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Analysison Current L eakage Failure of Insulation Joints of Buried Oil & Gas Pipeline
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ABSTRACT: Objective To analyze the cause of the leakage failure of the insulation joint of a certain pipe section of the Lan-
zhou-Chengdu-Chongqing product pipeline and its impact on the effectiveness of cathodic protection. Methods The potentiostat
and the insulation performance of insulating joints in the pipeline cathodic protection system were tested using potential meas-
urement, resistance test, and leakage rate test, etc. The back-field investigation and detection of the parameters such as the ca-
thodic protection output and the potential for both ends of the insulating joint was carried out on the pipe section, and the com-
position and morphology of the corrosion products of the pipe at the failure location of the insulating joint were characterized.
The results show that the output voltage difference between the potentiostat before pigging and after pigging is 7.55 V, and the

leakage rate of the protection side and the non-protection side is 90%. There is a large amount of pitting in the pipe sections at
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both ends of the insulation joint, and the depth can reach 3~3.5 mm. A large number of corrosion products are on the insulating

joint gasket, mainly including Fe;O4, FEOOH and other magnetic and conductive iron oxides. Conclusion The failure of the in-

sulation joint causes the pipeline to lose its protection. The first reason is that the outer anti-corrosion layer is damaged, and the

external conductive medium will cause the pipeline to overlap; the second reason is that the magnetic conductive corrosion

product inside the pipeline causes the insulation joint to be short circuited.

KEY WORDS: insulation joint; oil & gas pipeline; current leakage failure; cathodic protection; corrosion products; insulation
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Tab.1 Statistics of output data of potentiostat Tab.2 Detection of the leakage rate of the pipe section near
the insulation joint entering station
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Fig.1 Change diagram of the on-off potential of the protective
side and non-protected side of the insulation joint entering
station
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Fig.2 Corrosion of the non-protected side pipeline of the insulation joint entering station
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Fig.3 The change of the pipe-to-ground on-off potential of the
non-protected side of the in-station insulation joint during the
removal and pouring of water
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Tab.3 Leakage rate test near insulated joints during removal
and pouring
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Fig.4 Change of output potential of potentiostat before and
after pipeline cleaning
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Fig.5 Deposition morphology and SEM and EDS spectra of
corrosion products in insulating joints

K6 JE ™) XRD Kl
Fig.6 XRD pattern of corrosion products

2.3 BPEIZEIRIYEEDH

o 2 i Sk LRSI, SR EOZBUE I IR PR AP A 2K
T BE AR o 260 G5 S DR -5 AR R 700 PRI B 8 )22 i At
R RGN 7 R o M4 SR I 5 AR
TRAP A B BIs IG5 J2 2 4 ), BRSO e U b R A
v MBI B, IR R 2O R i L, i R AR
Ml A A, BRASE S NER (WK 7a
JE7R Do SN 2 B BA S e e, — AR 43 HL Ui
P13 PO AR DR D004 B 75 6 22 T At Ak 2 IR0 R A
B (HRERARZE —ERERRY), ZJarih
ul AL AR DR AP A BEHA 3 2 17 68 J2 R A O HH A
I8 oh 28 Gk 4 Sk SN 9k B T8 FRL R O B S =
A AL, T 368 o 9 A K 3R [T 2 e 07 3 B A T,
SHE R R R EE A (AT R UL A D 97 S A A )

R

- %%%E%f‘_'\
(KT

b B R AR R

K7 4Gl S PR3 O -5 AR OR3P I L i e s T
Fig.7 Schematic diagram of the electrical connection between
the protected side and the non-protected side of the insulated
joint: a) anti-corrosion layer is intact; b) anti-corrosion layer
has damaged points



B8k Al

T JR A - A 9 T A ek T v 2R RRRAE 23T -55-

=, A IR DA R 3 A e A
T, 482323k N 162 72 7 2 26 100 745 B0 s 401 2 355
TE PRI A VR R, 45 P9 S )R B A7 A S e =
B2l X RE =) EE NS> A FesO4 Al FeOOH
SR L B S HRABEALY o I T E TR GG
TN 3850 %) 5 R B B TR, ol LTS ol M ) T A A
Lo b A A G (AR ) FRMHITR, M
M7 52 B, 0

