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Path: Pressure Node — properties

+ General
1+ Server
1+ Single phase
1+ Compositional
=1 Pressure conditions
WATERFRACTION [-]
TOTALWATERFRACTION -1 [-]
GASFRACTION -1 -]
TEMPERATURE €1
PRESSURE [bara)
TIME 0 [s]
FLUID ~
1+ Inhibitor tracking
1+ Standard conditions
1+ User Defined
1+ Drilling
1+ Waxdeposition
1+ Steam
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Path: oil flow line—»Geometry

Pipe x[m]|y[m]|Length [m]|EIevation [m]|$' Sections| Length of sections (list [m]) | Diameter [m] | Roughness [m]| Wall
Start Point |0 0

PIPE-1 10000 0 10000 0 20 20:300 0.353601 4e-005 pipe ﬂ
PIPE-2 3000010 | 20000 10 40 38:500.139, 494.595 0.353601 4e-005 pipe j
PIPE-3 45000 0 15000 -10 3 488.941, 29:483.522, 488.941 0.333601 4e-005 pipe j
PIPE-4 50000 5 5000 5 10 495,006, 9:500.555 0.355601 4e-005 pipe j
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Path: library —»material—-carbon steel —»properties

MATERIAL : Carbon Steel -

- General

LABEL Carbon Steel
CAPACITY 470 [/kg-C]
CONDUCTIVITY 45 [W/m-C]
DENSITY 7850 [kg/m3]
TYPE S0LID ~
TEMPERATURE [C]

Fluid

Phase change parameters

Elasticity

oS Vg Sleogas AYY S5
D9 3,lg 5 yene j0 Wb S Al o)lgs Sliogas
Path: library—» wall—»pipe —»-properties

| 00U oo)si WY S jo dg) las Slasi

WAILL : pipe i
sz B
- General
LABEL pipe
THICKNESS 14 [mm)]
MATERIAL Carbon Steel
ELECTRICHEAT OFF ~
DISCRETIZATION OFF
+ Heated walls
+ Automatic discretization
+| Blasticity
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closed node oil flow line
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Path: flow path—»boundary and initial conditions —»heat transfer —»properties
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HEATTRANSFER -

-/ Ambient temperature

INTERPOLATION SECTIONWISE ~
INTAMBIENT (€]

OUTTAMBIENT (€]

TAMBIENTSERIES (€]

TAMBSERIESFACTOR 1

TAMBIENT €]

=) Heat transfer coefficient
HMININNERWALL 0 (W/m2-C]

UVALUE [W/m2-C]
HOUTEROPTION HGIVEN ~
INHAMBIENT [W/m2-C]
OUTHAMBIENT [W/m2-C]
HAMBIENT [W/m2-C]

(+/ Outer heat transfer coefficient
Q)‘)? LJLM‘ uL..aw 0y \7\",.)&»:
FLL STl )18 ol o ay b oS o g o)lg b 12X S 50 K5y 50,8 sloas 5

15 &> JGl (g6 o 4 OUTHAMBIENT 5 INHAMBIENT .ol of 8 il a0

dyl 2 gl 5, » Oyl JEl 5Kl oo HAMBIENT 5 oo o295 9 (59959
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OPTIONS -
8iEElR B
- General
TEMPERATURE WALL w
STEADYSTATE ON o
SLUGVOID SINTEF ~
FLASHMODEL WATER ~
WRITEPVTFILES NO ~
PHASE THREE s
NOSLIP OFF ~
COMPOSITIONAL OFF ~
WAXDEPOSITION ON w
DRILLING OFF v
MASSEQSCHEME 1STORDER ~
DEBUG OFF ~
TRACERTRACKING OFF ~
TABLETOLERANCE OFF v
HYDSLUG ON ~
ELASTICWALLS OFF ~
UDPLUGIN OFF ~
[+ Information
|+ Flow model
OLGA Jus sloay;5 VY IS
INTEGRATION

ENDCONTROLLER
ENDTIME 50 [d]
MAXDT 0.01 [s]
MAXTIME 0 [s]
MINDT 0.001 [s]
MINTIME 0[s]
RUNTIMESTEPAGAIN TRUE
STARTTIME 0[s]
DTSTART 0.001 [s]
+ Server

OLGA Jos s3le a5 LS NAY s

oSy
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I CASE
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CASE AUTHOR="SPT Group", \

PROJECT="OLGA",\

TITLE="wax Case"

!
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I OPTIONS

! AEEEEEAEEEEEEAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AR XX K
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OPTIONS PHASE=THREE, TEMPERATURE=WALL, STEADYSTATE=0ON,
WAXDEPOSITION=ON

!

