processed
through side
strippers). Fill in the
information as
shown below. Make
sure you check the
box for Water Draw.
When done press
Next>.

The next step is to set up
the basic pressure profile

in the column. Fill in
values & press Next>.

Rev 1.3

D Refluxed Absorber Column Input Expert - a
Condenser Energy Stream Q-Atm Condenser - Eondanser
@ Total
Column Name  Atm Column L Partial Ovyhd Liquid Outlet
7 | O Full Rflx [ Naphtha v|
1 - _ L
-« >
Optional |nlet Streams ~  ————— > 2 7| Water Draw ‘ Atm Overhead Water  ~
-
Stream Inlet Stage =
= Optional Side Draws
Hot Crude 40_Main Tow # Stages
<< Stream >> n=so | > Stream Type Draw Stage
<< Stream >>
n-1
== n
Bottom Stage Inlet
Atm Steam - Bottoms Liguid Outlet
Atm Resid h
L.
Stage Numbering >
@ Top Down *) Bottom Up
l Next > Connections (page 1 of 4) Cancel
[FD Refluxed Absorber Column Input Expert - O X
-1\ Condenser Pressure
@ 4.000 psig
- o
- -
Condenser Pressure Drop
8.000 psi
Bottom Stage Pressure
>
Tt 22.00 psig
-
>
< Prev Next > ] Pressure Profile (page 2 of 4) | Cancel
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Press Next>. On the third
screen we will set an
estimate for the
condenser temperature.
Though the other
temperatures are not
required it’s usually good
practice to enter values.
For an atmospheric crude
tower reasonable starting
points are 250°F & 650°F
for the top & bottom
stages, respectively.

Press Next>. On the fourth
screen we'll set an
estimate for the distillate
rate.

[ED Refluxed Absorber Column Input Expert - [m] X
— Optional Condenser
Temperature Estimate
130.0F
- >
- -
Optional Top Stage
Temperature Estimate
250.0 F
Optional Bottom Stage
Temperature Estimate
>
- 650.0 F
>
>
< Prev Next > Optional Estimates (page 3 of 4) Cancel
[ED Refluxed Absorber Column Input Expert - [m] X
- N
-
: \T/ Liquid Rate
- >
< >
Reflux Ratio Elow Basis
Molar -
>
>
>
>
< Prev J Dore... J { Side Ops > Specifications (page 4 of 4) Cancel

Press the Side Ops> button to start setting up the side strippers & pumparounds. We’ll skip
this first side operation screen since none of the side strippers are reboiled (they use
stripping steam instead). Press Next>.
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Now we can start adding
the basic information
for the three side
strippers. To start
entering the
configuration
information for each
side stripper press the
Add Side Stripper
button; when done
press the Install button.
When done with the
three side strippers
press the Next> button.

We do not have any side rectifiers. Press the Next> button.

Now we can start adding
the basic information
for the three
pumparounds. To start
entering the
configuration
information for each
pumparound press the
Add Pump-Around
button; when done
press the Install button.
When done with the
three pumparounds
press the Next> button.

m' Side Operations Input Expert

- [m}

Return Stage

—| |26_Main Tower '|
-
<
~U ~u
Y Y
o
>
———| Draw Stage
30_Main Tower '|

Steam Stripped Side Strippers

# Stages Draw Stage Return Stag
10 10_Main Tow 6_Main Towe
10 20 Main Tow 16_Main Tow

10 30 Main Tow 26 Main Tow

Kero Stripper
Diesel Stripper
AGO Stripper

Name

AGO Stripper

Steam Feed

AGO Steam

A

Draw Product

AGO

Y

< Prev I l Next > ‘

Steam Stripped Side Stripper Connections

B side Operations Input Expert

1
2 Return Stage
27 _Main Tower -
-
-«
U ~u
Y] Y]
n-1 Draw Stage
n 30_Main Tower v

Pump-Arounds

Draw Stage Return Stage
7__Main Tower
17_Main Tower

27 _Main Tower

Kero Pumparound 10__Main Tower

Diesel Pumparound 20 Main Tower

AGO Pumparocund i 30 Main Tower!

“ Add Side Stripper

‘ Cancel

Name

AGO Pumparound

< Prev I l Next > ‘

Pump-Around Connections

We do not have any vapor bypasses. Press the Next> button.
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NOW We Can enter the ’n'Side Operations Input Expert - O x
Slde product ﬂOWS Steam Stripped Side Stripper Specs

. Flow Basis Draw Spec
through the Slde /—-\ Kero Stripper Std Ideal Vol 8800.0 barrel/day
. Diesel Stripper Std Ideal Vol 10240 barrel/day
strippers. Enter the AG0 Striper Std sl Vol | 35350 barre/doy’
estimates for the
flowrates out the _
bottom of the strippers A4 N
& then press Next>. >
~ T
< Brev I I Next > . Steam Stripped Side Stripper Specifications Cancel
NOW we can Set the [ side Operations Input Expert - m] X
SpeCS on the Pump-Around Specs
Flow Basis PA Rate 2nd Spec Type 2nd Spec Value
pumparounds. Enter the TN Kero Pumparoun  Std Ideal Vol 25000 barrel/day Return T 200.0 F
Diesel Pumparo.  Std Ideal Vol 15000 barrel/day Return T 2500 F
ﬂowrate Values & the AGO Pumparour  Std Ideal Vol 10000 barrel/day Return T T 3500F

values associated with

the heat exchanger
duties. Note that all of
the duty/temperature X

specs are Return T type.
When done press Next>.

b ]
TC
T
A

< Prev I I Next > Cancel

Pump-Around Specifications

Now we can set the pressures in the side strippers. Use the default values with no changes.
Press Next>.

Now we can set the pressure drops across the pumparounds. Use the default values of zero.
Press Done.

Distillation columns are different from the rest of the HYSYS operations in that they do not
automatically run the first time they are created; rather, you must press the Run button
when everything has been set up properly. However, we still have a couple more changes
to make so let’s not do this yet.

First, let’s specify the stage efficiencies to model the stages as real trays. Under the

Parameters tab select Efficiencies. Make sure that Overall & User Specified items are
highlighted. Now let’s start applying the efficiencies in Table 4. Note that stages associated
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with the side strippers are listed in this table as if part of the main column (in a way they
are, but that’s a subject for a different discussion).

@! Column: Atm Column / COL1 Fluid Pkg: Basis-1 / Peng-Robinson @Calumn: Atm Column / COL1 Fluid Pkg: Basis-1 / Peng-Robinson
Design | Parameters | side Ops I Internals ] Rating | Worksheet | Performance | Flowsheet | R | | Design ‘ Parameters | Side Ops I Internals [ Rating I Worksheet [ Performance | Flowsheet [ React
Parameters Stage Efficiencies Parameters Stage Efficiencies
Profiles - Efficiency Type Stage Efficiency Profiles ~Efficiency Type Stage Efficiency
Estimat Estimat
E:f'"Ym E.S @ Overall Condenser 1.000 - E:f'm"‘a E‘S @ Overall 7_Kero Stripper 0.3000
. ;c'em'es . 1__Main Tower 0.8000 . "c'enc‘es e 8_Kero Stripper 0.3000
olver © Component ) olver ) Component
2/3 Phase 2__Main Tower 0.8000 2/3 Phase 9_ Kero Stripper 0.3000
3__Main Tower 0.8000 10_Kero Stripper 0.3000
Fluid Pkgs i 2 Fluid Pkgs
EliKiencyvalucs 4_Main Tower 0.8000 |° Eiceno/lelues 1_Diesel Stripper 0.3000
Croupec 5_Main Tower 0.8000 Croupsd 2_Diesel Stripper 0.3000
@ User Specified 6_Main Tower 0.8000 © User Specified 3_Diesel Stripper 0.3000
— | 7_Main Tower 0.5000 4_ Diesel Stripper 0.3000
8__Main Tower 0.5000 5_ Diesel Stripper 0.3000
9__Main Tower 0.5000 6__Diesel Stripper 0.3000
10__Main Tower 0.5000 7__Diesel Stripper 0.3000
11_Main Tower 0.7000 8_ Diesel Stripper 0.3000
12__Main Tower 0.7000 9_ Diesel Stripper 0.3000
13__Main Tower 0.7000 10_Diesel Strippe! 0.3000
14__Main Tower 0.7000 1_AGO Stripper 0.3000
15__Main Tower 0.7000 2__AGO Stripper 0.3000
16__Main Tower 0.7000 3__AGO Stripper 0.3000
17__Main Tower 0.5000 4__AGO Stripper 0.3000
18_Main Tower 0.5000 5_AGO Stripper 0.3000
Eff. Multi-Spec 19_Main Tower 0.5000 Eff. Multi-Spec 6_AGO Stripper 03000 |_
20__Main Tower 0.5000 7_AGO Stripper 0.3000
21__Main Tower 0.5000 8__AGO Stripper 0.3000
r ] 22_Main T 0.5000 ( 9_AGO Stri 0.3000
‘ Specify > __Main Tower | Spacify—r ] _ ripper
e — 23__Main Tower 0.5000 ~ e — 10_AGO Stripper 0.3000 ~
[ Delete ] [ Column Environment... { Run ] { Reset ] I { Delete H Column Environment... ] [ Run | [ Reset ] -

The next requirement is to specify the steam streams. This can be done using the
Worksheet tab. Select Conditions and specify the temperature, pressure, & mass flowrate
values. Select Compositions; now the compositions can be set as 100% H20 (entering a
value of 1 will bring up the Input Composition form; press the Normalize button & then OK).
Note that once these values are entered for the steam streams those flash calcuatlions can
be completed; the associated calcualtions for the product streams cannot be done until the
tower calculations are completed.
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[ Column: Atm Column / COL1 Fluid Pkg: Basis-1 / Peng-Robinson - m] X
Design | Parameters | Side Ops I Internals | Rating ‘ Worksheet | Performance | Flowsheet | Reactions | Dynamics
Worksheet Name Hot Crude Atm Steam Kero Steam Diesel Steam AGO Steam |4
Conditions @coL1 @coL1 @coL1 @CoL1 @coL1
Properties Vapour 0.7049 1.0000 1.0000 1.0000 1.0000
Compositions
PF Specs Temperature [F] 6340 500.0 500.0 500.0 500.0
Pressure [psig] 25.00 150.0 150.0 150.0 150.0 Ei
Molar Flow [Ibmole/hr] 5985 1110 138.8 138.8 138.8
Mass Flow [Ib/hr] 1.295e+006 2.000e+004 2500 2500 2500
Std Ideal Lig Vol Flow [barrel/day] 1.015e+005 1372 1715 7.5 1715 LY
Molar Enthalpy [Btu/lbmole] -1.283e+005 -1.007e+005 -1.007e+005 -1.007e+005 -1.007e+005
Molar Entropy [Btu/lbmole-F] 1726 41.32 41.32 41.32 41.32
Heat Flow [Btu/hr] -7.680e+008 -1.118e+008 -1.397e+007 -1.397e+007 -1.397e+007
Atm Overhead Atm Resid "
Name Naphtha @coL1 Water @COL1 @coL1 Kero @COL1 Diesel @COL1
Vapour <empty> 0.0000 <empty> <empty> <empty>
Temperature [F] <empty> <empty> <empty> <empty> <empty>
Pressure [psig] 4.000 4.000 22.00 13.84 15.88
I Delete “ Column Environment... ] I Run ] I Reset ] _ V| Update Outlets [ ] Ignered
[ED Column: Atm Column / COL1 Fluid Pkg; Basis-1 / Peng-Robinson - m} X
Design | Parameters | Side Ops I Internals | Rating ‘ Waorksheet | Performance | Flowsheet | Reactions | Dynamics
Worksheet Hot Crude Atm Steam Kero Steam Die
Conditions H20 0.0676 1.0000 1.0000
Properties Methane 0.0000 0.0000 0.0000
Compositions| | gihane 0.0009 0.0000 0.0000
PF Specs Propane 0.0075 0.0000 0.0000
i-Butane 0.0053 0.0000 0.0000 E
n-Butane 0.0191 0.0000 0.0000
i-Pentane 0.0174 0.0000 0.0000
n-Pentane 00339 0.0000 0.0000
NBP[1]114* 0.0147 0.0000 0.0000 =
NBP[1]139* 0.0307 0.0000 0.0000
NBP[1]162* 0.0338 0.0000 0.0000
NBP[1]188* 0.0333 0.0000 0.0000
NBP[1]215* 0.0340 0.0000 0.0000
NBP[1]241* 0.0388 0.0000 0.0000
NBP[1]266* 0.0364 0.0000 0.0000
NBP[1]292* 0.0299 0.0000 0.0000
NBP[1]319* 0.0317 0.0000 0.0000
NBP[1]345% 0.0343 0.0000 0.0000
NBP[1]371* 0.0330 0.0000 0.0000
NBP[1)397~ 0.0316 0.0000 0.0000
NRDI11423* ‘ nN2aa N annn N nnnn -
UL »
l Delete “ Column Environment... ] I Run ] l Reset ] _ [¥] Update Qutlets [ Ignored

Even though we don’t have all of the operating specs added we can do an initial run of the
simulation by pressing Run. You should get a converged solution within 10 iterations.

