Crude Tower Simulation - HYSYS v8.6

Steps to set up a simulation in HYSYS v8.6 to model a crude tower system consisting of:
e Crude Oil Preheat Train
e Atmospheric Crude Tower

e Vacuum Crude Tower
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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Create new simulation file

Start the program from Start, All Programs, Aspen Tech, Process Modeling V8.6, Aspen
HYSYS, Aspen HYSYS V8.6. 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.

() Component List View: Component List - 1 [HYSYS Databanks] = [E [
Source Databank: HYSYS Select: Eilter [AnFamites  +]
Component Type I— Search for: |:| Search by: Full Name/Synonvm -
H20 Pure Component
Methane Pure Component Sirnulation Name Full Name / Synonym Formula

Ethane Pure Component n-Hexane c6 CEH14

Propane Pure Compenent el n-Heptane c7 cms |
i-Butans Pure Compenent n-Octane ca CBH13
n-Butane Pure Compenent n-Nonane e CoHz0
i-Pentane Pure Component n-Decane c10 C10H22
n-Pentane Pure Component n-Cl1 Cl1 CliH24
n-C12 c12 C12H26
n-€13 c12 C12H22
n-C14 ci4 C14H30
n-C15 cis C15H32
n-C16 c6 C16H34
n-C17 c17 C17H36
n-C18 cig C18H38
n-C19 c19 C19H40
n-C20 ca0 C20H42

n-€21 ca1 C21H44

o

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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[ Fluid Package: Basis-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 Light Crude

Light 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?.
e (lick on the Oil Manager button in the Home tab. You will have the options to install
individual crude oil assays & then create a blend of the assays.

File Home View Customize Resources

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

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

Properties < Oil Manager |+

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

e C(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-l o+
Input Data | Calculation Defaults | Warking Curves | Plots | User Curves | Notes |
- Assay Definition “Input Data
Bulk Properties [Used = | |© Bulk Props Assay Basis Mass -

© Light Ends

Assay Data Type |THP - @ Distillation Assay Percent Terﬂ;;;]rature
Light Ends |input Composition  ~| | | Density
Molecular Wr. Curve | Not Used -
Density Curve |Independent M
Viscosity Curves | Not Used -

-TBP Distillation Conditions

@ Atmospheric ) Vacuum
Edit Assay... At least 5 points are required
[ Handling & Fitting | | colcuate |
Assay Was Not Calculated
[ mputassay | | outputBlend |

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 Crude. 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 (scaled 0 to 100) vs. temperatures (in °F) can be
entered. Click OK.

- Assay Input Data

Assay Percent Temperature
[%] IF

0.0000 31.00

5.000 160.0

10.00 236.0

20.00 347.0

30.00 446.0

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 11 Add Data Points

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

Assay-l o+
Input Data | Calculation Defaults | Working Curves | Plots | User Curves | Notes |
- Assay Definition “Input Data
Bulk Properties |M ) Bulk Props Assay Basis ‘ Mass -
) Light Ends

- Temperature
SsscyiDatallype |u @ Distillation Assay Percent 7]
Light Ends |Inpnt Composition ~ ~| | | Density 00000 3100

5000 1600
Molecular Wt Curve | Not Used - 1000 23610
20,00 3470
Density Curve |independent - 3000 4460
000 5450

Viscosity Curves [Not Used - 5000 6490

60,00 758.0
- TEP Distillation Conditions

70,00 876.0
@ Atmospheric ) Vacuum 80.00 1015
90,00 1205
95,00 1350

l Handling & Fitting l l Calculate l

Assay Was Mot Calculated

I Input Assay l I Output Blend l

e Now we’ll add in the composition of the light ends. Make the Light Ends option
active & the form will change to allow you to enter the compositions (based on the
component list previously specified). Make sure you change the Light Ends Basis to
Mass%.
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- Input Data

© Bulk Props Light Ends Basis
@ Light Ends

Mass % h

© Density
H20

Methane
Ethane
Propane
i-Butane
n-Butane
i-Pentane
n-Pentane

RN
© Distillation Light Ends Composition

0.0000
0.0000
0.0000
0.1460
0.1270
0.7020
0.6540

1.297

NBP
[F]

212.0

-258.7
-127.5
-43.78

10.89
31.10
82.18
96.91

e 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 lb/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.

-Assay Input Data

Assay Percent Mass Density
[%]

<empty> <empty>

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

Cancel

Num of Points to Add 12 Add Data Points
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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 e, Density
. y Percent Ib/F3
Assay Data Type ‘TBF | Distillation [Ib/ft3]
- 2,500 4275
Light Ends |Input Composition  ~| | | @ Density 7.500 4540
- 1500 1833
Melecular\Wt, Curve | Not Used -| 2500 5046
2500 5238
Density Curve |Independent -| 4500 5418
55.00 56.04
Viscosity Curves [Not Used - 65.00 5792
TEP Distillation Canditions 7300 £0.05
8500 5284
@ Atmospheric Vacuum 92.50 6402
97.50 7064
Independent Curve Assay Percent Basis
End Point Based @ Mid Point Based

e Let’s finish adding in the data needed to characterize the assay and allow HYSYS to
create pseudo components. Make the Bulk Props option active & the form will
change 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 and form
it is expecting (in this case API gravity).

Input Data
Molecular Weight <empty>
© Bulk Props Standard Density 33.99 API_60
) Light Ends Watson UOPK <empty>
O Distillation Viscosity Type Dynamic
) Density Viscosity 1 Temp 1000 F
Viscosity 1 <empty>
Viscosity 2 Temp 2100F
Viscosity 2 <empty>

e 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
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& Cut 8l " _} Methads Assistant Eﬂ Map Components I_‘_/{é (7 Hypatheticals Manager & ﬁE

1
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Clipboard Navigate Components Refining Hypotheticals il
Properties ] 7/{Iser Properties =+
All ltems. 2

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 and F2
mixing parameters as 1. Set the values for the pure components as zeroes.

Data | Notes

- Basic user prop definition

Mixing Basis Mass Fraction
Mixing Rule Pmix*F1 = F2 ™ SUMOx(i)"P(i)“F1)
Mixing Parameter F1 1.00000
Mixing Parameter F2 1.00000
Unit Type

Lowver Limit Value 0.000000
Upper Limit Value 100.000
Min. Def. Comp. (%) 75.00 %

Edit User Property Values

Components in Master Component List Property Value
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

H20 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.
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_,/ﬁser Properties |+

User Properties Monotonic Mixing Basis
Sulfur r Mass Fraction

Now we can add the sulfur distribution for the assay. Click on Assay-1 in the tree
structure in the left-hand column & choose the User Curves tab. Highlight Sulfur in
the Available Properties column & press Add--->. Under the User Curve Data area
retain the Independent setting for the Table Type, enter the whole crude value for
the Bulk Value, and set the lower and upper limits to 0 and 100. Press the Edit...

button at the bottom of the form to enter the assay values. Press OK.

H)

-User Curve Assay Input Data

X

[%]

Assay Percent

2.500
7.500
15.00
25.00
35.00
45.00
55.00
65.00
75.00
85.00
92.50
97.50
<empty=

Value

1.900e-002
3.100e-002
6.000e-002
0.3790
1.064
1.698
2.159
2.554

3.041
3.838
4.503

6.382
<empty>

Cancel
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_/i\ssay-‘l x |+

‘ Input Data | Calculation Defaults | Working Curves | Plots| User Curves | Notes

-User Property Selection

Available User Prop

<--- Remove

Selected User Prap
Sulfur

~User Curve Data

Name Sulfur
Table Type Independent |«
Bulk Value 1.7700 =]
Extrap Method Least Squares
Apply To Both Ends -
Assay % Value
2.500 0.019 =
7.500 0.031
15.00 0.060 A
25.00 0.379 r
35.00 1.064
45.00 1.698
55.00 2159
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.

_/input Assay « | +
Assay Correlation Set
Light Crude Default Set
[ Add... } [ Copy [ Delete ] [ 0Oil Manager ] [ 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.
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_Heavy Crude <+

Input Data | Calculation Defaults | Working Curves | Plots | User Curves | Motes |

- Assay Definition ~Tnput Data

Bulk Properties |Used || |© Bulk Props

— | |© LightEnds Assay Percent Density

y Percen e

Assay Data Type |Ter = ] Ib/ft3]
E— 2500 1202
Light Ends |input Composition  ~| | | @ Density 7,500 4575
JE— 15.00 FEyr
Molecular Wt Cuve | Not Used - 25.00 5223
— 35.00 5440
Density Curve |1ndependent - 45.00 5662
55.00 58.77

Viscosity Curves | Mot Used - 65.00 5109

- TEP Distillation Conditiens 75.00 6361
85.00 66,63

@ Atmospheric ) Vacuum 92.50 87
97.50 7310

~Independent Curve Assay Percent Basis

@ @ Mid Poi
) End Point Based @ Mid Point Based ‘ CE— _

[ Handiing & fitting | [ coculte |

[ inputassay | [ OutputBlend |

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).

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 | Property Plot | Distribution Plot | Composite Plot | Plot Summary | Correlations | Notes |

- Assay Selection and Qil Information -Bulk Data -Cut Ranges
Available Assays Qil Flow Infarmation
& Molecular Weight <empty> Cut Option Selection
ail Flow Units Flow Rate Mass Density <empty>
Light Crude Liquid Vol 3.300e+004 Watson uopk <empty>

Medium Crude Liquid Vol ~ 3.300e+004

Heavy Crude  Liquid Vol  3.300e+004 Viscosity Type Dynamic
Viscosity 1 Temp 100.0F
Viscosity 1 <empty>
Wiscosity 2 temp 210.0F
Viscosity2 <empty>

Hypocomponent Ideal Liquid Density Calculation:

Default Method -
[ Install Qil l l Output Blend ] l 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.
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Properties <
All Trems

[& Component Lists
[ Fluid Packages
[% Petroleum Assays
4 53 0il Manager
4 [FlInput Assay
[@ Light Crude
L& Medium Crude
2 Heavy Crude
4 |[5% Output Blend
[& Mixed Oil
% Reactions
[& Component Maps
@ User Properties

Output Blend |+

Blend Correlation Set
Mixed Oil Default Set

Installed - in <> on <Basis-1>

Add | | oy | [ Deee |

The next step is to install the blend into the flowsheet. From this tabbed form select Oil
Manager and then select Install Oil from the next form. Now we 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 Name column enter Crude Blend for Mixed Oil. Click Install.

B Mixed Oit: Install Oil

e

Qil Name
Mixed Qil
Mixed Qil/Light Crude
Mixed Oil/Medium Crude
Mixed Oil/Heavy Crude

Install Stream Name Flowsheet

Case (Main)
Case (Main)
Case (Main)
Case (Main)

mal | [ cancal

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
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.
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Component List - 1 &7

Properties
All kems
4 g Component Lists Source Databank HYSVS
[& Component List - 1
4 [5% Fluid Packages
[% Basis-1 Component Type Group
(% Petroleum Assays H20 Pure Compenent
4[5 Oil Manager Methane Pure Component
4 [ Input Assay Ethane Pure Component
[ Light Crude Propane Pure Campanent 2
& Medium Crude
i-Butane Pure Component
£ Heavy Crude
4 5 Output Blend n-Butane Pure Compenent
[ Mixed OI i-Pentsne Pure Component
(% Reactions n-Pentane Pure Component
L% Component Maps MEP[1]114* Oil Hypothetical  Mixed Oil Hyposl
(g User Properties NBP[1]139" il Hypothetical  Mixed Oil Hyposl
MBP[1]162* Oil Hypothetical  Mixed Oil Hyposl
NBP[1]186* Oil Hypothetical  Mixed Oil Hyposl
MEP[1]215" Qil Hypothetical  Mixed Oil Hyposl
NBP[1]241* Oil Hypothetical  Mixed Oil Hyposl
MBP[1]266% Qil Hypothetical  Mixed Oil Hyposl
MBP[1]202* Oil Hypothetical  Mixed Oil Hyposl
' Properties MRPM11310*% il K | Blived Oil Hinns]
setes: |
D-[gsimlllitloll
‘ m
f o PP

Set up & Solve the Flowsheet

Crude Oil Feed & Preheat

When you activate the Simulation you'll see a single steam called Crude Oil. We want to
attach this stream to 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.

-t
Q-Preheat-2

Q-Preheat-1

® Q - -—
Crude - Warm Crude ——p—)O
Qil Preheat-1 1 —u—»./ Warm Wet » Warm Crude
Desalter Crude Preheat-2 2
Water MIX-100

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

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 calculations for Crude Oil are complete & it takes on a
new color in the flowsheet.
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= Material Stream: Crude Cil

:.IEIQ

Worksheet | Attachments | Dynamics |
Worksheet Stream Name Crude 0l
m Vapour / Phase Fraction 0.0000
Properties Temperaturs [F] 100.0
Compositian Pressure [psig] 300.0
Oil & Gas Feed | |y oyr Fiowy Ibmole/hr] 5580
ie\‘,:l’"::"m A5 | s Flow [Ib/hr) 12872+006
User Variables | | Stel 1deal Lig Vol Flow [kbpd] 101.0
Notes Molar Enthalpy [Bru/lbmale] -2119e+005
Cost Parameters | | Molar Entropy [Btu/lbmole-F] 8242
Normalized Yields | eat Flow [Btu/hr] -1.182e+009
Liq Vol Flow @5td Cond [kbpd] 1010
Fluid Package Basis-1

Utility Type

Liquid Phase
1.0000

1000

3000

5580
1.287+006
1010
-2119e+005
8242
-1182e+009
10L0

[ peete || Definefromstream.. |

S
(e«]=]

For the heat exchangers the stream connections are done on the Design tab, Connections
selection. There are two ways to specify the outlet conditions. The most direct is to set both
temperature & pressure via the Worksheet tab.