! *hhhhkhkhkkkhkhkhkhhhhhkhkhkkkhhhrrrhhkhkhkhkhhhrrrhhhhkhhhihrrhhhhkhhhhirrhhihhkhhiiiiix
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I FILES
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FILES PVTFILE="./Waxyoil.tab", WAXFILE="./ Waxyoil.wax"
|
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INTEGRATION DTSTART=0.1E-01, ENDTIME=15 day, MAXDT=10 M,
MINDT=0.1E-01,

STARTTIME=0

!
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I MATERIAL
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MATERIAL LABEL=Carbon Steel, CAPACITY=0.5E+03, CONDUCTIVITY=45
W/m-K,

DENSITY=0.785E+04
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' WALL
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WALL LABEL=steel, THICKNESS=0.0039 m, MATERIAL=Steel
!
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I GEOMETRY
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GEOMETRY LABEL=GEOM-1, XSTART=0 M, YSTART=0 M, ZSTART=0 M
PIPE LABEL=oil flow line, ROUGHNESS= 4e-005 M, WAL L=steel, XEND=6 M,
YEND=0

M, DIAMETER= 0.355601 M,\

NSEGMENT=500, LSEGMENT=(1,1,1,1,1,1) M
!
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I NODE
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NODE LABEL=closed node, TYPE=Closed
NODE LABEL=0il outlet, TYPE=Pressure

a5

$x9b3 5 pole olRimgh 53 (@) Gl sele Sledbl oL 51 (VYAB/VF )l 5V ABAYA 5 )lad 4 (5,5L8 liniod cpgle & )159) Wil 3o yglouny Bsi 5l Cibio 5 (oSS SDlans slaalls g daaslinll daoslin deltl 5 ool &abiomal &b S joe cnl a4y (oo i
ol G0 by e Ol i 5 dls b g o] am Sldlol 5 Bl 5 (VWA (lace,ie g oylatas (e 5l Colas (5B &L g ctgh 5o cdjsel oole sladdan ol Lo 5 o)lglauay si> Lol Cule, b T 5l ooliul g oas pald (STl ) ol ) ledl



|
R R R A R A R R R R R R R R AR R R R R R R R R R R AR R R R R R R R R R R AR R R R R R R R R R AR R R R R R R AR R R R A R A R R R R R R R R R R

*kkk

*kkkkx

I BRANCH
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BRANCH LABEL=O0Il flow line, FROM=CLOSED NODE, TO=OIL OUTLET,
GEOMETRY=GEOM-1, FLUID="Gooya"
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I BOUNDARY
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BOUNDARY NODE=INLET_OIL, TYPE=CLOSED

BOUNDARY NODE=OUTLET _OIL, TYPE=PRESSURE, TIME=0.,
TEMPERATURE=70

C, PRESSURE=20 hara

!
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I HEATTRANSFER
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HEATTRANSFER BRANCH=OIl flow line, PIPE=PIPE-1, PIPE-2, PIPE-3, PIPE-4
HAMBIENT=6.5 W/M2-C,

TAMBIENT=4C
!
R R o o o AR e R R R R L R R R R R R AR AR R R R A R AR R R R R AR R R R S P R R R R R

*kkk

*hkkkk

I WAXDEPOSITION
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WAXDEPOSITION BRANCH=O0Il flow line, WAXTABLE=" gooyaEOSSRK"
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I CONTROLLER
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I SOURCE
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SOURCE LABEL=0:il source, TIME=0 S, TEMPERATURE=70 C, BRANCH=OQIl
flow line,
PIPE=PIPE-0il \SECTION=1, STDFLOWRATE=30000][stb/day], PHASE=OIL!
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I OUTPUT
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OUTPUT DTOUT=1 M
!
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I TREND
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TREND DTPLOT=1 M
TREND VARIABLE=WAXVOLBR
TREND BRANCH=OIl Flow Line, VARIABLE= WAXMASBR

TREND BRANCH=0Il Flow Line, VARIABLE=DXWX, PIPE=PIPE-1, SECTION=9
!
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I PROFILE
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PROFILE DTPLOT=1 M

