Crude Tower Simulation - Aspen Plus v8.6

Steps to set up a simulation in Aspen Plus v8.6 to model a crude tower system consisting of:

Crude Oil Preheat Train

Atmospheric Crude Tower

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.

Create new simulation file

Start the program from Start, All Programs, Aspen Tech, Process Modeling V8.6, Aspen Plus,
Aspen Plus V8.6. When the program opens choose the new button. there are several
templates that can be chosen. Select the Refinery option in the left-hand column & chose the
Petroleum with English Units template. Press Create.
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Units :

F, psi, Ib/hr, Ibmol/hr, MMBtu/hr, bbl/
day.

Property Method: None
Flow basis for input: Std. lig. vol.

Stream report composition: Std. lig.
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Save as you go

One of the things you’ll want to do is to save your files as you go. The first time you go to
the Save As option you'll have several formats from which to choose. There are advantages
to save as the Aspen Plus Backup (BKP) format - the files tend to be smaller & less likely to

become corrupted.
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Define the Components & the Property Models

Specify components, fluid property packages, & crude oil assays

Y @Mecsec-.E@EBrO

File Home View Customize Resources Search aspenONE Exchange E o @ 2
% cut | ENGPETRO -| [@ Setup Na* Chemistry 5% Methods Assistant  J12E NIST (58, Analysis | > A =
=3 Copy ﬁi—' Unit Sets % Components ;"’Cusmmize ‘J Clean Parameters ‘QZ-) DECHEMA "Jk Estimation
‘ - Draw . - 3 Run | Summary | Analysis
I Paste «& Methods @ Prop Sets Structure ‘; Retrieve Parameters Q{ Regression . . L
Clipboard Units. Navigate Tools Data Source Run Mode
Properties ¢ Comp - Specif x |+ =
All tems ¥ l w Selection ‘Petroleum l Nonconventional l & Enterprise Database l Information I
b L@ Setup =
4 [ Components .=! Select components:
T ;'|
E Hpadificiion: o Component ID Type Component name Alias
|_J Maolecular Structure
| Assay/Blend
(] Light End Properties [ Find } [ Elec Wizard ] [ User Defined } [ Reorder I [ Review
[> [ Petro Characterization =
i - . J ¢
" Properties
., Prope
D-[g Simulation
ﬁ’.‘] Safety Analysis
‘@ Energy Analysis
FEITECNTDUMAGORPIRRE | Check Status 100% @ { @®

The first step is to add a set of pure chemical species to represent the light components of
the crude oils. The Component - Specifications form should be the default. (If not, press the
Specifications item under Components in the left-hand column.) W will want to add the
following pure components: water, methane, ethane, propane, i-butane, n-butane, i-
pentane, & n-pentane. One of the direct ways to do this is to press Find & use the search
form to find the desired components. The following form shows a search for H20; key
phrases can be used to with the Equals or Contains options to find all components. For each
succeeding compound you will be asked to replace one of the compounds or add to the list;

choose add to the list.
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Compounds | Databanks

Search Criteria

© Begins with
Name or Alias: ) Contains wateli
® cavo
Compound class: All v
Molecular weight: From l:l To I:I
Boiling point: From | | To | | [F '}

Compounds found matching the specified criteria

Compound name  Alias Databank  Alternate name MW  BP <F> CAS number
WATER H20 APVB6.PUR DIHYDROGEN 18.01 212.0000 7732-18-5

Compound class
OTHER-INORGAI

Matches found : 1

Y

Compounds | Databanks

Search Criteria
© Begins with

Name or Alias: @ Contains ethan Find Now
@ Equals
Molecular weight:  From l:’ To \:’

o [ ] (el

New Search
Compound class:

Help

Boiling point: From |

Compounds found matching the specified criteria

Add selected compounds

Matches found : 422

Compound name | Alias Databank  Alternate name MW  BP <F» CAS number Compound class
| METHANE CH4 APV86.,PUR Biogas 16.04 -258.681: 74-82-8 N-ALKANES
ETHANE C2H6 APVB6.PUR METHYLMETH: 30.06 -127.479 74-84-0 N-ALKANES
PROPANE C3H8 APVBO.PUR DIMETHYLMET 44.09 -43.6719° 74-98-6 N-ALKANES
ISOBUTANE C4H10-2 APV86.PUR 1,1-Dimethylet 58.12 10.90400 75-28-5 METHYLALKANE
N-BUTANE C4H10-1 APV86.PUR METHYLETHYL 58.12 31.10000 106-97-8 N-ALKANES
2-METHYL-BUTAN C5H12-2 APVB6.PUR 1,1,2-TRIMETH 72.14 82.11920 78-78-4 METHYLALKANE

Do you want to replace the component METHANE with METHANE or add METHANE to the

list?

I Replace ][ Add ][ Cancel
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File Home View Customize Resources !-SE’ﬂffh aspenONE Exchange ‘m o @ R
% cit  |ENGPETRO -| [ Setup Na® Chemistry 77 & Methods Assistant  JBE NIST g Analysis| ), = b
=3 Copy # Unit Sets % Components ECustomize ('_/ Clean Parameters @ DECHEMA .ﬁ Estimation
= - > Draw X X Run | Summary | Analysis
T4 Paste & Methods @) Prop Sets Structure ‘; Retrieve Parameters Ei Regression . . L
Clipboard Units Navigate Tools Data Source Run Mode
Properties ¢ _ Components - Specifications - |+ o
All tems oy I @ Selection ‘ Petroleum I MNonconventional I & Enterprise Database ] Information I
> L@ Setup =
i Lé Goimpofients |= Select components:
@ Spedfications = Component ID Type Component name Alias
1> g Molecular Structure .
WATER Conventional WATER H20
[ Assay/Blend
@ Light End Properties METHA-01 Conventional METHANE CH4
b [ Petro Characterization _ ETHAN-01 Conventional ETHANE CzH6
L E— ] » PROPA-01 Conventional PROPANE C3H8
‘ :; — ‘ 1SOBU-01 Conventional ISOBUTANE C4H10-2
N-BUT-01 Conventional N-BUTANE C4H10-1
D—[S Simulation 2-MET-01 Conventional 2-METHYL-BUTANE C5H12-2
5 N-PEN-01 Conventional N-PENTANE C5H12-1
Ja safety Analysis
Y Energy Analysis | Fna | [ Eecwizara | | useroefined | | Reorder | [ Review

EEREABUORERRER | st | w © U @

Aspen Plus will retrieve information about each component & also create a Component ID
for this simulation. You are free to change these IDs to match your personal desires. For
example, you change the ID for METHA-01 to C1 by doubling clicking on that text item; after
changing the text value & pressing enter Aspen Plus will verify that you want to Rename the
component & not change it to something else. This can be done for all of the components to
create (IMHO) more reasonable [Ds.

Do you wish to rename the component or delete and replace it?

[ Rename ][ Delete H Cancel ][ Help
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File Home = View  Customize Resources | Search aspenONE Exchange BEe o =
% cut ENGPETRO - [ Setup Na® Chemistry 5F & Methods Assistant o€ NIST £}, Analysis > A b
=3 Copy %‘ Unit Sets % Components _}"Customize "J Clean Parameters @ DECHEMA "» Estimation
. aw : - p Run | Summary | Analysis
T4 Paste & Methods @ Prop Sets Structure ‘; Retrieve Parameters ﬁ Regression . . L
Clipboard Units Navigate Tools Data Source Run Mode
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All tems ¥ I @ Selection ‘ Petroleum l Nonconventional l QEnterprise Database ] Information I
> L@ Setup -
4 B8 Components ;‘ Select components:
@ Spacifications Component ID Type Component name Alias
&+ g Molecular Structure 20 - — - -
(3 Assay/Blend onventional
@ Light End Properties Ci Conventional METHANE CH4
b [ Petro Characterization _ c2 Conventional ETHANE C2H6
s
4 ] L[ J * c3 Conventional PROPANE C3He
:; Prape ics Conventional ISOBUTANE C4H10-2
NC4 Conventional N-BUTANE C4H10-1
DE Simulation Ics Conventional 2-METHYL-BUTANE C5H12-2
" NC5 Conventional N-PENTANE C5H12-1
Ja) satety Analysis =
&Y Energy Analysis | Find | [ BecWizard | | UserDefined | | Reorder | [ Review

SRR | ok siows | ws @ U @

Aspen Plus can guide you through the process of defining your simulation. This is done by
pressing the Next button (N, either in the ribbon or in the quick access bar). Doing this
shows that the next step is to pick a fluid property package on the Methods - Specifications
form. From the Base Method pull-down list choose PENG-ROB.

1 Fease-Eapa

File Home View Customize Resources lSean:h aspenONE Bxchange ‘E o W 2
% cut  |ENGPETRO -| [ Setup Na" Chemistry 57 L Methods Assistant 2 NIST 23 Anaysis | > # b
=3 Copy %:‘ Unit Sets % Components :ﬂ’(usmmize “_) Clean Parameters @ DECHEMA ’# Estimation

= raw . - . Run | Summary | Analysis
T4 Paste & Methods @ Prop Sets Structure .; Retrieve Parameters L{._ Regression . -
Clipboard Units MNavigate Tools Data Source Run Mode
) = =
Properties ¢ Methods - Specifi o+ -
All ltems > l @Global | Flowsheet Sections l Referenced l Information
4 Set =
[_3 e 7 -Property methods & options ———————— Method name:
b g Components X
= . -
4[5 Methods = Method filter CORMn PENG-ROB ~ | Methods Assistant..
@ Specifications Base method: PENG-ROB i
b g Selected Methods Henry companents: - | (] Modify
3 L_;; Parameters - " i EOS: ESPRSTD =
[ Routes ~ Petroleum calculation options
[&] NC Props . Free-water method: STEAM-TA Gk FagEE !
Water solubility: 2 - Liquid gamma: i
‘ :; Properties Data set: %
FlEREE R AT e Liquid molar enthalpy:  HLMX106 -
}[g Simulati Chemistry ID: ¥
imutation S Liquid molar volume: | VLMX20 =
- Use true components 1 o
hj Safety Analysis || Heat of mixing

[ Poynting correction

‘9 Encrgyliosly=s |1 Use liquid reference state enthalpy

T pe— w © U @
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Click the N» button. The next form allows us to modify values for the Peng-Robinson binary
interaction coefficients. We will not change any of them from the defaults.