How can the distillation column equations be solved without putting the composition
specs? This is because the “estimated” flowrates entered during the setup are used as the
actual specifications. We can see this by checking the Spec Summary setting under the
Design tab. Notice that all of these flowrate specs have checks in the Active column; this

means that these values are the specifications to which the solution is driven.
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@' Column: Atm Column / COL1 Fluid Pkg: Basis-1 / Peng-Robinson i O X
Design | Parameters | Side Ops | Interals | Rating | Worksheet | performance | Fiowsheet | Reactions | Dynamics |
Design Specs Summary

;Znnr:(e::lons | Specified Value = Active = Current Fixed/Range Prim/Alt Lower Upper

Specs Reflux Ratio <empty> r r Fixed Primary <empty> <emp:

Specs Summary Distillate Rate 3.020e+004 l: E Fixed Primary <empty> <emp

Subcooling Reflux Rate <empty> I- r Fixed Primary <empty> <empf

Notes Btms Prod Rate <empty> r r Fixed Primary <empty> <empij
Kero Stripper Prod Flow 8800 E E Fixed Primary <empty> <empij
Diesel Stripper Prod Flow 1.024e+004 E E Fixed Primary <empty> <emp‘
AGO Stripper Prod Flow 3835 I: I: Fixed Primary <empty> <emp
Kero Pumparound_Rate(Pa) 2.500e+004 E ': Fixed Primary <empty> <empi
Kero Pumparound_Dt(Pa) <empty> r r Fixed Primary <empty> <empij
Kero Pumparound_Duty(Pa) <empty> r r Fixed Primary <empty> <emp1‘
Diesel Pumparound_Rate(Pa) 1.500e+004 E I: Fixed Primary <empty> <emp|
Diesel Pumparound_Dt(Pa) <empty> r r Fixed Primary <empty> <emp!
Diesel Pumparound_Duty(Pa) <empty> r r Fixed Primary <empty> <emp
AGO Pumparound_Rate(Pa) 1.000e+004 r: E Fixed Primary <empty> <emp
AGO Pumparound_Dt(Pa) <empty> I- r Fixed Primary <empty> <emp
AGO Pumparound_Duty(Pa) <empty> I- r Fixed Primary <empty> <emp:
Kero Pumparound_TRet(Pa) 200.0 l:: E Fixed Primary <empty> <emp
Diesel Pumparound_TRet(Pa) 250.0 l; ru Fixed Primary <empty> <emp!
AGO Pumparound_TRet(Pa) 3500 o | Fixed Primary  <empty> <empf

m »
[ Delete ][ Column Environment... Run ] [ Reset ] _ [¥] Update Outlets f_; I

Let’s now add the composition specs but not make them active. Select Specs under the
Design tab. In the Column Specifications area we can add, remove, or change any of the

specs that will show up in the Summary. Let’s first add the ASTM D86 95 vol% temperature
spec for the Naphtha stream. Click Add... In the list that comes up choose Column Cut Point
(do not choose End Point Based Column Cut Pint Spec near the bottom of the list) & click Add
Spec(s)... Call the spec Naphtha D86 T95, associate the spec with the liquid phase off of the
Condenser, set the % as 95, and set the Spec Value as 410°F. (Keep the default API 1974
conversion method.) You can now close the form.
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FD Add Specs .. — a X
Column Specification Types

Column Cold Properties Spec ‘
Column Component Flow

Column Component Fraction

Column Component Ratio
Column Component Recoven

{Column Cut
Column Draw Rate

Column DT (Heater/Cooler) Spec
Column Dt Spec

Column Duty

Column Duty Ratio

Column Feed Ratio

Column Gap Cut Point

Column Liquid Flow

Column Physical Properties Spec
Column Pump Around

Column Reboil Ratio Spec

Column Recovery

Column Reflux Feed Ratio Spec -

D Cut Pt Spec: Naphtha D86 T95

Parameters | Summary | Spec Type

| Name Naphtha D86 T95 |
| Stage Condenser |
| Type ASTM D86 |
| Flow Basis Volume Fraction |
| Phase Liquid
| Cut Point [%] 95.00
| Spec Value 4100 F
- ASTM D86 Options
D86 Conversion Type: APl 1994 -
Subtract API Cracking Effect: @ No O Yes

[ Add Spec(s)...

Delete

Once we close the input form we can see information about the specification details. The
value is supposed to be 410°F but because the spec is not active the value is 419.4°F. Close,
but not close enough. In the actual operation of the tower we would adjust the distillate
draw rate to make this spec. In HYSYS we make the Distillate Rate spec inactive & make the
Naphtha D86 T95 spec active. The easiest way to do this is from the Specs Summary form.
Changing the check boxes will cause the tower to rerun & quickly converge. Now when we
check the individual specs by selecting Specs under the Design tab we see that the Distillate
Rate value is 29,320 bpd, not the 30,200 bpd estimate.
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[FD Column: Atm Column / COL1T Fluid Pkg: Basis-1 / Peng-Robinson - m] X

Design ‘ Parameters | Side Ops 1 Internals l Rating | Worksheet I Performance I Flowsheet | Reactions I Dynamics J
Design - Specs Summary

Connections . . X .

Monitor Specified Value = Active = Current Fixed/Range Prim/Alt Lower Upp!

Specs Reflux Ratio <empty> l- r Fixed Primary <empty> <em

Specs Summary Distillate Rate 3.020e+004 l- r Fixed Primary <empty> <em

Subcooling Reflux Rate <empty> r l- Fixed Primary <empty> <em

Notes Btms Prod Rate <empty> l- l- Fixed Primary <empty> <em
Kero Stripper Prod Flow 8800 I: I: Fixed Primary <empty> <em
Diesel Stripper Prod Flow 1.024e+004 E E Fixed Primary <empty> <em
AGO Stripper Prod Flow 3835 E E Fixed Primary <empty> <em
Kero Pumparound_Rate(Pa) 2.500e+004 E E Fixed Primary <empty> <em
Kero Pumparound_Dt(Pa) <empty> I- I- Fixed Primary <empty> <em
Kero Pumparound_Duty(Pa) <empty> I- I- Fixed Primary <empty> <em
Diesel Pumparound_Rate(Pa) 1.500e+004 E E Fixed Primary <empty> <em
Diesel Pumparound_Dt(Pa) <empty> l- r Fixed Primary <empty> <em
Diesel Pumparound_Duty(Pa) <empty> l- r Fixed Primary <empty> <em
AGO Pumparound_Rate(Pa) 1.000e+004 E E Fixed Primary <empty> <em
AGO Pumparound_Dt(Pa) <empty> [ r Fixed Primary <empty> <em
AGO Pumparound_Duty(Pa) <empty> I_ I_ Fixed Primary <empty> <em
Kero Pumparound_TRet(Pa) 200.0 E E Fixed Primary <empty> <em
Diesel Pumparound_TRet(Pa) 250.0 E E Fixed Primary <empty> <em
AGO Pumparound_TRet(Pa) 3500 [ | Fixed Primary  <empty>  <em
Naphtha D86 T95 a00 o | Fixed Primary  <empty>  <em

‘ m ] »

[ Delete ] [ Column Environment... l I Run ] [ Reset ] _ Update Outlets [ | Ignored

[FD Column: Atm Column / COL1 Fluid Pkg: Basis-1 / Peng-Robinson - m] X

Design ‘ Parameters l Side Ops l Internals I Rating I Worksheet l Performance l Flowsheet | Reactions l Dynamics

Design [ Column Specifications \ Specification Details
! [7] Active
Connections Reflux Ratio - View... s Distillate Rat
Monitor Distillate Rate pec Name istillate Rate Use As Estimate

Specs Summary Btms Prod Rate A g
Subcooling Kero Stripper Prod Flow 3 [Z] Dry Flow Basis
Notes

Diesel Stripper Prod Flow
AGO Stripper Prod Flow [ Spec Type
Kero Pumparound_Rate(Pa) Fixed/Ranged Spec Fined
:E:: i:ﬂi:zz:igg;‘;ia) Primary/Alternate Spec Primary
Diesel Pumparound Rate(Pc
Diesel Pumparound_Dt(Pa) pales
P i T— Specification Value 3.020e +004 barrel/day
Current Calculated Value 2.932e+004 barrel/day
[ Update Specs from Dynamics ] Errors
B R [Molar 'l Weighted Tolerance 1.000e-002
Weighted Calculated Error -2.920e-002
Absolute Tolerance 151.0 barrel/day
Regreesiiieedon 0 Absolute Calculated Error 882.0 barrel/day
S T S |

Delete ][ Column Environment... ] [ Run ] [ Reset ] _ Update Outlets (] Ignored
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We can create similar design specs for the BD cut Pt Spec: Kero D86 T95 - o X
Kerosene, Dlesel, & AGO D86 T95 ValueS. EaCh Parameters Summary | Spec Type
time we make the T95 spec active we will make Name Kero D86 T95
the corresponding production rate inactive. . ‘°f"°:°;'n';"[';:6'
s . ype
Note that when we make these specifications Flow Basis Voluma Fraction
the stream associated with the spec will be the Phase Liquid
. . . . Cut Point [%)] 95.00
liquid from the bottom of the appropriate side Spec Value 525.0 F
stripper. Finally, when you compare the actual ASTVI D85 Options
production rates to the initial estimates you , '
) . D86 Conversion Type: APl 1994 -
may find that each change in a T95 spec may - R
. . Subtract APl Cracking Effect: @ No © Yes
change other production rates, not just the one
assoicatged with that spec. For example, adding
all of these T95 specs will change the naphtha
rate to 29,260 bpd.
[FD Column: Atm Column / COL1 Fluid Pkg: Basis-1 / Peng-Robinson - [m] X
Design ‘ Parameters | Side Ops | Internals I Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics
Design Specs Summary
sz::f::ions Specified Value | Active | Current Fixed/Range Prim/Alt Lower Upper
Specs Reflux Rate <empty> r I- Fixed Primary <empty> <empty> “
Specs Summary Btms Prod Rate <empty> r I- Fixed Primary <empty> <empty>
Subcooling Kero Stripper Prod Floy 8800 I- I- Fixed Primary <empty> <empty>
Notes Diesel Stripper Prod Fle 1.024e+004 I- I- Fixed Primary <empty> <empty>
AGO Stripper Prod Floy 3835 I- I- Fixed Primary <empty> <empty>
Kero Pumparound_Rat 2.500e+004 E E Fixed Primary <empty> <empty>
Kero Pumparound_Dt( <empty> I- I- Fixed Primary <empty> <empty>
Kero Pumparound_Dut <empty> I- I- Fixed Primary <empty> <empty>
Diesel Pumparound_Re 1.500e+004 E E Fixed Primary <empty> <empty>
Diesel Pumparound_D' <empty> I- r Fixed Primary <empty> <empty>
Diesel Pumparound_Di <empty> I- r Fixed Primary <empty> <empty>
AGO Pumparound_Rat 1.000e+004 E E Fixed Primary <empty> <empty> |=
AGO Pumparound_Dt( <empty> r I- Fixed Primary <empty> <empty>
AGO Pumparound_Dui <empty> I- I- Fixed Primary <empty> <empty>
Kero Pumparound_TRe 200.0 I: I: Fixed Primary <empty> <empty>
Diesel Pumparound_TF 250.0 I: I: Fixed Primary <empty> <empty>
AGO Pumparound_TRe 350.0 E E Fixed Primary <empty> <empty>
Naphtha D86 T95 a100 o ™ Fixed Primary  <empty>  <empty>
Kero D86 T95 5250 [ ™ Fixed Primary  <empty>  <empty>
Diesel D86 T95 6450 o | Fixed Primary  <empty>  <empty>
AGO D86 T95 7500 [ = Fixed Primary  <empty>  <empty>
Delete ] [ Column Environment... I [ Run ] [ Reset ] _ [¥] Update Outlets [ Ignored
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[FD Column: Atm Column / COLT Fluid Pkg: Basis-1 / Peng-Robinson -
Design ‘ Parameters | Side Ops I Internals | Rating | Worksheet I Performance I Flowsheet | Reactions I Dynamics
Design ~Column Specifications - Specification Details
. E Active
Monitor Distillate Rate pec Name stillate Rate [¥] Use As Estimate
s —
Specs Summary Btms Prod Rate = Sl nactive ey
Subcooling Kero Stripper Prod Flow [C] Dry Flow Basis
elete
Notes Diesel Stripper Prod Flow
AGO Stripper Prod Flow [ Spec Type
K P d_Rate(P
ero Pumparotnd_Rate(Pa) Fixed/Ranged Spec Fixed
Kero Pumparound_Dt(Pa) Pri JAlt tes Pri
Kero Pumparound Duty(Pa) nmary/ATternare Spec rimary
Diesel Pumparound Rate(Pc
Diesel Pumparound Dt(Pa) ~Values
f‘““’""i“”‘“ a Specification Value 3.020e+004 barrel/day
Current Calculated Value 2.926e+004 barrel/day
[ Update Specs from Dynamics l Errors
e [M ; | Weighted Tolerance 1.000e-002
efault Basis A
" ' oar Weighted Calculated Error -3.118e-002
Absolute Tolerance 151.0 barrel/day
Degrees of Freedom 0 Absolute Calculated Error 941.7 barrel/day
Delete ] [ Column Environment... Run Reset l _ Update Qutlets

Debutanizer Column

Next, let’s do the simpler of the two remaining columns, the Debutanizer Column (i.e., the
Naphtha Stabilizer). We will want to operate the Debutanizer at a higher pressure than the
Atmospheric Distillation Column, so we will need a pump for the Unstabilized Naptha. We
will also preheat the feed entering the column. Table 5 shows the operating conditions for

the column & the feed’s pump & preheater.
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Type
Feed Prep

Table 5. Definitions for Debutanizer Column

Operating Parameter

Increase pressure to 250 psig; use default adiabatic efficiency for pump (75%)
Preheat to 250°F; assume negligible pressure drop through exchanger

Trays & Efficiencies

45 trays. Number from top. All trays 80% efficiency

Condenser Type

Total condenser
1.5 reflux ratio

Reboiler Type

Kettle reboiler

Pressures Condenser: 150 psig
Top Tray: 150 psig
Bottom Tray: 160 psig
Reboiler: 160 psig
Temperature No other estimates needed
Feed Locations Unstabilized Naphtha to Tray #22
Products Overhead LPGs, 5,500 bpd

Stabilized naphtha from bottom

Place a Pump on the

¥ Pump: Naphtha Pump

flowsheet & define the Design | Rating | Worisheet | Performance | Dynamics |
. . Design Name Naphtha Pump
following connections. Connectiors
Parameters
Retain the default Curves Outit

adiabatic efficiency (75%).

Set the outlet pressure as
250 psig in the Worksheet
tab.

Rev 1.3

Links
User Variables Inlet

Notes Naphtha -

Energy
| W-Naphtha Pump

| HP Naphtha

Fluid Package

| Basis-1

Delete [

Unknown Duty

| On  []Ignored

-35-

August 6, 2017



¥l Pump: Naphtha Pump

| Design | Rating | Worksheet | Performance | Dynamics |

Worksheet Name Naphtha HP Naphtha W-Naphtha Pum
Conditions Vapour 0.0000 00000 <empty>
Properties Temperature [F] 1342 <empty>
Composition| | Pressure [psig] 4000 <empty>
PF Specs Molar Flow [lbmole/hr] 2003 2903 <empty>
Mass Flow [Ib/hr] 3.136e+005 3.136e+005 <empty>
Std Ideal Liq Vol Flow [barrel/day] 2.926e+004 2.926e+004 <empty>
Molar Enthalpy [Btu/lbmole] 9971e+004 -0.956e+004 <empty>
Molar Entropy [Btu/lbmole-F] 3236 3241 <empty>
Heat Flow [Btu/hr] -2.804e+008 -2.800+008 43114005

I, ¢ oo

Place a Heater on the
flowsheet & define the
following connections. Set the
pressure drop in the
Parameters section (Delta P).
Since the outlet pressure is
calculated from the pressure
drop it does not have to be set
on the Worksheet tab.
However, we still need to set
the outlet temperature & this
can be done on the Worksheet
tab.

