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Introduction

Heavy oils are rich in asphaltenes; the heaviest and most polar fraction of a crude oil.
Asphaltenes are generally defined as a solubility class of materials that are insoluble in n-
alkanes like n-pentane or n-heptane but soluble in aromatics solvents such as toluene.

Asphaltenes can precipitate along the whole oil production process due to changes in
temperature, pressure and composition causing operational problems. During oil production,
asphaltenes can block the porous channels of the reservoir rock making oil mobility very
difficult. In the transportation process, the asphaltene precipitation makes pumping challenging
due to a viscosity increment and at the surface, the oil needs to be blended with diluents to
lower its viscosity. In refinery operations asphaltenes can plug refinery equipment increasing the
frequency of maintenance intervention procedures.

One of the historical challenges in phase behavior simulation is the prediction of the conditions
at which asphaltene precipitation occurs, the amount of precipitate, and the properties of the
asphaltene-rich phase. To address these issues, the Symmetry process platform has recently
added the Asphaltene Precipitation for Live Oils to the list of characterization options
available in the Oil Source unit operation, this option is backed up by the Symmetry process
platform’s own PIONA Molecular based characterization procedure [1].

The characterization is complemented with Asphaltene Onset Pressure and Asphaltene
precipitated fraction calculations at given conditions. The calculations can help in the monitoring
process of asphaltene precipitation in a flowsheet.

The objective of this communication is to offer a walkthrough of the characterization process of
a live oil that contains asphaltenes that may precipitate during oil production and, to highlight
tools available in the Symmetry process platform to monitor and detect precipitated
asphaltenes. This will be done with the help of an example based on a reservoir fluid described
in open literature.

Asphaltene Precipitation for Live Oils

To start the characterization of a live oil or reservoir fluid with asphaltene content, we need the
following data set: light ends analysis and Stock Tank properties (SARA distribution in wt %, Oil
density, molecular weight (optional) and Gas to Oil ratio). These properties are enough to obtain
asphaltene precipitation calculations since they provide the basis of internal correlations that
arrange the PIONA slate components in a way that flash calculations can produce an
asphaltene-like phase.

If experimental Saturation and Asphaltene Onset Pressures are available, they can be used to
tune parameters and match calculated phase boundary pressures.

Gonzalez et al. [2] studied the asphaltene precipitation phase behavior of live oil samples, the
following tables show the reported characterization data for one of them that include: stock tank
oil properties, light ends analysis, and phase boundaries conditions. This reservoir fluid will be
used to exemplify the characterization and tuning procedure for asphaltene precipitation.
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STOCK TANK OIL PROPERTIES

Density (kg/m3) at 60F 919
GOR (Sm3/m3) 100.63
Saturates (wt%) 39.36
Aromatics (Wt%) 36.04

Resins (Wt%) 9.04
Asphaltenes (Wt%) 15.56

Light Ends Composition

Component Mass %
NITROGEN 0.078
CARBON DIOXIDE 0.058
METHANE 4318
ETHANE 2.005
PROPANE 2.266
ISOBUTANE 0
n-BUTANE 0.537
ISOPENTANE 0
n-PENTANE 2.066

SATURATION PRESSURES

Temperature (°C)

Pressure (kPa)

26.67 11718
31.11 12063
37.78 12752
65.56 14668
97.78 16681

Asphaltene Onset Pressure

Temperature (°C)

Pressure (kPa)

27 59279
31.11 55143
38 46182
65 34809
98 31707

As mentioned above, the asphaltene precipitation procedure in the Symmetry process platform
is based on components created from it's PIONA Molecular based characterization; a key part
in the characterization procedure is the setup of the PIONA components slate. Let’s begin the
process by opening a new case using the Advanced Peng-Robinson property package with
the following pure light end components defined in the previous tables:
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é Configure Property Package o X
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-

+ Add || #' Rename...
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9 Compounds| | 1 Flowsheet || 0 Unit Ops

Thermodynamic Models Compounds Settings

Add Compounds

‘ L New hypo H@ Clone hypo v | Characterizationy | s PIONA Qil

|

9 Compounds

NITROGEN o
CARBON DIOXIDE

METHANE

ETHANE

PROPANE

ISOBUTANE

n-BUTANE

ISOPENTANE Q 2Ty ‘

n-PENTANE v

) Import... || # Export...

