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Combined effect of coast and fault zone on pipeline in Eastern China
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Abstract The geomagnetic induced current (GIC) and earth surface potential (ESP) in conductive earth induced by the
low-frequency geomagnetic disturbances directly influence pipe-soil potential (PSP) on buried pipelines which may contribute to
the pipeline corrosion. It can be difficult to study the coastal telluric field and its influence to pipeline at large temporal and spatial
scale because of complexity of earth conductor and geo-electric field. Firstly, we constructed a three-dimensional thin shell model
to explore the relationship between electric field distribution and fault zone conductivity in coastal areas. We found that the electric
field in the coast-fault zone was increased when the resistance in the fault zone was smaller than that in the coast fault zone. Then,
with the earth conductivity data in coastal areas of Eastern China, we constructed the three-dimensional earth conductivity model
where Ri-dong pipeline of China National Petroleum Corporation’s (CNPC) went through. Based on the Finite element method
(FEM) coupled with the Fourier transform, the theoretical model for PSP during magnetic perturbation was established in this
paper. Taking the magnetic disturbance between October 12, 2016 and October 14, 2016 as an example, we calculated numerical
PSP by PFFEM applying the magnetic data from geomagnetic observatory as boundary condition. Finally, the calculated and
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measured value of PSP in Rizhao and Yanzhou stations along PetroChina Ri-dong line were compared, which proved the validity
and feasibility of the model and the algorithm. From the spatial distribution, we could analyze the relationship between the important
nodes of pipeline PSP and the changes of pipeline model parameters. The temporal distribution showed that the numerical value and
fluctuating amplitude of PSP in coast-fault zone is larger, which further verifies the influence of the fault zone effect on the pipeline.
Analysis results of both the model and the measured data revealed the distribution of PSP in coastal pipelines under the combined
effect of coastal and fault zones, and provide a prediction way for subsequent pipeline maintenance.

Keywords coast-fault zone; pipeline fourier transform-finite element method; Pipe-soil potential(PSP); temporal and spatial

distribution

doi: 10.3969/].issn.2096-1693.2023.05.062

0 515

K FHE By 0 B o 2 ] S [ 4 FH A e 3K 1 1 J 22—
B ZH, XA AR A M M, TR
T b 45 0 5 £ v 5 | R b 4 J8% 0 HE Ui (Geomagnetically
Induced Current, GIC), B IE S 3 Z R
& Hb H, 137 (pipe—soil potential, PSP), 4 i GIC F1PSP
SO B R AR o, R E BRI RGN A
BAT, WK T4 A,

AR, EAAMAEIE A SR T R,
A H BB AR Y 0 4518 PSP LK, THHL A& w
PSR R RE Y, AEE R AT ROARE,
TR EL ALK R g ok, PRI, IR T b R R T
R 2 R e A=A O R R, ) P S8R ML BT 5 0 o A e
TEAASA T+ H "SRR EH, hEA
R (A 7R T HEM A E AR S, R TEINE S
4 487 3 GIC A1 PSP i 25 B O 76 vp A7 3 7 R
Bemtsk . H RGN LIR B AM AR, A
i GIC 1 PSP U $ At 7 S0 Bicdls o4 [, ]
[l % F U 75 TR 1 GIC R PSPY, i A 57 I &
B, HBRZRIG B, PO 260 KLt A5 H #R
vl PSP 55 Jit R 2 A7 21 o RN 28445 T 2 A AH VR o
X TR U L X AEAE W 84 i 2 2 b TS DL, A Tl
J— W A 2 8] DX I8 Ha, 375 52 31 AR I 284t U F,
R ) SR BYFER, A SO Z BRI R — W R B A
B