PROFILE VARIABLE= DXWX, PT, Q2, TM, TU, TWS, TWSWX, VISHL,
VISHLTAB, WAXAP, WXAVDC, WXCDIFFC, WXDR

PROFILE BRANCH=O0Il Flow Line, VARIABLE=TM

PROFILE BRANCH=O0Il Flow Line, VARIABLE=DXWX

PROFILE BRANCH=O0Il Flow Line, VARIABLE=WAXAP

PROFILE BRANCH=OIl Flow Line, VARIABLE=TWS

PROFILE BRANCH=O0Il Flow Line, VARIABLE=TU

PROFILE BRANCH=O0Il Flow Line, VARIABLE=PT

PROFILE BRANCH=O0Il Flow Line, VARIABLE=Q2
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PROFILE BRANCH=O0Il Flow Line, VARIABLE=TWSWX
PROFILE BRANCH=0il Flow Line, VARIABLE=VISHL
PROFILE BRANCH=O0Il Flow Line, VARIABLE=VISHLAB
PROFILE BRANCH=Qil Flow Line, VARIABLE=WXAVDC
PROFILE BRANCH=O0Il Flow Line, VARIABLE=WXCDIFFC
PROFILE BRANCH=Qil Flow Line, VARIABLE=WXDR

ENDCASE
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£ 1:PVT - SatP - Set Sat point’ follelEs
Convert | Properties | Comp | Ext Comp | Save Phase |
Well-1 'Lbst-10il Real sample EOS = SRK Peneloux [5&]

Saturation Pressure at
(* Bubble / * Dew)
875.28 °F

35.69 psia ?
581.23 psia '

=
<« | »

ool 5L 5l ool s (AUNNING) (g3t 51 ns 5 Jod Sl (5386 slog03

700
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TE 400
o
T
2 Fluid
E 500 Tuned fluid
200
100
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1] 200 400 600 00 1000 1200
Tempreture(°F)
Sy HLid g Lo sy il yly
| (2 1: Phase Envelope - P vs T == |
Convert
379.69 106.58 A
354.82 90.87
32017 71.71
288.42 56.79
259.28 45.16
232.47 36.06
207.75 28.92
184.90 23.30
163.72 18.85
150.44 16.40
140.27 14.70 _J
Crit Point 854.65 556.29
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B Regression = 2
Convert
Well-1  Test-10il Real sample EOS = SRK Peneloux =
I
Saturation Points
Sat point
Pressure Weight= 1.00 Weight of Crit T = 1.00
psia
Temp Exp Before %Dev After %Dev
i value tuning before tuning after
CritP 550.00 581.22 57 556.29 121
CritT 870.00 875.28 04 854.65 1.2

Plus mol weight adjusted max 5%
Before tuning After tuning %Adjustment
286.0 27117 -5.0

Fluid type: Plus fraction

General Regression Results

Object function before tuning 2.901E-03
Object function after tuning 2.610E-04
Tuning of coefficients in Crit T, Crit P and acentric factor correlations ;J

Rearession
Convert
Tuning of coefficients in Crit T, Crit P and acentric factor correlations
Crit T (°F). Max adjustment 20.00%.
Adjustment of coefficients: 1, 2.
Before tuning After tuning %Adjustment of Crit T in K =]
Cco2 87.890 87.890 0.000
H2S 212.090 212.090 0.000
C1 -116.590 -116.590 0.000
c2 90.050 90.050 0.000
C3 205.970 205.970 0.000
iC4 274.910 274.910 0.000
nC4 305.690 305.690 0.000
iC5 369.050 369.050 0.000
nC5 385.610 385.610 0.000
C6 453.650 453.650 0.000
c7 503.930 503.930 0.000
c8 540.888 540.888 0.000
c9 579.242 579.242 0.000
C10-C12 635.393 635.393 0.000
C13-C14 701.633 701.633 0.000
C15-C17 765.800 765.800 0.000
C18-C20 827.668 827.668 0.000
C21-C23 885.305 885.305 0.000
C24-C27 946.350 946.350 0.000
C28-C33 1030.428 1030.428 0.000
C34-C42 1145.106 1145.106 0.000
C43-C80 1371.870 1371.870 0.000
Crit P (psia). Max adjustment 0.00%. _'J
VoY
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Convert