‘ Sort... ‘

‘ Clear All ‘

v

New Group... ‘

Then we can open the PIONA Slate environment by clicking on the PIONA button from the
previous window. In the PIONA Slate window enter the following values using the Carbon
Number (Cn) Cuts Slate Style. Note that the Asphaltene Precipitation and Include Aromatics
boxes are checked in order to create an extended list of aromatic and dehydrogenated aromatic
components which will represent the Asphaltene—like components. When creating the PIONA
Slate, it is recommended to use the Carbon Number (Cn) Cuts Style as this style allows the

inclusion of heavy Aromatic and Dehydrogenated aromatic components that can act as
asphaltene-like compounds.

[lig VMGThermo - PIONA Slate x

Hydrocarbon slate properties have been modified. Ready to create HC hydrocarbon slate
| Slate Style Boiling Point Ranges @ Carbon Number (Cn) Cuts Black Oil “ Create Slate “ Delete Slate]
Slate Settings Carbon Number (Cn) Cuts
Slate Name HC||Cut Initial Cn~ Final Cn  Initial B> Final BP
4 Carbon Number (Cn) Cuts < (@]
No. of Cn Cuts 8 C6 - CY 6 9 36.6 1513
4 First Cn Cut C10-C14 10 14 1513 2540
Starts at Cn 6fj| C15 - C19 15 19 254.0 3311
4 Last Cn Cut C20 - C29 20 29 3311 4411
Based on Fluid Type User +| C30 - C49 30 49 441.1 5711
Starts at Cn 100§ C50 - C74 50 74 5711 678.7
4 Settings C75 - C99 75 99 678.7 7546
Cut Boiling Points from Katz-Fir badi~ C100+ 100 754.6 808.1
Viscosity Estimation API-VMG ~
HAP's Siate [l . o
‘Asphaltene Precipitation One Slate Component per selected PIONA family will be created for each Cn Cut
Include Aromatics
PIONA Inclusion Aromatics Settings ‘ Dehy. Aromatics Settings
Paraffins » Multipliers ‘ H/C Ratio 0.6500
Iso-Paraffins » Multipliers
Olefins O
Naphthenes
Aromatics
Dehydrogenated Aromatics
Atomic Inclusion
N Aromatics ]
S Aromatics O
V Aromatics ]
Ni Aromatics O
Fe Aromatics ]




The asphaltene-like components are Aromatic and Dehydrogenated Aromatic compounds with
large Carbon Numbers (Cn > 100). The equation of state (EOS) binary interaction parameters
for these components with other non-asphaltene hydrocarbons have been tuned to allow the
precipitation of a heavy hydrocarbon phase rich in asphaltene-like components. The EOS binary
interaction parameters have been tuned for the following Symmetry process platform’s property
packages: Advanced Peng-Robinson, Advanced Peng-Robinson for Natural Gas, Advanced
Peng-Robinson for Natural Gas 2 and Refinery-APR.

Once the PIONA Slate window is set up click on the Create Slate button to add the PIONA
based components to the property package. Now, we are ready to start the characterization
procedure.

Go to the flowsheeting environment, change the Unit Set to Sl and add an Oil Source unit
operation. Open the unit operation and select Oil / Refinery as the Application type and check
the Asphaltene Precipitation (Live QOil) box. Observe that the Cut Ranges option is automatically
enabled, this is because the Asphaltene Precipitation characterization will be based on cut
ranges that will be defined by the SARA Distribution, light ends composition and the Yield and
Density factors from the Settings tab.

=
s
Missing SARA Distribution

/OilFeed1 (Qil Source)

Name  OilFeed1 Description v

g :

[ Load from HCAMS... ” Load from DB... ”Save to DB...