5 Heater: Preheat-1

:EIQ

Design | Rating | Worksheet | Performance | Dynamics |

Design Name Preheat-1

Connections

Parameters

User Variables Inl g

Notes nlet nergy
[ crude o -] | Q-Preheat-1 -
_—

Qutlet

‘ Warm Crude 1 M

Fluid Package

[ Bosis-1 -

Delete | Unknown Delta P

| [11gnored

This is what the form looks like before making outlet specifications:

(B Heater Preheat-1

m@g

| Design | Rating || Worksheet }| Performance | Dynamics |

Worksheet  |Name Crude Oil  Warm Crude 1 Q-Preheat-1
Conditions | |Vapour 00000 <empty> <empty>
Properties Temperature [F] 100.0 <empty> <empty>
Composition| | precere fpsig) 300.0 <empty> <empty>
PF Specs Malar Flow [Ismole/hr] 5580 5580 cempty>
Mass Flow [Io/hr] 1.287e+006 1.287e+006 <empty>
Std Ideal Liq Vol Flow [kbpd] 1010 1010 <empty>
Molar Enthalpy [Btu/lbmole] -2.118e-005 <empty> <empty>
Melar Entropy [Btu/lbmale-F] 8242 <empty> <empty>
Heat Flow [Btu/hr] -1.182e+009 <empty> <empty>
Delete [ Unknawn Delta P | E11gnored
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After making outlet specifications:
5 Heater: Preheat-1 I

| Design | Rating | Worksheet | Performance | Dynamics |

Worksheet | pjame Crude Oil  Warm Crude 1 Q-Preheat-1
Conditions Vapour 0.0000 0.0000 <empty>
Properties Temperature [F] 100.0 260.0 <empty>
Compasition | | poccire [psig] 300.0 204.0 <empty>
PF Specs Molar Flow [lbmole/hr] 558 <empty>
Mass Flow [Ib/hr] 1.287e+006 1.287e+006 <empty>
Std Ideal Liq Vol Flow [kbpd] 1010 1010 <empty>
Molar Enthalpy [Btu/lbmole] -2.119e-005 -1.936-003 <empty>
Molar Entropy [Btu/lbmale-F] 8242 1111 <empty>
Heat Flow [Btu/hr] -1.182e-009 -1.080e+009 1.023+008

I ;<

The entrained water is set 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.

[ Material Stream: Desalter Water [ = [ B et

Worksheet | Attachments I Dynamics
Warksheet Mole Fractions
Conditipns H20 1.0000 .
Empe’“a: Methane 0.0000
omposition -
Oil & Gas Feed Ethane 0.0000 =
Propane 0.0000
Petroleum Assay Buts
K Value i-Butane 0.0000
UserVarisbles || N-Butane 0.0000
Notes i-Pentane 0.0000
Cost Parameters | | N-Pentane 0.0000
Normalized Vields | NBP[L]114% 0.0000
NEP[1]139% 0.0000
NBP[1]1627 0.0000
NEP[1]188* 0.0000
NBP[1]215% 0.0000
NRPI11241* n.onnn -
Total 1.00000
[ egit. | [ Viewproperties. | [ Bess. |
[ Unknawn Temperature |
| belete | [ Definefromstream.. | [« [ =» ]

() Material Stream: Desalter Water = [ B [

Worksheet | Attachments | Dynamics |

Worksheet Stream Name Desalter Water
[ Conditions | | Vapour / Phase Fraction <empty>
Properties Temperature [F] <empty>
Compasition Pressure [psig] 294.0
Oil & Gas Feed || 1501 Flow fIbmole/hr] 40455
Ee\;;u‘ium A5 |\ fass Flow (Ib/hi] 7287
User Variables | | 5td Ideal Lig Vol Flow [kbpd] 0.5000
Notes Molar Enthalpy [Btu/lbmole]
Cost Parameters | | Molar Entropy [Btu/lbmole-F] <empty>
Normalized Yields | yezt Flow Btufhr] <cempty>
Liq Vol Flow ®Std Cond [kbpd] 04917
Fluid Package Basis-1
Utility Type

| Unknown Temperature ‘

[ Delete I [ Define from Stream... E[I]
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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 make sure the outlet temperature is correct.

Before specifying outlet temperature:
[ Mixer: Desalter [= [ E [

| 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>
;E'S";:i“”" Pressure [psig] 294.0 294.0 2940
Malar Flow [Ibmole/hr] 5580 4045 5985
Mass Flow [Ib/hr] 1.287e+006 7287 1.295e+006
5td Ideal Lig Vol Flow [kbpd] 1010 0.5000 1015
Molar Enthalpy [Btu/lbmale] -1.936e+005 <empty> <empty>
Molar Entropy [Btu/lomole-F] 1111 <empty> <empty>
Heat Flow [Btu/hr] -1.080e+009 <empty> <empty>

Delete I Not Solved | O 1gnored

After specifying outlet temperature:
() Mixer: Desalter [N

| Design [ Rating | Worksheet | Dynamics |

Worksheet MName Warm Crude 1 Desalter Water Warm Wet Crude

Conditions || Vapour 00000 0.0000

Properties || Tempersture [F] 260.0 4148]

Composition| | precsiyre [psig] 294.0 204.0 2940

PF Specs Molar Flaw [lbmole/hr] 5580 4045 5985
Wass Flow [Ib/hr] 1.287e+006 7287 1.295e+006
Std Ideal Liq Vol Flow [kbpd] 1010 0.5000 1015
Molar Enthalpy [Btu/Ibmole] -19362+005 -1165¢+005 -1883e+005
Molsr Entropy [Btu/lbmole-F] 1111 2275 1052
Heat Flow [Btu/hr] -1.080e+009 -4717e+007 -1127e+009

I -

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.
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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.

[ Heater: Atm Heater E@M
Design | Rating | Worksheet | Performance | Dynamics |
Design Name Atm Heater
Connections.
Parameters

User Variables

il Inet Energy
| Warm Crude 2 - [ Q-Atm Heater -]
_—
Qutlet

| Hot crude -

Fluid Package

[ Basis-1 -

Delete [ Unknown Delta P | [ 1gnored

[ Heater: Atm Heater &lﬂl&l
| Design [ Rating | Worksheet | Perfarmance [ Dynamics |
Worksheet Name Warm Crude 2 Hot Crude  Q-Atm Heater
Conditions | |Vapour 0.0619 07049 <empty>
Properties Temperature [F] 450.0 634.0 <empty>
Compositian Pressure [psig] 260.0 <empty>
PF Specs Molar Flow [Ismale/hr] 5985 <empty»
Mass Flow [lo/hr] 1.295e+006 1.295e+006 <empty>
Std Ideal Lig Vol Flow [kbpd] 1015 1015 <empty>
Maolar Enthalpy [Btu/lbmale] -1.62%¢+005 -1.283e+005 <empty>
Molar Entropy [Btu/lbmale-F] 1364 1726 <empty>
Heat Flow [Btu/hr] -9.751e+008 -7.680e+008 2.072e+008

-

This portion of the PFD should look like the following.

Hot
Crud
Atm
er
Warm
Crude
2
— ]
Q-Atm
Heater

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.
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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>.

[ Refluxed Absarber Column Input Expert |
Condenser Energy Stream ‘ Q-Atm Condenser - FETiETES
N -
@ Total
Column Name  Atm Column o _) Partial Ovhd Liquid Outlet
O Full Rftx | Naphtha .‘
L < >
Optional Inlet Streams =~ — — — — = > 2 Water Draw | Atm Overhead Water  ~
b
Stream Inlet Stage N —— Lol
1 w!
Hot Crude 5_ Main Towe # Stages prional sice Draws
<< Stream >> n= w0 | > Stream Type Draw Stage
<< Stream >>
n-1
3= n
Bottom Stage Inlet
‘ Atm Steam - Bottoms Liguid Outlet
| Atm Resid -
. .
-Stage Numbering ———————————— ol
@ Top Down 7 Bottom Up |
Mext > ‘ Connections (page 1 of 4) Caneel ‘

The next step is to set up the basic pressure profile in the column. Fill in values & press
Next>.

[ Refluxed Absorber Column Input Expert =NEE X

‘Condenser Pressure
4.000 psig

-

-

>

>
Condenser Pressure Drop
8.000 psi
Bottom Stage Pressure

>

-~ 22.00 psig
-
>

[ < Prev | [ Next >

Pressure Profile (page 2 of 4) [E\

On the third screen we will set an estimate for the condenser temperature. Press Next>.
Though the other temperatures are not required it usually good practice to enter values.
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For a atmospheric crude tower reasonable starting points are 250°F & 650°F for the top &
bottom stages, respectively.

(b Refluxed Absorber Column Input glL

Optional Condenser
Temperature Estimate
130.0F

-

-«

Optional Top Stage
Temperature Estimate

Y

250.0F

Cptional Bottom Stage
Temperature Estimate

Y

650.0 F

Y

[ < Prev ] [ Next > ] Optional Estimates (page 3 of 4)

On the fourth screen we’ll set an estimate for the distillate rate. Press the Side Ops> button
to start setting up the side strippers & pumparounds.

(H] X
<
< @
e : Liguid Rate 30.20
- -
- -
Reflux Ratio Flow Basis
Volume -

Y

y

[ < Prev ] [ Done... ] [ side Cps > } Specifications (page 4 of 4)

We'll skip this first side operation screen since none of the side strippers are reboiled.
Press Next>.

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
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button; when done press the Install button. When done with the three side strippers press

the Next> button.
(5 Side Operations Input Expert =RRCE X
Steam Stripped Side Strippers
#Stages | Draw Stage Return Stage
/—-\ Kero Stripper 10 10_Main Tow 6_Main Towe
Diesel Stripper 10 30_Main Tow 26_Main Tow
. AGO Stripper 10 30_Main Tow 26_Main Tow
2 Return Stage
‘25 Main Tower M
_, Name
s B B
A A /-\ AGO Stripper Add Side Stripper |
N N
—
Draw Stage i 755
o | [30 mainTower - AGO Steam
. <
Draw Product
\\._/J \|'/ AGO
L
>
[ < Brev [ esto Steam Stripped Side Stripper Connections Lancel |

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.

(5 Side Operations Input Expert = | B )
Pump-Arounds
Draw Stage Return Stage
/‘_‘\\ Kero Pumparound  10__Main Tower 7__Main Tower
Diesel Pumparcund  20_Main Tower 17__Main Tower
1 AGO Pumparound | 30_Main Tower  27_Main Tower
2 Retur Stage
[27 Main Tower -
< Name
N ~A AGO Pumparound Add Pump-Around |
e e
1 Draw Stage
n ‘ 30 Main Tower "
[ < Brev J [ mew» Pump-Around Connections Lancel |

We do not have any vapor bypasses. Press the Next> button.

Now we can enter the side product flows through the side strippers. Enter the estimates for
the flowrates out the bottom of the strippers & then press Next>.

-22- August 27,2016

Rev 1.2



5= siae Operations Input Expert |

Steam Stripped Side Stripper Specs

Flow Basis Draw Spec
/‘—'\ Kero Stripper Std Ideal Vol 8.8000 kbpd
Diesel Stripper Std Ideal Vol 10.240 kbpd
AGO Stripper Std Ideal Vol | 3.8350 kbpd |
-
-
P I
No No
>
-
-<

Y

[ < Brev | l Negt > Steam Stripped Side Stripper Specifications Lancel |

Now we can set the specs on the pumparounds. Enter the flowrate values & the values
associated with the heat exchanger duties. Note that all of the duty/temperature specs are
Return T type. When done press Next>.