R Heater: DeC4 Heater — [m] X
Design | Rating | Worksheet | Performance | Dynamics |
Design Name DeC4 Heater
Connections
Parameters
User Variables o Bramm
Motes
| HP Naphtha - | @-DeC4 Heater
- -
> >
Qutlet
| Feed to Deca
Fluid Package
[ Basis-1 -
Delete [ Unknown Delta P | [ 1gnored

[ Heater: DeC4 Heater — [}
Design | Rating | Worksheet [ Performance [ Dynamics |
Design Delta P
Connections 0.0000 psi
Parameters
User Variables DeltaT Duty
Notes
(_F,
Delete [ Unknawn Duty | [ gnored
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] Heater: DeC4 Heater

| Design | Rating | Worksheet | Performance | Dynamics |

Worksheet Name HP Naphtha
Conditions Vapour 0.0000
Properties Temperature [F]

Composition | | Pressure [psig]

PF Specs Molar Flow [lbmole/hr]
Mass Flow [Ib/hr] 3.136e+005
5td Ideal Lig Vol Flow [barrel/day] 2.926e+004
Molar Enthalpy [Btu/lbmele] -9.956e+004

Molar Entropy [Btu/lbmole-F] 3241
Heat Flow [Btu/hr] -2.890e+008

Feed to DeC4

Q-DeC4 Heater

00000 <empty>
<empty>
<empty>

2003 zempty>
3.126e+005 <empty>
2.9262+004 <empty>

-9.2792+004 <empty>

4280 <empty>

-2.6932+008 1.9662+007

[ oo | N -

Now we can define the
Debutanizer. Just like with
the Atmospheric Distillation
Column HYSYS will start the
process with a multi-step
wizard to walk you through
the basic configuration. From
the Columns tab in the model
Palette chose the Distillation
Column sub-flowsheet (the
one with both a condenser &
areboiler).

The next step is to pick a type
of reboiler. The first entitled
Once-through depicts a kettle
reboiler & is the one we want
(liquid from the bottom tray
is the feed to the reboiler,
produced vapors are
returned to the bottom tray
and the liquid exits as the
bottoms product). The other
two configurations are for
thermosiphon reboilers;
though used commercially
they will not be chosen for
this example. Click Next>
when done.

Rev 1.3

Eﬁ Distillation Column Input Expert

Condenser Energy Stream

| @DeC4 Condenser  ~

Column Name  Debutanizer | ) zz t @

Condenser

Inlet Streams

Stream Inlet Stage
Feed to DeC4 22_ Main Tow

<< Stream >>

Stage Numbering

© Top Down *) Battom Up

© Total
_) Partial Ovhd Liquid Qutlet
) Full Rflx [rpas -
- >
-« >
>| 2 Water Draw | DeC4 Overhead Water
>
>
# Stages Opticnal Side Draws
n siE=—=— b Stream Type Draw Stage
<< Stream >>
n-1 Reboiler Energy Stream
z | @-Dec4 Reboiler -

Bottomns Liguid Outlet
Ao j <
-
nel | stab Naphtha -
T
>

Net> |

Connections (page 1 of 5)

Concel |

D Distillation Column Input Expert

Reboiler Configuration

® Once-through
Reboiler Type Selection

© Regular Hysys reboiler

_) Heater

i)

_ Circulation without baffle

) Heat exchanger Tube Shel

< Prev [ [ Next>

Cancel |

Reboiler Configuration (page 2 of 5)
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The next form is for entering

D Distillation Column Input Expert

the basic pressure profile.
Enter the values from Table 5.
Click Next> when done.

Condenser Pressure

E 2 r 150.0 psig
- >
< >
T Condenser Pressure Drop
>
0.0000 psi
Reboiler Pressure Drop
0.0000 psi
Reboiler Pressure
160.0 psig
-
L.
>

< Prev

J{

Next > l

Pressure Profile (page 3 of 5)

Cancel

For this tower we will skip entering temperature estimates. Click Next>.

On the next form enter the

D Distillation Celumn Input Expert

reflux ratio & distillate rate.
Click Done... when finished.

- [m] X

E : Liquid Rate 5500.00
< >
>

- Reflux Ratio
== S
1500 Flow Basis | Volume -

O

T

Y

< Prev

I

Done.

-]

SideOps> | Specifications (page 5 of 5)

Cancel

The final Step before D Column: Debutanizer / COL2 Fluid Pkg: Basis-1/ Peng-Robinson - a
: : : [ Design | Parameters | side Ops [ Internals [ Rating | Worksheet [ Performance | Flowsheet [ Reactions | Dynamics |
trylng to rur{ IIS to ‘_Speley Parameters - Stage Efficiencies
the stage efficiencies to Profies Efciency Type Stage Eicency
Estimates . ondenser |
model the stages as real Erdenes || S0l ‘ B o) ||
olver omponen 2_Main Tawer 0.8000
trays. Under the ot e X u000
Parameters tab select e ‘ o bo000 |7
Efficiencies. Make sure R | i oo
8_Main Tower 0.8000
that Overall & User o ower 0.8000
Specified items are e v 03000
highlighted. Apply the v e
. 14_Main Tower 0.8000
same efficiency to all e | 5ot T 0.6000
stages representing trays, — oo 05000
0.8000 R= y
. L : 18_Main Tower 0.8000
leaving the efficiencies o e 02000
for the Condenser & 20__Main Tower 0.8000 ~
Reboiler at 1.0. peiete || ComnErvionment. |[  Run || Reset | [ Update Outlets  [[] Ignored
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Now we can click on the Run button. The convergence should be very rapid.

Vacuum Distillation Column

The final step is to define the feed heater & Vacuum Distillation Column. Additional steam
is injected into the Vacuum Feed Heater to increase velocity & minimize coke formation
within the heater. Even though the Vacuum Column is packed it will be modeled as “trays,”
i.e,, sections of non-equilibrium stages.

The first step is to mix the Atm Resid from the Atmospheric Distillation Column with steam
upstream of the Vacuum Heater. Place a Mixer on the flowsheet & define the following
configuration. You will have to define the steam stream; this can be done via the Worksheet
tab.

ﬂ Mixer: Vac Heater Mixer — [m] x
Design | Rating | ‘Worksheet | Dynamics ‘
Design Neme  Vac Heater Mixer
Connections
Parameters
User Variables
Notes
—_—>
E—
Inlets Qutlet
Atm Resid | To Vac Heater -
Vac Coil Steam
<< Stream >> Fluid Package
|Bos[s- 1 -

Delete [ Not Solved | [ 1gnored

D Mixer: Vac Heater Mixer - O X
| Design | Rating | Worksheet | Dynamics ‘
Worksheet At Resid Vac Coil Steam To Viac Heater
Conditions H20 0.0095 1.0000 <empty>
Properties Methane 0.0000 0.0000 <empty>
Composition
2F Specs Ethane 00000 0.0000 <empty> e
Propane 00000 0.0000 <empty>
-Butane 00000 0.0000 <empty>
n-Butane 00000 0.0000 <empty>
i-Pentane 00000 0.0000 <empty>
n-Pentane 00000 0.0000 <empty>
NBP[1]114% 00000 0.0000 <empty>
NEP[1]139% 00000 0.0000 <empty>
NBP[1]162% 00000 0.0000 <empty>
NBP[1]188* 00000 0.0000 <empty>
NEP[1]215% 00000 0.0000 <empty>
NBP[1]241% 00000 0.0000 <empty>
AIDDIA1YEEE 00000 N_On0n -

Delete [ Not Salved | [ 1gnored
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D Mixer: Vac Heater Mixer

| Design | Rating | Worksheet | Dynamics ‘

Worksheet [ Name

Conditions | | Vapour 0.0006 1.0000 04681
Praperties Temperature [F] 6142 500.0 608.2
Composition| | Pressure [psig] 2200 1500 2200
PF Specs Molar Flaw [Ibmale/hi] 1413 0 2523
Mass Flow [Ie/hr] 6.822+005 | 4} 7022e+005
St Ideal Lig Val Flow [barrel/day] 4810e+004 1372 494824004
Molar Enthalpy [Btu/lbmole] 30224005 -1007e+005 213524005
Molar Entropy [Btu/lbmole-F] 367.3 41.32 225.3
Heat Flow [Btu/hr] -42609e+008 11184008 -5387e+008

Atm Resid  Vac Coil Steam To Vac Heater

-

Table 6. Definitions for Vacuum Distillation Column

Type
“Trays” & Efficiencies

Operating Parameter

14 trays. Numbering from top:
Tray 1: 100%

Trays 2 to 11: 50%

Tray 12: 100%

Trays 13 to 14: 30%

Condenser Type

No condenser, LVGO pumparound liquid return to top stage

Reboiler Type

None, Direct Fired Heater

Pressures Top Tray: 50 mmHg
Bottom Tray: 62 mmHg
Temperatures Top 180°F (controlled by top LVGO pumparound)

Feed Locations

Crude oil to Tray #12
Stripping Steam at bottom (Tray #14) — 20,000 Ib/hr @ 500°F, 150 psig

Feed Heater

20,000 Ib/hr steam injected into heater coils with the Atmospheric Resid feedstock
(500°F & 150 psig)

Outlet @ 180 mmHg & 760°F (max); would like 3,000 bpd excess wash liquid (liquid rate
from tray above feed, #11)

Pumparounds

LVGO Pumparound

Draw from Tray #4, returned to Tray #1

22,300 bpd flow, outlet temperature adjusted to control top temperature of tower;
approximately 85°F, 42 MMBtu/hr cooling

HVGO Pumparound
Draw from Tray #8, returned to Tray #5
50,000 bpd flow, 150°F cooling

Products

LVGO from Tray #4; 915°F D1160 T95; 5,000 bpd (approximate)
HVGO from Tray #8, 1050°F D1160 T95; 21,000 bpd (approximate)
Slop Wax from Tray #11, 1,000 bp

Vacuum resid from bottom
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The fired Vacuum Heater is separate from the column environment & will be created next.
Create a new Heater on the flowsheet & call it Vac Heater. Change the icon to look like a
heater instead of a shell & tube heat exchanger. Enter the following connections & set the
following outlet conditions to match the vacuum column conditions in Table 6. Note that
even though the pressure is specified as 180 mmHg(0C) the value is immediately converted
to the units used in the flowsheet, here psig?.

D Heater: Vac Heater

[m] X
Design | Rating | Worksheet | Performance | Dynamics |
Design MName Vac Heater
Connections
Parameters
User Variables Inlet Energy,
Notes
To Vac Heater M Q-Vac Heater M
_—
Qutlet
Vac Column Feed -
Fluid Package
Basis-1 M
Delete | | Unknown Delta P | D 1gnored
[FD Heater: Vac Heater - O %

| Design | Rating ‘ Worksheet | Parfarmance | Dynamics ‘

Worksheet Name To Vac Heater Vac Column Feed Q-Vac Heater
Conditions Vapour 04681 07579 <empty>
Properties Temperature [F] 608.2 760.0 <empty>
Composition Pressure [psig] 22,00 -11.22 <empty>
PF Specs Molar Flow [lomole/hr] 2523 2523 <empty>
Mass Flow [lb/hr] 7.0222+005 7.022e+005 <empty>
Std Ideal Lig Vol Flow [barrel/day] 4.948e+004 4.948e+004 <empty>
Molar Enthalpy [Btu/lbmole] -2.135¢+003 17442005 <empty>
Molar Entropy [Btu/lomole-F] 2253 2622 <empty>
Heat Flow [Btu/hr] -5.387e+008 -4.400e+008 9.875e+007

[ ose | N

Configuring the Vacuum Column for the first time is a multi-step process. First, create an
Absorber Column on the flowsheet then double-click to fill in the information. Fill in the
basic information for the configuration on the first form. Couple things that are different
from the previous two columns:
e Specify that the top stage reflux comes from a Pump-around (note that HYSYS will
define this first pumparound & give it a default name; this can be changed later).
e Specify the LVGO, HVGO, & Slop Wax streams on this form as Optional Side Draws
(since they are not further processed in side strippers). Note in the image below that

3 Be very careful which units you choose for the pressure. If you choose mmHg(0C)_g by mistake you've
specified a gauge pressure & will be much too high since it would be above 1 atm instead of at vacuum
conditions.
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only 2 Optional Side Draws are shown; you will have to scroll down to see the

connection for the Slop Wax.

) Absorber Column Input Expert

Column Name  Vac Column

.

-
Optional Inlet Streams =~ — — — — =3 > = 2 ]§ j’
Stream Inlet Stage ——
Vac Column Feed 12_Main Tow FStages | — -
<< Stream >> - B |4_Main Tower -

—————— > Optional Side Draws

<
‘Qvhd Vapour Qutlet

| vac column Overhead  ~

-Top Stg. Reflux ——

_) Liquid inlet
® Pump-around

Stream
n-1
VGO
Bottom Stage Inlet HVGO

Y

Type Draw Stage
L 4_MainTowe -
L 8&_Main Towe -

Vac Column Steam

Bottoms Liguid Outlet

Vac Resid v

-Stage Numbering
| @ Top Down 7 Bottom Up |

o
==

Next >

ﬂ Absorber Column Input Expert

— ]

X

Column Name  Vac Column

o

-
Opticnal Inlet Streams ~ —— —— = > 2 !; i;
Stream Inlet Stage ——
Vac Column Feed 12_Main Tow #Gtages | = ° 000000
<< Stream >> ., | 4_Main Tower -

—————— = Optional Side Draws

>
‘Qvhd Vapour Qutlet

| Vac Column Overhead  ~

-Top Stg. Reflux ——
O Liquid inlet ‘

® Pump-around

Stream
n-1
- HVGO
T Slop Wi
Bottom Stage Inlet op Wax

Type Draw Stage
L 8_Main Towe -
L 11_Main Tow -

Vac Column Steam

Bottoms Liguid Outlet

Vac Resid -

~Stage Numbering ————————————
| @ Top Down _ Bottom Up |

L
v

Connections (page 1 of 3)

Lancel
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On the next form we’ll
initialize the pressure profile.
Again, even though the
pressures are input in units of
mmHg(0C) they get converted
to psig. Click Next>.

The next form will allow us to
add temperature estimates &
flow information for the top
pumparound. Enter the data
for the LVGO Pumparound.
We will skip adding
temperature estimates on
this form & show how they
can be added later. Click Side
Ops>.

D Absarber Column Input Expert - O ®
>
==
/J\ Top Stage Pressure
-13.73 psig
-
Cooler gP
0.0000 psi
>
=
Eottom Stage Pressure
-13.50 psig
-
>
[ <prev ][ Newt> i B fremeE =) Cancel |
) Absarber Column Input Expert - O X
-
>
Optional Top Stage
Temperature Estimate
-
Pump-Around Specs
Flow Basis Std Ideal Vol
PA Rate 2.230e+004 barrel/day
ZndSpecType  ReturnT
2nd Spec Value | 85.00 F:
>
>
Optional Bottom Stage
k[/ Temperature Estimats
-
==
[ <prev || pone. || sieops» Optional Estimates (page 3 of 3) Cancel |

There are no side strippers or rectifiers so skip the next 3 forms for Reboiled Side Stripper
Connections, Steam Stripped Side Stripper Connections, & Side Rectifier Connections.

There is already one
pumparound defined (since
we specified a pumparound
return to provide the top
stage reflux). Let’s changed
the Name from the default to
LVGO Pumparound. Then
click Add Pump-Around and
define the HVGO
Pumparound. Click Install to
add to the list. Click Next>
when done.