{ Application

Tight Fluids_® Oil / Refiner:

Yields (Cut Range) ~ Saturation / Asphaltene Onset P | Settings  Equilibrium Results Notes Help

» Laboratory Analyses ~ Bulk Experimental Variables

B

Calculated  Scale
Stock Tank Oil Density [kg/m3] O 1.0000
Stock Tank Oil MW O 1.00

Cut Ranges Names Active | Specified

4 Cut Ranges
Inputs

PIONA Distribution
Atomic Inclusion
Properties

Asphaltene Precipitation (Live Oil)

HEOO0O

Gas to Oil Ratio (GOR) [Sm3/m3] | [

1.00

v Options

v SARA Distrib. (Stock Tank Qil)

4 Reference Conditions
Source
Lig. Ref. T[C]
Lig. Ref. P [kPa]

Global -
15.6
101.33

Saturates (mass) [%] ~
Aromatics (mass) [%]

Resins (mass) [%]

Asphaltenes (mass) [%] b

Asphaltene Calculations

]

Material

PortName Qut
Is Recycle Part

Connected Stream/Unit Op
VapFrac

T[C]

P [kPa]

Mole Flow [kmol/h]

Mass Flow [kg/h]

Volume Flow [m3/h]

St |in Vnlime Elow fm3 /b1

v

[Regress Parameters iCuslom Regression Case‘..]

Ignored

Now enter the SARA distribution information from the tables above.
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= =

/OilFeed1 (Qil Source)

Name  OilFeed1

=

[ Load from Hcams...|| Load from DB..

Save to DB...

| Application / ‘

Tight Fluids ® Oil / Refiner:

ILGELTE  Vields (Cut Range)

Deasphalting Black Oil ‘

Saturation / Asphaltene Onset P

Settings

Description

Equilibrium Results Notes Help

v Laboratory Analyses ~ Bulk Experimental Variables

Cut Ranges Names
4 Cut Ranges Stack Tank Oil Density [kg/m3]
Inputs. Stock Tank Oil MW

PIONA Distribution Gas to Oil Ratio (GOR) [Sm3/m3]

Active
O
O
O

Specified  Calculated ~ Scale

Atomic Inclusion

: ~ Options I/~ sARa Distrib. (Stock Tank Gil)
Properties -
— A Reference Conditions Saturates (mass) [%] 39.36
Asphaltene Pr 1 (Live Oil) N
Source Global~ ||| Aromatics (mass) [%] 36.04
Li. Ref. T [C] 15.6 [§| Resins (mass) [%] 9.04
Li. Ref, P [kPa] 101.33 || Asphaitenes (mass) %] | 15.56.
Asphaltene Calculations |.—'
Material
PortName Out ~
Is Recycle Port O
Connected Stream/Unit Op -
VapFrac
T
P [kPa]
Mole Flow [kmol/h]
Mass Flow [kg/h]
Volume Flow [m3/h]
St Lin Vnlume Elaw fm3 /hl v
lRegress Parameters lCus(om Regression Case...] Ignored

Note that the status bar is now asking for the Light Ends composition; to add it go to the Yields

(Cut Range) tab and enter it in the corresponding frame.

© OilFeed1

=S -

Load from HCAMS... H Load from DB... ” Save to DE...l

Application |

Tight Fluids ® Oil / Refinery Deasphalting Black Oil

summary [REEREREEIRE Saturation / Asphaltene Onset P Settings  Equilibrium Results Notes  Help

Description ~

+ Total Fractions
Cuts Light Ends Below IBP (Mass) [%] | 0,00 36 -
Yield Basis Mass~ || Yields (Mass) [%] 10000
Cut Ranges I8P [C] -252.8 || Total (Mass) (%) 100.00
|Cut Ranges £8P [C] 14434
Light Ends Analysis

Light Ends Basis Mass =
Incl Light Ends in Cuts ]
Asphaltenes Content
Spec. Asph. Mass Cont. [%] | 13.80
Calc. Asph. Mass Cont. [%] | 13.80
Asph. AfAdh Mass Ratio 270

v Options.

v Light Ends ]
Specify  Component 3 n Mass
] %]
NITROGEN  -195.8 0.08
CARBON DIOXIDE -875 0.06
METHANE  -1615 1 432
ETHANE  -886 c 201
PROPANE  -420 c3 227
ISOBUTANE 117
n-BUTANE -05
ISOPENTANE 278
n-PENTANE 36.1

v Cut Range Yields
CutNames |StartT EndT |Yield Spec. Yields Cale. Cum. Yield
[ o] e %] %]
LightEnds| -2528 1450 34.22 3822 38.22
Cutl| 1450 285.0 1537 15.37 4959
Cut2 2850 5500 21.56 2136 7115
Cut3 5500 7640 15.06 1506 86.20
Asphaltenes 7640 14444 13.80 1380 100.00