[ side Operations Input Expert = [ E [t
Pump-Around Specs
Flow Basis PA Rate 2nd Spec Type 2nd Spec Value
/‘—‘\ Kero Pumparoun  Std Ideal Vol 25.000 kbpd Return T 200.0F
Diesel Pumparo  Std Ideal Vol 15.000 kbpd RetunT  2500F
AGO Pumparour  Std Ideal Vol 10.000 kbpd Return T | 350.0 F;
-
-
~ ~u
N N
[ < Brev [ esto Pump-Araund Specifications Lancel |

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
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highlighted. Now let’s start applying the efficiencies in Table 4. Note that stages associated
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 Col / COL1 Fluid Pkg: Basis-1/ Peng-Robinson NN

Design | Parameters | Side Ops | Rating | Workshest | Performance [ Flowshest | Reactions | ©
Parameters - Stage Efficiencies
Profiles Efficiency Type Stage Efficiency
Estimates
Efficiencies © Overall Copdepcey LTl
Solver ® Component 1_ Main Tower 0.8000
2{3 Phase 2_ Main Tower 0.8000
Fluid Pkgs o 3_Main Tower 0.8000
[ Efﬁ:lency oues 4__Main Tower 0.8000
] 5_Main Tower 0.8000
© User Specified &_Main Tower 0.8000 |_
7_Main Tower 05000 |
8_ Main Tower 0.5000
9_ Main Tower 0.5000
10_Main Tower 0.5000
11_ Main Tower 0.7000
12_ Main Tower 0.7000 | |
13_Main Tower 0.7000
14__Main Tower 0.7000
15_Main Tower 0.7000
16_Main Tawer 0.7000
17_Main Tower 0.5000
18_ Main Tower 0.5000
19_ Main Tower 0.5000
20_Main Tower 0.5000
21__Main Tower 0.5000
22__Main Tower 0.5000
23_ Main Tower 0.5000
24 Main Tower 0.5000
25_ Main Tower 0.5000
26_ Main Tower 0.5000
CEff. Multi-Spec ——— | 27_Main Tower 0.5000
28__Main Tower 0.5000
29_Main Tower 0.5000
30__Main Tower 0.5000
31_Main Tower 03000
Delete || ColmnEnvionment. |[  Run || Reet | i

[+~ Column: Atm Col / COL1 Fluid Pkg: Basis-1 / Peng-Robinson NN
Design | Perameters | Side Ops | Rating | Workshest | Performance [ Flowsheet [ Reactions | ©
Parameters [ Stage Efficiencies
E:::“::es - Efficiency Type Stage Efficiency
Efficiencies @ Overall 48_Main Tower 0.3000
Solver ~ 50_Main Tower 0.3000
2/3 Phase L JEm 1_Kero Stripper 0.3000
Fluid Pkgs 'Eﬁ_lc‘en - 2_Kera Stripper 0.3000

<y Values 3_ Kero Stripper 0.3000
“: Giouged 4_ Kero Stripper 0.3000
© User Specified 5_Kero Stripper 0.3000
6_Kera Stripper 0.3000
7_Kera Stripper 0.3000
2_Kero Stripper 0.2000
9_Kera Stripper 0.3000
10_Kere Stripper 0.3000
1_Diesel Stripper 0.2000
2_ Diesel Stripper 0.2000
3_ Diesel Stripper 0.3000
4_ Diesel Stripper 0.3000
5_Diesel Stripper 0.3000
6_Diesel Stripper 0.3000
7_Diesel Stripper 0.3000
2_Diesel Stripper 0.2000 |
9_ Diesel Stripper 0.2000
10_Diesel Strippe 0.3000
1_AGO Stripper 0.3000
2_AGO Stripper 0.3000
3_AGO Stripper 0.3000
4_AGO Stripper 0.3000 |E
5_AGO Stripper 0.2000
Eff. Multi-Spec —— | 5_AGO Stripper 0.2000
T_AGO Stripper 0.2000
&_AGO Stripper 0.3000
9_AGO Stripper 0.3000
10_AGQ Stripper 03000 —
[ beete || coumneavionment. |[ R || Reet | |

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).
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‘ Design | Parameters | Side Ops | Rating | Worksheet ‘ Performance | Flowsheet | Reactions | Dynamics ‘

Worksheet Name Hot Crude @COL1 Atm Steam @COL Kero Steam @COL Diesel Steam @CC AGO Steam @COL|  *
Conditions Vapour 0.7060 1.0000 1.0000 1.0000 1.0000
Properties Temperature [F] 635.0 500.0 500.0 500.0 500.0
Compositions Pressure [psig] 25.00 150.0 150.0 150.0 150.0
PF Specs Molar Flow [lomole/hr] 5985 1110 138.8 138.8 1388

Mass Flow [Ib/hr] 1.295e+006 2.000e+004 2500 2500 2500

Std Ideal Lig Vol Flow [kbpd] 1015 1.372 0.1715 01715 0.1715

Molar Enthalpy [Btu/lbmole] -1.281e+005 -1.007e+005 -1.007e+005 -1.007e+005 -1.007e+005

Molar Entropy [Btu/lbmole-F] 1728 41.32 41.32 4132 41.32

Heat Flow [Btu/hr] -7.669e+008 -1.118e+008 -1.397e+007 -1.397e+007 -1.397e+007 =
Name Naphtha @COL1 Atm Overhead W: Atm Resid @COL1 Kerosene @COL1 Diesel @COL1
Vapour 0.0000 0.0000 0.0000 0.0000 0.0000
Temperature [F] 136.5 1365 615.9 4178 5124
Pressure [psig] 4,000 4.000 22.00 13.84 15.88

Molar Flow [lemole/hr] 3031 1901 1379 566.6 496.2

Mass Flow [Ib/hr] 3.365e+005 3.4252+004 6.712e+005 1.112e+005 1.250e+005

Std Ideal Liq Vol Flow [kbpd] 31.19 2.350 47.26 9.220 9.978

Molar Enthalpy [Btu/lbmole] -1.022e+005 -1.219e+005 -3.043e+005 -1.458e+005 -1.710e+005

Molar Entropy [Btu/lbmole-F] 3373 14.78 3708 106.9 161.1 n
Heat Flow [Btu/hr] -3.097e+008 -2.318e+008 -4.197e+008 -8.268e+007 -8.486e+007

Name AGO @COL1

Vapour 0.0000

Temperature [F] 567.3

Pressure [psiql 17.92 T

Delete ][ Column Environment... ] [ Run ] [ Reset ] _ Update Cutlets 1 Ignored

5 Column: Atm Col / COL1 Fluid Pkg: Basis-1 / Peng-Robinson I~
[ Design | Parameters | Side Ops [ Rating | Worksheet | Berformance | Flowshest | Reactions | Dynamics |

Worksheet Hot Crude Atm Steam Kero Steam Diesel Steam AGO Steam

Canditions 120 00676 1.0000 1.0000 1.0000 10000 -

Efﬁ:ﬁ;m Methane 0.0000 0.0000 0.0000 0.0000 0.0000

oF Specs Ethane 00009 0.0000 0.0000 0.0000 0.0000
Propane 00075 0.0000 0.0000 0.0000 0.0000
i-Butane 00053 0.0000 0.0000 0.0000 0.0000 | _
n-Butane 00191 0.0000 0.0000 0.0000 0.0000 |
i-Pentane 00174 0.0000 0.0000 0.0000 0.0000
n-Pentane 00339 0.0000 0.0000 0.0000 0.0000
NEBP[L]114* 00147 0.0000 0.0000 0.0000 0.0000
NBP[L]139* 00307 0.0000 0.0000 0.0000 0.0000
NBP[L]162* 00338 0.0000 0.0000 0.0000 0.0000
NEPIL]188* 00333 0.0000 0.0000 0.0000 0.0000
NEPIL]215% 00340 0.0000 0.0000 0.0000 0.0000
NBP[L]241" 00388 0.0000 0.0000 0.0000 0.0000
NBPIL]266 00364 0.0000 0.0000 0.0000 0.0000
NBP[L]292* 00299 0.0000 0.0000 0.0000 0.0000
NEPL]319* 00317 0.0000 0.0000 0.0000 0.0000
NEP[L]245 00343 0.0000 0.0000 0.0000 0.0000
NBP[LJ371 00330 0.0000 0.0000 0.0000 0.0000
NBP[L]397* 00316 0.0000 0.0000 0.0000 0.0000
NEP[L]423* 00299 0.0000 0.0000 0.0000 0.0000
NRPI11440* — | NN28s = 0 NN n nnml 0 nnnn N nnnn

Delete ][ Column Environment... ] [ Run ] [ 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 in about 4 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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[l Column: Atm Col / COL1 Fluid Pkg:

Design | Parameters | Side Ops | Rating | Worksheet [ Performance | Flowsheet | Reactions | Dynamics
Design -Specs Summary

Connections - . .

Menitor Specified Value | Active | Current | Fixed/Ranged | Prim/Alt Lower Upper

Specs Reflux Ratio <empty> [ - Fixed Primary  <empty>  <empty>

Specs Summary Reflux Rate <empty> [ [mi Fixed Primary  <empty> <empty>

Subcoaling Btms Prod Rate <empty> [ r Fixed  Primary  <empty>  <empty>

Notes Kero Stripper Prod Floy 8800 © I Fixed Primary <empty> <empty>
Diesel Stripper Prad Fl 1024 © 3 Fixed Primary  <empty>  <empty>
AGO Stripper Pred Flor 385 W o Fixed Primary  <empty>  <empty>
Kero Pumparound_Rat 2500 M 3 Fixed Primary  <empty>  <empty>
Kero Pumparound D <empry> [ - Fixed Primary  <empty>  <empty>
Kero Pumparound_Dui <empty> - [ Fixed Primary <empty> <empty>
Diesel Pumparound_Re 1500 M = Fixed Primary  <empty>  <empty>
Diesel Pumparound_Di <empty > i [mi Fixed Primary <empty> <empty>
Diesel Pumparound_Di <empy> [ | Fixed Primary  <empty>  <empty>
AGO Pumparcund_Rat 1000 M I Fixed Primary <empty> <empty>
AGQ Pumparound_Dt{ <empty> [ [ Fixed Primary  <empty>  <empty>
AGO Pumparound_Dut <empty> [ - Fixed Primary  <empty>  <empty>
Kero Pumparound_TRe 2000 M 3 Fixed Primary  <empty>  <empty>
Diesel Pumparound TF 2500 M It Fixed Primary  <empty>  <empty>
AGO Pumparound_TRe 3500 M 3 Fixed Primary <empty> <empty>
Naphtha Rate 3020 W = Fixed Primary  <empty>  <empty>

Delete || ColmnEnvionment. || R [ R | [ Updiste Outiets 7] lgnored

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.

(b Add Specs - Atm Cal (COLL =25

Column Specification Types

Column Cold Properties Spec
Column Component Flow
Column Component Fraction
Column Component Ratic
Column Component Recovery
iColumn Cut Point

Colurmn Draw Rate

Column DT (Heater/Cooler) Spec
Column Ot Spec

Colurmn Duty

Colurn Duty Ratio

Column Feed Ratio

Column Gap Cut Point
Column Liguid Flow

[ Cut Pt Spec: Naphtha D86 19! (o - e ]

Column Physical Properties Spec

Column Pump Around

Column Reboil Ratio Spec

Colurmn Recovery

Column Reflux Feed Ratio Spec

Column R Fraction Spec

Column Reflux Ratio

Column Stream Property Spec

Column Tee Split Spec

Column Temperature

Column Transport Properties Spec

Column User Property Spec

Column Vapour Flow

Column Vapour Fraction Spec

Column Vapour Pressure Spec

d Column Cut Point Spec
Column Gap Spec

Stream Specification

=

Add Spec(s)...

Parameters | Summary |Spec Type‘

Marne Naphtha D86 T95
Stage Condenser
Type ASTM D86
Flow Basis Volume Fraction
Phase Liquid
Cut Point [3] 95.00
Spec Value 410.0 F:
~ASTM D86 Cpticns

D86 Conversion Type: AFI 1974 -

Subtract API Cracking Effect: @ No Yes
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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 only 398.1°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 Naphtha 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 Naphtha Rate value is 28,970 bpd, not the 30,200 bpd estimate.

(b Column: Atm Col / COL1 Fluid Pkg: Basis-1 / Peng-Robinso (o= |

Design | Parameters [ Side Ops [ Rating | Worksheet | Performance [ Flowsheet [ Reactions | Dynamics |
Design -Specs Summary

Connections - -

Manitor Specified Value | Active | Current | Fixed/Ranged | Prim/Alt Lower Upper

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

Specs Summary Reflux Rate <empty> [ r Fixed Primary  <empty>  <empty>

Subcosling Btms Prod Rate <empty> [ - Fixed  Primary  <emply>  <empty>

Notes Kero Stripper Prod Floy sso0 2 Fixed Primary <empty> <empty>
Diesel Stripper Prod Fl w24 F Fixed Primary  <empty>  <empty>
AGO Stripper Prod Flo o 12 Fixed Primary <empty> <empty>
Kero Pumparound_Rat 2 l~7 Fixed Primary  <empty>  <empty>
Kero Pumparound Di{ - r Fixed Primary  <empty>  <empty>
Kero Pumparound_Dut - - Fixed Primary <empty> <empty>
Diesel Pumparound_Re |2 2 Fixed Primary  <empty>  <empty>
Diesel Pumparound_Dt - r Fixed Primary <empty> <empty>
Diesel Pumparound_Di - r Fixed Primary  <empty>  <empty>
AGO Pumparound_Rat |cd F Fixed Primary  <empty>  <empty>
AGO Pumparound_Dt( i r Fixed Primary <empty> <empty>
AGO Pumparound_Dut r r Fixed Primary  <empty>  <empty>
Kero Pumparound_TRe I3 F Fixed Primary  <empty>  <empty>
Diesel Pumparound_TF 2 2 Fixed Primary <empty> <empty>
AGO Pumparound_TRe ¥ F Fixed Primary  <empty>  <empty>
Naphtha Rate - r Fixed Primary  <empty> <empty>
Naphtha D86 T35 2 l~7 Fixed Primary  <empty>  <empty>

