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Abstract In the frigid winter, the transportation of waxy crude oil through pipelines encounters numerous thorny problems.
The viscosity of the crude oil increases remarkably, and the thickness of the wax layer rises sharply. This undoubtedly leads to a
significant increase in the power consumption required for pipeline operation, posing a severe challenge to the efficient and stable
transportation of crude oil. Mechanical pigging has always been a powerful measure to deal with the problem of wax deposition
in crude oil pipelines. However, due to the lack of relevant theoretical guidance, the planning of the initial pigging plan in winter
often has to rely on traditional experience, and the foam pig has become a relatively common choice. To effectively overcome
the difficulty of pigging in pipelines with a thick wax layer in winter, a series of deposition and pigging experiments have been
carried out, including pigging experiments and blending experiments of deposits in front of the pigs. During this process, the
wax layer removal characteristics of disk pigs, cup pigs, and fully coated foam pigs have been deeply explored, and the different
impacts of the front products generated by cup pigs and foam pigs on pipeline operation have been carefully compared. The
experimental results clearly showed that although the disk pig performs outstandingly in terms of wax removal efficiency, it is
not an ideal choice for the first pigging operation of pipelines with a thick wax layer in winter. The wax removal efficiencies of
the cup pig and the fully coated foam pig are quite similar. However, thanks to the scouring effect generated by the discharge
hole structure, it is not easy for the cup pig to form a wax plug at the front end, and the changes in physical properties such as the
pour point and viscosity of the oil-wax slurry in front of it can meet the operation specifications, and the resistance encountered
during the migration process is also smaller. Therefore, the cup pig has more advantages in the first pigging operation of pipelines
with a thick wax layer in winter. For the KS crude oil pipeline with a thick wax layer, the bypass cup pig was selected for its
first winter pigging operation and achieved satisfactory pigging results. This undoubtedly provides a valuable reference example
for the planning of pigging schemes for pipelines with a thick wax layer in winter, and provides reliable practical basis and idea

references for the subsequent related operations.
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Fig. 1 Viscosity-temperature relationship of KS oil (a) and wax precipitation curve (b)
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Fig. 2 Schematic diagram of wax deposition flow loop device
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Fig. 4 Wax deposition of KS oil (a) and wax precipitation per unit temperature of deposits (b)
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Fig. 5 Weight changes of wax deposits in KS crude oil under different temperature (a) and flow velocity conditions (b)
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Table 2 Prediction of wax layer thickness under conditions of concentrated wax deposition distribution
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Fig.7 Foam, cup and disk pig



o A T R R 2 A T B T A 7 RS

1051

JE R WAL A R 30T 0 R N A AR T R A R B R K
SH. JPIRENEERIFIE SR, XL T 3 RSB
AR IR, AR DLIA 8.

HREE NI ISR (K 8a) ATAN, AxTR)ZIR
TEAE A BB A% R LIS A A 0 e R A R
IRy 3 A BL: BRI R IR R 2E
Ao JOTRIZRIRTE & A (] 8b) t T 8AR TR 2 Y
e, BEEHUN, SRR, RARY ST
PR Sy PO, I IRTE A A A AR T, TlcRE A
TR RIR ISV IR [l 5, 5 055 th 2 Hh BERE T sl R

80
A SRR [ £REBEEREER
B: RN BHUEER
C: A K A EREES

SEHERE SN

30
E#f/cm

(a)
B8 AREEFE

EURERIR TRINREAAE, B, EihLy
Bewi . B AR R, TR BRI R
RS T TR RIS B A . UL, iR 2R
AR IR R IR B A E B T )iz

I 5 5 2 R P R R T, 3 R SIS T A A0 10 2
I3 R SRR B B TR (WA 9). R
JEE BRI AV A A TR AR B I, A AR R
R RN, 2 (Y RE A IR T A AR R
B, (EEZ R T B3 AR S 2ok B 7R A BE 1R
WEDURR AT R TR B, PRl e 8 SR SR B 5 2 By 4