Crit P (psia). Max adjustment 0.00%.
Coefficients not adjusted

Before tuning After tuning
co2 1069.87 1069.87
H2S 1296.19 1296.19
c1 667.20 667.20
Cc2 708.35 708.35
C3 615.76 615.76
iC4 529.06 529.06
nC4 551.10 551.10
iC5 490.85 490.85
nC5 489.38 489.38
Cé 430.59 430.59
c7 463.46 463.46
C8 431.56 431.56
c9 386.82 386.82
C10-C12 315.09 315.09
C13-C14 25587 25587
C15-C17 218.88 218.88
C18-C20 193.93 193.93
C21-C23 177.32 177.32
C24-C27 164.31 164.31
C28-C33 151.36 151.36
C34-C42 139.52 139.52
C43-C80 126.88 126.88
Acentric factor. Max adjustment 0.00%.
Coefficients not adjusted

Before tuning After tuning
Cco2 0 2250 0 2250

%Adjustment

%Adjustment

0.000

Convert
Acentric factor. Max adjustment 0.00%. =
Coefficients not adjusted
Before tuning After tuning %Adjustment
Cco2 0.2250 0.2250 0.000
H2S 0.1000 0.1000 0.000
c1 0.0080 0.0080 0.000
Cc2 0.0980 0.0980 0.000
C3 0.1520 0.1520 0.000
ic4 0.1760 0.1760 0.000
nC4 0.1930 0.1930 0.000
iC5 0.2270 0.2270 0.000
nC5 0.2510 0.2510 0.000
C6 0.2960 0.2960 0.000
c7 0.4679 0.4679 0.000 ]
C8 0.4999 0.4999 0.000
c9 0.5399 0.5399 0.000
C10-C12 0.6128 0.6128 0.000
C13-C14 0.7069 0.7069 0.000
C15-C17 0.8053 0.8053 0.000
C18-C20 0.9029 0.9029 0.000
C21-C23 0.9936 0.9936 0.000
c24-c271 1.0857 1.0857 0.000
C28-C33 1.1995 1.1995 0.000
C34-C42 1.3141 1.3141 0.000
C43-C80 1.2930 1.2930 0.000
Peneloux correction factor
Not adjusted
Before tuning After tuning %Adjustment
1.000 1.000 0.000
o - =]
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Convert
Peneloux correction factor =
Not adjusted
Before tuning After tuning %Adjustment
1.000 1.000 0.000
Cpen (ft*/Ib-mol). Not including Peneloux correction factor.
Adjusted according to plus mol weight adjustment.
Before tuning After tuning %Adjustment

co2 0.049 0.049 0.000
H2S 0.029 0.029 0.000
C1 0.010 0.010 0.000
C2 0.042 0.042 0.000
0% 0.081 0.081 0.000
iC4 0.117 0.117 0.000
nC4 0.126 0.126 0.000
iC5 0.175 0.175 0.000
nC5 0.195 0.195 0.000
C6 0.288 0.288 0.000 9]
c7 0.155 0.155 0.000
C8 0.223 0.223 0.000
C9 0.336 0.336 0.000
C10-C12 0.593 0.592 -0.237
C13-C14 0.947 0.896 -5.443
C15-C17 1.193 1.125 -5.695
C18-C20 1.298 1.268 -2.339
C21-C23 1.323 1.318 -0.351
C24-C27 1.226 1.288 5.047
C28-C33 0.956 1.114 16.519
C34-C42 0.428 0.662 54.787
C43-C80 -0.949 -0.595 -37.324
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Wax PT Curve
Well-1 Test-1 Oil Real sample EOS = SRK Peneloux

Pressure, psia

158.20 158.40 158.60 158.80 159.00 159.20 159.40 159.60
Temperature, °F

— Wax PT Curve
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Well-1 Tesihl 0il Real sample EOS SRK Peneluux
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Wax PT Curve + Phase Envelope (Wax)
Well-1 Test-1 Oil Real sample EOS = SRK Peneloux
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Wax Formation Curve @ 14.70 psia
Well-1 Test-1 Oil Real sample EOS = SRK Peneloux
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Wax Formation Curve @ 500.00 psia
Well-1 Test-1 Oil Real sample EOS = SRK Peneloux

2.0

8.0

7.0

6.0

50

4.0

Weight % of Wax

3.0

20

1.0

T T T T T T T

T

TN Y S B T O

1

L

1

ANV Y T

Q0w b g

N
o
w
o
-
(=]

50
Temperature, °F

60
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Well-1 Test-1 Oil Real sample EOS = SRK Peneloux

Wax Formation Curve @ 1500.00 psia
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Wax Formation Curve @ 2500.00 psia
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:Extended PTflash ¢ PTflash glacaws