X = -0.19925, ¥

pe
oy

B Specified
B Calculated

[ Regress Parameters || Custom Regression Case. |

Ignored

Now, observe that five Cut Ranges have been automatically defined (Light Ends, Cut_1, Cut_2,
Cut_3 and Asphaltenes), the last cut represents the asphaltene fraction and its yield has been

normalized based on the stock tank asphaltene content and light ends information.
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We now need to tune some parameters to find the best slate composition that matches the
experimental asphaltene precipitation data. Go back to the Summary tab and enter the Stock
Tank properties and define the following P, T and Mole Flow in the Material port: 60 C, 101.325

kPa and 1 kmol/h.

= 5 /OiFeed (Oil Source) R - o %
\ Solved |
rame OilFeed1 Description ~
5 :
Load from HCAMS._“ Load from DB... “ Save to DB...
Application
Tight Fluids @ Qil / Refinery Deasphalting Black Qil
Settings Equilibrium Results Notes Help

Saturation / Asphaltene Onset P

~ Laboratory Analyses ~ Bulk Experimental Variables
Cut Ranges Names Active alculated  Scale
4 Cut Ranges Stock Tank Oil Density [kg/m3] 887.3593 1.0000
Inputs [ || stock Tank Ol MW O 19382 1.00
PIONA Distribution D Gas to Qil Ratio (GOR) [Sm3/m3] 96.59 1.00
Eitondluchision L |~ optons v SARA Distrib. (Stock Tank Oil)
Properties 4 Rer N o
Asphaltene Precipitation (Live Of) eference Conditions Saturat.es (mass) [%6] 39.36
Source Global~ Aromatics (mass) [%] 36.04
Lig. Ref. T [C] 15.6 Resins (mass) [%6] 9.04
Lig. Ref. P [kPa] 101.33 Asphaltenes (mass) [%] | 15.56
Asphaltene Calculations O
Material
PortName Out ~
Is Recycle Port O
Connected Stream/Unit Op -
VapFrac 0.56704
TIC] 60.0
P [kPa] 101.33
Male Flow [kmol/h] .00
Mass Flow [kg/h] 114.62
Volume Flow [m3/h] 15.485
5td Lig Volume Flow [m3/h] 0.147
Std Gas Volume Flow [Sm3/d] 5.6857E+2 v
lRegress Parameters ] l Custom Regression Case‘..l lgnored

The next step is to add the vapor pressure data. Go to the Saturation / Asphaltene Onset P
tab and enter the Saturation Pressure data from Gonzalez et al. [2]:




= § /Oilreed1 (Qil Source) oL - o x%

Ready to regress parameters

nzme  OQilFeed1 Description ~

5 :

Load from HCAMS... ] [ Load from DB... “ Save to DB...

Application
Tight Fluids ® Oil / Refinery Deasphalting Black Qil

Settings Equilibrium Results Notes Help
Summary Yields (Cut Range) Saturation / Asphaltene Onset P
Options 17000 =
Saturation P (Sat P) Curve E u
Sat P Points 5 16500 ]
Asphaltene Onset P (AOP) Curve | [] 16000
T Sat P Specified ~ Sat P Calculated  Scale 15500
a [ikPa] [ikPa] [kPa] - ]
- w 15000
26.7 11718.00 12146.53 100.00 o 4 /{
31.1 12063.00 1247117 100.00 - 14500
37.8 12752.00 12941.74 100.00 @ 14000 ] W P Sat(Spec)
65.6 14668.00 14685.32 100.00 @ 1 P Sat. (Calc)
97.8 16681.00 1630350 100.00| - 135007
13000 /‘
12500
12000
1m
11500 |
2030405060708090100
Temperature [C]
X =112.603,Y = 10721.54 iﬂ
[Regress Parameters “Custom Regression Case‘..‘ Ignored

The Saturation pressure data is calculated based on the defined cut ranges which depend on
the Yield and Density Regression Parameters from the Settings tab. To match the data, we
need to tune these parameters and to accelerate the solution set the Max. Iteration parameter to
50 in the Settings tab, then click on the Regress Parameters button to run a regression that will
match the Saturation Pressure and Stock tank properties by manipulating the Regression
Parameters.




