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Influence of hydrate formation on wax precipitation
in subsea multiphase pipeline

KOU Jie', WANG Wei*, YANG Wen'

(1. College of Pipeline and Civil Engineering in China University of Petroleum, Qingdao 266580 ,China;
2. CNPC Research Institute of Engineering Technology, Tianjin 300451, China)

Abstract: Wax thermodynamic model and hydrate thermodynamic model were selected to study the influence of hydrate for-
mation on wax precipitation. The results show that wax and hydrate may form in the subsea multi-phase pipeline at the lower
environmental temperature. The formation of hydrate or wax will affect the thermodynamics and kinetics behavior of the other.
On the thermodynamic side consideration, the hydrate formation will take away the light component in the system, which
leads to the solubility of heavy component reduction, and makes the mole fraction of heavy component increase, and affects
wax phase equilibrium. The influence of hydrate formation on wax precipitation depends on light component content, and the
more the light component content, the greater the influence.
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Fig.1 Effect of mole fraction of light hydrocarbon

component on wax appearance temperature
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Fig.2 Curves of pressure and temperture at PR-function
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Fig.3 Phase boundaries of wax and hydrate
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Table 1 Molefraction of light hydrocarbon component
of fluid with removal of hydrate %

&ZR 2.0 MPa 3.0 MPa 5.0 MPa 10.0 MPa 15.0 MPa 20.0 MPa

N1 — 34.78  34.39  34.120 — —

N2 63. 69 — 62.78 62.830 62.53 62.570
N3 — 14.85  14.585 13.955 — 12. 883
N4 — — 14.751 14.116 13.546 13.028
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Table 2 Hydrate appearance temperature and wax

precipitation temperature for N1 and N 3

£ K ATEREEE NLATEEE N3 AR
»/ HE R (KFEAK  EE(FEK E(FIEK
MPa WE/K  A%)/K A1) /K E¥) /K
3.0 278. 86 275.0 275.5 276.5
5.0 282.73 274.5 275.1 275.8

10.0 287.59 273.5 275.7 278.3

20.0 289.45 276.0 271.5 280. 7
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Table 3 Hydrate appearance temperature and wax

precipitation temperature for N2 and N4

JEH1 KEY  WEHRE N2 MR N4 FTESE
»/ Ak (RFEAK  BECHEK  FEEEK
MPa wmE/K  &%)/K EW) /K EW) /K
20 277. 66 274.2 274.9 274.9
50 284.59 273.2 274. 1 275.5
100 289.32 271.3 272.5 278.3
150 291.74 271.0 272.2 280.7
200 293.32 271.8 273.0 281.0

XFF N1 N2 AR KA W AR ok BT s i B
SO LL B X T N3 N4 (K& Ik, %
B FE S B MR R, X HE N3 N4 1R &R N4 978
LR X R IR 7 & B KA
T I TR B8 P 52 T K

3 & it

()X T4 &l K Z AR R SR AR
AbTARIE RIS BT, 5 FI 7K 5 W n] REAE AR 2 B[R]
S XS A T (A TR B, e — 7 f9 2E 2 )
I3 —J7 BT B 122 A7 R e AR

(2)FEZ R AR B, RGP0 A 2 B 1R 3R
B A BOK S YIRS BRI 1 FE R A0 7 it
FEREAR 100 EL by A2 A A Hh 2 1 i 201 90 ) e 2K 23
I, DA 2 B2 W PR AR S 2K

S Xk

[1] EDMONDS B, MOORWOOD R A S. A unified frame-
work for calculating solid deposition from petroleum fluids
including waxes, asphaltenes, hydrates and scales [ J ].
Fluid Phase Equilibria,1999,158-160:481-489.

[2] JTH. Thermodynamic modelling of wax and integrate wax-
hydrate[ D ]. Scotland ; United Kingdom, Heriot-Watt Uni-
versity, 2004.

[3] MOHAMMADI A H, BURGASS H Ji R W, BASHIR A,
et al. Gas hydrate in oil systems[ R]. SPE 99437 ,2006.

[4] TABATABAEI A R, DANESH A, TOHIDI B, et al. A
consistent thermodynamic model for predicting combined
wax-hydrate in petroleum reservoir fluids[ J]. Annals New
York Academy of Sciences,2000,912(1) :392-402.

(5] e, SIOSMK. - T80 — [ = AR AR P-4 4 g 2 AR Tt

IATIEICRR LT ). A2, 2002,23(2) :82-86.
MEI Hai-yan, ZHANG Mao-lin. Wax deposition predic-
tion by thermodynamic model of gas-liquid-solid three
phase equilibrium [ J]. Acta Petrolei Sinica, 2002, 23
(2) :82-86.

(6] RSk, Ml 2=, 45 i R RS- - T8 = AR AR

AT A1IH°#4H,2002,18(5) :80-85.
ZHANG Mao-lin, MEI Hai-yan, LI Min, et al. Modeling
of three phase equilibrium of gas-liquid-solid for an oil
and gas system[ J]. Acta Petrolei Sinica,2002,18(5):
80-85.

(7] SRR ZI0-WCFE AR LM ] st £l Toll
AL, 2002.

(8] Tty SR, IS 50 3 T[
A S iR A, 2006.

M]. ARE

(F#% 153 W)