Convert I Properties I LComp | Ext Comp I Save Phase
Composition in mole% at
14.70 psia
60.00 °F

Total Liquid Wax
Cco2 0.030 0.031 0.000
H28 0.130 0.133 0.000
(o] 0.020 0.020 0.000
Cc2 0.341 0.348 0.000
C3 1.624 1.660 0.000
iC4 0.812 0.830 0.000
nC4 3.289 3.361 0.000
iC5 2.196 2244 0.000
nCh 4111 4.202 0.000

Cé 7.210 7.368 0.000 [T
c7 6.287 6.425 0.000
C8 5.796 5.923 0.000
c9 5.345 5.462 0.000
C10+ 62.809 61.991 100.000
C10+ Molwt 286.3 2735 648.6

< | L|_|

Convert I Properties I Comp | Ext Comp | Save Phase
Volume, Enthalpy, Cp and Cv are per mole phase =
Composition in mole% at
14.70 psia
60.00 °F
Total Liquid Wax
Cco2 0.030 0.031 0.000
H2S 0.130 0.133 0.000
Cc1 0.020 0.020 0.000 |
c2 0.341 0.348 0.000
C3 1.624 1.660 0.000
iC4 0.812 0.830 0.000
nC4 3.289 3.361 0.000
iC5 2.196 2244 0.000
nC5 4111 4.202 0.000
C6 7.210 7.368 0.000
c7 6.287 6.425 0.000
C38 5.796 5923 0.000
Cc9 5.345 5.462 0.000
C10-C12 14.548 14.868 0.000
C13-C15 11.185 11431 0.000
C16-C18 8.599 8.788 0.000
C19-C21 6.612 6.757 0.000
C22-C25 6.502 6.645 0.000
C26-C30 5495 5615 0.000
C31-C36 4.086 3.827 15.902
C37-C45 3.223 2535 34.498
C46-C80 2.560 1.526 0.000 v
< | ;H

V-4

Syt 5 psle olRingh 5 (@) ol sale SlMLI Kl 51 OVYANAUS ol g BATA 5,Los a5 5,5lid «liions spsle 59 LQ) 35 ot sis 5l cils 5 (oS5 Edlass glaalle, 5 daaslisll Lmalq(..:._,. dgul JRCICE WIRUN F AU SRS PRI
ol s By ol i3 lgh 2l 5] sans oSkl 5 B 5 (VFFA) ol 5 oslhimn «oie 5 ctlom coplB sy g5 gty 3 oosioe] ngale elacinn (sl 45 5 halas i oS cale by 1 ) aslind 5 ot sl d (STad ) ol oSl



Abstract

One of the major problems in the exploration, production and transmission of crude oil
in pipe lines is the heavy organic depositions such as wax (paraffin) and asphaltene. The
cause of these depositions is the disruption of the thermodynamic equilibrium of these
compounds due to factors such as temperature, pressure, and change in crude oil
composition, resulting in the formation of depositions in the pipeline. Therefore,
simulation of precipitation and deposition processes and investigation of effective factors
can prevent the future problems and lead to more accurate design of transmission systems.
In the present study, using a PVVTsim thermodynamic simulator, the wax precipitation is
simulated. Then, the output of PVTsim is being used as the input for OLGA software to
simulate the precipitation and depostion of wax and the factors affecting it in a pipeline.
The simulated pipeline is an offshore pipeline that examines the conditions of depostion
formation in this pipeline and parameters affecting it, such as pipe diameter, roughness,
pipeline geometry, flow rate and insulation. The results showed that these parameters can
be effective on the formation of wax deposition by affecting the temperature, pressure,
and fluid composition. Simulation of the change in the thickness of the wax layer after 50
days shows that at a distance of 4.562 km, the increase in the thickness of the wax deposit
reaches more than 2 mm and causes a pressure drop of 70 psia, which appropriate
strategies should be taken to eliminate it. According to the simulation results in the flow
rate more than 40,000 stb/day, no wax deposition can be seen. Changing the ambient
temperature from 4 °C to 6 °C after 12 days increases the thickness by 0.3 mm, which is
a significant amount. Examination of the 14, 16 and 18 inch diameters of the pipeline
showed that a change in the diameter of the pipeline had no effect on the location of

sediment formation.

Keywords: WAX DEPOSION, OLGA, PVTsim, SIMULATION, PIPELINE
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