/OilFeed1 (Qil Source) =]
Ready to regress parameters
nzme  OQilFeed1 Description ~
=i -

Load from HCAMS... ] [ Load from DB... “ Save to DB...

Application
Tight Fluids ® Oil / Refinery Deasphalting Black Qil

Summary Yields (Cut Range) Saturation / Asphaltene Onset P

Equilibrium Results Notes Help

Load Parameters for | Asphaltene v‘

~ Main Settings v Regressed Parameters
Cut Group Delta T [C] 20.00 §f Split P 2.00
PIONA Distrib. Delta T [C] 405.00 §f Split | 2.00
4 Regression Split O 0.00
Split N 1.50
Regression Tolerance 0.1000 Jf| Split A 1.00
Optimization Method Nelder Mead - Jf Split Adh 0.3500
Obj. Function Type Least Squares~ |J| Yield Factor 1 2.30
~ PIONA Family Inclusion iedlEactois 1240
Density Factor 1 1.00
Paraffins Density Factor 2 715.00
Iso-Paraffins 5 Alpha (Asp) 200
Olefing Eta (Asp) 1000.00
Naphlh.snes MW (Asp) 2500.00
Aromatics

IRegress Parameters ICustom Regression Case...‘ Ignored

/OQilFeed1 (Qil Source) =]
Ready to regress parameters
Mame  QilFeed1 Description +

g :

Load from HCAMS... ] [ Load from DB... “ Save to DB...

Application

Tight Fluids ® Oil / Refinery Deasphalting Black Qil

Settings Equilibrium Results Notes Help

Saturation / Asphaltene Onset P

v Laboratory Analyses v Bulk Experimental Variables
Cut Ranges Names. Active |Specified  Calculated  Scale
4 Cut Ranges Stock Tank Qil Density [kg/m3] 919.0000 905.5467 1.0000
Inputs [ || stock Tank Oil MW O 17481 1.00
PIONA Distribution D Gas to Oil Ratio (GOR) [Sm3/m3] 100.63 98.85 1.00
Atamic Inclusion O |[~ options ~ SARA Distrib. (Stock Tank Oil)
Properties .
4 Reference Conditions Saturates (mass) [%] 39.36
Asphaltene Precipitation (Live Qil)
Source Global~| | Aromatics (mass) [%] 36.04
Lig. Ref. T [C] 15.6 Resins (mass) [%] 8.04
Lig. Ref. P [kPa] 101.33 Asphaltenes (mass) [%] | 15.56
Asphaltene Calculations O
Material
PortName Out ~
Is Recycle Port O
Connected Stream/Unit Op -
VapFrac 0.55245
TIC 60.0
P [kPa] 101.33
Mole Flow [kmol/h] 1.00
Mass Flow [kg/h] 108.38
Volume Flow [m3/h] 15.070
Std Lig Volume Flow [m3/h] 0.137
Std Gas Volume Flow [Sm3/dl 5.6857E+2 v

[Regress Parameters || Custom Regression Case... Ignored

Once it is done (it may take a few minutes depending on the computer) observe the new results:
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/OilFeed1 (Qil Source) =]

Ready to regress parameters
nzme  OQilFeed1 Description ~
=i -
Load from HCAMS... ] [ Load from DB... “ Save to DB...
Application
Tight Fluids ® Oil / Refinery Deasphalting Black Qil
Settings Equilibrium Results Notes Help
Summary Yields (Cut Range) Saturation / Asphaltene Onset P
Options 17000 =
Saturation P (Sat P) Curve E u
Sat P Points 5 16500 ]
Asphaltene Onset P (AOP) Curve | [] 16000
T Sat P Specified ~ Sat P Calculated  Scale 15500 i
a [ikPa] [ikPa] [kPa] - ]
w 15000
26.7 11718.00 12281.90 100.00 o
31.1 12063.00 12607.29  100.00 - 14500
37.8 12752.00 1307891 100.00| 2 44000 B PSat(Spec)
65.6 14668.00 14827.29 100.00 @ 1 P Sat. (Calc)
97.8 16681.00 1645200 10000 = 135007
13000
4 { ]
12500
12000 =
1m
11500 1
20 40 60 80 100
Temperature [C]
X =50.1370,Y = 10518.46
[Regress Parameters “Custom Regression Case...‘ Ignored

Note how the Yield and Density parameters had been adjusted to match the Saturation
Pressure and Stock Tank Oil properties. Now click on the Asphaltene Onset P (AOP) Curve box
from the Saturation / Asphaltene Onset P tab to add the asphaltene onset pressure data from

Gonzalez et al. [2].