Rev 1.3

D Side Operations Input Expert - m] X
Pump-Arounds
Draw Stage Return Stage
TN LVGO Pumparound ~ 4_Main Tower  1_Main Tower
= HVGO Pumparounc 8__Main Tower 5__Main Tower
2 Return Stage
|5_Main Tower -|
- Name
~A A HVGO Pumparound Add Pump-Around_|
N 2
o Draw Stage
n |8_Main Tower -|
< Brev | Nest > Pump-Around Connections Cancel |
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We will skip the next form for Vapor Bypass Connections.

The next form allows us to
add the HVGO Pumparound
specs. Note that the specs for

[FD Side Operations Input Expert

Pump-Around Specs

Flow Basis
VGO Pumparou  Std Ideal Vol

PA Rate
22300 barrel/day
50000 barrel/day

2nd Spec Type
Return T
dT

2nd Spec Value
85.00F
150.0 F

the LVGO Pumparound were

previously entered & are <

shown here. Click Next> A A

when done. = I
[ T ] [ N s

On the last form we will
accept zero pressure drops
through the pumparounds.
Click Done...

Pump-Around Specifications

Cancel

[l side Operations Input Expert

Pump-Around Pressure Specs

N

Cooler dP
[psil

LVGO Pumpan 0.00

HVGO Pumpa 0.00

-

<z
~ ~u
Fav] Fa¥]

< Prev ] I Done...

Pump-Around Pressure Specifications

Cancel

Before we try [l Column: Vac Column / COL3 Fluid Pkg: Basis-1 / Peng-Robinson - o %
: Design | Parameters | Side Ops | Internals [ Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics |
running the column | ==
u g t e CO u Parameters - Stage Efficiencies
we need to enter Profies Eficency Type Stage Effcency
Estimates
L . ) B @ 1_Main Tower 1.000
the efficiencies for thimes || |0 e — oo
©) Component )
3 Main Tower 0.5000
2/3 Phy —
the stages. Select P P‘:f; S 4_Main Tower 0.5000
Efficiency Values ;
.y . 5_Msin Tower 0.5000
EfﬁClen cies under Grouped ‘ 6_Main Tower 0.5000
@ User Specified 7_Main Tower 0.5000
the Parameters tab e e .
9 Msin Tower 0.5000
& enter the values 10_Main Tower 0.5000
11_Main Tower 0.5000
from Table 6. 12_Main Tower 1.000
13_Main Tower 0.3000
14_Main Tower 0.3000
- Eff. Multi-Spec ———
0.3000
Delete H Column Environment... l [ Run l [ Reset ] _ Update Qutlets  [| Ignored

Rev 1.3

-44 -

August 6, 2017



We skipped adding

temperature estimates

before but we can add
them now. Go to the

Profiles item under the

Parameters tab. It’s

pretty typical to have a

top temperature of
about 150°F (this will
actually be changed to
be one of our
specifications) & a

bottom temperature of

700°F. You may also

want to specify the 2nd

stage temperature of
325°F (since thereis a
significant cooling

between the top & next

stage).

Before we can run the
column we have to
specify something
about the side draws
(LVGO, HVGO, & Slop
Wax). Let’s specify the
estimated flowrates
and use these as
specifications. Click
on the Specs Summary
item under the Design
tab; note there are
items in this list for
LVGO Rate, HVGO
Rate, & Slop Wax Rate.
You could try to
specify the values

D Column: Vac Column / COL2 Fluid Pkg: Basis-1/ Peng-Robinsen - u] X
g 9
Design | Parameters | Side Ops | Intemals | Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics |
Parameters - Steady State Profiles
~Flow Basis
Profil i i . .
E:r;:ies Optional Estimates ® Molar ® Mass
it Stage| Pressure Temp Met Liquid | Net Vapour ~ )
: I‘CIE”UES g [psig] IFl [lbmolehr] | [lbmale/hr] © Volume ©) Std Ideal Vol
olver
373 Phase 1_Main Tower 0 -13.73 150.0 <empty> <empty> © Act. Volume
Fluid Pkgs 2_Main Tower 1 -13.71 325.0 <empty> pty
3_ Main Tower 2 -13.69 <empty> <empty> <empty> A -
4_Main Tower 2 1268 <empty>  <empty>  <empty> Pressure vs. Tray Position from
5_Main Tower 4 -13.66 <empty> <empty> <empty> =— Pre==c]
6_Main Tower 5 -13.64  <empty>  <empty>  <empty> 1
7_Main Tower 6 1362 <empty>  <empty>  <empty> 150 [~
8_Main Tower 7 -1360  <empty> <empty> <empty> )
1355
9_Main Tower 8 -13.59 <empty> <empty> <empty> 5 |
10_Main Tower 9 -13.57 <empty> <empty> <empty> .
11_Main Tower 10 <1355  <empty>  <empty>  <empty> ] [~
12_Main Tower " -13.53 <empty> <empty> <empty> 53
12_Main Tower 12 -1357  <empty>  <empty>  <empty> i /
14_Main Tower 13 -13.50 T700.0 <empty> <empty> 1270 '/z"
-13.75 T T T T T T T
) 2 4 & 2 10 12 14
[ updatefrom Solution | | CiearTray | [ CleoraiTrays | [ Lok | uniock | [ Stream Estimates.. |
Delete || ComnEmirorment. || R [ et | [ Update Outlets [ ] Ignored
B Column: Vac Column / COL3 Fluid Pkg: Basis-1/ Peng-Robinson - O b4
Design | Parameters | Side Ops [ Intemals [ Rating | Worksheet | Performance [ Flowsheet | Reactions | Dynamics |
Design -Specs Summary
Connecti
M““”f‘ ons Specified Value | Active | Current  Fixed/Range  Prim/Alt Lower Upper
onitor
Specs TopStagePA, Rate(Pa) 2.230e+004 W 13 Fixed Primary  <empty>  <empty>
Specs Summary TopStageP4 Dit(Pa) <empty> [ r Fied  Primary  <empty>  <empty>
Subcaaling TopStagePA_Duty(Pa) <empty> [ - Fixed Primary  <empty>  <empty>
Motes VGO Rate <empty> W 3 Fixed Primary  <empty>  <empty>
HVGO Rate <empty= W o Fixed Primary  <empty>  <empty>
Slop Wax Rate <empty= ¥ 4 Fixed Primary <empty> <empty>
TopStagePA_TRet(Pa) 8500 [ - Fixed Primary  <empty>  <empty>
HVGO Pumparound R 5.000e+004 13 Fixed Primary  <empty>  <empty>
HWGO Pumparound D <empty= [ r Fixed Primary  <empty>  <empty>
HVGO Pumparound_D <empty= r - Fixed Primary <empty> <empty>
HVGO Pumparound_TF 1500 W 3 Fixed Primary  <empty>  <empty>
[ pemte || coumnEnvionment. || R || peer | SRS Update Outlets [ Ignorad

here, but unfortunately the default units are molar rates, not volumetric. So, we’ll have to
go back to the Specs option & individually select the item for rate, press the View... button,
& make the appropriate changes. When done you can go back to the Specs Summary item
to see that all values have been added.
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) Draw Spec: LVGO Rate - O 'Y

Parameters | Summary | Spec Type
Name LVGO Rate
Draw VGO @COoL3
Flow Basis
Spec Value

Now let’s change the performance of
the LVGO Pumparound to adjust the
return temperature in that
pumparound to meet the temperature
spec at the top of the column. Select
the Specs item under the Design tab &
click Add... Select Column Temperature
in the list of Column Specification Types
& click Add Spec(s)... add a spec for the
top temperature. To make it active go
to the Spec Summary item, uncheck the
LVGO Pumparound_TRet(Pa) & check
the Top Temperature spec.

Rev 1.3

@ Column: Vac Column / COL3 Fluid Pkg: Basis-1/ Peng-Robinson - a X
Design |Parametels | Side Ops | Internals | Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics
Design -Specs Summary
Connections N
Monitor Specified Value = Active = Current Fixed/Range Prim/Alt Lower Upper
Specs TopStagePA_Rate(Pa) 2.230e+004 [V 2 Fixed Primary  <empty>  <empt
Sz S TopStagePA_Dt(Pa) <empty> [ r Fixed  Primary  <empty>  <empt
Subcoaling TopStagePA_Duty(Pa) <empty> [ r Fixed Primary ~ <empty>  <empt
Notes LVGO Rate 1000 ,7 F Fixed Primary <empty> <empt
HVGO Rate 2.100e+004 [V 2 Fixed Primary  <empty>  <empt
Slop Wax Rate 1000 [ 2 Fixed Primary  <empty>  <empt
TopStagePA_TRet(Pa) 8500 [v 2 Fixed Primary  <empty>  <empt
HVGO Pumparound_Rate(Pa) 5.000e+004 [V v Fixed Primary  <empty>  <empt
HVGO Pumparcund_Di(Pa) 1500 [ 2 Fixed Primary  <empty>  <empt
HVGO Pumparound_Duty(Pa) <empty> [ r Fixed Primary  <empty>  <empt
. N
[ Delete ][ Column Environment... l [ Run l [ Reset ] ﬁ Update Outlets  [| Ignored
¥ Add Specs - Vac.. — [m] X

Column Specification Types

Column Physical Properties Spec
Column Pump Around

Column Reboil Ratio Spec
Column Recovery

Column Reflux Feed Ratio Spec
Column Reflux Fraction Spec
Column Reflux Ratio

Column Stream Property Spec

Column Tee Spiit Spec

[ Temp Spec: Top Temperature - m] X
Parameters | Summary | Spec Type
Name Top Temperature
Staney ___1_Main Tower
Spec Value 180.0 F!

Lolumn Temperature.

Column Transport Properties Spec
Column User Property Spec

Column Vapour Flow

Column User Property
Column Vapour Fractiorrper

Column Vapour Pressure Spec
End Point Based Column Cut Point Sp
End Point Based Column Gap Spec
Stream Specification

n v

[ Add Spec(s)es J
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D Column: Vac Column / COL3 Fluid Pkg: Basis-1/ Peng-Robinson - [m] *
g 9

Design | Parameters [ Side Ops [ Intemals [ Rating | Warksheet | Performance | Flowsheet | Reactions | Dynamics |

Design ~Specs Summary
Connections -
Monitor Specified Value | Active | Current | Fixed/Range | Prim/Alt Lower Upper
Specs TopStagePA_Rate(Pa) 2.230c+004 W Fixed Primary  <empty>  <empty>
S Sy TopStagePA_Dt{Pa) <empty= [T r Fixed  Primary  <empty>  <empty>
Subcooling TopStagePA_Duty(Pa) <empty> I r Fixed Primary  <empty>  <empty>
Notes VGO Rate soo0 W 2 Fixed Primary  <empty>  <empty>
HVGO Rate 2.100c+004 W W Fixed Primary  <empty>  <empty>
Slop Wax Rate 1000 W =2 Fixed Primary  <empty>  <empty>
TopStagePA_TRet{Pa) gso0 [ - Fixed Primary ~ <empty>  <empty>
HVGO Pumparound R 5.000e+004 M = Fixed Primary  <empty>  <empty>
HVGC Pumparound_D <emptys r r Fixed Primary <empty> <empty>
HVGO Pumparound_D <empty> [ - Fixed Primary  <empty>  <empty>
HVGO Pumparound_Ti 1500 W |12 Fixed Primary  <empty>  <empty>
Top Temperature 100 F W Fixed Primary  <empty>  <empty>

[ Delete H Celumn Environment... ] I Run ] I Reset I _ Update Cutlets  [] Ignored

The final Step iS tO D Column: Ve Column / COL3 Fluid Pkg: Basis-1 / Peng-Robinson — m] X
define the Steam tO ‘ Design | Parameters | Side Ops | Internals | Rating ‘ Worksheet | Performance | Flowsheet | Reactions | Cynamics ‘
Worksheet Vac Column Feed Vac Column Steam Vac Column Overhead
the bottom of the Conditions H20 04454 1.0000 <empty> -
Properties Methane 0.0000 0.0000 <empty>
column. Under the E?'E‘:P‘”it“’”‘ Ethane 00000 0.0000 <empty>
pecs ropane 2 .| <em| >
Worksheet tab go to o 20000 20000 et
the Compositions Coerane s 00000 |
. n-Pentane 0.0000 0.0000 <empty>
Item. Enter da 1 for NEP[1]114 0.0000 0.0000 <empty>
NEP[1]1307 0.0000 0.0000 <empty>
the Hzo Value for NBP[1]162 0.0000 0.0000 <empty>
NEP[1]186 0.0000 0.0000 <empty>
Vac Column Steam. s 0000 oty
. : NEP[1]241= 0.0000 0.0000 <empty>
ThlS brlngs U-p the NEP[1]266 0,0000 0.0000 <empty>
. NEP[1]282% 0.0000 0.0000 <empty>
screen to add detail s a0o0e Pl
] . NEP[1]345 0.0000 0.0000 <empty>
to the ComPOSItlon: NEP[1]371* 0.0000 0.0000 <empty>
: ; NEP[1]387* 0.0000 0.0000 <empty>
Cth Normahze & NEP[1}423 00001 0.0000 <empty>
NEP[1}449 00003 0.0000 <empty> -
OK. S(.el.ect tl.le . ‘ .
Conditions item & Dete || CobmnEvioment. || R [ Rt | [N Update Qutlets [ Ignored

specify the
Temperature,
Pressure, & Mass
Flow.
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@ Column: Vac Column / COL3 Fluid Pkg: Basis-1 / Peng-Robinson — O =
Design | Parameters | Side Ops | Internals | Rating ‘ Worksheet | Performance | Flowsheet | Reactions | Dynamics
E Worlksheet Vac Column Vac Column NEC T
Conditions Name Feed @COL3 Steam @COL3 Overhead LVGO @COL3 HVGO @COL3
Properties @coL3
Compositions Vapour 0.7579 0.0000 1.0000 0.0000 0.0000
PF Specs
Temperature [F] 760.0 100.0 180.0 3442 490.6
Pressure [psig] -11.22 150.0 -13.73 -13.68 -13.60
Molar Flow [Ibmole/hr] 2523 1110 2246 46.91 7400 |2
Mass Flow [Ib/hr] 7.022e+005 2.000e+004 4.309e+004 1.265e+004 2.799e+005
Std Ideal Lig Vol Flow [barrel/day] 4.948e+004 1372 2994 999.8 2.100e+004
Molar Enthalpy [Btu/lbmole] -1.744e+005 -1.226e+005 -1.035e+005 -2.109e+005 -2.620e+005
Molar Entropy [Btu/Ibmole-F] 262.2 13.60 43.77 141.7 251.3
Heat Flow [Btu/hr] -4.400e+008 -1.361e+008 -2.324e+008 -9.892e+006 -1.939e+008
Name Slop Wax Vac Resid
@CcoL3 @COL3
Vapour 0.0000 0.0000
Temperature [F] 666.7 6039
Pressure [psig] -13.55 -13.50
« m »
Delete H Column Environment... J | Run H Reset J _ Update Outlets [ Ignored

You may not even need to press Run. Once you enter the remaining steam information the
Vacuum Column should automatically run & converge fairly quickly.