3 it

1) G, — 5 7 5y 1 K it HL Tt e
K, MR N 5 —Jr i, FEfE AL AR
AZRRPE LT, A LI AT AR S e R AR M
FEL I AN R 128 ) A s v, 30100 i 4 1 A BE AR ) 5 2L
(Z37A

2) ZAE B GRS R R A AN I IR
G5 I JZ BB, HER T LAY B 23 AR P A AR £ g
AR T P S 4 5 I N PR P S F b SR A e
TR, WL G R T B, IR G R Y
MG B e, 8 Gl S I L R 3

EEBEE

[1]  BRorsi, #E, BRK, . RSSO drga 2

Fe S NI I R A8 AT BROT AT (D). S Ik 2 5 B 44
A, 2010, 22(5): 452-454.
CHEN Li-giang, DONG Hai-tao, CHEN Chang-feng, et
al. FEM analysis of inner corrosion failure induced by
current leakage for cathode protection insulating joint[J].
Corrosion science and protection technology, 2010, 22(5):
452-454.

21 BRIE, s2F. FUEE B DR e 2 SR R K
K SHpG[I]. RER Tk, 2012, 32(2): 103-105.
ZENG Gang-yong, HAN Xing —ping. Inspection and
countermeasure for the failures of electrical insulation de-
vice by cathodic protection[J]. Natural gas industry, 2012,
32(2): 103-105.

31  BRIkfe, BES8ux, T8, 55 fEACEE A S ki 2
PEREDAE AR ], A EH AR S B, 2013(2): 1-3.
CHEN Zhen-hua, XUE Zhi-yuan, YU Shao-peng, et al.
Application of insulation test technology of insulating
joint for in-service pipeline[J]. Pipeline technique and
equipment, 2013(2): 1-3.

(4] ZEWINL, XRIFEZE, VEAR, 5. Hedb TS A A Or
P10 B R X R I (D). TR AR B2, 2019, 38(12):
1378-1382.
LI Gang-chuan, DENG Tong-jun, WANG Lian, et al.
Countermeasures for cathodic protection failure of buried
pipelines caused by grounding[J]. Oil & gas storage and
transport, 2019, 38(12): 1378-1382.

[5]1  XISCZ, BREEP, XU, &5, Bl L2 MidTs ik

[11]

[12]

[13]

TEFERTFE[)]. EiE AR 5134, 2018(1): 9-12.

LIU Wen-hui, TENG Yan-ping, LIU Jia-chun, et al. Ap-
plicability research of testing method for pipeline insula-
tied joint[J]. Pipeline technique and equipment, 2018(1):
9-12.

#ak, KR, S, . RS UK SR 1
Y B4 S T AR PR A s 2 PN b A S R 5 28 (0],
AT A, 2020, 34(3): 6-8.

JIANG Zhi, DU Juan, MA 1i, et al. Analysis on and solu-
tions to internal corrosion of non-protected pipeline
nearby insulated joints of gathering and transportation
pipelines for high-salinity gas-field water[J]. Total corro-
sion control, 2020, 34(3): 6-8.

XN, stnE, 21, 4 s E A A BUS B UTAR
FFGZmaAAT]. MAA#IE, 2017, 36(6): 708-715.
LIU Gang, TANG Yuan-nan, LI Bo, et al. Movement,
deposition and influence laws of impurities in the product
oil pipelines[J]. Oil & gas storage and transport, 2017,
36(6): 708-715.

BEK, TREE, AR, S MM a2 B
TR AT R HLBERF 5T (7). B BHE DY, 2020, 53(7):
147-153.

ZHAO Yu-fei, ZHANG Yan-jun, GUO Ji-yin, et al. Inter-
nal corrosion failure analysis and mechanism research of
the insulating joint of the buried pipelines[J]. Materials
protection, 2020, 53(7): 147-153.

A, RICC, FBGE, 5 PRI A 5 BN
JE 2 FLAM T[], S Bl S PR, 2017, 29(3):
328-332.

LI Xun-ji, SONG Wen-wen, ZHOU Li-zhi, et al. Analysis
of corrosion perforation in cathodic protection electrical
insulation device[J]. Corrosion science and protection
technology, 2017, 29(3): 328-332.