[ peete ][ coumnEnvionment. |[  Run || Rest |

_ Update Cutlets  [] Ignored

(b Column: Atm Col / COL1 Fluid Pkg: Basis-1 / Peng-Robinso

Design | Parameters | Sice Ops | Rating | Worksheet [ Performance | Flowsheet | Reactions [ Dynamics |
Design ~Column Specifications ———————————————————  -Specification Details
Montor o E SpecMame  Naphtha Rate RS
Specs Kero P -
Subcoaling AGO Pumpar ]
= Dry Flow Basis
Naphtha TBP T95
MNaphtha DEG T35 | Spec Type
rosene D85 T95 = -
jg‘ “?;‘;g‘igj - Fixed/Ranged Spec
esel D86 T
AGO DE7 T95 Primary/Alternate Spec
i v
~Values
( e ] Specification Value 30.20 kbpd
Current Calculated Value 28.97 kbpd
Default Basis Volume - s
Degrass of Freedom o Weighted Tolerance 1.000e-002
‘Weighted Calculated Error -4,088e-002
Absolute Tolerance 2,778e-004
Absolute Calculated Error 2272¢-003
Ceiete || CoumnEmimoment. || Run [ et |

Update Qutlets

[] Ignored

We can create similar design specs for the Kerosene, Diesel, & AGO D86 T95 values. Each
time we make the T95 spec active we will make the corresponding produce rate inactive.
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(b Column: Atm Col / COL1 Fluid Pkg:

Design | Parameters | Side Ops | Rating | Worksheet | Performance | Flowshect | Reactions | Dynamics
Design -Specs Summary

Connections

Monitor Specified Value | Active | Current | Fixed/Ranged | Prim/Alt Lower Upper

Specs Reflux Ratio <empty> - - Fixed Primary <empty> <empty>

Specs Summary Reflux Rate <empty> [ - Fixed Primary <empty>  <empty>

Subcaoling Btms Prod Rate <empty> I =l Fixed Primary <empty>  <empty>

Notes Kero Stripper Prod Flow ggo0 [ r Fixed  Primary <empty>  <empty>
Diesel Stripper Prod Flow w22 [ [ Fixed Primary <empty>  <empty>
AGO Stripper Pred Flow 2835 T - Fixed Primary <empty>  <empty>
Kero Pumparound_Rate{Ps) 500 M 2 Fixed Primary <empty>  <empty>
Kero Pumparound_Dt{Pa) <empty> r - Fixed Primary <empty> <empty>
Kero Pumparound_Duty(Pa) <empty> [ | Fixed Primary <empty>  <empty>
Diesel Pumparound_Rate(Pa) 1500 M I Fixed Primary <empty> <empty>
Diesel Pumparound_Dt{Pa) <empty> [ | Fixed Primary <empty>  <empty>
Diesel Pumparound_Duty{Pa) <empty> r [ml Fixed Primary <empty> <empty>
AGO Pumparound_Rate(Pa) woo M |4 Fixed Primary <empty>  <empty>
AGO Pumparound_Dti{Pa) <empty> - =i Fixed Primary <empty> <empty>
AGO Pumparound_Duty(Pa) <empty> [ - Fixed Primary <empty>  <empty>
Kero Pumparound_TRet(Pa) 2000 2 Fixed Primary <empty> <empty>
Diesel Pumparound_TRet(Pa) 1500 M 7 Fixed Primary <empty>  <empty>
AGO Pumparound_TRet{Pa) 300 W 2 Fixed Primary <empty>  <empty>
Naphtha Rate w20 - Fixed Primary <empty>  <empty>
Naphtha D86 T35 400 2 Fixed Primary <empty>  <empty>
Kero D85 T05 5250 W ¥ Fixed Primary <empty>  <empty>
Diesel D86 T35 s45.0 M 2 Fixed Primary <empty>  <empty>
AGO D26 T95 7500 W I Fixed Primary <empty> <empty>

Delete || ColmnEmiranment. [ R || Reet | Update Outlets [ Ignored

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.

Table 5. Definitions for Debutanizer Column

Type Operating Parameter \
Feed Prep 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
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Place a Pump on the flowsheet & define the following connections. Retain the default
adiabatic efficiency. Set the outlet pressure as 250 psig in the Worksheet tab.

Design | Rating | Worksheet | Performance | Dynamics |

Design Name Naphtha Pump

Connections
Parameters

Curves Outlet
Links =

User Variables| 110y | HP Naphtha -
Notes
| Maphtha -

>)
—>/—\

Energy Fluid Package

| W-Naphtha Pump - | Basis-1 -

Design | Rating | Worksheet | Performance | Dynamics |

Design
Connections Delta P
Parameters
Curves
Links ~ 75.00 %
User Variables Pressure Rat
Notes

Adiabatic Efficiency

Delste [ Unknawn Duty | Mlon [ lanored

[ Design [ Rating | Worksheet | Perfarmance [ Dynamics |

Worksheet | jjame Naphtha HP Naphtha W-Naphtha Pum
Conditions Vapour 00000 00000 <empty>
Properties Temperature [F] 1265 1278 <empty>
Composition| | pecciire [osig] 2000 250.0 <empty>
PF Specs Malar Flow [Ibmale/hr] 3021 3021 <empty
WMass Flow [Ia/hr] 3.365+005 33652005 <empty>
5td Ideal Liq Vol Flow [kbpd] 3118 3118 <empty>
Molar Enthalpy [Btu/lbmole] -1.022e+005 -1.020e+005 <empty>
Molar Entropy [Btu/lbmale-F] 3373 3378 <empty>
Heat Flow [3tu/hr] -3.0972-008 -3.092e-008 4592e+005
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Place a Heater on the flowsheet & define the following connections. Set the pressure drop
in the Parameters section. 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.

| Design | Rating | Warkshest | Performance | Dynamics |

@ Heater: DeC4 Heater E.L
Design | Rating | Worksheet | Performance [ Dynamics |
Design Name DeC4 Heater
Connections
Parameters
User Variables Inlet £
Notes i neey
[ HP Naphtha - [ Q-Dect Heater -
——
Qutlat
| Feed to Deca -
Fluid Package
|Eos{s-1 -
Delete \ Unknown Duty | [ 1gnored
@ Heater: DeC4 Heater E.L
Design | Rating | Worksheet [ Performance [ Dynamics |
Design Delta P
Connections ]
Parameters 0.0000 pst
User Variables.
Notes Delta L Dty
(—F,
Delete \ Unknown Duty | [ 1gnored
() Heater: DeC4 Heater o] =

Worksheet  [[zme

Conditions Vapour

Properties Temperature [F]
Composition|  [p oo e [psi
PF Specs Lpsi

Malar Flow [lemaole/hr]

Mass Flow [lb/hr]

Std Ideal Lig Vol Flow [kbpd]
Molar Enthalpy [Btu/lbmole]

Molar Entropy [Btu/lsmale-F]
Heat Flow [Btu/hr]

HP Naphtha

00000

137.8

250.0
2031
2.3652+005
3119
-1020e+005
3378
-3.092¢+008

Feed to DeC4 Q-DeC4 Heater

00000 <empty>
<empty>

| <empty>

3021 <empty>
3.365¢+005 <empty>
3119 <empty>
05220004 cempty>
4419 cempty>
-2:386e-008 2061e+007

2.174e+007 kl/h
5.196e+006 kcal/h
2061e+007 Btu/hr
Calculated by: DeC4 Heater

Y (-
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Now we can define the Debutanizer. Just like with the Atmospheric Distillation Column
HYSYS will start the process with a 5 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 & a reboiler).

5 Distillation Column Input Expert oo bS]
Condenser Energy Stream ‘ Q- DeC4 Condenser | Condenser
OBt S el
© Total
Column Name  Debutanizer Partial Ovhd Liquid Outlet
Full Rfix LPGs M
. < ==
1 <« >
> V| Water Draw | DeC4 Overhead Water '!
Inlet Streams _ ==
z - - >
Stream Inlet Stage = Stages Optional Side Draws

EeednIDEC] 22 Main Tow n= 45 |m———— > | stream Type | Draw Stage ‘
<< Stream >> |
| <<Stream >> \

Reboiler Energy Stream

| Q-DeC4 Reboiler
R

‘ Bottoms Liguid Outlet
| Stab Naphtha -

S
>

Stage Numbering
©) Top Down Bottom Up

Next > ) Connections (page 1 of 5) Cancel

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.

(b Distillation Column Input Expert =

el

@ Once-through 7 Circulation without baffle *) Circulation with baffle

~Reboiler Type Selection

@ Regular Hysys rebailer ©) Heater ©) Heat exchanger ‘ ‘ Tube Shell ‘

[ <pev [ Mews | Rebailer Configuration (page 2 of 5)

The next form is for entering the basic pressure profile. Enter the values from Table 5. Click
Next> when done.
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@ Distillation Column Input Expert. Q@g

Condenser Pressure
> 150.0 psig
-
-<
-

Condenser Bressure Drop

Y

>
0.0000 psi

Reboiler Pressure Drop

0.0000 pst

Rebailer Pressure
160.0 psig
S S—

Y

[ <pev [ New> | e Pl e S e )

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

On the next form enter the reflux ratio & distillate rate. Click Done when finished.

@ Distillation Column Input Expert @ﬂg
: @ Liguid Rate 5.50000
- L.
-< >
- Reflux Ratic
== —
1.500 Elow Basis Volume M

L

[ <pev [  Done. |[ sidecps> | Srrete fars (T DA

Y

The final step before trying to run is to 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. Apply the same efficiency to all stages representing trays,
leaving the efficiencies for the Condenser & Reboiler at 1.0.
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(- Calumn: Detusanizer / COLZ Flid Peg:Basi 1/ Peng-Robinzon
Design | Parameters ‘ Side Ops | Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics
Parameters Stage Efficiencies
E;t]if::e;  Efficiency Type Stage Efficiency
Efficiencies @ Overall Condenser 1000
Solver 1_Main Tower 0.8000
213 Phase N 2_Main Tower 0.8000
Fluid Pgs efciency vl 2_Main Tower 0.8000

( <y Values 4__Main Tower 0.8000
“:‘ Grouped 5_Main Tower 0.8000 |=
© User Specified &_Main Tower 0.8000
— 1| 7_Main Tower 0.8000
&_ Main Tower 0.8000
G__Main Tower 0.8000
10_Main Tower 0.8000
11_ Main Tower 0.8000
12_ Main Tower 0.8000
13_Main Tower 0.8000
14_ Main Tower 0.8000
15_ Main Tower 0.8000
16_ Main Tower 0.8000
- Eff. Multi-Spec 17__Main Tower 0.8000
18_Main Tower 0.8000
19_ Main Tower 0.8000
20_Main Tower 0.8000
21_ Main Tower 0.8000
Delete ” Column Environment... l [ Run ] [ Reset ] -

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 the
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.

Design | Rating | Worksheet [ Dynamics |

Design

Connections
Parameters
User Variables.
Mates

Name Vac Heater Mixer

—_ 3]

—_ ]

—_ ]

Inlets

Atm Resid
Vac Coil Steam

<< Stream >>

Outlet
‘ To Vac Heater M

Fluid Package

|asis-1 -

=
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Table 6. Definitions for Vacuum Distillation Column

Type Operating Parameter ‘
“Trays” & Efficiencies | 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

‘ Design | Rating ‘ Worksheet ‘ Dynamics ‘
Worksheet Name Atm Resid  Vac Coil Steam  To Vac Heater
Conditions Vapour 0.0006 1.0000 04735

Properties | |Temperature [7] 6159 500.0 083
Campasition| | praceyire [psig] 2200 150.0 2200
PR Specs Molar Flaw [Ibmole/nr] 1379 1110 2490
Mass Flow [Ib/hr] 67126005 2.000e+004 591264005
Stdl Taeal Liq Val Flow [kbod] 1726 1372 1863
Molar Enthalpy [Btu/lbmole] 3043e-005  -1007e-005  -2135e-005
Molar Entropy [Btu/lbmole-F] 3708 nx 2253
Heat Flow [Beu/hr] 4197e+008  -1118¢=008  -53152+008

- =

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
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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?.

Design | Rating | Worksheet | Performance | Dynamics |
Design MName Vac Heater
Connections
Parameters
User Variables - :
Notes L =ty
[ To Vac Heater - [ Q-Vac Heater -]
—
Outlet
| vac Cotumn Feed -
Fluid Package
[ Basis-1 -

[

[ Design | Rating | Worksheet | Performance | Dynamics |

Worksheet  |pame To Vac Heater Vac Column Fee¢  Q-Vac Heater

Conditiens | |Vapour 04735 07545 <empty>
Properties Temperature [F] 6093 760.0 cempty>
Compasition| | preceyire [psig] 2200 1122 <empty
PF Specs Molar Flow [lbmala/nr 2490 2490 empty>
WMass Flow [Io/hr] 601264005 691264005 <empty>
Std Ideal Lig Vol Flow [kbpe] 4853 4853 <empty>
Molar Enthalpy [Btu/Ibmole] -2.1352+005 -1.7492+003 <empty>
Molar Entropy [Btu/lbmole-F] 2253 2617 <empty>
Heat Flow [2tu/hr] -5.3152-008 -4354<-008 9610007

— =

Configuring the Vacuum Column for the first time is a multi-step process. First, create an
Absorber Column on the flowsheet then double-click start 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 processed further in side strippers). Note in the image below that
only 2 Optional Side Draws are shown; you will have to scroll down to see the
connection for the Slop Wax.