[E %), Boteler D H I Pirjola R 5522 H R 5% %
P b 8 L 7 FEL ) TS 400 o R A A RIS 3 10,
2002 4F Boteler D H 5 V- i 238 i 432 P BT RS
B Hb 37 %08 2 S K i 4 TE A58 (DSTL) 1445738 PSP 7
BB A AR A T, by VR RN AR B Ak VR 2 T b BT 4
P SR AR ARk, NS TR HLIX . Gilbert Fl
Weaver® VG R H2 10 T —4E . 4B oA R TR
25 [ £k L P AR R LR M i R 7 0 A, AR T =

Y o3 [a] H 375307 . Kuvshinov!! ™12 i F R R4 R v
THARE 7 B A b 3%, (R A AT R e b T PR TG )
HUOE T SR S M B . 2013 4 Kuvshinov 2 T
TR T AR T () — A R R M L
BRI B BT IR . R Aot
¢ W ISVER X M A T8 GIC PARRPEFIPTEAS, X364 el
BT KM o3 2R NI S L i A TR A Ny T4
PSP 2 THRVEAGT R MBI RS, H 33 I A 78 35 £ 7 7 ik
B, K BRI B e ) R 22 e, 195045
AR R ORI, 25 1, HArTE NIk
AT X W B2 4 Ml 0T S A T PSP S A A R
PR IRE . DO TR ZER R — Pl N v . HLA T
FRAEE RN BRI B SR

1 40 48 18 PSP BIF ST 5 B3 ) A 5 b i 3 T A A
FAEER, A FRITEk: (FEM) J2 H Fig R & 558 H H
AR R REBUE ST 78, 35 N AR A 2k b BT 45 4 HL
FERER R, O T A 1] F 3N 1 &) R b L S b
GEUN, A L AR 45 (FT) 43 A7 45 1 A 3 i %o 540 1)
AR A, {55 SERH A B R PR E AR, Kb
tg SC I AR L T ER U7 vk . LZS—-DSPL AR Y ISR
Boteler ) DSTLA AL Al [ #F47 ki, SEINAF & SLbr
THOL. DRI A SCHE S PFFEM 5 (Pipeline Finite element
method based on Fourier transform), %%} 2016 4 10 H
12-14 H A H X H ZR 0438 PSP ML Z L shmi iz, LA
4 & SR B0 SEBRIC SR G B AR LA, T H AR
I PSP oA, KV IR H BRSSPI R 7S Ml R
SWEMHESEATXT G, AT T 5 — W 240 DX 3l i 1
45 1 PSP R /KE- R s BT R, 45 48R T
T 5 — Wi Rl 52 B RN W vl S 1 45 1 PSP 1Y) 43 A
7

o

[y

—YEHIHAE IS PFFEM Bilig

W 1R, EEA7 = 4E R HE A PSP R AY



662

AimBlEER 20234510 H S8 EH S

B 5 4 i iJZEzziZJ
H(t) H(W)

3D%§K

SRl

B 4 8 45 W”' %ﬁm@%
E(t) aw

(SpCl
PSP(t)

PSP
BE

EEHEE

N (2

|

1 =48 iE PFFEM T E R EE
Fig.1 Method steps of PFFEM

PFFEM B AEAY . 123 TR AU I T L A8 46 (1 A8 1
PSPARRICH s, DL Maxwell T-Q 7 FE = 44 R
TGN BERN U, B PR e L e A2 48 N s A 48 () A5
SEVARL, L b T A 37 KA L Y 3 b A 3B PSP IS A oy A
W BT VR FR O A8 18 8 Lt —A FROGEL (PFFEM,  Pipe—
line Finite element method based on Fourier transform) 77
. PFFEM J5 12 84 I S84 7 H(p) 28 P 3 A L i 25 4
FET 53 it AR % 55 H(w)(¢e RISERL, woR i), VBN
Tl 7 0 A — 2 v T AR A T A BR T 15345 21 Ak
R E(w), %%%@EﬁﬁﬁﬁmmFA&ﬁﬁ@%
E(t), Gt PSP 5 ) ik I PSP i 25 0 A 25

T8 1 PSP I 25 ﬁﬁﬁ%f%ﬁﬁUF4A}
BE.