Feed1 (Qil Source)

Solved

Name  OilFeed1

5 :

l Load from HCAMS...“Load from DB...H Save to DB...]

I Application ‘

l Tight Fluids ® Qil / Refinery  Deasphalting Black il

Summary Yields (Cut Range) [EEITIELLLWECLLENL EYeL A0 Settings  Equilibrium Results  Notes  Help

Description +

Options _
Saturation P (Sat P) Curve lg;ggg
Sat P Points 5 95000
Asphaltene Onset P (AOP) Curve 90000
AOP Points 5 85000
AOP Phase Frac Criterion 1.00E-06 80000
4 Asphaltene Distribution Parameters 75000
Alpha (Asp) 3.00 = 70000
MW (Asp) 2500.00 & 65000
> 60000
P @ 55000
|l Regress Distribution l | g 50000
T Sat P Specified  Sat P Calculated  Scale ~ B :gggg
kel 7.8 30/8.91 [kPal]unm 35000
65.6 14668.00 1482729 100.00 23333
. 97.3 16681.00 16452.00 mn_n)o v 20000
15000
10000
T AOP Specifi... AOP Calculated  Scale ~
@] [kPa] kPal [kPal
27.0 59279.00 100766.60 1.00
311 55143.00 90359.28 1.00
] n ARTR2 on 7RANQ 74 100 he X =520792,
< >

Y = 633.803

w

1
20 40 60 80 100
Temperature [C]

=1

B PSat(Spec)
= P Sat. (Calc)

@ OnsetP (Spec)
Onset P (Calc)

I Regress Parameters ] l ‘Custom Regression Case...

Ignared
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Observe that there is an extra parameter called AOP Phase Frac Criterion, this is the mole
phase fraction value at which one can consider the appearance of an asphaltene phase. The
default value is 1E-06 but can be customized or used as tuning parameter if necessary.

Now click on the Regress Asphaltene Distribution Parameters button, this will adjust the
average molecular weight of asphaltenes, MW (Asp) parameter, to match the asphaltene onset
pressure. Once the regression is done observe the new results.

& § /OilFeedl (Ol Source) X - o x
Regressed
Name OilFeed1 Description v
5 .
[ Load trom HcaMs...|[ Load from DB.. | save to DB.. |
\ Application J
‘ Tight Fluids @ Oil / Refinery Deasphalting Black Oil
Summary Yields (Cut Range) JEEUUGHELWEU.LENE YL PN Settings  Equilibrium Results  Notes  Help
Options .
Saturation P (Sat P) Curve 65000 1 a
Sat P Points 5 60000 .\
Asphaltene Onset P (AOP) Curve . \
AOP Points 5 55000
AOP Phase Frac Criterion 1.00E-06 50000
4 Asphaltene Distribution Parameters .
Alpha (Asp) 2.00
MW (Asp) 2340.82 B Psat(Spec)
Regress A Distribution P Sat. (Calc)
\ o @ Onset P (Spec)
T Sat P Specified ~ SatP Calculated  Scale ~ . ——— Onset P (Calc)
1 [kPa] [kPa] [kPa] 2500(
37.8 12752.00 131010/ 100.00 25000
65.6 14668.00 1485696 100.00 20000
97.8 16681.00 16491.83 100.00 v L]
= > 15000 -
(L] =
10000 |
T AOP Specified ~ AOP Calculated  Scale ~ 20 40 60 80 100
[ [kPa] [kPa] [kPa] [
38.0 46182.00 48116.53 1.00 emperature [C]
65.0 34809.00 34199.87 1.00
131090, 7 il
98.0 31707.00 26814.13 1.00 v X =131.090,Y = 84.5070 ]
< >
IRegress Paramelers” Custom Regression Case ] Ignored

Now the Oil Source has found the best fluid compositions that can match Stock Tank,
Saturation and Asphaltene Onset Pressure data.