The Vacuum Column has converged but to the flowrates that should be estimates, not the
composition specs (as defined by the T95 values). We can add the D1160 specs for the
LVGO & HVGO in a similar manner to the Atmospheric Column specs except that these
streams are direct liquid draws from the main column & do not go through side strippers.
To set the LVGO spec first Add a Column Cut Point from the Specs item on the Design tab.
However, for right now_we do not want to make them active; click on the Summary tab &
uncheck the Active box. You can also go to the Specs Summary item & make sure that these
new D1160 specs are not checked in the Active column.
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@ Cut Pt Spec: LVGO D1160 T95 - [m| X @ Cut Pt Spec: LVGO D1160 T95 - O X
Parameters | Summary | Spec Type Parameters Summary
MName LVGO D1160 T95 Spec Value 9150F
Stage 4 Main Tower Current Value 8423 F
Type D1160 ATM Weighted Error -0.0081
Flow Basis Volume Fraction Weighted Tolerance 1.000e-002
Phase Liquid Absolute Tolerance 0.7800 F
Cut Point [%] 95.00 Active -
Spec Value 915.0 F Use for Estimate |7
["] Enforce both weighted and absolute tolerances
@ Cut Pt Spec: HVGO D1160 T95 - m} x @ Cut Pt Spec: HVGO D1160 T95 - m} x
Parameters | Summary | Spec Type | Parameters
MName HVGO D1160 TS5 Spec Value 1050 F
Stage 8__Main Tower Current Value 9851 F
Type D1160 ATM Weighted Error -0.0072
Flow Basis Volume Fraction Weighted Tolerance 1.000e-002
Phase Liquid Absolute Tolerance 0.1800 F
Cut Point [%] 95.00 Active I_
Spec Value 1050 F Use for Estimate IF
[ Enforce both weighted and absolute tolerances
1 ) Add Specs - Vac - [m] X
It 1S also userI to add Specs § @ Liq Flow Spec: Net Liquid from #4 - m} K
. . . Column Specification Types
for the liquids flowing from
Colurnn Cold Properties Spec & Parameters | Summary | Spec Type
Column Component Flow
the LVGO to the HVGO Column Component Fraction Name Net Liquid from #4
3 Column Component Ratio Stage 4 Main Tower
SeCtlon (from tray #4) and Column Component Recovery Flofv Basis _Std Ideal Vol
Column Cut Point
the OverﬂaSh baCk to feed Column Draw Rate 3 Spec Value 100.000 barrel/day

tray (from tray #11). These
can be added as a Column
Liquid Flow spec. Make sure
you specify the values as Std
Ideal Vol for the Flow Basis
& ensure that the Active box
is unchecked on the
Summary tab’s form.

Rev 1.3

Column DT (Heater/Cooler) Spec
Column Dt Spec

Column Duty

Column Duty Ratio
Column Feed Ratio
Column Gap Cut Point
Column Liguid Flow.........
Column Physical Properties Spec
Column Pump Around

Column Reboil Ratio Spec
Column Recovery

Column Reflux Feed Ratio Spec

FAliia DAflis Comntine Conn

[ Add Spec(s)..
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[FD Lig Flow Spec: Net Liquid from #11 - m} *

 Perameters || summary | Spec Type

Name Net Liguid from #11
Stage 11_Main Tower
Flow Basis Std Ideal Vol
Spec Value 3000.00 barrel/day

| Delete ‘

Before we apply the D1160 specs for the HVGO & LVGO let’s examine some of the internal
flowrates. The most important is the liquid runback to the feed tray; this will be the liquid
rate from Tray #11. Select the Specs item under the Design tab & then select the Net from
#11 item in the Column Specifications. In the Specifications Details area we can see that we’d
like to apply a Specification Value of 3,000 bpd & currently have 12,800 bpd. We have some
flexibility to pull additional HVGO and/or LVGO without drying up the column.

Let’s look at the HVGO D1160 T95 value. We want 1050°F & we actually have 985.1°F. This
is reasonably close; we’ll increase the HVGO draw rate to increase this value to the spec. Go to
the Spec Summary, uncheck the Active box for HYGO Rate, & check the Active box for HVGO
D1160 T95. The simulation should quickly converge. Go back to the Specs form to check the
actual HYGO D1160 T95 value; it should be 1050°F. (If not, press, Reset & Run.) Note that the
HVGO rate is larger as expected, 25,580 bpd vs. 21,000 bpd. Also note that the Net from #11
flowrate has decreased to 3,016 bpd.

Now let’s look at the LVGO results. For 5,000 bpd LVGO rate the D1160 T95 value is too
low, 853.2°F instead of the desired 915°F. Since the T95 value is too low, we can increase
the LVGO draw rate to try to meet this spec. Let's apply this D1160 spec instead of the
flowrate spec. The column will converge. The LVGO flow rate has increased to 7,661 bpd,
the HVGO flow rate has actually decreased to 18,380 bpd, and the Tray #11 liquid runback
has increased to 4,193 bpd.

Let’s go back to the runback rate. This rate is too large & how could we decrease? We
actually have to back up to the Feed Heater & decrease the temperature so that we don'’t
boil up as much gas oils. We can manually adjust to 751.1°F to get 3,008 bpd runback from
Tray #11.

Stream & Unit Analyses

Now that the simulation has been run & converged we want to be able to analyze the
results. First we'll look at ways of further examining unit & stream results.
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First, let’s look at the temperature & liquid/vapor traffic in the Atmospheric Column. Let’s
double click on Atm Col & click on the Parameters tab. Select the Profiles option & you can
see the temperatures, pressures, & liquid & vapor flows for all of the trays (including the
side stripper trays at the bottom of the list). Notice there are several options for showing
the liquid & vapor flows: molar, mass, & 3 types of volume. The molar & mass quantities
should be self-evident, but the volume factors are somewhat confusing:

e Act. Volume - this is the volumetric flow based on the density at the temperature &
pressure conditions (as calculated by the corresponding density method, usually
COSTALD). This is the most appropriate value to use when determining the
hydrodynamics on the tray & within the column.

Volume - this is the standard liquid volume as calculated from each component’s
specific gravity value & blended by the mass amount of each component in the
mixture assuming ideal mixing (i.e., no shrinkage effects). This is the most normal
definition for “standard liquid volume.” Note the values in the vapor column are not
related to the volumetric flow as a gas (ideal or otherwise); this is the volumetric
flowrate if the vapor was condensed to a liquid.

e Std Ideal Vol - this is the volumetric flow calculated, not at the actual pressure &
temperature for the fluid, but rather at the standard temperature & bubble point
pressure (again by the COSTALD method). This will be very similar to the Volume
value but will include shrinkage effects. This is a value calculated by HYSYS but very
few other simulation programs. Note the values in the vapor column are not related
to the volumetric flow as a gas (ideal or otherwise); this is the volumetric flowrate if
the vapor was condensed to a liquid.

ET Column: Atm Column / COL1 Fluid Pkg: Basis-1 / Peng-Robinson — O b4
Design | Parameters |Side Ops | Internals | Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics
Parameters Steady State Profiles
_ _ Flow Basis
E;}i::ies | Optltrjna? Estimates | T © Mass
Eficiencies Stage Pres;ure Temp Met Liquid = Net Vapour o -
[psig] IF) [barrel/day] = [barrel/day] 2 Volume ) 5td Ideal Vol
i?_’l:vsr:ase Condenser 0 4.000 134.2 1.208e+004 1.673e-005 ") Act. Volume
3 Fluid Pkgs 1_Main Tower 1 12.00 321.8 1.414e+004 4.369e+004 1
2_ Main Tower 2 12.20 359.6 1.436e+004 4.575e+004 = et
3_MainTower 3 1241 3719 1.397¢+004 4.596¢+004 Pressure vs. Tray Position from
4_Main Tower 4 12,61 378.4 1.351€+004 4.5582+004 200 e
5_Main Tower 5 12.82 383.0 1.332e+004 4.511e+004 20.00
6__Main Tower 6 13.02 385.5 1.703e+004 4.493e+004 18.00 ] ] L
7__Main Tower 7 13.22 367.4 5.247e+004 4.694e+004 1 1
8_Main Tower 8 13.43 4016 5.710e+004 5.738e+004 g . I
9_ Main Tower 9 13.63 419.9 5.891e+004 6.201e+004 14.00 ] ‘
10_Main Tower 10 13.64 433.4 2.298e+004 6.382e+004 12.00
11_Main Tower 11 74.04 448.4 2.202e+004 6.366e+004 TG ]
12__Main Tower 12 74.24 457.7 2.108e+004 6.270e+004 .
13_Main Tower 13 1445 464.4 2.018¢+004 6.176¢+004 g
14__Main Tower 14 74.65 469.9 1.934e+004 6.086e+004 6.000
15_Main Tower 15 14.86 474.6 1.883¢+004 6.002¢+004 apAe— I 1l
16_Main Tower 16 15.06 478.0 2.145e+004 5.951e+004 = 0 20 10 50 0
‘ Update from Solution | | Clear Tray | ‘ Clear All Trays | | Lock | | Unlock | | Stream Estimates... |
| Delete H Column Environment... ‘ | Run H Reset ‘ _ Update Qutlets 1 lgnored

Which of these values should you use? This depends on your purpose:
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e Ifyou're trying to track how much of each fraction goes out with each side stream,
then use the Volume values. As long as there is no chemical reaction these values are
conserved (since they are essentially a transformed mass amount).

e Ifyou are doing hydraulic calculations then use the Act Volume values.

e Ifyou want to determine the ideal gas flows (such as scf of a produced light gas)
then start with Molar flow values & convert the units as appropriate.

What are some of the properties of interest for streams? In general we will want to know:
e How much?
e  What quality?
e At what conditions?

Let’s first look at the

[F) Material Stream: Kero - [m] X

We can double'CliCk Worksheet | Attachments | Dynamics

Worksheet Stream Name Kero Vapour Phase Liquid Phase

on the Kero stream [ Conditions Vapour / Phase Fraction 0.0033 0.0033 0.9967 | |}

. Properties Temperature [F] 407.5 407.5 407.5] |1

n the FIOWSheet & ] Composition Pressure [psig] 13.84 13.84 13.84|
look at the S'L&IGES F?d Molar Flow [Ibmole/hr] 5887 1.926 5867
Conditi . v M A ass Flow fib/hi] 1.107e+005 126.1 1.106e+005
on Itlons ltem User Variables Std Ideal Lig Vol Flow [barrel/day] 9245 10.35 9234
under the Notes Molar Enthalpy [Btu/lbmole] -1412e+005 -1.027€+005 -1.413e+005
B Cost Parameters Molar Entropy [Btu/lbmole-F] 100.0 65.27 100.1
Worksheet tab. This Normalized Yields| | peat Fiow [Btu/hr] -8.312+007 -1.979e+005 -8.292e+007
Lig Vol Flow @5Std Cond [barrel/day] 9214 9.624 9205

shows us answers : ;
« » “ Fluid Package Basis-1

to “how much” & “at Utility Type

what conditions.”

We can see the

pressure &
temperature, .
ﬂOWrate 1In various I Delete I I Define from Stream... j I 4 [ 2

sets of units (mass,
molar, standard liquid volume, & actual volumetric flow at operating conditions).
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If we want to see
other physical
properties for this
stream we would
select the
Properties item.
Now we can see an
extensive set of
physical &
transport
properties for this
stream. This
answers a great
deal of the “what
quality” questions.

The Composition
item will show
tables of the
stream’s
composition using
multiple possible
bases: molar, mass,
& standard liquid
volume. The default
will generally be for
mole fractions. But
pressing the Basis...
button will allow
you to change to
other types on both
fractional & flowing
values. When
working with
petroleum fluids
the liquid volume
fractions or flows

are very convenient.

Rev 1.3

[FD Material Stream: Kero - [m| X
Worksheet |Attachments. Dynamics
Worksheet Stream Name Kero Vapour Phase Liquid Phase ||
Conditions Molecular Weight 188.1 65.48 188.5
Properties Molar Density [Ibmaole/ft3] 0.1816 3.127e-003 0.2235
Cemposition Mass Density [Ib/ft3] 3417 0.2047 42,14
Oil & Gas Feed || 44 viojume Flow [barrel/day] 138524004 2633 1122e:004 |5
Petroleum Assay
K Value Mass Enthalpy [Btu/Ib] -750.5 -1569 -749.6
User Variables Mass Entropy [Btu/Ib-F] 0.5317 0.9968 0.5312
Notes Heat Capacity [Btu/lbmole-F] 119.8 35.20 1201
Cost Parameters Mass Heat Capacity [Btu/Ib-F] 0.6370 0.5376 0.6371
Normalized Yields LHV Molar Basis (Std) [Btu/lbmole] <empty> <empty> <empty>
HHV Molar Basis (Std) [Btu/lbmole] <empty> <empty> <empty>
HHV Mass Basis (Std) [Btu/Ib] <empty> <empty> <empty>
CO2 Loading <empty> <empty> <empty>
CO2 Apparent Mole Conc. [Ibmole/ft3] <empty> <empty> <empty>
CO2 Apparent Wt. Conc. [kgmol/kg] <empty> <empty> <empty>
LHV Mass Basis (Std) [Btu/lb] <empty> <empty> <empty>
Phase Fraction [Vol. Basis] 1.120e-0032 1.120e-003 0.9939
Phase Fraction [Mass Basis] 1.139e-0032 1.13%e-003 0.9939
Phase Fraction [Act. Vol. Basis] 0.1800 0.1900 0.8100
Mass Exergy [Btu/Ib] 41.67 <empty> <empty>
Partial Pressure of CO2 [psig] -14.70 <empty> <empty> -
~ Property Correlation Controls
Q][ +[2) (X LYK

Preference Option:

[ Delete I

[ Define from Stream... l

(e [=]

[F) Material Stream: Kero - ] X
Worksheet | Attachments | Dynamics
Worksheet Mole Fractions Vapour Phase Liquid Phase

Conditions H20 00091 0.6808 -

E;DFE:’;';‘;O” Pg:;thane 0.0000 0.0000

Oll & Gas Feed Pru‘;:ie ggggg ggggg
Petroleum Assay N ) : =
K Value i-Butane 0.0000 0.0000 1

User Variables n-Butane 0.0000 0.0000

Notes i-Pentane 0.0000 0.0000

Cost Parameters n-Pentane 0.0000 0.0000

Normalized Yields| | NBP[1]114* 0.0000 0.0000

NBP[1]139* 0.0000 0.0001

NBP[1]162* 0.0001 0.0004

NBP[1]188* 0.0002 0.0011

NBP[1]215* 0.0006 0.0027

NBP[1]241* 0.0017 0.0059

NBP[1]266* 0.0035 0.0092

NBP[1]292* 0.0057 0.0113

NBP[1]319* 0.0114 0.0168

NBP[1]345* 0.0213 0.0237
NBP[1]371* 0.0353 0.0291 =

P mn
Total 1.00000
[ View Properties... ] [ Basis... l

[ oeee |

[ Define from Stream... ]