v Eace-c@Eido

File Home View Customize Resources !-Sé’ﬂffh aspenONE Exchange |E o @ =
4 Cut |ENGPETRO -| [ Setup Na" Chemistry 7 &t Methods Assistant | 128 NIST Ganayss| ) m e
=3 Copy %‘-‘ Unit Sets ¥ Components &”Customize "_) Clean Parameters @ DECHEMA ’.’» Estimation
2 7 = Draw ; : : Run | Summary | Analysis
b Paste «& Methods @ Prop Sets Structure ‘; Retrieve Parameters E/.h Regression . - -
Clipboard Units Navigate Tools Data Source Run Mode
Properties ¢ Binary Interaction - PRKBV-1 (T-DEPENDENT) |+ B
All kems - { olnput | @ Databanks I Information \
I g Selected Methods -
4 [ Parameters Parameter. PRKBYV Dataset: 1
. E
[= Pure Companents l:] - Temperature-dependent binary parameters
4 | Binary Interaction | =
Z]ANDKU-1 | Tl
jANDMIJ-‘[ Component i c1 c1 1 1 c1
@IMLQKI-1 Component j c2 c3 Ic4 NC4 Ics =
B [V 12 T % :
< 1 ] » Temperature units F F F F F LY
" Source APV86 EOS-LIT APV86 EOS-LIT APV86 EOS-LIT APV86 EOS-LIT APV86 EOS-LI
&~ Properties
Property units
D—E Simulation KAL -0.0026 0.014 0.0256 0.0133 -0.0056
g KBl ] o (1] 0 (7}
1 Safety Analysis
y et = KCl ] 4] 0 0 0 -
‘ | " »
" Energy Analysis
N [ Search ] [ Swap
Required Properties Input Complete | Check Status 100% & B @®

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 1 to 3.

Click the N» button. But, since we want to add crude assay data & this is not an option on
this form. Press Cancel.

MNext step:

@ Run Property Analysis / Setupi

© Modify required property specifications
(©) Enter property parameters
©) Enter experimental data

© Go to Simulation environment

[ ok ][ cancel

Rev 0.0 -7- November 9, 2014



Table 1. Assay Data for Light Crude

Light Crude
Cumulative Yield

[wt%] Density API Sulfur Light Ends Analysis
IBP EP @ IBP @ Mid Ib/ft3 Gravity wt% [wt%]
Whole Crude 53.27 34.17 1.77 | Ethane 0.000
31 160 0 2.5 42.75 74.91 0.019 | Propane 0.146
160 236 5 7.5 45.40 62.90 0.031 | i-Butane 0.127
236 347 10 15 48.33 51.09 0.060 | n-Butane 0.702
347 446 20 25 50.46 43.38 0.379 | i-Pentane 0.654
446 545 30 35 52.38 36.97 1.064 | n-Pentane 1.297
545 649 40 45 54.18 31.37 1.698
649 758 50 55 56.04 25.96 2.159
758 876 60 65 57.92 20.86 2.554
876 1015 70 75 60.05 15.45 3.041
1015 1205 80 85 62.84 8.94 3.838
1205 1350 90 92.5 64.92 4.44 4.503
1350 FBP 95 97.5 70.64 -6.57 6.382

Table 2. Assay Data for Medium Crude
Medium Crude

Cumulative Yield

[wt%] Density API Sulfur Light Ends Analysis
IBP EP @ IBP @ Mid Ib/ft3 Gravity wt% [wt%]
Whole Crude 55.00 28.97 2.83 | Ethane 0.000
88 180 0 2.5 43.47 71.51 0.022 | Propane 0.030
180 267 5 7.5 47.14 55.69 0.062 | i-Butane 0.089
267 395 10 15 49.42 47.08 0.297 | n-Butane 0.216
395 504 20 25 51.83 38.78 1.010 | i-Pentane 0.403
504 611 30 35 54.08 31.67 2.084 | n-Pentane 0.876
611 721 40 45 55.90 26.36 2.777
721 840 50 55 57.73 21.36 3.284
840 974 60 65 59.77 16.15 3.857
974 1131 70 75 62.30 10.15 4.706
1131 1328 80 85 65.74 2.74 5.967
1328 1461 90 92.5 68.08 -1.87 6.865
1461  FBP 95 97.5 73.28 -11.08 8.859
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Table 3. Assay Data for Heavy Crude

Heavy Crude
Cumulative Yield
[wt%] Density API Sulfur Light Ends Analysis
IBP EP @ IBP @ Mid Ib/ft3 Gravity  wt% [wt%]
Whole Crude 55.20 28.36 2.8 | Ethane 0.039
26.8 153.6 0 2.5 42.92 74.11  0.005 | Propane 0.284
153.6 255.1 5 7.5 45.75 61.40 0.041 | i-Butane 0.216
255.1 400.5 10 15 49.44 46.98 0.341 | n-Butane 0.637
400.5 523.4 20 25 52.23 37.47 1.076 | i-Pentane 0.696
523.4 645 30 35 54.49 30.47 1.898 | n-Pentane 1.245
645 769.6 40 45 56.62 2436  2.557
769.6 901.9 50 55 58.77 18.65 3.185
901.9 1043.8 60 65 61.09 12.95 3.916
1043.8 1198.1 70 75 63.61 7.24  4.826
1198.1  1380.5 80 85 66.63 0.94 5.990
1380.5 1499.7 90 92.5 68.71 -3.07 6.775
1499.7 FBP 95 97.5 73.10 -10.78  8.432

The following steps show how to enter the data for Light Crude. Similar steps should be
used for the other crude oils.
e Select Assay/Blend under Components in the left-hand column. Click on the New...
button.

Y 9@ o |
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e (Call the new crude assay LIGHT & choose Assay from the Select Type drop-down list.

Press OK.
Enter ID:
LIGHT
Select Type:
[ASSAY iv]
[ OK ] { Cancel }

e Make sure the Dist Curve tab is active. Make the API gravity option active & enter the
value from Table 1. In the Distillation Curve type drop-down list make the True
boiling point (weight basis) option active. In the table enter the cumulative yield
values vs. associated temperatures. Note that the yield values should be entered as
percentages, scaled from 0 to 100.

v @acse-@iba

File Home View Customize Resources | Search aspenONE Exchange E o @ R
Properties ¢ LGHT « |+ =
All ltems - [ @Dist Curve | Light-Ends | Gravity/UOPK | Molecular Wt | Options | Information
5 ’ e e

8 Setup I - Distillation curve
4 | Components

— Distillation curve type: Percent Temperature
@ Specifications distilled
&> % Malecular Structure True boiling point (weight basis) - E -
4 Assay/Blend
- 5 LIGHT | Pressure: 0.193335 psia 0 ek
< [l LIGHT. 5 160
EBES!C Data = -Bulk gravity value 10 236
@]Property Curves ©) Specific gravity
20 347
[ Resuns @ API gravi 3417
[@] Light End Properties = gravity . 30 446
I g Petro Characterization | 40 545
D Pseudocomponents 50 649
@CumponentAﬁributesi 1 60 758
3 Henry Comps 70 276
[&] UNIFAC Groups
" 80 1015
I g Polymers
> [ Methods 90 1205

[ Chemistry - P 95 1350

< (L] | »
M6 ¥ 8
Input Changed | Check Status 100% & ﬂ ®

e Now we’ll add in the composition of the light ends. Make the Light-Ends tab active &
the form will change to allow you to enter the compositions. Select the components
to be used to define the light ends (based on the component list previously
specified). Change the Fraction type to Mass. Enter the values from Table 1. Note
that these are in terms of mass fraction, not percent, and are scaled from 0 to 1.
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File Home View  Customize Resources | Search aspenONE Exchange By o =2
Prapeities ¢ LGHT « + =
All ltems 5 I @ Dist Curve ‘ @Light-Ends | Gravity/UOPK I Molecular Wt I Options I Information
> g Setup 4 i i
4 B® Components Light-ends fraction:

Specifications - Light-ends analysis
» g Molecular Structure Component Fraction Gravity Molecular
4 [ i
|- Assay/Blend Mass = weight
4 [EBuGHT
E Basic Data . c2 0
E Property Curves c3 ~ 0.00146
“CyResults Ica - 0.00127
E Light End Properties
L NC4 ¥ 0.00702
& [ Petro Characterization
[] Pseudocomponents IC5 ~1000654
[@] Component Attributes | » NC5 ~ 0.01297

[ Henry Comps
[&] UNIFAC Groups
> [& Polymers
> g Methods

[ Chemistry -
4 | 1 b

plows -
Input Changed 100% 6 D @

e Now we’ll add in the API Gravity data. Make the Gravity/UOPK tab active. Make the
API gravity option active in the Data type area. Add the data from Table 1. Note that
the yield values should be entered as percentages, scaled from 0 to 100.

e«-c@Elbo

File Home View Customize Resources |Search aspenONE Exchange \ o g 2
Pronetics ¢ LGHT « + =
All ltems - || | @pistcuve | @uight-Ends | @ Gravity/UOPK | Molecular Wt | Options | Information |
B Seti -

Lg setp B - Data type
4 | Components = . . . ®

Specifications ) Specific gravity @ API gravity _ UOPK

v

[_& Molecular Structure

- APl gravity curve data

4 | Assay/Blend
4 [FUGHT Bulk value: 34.17
E Basic Data Mid percent API gravity
@] Property Curves distilled
E]Results 25 74.91
E Light End Propertles = 75 =
& g Petro Characterization
D Pseudocomponents 13 3109
@ Compaonent Attributes 25 43.38
[ Henry Comps 35 36.97
@ UNIFAC Groups 45 31.37
b g Polymers 55 25.06
> g Methods 65 TR
[ Chemistry
& g Property Sets — 25 1545
£3 Data 85 8.94
& [ Estimation 925 4.44
e — & > 975 657

nmn J »
o) s = -
Input Changed 100% © {] @®
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e Even though we can now characterize the pseudo components for the flash
calculations we still need to add the sulfur distribution so that the sulfur content can
be tracked. First we’ll have to need to define sulfur as a property; this will only have
to be done once, not for every crude assay. Select Property Sets in the left-hand

column. Note that there are over a dozen property pre-defined by our selecting the
Petroleum template. On the form press New... Set the ID as SULFUR. On the next
form pull down the Physical Properties list & select SULFUR.