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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Column Name Vac Column

-

>
/J\ QOwhd Vapour Qutlet
Vac Column Overhead ~
1 -
Optional [nlet Streams =~ —— —— =3 > 2 g) S
~Top Stg. Reflux —

Stream Inlet Stage Draw Stage @ Liquid inlet

Vac Column Feed 12_Main Tow # Stages - @ Pump-around

—————— 2 Optional Side Draws

= Stream Type | Draw Stage
- G0 L 4_Main Towe
g HVGO L 8_Main Towe
Bottom Stage Inlet = M

Vac Column Steam - Bottoms Liguid Outlet

-
=

~Stage Numbering 7|

@ Top Down © Bottom Up

Comectons page 173

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>.

L
>
Top Stage Pressure
-13.73 psig
Cooler dP
0.0000 psi
o
>
Bottom Stage Pressure
-13.50 psig
-
>
[ <pev  J[  Nest> | e Bl e e )

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>.
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y
Cpticnal Top Stage
Temperature Estimate
Pump-Around Specs
Flow Basis 5td Ideal Vol
PA Rate 22.30 kbpd
2nd Spec Type Return T
Znd Spec Value | 85.00 F;
Opticnal Bottom Stage
Temperature Estimate
r
[ < Prev Side Ops » ] Optional Estimates (page 3 of 3)

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 Next>

when done.
& Side Operstons Input Expert (oo el

N

1,
2

Return Stage

|5 Main Tower -

~Pump-Arounds

Draw Stage Return Stage
VGO Pumparound  4_Main Tower 1_Main Tower
HVGC Pumparounc,  8_ Main Tower 5_ Main Tower

- Name
~ ~ HVGO Pumparound Add Pump-Around
N N
il Draw Stage
n ‘B Main Tower
[ crev || ew> Pump-Around Connections

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 the
LVGO Pumparound were previously entered & are shown here. Click Next> when done.
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Pump-Around Specs

Flow Basis PA Rate 2nd Spec Type 2nd Spec Value
/‘“\ VGO Pumparou  5td Ideal Vol 22.300 kbpd Retun T 85.00F
HVGO Pumparoyr  Std Ideal Vol 50.000 kbpd dT| 150.0 F:

b ]
C
b ]
C

[ < Brev ] [ Next » ] Pump-Around Specifications

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

Pump-Around Pressure Specs
Cooler dP
[psi]
LVGO Pumpar 0.00
HVGQC Pumpal 0.00
-<
-<
~o ~o
N N
[ < Brev ] l Dene.. Pump-Around Prassure Specifications

Before we try running the column we need to enter the efficiencies for the stages. Select
Efficiencies under the Parameters tab & enter the values from Table 6.
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{P Caolumn: Vac Column / COL3 Fluid Pkg: Basis-1 / Peng-Robinson &@g

Design | Parameters | Side Ops | Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics |

Parameters -Stage Efficiencies
Profiles  Efficiency Type Stage Efficiency
Estimates .
Efficiencies @ Overall e Momlowey 1000
Solver ®c 5 2_Main Tower 0.5000
[
/3 Phase i 3_Main Tower 0.5000
Fluid Pkgs . Val 4_Main Tower 0.5000
ieeney Values 5__Main Tower 0.5000
I‘:' Geouped __Main Tower 0.5000
@ User Specified 7_Main Tower 0.5000
8_ Main Tower 0.5000
9_Main Tower 0.5000
10_ Main Tower 0.5000
11_ Main Tower 0.5000
12_ Main Tower 1.000
13_ Main Tower 0.3000
14_Main Tower 0.3000
- Eff. Multi-Spec

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

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 our specification) & a bottom temperature
of 700°F. You may also want to specify the 2nd stage temperature of 325°F (since there is a
significant cooling between the top & next stage).

Design | Perameters | Side Ops | Rating | Workshest | Performance | Flowsheet | Reactions [ Dynamics |
Parameters - Steady State Profiles
= ‘ ‘ ~Flow Basis
rofiles Optional Estimates @ F
Estimates - @ Molar © Mass
Efficiencies Pressure Temp Net Liquid | Net Vapour ~
Solver Stage Ipsigl I [lbmole/hr] | [Ibmole/hr] (£ Wolume © Std Ideal Vol
2/3 Phase 1_Main Tower 0 -13.73 150.0 <empty> <empty> @ Act. Volume
Fluid Pkgs 2_Main Tower 1 -13. <empty>  <empty>
3_Main Tower 2 <empty> <empty> .
4_MsinTower 3 1368 <empty>  <empty>  <empty> Pressure vs. Tray Position from To
5_Main Tower 4 -1366  <empty>  <empty>  <empty> e =
6_ Main Tower 5 -1364  <empty>  <empty>  <empty> T
7_Main Tower 6 -1362  <empty> <empty> <empty> 1350
8__Main Tower 7 -13.60 <empty> <empty> <empty>
9_Main Tower 8 -1358  <empty> <empty> <empty> ELE
10_Main Towe: 9 -1337  <empty> <empty> <empty> T
11_ Main Towe! 10 -13.55 <empty> <empty> <empty> i /‘
12_MainTowa 11 -1353  <empty>  <empty>  <empty> 1 /
13_Main Towa 12 -1351  <empty>  <empty>  <empty> L
14_Main Tows 13 -13.50 700.0  <empty>  <empty> 7 /
-1370 /m/
1375 T
0 4 [ 5 10 : 1
[ Update from Solution ] [ Clear Tray l I Clear All Trays ] [ Lock l [ Unlock l I Stream Estimates... ]
o || commtomene|[ tun [ peer | (0 oo s (g

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.
For example, for the Slop Wax rate, select the Specs item in the left-hand column under the
Design tab & press Add... Call the spec Slop Wax Rate, associate with the Draw named Slop
Wax @COL3, set the flow basis as Std Ideal Vol, and set the rate as 1 kbpd.
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Parameters | Summary | Spec Type

Mame Slop Wax Rate
Draw Slop Wax @COL3
Flow Basis Std Ideal Vol
Spec Valus 1.000 kbpd

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 & 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.

5 Temp Spec: Top Temperature SRR (B i=h e

Parameters | Summary | Spec Typel

Mame Top Temperature
Stage 1_Main Tower
Spec Value 150.0 F

[ Column: Vac Column / COL3 Fluid Pkg: Basis-1 / Peng-Robinson ==
Design | Parameters [ Side Ops [ Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics |
Design -Specs Summary

Connections - B

Monitor Specified Value | Active | Current | Fixed/Ranged | Prim/Alt Lower Upper

Specs LVGO PA_Rate(Pa) 230 W ~ Fixed Primary  <empty>  <empty>

Specs Summary LVGO Pumparound_TR 8500 I r Fixed Primary  <empty>  <empty>

Subcooling LVGO PA_Duty(Pa] <empty= [ r Fixed Primary  <empty>  <empty>

Motes LVGO Rate 5000 M ~ Fixed Primary  <emply>  <empty>
HVGO Rate 2100 W ~ Fixed Primary  <empty>  <empty>
Slop Wax Rate 1o00 M = Fixed Primary  <empty>  <empty>
HVGO Pumparound_Ri 5000 M ~ Fixed Primary  <empty>  <empty>
HVGO Pumparound_D 1500 W ~ Fixed Primary  <empty>  <empty>
HVGO Pumparcund_D <empy> I r Fixed Primary  <empty>  <empty>
Top Temperature 1800 W - Fixed Primary <empty> <empty>
LVGO D1160 T95 9150 I r Fixed Primary  <empty>  <empty>
HVGO D1160 T95 ws0 r Fixed Primary  <empty>  <empty>
Net from #4 o000 I r Fixed Primary  <empty>  <empty>
Net from #11 3000 [0 r Fixed Primary  <empty>  <empty>

Deiete || Comntmironment. || Run || Reset | [ T -

Now we can press Run. The Vacuum Column should converge fairly quickly.
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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.

[~ Cut Pt Spec: LVGO D1160 T9 s sl [ Cut Pt Spec: LVGO D1160 T8 (o] ]
Parameters | Summary | Spec Type | | Parameters | Summary | Spec Type |
Mame LVGO D1160 T95 Spec Value 915.0 F
Stage 4_Main Tower Current Value 8979 C
Type D1160 ATM ‘Weighted Error -0.0019
Flow Basis Volume Fraction ‘Weighted Tolerance 1.000e-002
Phase Liquid Absolute Tolerance 0.1800 F
Cut Point [3] 95.00 Active r
Spec Value 015.0F Use for Estimate ~
[T] Enforce both weightsd and absolute tolerances
(- Cut Pt Spec: HVGO D1160. TQ--E J| [ cut Pt spec HVGO D1160 T8 -E |
Parameters | Summary | Spec Type | Parameters | Summary | Spec Type |
MName HVGO D1160 T95 Spec Value 1050 F
Stage 8_ Main Tower Current Value 1054 C
Type D1160 ATM ‘Weighted Error 0.0004
Flow Basis Volume Fraction Weighted Tolerance 1.000e-002
Phase Liquid Absolute Tolerance 0.1800 F
Cut Point [3] 95.00 Active r
Spec Value 1050 F Use for Estimate 2
[F] Enforce both weighted and absolute tolerances

It is also useful to add specs for the liquids flowing from the LVGO to the HVGO section
(from tray #4) and the HVGO to feed 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.
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F Add Specs - Vac Column (... -:-Ehﬂ

Column Specification Types

Columin Cold Properties Spec

Parameters | Summary | Spec Type Parameters | Summary | Spec Type
MName Net from #4 Spec Value 0.100000 kbpd
Stage 4__Main Tower Current Value 15.26 m3/h
Flow Basis Std Ideal Vol Weighted Error 1516065
Spec Value 0.100000 kbpd Weighted Tolerance 1.000e-002
Absolute Tolerance 0.1510 kbpd
Active r
Use for Estimate v
[T] Enfarce both weighted and absclute tolerances
[ Add Specish. Delete | 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 4,888 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 1044°F. This
is very 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 large as expected, 21.47 kbpd vs. 21.00 kbpd. Also note that the Net from #11
flowrate has decreased slightly to 3,961 bpd.

Now let’s look at the LVGO results. For 5,000 bpd LVGO rate the D1160 T95 value is too
low. Since the T95 value is too low, we will have to 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 7,534 bpd, the HVGO flow rate has actually
decreased to 18,700 bpd, and the Tray #11 liquid runback has increased to 4,462 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 749.6°F to get 3,011 bpd runback from
Tray #11.
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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.

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.

e 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.”

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.

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

Parameters Steady State Profiles

Profiles Opti | Estimates S

Eetimates ptional Estimates ® Molar ® Mass

iciencies ca Pressure Tem, Net Liquid | Net Vapour i i

E:Iver 9% | psigl m utbpqc] tkbpfﬂ ©® Volume © Std Ideal Vol

2/3 Phase Condenser 0 4.000 133.8 12.83 4.736e-007 “ 1 | ® Act. Volume

Fluid Pgs 1 Main Tawer 1 1200 3101 15.07 44.14 .
2__Main Tower 2 1220 357.8 15.37 46.38 = —
3_Main Tower 3 1241 370.7 15.00 4660 | Pressure vs. Tray Position from Top
4_Main Tower 4 1261 37715 14.54 46.32 20— -
5_Main Tower 5 1282 382.3 14.33 45.85 —— |
6_Main Tower [ 13.02 385.1 18.04 45.64 B 4 |‘
7__Main Tower 7 1322 367.5 53.52 47.65 gE 1
&_ Main Tower ] 13.43 400.9 58.18 58.14 | _ f I 'J
9_Main Tower 9 13.63 418.7 60.03 62.80 1 _Jaa#a ||
10_Main Tower 10 13.84 4318 24.35 64.64 o
11_MainTows: 11 1404 246.3 23.43 64.53 —— ;@’M
12_ Main Towe: 12 14.24 455.5 22.48 63.60 1
13 Main Tower 13 1445 462.3 21.57 62.66 |
14_Main Towsr 14 1465 468.0 20.71 61.75 o
15_ Main Towe: 15 1426 473.0 20.14 60.88 1
16_Main Tows: 16 15.06 476.7 22.72 60.32 80007
17_Main Tows1 17 1527 468.9 4559 61.06 4000 ———r— S SR S
18_Main Tower 18 1547 496.6 47.89 68.03 T G o o 3 =

[ Update from Solution ] [ Clear Tray l I Clear All Trays ] [ Lock l I Unlack ] [ Stream Estimates... l
pete || Cobmnnviomment. [ R J[ geet | | v oo Do
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Which of these values should you use? This depends on your purpose:

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 If you 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 Kerosene stream. We can double click on the Kerosene stream in the
Flowsheet & look at the Conditions item under the Worksheet tab. This shows us answers to
“how much” & “at what conditions.” We can see the pressure & temperature, flowrate in
various sets of units (mass, molar, standard liquid volume, & actual volumetric flow at
operating conditions).