We can do now more studies using other tools from the Oil Source, like plotting saturation and
asphaltene onset pressure lines with no more tuning required. To do, so go back to the
Summary tab and click the Asphaltene Calculations box from the Options frame.
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Feed1 (Oil Source) -

Solved

Name  OQilFeed1 Description v

g :

[ Load from HAMs...|[ Load from DB.. | save to DB...

\ Application J
l Tight Fluids ® Oil / Refinery Deasphalting Black Oil ‘

Settings Equilibrium Resul Notes Help
Yields (Cut Range) Saturation / Asphaltene Onset P IAspha\tene Calculations
v Laboratory Analyses v Bulk Experimental Variables
Cut Ranges Names Active |Specified  Calculated  Scale
4 Cut Ranges Stock Tank Oil Density [kg/m3] 919.0000 9053310 1.0000
Inputs [ || stock Tank Oil MW O 17481 1.00
PIONA Distribution [ || Gas to Oil Ratio (GOR) [Sm3/m3] 100.63 9882  1.00
Atomic Inclusion L |~ optons  SARA Distrib. (Stock Tank Oil)
Prepertes 4 Reference Condit Saturates (mass) (%] | 39.36
Asphaltene Precipitation (Live Gil) sterencetiondions e e =
Source Global~ | | Aromatics (mass) [%] 36.04
Lig. Ref. T [C] 15.6 Resins (mass) [%6] 9.04
r Asphaltenes (mass) [%] | 15.56
1| Asphattene Calculations

Material

PortName Out ~
Is Reeycle Port O

Connected Stream/Unit Op -

VapFrac 0.5522

TICl 60.0

P [kPa] 101.33

Mole Flow [kmol/h] 1.00

Mass Flow [kg/h] 108.35

Volume Flow [m3/h] 15.063

Std Liq Volume Flow [m3/h] 0.137

Std Gas Volume Flow [Sm3/d] 5.6857E+2 v

[Regress Parameters || Custom Regression Case. ] Ignored

This enables a new tab called Asphaltene Calculations. Here single point or envelope onset
pressure calculations can be done. The calculation results can be reported in Table or Plot
formats:

S /OilFeed1 (Qil Source) = &
Solved
name  QilFeed1 Description
S :
l Load from HCAMS...“Load from DB.. H Save to DB...
l Application ‘
Tight Fluids ® Qil / Refinery Deasphalting Black Oil ‘
Settings Equilibrium Results Notes Help
Summary Yields (Cut Range) Saturation / Asphaltene Onset P Asphaltene Calculations
Options Asphaltene Onset Pressure
Asphaltene Onset Pressure (AOP) Name > Value
Asphaltene Envelope AOP [kPa] 3578251
Solvent Deasphalting Data O Vapor P [kPa] 1453251
Asphaltene Onset Pressure LoweAORIRa] 753251
AOP Phase Frac Criterion  1.00E-06 Asphaltene Envelope
Temperature [C] 60.0 Temperature  |AOP Vapor P Lower AOP
Lower AOP ] [kPal [kPal [kPal
Vapor P 10.0| 97864.31 1099411 1040.96,
o G 20.0) 74160.01 1179359 2485.00
T e PR e TooETod 30.0| 57546.99 1254699 3171.99
MSP E oz f“ r:“ eron | B 1;") 40.0| 4825406 13254.06 4754.06
M'n Tgmpm‘“”e [[c]] 1000 50.0| 4016548 1391548  6165.48
N 5 bempf:_“:e y = 60.0| 3578251 1453251 753251
. “’"A;rPDE U'I" > i 700| 3229424 1510674 8919.24
V‘;me En::]“:s 800| 2970241 1563991 1010866
vp o P oo 900| 2785250 1613375 1114937
= opton e 1000| 2658261 1658993 1205405
IRegress Paramelers”cusmm Regression Case. } Ignored

The Plot option shows the phase boundary lines between asphaltene, vapor and liquid phases;
this plot can help user to identify the conditions for region where asphaltene precipitation may or
may not happen.




iame OilFeed!

Load from HCAMS.. || Load from DB.. | save to DE...