—
B Create New ID A g
Enter ID:
SULFUR|
® H- el PIER (ol
File Home  View  Customize  Resources Search aspenONE Exchange Bl @ =
P ¢ PropertySets-SULFUR |+ -
Allltems | @Froperties [Qualfiers | Information |
4 (53 Property Sets
Gaurs
[&]Des-5 -Properties
[&] D86-95 Physical properties Units
[@] GASPROPS » SULFUR
[G] HXDESIGN
[&] HXDSGM2
[&] kamvisc
[&] UGHT
[&] MIDDLE
[G]PETRO —
[G] SULFUR
[@]TBR-5
[&]TBP-95
[&] THERMAL
[&] THERMAL2
[&] TxPORT =
[&] TXPORT2
(3 Data
b [ Estimation
[ Analysis
v @ Customize
I [ Results -
q T v
Required Properties Input Complete | Check Status ] 100% @ L} @

Now we will define the sulfur distribution in the crude oil assay. Check for LIGHT in
the left-hand column under Components & Assay/Blend. Notice there is now a
subheading for Property Curves; select this. On the next form pull down the Property
Name list and select SULFUR. Enter the Bulk value (i.e., the sulfur content of the
whole crude) and then the distribution.

Rev 0.0

-12 -

November 9, 2014



Customize Resources Search aspenQONE Exchange Bl © =
< LIGHT - Property Curves = | + -
All Ttems o IOPe'tro Properties |V\scoswty ‘
4 |og Setup i )
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4 [ hssay/Blend 15 0.031
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I+ L@ Polymers > 975 6.382
i L@ Methods
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i L Property Sets -
LI F——
= -
=
Required Properties Input Complete | Check Status 100% @ [} @

At this point you could press the Run button (* in either the Ribbon or the Quick
Access toolbar). Now you can select Results and see many of the calculated values
form the input data, such as the conversion of the light ends analysis to vol% & mole
fraction bases, breakdown of the distillation curve into narrow boiling fraction
pseudo components, etc.

View Customize Resources Search aspenONE Exchange By @ =
¢ UGHT - Results - |+ -
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4 [ Setup il - e -
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I @ Unit Sets R
Report Opti Component Valume percent of Weight percent of  Mole fraction
[@]Report Options assay assay
4 [£% Components o 0 0 0
[&] Specifications
a 0.245818 0.146 00742118
I & Molecular Structure
4 (g Assay/Blend c4 0.192719 0127 0.0483753
4 [ UGHT NCd 1.02604 0.702 0.270714
(@] Basic Data £ 1C5 0594436 0.654 0203172
[@] Property Curves NCS 175622 1.297 0.402927
| Results
[&] Light End Properties
I C@ Petre Characterization
[Z] Pseudocomponents.
[&] Companent Attributes!
[ Henry Comps
[@] UMIFAC Groups
b g Polymers =
I L& Methods
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[ Data -
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o =1 Total 411522847 2926 1
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PCATF 270186 254805 200814
m o2 W2 PC462F 266787 253974 201521 <
Results Available | Check Status 100% & L) ®

Customize Resources Search aspenONE Exchange > 53
< LIGHT - Results - |+ -
Al rems - || | Light-Ends Analysis | Component Breakdown | Distillation Curves | @ Status |
4[5 Setup =l » .
[&] Specifications Specific gravity: 0834108 Density: 531839 lofeuft
(@] Calculation Options APLgravity: 417 Melecular wt:
b g Unit Sets - - — -
] Report Options Percent distilled True bmlllng ptliquid  True bc_m;‘ng pt
4 B3 Components volume) (weight)
@Specifications F hd L s
b £ Molecular Structure Eeesl PSIA 145959 146959
4[5 Assay/Blend 0 1 1
< ByueHT | 5 120162 160
[@]BasicData |7 10 205420 26
[S]Property Curves 30 102654 6
| Results
@ Light End Properties 30 84511 649
b [ Petro Characterization = 820.243 816
]Pseudocomponents 90 1151.26 1205
[&] Compenent Attributes. 95 1307.96 1350
(23 Henry Comps 100 1495 1495
(] UMIFAC Groups
I L& Pelymers =
I [& Methods
[ Chemistry
I & Property Sets
"1 Data -
4 mn »
m S I —
Results Available [ Check Status ] 00% & U ®

Repeat the steps for the Medium & Heavy Crudes.

Specify crude oil blend, & install into flowsheet

Now we’ll create a blend of the three crudes and use that as our feedstock in the simulation.
Select Assay/Blend under Components in the tree structure of the left-hand column. Press
the New... button. Call the blend MIXOIL & choose Blend from the Select Type drop-down

list. Press OK.
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On the Specifications tab select each crude oil in the pull-down list in the Assay ID column.
Set the Stdvol Fraction value for each to 0.3333.

View Customize Resources

< o MIXOIL ~ |+

Search aspenONE Exchange

—r
e @ =

All Ttems - I @ Specifications ‘ Information

4[5 Setup il
[&] Specifications
@Calculatmn Options

b g Unit Sets
[&] Report Optians LIGHT
4 [£3 Components
@Speclﬁcatlons

» [ Molecular Structure

[ Assay/Blend

b B3 HEAVY

b [ MEDIUM

b B LIGHT

4 [ig MIxOIL
@M\xtura
[ Results

(@] Light End Properties

[ Petro Characterization

EPseudocomponants

[@] Component Attributes

[ Henry Comps

[&] UMIFAC Groups

b g Pelymers

b L& Methods

3 Chemistrv M
4 m L3

- Assay blending fraction
Assay ID

[N

Fraction

Stdvol -
- 0.3333
MEDIUM 0.3333
HEAVY 0.3333

~Additional distillation curve reports

[ ASTM D86
[7] ASTM D1160
[] Vacuum (liquid volume)

EPIEE

Input Changed [ Check Status ]

0% © L)

You can press the Run button & view the Results.

One more thing you may want to check. Select Specifications under Components. Note that
the crude oil assays & the blend are listed as single items. The pseudo component
representations are not shown in this component list.

Eem > E
e Search aspenONEBatarge | @ 0] 52
Properties < Components - Specifications - |+ =
Alltems - IQSE\E(tiU" | @Petroleun | Nonconventional | Enterprise Database | Information
4 [0g Setup 1| -
@] Specifications elect components:
(8] Calculation Optians Component ID Type Component name Alias
» L@ Unit Sets H20 Conventional WATER H20
@ Report Options
1 Conventional METHANE CHa
4 [£g Components
[Elspectications c2 Conventional ETHANE C2H6
I & Molecular Structure c3 Conventional PROPANE C3H8
4 g Assay/Blend & Ic4 Conventional ISOBUTANE C4H10-2
v Cg Heavy NC4 Conventional N-BUTANE C4H10-1
I E@ MEDIUM
I Cg LIGHT Ics Conventional 2-METHYL-BUTANE C5H12-2
4 [ MIXOIL NC5 Conventional N-PENTANE C5H12-1
[@] Mixture LIGHT Assay
Results MEDIUM Assay
Li
@ ight End Properties B HEAVY
I [ Petro Characterization v
(@] Pseudocompanents . Blend
[&] Compenent Attributes
[ Henry Comps
@UNI;C GmFI‘Jps [ Find I [ Elec Wizard ] [ User Defined I [ Reorder I [ Review
I @ Polymers
I [g Methods
I3 Chemistry -
‘ [ »
Devs
Results Available | Check Status 100% & U ®
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Set up & Solve the Flowsheet
Crude Oil Feed & Preheat

When you activate the Simulation you’ll see a blank Main Flowsheet. We can now start
adding streams & units to represent our process.

ADDWATR

PREHT-1 PREHT-2

™ =

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

In the Model Palette click on the Material stream. Click & draw a stream on the Main
Flowsheet. Click a 2nd time to finish drawing the stream. When prompted name the stream
CRUDEOIL; click OK.

P add sweam a e

Enter Name for New Stream

CRUDEOLL|

Cancel |

Let’s define this feed stream. Either double-click on the stream in the flowsheet or choose
CRUDEOIL in the left-hand column under Streams. Specify the temperature & pressure for
the Flash Type; specify 500°F, 300 psig, & 101000 bpd in the State variables section. We
will use the mixed representation of the blended crude by specifying the Stdvol-Frac of
MIXOIL as 1.
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Home Economics Dynamics Equation Oriented View Customize Resources Search aspenONE Exchange BEles @ &=
% Cut  |ENGPETRO - NE’ D [> = I‘ G, 5 Model Summary ] Input PO ZFstresm Analysis™ =3 Heat Exchanger a7 Pressure Relief
J4Copy | g Unit Sets [lStream Summary~ ] History S0P [ Sencitivity |u3 Azeotrope Search | %4 PRD Rating
2 opy q 0. -
. Next Run Step Stop Reset Control Reconcile = Activated
B Paste Panel m LUHility Costs. Report | Analysis Iﬁ Data Fit h Distillation Synthesis | |}y Flare Systern
Cliphnard| Units | Run n Summary ‘ Analysis Safety Analysis ‘
Simulation ¢ Main Flowsheet - CRUDEOIL (MATERIAL) - |+ M
Al ltems - || @Mixed | crsclid | NCSolid [ Flash Options | EO Options | Costing | Information
I g Setup - -
= =l
| £ Property Sets pecifications
3 Analysis Flash Type: Temperature - Pressure ~ - Composition
b [ Flowsheet 3 . Stdvol-Frac -
4 B8 Streams ~State variables
4 |23 CRUDEOLL Temperature: 500 F Component Value
@] Input Pressure: 150 psig H20
[DiResults Vapor fraction: a
A EO Variables o)
[ Stream Results (Custor] Total flow basis: Stdvol - [}
[ Blocks Total flow rate: 101000 bbl/day Ic4 3
[ Utilities N4
3 Reactions Solvent:
IC5
I g Convergence
I [ Flowsheeting Options (52
b [ Model Analysis Tools LIGHT
I+ % EO Configuration MEDIUM
I [ Results Summary HEAVY
I g Dynamic Configuration P MIXOIL 1
Totak 1 o
) Reference Temperature _
4 [ m ] »
Model Palette - B x
ji Properties @ Mixers/Splitters Separators Exchangers Columns Reactors Pressure Changers Manipulators Solids Solids Separators  +| »
Simulation
EC == SI7I S EI- NG 7 1R
A2 7| Material Mixer Fsplit sSplit
FIHEREEENGHCBHBIES | Check Status | 0% @ N ®

Let’s add in the equipment & other streams for the preheat train before we specify rates &
operating conditions. Add two Heaters and material & heat streams to give a configuration
as shown at the beginning of this topic.