100 | [© zrmmrses |

<
R
=
-:.ét:l(j
e
A: B E4E
B: ¥§EHIR
C: A=A
| D: #ZEAEK
0§ . 1 L 1 . 1 .
0 10 20 30 40

E#fE/cm
(b)

B k. RBMEREER () SXRERKXBEER D)
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Fig. 9 Variation of wax breaking force and removal efficiency under different thickness and pig conditions
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AR SR = R N 36.87 mm B, I A5
WARHA 1.35%; Ml —s TR, WZREE RN
19.74 mm, I F5538 5K 0.66%. Kk, ke da ki
EEAEE RIS S SE, KS A T AR
ARSI R PR N AT 1.5%.

233 HEHGEE B R RAEE ML

BT A A R B I AL A P, VA R A
B T 7 550 A 0 el R R, SRBIR, Bk
MIESOR . WGz fE v, S ST 2 i ik
WM, FEOMREE ST, KA, BN E A
BH..

PRI TR S KS s, B IR G m
ARAK B IR HCA AR 5 RS D it s 1T RS T 45 S
B, HARGEER LR 5 5E 10,

RIEBIRAE R, FEWEEE R, BRI
B, TSRO A DAL RRI B 4 B I A

B R 40 km, Z585 IR RS, RA LAk 5]
15.95%, RGO T IEImEE R THE 2 -4.7 °C, M4
AR 2 °CHY, JRIMAS IR E] 310 mPa-s, ik
SR PETHE 2 3.68 Pa, 454 KS RN HEAZ217 T,
FAGHLIR (2 °C) = F 0 °C, Ui & i 72 vh it v
A IR DX AN 23 IR E G, TR A B Rl
FEATY AT LA SRS T AT e 7, AR Ao 22wl AR (7
T 5 e T LIV o 12Dl R R FH AT T
FLEEAE I Wi 48 A T R A R Rk, HIE BUmis
AT IR BLRR L Z s T SR

24 EZZFREEREEEFEMFLTEMEE

MR 2.1 15 AR5 2R T A5 5 vl /1, YR KS i
A T A TR0 2 o AR SR R SR RE RN TR A At . Ry fi
PRI 2 TR A P A R T U S R, R T IR R
WK . B AU S A bk . 25 SRR, BT
A 1 VA O 2 T B S ) ) 5 1Y) i R
10%~15%, ANiGAAFEERIEER . 22
B W A B RCR R E R s, (AR
I AR M ALES 1, TR SR A 5
B ZE R IR FER R, BB, I ER
JEM 4.95 km I % 6.82 km, BB ITHE T 37.7%.
B B TE A T ARG B AL A, ME R KT 1.5%

x4 AEEREEE M RFLESE X
Table 4 Bypass rate of discharge hole corresponding to different thickness of wax layer

LA P B km IR /mm T i i /m? ! I 5518 4 /%
40 36.87 110.06 1.35

50 31.43 94.73 1.11

80 21.87 67.04 0.73

90 19.87 61.12 0.66

100 18.20 56.14 0.60

150 12.84 39.98 0.41

200 9.92 31.04 0.31
x5 MRS KSEMBRELLG
Table 5 Mixing ratio of wax deposits and KS crude oil

SEEEE TP AR B JE /km G55 /mm R ESHEJE B/ m®+h! R L /%
40 36.87 110.06 15.95

50 31.43 94.73 13.73

80 21.87 67.04 9.72

90 19.87 61.12 8.86

100 18.20 56.14 8.14

150 12.84 39.98 5.79

200 9.92 31.04 4.50
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Fig. 10 Changes of the blending properties of KS crude oil and sediment
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Fig. 11 Velocity of the pig (a) and the amount of wax removal in the pig receiver (b)
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Fig. 12 Changes of pressure drop in foam pigging and bypass cup pig process
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