EIES
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[ stream: Material ..  — [m|

- Compositional Basis

© Male Fractions

() Mass Fractions

@ Liquid Volume Fractions
©) Mole Flows

() Mass Flows

© Liguid Volume Flows

[F) Material Stream: Kero O x
Worksheet | Attachments | Dynamics
Worksheet LigVol Fractions Vapour Phase Liquid Phase
g‘)"d'“?”s H20 0.0007 0.1565 -
Cf{g:’;ﬁ;m Methane 0.0000 0.0000
il & Gas Feed Ethane 0.0000 0.0000 4
Petroleum Assay BIopans 0.0000 0.0000 1
K Value i-Butane 0.0000 0.0000
User Variables n-Butane 0.0000 0.0000
Notes i-Pentane 0.0000 0.0000
Cost Parameters n-Pentane 0.0000 0.0000
Normalized Yields| | NBP[1]114* 0.0000 0.0000
NBP[1]139* 0.0000 0.0002
NBP[1]162* 0.0000 0.0007
NBP[1]188* 0.0001 0.0019
NBP[1]215* 0.0004 0.0047
NBP[1]241* 0.0011 0.0109
NBP[1]266* 0.0023 0.0179
NBP[1]292* 0.0040 0.0233 -
< m »
Total 1.00000
[ View Properties... ] [ Basis... ]

[ Delete ] [ Define from Stream...
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[F) Material Stream: Kero - [m| X
Worksheet | Attachments | Dynamics
Worksheet LigVol Flows Vapour Phase Liquid Phase
g°“d'“°”5 H20 6.6565 1.6205 -
Cfﬂ’:;‘:';sion Methane 0.0000 0.0000
o | e o0 e
Petroleum Assay B 2 ) :
K Value i-Butane 0.0000 0.0000
User Variables n-Butane 0.0000 0.0000
Notes i-Pentane 0.0015 0.0001
Cost Parameters | | N-Pentane 0.0054 0.0002
Normalized Yields| | NBP[1]114* 0.0096 0.0003
NBP[1]139* 0.0754 0.0022
NBP[1]162* 0.2581 0.0068
NBP[1]188* 1.0449 0.0194
NBP[1]215* 33414 0.0482
NBP[1]241* 10.1678 0.1132 1
NBP[1]266* 21.5890 0.1856
NBP[1]292* 37.0690 0.2409 3~
< | m »
Total 9244.57304 barrel/day
[ View Properties... j [ Basis... I
[ Delete ] [ Define from Stream... ] @« =5

Since we are working with petroleum streams we may also want to determine the
distillation curve associated with a stream composition. For this we’ll use one of the Stream
Analysis options. You can create a stream analysis for the first time by right-clicking on a
stream & choosing Create Stream Analysis> & then Boiling Point Curves. A more general way
to create a new analysis or review an existing analysis is to choose the Steam Analysis drop
down list & choosing the Boiling Point Curves option in the Home tab of the ribbon. Choose
the Kerosene stream & click OK.

Please note that there is a second similar option, Petroleum Assay, but do not choose
this. The two options give slightly different results. The Boiling Point Curves option
is consistent with the correlations used for the tower specs. The Boiling Point Curves
option is also consistent with what can be calculated using the amounts & boiling
points for the pseudo components.

Home Economics Dynarnics View Customize Resources Flowsheet/Modify Format
UserFieldlal = | (¥ Process Utility Manager | Active | j g [7#) Model Summary & N [PC Case Studief  Zstream Analysis~ |
v | @o Unit Sets £ Adjust Manager 7 On Hold = - [B) Flowsheet Summary | SV |27 Data Fits T TETIpTTERT RS
= k - o Workbook Reports Activated Compressor i = X
%4 Fluid Package Associations = | Input Analysis Surge E Optimizer EMDdﬂ Analysis= )
Units Simulation I Solver = Summaries Analysis
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[ select Process Stream - [m| X
Flowsheet Object
I Case (Main) AGO j+|
AGO Steam Add
Atm Overhead Water
Atm Resid _|| rObiect Filter ——
Atm Steam T @ Al
Crude Oil
DeC4 Qverhead Water © Streams
Desalter Water © UnitOps
Diesel © Logicals
Diesel Steam ©) ColumnCps
Feed to DeC4 .
Hot Crude o (CiEm
HP Naphtha
o
G [ ) S
Kero Steam
[AVclal

Note that we have various distribution curves based on the cumulative yield for the stream.
Two of the curves that will be of most interest are the TBP & ASTM D86 curves. Note that
not only can we get the results in tabular form but we can also directly make a plot.

@ Boiling Point Curves: Boiling Point Curves-Kero — O x
Performance | Dynamics
Performance [ Results
Results .
Critical Props Cut Point TBP ASTM D86 D86 Crack Reduced ASTM D1160 (Vac) ASTM D1160 (Atm) ASTM D2887 Sulfur Vals
Cold Props [%] [F1 [F] [F1 [F] [F] [F1
Plots 0.00 281.2 328.9 3289 125.6 3349 2201 0.000 -
1.00 3134 365.6 365.6 1393 3521 2549 0.185
2.00 3365 386.9 386.9 150.8 366.6 282.8 0.246
3.50 359.2 403.8 403.8 163.5 3825 3138 0.319
5.00 37341 411.7 4117 172.0 3931 3346 0374 =
7.50 3908 4227 4227 183.0 406.8 359.6 0.449
10.00 403.3 429.3 4293 191.1 416.8 376.2 0.509
12.50 4135 4346 4346 197.8 425.1 388.7 0.561
15.00 421.2 4384 4384 203.0 4316 3987 0.605
17.50 4283 4419 4419 207.8 4375 407.4 0.645
20.00 4346 445.1 4451 212.0 4427 415.2 0.681
25.00 4447 450.2 450.2 218.8 451.0 428.2 0.743
30.00 4531 4546 4546 2244 458.0 439.1 0.800
35.00 4509 458.8 458.8 229.6 4543 450.0 0.855
40,00 467.8 462.7 462.7 2342 469.9 460.5 0.507
45.00 474.2 4664 4664 238.5 475.2 470.0 0955 ~
L
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@ Boiling Point Curves: Boiling Point Curves-Kera

Performance | Dynamics

Performance Dependent Variable BP Curves v
Results
Critical Props
Coprops " P |
Plots - DES (Crack Reduged)
600.0 ,
ASTM D1180 (Atng) r1”‘|
5000 ‘ - __(M
‘; oo [KM‘”'H
= 300.0 rr*_ir—*—_‘i ,IJ
2000 F'.rr_.__ -—I—dr{i——r*
1000 T T T T T
0.000 20.00 40,00 60,00 80.00 100.0
Volume Percent (%)
Delete [ Ignored
1 1 r— —
You can also create a Stream Analysis by right- lenser_— S
K K i i d i Print Datasheet...
clicking a stream & picking the appropriate option. —  impot/Eport using ML
For example, right-clicking on the Diesel stream Change Fluid Package.
can get you to the option shown & will create aset _  MoeToOmneflovshest
. . ] Combine Into Sub-Flowsheet
of boiling point curves. | Combine Into £O Sub-Flowsheet
— Clene Selected Objects
% Cut Ctrl+X
% LCopy Ctrl+C
| Export to File
Atr o
Re Dynamic Initialization 4
Cost
Open as New Tab
Hide
v X Delete
d Ignore Unit Operation
g
N Show Table
§ Format Label 4
Move/Size Label
é Change |con...
Draw Wire Frame
=' Draw Thick Streamline
== Define From Other Stream

Export results to spreadsheet

Create Stream Analysis

[T

Heater

Vac

Vac
CO2 Freeze Out
Cold Properties
Critical Properties
Envelope
Free Mercury
Hydrate Formatien
Master Phase Envelope
Petroleum Assay
Property Table
User Property

T

There are many times that you’d like to create a general table of stream and/or unit results
to a spreadsheet so that you pick & choose various values for ad hoc reports. There are a
couple options for doing this.
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HYSYS has a default IPFI I [ 5 Crude distillation v10.hsc - Aspen HYSYS V10 - aspenONE
Home Economics

WOI'kbOOk that SummarlZeS ) Dynamics Equation Criented Wiew Cust_;lrnize Resoun
& Cut Refining-Us - ?‘Uti\ityl\-]anager 0¥ Active —— E [ Model

a great deal Of the stream & Eacopy™ | ©@ Unit Sets $¥ adjust Manager | Y7 On Hold j‘ t & Flowsheet
unit information in a single paste - T Fluid Packages o COgRy Reports ot =
locatlon Clle on the Clipboard Units Simulation fa Solver = 1 Case (Main)

' Simulation < Capital: ___USD Utilities: _| 3 Atm Column (COLT) nergy Savin
Workbook button under the | ... = A i

. All ltems Fl heet Case (Main) - Sof al ebutanizer [t ] |

Home tab Of the rlbbon & L% Workbook 1| Vac Column (COL3) —
Choose the default %;r:::]r:z Display Workbook
workbook for Case (Main). 4 [ Stream Analysis Duepi o skpookforflowsheet

[ Boiling Point Curves-Dies:

[ Boiling Point Curves-Kero

You should see a series of tabs that summarize the input & calculated results for the main
flowsheet: conditions for the material streams, mole fractions for the pure & pseudo
components for the material streams, values for the energy streams, & a summary listing
for the unit operations.

Flowsheet Main - Solver Active Column Sub-Flowsheet: Vac Column Flowsheet COL1 Workback + R

Waterial Streams | Compaositions | Energy Streams | Unit Ops

Name Crude Qil Warm Crudel  Warm Wet Cr... Desalter Water Warm Crude 2
Vapour Fraction 0.0000 0.0000 0.0000 0.0000 0.0619
Temperature [F] 100.0 260.0 260.0 414.8 450.0
P sure [psig] 300.0 294.0 294.0 294.0 260.0 1
Malar Flow [Ibmaole/hr] 5580 5580 5985 404.5 5985
Mass Flow [Ib/hr] 1.287e+006 1.287e+008 1.295e+006 7287 1.295e+006
Liquid velume Flow [kbpd] 101.0 1010 1015 0.5000 101.5
Heat Flow [Btu/hr] -1.182e+009 -1.080e+009 -1.127e+009 -4.712e+007 -6.751e+008
Name Hot Crude Naphtha Atm Steam Atm Resid Kerosene
Vapour Fraction 0.7060 0.0000 1.0000 0.0006 0.0033
Temperature [F] 635.0 1338 500.0 615.7 405.1
Pressure [psig] 25.00 4.000 150.0 22.00 13.84
Molar Flow [lbmole/hr] 5985 2883 1110 1410 5794
Mass Flow [Ib/hr] 1.295e+006 3.102e+005 2.000e+004 6.817e+005 1.081e+005
Liquid volume Flow [kbpd] 101.5 2897 1372 48.06 9.033
Heat Flow [Btu/hr] -7.669e+003 -2.864e+008 -1.118e+008 -4,262e+008 -8.128e+007
Name Kero Steam Diesel Steam Diesel AGO Steam AGO .

Let’s look at the table of Material Streams. Note that the default format is to have
information for each stream in a column & items of information in each row. One might
expect that the columns would continue out of view off to the right. Instead, however, only
a small set of columns are shown & then the information for the next set of columns is
shown below. This is unfortunate in that if you were to copy & paste into a spreadsheet this
same format is retained. This can be demonstrated:

Open up Excel

Go back to HYSYS & select any cell

Right-click & choose Select All

Right-click & choose Copy

Go back to Excel & highlight any cell (preferably A1)
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e Paste (either by pressing Ctrl-c or right-click & select the paste text icon). After
resizing the columns in Excel you should see table like below.

You have the data but it is in a format that is relatively difficult to use.

De HEIRIS- [l Bl A 2 O % |EE-EB-| & = Book1 - Excel
Insert Page Layout Farmulas Data Review View Developer Aspen Properties Aspen Simulation Warkbaal
s a{) - a v |l = _ = - E
Calib 1 KA T = Wrap Text General - 4 J
D Ba o alibri — ks =& Wrap Enera r B - E
Paste - B I U- === &=a3= Merge&Canter - $ -0 s |50 Conditipnal Formatas  Cell N
- Formatting~ Table~ Styles~ 3
Clipboard & Font [F] Alignment (F] MNumber [F] Styles
Al - Je Name
A B C D E F
1 |[Name |crude ail Warm Crude 1 'Warm Wet Crude Desalter Water ~ Warm Crude
2 |Vapour Fraction 1] 1] [} 1] 6.19E-02
3 |Temperature [F] 100 260 260 414.7903434 450
4 |Pressure [psig] 300 294 294 294 260
5 |Molar Flow [Ibmole/hr] 5580.149669 5580.149669 5984.669205 404.5195353 5984.669205
6 |Mass Flow [Ib/hr] 1287479.976 1287479.976 1294767.436 7287.460075 1294767.436
7 |Liquid Volume Flow [barrel/day] 101000 101000 101500 500 101500
8 |Heat Flow [Btu/hr] -1182371032 -1080083609 -1127208565 -47118956.15 -975140195.1
g |Name Hot Crude MNaphtha Atm Overhead Water Atm Steam Atm Resid
10 |Vapour Fraction 0.704885119 1.25E-05 o 1 6.11E-04
11 | Temperature [F] 634 134.2458157 134.2476786 500 614.7634539
12 |Pressure [psig] 25 4 4 150 22
13 |Molar Flow [Ibmole/hr] 5984.669205 2902.577299 1900.535762 1110.179764 1412.666463
14 |Mass Flow [Ib/hr] 1294767.436 313649,2287 34238.34273 20000 682214.148
15 |Liquid Volume Flow [barrel/day] 101500 29258.28054 2349.127295 1372.220211 48103.24644
16 |Heat Flow [Btu/hr] -767963710  -289415415.5 -231846858 -111772828.2 -426928800
17 |Name Kero Steam Kero Diesel Steam Diesel AGO Steam
18 |Vapour Fraction 1 3.27E-03 1 2.87E-03 1
19 |Temperature [F] 500 407.4613893 500 502.8679758 500
20 |Pressure [psig] 150 13.83673469 150 15.87755102 150
There is an option to dlrectly B e <[ 5 Crude distillation v10.hsc - Aspen HYSYS V10 - aspenONE
eXport the Workbook ]nformat]on Home Economics Dynamics Equation Oriented View Customize Reso
: 7 set «] Workbook ¥ Warkbook
directly to Excel. Press the Excel =t Sefup s Workbook | [ Workboo
. Show Subflowsheet Objed - | Pages
button on the Workbook tab in the Orden Hide/Revea! = el |
ribbon. Choose which of the pages 3 import
) . Y Simulation 3 | Capital: UsD Utiliti UsD, E Savi
you'd like to export (here we’ll N P lities: Near QO | Energy Sav
All ltems x - ~ -
Flowsheet Case (Main) - Solver Active Workbook | +
choose them all) & how many T
i Material 5t iti i
COlumnS tO produce before i gumtops aterial Streams | Compaositions | EnergyStreamsl Unit Ops |
b Streams
repeating below (50 should be 4 B Stream Analysis Name
. . . Bailing Paint C -Diesy Vapour Fraction
sufficient for this example). Press £ Bolling Paint Curves-Diesf]|| Yepourfraction L.