We can use the Next button to step us through what needs to be added before we run the
simulation. The first thing we should do is define the water carried over from the Desalter.
Enter the information as shown. Note that we don’t really know an appropriate
temperature for the water before it is mixed with the crude, rather, the temperature after
the mixing. For now specify the temperature as 260°F.
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Home  Economics  Dynamics  Equation Oriented  View  Customize  Resources
% Cut  |ENGPETRO - N'* P [> = I‘ %(1 ) Model Summary || Input Eﬂ_“f HStream Analysis™ == Heat Exchanger a7 Pressure Relief
oy | g Unit Sets "1 | [2stream Summary~ @] History EIE o sendithvity ju} Azeotrope Search | §§§ PRD Rating
Next Run Step Stop Reset Control Reconcile Activated
(@ Paste Panel m LUHility Costs. Report | Analysis Iﬁ Data Fit h Distillation Synthesis | |}y Flare Systern
Clipboard Units Run o Summary Analysis Safety Analysis
Simulation < Main Flowsheet - 'WATER (MATERIAL) - Input » |+ -
Al ltems | @Mixed [cIscid | NCSolid | Flash Options | EO Optiens | Costing | Information
I g Setup = y— -
~) =t
| £ Property Sets [~ Specifications
3 Analysis Flash Type: Temperature ~  Pressure ~ -Composition
I @ Flowsheet . Mass-Frac - -
4 BgStreams State variables
4 (3% CRUDEOLL Temperature: 260 F - Component Value
@] Input Pressure: 294 psig - H20 1
[DiResults Vapor fraction: ra
A EO Variables @
[0 Stream Results (Cug|= Total flow basis: Stdvol - [}
7 [ Q-PREHTL Total flow rate: 500 bbl/day - Ic4 1
» [ Q-PREHT2 R
4 [ WATER Solvent: - Ic5
|@Input
[ Results (52
2 EO Variables LIGHT
0 Stream Results (Cus MEDIUM
» [ WARMCRDL HEAVY
» [ WARMCRD2 u MIXOIL
i 3 WETCRUDE Lo
I [Z Blocks Totak 1
[ Utilities __
3 Reactions () Reference Temperature .
. [ - 1 G
Wodel Palette - I x
j‘ Properties E Mixers/Splitters Separators Exchangers Columns Reactors Pressure Changers Manipulators Solids Solids Separators |+ »)
E e - > | . . b
= Heat L Mixer FSplit SSplit I
REGUEIBUEIRESmBIEEE | Check Status | 1wz © U ®

The next recommendation is to specify the operating conditions for the 1st Preheater.

Specify the outlet temperature & pressure.

Rev 0.0 -18-

November 9, 2014
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% Cut  |ENGPETRO - N'* P [> = I‘ %(1 ) Model Summary || Input Eﬂ_“f HStream Analysis™ == Heat Exchanger a7 Pressure Relief
oy | g Unit Sets "1 | [2stream Summary~ @] History EIE o sendithvity ju} Azeotrope Search | §§§ PRD Rating
Next Run Step Stop Reset Control Reconcile Activated
(@ Paste Panel m LUHility Costs. Report | Analysis Iﬁ Data Fit h Distillation Synthesis | |}y Flare Systern
Cliphoard Units Run n Summary Analysis Safety Analysis
Simulation ¢ Main Flowsheet - 'PREHT-1 (Heater) - Input - | + ~
All ftems [ @ Specifications ‘ Flash Options I Utility | Information
» Lo setup ¢ _Frash specifications
I & Property Sets T T -
£ Analysis lash Type: emperature
I & Flowsheet Fressure -
4 |2 Streams
4 23 CRUDEOLL Temperature: 260 F M
@Input L Ternperature change: F h
[DiResults Degrees of superheating: F >
A EO Variables 5 P
[} Stream Results (Cus Farees el subeosing: (£
I [ Q-PREHTL Pressure: 294 psig v
[ [d Q-PREHT2 Duty: MMBtu/hr i
4 g WATER L] Vapor fraction:
@Input 5 : ‘
T Results ressure drop correlation parameter:
2 EO Variables R
2 stream Results (Cus [ Vonor Liuid Frecot
[0 WARMCRDL apor Liquid freevater
[ [1 WARMCRD2
» 3 WETCRUDE
4 [2HBlocks
I Cg ADDWATR
4 [0 PREHT-1
= M
4 [ [ ]
Model Palette - 1 x
j‘ Properties E Mixers/Splitters Separators Exchangers Columns Reactors Pressure Changers Manipulators Solids Solids Separators |+ »)
Simulation - N
E e - > | . . b
= Heat L Mixer FSplit SSplit I
REGUEIFBUEIRERMBIEE | Check Status | 0% @ N ®

The next recommendation is to specify the operating conditions for the 2nd Preheater.

Specify the outlet temperature & pressure.
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% cut EMGPETRO - N'» ’ [> l;‘ I‘ 5;;(1 ) Model Summary || Input m Hstream Anal 3 Heat Exchanger {47 Pressure Relief
oy | g Unit Sets | [2]stream Summary~ )] History EIE o sendithvity ju} Azeotrope Search | §% PRD Rating
. Next Run Step Stop Reset Control Reconcile = Activated
B Paste Panel m LUHility Costs. Report | Analysis Iﬁ Data Fit h Distillation Synthesis | |}y Flare Systern
Clipboard Units Run = Summary Analysis Safety Analysis
Simulation < Main Flowsheet - PREHT-2 (Heater) - Input = | + ~
All ltems = & Specifications | Flash Options | Utility | Information
4 g WATER ~Flash specifications
E]input Flash Type: Temperature -
[ Results
4 EO Variables Pressure -
[ () Stream Results (Custom) o
» [ WARMCRDL emperature: 450 F A
» [ WARMCRD2 M Temperature change: F v
I+ |4 WETCRUDE Degrees of superheating: F -
4 [gBlocks Pramyress of sl F -
I [.g ADDWATR N
4 [ PREHT-L Pressure: 260 psig v
[@]Input £ Duty: MMBtu/hr -
[ HCurves Vapor fraction:
5] Dynamic Pressure drop correlation parameter:
[&]Block Optians
» g EO Madeling Valid phases
Dy Results = { Vapor-Liquid-FreeWater -
[} Stream Results
[} Stream Results (Custom)
A Summary
4 |ig PREHT-2
(@] Input
[ HCurves
(@] Dynamic -
Model Palette - 1 x
j‘ Properties B Mixers/Splitters Separators Exchangers Colurnns Reactors Pressure Changers Manipulators Solids Solids Separe + | »|
Simulation - .
G 04 - P . . b
F = Heat Mixer FSplit SSplit
Required Input Complete [ Check Status ] 100% & L} @®

Pressing Next shows that all of the required specifications have been made. Press OK to run
the simulation. A tab for the Control Panel should open up & indicate that the simulation
has run successfully.

Required Input Compl

more input, select Cancel, then select the

Run the simulation now?

Al required input is complete. You can run the simulation now, or enter more input. To enter

input yau want from the Simulation pane.

Main Flowsheet -~ | PREHT-2 (Heater)

-Input - ' Control Panel ~ |+

v

»

5 M | ClearMessages | [ CheckStotus | [ Run Settings |

Flowsheet Analysis :

PREHT-1 ADDWATR PREHT-2

->Calculations begin ...

Block: PREHT-1 HModel:
Block: ADDWATR HModel:

Block: PREHT-2 HModel:

Show Sequence

->Simulation calculations

.

e

->Generating results ...

->Processing input specifications ...

COMPUTATION ORDER FOR THE FLOWSHEET:

HEATER
MIXER
HEATER

completed ...

No Marnings were issued during Input Translation ===

No Errors or Warnings were issued during Simulation ###

) Show EQ Control
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What are some of the results? We can get an overview by posting summary conditions on
the flowsheet. Click on Stream Results in the Modify tab of the ribbon. Select Temperature,
Pressure, Volume flow rate, & Heat/Duty. Press OK. Now these numbers are posted on the
flowsheet; note that the volumetric flowrate shown in the actual volumetric flowrate (at
the flowing temperature & pressure conditions), not the standard volumetric flowrate (that
we have been specifying).

Flowsheet Display Optio 5.
=

Set default styles for flowsheet

Results display on Process Flowsheet window

Units of measurement: ENGPETRO +

Units operations [E] Heat/work: %.0f =

Streams

User-Defined Global Stream Data

Temperature: %.0f Label Prop-Set Format

Pressure: [ | custom1 %.21 | ] :I

[Z] vapor fraction: %ot [E1| custom2 %.2f _ |:>

[ Mole flow rate: | %.0f [ | Custom3 %.2f [ [\

[ Mass flow rate: | %.0f [ | Customd %28 [ 7

Valume flow rate: | %.0f [ | Customs %28 [ —
%0t [ | Customé %2t [ ] ——

Status display on Process Flowsheet window
Show error Show warning Show inactive

[ ok ][ cance |[ appy J[ Hep |

——
Home Economics Dynamics Equation Oriented View Customize Resources Modify Format Search aspenONE Exchange Bl s @ ==
% Rotate sOReconnect™ ++ Join ﬂa | 30 Icons | Temperature - GLOBAL -] {f View Parent 3 Export
Ak Flip Horizontal Break )_, Reroute Stream ﬁ Heat/Work ' Pressure L ¥ Show All F9 View Child IS Move Selection
= Flip Vertical ‘ 7 Insert I= Align omit S Show Status™ Vapor Fraction O?gltsiﬂl:{v (&) Lock Flowsheet | 2 Import
Flowsheet | Unit Operations | Stream Results & Section Hierarchy
Simulation < Main Flowsheet - | PREHT-2 (Heater) - Input - | Control Panel ADDWATR (Mixer) - Stream Results - | + -
All ltemns 2 o
4 i WETCRUDE -, N a
@linput : T = —
Results : H
& £O Variables :
Stream Results (Custom]
4 [ Blocks :
4 [ig ADDWATR H
@]input =
(@] Dynamic
[@] Block Options PREHT-1
I [% EO Modeling B
Results
[ Stream Results
Stream Results (Custom) @
4 Summary () Temperature (F) {308
“ %%EIHHJU: ; D Pressure (psia) @TER m
D Volume Flow Rate (bbl/day)
j‘ Properties U Duty (MMBtu/hr)
fo— L
osmann |
W8 |« i ] 3
Results Available | Check Status 155% @ [} @ [

