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Analysis of Influential Factors on Wax Deposition for Flow Assurance
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Abstract: There has been an increased interest in the mitigation of wax deposition because wax, which usually accumulates in sub-
sea oil-production systems, interrupts stable oil production and significantly increases the cost. To guarantee a required oil flow by
mitigating wax deposition, we need to obtain a reliable estimation of the wax deposition. In this research, we perform simulations to
understand the major mechanisms that lead to wax deposition, namely molecular diffusion, shear stripping reduction, and aging.
While the model variables (shear reduction multiplier, wax porosity, wax thermal conductivity, and molecular diffusion multiplier)
can be measured experimentally, they have high uncertainty. We perform an analysis of these variables and the amount of water and
gas in the multiphase flow to determine these effects on the behavior of wax deposition. Based on the results obtained during this
study for a higher wax porosity and molecular diffusion multiplier, we were able to confirm the presence of thicker wax deposits.
As the shear reduction multiplier decreased, the thickness of the wax deposits increased. As the amount of water increased, there
was also an increase in the amount of wax deposits until 40% water cut and decreased. As the amount of gas increased, the
amount of wax deposits increased because of the loss of the light hydrocarbon component in the liquid phase. The results of this
study can be utilized to estimate the wax deposition behavior by comparing the experiment (or field) and simulation data.
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g2 dFgFe s B AT
d2gH HE5 AT A @) - QA = ddEE W Component Mol % Mol wt(g/mol)
T E3EA gt nCs 1.7499 72.15
AS AL = B3 7}A7) B AYALE] = A9 BIH o] Mcyclo-Cs 2.7883 84
Bo] ok} 7l oko] A A HHE JEs BAEI) Benzene 0.347901 84.16
53] Be) g me 4ayy 9T A F Couto et e T o
al[23]o] oJst¥ =9 Fo] WoldFE Al o eAdEo Toluene 0.931802 98.19
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al.[24]0] 93l A E9] YA E dAnFHE Yo m-p-Xylene 0.06894 106.17
EFTFE7E Gl AAAL SazlHge] S A= o-Xylene 0310201 196,17
e At Qo] o) el B f8 A Bo - i 0o
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2R % S B A Cio 2.69721 136
4. S 9Fas A Ciy 2.5206 150
7} W7E g Aol mAlE 9S4 skalA} Figure 1 Ci, 2.35556 164
7} Zo] A% 277K 7oA U7 0.19m, Zo] 5 km<] Cis 220133 178
AA FERE Ao 8T A2 ?"d—‘?—@l ok & Cus 205719 192
Aol L7k 339K, §hEo] 689E+4Pa, o] 0.0055 msec Cis 1.9225 206
0147\7401]/\1} pat ::;:]_ 9J—L21240ﬂ MEAES ]ﬁ]:oﬂ sk B Cie 179662 220
v T = o Ciy 1.67898 234
< Fsigit) slld Aol &gk 29 42 Table 1, Cis 1.56905 248
3T Table 2, W 1 AlEH 0] 48 F1E Table 37 7 Cio 1.46631 262
o} B8 93k 7} W] M= %_hgl—?ﬁ]p_i FAAA o Cao 1.3703 276
S 93 AgHt gol £ES 9l AP Axesleldl - e -
PIPESIM Manual [22] Fa3Fic) o] 5 %,]'{iﬂﬁé% &= Cos 1.11837 318
o g 101y 2P E ) FFE] 100%EH= 2 Ca 1.04515 332
S oz ghav} AAE pEEo AL BAlEE A Css 0.976715 346
o] Mol Al eh Hao. =107 Cae 0.912763 360
| B7Fssk710l A8 gk 0.9= A3k o 0852998 7
. . Cas 0.797147 388
I"ét pipeline °i]e ' Cao 0.744952 402
Cyo 0.696176 416
Figure 1: Flowline model for simulation of wax deposition Cy 0.650592 430
Cx 0.607994 444
Table 1: Values of oil properties Css 0.568185 458
Properties Value Ca 0.530982 472
Density (kg/m’) 849.01 g” 8'222; :ig
Viscosity 366.5 (K) 1.49 36 :
(cp) 288.7 (K) 9.05 Cy 0.433362 514
Wax Appearance Temperature (K) 323.00 Css 0.404987 528
Cso 0.378469 542
Table 2: Oil composition (Pipesim DBR wax deposition Cao 0.353689 536
Cy 0.33053 570
model data version 1.2) Cr 0308888 384
Component Mol % Mol wt(g/mol) Cy3 0.288663 598
N, 0.1663 44.01 Cyy 0.269763 612
CO, 0 34.08 Cys 0.2521 626
H,S 0.718601 28.01 Cas 0.235593 640
C 16.7696 16.04 Cy 0.220167 654
C, 5.59841 30.07 Cys 0.205751 668
Cs 6.09941 44.1 Cyo 0.19228 682
iCy 2.1724 58.12 Cso 0.17969 696
nCy 3.30581 58.12 Csi 0.167924 710
iCs 1.3695 72.15 Cs 0.156929 724
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Table 3: Values of wax deposition variables.