Export to Excel. A set of macros will run that will open a new Excel spreadsheet & values
will be copied from the HYSYS simulation to the spreadsheet. Be patient, this may take a
while. (It might be a good time to get up & get that cup of coffee you’ve been wanting.)
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~ Excel Layout

Number of Columns

Export To Excel
50

) Export Pages To Excel - O X
Pages for Export Export
Material Streams Select All
Compositions ~
Energy Streams M Deselect All

After adjusting column widths the product spreadsheet will look like the following. Note
that there will be at least 50 columns before the information is repeated below row 9. Also,

the color formatting showing the user input values (in blue) is retained.

0D e HE|IQ|®S- |8l 8l | i = O |BE-E5-| & = Bookl - Excel John Jechura B O
Insert  Page Layout Formulas Data Review View Developer Aspen Properties  Aspen Simulation Workbook Q@ Tell me
L R - iti ing ~ - - Ay,
D % Calibri A =E=2 B % General %CondltlonalFormattmg %“Inser‘t Z zY
z Eg - $ - % GFormat as Table - &7 Delete ~ E - P
aste o = = = &= 3= - o
B & B IU E=E=E=H- gn 7 Cel Styles - [ Format- | & ~
Clipboard = Font [F} Alignment . MNumber & Styles Cells Editing -
Al - 5 v
A B | C | D | E | F | G | H | | | =
1 l Unit Crude Oil  Warm Crude 1 Warm Wet Crude Desalter Water Warm Crude  Hot Crude Naphtha  Atn
2 —
3 | Vapour Fraction ] ] 1] 0 0.061921903 0.704889119  1.25E-05
4 | Temperature F 100 260 260 414.7903434 450 634 134.2458157
5 | Pressure psig 300 294 294 294 260 25 4
6 | Molar Flow Ibmole/hr  5580.149669 5580.149669 5984.669205 404.5195353  5984.669205 5984.669205 2902.577299
7| Mass Flow Ib/hr 1287479.976 1287479.976 1294767.436 7287.460075  1294767.436 1294767.436 3136492287
8 | Liquid Volume Flow barrel/day 101000 101000 101500 500 101500 101500 29258.28054
9 | Heat Flow Btu/hr  -1182371032 -1080089609 -1127208565 -47118956.15 -975140195.1 -767963710 -235415415.5
10
11
12|
13 -
» ‘ WorkBook Summary Material Streams Compositions w @ 1 3
Ready 83 2] - 1 + 100%
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There are a couple limitation to this A & c o
. 1 | |Unr't Crude Oil 'Warm Crude 1 Warm W
default workbook report. One is the |,
information reported in the 3| CompMole Frac(H20) 0 0 0.067
.. .. 4 Comp Mole Frac (Methane) o ]
Composmon tab - itis Only for the 5 |  Comp Mole Frac (Ethane) 0.001010481 0.001010481  0.00C
mole fractionsl For petroleum 6 Comp Mole Frac (Propane) 0.008035155 0.008035155 0.007
L . 7 | Comp Mole Frac (i-Butane) 0.005726762 0.005726762  0.005
streams llqu1d volume fraction 8 | Comp Mole Frac [n-Butane) 0.020504005 0.020504005  0.019
Would be more Convenient. TO get 9 Comp Mole Frac (i-Pentane) 0.018666645 0.018666645 0.017.
. 10| Comp Mole Frac (n-Pentane) 0.036384455 0.036334459 0.033
this then you’ll have to create a 11| comp Mole Frac (NBP[1]114%) 0.01578441  0.01578441 0.01
custom workbook sheet and/or 12| Comp Mole Frac (NBP[1]139*) 0.03291068  0.03291068 0.030
13| Comp Mole Frac (NBP[1]162%} 0.036225226 0.036225226  0.033
I‘eport. ’ WorkBook Summary | Material Streams | Compositions
Ready fj

Let’s look at some report options that come with HYSYS. Click on the Reports button in the
Home tab of the ribbon. At the bottom of the form we’ll want to choose one of the existing
templates for the Excel Reports. Click on the Browse Template button. On the next window
choose petroleum-refining.wrk (make sure you're in the appropriate folder to choose this).
Now when you click on the Create button a set of macros will run that will open a new Excel
spreadsheet & values will be copied from the HYSYS simulation to the spreadsheet. This
will also take a while. (It might be a good time to refill that cup of coffee.)

l Home Economics Dynamics View Custemize Resource: gyvsheet/Modify Format
User Fieldlal =| (% Process Utility Manager O Active = # Model Summary & = n‘.] \,’_ Case Studies _“";‘Stream Analysis ~ |
v | 3 Unit Sets £ Adjust Manager ¥T7 On Hold J ) Flowsheet Summary =] |#" DataFits  WIEquipment Design= .
— . ) . Workboo Activated Compressor . o R .
%4 Fluid Package Associations = | Input Analysis Surge E{_" Optimizer léMDdﬁ Analysis~ )

Units Simulation £ Solver = Summaries Analysis
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(3] Report Manager

~Custom Reports

~ Printing

- Predefined Text Reports

~Reports. Options
@ Full Report () Heat Profiles
e Include stream properties
() Stream Report ) Column Profiles
Mote: Generating a report with
Create stream properties will take longer.
Wide report (landscape)
- Excel Reports

Browse Template

) Workbook File
e <« Aspen HYSYS V... » Workbooks

Organize « Mew folder

locales MName

Modules D heat-profiles.wrk

Paks D hysys.wrk
ReactorM: D petroleum-refining.wrk

RefSYS
Resources
FTlSuppor
Samples
Scripts
Sulsim Co
Support
Template
User

Workbook v €

]

Search Workbooks

Date modified
4/24/2017 402 PM

47242017 402 PM
472472017 402 PM

Type

WREK File
WREK File
WRK File

File name: | petroleum-refining.wrk

v| | wrkFile (awrk)

o= 1
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The Excel spreadsheet produced A B c D
thlS tlme haS additional ; | | unit Crude Oil 'arm Cruderm
information useful for analyzing 3 Vapour Fraction 0 0
4 Temperature F 100 260
petroleum streams. If you lookat | ormceure poig 20 Soa
the Compositions tab you’]] see 6 Molar Flow lbmole/hr  5580.149669 5580.15 5t
. . 7 Mass Flow Ib/hr | 1287473.976 1287480 1
that thlS Stl]l r‘eports mOle 8 Std Ideal Lig Vol Flow barrel/day 101000 101000
fractions (so no difference here). 9 Heat Flow Btu/hr  -1182371032 -1.1E+09 -
But lf you lOOk at the Material 10 Molar Enthalpy Btu/lbmole -211886.635 -193557
11
Streams tab you can see thatalot [ Petroleum Praperty (API) 30.45122576 30.45123 31
s 13 Petroleum Property (SG (60/60)) 0.873719846 0.87372 0.
Of the data from the Condltlons & 14 Petroleum Property (Std. Liguid Density) 872.8455144 872.8455
Propertieg items are in the 15 Petroleum Property (TBP 0%) -142.361182 | -142.361 -
, . . 16 Petroleum Property (TBP 5%) 58.55680548 58.53681 5!
Materlal Streams tab ThlS Wlll 17 Petroleum Property (TBP 10%) 101.0484361 101.0434 1
also contain the TBP & D86 assa 18 Petroleum Property (TBP 30%) 225.6626161  225.6626 2:
inf . f h y 19 Petroleum Property (TBP 50%) 342.9879653 342.988 2
information from the Steam 20 Petroleum Property (TBP 70%) 480.9265247 480.9265 4
Analysis. (Unfortunately these 21 Petroleum Property (TBP 90%) 684.5566077 684.5566 6i
- . 22 Petroleum Property (TBP 95%) 779.2329547  773.233 3
are b0111ng point curves 23 Petroleum Property (TEP 100%) 1030.52328 1030523 1
consistent with the Petroleum 24 petroleum Property (D86 IBP) -211.0065915 -211.007 -
Lo . 25 Petroleum Property (D86 5%) 75.01897814 79.01898 7
Assay option; we will not want to 26 Petroleum Property (D86 10%) 105.8314644 105.8315 1
use these.) 27 Petroleum Property (D26 20%) 221.3332341 2213332 2
28 Petroleum Property (D86 50%) 332.6289435 332.6289 3
29 Petroleum Property (D86 70%) 481.9480954 481.9481 4
30 Petroleum Property (D86 90%) 738.9690918  798.9691 7
31 Petroleum Property (D86 95%) 843.3786922 843.3787 &
a2 Petroleum Property (D86 FEP) §95.8830114 895.883 ¢
33 Petroleum Property (Sulfur Wt Pct) <empty>  <empty> <
3 WorkBook Summary Material Streams Compositions Energy Stream:

Let’s go back to HYSYS & look at the workbook for Case (Main). Notice that the Materials
Streams tab has now been modified with the extra petroleum-related information that we
see in the Excel spreadsheet. This implies that customizing the workbook & subsequently
exporting to Excel is possible.

Let’s create a new tab in the workbook for the liquid volume flows for each component.
Select Setup under the Workbook tab in the ribbon. Let’'s Add a new Workbook Tab. Select
the Material Stream type. Now there is a new tab called Material Streams 1 with the basic
stream conditions.

= H & Crude distillation - Working Copy (2).hsc - Aspen HYSYS V&.6 - 2
Home Economics Dynamics View Customize Resources Workbook
[ 2 Setup 21 Workbook | ¥ Workbook
oW subflowsheet Objects | 4| Pages * Pages
Order/Hide/Reveal ok Excel
Export Import
e < Flowsheet Main - Solver Active Column Sub-Flowsheet: Vac Column Flowsheet COL1 Workbook +
All Items M Material Streams | Compositions | Energy Streams | Unit Ops
[C& werkbook
[ Unitops Name Crude Oil Warm Crudel  Warm Wet Cr...
[[g Streams Vapour Fraction 0.0000 0.0000 0.0000
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[ 3] Setup

|
[m}

~Workbook Tabs

Material Streams

~Tab Contents

~Object

4 Stream
Material Stream
Energy Stream
Unit Operations
Wessel
Heat Transfer Equipment
Rotating Equipment
Piping Equipment
Selids Handling Operation
Reactor
Prebuilt Column
Short Cut Column
Templates
Logical Operation
Electrolyte Equipment
Upstream Operation
Extension Unit Cperation
Utility Objects
4 Dynamic Equipment Op
3 Phase Condenser
3 Phase Condenser (chemical)
3 Phase Separator

P —— ,

Rev 1.3

Compositions Name: Material Streams
Energy Streams
Unit O
e Type: Material Stream ‘ New Type...
i~ Variables
Variable Format
Vapour Fraction 14 fixe #
Temperature 4 sig fi| _
Pressure 4 sig fil 1
Molar Flow 4 sig fi
Mass Flow 4 sig fii
5td Ideal Liq Vol Flow 4 sig fii
Heat Flow 4 sig fi
Molar Enthalpy 4 sig fi
L (1) 4 sig fi
Petroleum Property (API) 4 sig fi Blank Line
Petrol Property (5G (6 4sigfi o
B New Object Type - O x
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B setup =
~Workbook Tabs —————— Tab Contents
Material Streams 1 Add ~Object
Material Streams
Name: Material 5treams 1
Compositions M
Energy Streams - -
. Type: Material Stream ‘ New Type...
Unit Ops
i~ Variables
Variable Format
Vapour Fraction 14 fixed
Temperature 4 =ig fig
Pressure 4 sig fig
Molar Flow 4 sig fig
Mass Flow 4 sig fig
5td Ideal Liq Vol Flow 4 sig fig
Heat Flow 4 sig fig
Molar Enthalpy 4 =ig fig
Blank Line
)
Let’s change © setup o X
the Name to ~Workbook Tabs —————Tab Contents
Li qu id Volume Liquid Volume Flows Add  Object
Materic! Streams MName: Liquid Volume Flows
FIOWS. Compositions : 4
. . Energy Streams ) . [ﬁ
nghllght all Of Unit Ops Type: Material Stream | New Type...

the variables in
the Variable
list & press
Delete. Now we
can create a
brand-new list
of variables.

~Variables

Variable Format __QSE Sele
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Press the Add... button.
From the Variable list
expand Master Comp
Volume Flow; you could
highlight all of the
components & press the
right arrow button. We
would get a table with all of
the liquid volume flow
values for each pure &
pseudo component in a
weird order (propane at
the very bottom, the lighter
component not in boiling
point order). Instead we
can selectively add the light
components in the order
we which & then, as a
group, add the pseudo-
components. We can press
OK when done.
Unfortunately, we have to
resize the column for the
Variable name to see the
actual order the variables
are in. If you do not like the
order then you can press
the Order... button to
change this. Finally, we can
close the Setup form & see
that there is now tab for
these component volume
flows.