We can see more detailed results by examining the individual streams & units. For example,
if we select Results for WETCRUDE & use the Format PETRO_E then we can see the
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calculated temperature (257.4°F), the standard liquid volume flowrate of the components
(including the pseudo components used). At the bottom of the list you can find the total
volumetric flow and distillation curves (on a dry basis). We can see these same results (and
more) by selecting the Stream Results for ADDWATER.

sesRrmbEX

e

Home Economics  Dynamics Equation Oriented View  Customize Resources Search aspenONE Exchange B o =
Simulation < Main Flowsheet | PREHT-2 (Heater) - Input | Control Panel - “WETCRUDE (MATERIAL) - Results - | + S
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PREHT-1
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» [ EO Modeling
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[ Stream Results PC163F 1586
L.E Stream Results (Custorm) e T
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=
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L Properties
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Results Available [ Check Status I 0% @ U ®
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T < Main Flowsheet < | PREHT-2 (Heater) - Input « | Control Panel -~ 'ADDWATR (Mixer) - Stream Results « | + =
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4 L% WETCRUDE -
@Input Display: Streams = Format PETRO_E - Stream Table
Results P’
1 EO Variables WARMCRDL =~ WATER ~  WETCRUDE - -
Stream Resuits (Custom) Temperature F 260 260 2574 2
4 [ Blocks
4 23 ADDWATR Pressure psia 3087 2087 3087
@] Input Mass Flow Ib/hr 128607206 7288.2 129336006
@] Dynamic | Enthalpy  MMBtu/hr -962.2 -484 -1010.5
[@] Block Options =
1 [ EO Modeling Wapor Frac Q Q 0
5 Results Average MW 2355 18 2205
[CEistream Resurts | Lig Vol 60 bbl/day
EE Stream Results (Custom)
3 sumrmary H20 500 500
4 [ PREHT-1 c1
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[&] Dynamic ’ ’
(@] Block Options - Ica 2263 2263
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* Properties
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F=T
Results Available | Check Status 100% & L} ®

Notice that we would like the temperature of the crude/water mixture to be 260°F, but the
result of the mixing operation is a little bit lower, 257°F. Is this a significant deviation from
the specifications? Not for anything downstream of the 2nd preheater; this preheater sets
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the overall temperature & is not dependent on the inlet conditions. However, it will cause a
slight difference in the duty in the 21d preheater; having a slightly higher inlet temperature
will reduce the duty required to bring the outlet temperature up to 450°F. There are two
reasonable ways to do this:
e We could change ADDWATR to a “dummy” Heater & set the temperature of the
mixture.
e We could adjust the temperature of the WATER stream so that it gives the proper
outlet temperature. This adjustment could be done either manually (trial & error) or
using a Design-Spec block.

If we adjust the conditions of the water stream we find out that the water has to be set as a
steam/liquid mixture to get the right properties of WETCRUDE. Since we’re not really
interested in the conditions of this added water, let’s take the dummy heater approach.
Highlight the Mixer ADDWATR & delete. Let’s put a Heater in its place; choose a block for its
icon; call the block ADDWATR. Right-click on WARMCRD1, select Reconnect Destination, &
connect to ADDWATR. Do the same for WATER. Right-click on WETCRUDE, select Reconnect
Source, & connect to ADDWATR. In the left-hand column select ADWATR under Blocks.
Specify the outlet temperature & pressure. Press Run. Now when we look at the Stream
Results for ADDWATR we see that the outlet temperature is correct. From the Flowsheet
we can see that, indeed, the duty on the 22d preheater has been reduced slightly, from 150
MMBtu/hr to 148 MMBtu/hr.

® W N T TN Coudedstilaonbkp-AspenPlusVBB-aspenNE =
Home Econemics Dynamics Equation Oriented View Customize Resources Search aspenONE Exchange By @ =
Simulation < ADDWATR (Heater) - Input Design Specs Main Flowsheet PREHT-2 (Heater) - Input Control Panel Results Summary - Run Status + =
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;T-‘ Properties E Mixers/Splitters Separators Exchangers Columns Reactors Pressure Changers Manipulators Solids Solids Separat |+ |»
r— sl L] o |
F L= Heat Heater HeatX MHeatX HXFlux
Results Available | Check Status 100% & [} ®

ADDWATR (Heater) - Stream Results

| Design Specs - Main Flowsh

» | PREHT-2 (Heater) - Input ~ | Control Panel

| Results Summary - Run Status » |+

O Temperature (F)

(:} Pressure (psia)

1} Volume Flow Rate (bbljday)

E Duty (MMBtujhr)

ADDWATR

HEATER

"

m

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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Table 4. Definitions for Atmospheric Distillation Column

| Type  OperatingParameter

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 lb/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 lb/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

Aspen Plus has a specific module for efficiently solving crude tower type problems, the
PetroFrac model (not RadFrac). On the Columns tab select the list arrow for PetroFrac. Now
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we can choose an icon that will most closely represent out column; choose CDU10F, the one
with a condenser, fired heater, 3 pumparounds, & 3 side strippers. (This choice only
changes the icon, not the ability to specify side operations or the number of each). Place on
the flowsheet & name ATMCOL. Highlight the icon on the flowsheet & grab a corner to
resize (make it much bigger than the icons representing the preheat train).

.0

GLOBAL

+ Show All 3 View
- | &) Lock Flowsheet | 2 Import

| S«I-o Hierarchy |
owsheet « | PREHT-2 (Heater) - Input - | Control

|

%%ﬁﬁ%%@%
%ﬁ? =

|CDUJ.Fl

=GR R TR
=

b | T

Columns Reactors Pressure Changers {
g -0 -
0% @t

Pl

Extract MultiFrac SCFrac I‘em\F rac ConSep ! BatchSep

~Main = |+ =

ATMCOL

b PREHT ADDWATR b PREHTZ
c»—] cRUDEOL N WARMCRD1 H WETCRUDE Pg—| WARMCRDZ |

G— WATER

Let’s make the stream connections. Right-click WARMCRD?2, select Reconnect Destination,
& connect to ATMCOL. Create the following additional streams & connect to ATMCOL:
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e Material stream ATMSTM to Main Column Feed connections.

e Material streams KEROSTM, DIESSTM, & AGOSTM to Stripper Steam Feed
connections.

e Material product streams NAPHTHA from the Distillate Product connection,
ATMWTR from the Condenser Water Decant connection, & ATMRESID from the
Bottoms Product connection.

e Material product streams KERO, DIESEL, & AGO from the Bottoms Product from
Stripper connection.

e Heat streams Q-ATMC from the Condenser Heat Stream connection; Q-PA1, Q-PA2,
& Q-PA3 from the Heat Stream from Pumparound connection;

Your flowsheet should have a column that looks something like the image below. You can
“clean up” the image by clicking the column icon, “grabbing” the colored inlet or outlet
arrows and moving the arrows to make an overall image that looks more reasonable; see
the second image below. The new image does not change any connections but rather shows
a more logical flow path.

o>

ATMCOL

%- Q-PAT [-vomaaaaaaony
% i
*

— |
AGOSTH

-

WARNCRDZ
KERO
ATMSTEAM DIESEL

ATWRESID
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ATMCOL

% el

%J Q-PAZ

| ——

' DIESSTM

AGOSTM

KERO

DIESEL

ATMRESID

Clicking the Next arrow will step through required steps to set up this distillation column.
The first thing required will be the steam streams: ATMSTM, KERSTM, DIESTM, & AGOSTM.
All streams will be 500 F & 150 psig; each has to be set up with the proper mass flowrate.

Main Flowsheet AGOSTM (MATERIAL) - Input +

[ @ Mixed } Cl Solid | NC Solid | Flash Options. I EOQ Options l Costing l Information

) Specifications

Flash Type: Temperature ~  Pressure =~ Composition
: . Mass-Frac -
State variables
Temperature: 500 F - Component Value
Pressure: 150 psig - H20 1
Vapor fraction: s
Total flow basis: Mass A ¢
Total flow rate: 2500 Ib/hr v c4
Salvent; LS
C5
C3
GHT
Total: 1
¥ Reference Temperature

Once past the steam streams the configuration for the column itself comes up. The
Configuration tab allows you to set up the most basic information for the column. Note that
Aspen Plus counts the condenser as a stage, so the total number is 51 (1 for the condenser
& 50 for the trays). On this form enter the estimate for the distillate rate (i.e., the rate for
the unstabilized naphtha, NAPHTHA).
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Main Flowsheet ATMCOL (PetroFrac) - Setup +

& Configuration | «Streams lSteam lJPressure lCondenser Furnace | Reboiler | Information

Setup options

Number of stages: 51 C

Condenser: Total hd
Reboiler: None-Bottom feed -
Valid phases: Vapor-Liquid-FreelWater -

Operating specifications
Distillate rate ~ Stdvol ~ 30200 bbl/day -

Click Next. Now we’ll set up the external feeds to the column. The crude oil will go through
the furnace first (the furnace is calculated as part of the column algorithm); remember that
the condenser is Stage #1 so we have to add this to the tray numbering for the feed
location. The steam if introduced to the bottom stage; remember to mark this as On-Stage
so that there is vapor traffic to this stage.

Main Flowsheet ATMCOL (PetroFrac) - Setup + R

@ Configuration | & Streams ‘Steam IJPressure ]Condenser lOFumace Reboiler | Information

Feed streams

Stage Convention
41 Furnace -
> 51 On-Stage ~
Product streams
Name Stage Phase Basis Flow Units
NAPHTHA 1 Liquid Stdvo bbl/day
1 Free water Stdvo bbl/day
51 Liquid Stdvo bbl/day

Click Next. Now we will enter the pressures.