Worksheet | Attachments I Cynamics
Worksheet Stream Name Kerosene Vapour Phase Liquid Phase
Conditicns Vapour / Phase Fraction 0.0033 0.0033 0.9967
Properties Temperature [F] 405.1 4051 405.1

Compasition Pressure [psig] 1384 13.84 1384
Oil & Gas Feed Molar Flow [Ilbmole/hr] 579.4 1507 5775
Petroleum Assay | | pass Flow [Ib/hr] 1.081+005 1246 1.0792+005
KValue Std Ideal Lig Vol Flow [kbpd] 9,033 1024e-002 9,022
User Variables Molar Enthalpy [Btu/lbmole] -1.403+005 -1.027e+005 -1.404e+005
Molar Entrepy [Btu/lbmaole-F] 98.61 65.06 9872
Heat Flow [Btu/hr] -8.128e+007 -1.953e+005 -8.109e+007
Liq Vol Flow @5td Cand [kbpd] 9.003 9.515e-003 8994
Fluid Package Basis-1

Utility Type

Notes
Cost Parameters
MNormalized Yields

[ Delete ] [ Define from Stream... l

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.
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Worksheet | Attachments | Dynamics

Worksheet

Conditions
Properties
Compaosition

Oil & Gas Feed
Petroleum Assay
K Value

User Variables
Notes

Cost Parameters
Normalized Yields

Stream Name Kerosene Vapour Phase Liquid Phase -
Molecular Weight 186.5 6536 186.9 N
Molar Density [lbmole/ft3] 01828 3.136e-003 0.2254
Mass Density [Ib/ft3] 34.08 0.2043 4212
Act. Volume Flow [barrel/day] 1.355e+004 2600 1.095e+004
Mass Enthalpy [Btu/1b] -752.2 -1571 -751.2
Mass Entropy [Btu/lb-F] 0.5288 0.9954 0.5282
Heat Capacity [Btu/lbmole-F] 1187 35.08 11849
Mass Heat Capacity [Btu/Ib-F] 06363 0.5367 0.6364
LHV Molar Basis (Std) [Btu/lbmole] <empty= <empty > <empty>
HHV Molar Basis (Std) [Btu/lbmole] <empty> <empty> <empty> =
HHV Mass Basis (Std) [Btu/lb] <empty> <empty> <empty>
CO2Z Loading <empty= “empty <empty>
CO2 Apparent Mole Conc. [lbmole/ft3] <empty= <empty > <empty>
CO2 Apparent Wt. Conc. [lbmol/lb] <empty> <empty> <empty>
LHV Mass Basis (Std) [Btu/Ib] <empty> <empty> <empty>
Phase Fraction [Vol. Basis] 1.133e-003 1.133e-003 0.9989
Phase Fraction [Mass Basis] 1.153e-003 1.153e-003 0.9988
Phase Fraction [Act. Vol. Basis] 0.1918 0.1918 0.8082
Mass Exergy [Btu/lb] 4113 <empty> <empty> LN
Partial Pressure of CO2 [psig] -14.70 <empty> <empty>
Caost Based on Flow [Cost/s] 0.0000 0.0000 0.0000
Act. Gas Flow [ACFM] 10.14 1014 <empty>
Avg. Lig. Density [lbmole/fi3] 02742 0.7963 0.2736
Specific Heat [Btu/lbmole-F] 1187 35.08 11849
5td. Gas Flow [MMSCFD] 5.267 1.733e-002 5.250
Std. Ideal Lig. Mass Density [Ib/ft3] 5114 5205 5114
Act. Lig. Flow [kbpd] 10.95 <empty> 1085
Z Factor <empty> 0.9806 1.364e-002
Watson K 11.88 1189 1188
User Property <empty= <empty > <empty>
Partial Pressure of H2S [psig] -14.70 <empty> <empty>
Cp/(Cp - R) 1017 1.060 1.017
Cp/Cv 1001 1.065 1158 -
~ Property Correlation Controls

]+ #[21] (% LY

Preference Option: _

[ Delete

l [ Define from Stream... l

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.
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Worksheet | Attachmentis I Dynamics

Worksheet

Mole Fractions ‘Vapour Phase Liquid Phase
Conditions H20

Properties
Composition

Qil & Gas Feed
Petroleum Assay
K Value

User Variables

Methane
Ethane
Propane
i-Butane
n-Butane
Motes i-Pentane
Cost Parameters n-Pentane
Normalized Yields| | NBP[1]114~
NEP[1]139*
NEP[1]162*
NEP[1]188*
NEBP[1]2157
NEP[1]241*
NEP[1]266™
NEP[1]282*

Total 1.00000

I View Properties... I

Define from Stream...

Worksheet | Attachments I Dynamics |

Worksheet

LigVol Fractions Vapour Phase Liquid Phase
Conditions H20

Properties
Composition

0.0006
Methane 0.0000
Qil & Gas Feed Etha e E-gg%
Petroleum Assay ropane 8

K Value Butane 0.0000
User Variables n-Butane 0.0000
Motes i-Pentane 0.0000
Cost Parameters | | n-Pentane 0.0000
Mormalized Yields| | MBP[L]114 0.0000
NEP[1]139* 0.0000

NEP[1]162*
NBP[1]188 Calculated by: Kerosene

NEP[1]215* 0.0004 -

Total 1.00000

l View Properties... l [

Define from Stream...
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(b Material Stream: Kerosene gm
Worksheet | Attachmentis I Dynamics

Worksheet

LigVol Flows ‘Vapour Phase Liquid Phase

Conditions H20

Properties Methane

G iti
ompasition Ethane

Qil & Gas Feed
Petroleum Assay
K Value

User Variables
Notes

Cost Parameters n-Pentane
Normalized Yields| | NEP[1]114*
NEP[1]139*
NEP[1]162*
NEP[1]188*
NEBP[1]215™

Propane
i-Butane
n-Butane

i-Pentane

Total 9033.200323 barrel/day

I View Properties... I [

Define from Stream...

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 Dynamics Wiew Customize Resources Flowsheet/Modify Format
User Fieldlal - f Process Utility Manager |°’ Active | j‘ 3 2 Medel Summary & ey [/_‘ Case Studie  *stream Analysis ~ |
' ‘%—' Unit Sets ;Q}Adjust Manager Y77 On Held X é] Flowsheet Surnmary m \i’ Data Fits T ICCTpTTenT Deerg
— o Workbook  Reports Activated Compressor E
444 Fluid Package Associations - | Input Analysis Surge E Optirmizer ml‘v‘ladel Analysis~ |
Units Simulation F) Solver = Summaries Analysis
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ﬁelecl Process Stream

Object

Flowsheet

Case (Main) AGO

AGO Steam

Atm Overhead Water
Atm Resid

Atm Steam

Crude Oif @ al
DeC4 Overhead Water
Desalter Water

Diesel ©) UnitOps
Diesel Steam ©) Logicals
Feed to DeC4
Hot Crude
HP Naphtha ©) Custom
HVGO
Kero Steam
Kerosene
LPGs

LVGO
aphina

Q-Atm Condenser

~ Object Filter \

() Streams

© ColumnOps

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-Kerosene

Performance - Results
Results
Critical Props Cut Point TBP ASTM D86 D86 Crack Reduced ASTM D1160 (Vac) ASTM D1160 (Atm) ASTM D2887 Sulfur
Cold Praps [%] [F] [F1 IF] [F] [Fl ]
Plots 0.00 2804 3489 3489 1248 3340 2859 oooo 4
1.00 3127 3749 3749 1384 351.0 3185 0184 | |
200 3356 3914 3914 1497 365.2 3415 0.243
3.50 358.0 406.0 406.0 162.2 380.8 356.4 0314
5.00 3713 414.0 4140 1706 3913 3704 0.368
7.50 389.2 424.6 4246 1814 4048 386.3 0441 | =
10.00 4013 430.6 430.6 1893 4146 402.1 0499
12.50 4114 437.0 437.0 1959 4227 413.8 0.54%
15.00 419.1 4413 4413 2011 429.1 4224 0.592
17.50 4257 444.8 4448 2055 4346 429.7 0.630
20,00 4319 448.2 448.2 209.6 4397 4358 0665
25.00 4419 4537 4537 2164 448.0 4455 0.725
30.00 449.7 457.9 457.9 2216 45345 453.2 0777
35.00 4574 462.1 462.1 2267 460.7 459.5 0.830
40.00 464.3 465.9 465.9 2312 466.2 465.2 0.880
45.00 4705 460.4 469.4 2354 4714 4704 0.927
50.00 476.5 472.9 4729 2387 4767 4756 0472
55.00 4826 4764 4764 2444 4825 4814 1013 =
-3 —
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-
[l Boiling Point Curves: Boiling Paint Curves-Kerosene

- Performance | Dynamics

Performance Dependent Variable BP Curves

Results
Critical Props
Cold Props
Plots

Temperature (F)

T
40.00 £0.00
Volume Percent (%)

|:| Ignored

Export results to spreadsheet

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.

HYSYS has a default
workbook that summarizes
a great deal of the stream &

Home Economics Dynamics ew ustomize Esources Flowsheet/Modify For

% Cut  |UserFieldlal - (™ Process Utility Manager 1P Active | jl ] [ Model Summary
Z3Copy~ ‘;—' Unit Sets §Adjust Manager ‘TOH Hold — by E‘ Flowsheet Summal

unlt lnformatlon ln a S]ngle | & Paste~ ?\;Fluid Package Associations |Work'huok | ficports ;‘Iﬂput
location' Cth on the ::::::n“ - < ;::;EI::; Main - S;Iversjl::i;e; |_ j ::::‘f{';;m Column
Workbook button under the T . = Debtemizercolz [
Home tab of the ribbon & £ Workbaok 5 Vac Column (COL3)

choose the default o e Display Workbook

workbook for Case (Main). > [ stream Analysis e L S

[_& Equipment Design
L& Model Analysis

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.
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Flowsheet Main - Solver Active

Column Sub-Flowsheet: Vac Calumn

Waterial Streams | Compaositions

Energy Streams

Unit Ops

Flowsheet COL1

Workbaok -+

Name
Vapour Fraction

Temperature [F]

EPressure [psigl

molar Flow [Ibmaole/hr]
Mass Flow [Ib/hr]

Liquid Volume Flow [kbpd]
Heat Flow [Btu/hr]

Name

Vapour Fraction
Temperature [F]

Pressure [psig]

Molar Flow [Ibmaole/hr]
Mass Flow [Ib/hr]

Liguid Velume Flow [kbpd]
Heat Flow [Btu/hr]

Name

Crude Oil
0.0000
100.0
300.0

5580
1.287e+006

101.0

-1.182e+009

Hot Crude
0.7060
635.0
25.00

5985
1.295e+006

1015

-7.66%9e+008

Kero Steam

Warm Crude 1
0.0000
260.0

294.0

5580
1.287e+006
101.0
-1.080e+009
Naphtha
0.0000

1338

4.000

2883
3.102e+005
28,97
-2.864e+008

Diesel Steam

Warm Wet Cr...
0.0000
260.0

294.0

5985
1.295e+006
1015
-1.127e+009
Atm Steam
L0000

500.0

150.0

1110
2.000e+004
1.372
-1.118e+008

Diesel

Desalter Water
0.0000

414.8

294.0

404.5

7287

0.5000
-4.712e+007
Atm Resid
0.0006

615.7

22.00

1410
6.817e+005
48.06
-4.262e+008

AGO Steam

Warm Crude 2
0.0619
450.0

260.0

5985
1.295e+006
1015
-9.751e+008
Kerosene
0.0033
405.1

13.84

579.4
1.081e+005
9,033
-8.128e+007
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 by:
e open up Excel

go back to HYSYS & select any cell
right-click & choose Select All

right-click & choose Copy
highlight any cell in Excel (preferably A1)
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.
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| B = [ e F 3 \ - Bookl - Mlicrosc
Home Inzert Page Layout Formulas Data Review View Developer Aspen Properties Acrobat PDF-XChange 2012
B ii:;y ) Caibri Juda = =i Wrap Text General - ijg‘ ﬁjﬂl
Pﬂjte o Format Painter B 7 U-|i- &-A-|= E Merge & Center - | § = % 2 | 8 5% Fconr:'nd;'ﬁﬂﬂ"gﬂ‘_ aE?I':EIa-
Clipboard ] Font ] Alignment Fl Number ]
Al - Jfe | Name
A B © D E F G
1 [Name Crude Oil Warm Crude 1 Warm Wet Crude Desalter Water 'Warm Crude 2
2 Vapour Fraction o] 0 o] o] 6.19E-02
3 Temperature [F] 100 260 260 414.7902272 450
4 |Pressure [psig] 300 294 294 294 260
5 |Molar Flow [lbmole/hr] 5580.150156  5580.150156 5984.669692 404.5195353 5984.669692
6 Mass Flow [Ib/hr] 1287479.984  1287479.984 1294767.444 7287.460075 1294767.444
7 Liguid Volume Flow [kbpd] 101 101 101.5 0.5 101.5
8 Heat Flow [Btu/hr] -1182370913 -1080089509 -1127208467 -47118957.16 -975140117.5
9 Name Hot Crude Naphtha Atm Steam Atm Resid Kerosene
10 Vapour Fraction 0.705995756 0 1 6.10E-04 3.29E-03
11 Temperature [F] 635 133.814981 500 615.7153838 405.1133072
12 Pressure [psig] 25 4 150 22 13.83673469
13 Molar Flow [lbmole/hr] 5984.669692  2882.866798 1110.179764 1410.436397 579.4449053
14 Mass Flow [lb/hr] 1294767.444  310185.3811 20000 681687.0121 108064.2762
15 |Liquid Volume Flow [kbpd] 101.5 28.96562007 1.372220211 48.06063681 9.03320033
16 Heat Flow [Btu/hr] -766933377.2 -286359158.2 -111772828.2 -426163393.2 -81282781.89
17 Name Kero Steam Diesel Steam  Diesel AGO Steam AGO
18 Vapour Fraction 1 1 2.99E-03 1 1.15E-03
19 Temperature [F] 500 500 501.487771 500 561.1112159
20 Pressure [psig] 150 150 15.87755102 150 17.91836735
21 Molar Flow [lbmole/hr] 138.7724705  138.7724705 566.8101296 138.7724705 171.3211858
22 Mass Flow [lb/hr] 2500 2500 135649.1184 2500 52447.78399
23 Liguid Volume Flow [kbpd] 0.171527526  0.171527526 10.91165244 0.171527526 4.066872386
24 Heat Flow [Btu/hr] -13971603.53 -13571603.53 -93119526.03 -13971603.53 -33860369.85
25 Name Atm Overhead Water HP Naphtha Feed to DeC4 LPGs DeC4 Overhead Water
26 Vapour Fraction 1] o 4] 4] 0

27 Temperature [F] 133.814599  135.1305302 250 221.7271777 2217271777

There is an option to directly export the workbook information directly to Excel. Press the
Excel button on the Workbook tab in the ribbon. Choose which of the pages you’d like to
export (here we’ll choose them all) & how many columns to produce before repeating
below (50 should be sufficient for this example). Press 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.)