Variables_ Value ranges
Shear rf':dl'lctlon ) 4 6 ] 10 )
mgltlpller
Porosity of wax | o | o3 | 06 | 09 | - | -
deposits
Wax thermal
conductivity 02|04 | 06 | 0.8 1 -
(WmK)
Molecular' d}ffusmn 5 4 6 ] 10 )
multiplier
Pipe thermal
conductivity 0.1 | 0.5 1 10 30 50
(W/m-K)
gharutA A Yo &5t s] %] A39HW A65(2015.7)

Component Mol % Mol wt(g/mol) G 2@ D)IA A FFes E wME TR A
Cs3 0.146654 738 T} Figure 2 - Figure 59} Zo] g=u8 59| I35 &
Css 0.137052 752 AA T wobd R, A HA T el s

(C?g 00-32144707772 ;gi;j AP H T FAGAE AL B8 5w &
T ' ' 2 AAEEE dag]d FAd n s giFo] Ade
Coo-Ce2 0.256331 849.37 N N AN EIAE el °mf
Ces-Ce7 0.326841 904.11 = ;51% 7;1% —-?_%L Zl: 9\}\9}‘:}. g]v'i‘l \:};Sl] Zﬂ‘ﬂ% —?’IEHH
Ces-Cr 0.232963 974.11 v gxagde] AlFHE YR FEA JAHE HA
C73-Cso 0.241807 1062.05 dZo] Zadh} g AALEE 9 A7) WMIESe g
o s oy & HA ggkek g ARERE FER W AF L%
n-Cig . . _ _ _
o] 5O = o] &l AR AL
n-Cio 0.558089 268.53 o GFE mAAL VIS AFpsel Cls S
1-Cao 0.500026 28256 7 feed Fode] X wjd HHel 2xulel A
n-Cyy 0.500757 296.58 A vHBA A= Aoz FotEo fa5d U A
0-Co 0.458872 310.61 r =25 I/ v 4 e A A W Wi E
n-Cos 0.468357 324.64 . o Szol o N
AEE @e 727265 Fa WAL Ay
n-Cas 0.40797 338.66 #48 7IEATROE Bastd WA A
1Cos 0383118 352.69 Figure 63} o] $1X|o] w2 d2F7 Awo] wjad I
n-Cag 0.340256 366.72 Lo wet A ¥ekeE AS ddT = AT ol
n-Ca7 0.314597 380.75 23 27 AAE) A #els X9 TA7) R T
n-Cos 0269509 39477 ANAE 9AE el exet A8 WA e A
n-Cao 0.236484 408.8 on sorw
: ]
1n-Cso 0.165843 422.83 o Fhepdrt.
n-Cs 0.13124 436.85
n-Cx 0.0896 450.88 8
n-Cs 0.068593 464.91 "
n-Csy 0.047143 478.93 ™
n-Css 0.040267 492.96 £ ~
n-Css 0.032963 506.99 ¥, m\\\
n-Cs7 0.026152 521.01 .f; a_\:-\
n-Csg 0.022215 535.04 % 2 ~
F
n-Cs 0.019629 549.07 i ™~
1n-Cao 0.016657 563.1
n-Cay 0.015217 S77.12 ou " soo 1000 1500 2000 2500 3000 3500 4000 4500 5000
Il-C4z 0.013327 591.15 pipeline distance(m)
H-C43 0,012399 605_ 1 8 e Shear reduction mustipier 2 = Shear reduction multipler 4 =t Shear reduction multipber 6
n_C44 0'01 1 1 8 1 6 1 9.2 = Shear reduction multiplier 8 e Shear reduction multiplier 100
n-Cis 0.010422 633.23 Figure 2: Wax deposition curve depending on shear reduc-
n-Cys 0.009406 647.26 tion multiplier in single phase flow.
n-Cy7 0.009567 661.28
n-Cas 0.007752 675.31
n-Cyo 0.007397 689.34 *
1-Cso 0.007104 703.37 )l M
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Figure 3: Wax deposition curve depending on wax porosity
in single phase flow.
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Figure 6: Wax deposition curve depending on pipe thermal
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