Main Flowsheet ATMCOL (PetroFrac) - Setup + e

IGComﬁguration I@S‘treams ]Steam ‘ @Pressure | Condenser IOFumace Reboiler | Information
: View: Top / Bottom -

Top stage / Condenser pressure

Stage 1/ Condenser pressure: 4 psig -

Stage 2 pressure (optional)
Stage 2 pressure: 12 psig -

Bottom stage pressure or pressure drop for rest of column (optional)

@ Bottom stage pressure: 22 psig hd
Stage pressure drop: psi
Column pressure drop: psi

Click Next. Now we will enter the furnace information. Select Single stage flash so that
Aspen Plus will perform a flash for the outlet temperature of the furnace.
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- Main Flowsheet ~ “ATMCOL (PetroFrac) - Setup ] +

[ & Configuration I & Streams lSteam I @ Pressure ]Condenser | @ Furnace ]Reboiler Information

-Furnace type
() Stage duty on feed stage
@ Single stage flash

© Single stage flash with liquid runback

~Furnace pressure

- Furnace specification
Furnace temperature

- 635 F

25 psig A

Click Next. Now we are to enter configuration information for the pumparounds. But first
let’s rename the pumparounds to match the product sections. Select Pumparounds under
ATMCOL in the left-hand column. Select each row & click Rename. Change names to

PA-KERO, PA-DIESL, & PA-AGO.

v WMase-Rr@EDOK

Dynamics

File Home Economics
Simulation

All ltems.

¢ Main Flowsheet ~ ATMCOL Pumparounds « |+

]
Equation Oriented View Customize

Resources

?Search aspenONE Exchange

By o =

-

-

> [ WETCRUDE
4 |1 Blocks
» [g ADDWATR
4 [ ATMCOL
@Setup
4 g Pumparounds
4 [3PA-KERO
| HCurves
b 3 PA-DIESL
b L3 PA-AGO
b [Z Strippers

.

[OPumpamunds Summary | Results

Name Status
PA-KERO Required Input Incomplete
PA-DIESL Reguired Input Incomplete
P PA-AGO Required Input Incomplete
[ new. | [ et | [ Delete

Rename

Now let’s get back to the Pumparound configuration forms. Select PA-KERO in the left-hand
column. When specifying the Draw stage & Return stage remember to add 1 to account for
the condenser as Stage 1. Do the same for PA-DIESL & PA-AGO.

v Jece-a8@BK

?Search aspenONE Exchange

FEEE

-

File Home Economics Dynamics Equation Oriented View Customize Resources
Similation < Main Flowsheet - *ATMCOL Pumparounds PA-KERO |+
All ltems i { @ Specifications | Heat Streams 1 Results
I [ WETCRUDE -Source -Destination
A L.Zi_l_%locks Draw stage: 11 g ‘ Return stage: 8 5';
b [ ADDWATR
4 [ ATMCOL -Drawoff type
[&] Setup e o
@ Partial (enter 2 specifications)
4 WG Pumparounds : G
B \[.6 PA-KERO | ) Total (enter 1 specification only)
| HCurves — B I
- [ ~Operating specifications
b 3 PA-DIESL E
b 2 PA-AGO L_ Flow ~ Stdvol ~ 25000 bbl/day
b [Lg Strippers Temperature o -~ 200 F
[ @] Heaters and Coolers
@ Runback Specs - Utility specification
E Efficiencies ‘ Utility: i
[ Design Specifications =
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Click Next. Now we are to enter configuration information for the side strippers. But first
let’s rename the side strippers to match the product sections. Select Strippers under
ATMCOL in the left-hand column. Select each row & click Rename. Change names to S-KERO,

S-DIESL, & S-AGO.

o Mesc-SdEPOK |

File Home Economics Dynamics Eguation Oriented View Customize Resources Search aspenONE Exchange v @ 52

“Main Flowsheet ' ATMCOL Strippers » |+

Simulation <
All ltems ]
P LG PA-AGU " Name Status
4 |y Sippets S-KERO Required Input Incomplete
4 |23 S-KERO = » :
e S-DIESL Required Input Incomplete
E Setup
P S5-AGO Required Input Incomplete

@] Efficiencies

|1 Reboiler Hcurves [ New... ] [ Edit ]

|4 Tray Sizing

1 Packing Sizing [

73 Parkinn Ratinn

Now let’s get back to the side stripper configuration forms. Select S-KERO in the left-hand
column. When specifying the Draw stage & Return stage remember to add 1 to account for
the condenser as Stage 1. Do the same for S-DIESL & S-AGO.

Y WMesec-ad@BOK |

File Home Economics Dynamics Equation Oriented View Customize Resources | Search aspenONE Exchange E 2 @ 2
Zhmulation < Main Flowsheet - /ATMCOL Strippers S-KERO - |+ =
All ltems ] [ @ Configuration | Optional Feeds I Liquid Return I Pressure l

b Lg PA-AGU | R R T R T B T R e B T R T A S R R
4 [y Strippers -Setup -Main column connecting stages
4 L.g S-KERO ' Number of stages: 10 : Liquid draw: 11 :
(@] Setup Stripper product.  KERO - Overhead return; 7 :
[&] Efficiencies
[ Reboiler Heurves - Stripping medium
|4 Tray Sizing @ Stripping steam: KEROSTM -
[ Tray Ratini "
I‘,‘ y, ,g, I () Reboiler duty: MMBtu/hr
|1 Packing Sizing [
(23 Packing Rating IE Steam to bottom product ratio (optional): b -
El Properties ) . i :
E Estimates -Flow specification Optional reboiler heat streams
[@] Analysis Bottom product ~ | | Inlet
[@] Dynamics Stdvol  ~ 8800 bbl/day - Outlet:
@ DynamicHT J

Click Next. Now a form comes up to verify connectivity. We’ve already connected all of the
material streams, now we have to connect the heat streams. The heat stream is connected
to the condenser by virtue of how they were originally connect to ATMCOL. But we still
have to do the pumparound heat streams. Select PA-KERO under Pumparounds in the left-
hand column. Now select the Heat Stream tab; select the pull-down list for Outlet & select
one of the Q-PA streams. Do the same for PA-DIESL & PA-AGO.
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) Wase-d@BOK |

File Home Economics Dynamics Equation Oriented View Customize Resources  Search aspenONE Bxchange B> e =
Smuktian < “Main Flowsheet - _*ATMCOL Pumparounds PA-KERO = | + i
All ltems i [ @ Specifications ‘ @ Heat Streams | Results

¥ L WEILRULE -
4 [ Blocks -Heat streams
b g ADDWATR Inlet: & Cutlet: Q-PA1 -
4 [z ATMCOL
[&] setup
4 [2g Pumparounds
PllgPAKERO
b & PA-DIESL
b 8 PA-AGO M
4 |g Strippers ‘;‘

Click Next. We have now entered enough information to run the simulations. However we
have not entered the stage efficiencies nor the ASTM D86 specs. Let’s press OK and run the
simulation anyway. It converges very quickly, in about 4 outer-loop iterations. What do the
results look like? We can select the Stream Results tab to look at flowrates & T95 results.
Note the following:

e The stream flowrates listed (the 2nd image) are lower than the specifications made
on the column; that is because this shows the flowrate on a dry basis (i.e., with the
water neglected) & the specification is on a total basis (with the water included).

e The T95 results for the distillation curves are close but not what is desired. We will
want to adjust the draw rates to get the desired T95 values.

) @ece-@EDRBK

File Home Economics Dynamics Equation Oriented View Customize Resources | Search aspenONE Exchange E v @ =R
Simulation < MainFlowsheet - | ATMCOL Pumparounds PA-AGO - | Control Panel -  ATMCOL (PetroFrac) - Stream Results « | + =
All ltems. - ‘]Mawrlal ‘Heat ] Load [Vol‘%Curves l Wt. % Curves | Petroleum | Polymers | Solids ]

[@] Properties )
@ Estimates Display: Streams ~ Format. PETRO_E - Stream Table
[@] Convergence
@Analysis NAPHTHA -~ ATMWTR ~ ATMRESID -~ KERO ~ DIESEL ~ AGO =~ el |
[&] Report 15
[@] Connectivity Temperature F 1366 1366 6118 414 4984 5493
User Subroutines Pressure psia 18.7 187 36.7 27.7 298 318
DRIy Mass Flow Ib/hr 324137 344932 680107 105511 127197 493675
DynamicHT
@ Block Options Enthalpy MMBtu/hr -281.5 2332 -354 -67.1 -78 -291
b g EO Modeling Vapor Frac 0 0 0 0 0 0
esults 3 Average MW 1124 18 4922 1972 246 3108
Cg Profiles 15 _
‘:E_St@m_ReiLilE‘ i I Lig Vol 60F bbl/day
Ea Stream Results (Custom) H20 13.3 23664 09 46 1.3 0.2
< Summary v a1
m Z,
c2 327 <01 0.1 < 0.1 < 0.1
~ Properties %
3 267.3 <01 <01 <01 <01
il .
= Simulation
‘ JEJ ‘ 1C4 226.3 <01 < 0.1 <01 <01 -
= T I
P =
Results Available | Check Status 100% @ {J ®
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Y Wacc-R@RONK

File Home Economics Dynamics Equation Oriented View Customize Resources :SECW ch aspenONE Exchange |E v @ =
<tmulation < Main Flowsheet - | ATMCOL Pumparounds PA-AGO - | Control Panel - ATMCOL (PetroFrac) - Stream Results - | + ~
All ltems & ] Material ‘ Heat ] Load [ Vol.% Curves l Wt. % Curves | Petroleum | Polymers | Solids | . - -

[@] Froperties =
Estimates Display: Streams ~ Format PETRO_E hd Stream Table
[&] Convergence
r
@Analysis NAPHTHA ~ ATMWTR ~ ATMRESID = KERO -~ DIESEL ~ AGO ~ -
E Report
@] Connectivity PC1554F <01 22282 <01 <01 <0
User Subroutines *** DRY TOTAL ***
Dynamics Lig Vol 60F bbl/day 30186.7 479443 87954 102387 38348
(@] DynamicHT
[@] Block Options API Gravity 60.6 13.9 40.5 345 287
b [ EO Modeling Gravity 60F 0.736 0973 0.823 0.852 0.883
Results [ Watson UOP-K 12.1 114 119 119 118
I?roﬁles - |5 | |
CEsweamResuts - il E
[ Stream Results (Custom) 0 % -50.5 5629 3447 4022 525.7 L.
r -
4 Summary 50 % 70.5 658.9 4103 4343 5045
l Properties 0 % 98.4 7122 4316 5156 626

- 30 % 198 852.1 464.7 558.8 678.5

I:|{J Simulation
‘ = ‘ 50 % 278 991 486 586.2 7047 -

]

{8 Home  Economics  Dynamics  EquationOriented  View  Customize  Resources | Search aspenONE Exchange B e =
Simulation < Main Flowsheet [ ATMCOL Pumparounds PA-AGO | Cantrol Panel - 'ATMCOL (PetroFrac) - Stream Resuilts | + =
All ltems % I Material ‘Heat ] Load [Vol‘%Curves l Wt. % Curves | Petroleum | Polymers | Solids