- =5 cHEFEY Crude distillation - Warking Copy (2].hsc - Aspen HYSYS VE,6 - =
Home Economics Dynamics View Customize Resources Workbook

7 setup ] Workbook | ¥ Workbook

Show Subflowsheet Objects " Pages

Order/Hide/Reveal

po Import

e < Flowsheet Main - Solver Active Column Sub-Flowsheet: Vac Column Flowsheet COL1 Workbook « |+
All rems " Material Streams | Compositions | Energy Streams | Unit Ops

& workbook
b [ Unitops Name Crude Oil Warm Crudel  Warm Wet Cr...
[ [:_9 Streams Vapour Fraction 0.0000 0.0000 0.0000
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Export Pages To

Pages for Export

Material Streams
Compositions

Energy Streams

Select All
Deselect All

~ Excel Layout

Number of Columns 50

Export To Excel

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.

icrosoft Exce
Home Insert Page Layout Formulas Data Review — View Developer  AspenProperties  Acrobat PDF-XChange 2012 & 0 = P 3
:_"j ¥ [Calbr A ==@e oz & - [F} Conditionsl Formatting - S=lnset - X - ? A
v $ - % 9 @meat as Table = 2 Delete = E' )
Peste BZU-d-o A E T 15} Cell Styles - [EFomet | 2+ gt Gt
Clipboard = Font ] Alignment G| Number Styles Cells Editing
H13 - £ v
A B C D E F G H 1 n
1 Unit Crude Oil Warm Crude 1 Warm Wet Crude Desalter Water Warm Crude 2 Hot Crude Naphtha
2
3 | Vapour Fraction o 0 o 0 0.061922 0.705996 o
4 Temperature F 100 260 260 414.790227 450 635 133.814981
5 Pressure psig 300 294 294 294 260 25 4
6 Molar Flow lbmaole/hr 5580.150156 5580.150156 5984.669692 404.519535 5984.669692 5984.669692 2882.866798 |=
7 Mass Flow lb/hr  1287479.984 1287479.984 1294767.444 7287.460075  1294767.444 1294767.444 310185.3811
8 | Liquid Volume Flow  kbpd 101 101 101.5 0.5 101.5 101.5 28.96562
9 Heat Flow Btu/hr  -1182370913 -1080089509 -1127208467 -47118957.16  -975140117.5 -766933377.2 -286359158.2
10
11
12
14
15
16 i
W 4 » M| WorkBook Summary | Material Streams . Compositions Energy Streams Sflﬂ 4 1] }|I|
Ready | ™ | |[Fom wx o0& J
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There are a couple limitation to this & B < B : E

. 1 Unit Crude Oil 'arm Cruderm Wet Crisalter Wat'ar
default workbook report. One is the .

: : . 3 Comp Mole Frac {Methane) 0 o o 1]
lnformatlon reported n the 4 Comp Mole Frac (Ethane) 0.00101 0.00101 0.000942 o a
Composition tab - itis on]y for the 5 | Comp Mole Frac (Propane} 0.008035 0.008035 0.007492 0 0
. 6 Comp Mole Frac (i-Butane) 0.005727 0.005727 0.00534 1] C
mOle fraCtlonS' For petrOleum 7 Comp Mole Frac (n-Butane) 0.020504 0.020504 0.019118 0 0
streams ]iquid volume fraction 8 | Comp Mole Frac (i-Pentane) 0.018667 0.018667 0.017405 ] ]
. 9 | Comp Mole Frac (n-Pentane) 0.036384 0.036384 0.033925 0 0
would be more convenient. To get 10 Comp Mole Frac (H20) 0 0  0.067593 1 0
: ’ 11| Comp Mole Frac (NBP[1]114%) 0.015784 0.015784 0.014718 0 0
this then you Il have to create a 12 | Comp Mole Frac (NBP[1]139%) 0.032911 0.032911 0.030686 0 0
custom Workbook Sheet and/or 13 | Comp Mole Frac (NBP[1]162%) 0.036225 0.036225 0.033777 0 0
14 | Comp Mole Frac (NBP[1]188%) 0.035664 0.035664 0.033253 0 0
report. 15 | Comp Mole Frac (NBP[1]215%) 0.036484 0.036484 0.034018 0 0
16 | Como Mole Frac (NBPI11241%) 0.041581 0.041581 0.038771 0 0

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 Customize

gysheet/Modify Format

User Fieldlal - (7 Process Utility Manager O Active Maodel Summary _._l_ 'K‘ﬂ"] [7C Case Studies ®Stream Analysis =
i 3‘—' Unit Sets h’i",‘i\tljuzt Manager Y77 On Hold i) Flowsheet Summary i ) \i Data Fits J]Equlpmant Design™ .
— . . . Activated Compressor . = . .
44 Fluid Package Associations Input Analysis Surge Ef: Optimizer IéMD(|E| Analysis= |
Units Simulation 3 Solver = Summaries Analysis
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i~ Custom Reports

i~ Printing

[C] Text to File
[¥] Delimited

Predefined Text Reports

~Reports
@ Full Report
() Stream Report

) Heat Profiles
() Column Profiles

- Options
[ Include stream properties

Note: Generating a report with
stream properties will take longer.

D Wide report (landscape)

- Excel Reports

Browse Template

[+ workbook File e
Q | | = Program Files (x86) » AspenTech » Aspen HYSYS VE6 » Workbooks S Search Workbooks P

Organize = MNew folder

= -

0 @

X

F——

¥ Favorites blame

. Aspen Plus V8.6 Favorites
M Desktop

heat-profiles.wrk
hysys.wrk

Date modified

4/12/2014 4:50 AM
4/12/2014 4:50 AM

Type

SQL Server Log Shi...
SQL Server Log Shi...

Size

23 KE
1 KB

8 Downloads

. petroleum-refining.wrk

4/12/2014 4:50 AM

SQL Server Log Shi...

2 KB

22 Dropbox

& Google Drive
“El Recent Places
@ GodMode

| Aspen Properties V8.6 Favorr

m

= Libraries
[ Documents
J‘ Music
[ Pictures
I Videos L5

1% computer
ﬁ Windaows (C:)
= 1P (wnucodenlpfsl.wgint.ne
5# Denver (M:) i

File name: petroleum-refining.wrk

- lwrk File (~wrk)

'l

[ open [+ [ cancel ]
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The Excel spreadsheet produced this time | A ) c [ o E
. . . 1| 1 unit  crude oil arm Cruderm Wi
has additional information useful for 2
. 3 Wapour Fraction 0 0 0
analyzing petroleum streams. If you look a Temperature F 10 20 2
iy ) . 5 Pressure psig 300 254 29
at the Compositions tab you’ll see that this 6 Molar Flow lomole/hr 5580.15 553015 5984
ll l f . 7 Mass Flow Ib/fr 1287480 1287480 1294
still reports mole fractions (so no g Std 1deal Lig Vol Flow kpd 101 101 101
. . 9 Heat Flow Btu/hr  -1.2E+09 -1.1E+09 -1.1E
dlfference here)' BUt lf you IOOk at the 10 Molar Enthalpy Btu/lbmole -211887 -193557 -188
1 11
Materlal Streams tab you can see that a lOt 12 Petroleum Property (API) 30.45123 30.45123 30.3:
Of the data from the COTIditiOI’IS & 13 Petroleum Praperty (SG (60/50]) 0.87372 0.87372 0.87%
14 Petroleum Property (Std. Liquid Density) 872.8455 872.8455 873.
Properties items are in the Material 15 Petroleum Property (TBP 0%) -142.361 -142.361 -142.
. . . 16 Petroleum Property (TBP 5%) 58.55681 58.55681 58.5°
Streams tab. This will also contain the TBP |« Petroleum Property (TBP 10%) 1010484 101.0484 101(
. . 18 Petroleum Property (TBP 30%) 225.6626 225.6626 225.f
& D86 assay information from the Steam 19 Petroleum Property (TBP 50%) 342,988 342.988 342,
. = 20 Petrol P rty (TBP 70%, 480.9266 480.9266 430.¢
Analysis. (Unfortunately these are boiling |3 fiirecm ooy (1ap 20 654.5566 684,560  664.
: : : 22 Petroleum Property (TBP 95%) 779.2339 779.2339 T779.:
p01nt Curves ConSIStent Wlth the 23 Petroleum Property (TBP 100%) 1113.346 1113.346 1113
1 . 1 24 Petroleum Property (D86 1BP) -158.818 -158.818 -158.
Petroleum ASSCIy Optlon’ we will not want 25 Petroleum Property (D86 5%) 62.23428 62.23428 62.2°
to use these ) 26 Petroleum Property (D86 10%) 105.8315 105.8315 105.¢
' 27 Petroleum Property (D86 30%) 221.3333 221.3333 221.:
28 Petroleum Property (D86 50%) 332.629 332629 332.
29 Petroleum Property (D86 70%) 481.59482 481.9482 431.¢
30 Petroleum Property (D86 90%) 798.9689 798.9689 798.C
31 Petroleum Property (D86 95%) 823.32 823.32 823
32 Petroleum Property (D86 FBP) 909.2539 509.2539 909.:
33 Petroleum Property (Sulfur Wt Pct) <empty> <empty= <emj
34 Petroleum Property (Nitrogen Content) <empty= <empty= <emj
35 | Petroleum Property (Basic Nitrogen Content) <empty> <empty= <emj
36 Petroleum Property (Conradsen Carbon Content) <empty> <empty> <emj
37 Petroleum Property (RON (Clear)) <empty> <empty= <emj
38 Petroleum Property (MON (Clear]) <empty> <empty> <emj
39 Petroleum Property (Cetane Idx D4737) -37.761  -37.761 -37.6
40 | Petroleum Property (Kinematic Viscosity @ X C) 10.54231 10.54205 10.37

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 shows 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.

s H iFY Crude distillation - Working Copy (2).hsc - Aspen HYSYS V8.6 - ¢
Home Economics Dynamics View Customize Resources Workbook
[ 2 Setup ] Workbook * Workbook
oW subflowsheet Objects | 4] Pages ' Pages
Order/Hide/Reveal ok Bxcel
Export Import
Gl e < Flowsheet Main - Salver Active Column Sub-Flowsheet: Wac Column Flowsheet COL1 Workbook +
All Ttems N Material Streams | Compositions | Energy Streams | Unit Ops
[C% werkbook
[% Unitops Name Crude Oil Warm Crude 1 Warm Wet Cr...
2% Streams Vapour Fraction 0.0000 0.0000 0.0000
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-Workbook Tabs ——————— ~Tab Contents

Material Streams  Object

Compositions .
Energy Streams Name: Material Streams

Unit Ops

Type: Material Stream

~Variables

Variable Format
Vapour Fraction 1.4 fixe *
Temperature 4 sig fi

Pressure 4 sig fi|=

Molar Flow  4sigfi Delete

Mass Flow 4 sig fi

Std Ideal Liq Vol Flow 4 sig fi Format...

Heat Flow 4 sig fi

Molar Enthalpy 4 sig fi Order...

4 sig fi

Petroleum Property (API) 4 sig fi Blank Line
Petroleum Property (5G (6 4 sig fi
Petroleum Property (Std. L 4 sig fi
Petroleum Property (TBP 0 4 sig fi

Petroleum Property (TBP § Asigh ™|

s

Material Stream
Energy Stream
I Unit Operations
" Vessel
Heat Transfer Equipment
I Rotating Equipment
I Piping Equipment
Solids Handling Operation
I Reactor
" Prebuilt Column
Short Cut Column
I Templates
I Logical Operation
Electrolyte Equipment
I Upstream Operation
I Extension Unit Operation
utility Objects
I Dynamic Equipment Op
I Control Type
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-Workbook Tabs

-Tab Contents

Material Streams 1
Material Streams
Compositions
Energy Streams
Unit Ops

~Object

Name: Material Streams 1

Type: Material Stream ] New Type..
~Variables

Variable

Vapour Fraction’

Temperature
Pressure

Molar Flow

Mass Flow

Std Ideal Liq Vol Flow
Heat Flow

Molar Enthalpy

Format
1.4 fixed
4 sig fig
4 sig fig
4 sig fig
4 sig fig
4 sig fig
4 sig fig
4 sig fig

Use Set...