Rev 1.3

] Select Variable(s) ForMain - O X
Variables Selected

et I Master Comp Mass Frac

& tnps I Master Cemp Molar Flow

Output I* Master Comp Mole Frac

. 4 Master Comp Volume Flow
Ph IT
| PRI TS Ethane

All - H20
i-Butane = ’
i-Pentane
Methane
n-Butane .
n-Pentane
NBP[1]1025*
NEP[1]1074*
NEBP[1]1124*
NBP[11114%
NBP[1]1174* -
T )
Description:
@ Select Variable(s) ForlMain — O *x
Variables Selected
Input MNEP[1] 10?4: Master Comp Volume Flow (H20)
Cutput NBP[111124 Master Comp Volume Flow (Methane)

. ESE{H 1 :1“;4* Master Comp Volume Flow (Ethane) =i
iy NBP[1]1243* Master Comp Velume Flow (Propane)
|AII - NEP[1]1242* Master Comp Volume Flow (i-Butane)

NEP[1]130% | | | Master Comp Volume Flow (n-Butane)
MBP[1]1451* = Master Comp Volume Flow (i-Pentane)
NEP[1]1511* Master Comp Volume Flow (n-Pentane)
MBP[1]1606* Master Comp Volume Flow (NBP[1]139
NBP[1]162 Master Comp Violume Flow (NBP[1]162
Eggq] ::;;‘* Master Comp Volume Flow (NBP[1]188
NBPH 188" Master Comp Velume Flow (NBP[1]215
NEBP[1]215 Master Comp Volume Flow (NBP[1]241
NBP[1]241* - Master Comp Volume Flow (NBP[1]266 «
m < n ] »
Description:
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[ 3] Setup

Energy Streams
Unit Ops

Type:

~Workbook Tabs ~Tab Contents
Liquid Volume Flows ~ Object
Material Streams
N 3 Liquid Volume Flows
Compositions ame q

Material Stream

‘ New Type...

i~ Variables

Variable
Master Comp Volume Flow
Master Comp Volume Flow
Master Comp Volume Flow
Master Comp Volume Flow
Master Comp Volume Flow
Master Comp Volume Flow
Master Comp Volume Flow
Master Comp Volume Flow
Master Comp Volume Flow
Master Comp Volume Flow
Master Comp Volume Flow

Format
6.4 fixe +
64 fixe| 2
64 fixe|
64 fixe
6.4 five
6.4 fixe:
6.4 fixe
64 five
64 fixe
6.4 five
64 fixe

fam]

Flowsheet Case (Main) - Solver Active ' 'Workbook - | + =
Liquid Volume Flows | Material Streams | Compositions | Energy Strearms | Unit Ops

MName Crude Oil Warm Crude 1 Warm Wet Cru... Desalter Water Warm Crude ‘
Master Comp Valume Flow (H20) [barrel/day] 0.0000 0.0000 500.0000 500.0000 500.0000 .
Master Comp Volume Flow (Methane) [barrel/day] 0.0000 0.0000 0.0000 0.0000 0.0000
Master Comp Valume Flow (Ethane) [barrel/day] 32.6408 32.6408 32.6408 0.0000 32.6408
Master Comp Valume Flow (Propane) [barrel/day] 267.1993 267.19093 267.1993 0.0000 267.1993
Master Comp Valume Flow (i-Butane) [barrel/day] 226.3178 2263178 2263178 0.0000 2263178
Master Comp Valume Flow (n-Butane) [barrel/day] 780.7710 7807710 780.7710 0.0000 7807710
Master Comp Valume Flow (i-Pentane) [barrel/day] 825.4232 §25.4232 8254232 0.0000 8254232
Master Comp Valume Flow (n-Pentane) [barrel/day] 1592.8274 15828274 1592.6274 0.0000 1582.8274
Master Comp Valume Flow (NBP[1]139%] [barrel/day] 1440.7881 1440.7881 1440.7881 0.0000 1440.7881

Master Comp Valume Flow (NBEP[1]162%) [barrel/day] 1674.3155 1674.3155 16743155 0.0000 16743155
Master Comp Valume Flow (NBP[1]188) [barrel/day] 1750.0586 1750.0586 1730.0586 0.0000 1750.0586
Master Comp Valume Flow (NEP[1]215%) [barrel/day] 1898.9714 1898.9714 18989714 0.0000 18980714
Master Comp Valume Flow (NEP[1]241%) [barrel/day] 2304.6527 2304.6527 2304.6527 0.0000 2304.6527
Master Comp Valume Flow (NBP[1]2667) [barrel/day] 2289.4311 22894311 22894311 0.0000 22894311

Master Comn Volume Flow (NRPI11292*) Tharrel/daw] 1970.2480 19702480 1970.2480 0.0000 1970.2480 -

We still have an issue that only 5 stream results are shown in the table & then underneath
the next set of steam results are shown, & so forth. This is inconvenient when trying to
copy the table of results into Excel & use a single table with values that can be easily
indexed. A better format would be to unclick the Horizontal Matrix option at the bottom of
the form. Now all properties are in the column headings & all streams are in the rows. Now

the table can be easily indexed once copied to Excel.
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] Flowsheet Case (Main) - Solver Active

"'Workbook | +

 Liguid Volume Flows | Material Streams I Compositions I Energy Streams I Unit Ops |
Master Comp Velume Master Comp Volume Master Comp Volume Master Comp Yolume Master Comp Volume Master Comp Volume Master C :
Mame Flow (H20) Flow (Methane) Flow (Ethane) Flow (Propane) Flow (i-Butane) Flow (n-Butane) Flow (i
[barrel/day] [barrel/day] [barrel/day] [barrel/day] [barrel/day] [barrel/day] [bar
Crude 0il 0.0000 0.0000 32.6408 267.1993 226.3178 780.7710 L
Warm Crude 1 0.0000 0.0000 32.6408 267.1993 226.3178 780.7710 .
Warm Wet Crude 500.0000 0.0000 32.6408 267.1993 226.3178 7807710
Desalter Water 500.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Warm Crude 500.0000 0.0000 32.5408 267.1993 226.3178 7807710
Hot Crude 500.0000 0.0000 32.6408 267.1993 226.3178 780.7710
Naphtha 6.6267 0.0000 32.5408 267.1993 226.3178 T80.7709
Atm Overhead... 23491273 0.0000 0.0000 0.0000 0.0000 0.0000
Atm Steam 1372.2202 0.0000 0.0000 0.0000 0.0000 0.0000
Atm Resid 16.5617 0.0000 0.0000 0.0000 0.0000 0.0000
Kero Steam 171.5275 0.0000 0.0000 0.0000 0.0000 0.0000
Kero 6.6565 0.0000 0.0000 0.0000 0.0000 0.0000
Nincal :r~'.r,...... 171 8778 AnAnn Anann AnAnn Anann AnAnn N
“ ’—| 3
Fluid Pkg | Al -
7] Include Sub-Flowsheets
[T Show Marne Only
[T] Horizontal Matrix Number of Hidden Objects: 0
]

Let’s address the issue with the distillation curves that
we would really like. Let’s create a workbook table
that reports the Boiling Point Curves for the stream
analyses set up in the simulation. Go to the Workbook
tab & press Setup. Similar to what was done before,
choose Add. But this time expand the Utility Objects
item & select Boiling Point Curves & press OK. The
default name should be Boiling Point Curves (rename if
necessary); there should be no the default items in the

list.

Rev 1.3

ﬂ Mew Object Type

I Extension Unit Operation
4 |Jtility Objects
AirCooled Design/Rating
BLOWDOWN Analysis
Baoiling Point Curves
€02 Freeze Qut
Cold Properties
Commen Model Utility
Compasite Curves Utility
Critical Properties
Data Recon
Depressuring - Dynamics
Derivative
Envelope
Free Mercury
Hydrate Formation
HY¥Plan Madel Utility
Internals Option
Master Phase Envelope
Parametric
Petroleum Assay
PIMS Support B
< mn b

m
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[ 3] Setup

-Workbook Tabs ——————

-Tab Contents

-Object

Liguid Volume Flows
Boiling Point Curves Name:
Material Streams
Compositions

Boiling Point Curves

Energy Streams

Type: Boiling Point Curves ‘ New Type...

Unit Ops
i~ Variables

Variable

Format Use Set...

Y .

Press the Add... button. From the
Variable list expand ASTM D86,
selectively highlight the values
you want & press the right arrow
button. Now we’ll get a table with
all of the ASTM D86 values as
calculated by the routines for the
Boiling Point Curves. (If you don’t
like the order you can also redo
when you get back to the Setup
form.)

Rev 1.3

[H) Select Variable(s) ForMain

Variable

Acentric Factor ‘
Aromatic Mole%
ASTM D11760 - Atm
ASTM D1160 - Vac
ASTM D2887
ASTM D86

ASTM D93 Flash Pt
ASTM D97 Pour Pt
Attachment Type
Calculation Level
Cetane Index
Control Period
Critical Pressure

Critical Temperature

-

ALL
Available

Components

Description ASTM D86

© Single

@ All

Cancel
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[FD Select Variable(s) ForMain — [m}
Variables | Q | Selected
Input I Acentric Factor -
Qutput Aromatic Mole%
I+ ASTM D1160 - Atm
Physical Type I ASTM D1160 - Vac
I ASTM D2887
« A5TM D86
Cut Pt-0.0% @
Cut Pt-1.00%
Cut Pt-1000% | - |
Cut Pt-100.00% —
Cut Pt-12.50%
Cut Pt-15.00%
Cut Pt-17.50%
Cut Pt-2.00%
Cut Pt-20.00%
Cut Pt-25.00% x
< | T »
Description:
B Setup - [m|
~Warkbook Tabs ~Tab Contents
Liquid Volume Flows Add  Object
Bor{mg_ Roini Curves MName: Boiling Point Curves
Material Streams
C it
CMpOSIIOns Type: Boiling Point Curves ‘ New Type...
Energy Streams
Unit Ops
~Variables
ariable Format
ASTM D86 (Cut Pt-0.0%) 4 sig fi
ASTM D86 (Cut Pt-1.00%) 4 sig fil
ASTM D86 (Cut Pt-2.00%) 4 sig fi| E
ASTM D86 (Cut Pt-3.50%) 4 sig fil
ASTM D86 (Cut Pt-5.00%) 4 sig fi
ASTM D86 (Cut Pt-7.50%) 4 sig fii
ASTM D86 (Cut Pt-10.00%; 4 sig fii
ASTM D86 (Cut Pt-12.50%! 4 sig fii
ASTM D86 (Cut Pt-15.00%! 4 sig fi
ASTM D86 (Cut Pt-17.50%. 4 sig fi Blank Line
ASTM D86 (Cut Pt-20.00% 4sigfi o
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Repeat the steps & choose
True BP. This will put the
TBP values at the bottom
the table.

Material Streams
Compositions
Energy Streams
Unit Ops

H' Setup _ O %
~Workbook Tabs ~Tab Contents

Liguid Volume Flows ~ Object

Boiling Point Curves Name: Boiling Point Curves

Type:

Boiling Point Curves

New Type...

~Variables

Variable
ASTM D86 (Cut Pt-96.50%!
ASTM D86 (Cut Pt-98.00%;
ASTM D86 (Cut Pt-99.00%!
ASTM D86 (Cut Pt-100.003
True BP (Cut Pt-0.0%%)
True BP (Cut Pt-1.00%3)
True BP (Cut Pt-2.00%)
True BP (Cut Pt-3.503%)
True BP (Cut Pt-5.00%)
True BP (Cut Pt-7.50%%)
True BP (Cut Pt-10.00%)

Format

4 sig fi
4 sig fi
4 sig fii
4 sig fii
4 sig fii
4 sig fif
4 sig ﬁ-E|
4 sig fii
4 sig fii
4 sig fi
4sig fi o

Use Set...

Delete

Format...

HELEEY L

Blank Line

Flowsheet Case (Main) - Solver Active

Now the boiling point

“Workbook - |+

curves from the Stream
Analyses will be part of
the workbook. (Note
that this will only show
the Stream Analyses
you have set up; if you
did not set up a Stream
Analysis for a stream it
will not be here

either.) This
spreadsheet can also
exported to Excel.
(Remember, getting
coffee is a good way to
kill the time while the
values are being
exported. But don’t
blame me if you get a
caffeine dependency.)

Liquid Volume Flows | Boiling Point Curves |Mater|a|5treams| Compositions | Energy Streams | Unit Ops

Mame Boiling Point... Boiling Point... ** New =~
ASTM D86 (Cut Pt-0.0%) [F] 3289 4171
ASTM D86 (Cut Pt-1.00%) [F] 3656 451.0
ASTM D86 (Cut Pt-2.00%) [F] 3869 4749
ASTM D86 (Cut Pt-3.50%) [F] 4038 4934
ASTM D86 (Cut Pt-5.00%) [F] 4117 5045
ASTM D86 (Cut Pt-7.50%) [F] 4227 515.8
ASTM D86 (Cut Pt-10.00%) [F] 4293 523.1
ASTM D86 (Cut Pt-12.50%) [F] 4346 529.1
ASTM D86 (Cut Pt-15.00%) [F] 4384 533.8
ASTM D86 (Cut Pt-17.50%) [F] 4419 5373
ASTM D86 (Cut Pt-20.00%) [F] 4451 540.9
ASTM D86 (Cut Pt-25.00%) [F] 4502 546.8
ASTM D86 (Cut Pt-30.00%) [F] 4546 551.8
ASTM D86 (Cut Pt-35.00%) [F] 4588 556.7
ASTRA DAA (Tt Br-A000% [F] AR T 5614

Horizontal Matrix
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D@ HEIRIS |

Insert

‘-D % Calibri
Em -

Pasts
aev B I U-~

Page Layout

VR E 2

Data Review

Formulas

B

D |BEE-FR-| &

View

%-‘ Wrap Text

== EMerge&.Center @

Clipboard = Font [F} Alignment
Al & Fe
A B C D E
Boiling Point Boiling Point
1 Unit Curves-Kero  Curves-Diesel
2 —
3 | ASTM D36 (Cut Pt-0.0%) F 328.8709911 417.0884345
4 | ASTM D86 (Cut Pt-1.00%) F 365.607306 451.0267719
5 | ASTM D86 (Cut Pt-2.00%) F 386.8596669 474.9207519
6 | ASTM D86 (Cut Pt-3.50%) F 403.7935439 493.3930871
T : ASTM D86 (Cut Pt-5.00%) F 411.7478792 504.4637413
8 | ASTM D36 (Cut Pt-7.50%) F 422.7250653 515.7625729
9 | ASTM D86 (Cut Pt-10.00%) F 425.2631273 523.1430451
10| ASTM D36 {Cut Pt-12.50%) F 434.5821033 529.141802
11| ASTM D86 (Cut Pt-15.00%) F 438.3725568 533.7627388
12| ASTM D86 {Cut Pt-17.50%) F 441.9402361 537.3302747
13| ASTM D86 (Cut Pt-20.00%) F 445.1387583 540.9155194
14| ASTM D86 {Cut Pt-25.00%) F 450.2342985 546.8498403
15 | ASTM D86 (Cut Pt-30.00%) F 454.6104603 551.753884
16: ASTM D86 (Cut Pt-35.00%) F 458.8465219 556.6770918
17 | ASTM D86 (Cut Pt-40.00%) F 462.740278 561.3698328
18 | ASTM D86 (Cut Pt-45.00%) F 466.4431868 566.0046304
18| ASTM D86 {Cut Pt-50.00%) F 470.2443562 570.8539368
20 | ASTM D86 (Cut Pt-55.00%) F 474.1259606 575.9382844
21| ASTM DB6 {Cut Pt-60.00%) F 478.1608069 581.3586517
22 | ASTM D86 (Cut Pt-65.00%) F 482.437902 587.1416174
23 | ASTM D86 {Cut Pt-70.00%) F 486.615146 593.4901277
24 | ASTM D86 (Cut Pt-75.00%) F 491.334834 600.6479564
25 | ASTM D86 (Cut Pt-80.00%) F 497.0469991 608.4033919
26 | ASTM D86 (Cut Pt-85.00%) F 504.5713309 617.7249327
2?: ASTM D86 (Cut Pt-90.00%) F 513.8652118 630.388732
28 | ASTM D86 (Cut Pt-92.50%) F 515.6684171 635.3180934
29 | ASTM D86 (Cut Pt-95.00%) F 525.0041861 645.0009358
30| ASTM D86 (Cut Pt-96.50%) F 532.4278724 653.3903843
31| ASTM D86 (Cut Pt-98.00%) F 539.8484082 661.6793658
32| ASTM D86 {Cut Pt-99.00%) F 544.6360548 666.8296885
» | WorkBook Summary | Ligquid Volume Flows Boiling Point Curves
Ready '.J
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