\2] FerEF[IES A
Estimates Display: Streams ~ Format. PETRO_E hd Stream Table
@ Convergence
-
[&] Analysis NAPHTHA ~ ATMWIR ~ ATMRESID v KERO ~ DIESEL ¥ AGO ~ -
[@] Report
@] Connectivity 100 % 4582 1580 557.5 701.9 8119
User Subroutines 086 Curve F
Dyhamicy P % 42,3 5684 3984 4607 573.3
DynamicHT
[&] Block Optians 5 % 114 642 4373 514.4 519.9
» [ EO Modeling 0 % 1475 673.6 4534 537.1 539.2
Results M 0 % 2225 7987 4707 5609 669.6
Profiles |5
5 Stream Resuits Lo 50 % 2824 925.3 4827 577 684.9
[3 Stream Results (Custom) 70 % 3338 10858 4961 596.9 701.3
v -
4 Summary 0 % 390.8 1295 515.1 626.6 7271 r
1 Properties 5 % 4121 12603 5302 6479 7487 £

— 100 % 4334 14256 545.5 669.2 7703

{- Simulation:
‘ = ‘ D1160 Curve F -
£ | T s
B E -
=

Results Available 100% @ {J ®

We'll now set the T95 specifications. Select Design Specifications under ATMCOL in the left-
hand column. Press New... You cannot name the design specs, only number them; accept
the numbers when presented in the Create New ID form; press OK. Let’s first specify the
T95 value for the naphtha. Pull down the Type list on the Specifications tab; select ASTM
D86 temperature (dry, liquid volume basis). Set the Target value as 410°F & the Liquid % as
95. Select the Feed/Product Streams tab; highlight the NAPHTHA stream & press > to move
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it to the Selec

ted Stream column. Select the Vary tab; pull down the Type list & select
Distillate flow rate.

—
B Create New ID

(i)

Design specification number

N T pE 4

Econamics

Crude distillation.bkp - Aspen Plus V8.6 - aspenONE

Dynamics  Equation Oriented  View

Customize  Resources Search aspenONE Exchange B e =
Simulation ¢ MainFlowsheet | Control Panel - 'ATMCOL Design Specifications - 1 - | + b
Al Ttemns ||| @Specifications | Components | @ Feed/Product Streams | @Vary | Results
[ Flowsheet Design specification
[ streams [Typz ASTM D86 temperature (dry, liquid volume basis) - }

(£ Blocks
[ ADDWATR Specification
4 [EZATMCOL s [Target 410 F \
@ Setup
I [ Pumparounds r
I [ Strippers ‘ Liquid %: 85 |
[@] Heaters and Coclers -
@ Runback Specs
(@] Efficiencies
4 g Design Specifications
a0
[ Condenser Heurves
[ Reboiler Heurves
[ Tray Sizing
[ Tray Rating -
4 - i, »
m .
. Properties
Fo— |
=
Input Changed | Check Status 100% O [] @
S Ne T b4 - Crude distillation.bkp - Aspen Plus V8.6 - aspenONE @Eﬂg
Economics Dynamics Equation Oriented View Customize Resources Search aspenONE Exchange Bl @ =
< Main Flowsheet ~ | Control Panel - ATMCOL Design Specifications - 1 | + -
All ltems - @5pecifications | Components | @ Feed/Product Streams | @Vary | Results
& Flowsheet : - Praduct streams =
[ Streams Available streams Selected stream
& Blocks ATMWTR NAPHTHA
» 3 ADDWATR ATMRESID
a [EATMCOL 3 KERO
5] set DIESEL
Glsetur AGO 4
£ Pumparounds =
I [} Strippers
[@] Heaters and Coolers
[&] Runback Specs
[@] Efficiencies
4[5y Design Specifications
[E TR L4
[ Condenser Heurves
[ Reboiler Heurves
[ Tray Sizing
[ Tray Rating .
v
| (Feed!Pmduct streams as base streams ﬁ
@ = |l m ...
Input Changed | Check Status_| 00% & @
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[ = I L Ne T b @4 Crude distillation.bkp - Aspen Plus V8.6 - aspenONE | =R
Home Econamics Dynamics Equation Oriented View Customize Resources Search aspenONE Exchange B e =
Simulation < Main Flowsheet = | Control Panel - “ATMCOL Design Specifications - 1 = | + =
All Ttems - @ Specifications | Components | @ Feed/Product Streams | @ Vary ‘Rézult:
& Flowsheet - Adjusted variable
[ streams ‘ Type: Distillate flow rate -
£ Blocks
» £ ADDWATR ~Qualifiers
4 ESATMCOL s Stage: =
[&]5etup Stripper name:
I 2 Pumparounds . :
b D Strippers umparound name:
[5] Heaters and Coolers Feed stream name:
[@] Runback Specs
[&] Efficiencies
4 [5g Design Specifications
1
[ Condenser Heurves
[ Reboiler Heurves
[ Tray Sizing
[ Tray Rating -
PR T —
_ Properties
‘D[gsimlhﬁm |
W= T
Input Changed | Check Status. 100% & L} @

Specifying the T95 values for the kerosene, diesel, & AGO streams is done in a similar
manner except when specifying what to vary. For the kerosene stream select the Vary tab;
pull down the Type list & select Bottoms flow rate & then select S-KERO from the Stripper
name list. Do similar specifications for the diesel & AGO streams.

B H- SN b H 4T Crude distillation.bkp - Aspen Plus V8.6 - aspenONE [E=EE
Home  Ecomomics  Dynamics  Equation Oriented  View  Customize  Resources Search aspenONE Exchange Bl e =
Simulation < Main Flowsheet - | Control Panel - ATMCOL Design Specifications - 2 | + b
All remns: - @Specifications | Components | @ Feed/Product Streams | @Vary ‘F‘.Ezu\tz
[ Flowsheet - Adjusted varishle
27 streams ‘ Type: Bottoms flow rate -
[ Blocks
» 2 ADDWATR - Qualfiers
4 [F3ATMCOL 3 Stage: =
[@]5etup Stripper name: S-KERO -
I [ Pumparounds . ‘
I E_}Stnppers umpareund name:
@] Hesters and Coolers Feed stream name:
@RunbackSpecs
(@] Efficiencies
4 |2g Design Specifications.
w1
2
[ Condenser Heurves
1 Reboiler Heurves
[ Tray Sizing .
m v
. Properties
‘D-[gsimlhﬁm |
B =
Input Changed | Check Status 100% O [} @

We now have replaced the 4 flowrate specifications with the 4 T95 specifications. Select
Run. It should again take about 4 outer-loop iterations to solve the column equations.

We can again look at the product streams by choosing Stream Results.
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B Ho - -c-cRThin 4 Crude distillation.bkp - Aspen Plus V8.6 - aspenONE o [ B [

Home  Economics  Dynamics  Equation Oriented  View  Customize  Resources Search aspenONE Exchange B o =
Simulation < Main Flowsheet - | Contral Panel « | ATMCOL Design Specifications - 4 .« /ATMCOL (PetroFrac) - Stream Results - | + =
All Ttems - |||l | Material | Heat | Load [ Vol Curves | Wt. % Curves | Petroleum | Polymers | Solids

1 Tray ratng N

[ Packing Sizing Display: Streams ~ Format: PETROE ~ | Stream Table

|1 Packing Rating

[&] Properties NAPHTHA ~  KERO ~  DIESEL - AGO ~  ATMRESID -
[@] Estimates r
@ Canvergence Temperature F 136 4109 4849 550.8 6118
[@] Analysis Pressure psia 187 277 298 318 367
[@]Report Mass Flow Ib/hr 319303 105413 130404 52452 678797
[@] Connectivity
@] User Subroutines Enthalpy  MMBtushr 2777 7.3 -80 308 -3533
[@] Dynamics H Vapor Frac 0 Q a 0 0
[&] ynamicHT Average MW 1117 1954 2443 3104 4926
[@] Block Options e Vol 80F bbl/d
b [ EO Modeling 1q Ve day
('8} Results H20 13 47 14 02 09
(8 Profiles c1
(M StreamResas [ 327 01 01 01 01
T : <0, <0, <0 <0,
[-g Stream Results (Custe =
PR Te— 3 2673 <01 <01 <01 <01
T 1c4 2263 <01 <01 <01 <01
Properties
e NCd 7804 <01 <01 <0l <0l
‘ H_ Simulation 1c5 8252 <01 <01 <01 <01
Ll [ m ] v
=

Results Available | Check Status 0% @ [J @

G -ENE b IE - Crude distillation.bkp - Aspen Plus V8.6 - aspenONE @EIQ
Home  Economics  Dynamics  Equation Oriented  View  Customize  Resources Search aspenONE Exchange El> @ =
Simulation ¢ Main Flowsheet - | Cantrol Panel « | ATMCOL Design Specifications -4 - 'ATMCOL (PetroFrac) - Stream Results < | + -
Al Ttems +|||['] materizl [Heat | Load [Vol%Curves | Wt.% Curves | Petroleum | Polymers | Solids
(G riGaE e -
[@] Efficiencies Display: Streams ~ Format PETROE ~ | Sstream Table
I [g Design Specifications
[ Condenser Heurves NAPHTHA - KERO - DIESEL - AGO ~  ATMRESID -
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We still haven’t added the stage efficiencies to model actual trays. For the main column
select Efficiencies under ATMCOL in the left-hand column. Select the Murphree/Vaporization
tab. You do not have to specify the efficiencies for each individual stage but rather they can
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be grouped. Remember to add 1 stage to account for the condenser being Stage #1; the
efficiency of the condenser will be 100%.