Delete

Eormat...

Order...

Blank Line

JN

Let’s change
the Name to
Liquid Volume
Flows.
Highlight all of
the variables in
the Variable
list & press
Delete. Now we
can create a
brand new list
of variables.

Rev 1.2

~Workbook Tabs ————————

Liquid Volume Flows
Material Streams
Compositions
Energy Streams

Unit Ops

~Object

~Tab Contents

Name:

Type:

Liquid Volume Flows

Material Stream

~Variables

Wariable
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Press the Add... button. From the
Variable list select Master Comp
Volume Flow & press the All
button. Now we'll get a table with
all of the liquid volume flow values
for each pure & pseudo
component. However, before we
commit to this, let’s remove the “
(Methane)” from the Description so
it only says “Master Comp Volume
Flow”. Now we can press OK. We
can close the Setup form & see that
there is now tab for these
component volume flows.

(b Select Variable(s) ForMain

Wariable

Mass Enthalpy

Mass Entropy

Mass Flow

Mass Heat Capacity
Mass Heat Of Vapourizat
Mass Higher Heating Val

Master Comp Mass Flow
Master Comp Mass Frac

Master Comp Molar Flow
Master Comp Mole Frac

Master Comp Volume Flc
Master Comp Volume Fre
Molar Density

Molar Enthalpy

< | " 3

Mass Lower Heating Valu—

Variable Specifics

ALL

Available

All/single

© single

@ all

Components

Description

Master Comp Volume Flow

Cancel

Warm Wet Cr...
0.0000
32,6408
267.1993
226.3178
7807710
8254232
1592.8274
500.0000
678.5868
1440.7879
1674.3152
1750.0583
1898.9711
2304.6525
2289.4307

Flowsheet Main - Solver Active Column Sub-Flowsheet: Yac Column Flowsheet COL1 Workbook +
Liquid Wolume Flows | Material Streams | Compositions | Energy Streams | Unit Ops
Name Crude Qil Warm Crude 1
Master Comp Volume Flow (Methane) [barrel/day] 0.0000 0.0000
Master Comp Volume Flow (Ethane) [barrel/day] 32.6408 32.6408
Master Comp Volume Flow (Propane) [barrel/day] 267.1993 267.1993
Master Comp Volume Flow (i-Butane) [barrel/day] 226.3178 226.3178
Master Comp Volume Flow (n-Butane) [barrel/day] 780.7710 7807710
Master Comp Volume Flow (i-Pentane) [barrel/day] 825.4232 825.4232
Master Comp Volume Flow (n-Pentane) [barrel/day] 1592.8274 1592.8274
Master Comp Volume Flow (H20) [barrel/day] 0.0000 0.0000
Master Comp Volume Flow (NBP[1]114%) [barrel/day] 678.5868 678.5868
Master Comp Volume Flow (NBP[11139%) [barrel/day] 1440.7879 1440.7879
Master Comp Volume Flow (NBP[11152%) [barrel/day] 1674.3152 1674.3152
Master Comp Volume Flow (NBP[1]188%) [barrel/day] 1750.0583 1750.0583
Master Comp Volume Flow (NBP[1]215%) [barrel/day] 1898.9711 1898.9711
Master Comp Volume Flow (NBP[11241%) [barrel/day] 2304.6525 2304.6525
Master Comp Volume Flow (NBP[112566%) [barrel/day] 2289.4307 22894307
970.2478 1970.2478

Master Comp Yolume Flow (NBP[1]292*) [barrel/day] 1

1970.2478

Desalter Water
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

500.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Warm Crude 2
0.0000
32.6408
2671993
226.3178
7807710
8254232
1592.8274
500.0000
678.5868
1440.7879
1674.3152
1750.0583
1898.9711
2304.6525
2289.4307

1970.2478

Let’s address the issue with the distillation curves that are part of the create a new tab in
the workbook for the liquid volume flows for each component. Select Setup under
petroleum-refining.wrk additions. 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. Rename the tab Boiling Point Curves;

there should be no the default items

Rev 1.2
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(D New Object Type

I Extension Unit Operation
4 Utility Objects

AirCooled Design/Rating
Boiling Point Curves
CO2 Freeze Out

Cold Properties
Common Model Utility
Composite Curves Utility
Critical Properties

Data Recon
Depressuring - Dynamics

|
O
H

Cancel

IH
~

Derivative
Envelope

Parametric
Petroleum Assay
PIMS Support
Pipe Sizing

Property Balance

Hydrate Formation
Master Phase Envelope

Production Allocation

Variable

Use Set...

Pranartv Tahla v

4 n »
@ Setup - O X
~Workbook Tabs ~Tab Contents

Boiling Point Curves Add ~ Object

Ltqu’d_ Volume Flows Name: Boiling Point Curves

Material Streams

C iti

ompositions Type: Boiling Point Curves New Type...
Energy Streams
Unit Ops
~Variables

Add...

Rev 1.2
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Press the Add... button. From the

Variable list select ASTM D86 & (M) Select Variable(s) ForMain - | X
highlight Il & press the OK ———— — S ———
button. Now we’ll get a table with Acentric Factor . _
all of the ASTM D86 values as Aromatic Mole% ALL Lt
calculated by the routines for the ASTM D7160 - Atm Avallable © Al
. . ASTM D1160 - Vac Components

Boiling Point Curves. ASTM D2837

ASTM D86

ASTM D93 Flash Pt

ASTM D97 Pour Pt

Attachment Type

Calculation Level

Cetane Index

Critical Pressure

Critical Temperature - OK
Description ASTM D86

® Setup - O X
~Workbook Tabs ~Tab Contents

Boiling Point Curves Add  Object

L‘qwd_ Volume Flows Name: Boiling Point Curves Order...

Matertal Streams

Compositions

P Type: Boiling Point Curves | New Type...
Energy Streams
Unit Ops
~Variables
Variable Format Use Set...

ASTM D86 (Cut Pt-0.0%) 4 sig fir #
ASTM D86 (Cut Pt-1.00%) 4 sig fi
ASTM D86 (Cut Pt-2.00%) 4 sig fi =

o
o

ASTM D86 (Cut Pt-3.50%) 4 sig fi Delete
ASTM D86 (Cut Pt-5.00%) 4 sig fir
ASTM D86 (Cut Pt-7.50%) 4 sig fir Format...
ASTM D86 (Cut Pt-10.00%) 4 sig fir
ASTM D86 (Cut Pt-12.50%), 4 sig fir Order...
ASTM D86 (Cut Pt-15.00%, 4 sig fir
ASTM D86 (Cut Pt-17.50%; 4 sig fir Blank Line
L ASTM D86 (Cut Pt-20.00% 4 si fi

Repeat the steps & choose True BP. This will the TBP values at the bottom the table.
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~Workbook Tabs

Liquid Volume Flows

@ Setup

Botling Point Curves Add

Material Streams
Compositions

Energy Streams

Unit Ops

~Tab Contents

- Object
Name: Boiling Point Curves
Type: Boiling Point Curves | New Type...
~Variables
Variable Format
True BP (Cut Pt-75.00%) 4 sig fii
True BP (Cut Pt-80.00%) 4 sig fi Add.
True BP (Cut Pt-85.00%) 4 sig fir
True BP (Cut Pt-90.00%) 4 sig fil
True BP (Cut Pt-92.50%) 4 sig fil
True BP (Cut Pt-95.00%) 4 sig fil
True BP (Cut Pt-96.50%) 4 sig fir
True BP (Cut Pt-98.00%) 4 sig fil
True BP (Cut Pt-99.00%) 4 sig fi\B
True BP (Cut Pt-100.00%) 4 sig fi Blank Line

Now the boiling point curves from the Stream Analyses will be part of the workbook. (Note
that if you did not set up a Stream Analysis for a stream it will not be h ere either.) This

spreadsheet can also exported to Excel.

Rev 1.2

Workbook » | Flowsheet Main - Solver Active Column Sub-Flowsheet: Vac Column Flowsheet COL1 o b
Boiling Point Curves | Liquid Volume Flows | Material Streams | Compositions | Energy Streams | Unit Ops
Name Boiling Point... Boiling Point... Boiling Point...
ASTM D86 (Cut Pt-0.0%) [F] 38.56 348.9 4241
ASTM D86 (Cut Pt-1.00%) [F] 61.23 374.9 452.8
ASTM D86 (Cut Pt-2.00%) [F] 86.76 3914 473.7
ASTM D86 (Cut Pt-3.50%) [F] 100.6 406.0 492.0
ASTM D86 (Cut Pt-5.00%) [F] 121.3 414.0 503.2
ASTM D86 (Cut Pt-7.50%) [F] 138.2 424.6 515.2
ASTM D86 (Cut Pt-10.00%) [F] 145.1 430.6 523.4
ASTM D86 (Cut Pt-12.50%) [F1 152.3 437.0 529.5
Fluid Pkg ‘AII
[Z] Include Sub-Flowsheets
7] Show Name Only
Horizontal Matrix Number of Hidden Objects:
Messages v X
Optional Info : TopStagePA_Q-Cooler -- Unknown Hea An Invalid math operation has occurred. -
Optional Info : TopStagePA_Q-Cooler -- Not Solved saving case C:\Users\JOHNJE~1\AppData\Local\Temp\AutoRecovery
save of crude distillation - working copy (2) (0x7080a).ahc...
4 | mn | » completed. ~
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D@ @ &B|&|S-

Home

18l 3| A = C

Insert Draw Page Layout

Formulas

Data

|E-F-|8|8 - -

Review View Developer

Aspen P

- (}g e = Q = -
D Calibri -1 A =|—_ % - =° General N [.:1 ’;
B - , i
Paste B I U- H-A- === % -% 9 €99 Conditional Format
M Formatting - Table
Clipboard ™ Font ~ Alignment P Number F Styles
Al - fx
A B C D E F G H | J
Boiling Boiling Boiling Boiling Boiling Boiling Boiling
Point Point Point Point Point Point Point
Curves- Curves- Curves- Curves- Curves- Curves- Curves-
1 Unit Naphtha Kerosene Diesel AtmResid AGO LVGO HVGO
2 |
3 | ASTM D86 (Cut Pt-0.0%) F 38.55581 348.9297 424.0736 543.2242 538.9759 558.0017 673.545
4 | ASTM D86 (Cut Pt-1.00%) F 61.23262 374.8868 452.7615 565.4507 560.1925 569.2178 691.419
5 | ASTM D86 (Cut Pt-2.00%) F 86.7605 391.3993 473.7275 585.7904 581.0488 578.5046 706.8373
6 | ASTM D86 (Cut Pt-3.50%) F 100.5679 406.0379 492.0297 608.8233 597.3171 589.3708 720.3481
7 | ASTM D86 (Cut Pt-5.00%) F 121.2648 414.013 503.1872 626.6557 608.1349 597.4191 728.6397
8 | ASTM D86 (Cut Pt-7.50%) F 138.1897 424.6305 515.1505 650.9981 620.9309 606.4097 739.2552
9 | ASTM D86 (Cut Pt-10.00%) F 145.0506 430.5983 523.3599 671.6296 629.8948 614.0644 747.8654
10 ASTM D86 (Cut Pt-12.50%) F 152.2707 437.0461 529.5448 690.0629 636.9686 620.2249 755.0051
11 ASTM D86 (Cut Pt-15.00%) F 162.7194 441.264 534.6327 707.008 642.42 625.6953 761.4583
12 ASTM D86 (Cut Pt-17.50%) F 175.8538 444.8208 538.5648 722.8433 647.3368 630.7284 767.382
13 ASTM D86 (Cut Pt-20.00%) F 185.2301 448.2285 542.0102 737.8827 651.4413 635.2722 772.8039
14 ASTM D86 (Cut Pt-25.00%) F 200.8281 453.6825 548.3536 766.967 657.9803 643.6367 783.1572
15 ASTM D86 (Cut Pt-30.00%) F 217.3317 457.9246 553.4663 796.5702 663.7178 651.2991 792.8388
16 ASTM D86 (Cut Pt-35.00%) F 232.4204 462.1313 558.2308 826.9576 668.5224 658.5624 802.5443
17 ASTM D86 (Cut Pt-40.00%) F 245.8101 465.919 562.8713 858.1195 672.8407 665.6606 812.5929
18 ASTM D86 (Cut Pt-45.00%) F 257.9021 469.4406 567.3807 890.8185 677.1457 672.7681 822.8211
19 ASTM D86 (Cut Pt-50.00%) F 269.7277 472.879 5719648 925.1632 681.3419 680.0944 833.2553
20 ASTM D86 (Cut Pt-55.00%) F 283.4001 476.4167 576.7929 961.3243 685.5695 687.8401 843.7957
21 ASTM D86 (Cut Pt-60.00%) F 298.4482 480.1036 581.9264 999.6551 689.8761 696.086 854.8886
22 ASTM D86 (Cut Pt-65.00%) F 313.8462 484.0558 587.4504 1040.683 694.4958 705.5055 866.7517
| WorkBook Summary | Boiling Point Curves | Sheet! | (& q
Ready
Rev 1.2 -62 - August 27,2016