I, T, FIME, % PR RE LG
B VN AR ). BB, 2013, 34(2):
177-179.

GUO Juan-li, DOU Hong-qiang, YAN Ming-zhen, et al.
Installing, evaluation and protection of isolating device in
cathodic protection system[J]. Corrosion and protection,
2013, 34(2): 177-179.

XI3HIK. DN350 i S8 18 46 42 s T [0]. 4 Jm A
AbFE, 2014(11): 156-162.

LIU Ying-lai. Leakage analysis of insulated joints of
DN350 gas transmission pipeline[J]. Metal heat treatment,
2014(11): 156-162.

I, RARR, FREEDY, SR B R A R AR A e 2
B W EERENT TS [0]. ERHEIE ST, 2017, 4(12):
22-26.

ZHANG Wen-xue, ZHANG Shi-min, DU Xin-fang, et al.
Research on the sealing performance of integral insulating
joint under load[J]. Chinese science and technology paper,
2017, 4(12): 22-26.

B2, EF, M. A% s R4 S5 B
VR[], EAEIZ, 2009, 28(8): 77-78.



56

2021 4 4 A

[14]

[16]

ZHAO Hong-zhen, WANG Yu, DU Chun. Repair and
prevention of leakage of insulating joints[J]. Oil & gas
storage and transportation, 2009, 28(8): 77-78.

AR, X, KN, AF U X ol A
B IR AP R BIE S AT IhIZ, 2016, 35(6):
677-680.

HAN Dong-xing, LIU Bang-hua, XIE Yong-gang, et al.
Improvement and application of cathodic protection
technology for gas transmission pipeline at X station in
Zizhou gas field[J]. Oil & gas storage and transportation,
2016, 35(6): 677-680.

WA, Ak BT 5 e A T B AR A e Az
WA [I]. 5B, 2014(3): 288-291.

YANG Jing-jie. Test and evaluation of the cathodic poten-
tial of the pipeline under the influence of direct current
interference in the subway[J]. Corrosion and protection,
2014(3): 288-291.

A, BT, SR, A ARARNE R B AR X
B TE TR I S o (D). IS B AR, 2020,
41(4): 38-42.

LI Xiang, TENG Wei-ming, XIAO Jian-feng, et al.
Monitoring and analysis of electrical interference of East
China UHV DC grounding electrode on gas transmission
pipeline[J]. Corrosion and protection, 2020, 41(4): 38-42.
AL XA, AP, S i AUEE TR
Y BB AR E R R D). B S B, 2014, 35(12):
1278-1282.

LI Jian-jun, LIU Jing-xiao, FU Ping-ping, et al. Selection

[18]

[19]

[20]

[21]

of protectors for cathodic protection insulation devices in
oil and gas pipeline engineering[J]. Corrosion and protec-
tion, 2014, 35(12): 1278-1282.

SRET . T 2 S B AT R B Mk R R A
iz, 2010, 29(6): 456-458.

SHI Hong-guo. Corrosion of emergency cut-off valves in
pipelines[J]. Oil & gas storage and transportation, 2010,
29(6): 456-458.

d e, BT, BUKIT, A AR S i
BB FHEAHI]. B ESA, 2017, 43(12):
3900-3906.

MENG Xiao-bo, CAO Fang-yuan, LIAO Yong-li, et al.
Analysis of pipeline insulation protection measures to
suppress the influence of DC grounding electrode[J].
High voltage technology, 2017, 43(12): 3900-3906.
WREE, REF, T, 4. J5 EA IR X B
W3 R BTN S AR [T]. JE i Bl 2% 5 B 9 R,
2018, 30(2): 107-112.

FENG Peng-xin, SONG Kao-ping, YU Shu-zhen, et al.
Evaluation and optimization of cathodic protection system
for typical blocks in Sulige Gas Field[J]. Corrosion sci-
ence and protection technology, 2018, 30(2): 107-112.
XAk, SRR, SRR, S SRAUELRPI R R
3BT RROEI[T]. RV S A, 2015, 33(4): 62-64.
LIU Hai-lu, ZHANG Guo-hu, ZHANG Sheng-li, et al.
Failure analysis of cathodic protection of gas gathering
pipelines and solutions[J]. Natural gas and petroleum,
2015, 33(4): 62-64.