J H - LN bl 4 Crude distillation.bkp - Aspen Plus VB.6 - aspenOMNE = | 5
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The efficiencies for the side strippers are done in their corresponding section. For the
kerosene side stripper select Efficiencies under S-KERO in the left-hand column. Select the
Murphree/Vaporization tab. Do similar operations for the diesel & AGO side strippers.
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We can now rerun will all specifications. Select Run. It will take more iterations but should
still converge in less than 25 outer-loop iterations. We can again look at the product
streams by choosing Stream Results.
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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

Place a Pump & Heater on the flowsheet & define the connections as shown on the
flowsheet. Click Next & we're to fill in the feed heater information; set the value for Pressure
to 0 to signify a zero pressure drop. Click Next again & we'll fill in the feed pump
information; click for Discharge pressure & set the Pump efficiency to 0.75.

w
e [remo}-2

NAPHTHA
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Main Flowsheet Caontrol Panel HX-DEC4 (Heater) - Input &7 ]

@ Specifications | Flash Options | Utility | Information |

Flash specifications

Flash Type: Temperature -
Pressure -
Temperature: 250 F -

Temperature change:

Degrees of superheating:

Degrees of subcooling:

Pressure: 0 psia -
Duty: MMBtu/hr

Vapor fraction:

Pressure drop correlation parameter:

Valid phases
Vapor-Liguid-FreeWater -
Main Flowsheet Control Panel P-NAP (Pump) - Setup + -

@ Specifications | Calculation Options | Flash Options | Utility | Information

Model

@ Pump Turbine

Purnp outlet specification
@ Discharge pressure: 250 psig M
Pressure increase: psi
Pressure ratio:

Power required:

Use performance curve to determine discharge conditions Q} |

Efficiencies
Pump: 0.75 Driver:

Now we can define the Debutanizer. Just like with the Atmospheric Distillation Column
we’ll pick an option from PetroFrac. Choose the icon on the bottom row with just a reboiler
& a condenser (FRACT). Connect FEEDDEC# as a feed, create products streams LPGS &
S-NAP, overhead water DEC4WTR, & heat streams for the condenser & reboiler.

- a) %

e G

HX-DEC4

L= S

Click Next to start filling in information for this Debutanizer. Remember to add 2 to the
Number of stages to account for the condenser & the reboiler. Also note that the feed
location chosen is Above-Stage; this means that liquid from the feed will be introduced to
the stage whereas vapor will be put to the stage above (just as if a feed nozzle is put into
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the vapor space above a tray). Remember to add one to the stage location to account for the
condenser being Stage #1.

Main Flowsheet Control Panel P-NAP (Pump] - Setup DECA (Petrofrac) - Setup = | + e

@ Configuration | @Streams | Steam | @Pressure | Condenser | Furnace | Reboiler | Information

Setup options

MNumber of stages: 47 C Stage wizard |

Condenser: Total -
Reboiler: Kettle -
Valid phases: Vapor-Liguid-FreeWater -

Operating specifications

Distillate rate ~ Stdvol ~ 5500 bbl/day -
Reflux ratio v Stdvol v 15
Main Flowsheet Control Panel P-NAP (Pump) - Setup DECA (PetroFrac) - Setup | + =

| @ZConfiguration | @Streams | Steam | @ Pressure | Condenser | Furnace | Reboiler | Information

Feed streams
Name Stage Convention
P FEEDDEC4 23 Above-Stage

Product streams

Name Stage Phase Basis Flow Units
LPGS 1 Liquid Stdvol bbl/da
DECAWTR 1 Free water Stdvol bbl/da
S-MAP 45 Liquid Stdvol bbl/da:
el Dlowsheet | Gt Qlotpanet -+ [ [Vhisp pum|Yfserup B2 (PetraFrac) - Setup « | + -

| @ Configuration | @Streams | Steam | @Pressure | Condenser | Fumace [ Reboiler | Information

View: Top / Bottom -

Top stage / Condenser pressure

Stagel / Condenser pressure: 150 psig -

Stage 2 pressure (optional)
Stage 2 pressure: 150 psig -

Bottom stage pressure or pressure drop for rest of column (aptional)

@ Bottem stage pressure: 160 psig v
Stage pressure drop: psi
Column pressure drop: psi

The simulation be run but we need to add the stage efficiencies first. Select Efficiencies
under DEC4 in the left-hand column. Select the Murphree/Vaporization tab. You do not have
to specify the efficiencies for each individual stage but rather they can be grouped.
Remember to add 1 stage to account for the condenser being Stage #1 & 1 stage for the
reboiler being Stage #47; the efficiencies of the condenser & reboiler will be 100%.
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[ Analysis E
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@] Setup L
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[ Strippers
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E Efficiencies

[ Design Specificatior «

1 »

" Properties

H_ Simulation

#e | [

Input Changed | Check Status | 100% @ @

Now we can click Next to run the simulation. It should converge in less than 10 outer-loop
iterations.

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.

Place a Mixer on the flowsheet downstream from the Atmospheric Column. Next let’s place
the Vacuum Distillation Column. Just like with the Atmospheric Distillation Column we’ll
pick an option from PetroFrac. Choose the icon with just a fired heater & two pumparounds
(VACUUMIF). Connect the outlet from the Mixer & a steam stream to the VACCOL as feeds,
create products streams LVGO, HVGO, & SLOPWAX as Side Products from Main Column,
overhead vapor VACOVHD, & heat streams for the two pumparounds.

Rev 0.0 -43 - November 9, 2014



o WACCOL

%~ [aamm] -

— o
— %-[avena}- @

MIX-VAC - =
< cousm |

Table 6. Definitions for Vacuum Distillation Column

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; 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, 40 MMBtu/hr cooling

HVGO Pumparound

Draw from Tray #8, returned to Tray #5

50,000 bpd flow, 150°F cooling approximately 400°F, 40 MMBtu/hr 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 bpd

Vacuum resid from bottom

First define the steam stream going to the Vacuum Heater Coils. Select COILSTM under
STREAMS in the left-hand column. Do the same for the steam stream going to the bottom of
the Vacuum Distillation Column, VACSTM
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Let’s configure the Vacuum Distillation Column itself. Select VACCOL under Blocks in the
left-hand column. Even though the column will be packed we’ll model it with a set of non-
equilibrium stages. On the Configuration tab pick the Condenser option None-Top
pumparound. On the Streams tab denote that VACFEED goes through a fired heater before
going to Stage #12 & the VACSTM goes directly On-Stage to #14. Set the top & bottom
pressures on the Pressure tab. On the Furnace tab specify the Furnace type as Single stage
flash with liquid runback & set the outlet temperature & pressure.
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Now let’s setup the pumparounds. Change the names to PA-LVGO & PA-HVGO. Set draw
rates & conditions on the Specifications tab. Let’s apply the approximate specs as Heat duty
specs (since these are the most likely to converge). Note that the Heat duty values are
specified as a negative numbers since they represent cooling (i.e., heat removal). Connect
the appropriate heat stream on the Heat Streams tab.
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Let’s specify the stage efficiencies. Select Efficiencies under VACCOL in the left-hand column.
Select the Murphree/Vaporization tab. You do not have to specify the efficiencies for each

individual stage
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but rather they can be grouped.
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To aid in the convergence of the column let’s add a couple temperature estimates. Click on
the Estimates item in the left-hand column. Specify values for trays #1, #2, & #14.
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Let’s apply the first design spec before trying to run the simulation, the one for the top
temperature. This is achieved by adjusting the operation of the top pumparound, PA-LVGO.
Click on Design Specifications in the left-hand column, click New, and select OK for the
default name 1. The spec Type is Stage temperature for Stage 1; we'll Vary the Pumparound
duty for PA-LVGO (since this is the spec we applied to this pumparound).
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Run the simulation. The Vacuum Column should converge in about 10 iterations.

We have not applied all of the design specs, but let’s see how close we come to the desired
performance. We are most interested in the D1160 T95 values for the LVGO & HVGO as
well as the runback liquid from the section about the feed tray (i.e., the liquid rate from
Tray #11). Note that the D1160 values (corrected to 1 atm) above 50% are the TBP values.
The T95 values can be found when selected the Stream Results in the left-hand column; the
TBP values are 768.3°F for the LVGO & 913.9°F for the HVGO. The liquid runback to the
feed tray can be calculated from the information in the Profiles table. Normally the net flow
of liquid from one tray to the one below would be the amount in the Liquid flow column
minus the amount in the Liquid product column. However, for the feed heater chosen, all of
the net liquid is fed back to the front of the heater & is considered “liquid product,” too. So,
the net liquid is really the amount in the Liquid product column minus the Slop Wax rate
produced; here this is 186,800 bpd.
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To increase the T95 value of a side draw we would normally increase the draw rate. We
have to be careful, though, not to exceed the values going into each section (and cause that
section to dry up). Let’s address the HVGO first. Create a new design spec & vary the HVGO
draw rate to achieve this. Rerun the simulation; it should converge in less than 20
iterations. Now we have withdrawn 30,676 bpd HVGO to make this T95 spec. The liquid
runback has reduced considerably, now down to 3,050 bpd.
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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. However, there is only 3,518 bpd runback above the feed tray, so we
normally think that can’t raise the rate above this amount. However, we can actually raise it
considerably & not dry up the top of the Vacuum Column. Note that if we raise the LVGO
spec to 4,000 bpd we can do this and actually increase the runback. How? Because the
HVGO rate decreases by more than 3,000 bpd to keep its T95 spec. So let’s apply the LVGO
T95 spec; now we’ve made both T95 specs without drying up the top of the Vacuum
Column.

The final spec that we need to achieve is the liquid rate from above the feed tray. The
current rate is 6,776 bpd, higher than necessary. We can reduce this rate by reducing the
feed heater’s outlet temperature (which will reduce the amount of the feed vaporized). We
can adjust the feed heater temperature manually to 739.5°F and get a liquid runback rate of
2,990 bpd (just a little bit too low). Can we adjust this automatically to determine the actual
temperature? We could add a design spec to modify the furnace temperature make the
liquid rate from Tray #11; in past experience this will tend to crash the program. Instead
we will use the built-in facility to modify the furnace’s outlet conditions by specifying the
fractional overflash in the column. Since the total standard flow to the column is 53,632
bpd then 3,000 bpd overflash means a fractional value of 0.05594. Making this specification
will give the correct overflash value & results in a furnace outlet temperature of 739.56°F.
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The results of all of these steps are summarized in the following table.

Vacuum Column Results When Applying Different Specs

LVGO Rate LVGO D1160 HVGO Rate HVGO D1160 Slop Was Rate Runback from
[bbl/day] T95 [bbl/day] T95 [bbl/day] Tray #11
[°F] [°F] [bbl/day]
1,000 % 768.4 21,000 % 924.4 1,000 % 186,810
1,000 % 797.1 30,676 1050 % 1,000 % 3,050
4,000 x 825.9 27,220 1050 % 1,000 % 3,562
16,487 915 % 13,855 1050 % 1,000 % 6,776
16,835 915 % 13,185 1050 % 1,000 % 2,990
16,808 915 % 13,212 1050 % 1,000 % 3,000
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