[ Application
Tight Fluids ® Oil / Refinery ~ Deasphalting  Black Oil
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Options Asphaltene Onset Pressure
Asphaltene Onset Pressure (AOP) = Name » Value
Asphaltene Envelope AQP [Pa] 3578251
Solvent Deasphalting Data O Vapor P [kPa] 14532.51
Asphaltene Onset Pressure Lower AOP [kPa) 753251
AOP Phase Frac Criterion | 1.006-06
Temperature (C] 60.0
Lower AOP 100000
Vapor P &3] .
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Asph, Env. Phase Frac Criterion  1.00E-06 0
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A Material Stream that contains asphaltene—like components can monitor their formation based
on the temperature and pressure condition of the stream. To see how this works connect a
Material Stream to the characterized Oil Source.
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In the Material Stream, go to the More Properties tab and check the Solids Formation box, this
will open a new tab called Solids Formation.
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Name | §1 Description ~
Spec From n Is Recycle
Refinery I Solids Formation Settings Notes
Summary Equilibrium Results More Properties Line Sizing

More Physical Properties

Emissions - Flash Emissions, CO2 Equivalence, etc.

Natural Gas - Component Content. Gas SG. NGL Content, etc.
Phase Flows - Gas, Oil and Water Flows, GOR, Water Cut, etc.
Phase Boundaries - Envelope, Bubble Point, Dew Point, etc.
Hydrocarbon Properties - APl Gravity, Viscosity, RON, MON, etc.
Thermal Properties - Cp, H, S, etc.

Extended Physical Pmp@ - Cp/Cv, dp/dV, 7, etc.

Solids Formation - Hydrates, Waxes, Solids
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All Physical Properties are based on Bulk compositions unless options are given

Create Port || Delete Port Ignored

In the Solids Formation Box, open the Asphaltene node to observe the different calculations for
asphaltenes.
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Spec From n Is Recycle
Summary Equilibrium Results More Properties Line Sizing
Conditions
Name > Value

Add an Envelope Unit Operation for more

Current T [C] 60.0 . - ) i
information on Solid Formation Curves

Current P [kPa] 10000.00

> Hydrate Hydrate

> Wax Add a Hydrate Unit Operation for more
v Asphaltene information on Hydrate formation
Name > Value

Is Formed

Phase Frac (Mole) [Fraction] 0.00048

Asphaltene Onset Pressure (AOP) [kPa] 35782.51

Lower Asphaltene Onset Pressure (AOP) [kPa] 7532.51

AOQP Phase Frac Criterion 1.00E-06

AOP App P [kPa] -2467.48925

Formation Warnings

Warning App P [kPa] 100.00
[> Salid |

Create Port || Delete Port Ignored

The calculations include a box to know if the Asphaltenes are formed, the asphaltene mole
phase fraction, the Asphaltene Onset Pressure and Approach Pressure, and a box to activate
Formation Warnings. The last box is used to set up Material Stream asphaltene formation
alarms; if asphaltenes are formed, the status bar of the Material Stream will turn red and show a
message about the possible formation. Activate the Formation Warnings box and change the Qil
Source Material Port Pressure to 10 MPa, now observe the message in the Material Stream
status bar:
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Asphaltene forms at these Stream conditions (Approach P [kPa] = -2.47e+03) J

Name | §1 Description ~
Spec From n Is Recycle

Summary Equilibrium Results More Properties Line Sizing

Refinery Solids Formation Settings Notes

Conditions Phase Envelope

Name > Value . .

Current T [C] 60.0 Add an E_nve\ope U_mt Opera_tlon for more

Current P [kPa] 10000.00 information on Solid Formation Curves

> Hydrate Hydrate

> Wax Add a Hydrate Unit Operation for more

~ Asphaltene information on Hydrate formation

Name > Value

Is Formed

Phase Frac (Mole) [Fraction] 0.00048

Asphaltene Onset Pressure (AOP) [kPa] 35782.51

Lower Asphaltene Onset Pressure (AOP) [kPa] 7532.51

AQP Phase Frac Criterion 1.00E-06

AOP App P [kPa] -2467.48925

=
Warning App P [kPa] 100.007]
> Solid

Create Port || Delete Port Ignored

In a flowsheet environment, these alarms can be set up in any Material Stream providing a
monitoring asphaltene formation system into your Symmetry process platform flowsheet.
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To learn more about the Symmetry Process Software Platform please contact your local

Schlumberger office.
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