(1) KHb#E FFT 43 fif

P 1R 7K T e RN L 53 0 AR SR K LSS AL Y
WITRRER , A6 Se X Mo w5 0 5 55008 2 1) At iy 43
W hy AT R n ny VR AN, J)

hx (t) = z Hx,i cos(a)x,it + (px,i)
i=1

(1)

hy )= Z H,, cos(a)y’,.t + goy’l.)
i=1

K, Ho Hy o3 3R 5 B A Ay 5504 18 0% 1
H, o, o, F&h. hFiIDERIR, ¢, 6,38
TN by hy SR TSI IR

(2) KM% FEM 15

Tk 7 Hb 14 37 A 3 4 0.0001~0.01 Hz, Ktk &
VERGERES Y, SR i AL, AR s T LA

W RATT R, — R R IR I R T — R (— kY
B — RS H), — U TE R AR b 7= A 3
(Z K37 E I #&m%F)W%%ﬁoﬁlm%$

PLe bt 1, Horp o e ROz, ) IR LR

VXE’ - jouH" =0
VxH' =(y— joe)E*
K, MRS BGRB8 p=4n x 107 A/m,
I BT A L RO B3 A LR B e=8.85 x 1072 F/m,
%F%W%%ﬁo
P 7 1 7 2% 2 BT 1S H IX R 3 R o —
fife 20, IR R A O R, AR X Sk A A A
FMF, B R EALB AT I RIS e Y
B EAE T, B UL A AR TR, TSI AL
BTMQ, THRERAL, QFbREEN, KRR
HUBOH LT AR A/D, BB B B . R e
WFHHE, J. HS5 T, QZIKFRE
J=VxT
H=T-VQ

)

€)

ElexT
V4

Horb, JRORTIRRRIR, HFR i
NI Y

EB?‘&%WGJ}@%:OT’EEFEH%ETEHZIS?%%?{
X T-Q 2k

Y%, ER

VT - jouyT = jouy (-VQ) 4)

V=0 )

K@@ “—vQ” BUNEE, WK H, FnHRIRERTE
SR A T, B EAHR

XF T B Ho 5y ik B0 R — A AR A B
Hw), WA o3 A A RO H SR 2
RES PR M R PO, X U R A IX A
VU AR ISR, P A e R AU R 22
I R REAREERTT SRy R A S AR M HL 5 x T
[y J5 16 73k

(3)E I IFFT A

8 PR RS, A v 3 Gt A A ) phy M
Ho MEFTT 72 A (3 BT 7 R R L 5 x Ly 40
L OENET (ORIET (), Hob, Dhs X R x5 i

a8
E\Xr (t) = i EX,:',./' COS(a);’l.l + (0;,:')
(6)
EX(t) ZEy,jcos(a) o))
K(O)H, E,, . E,, W HR T S8

X\ y/\ETFE{fE o, o) IR E ] ALY



Hh L AR PR T A LA - — DR Rty 3 AU

663

HYx, yr BRHEAL, ¢, o) iR T A IE)
KAERI R x|y s E AR A

IR, i3 i MR Ho, 7E453E 440 A iy it
PR X y I RE (ORE" (1), Hrb bRy
PRy T I3

I S x .y B R x. yir&E
J7HE R L B R A A 3

E ()=E" (O+E’ (1)

X v ™
E, (0=E* ()+E" (1)
W emf 2], 451 j SANR IR
E\(0)=JE’ (0+E (1) (8)

(4) %1 PSP &

BCHE 5 T R T oK TR 5 ) b S (B A R il AR
LRIy AR IR AL M2k LZS—DSPL AR, W i A 4540 &
A B AT A K B T S — 3
ABIG, —SFKEEHEEE B ITRIE,; R
FH A 7R SR I i Bk B A H R VR ST GIC A
PSPAERE 7 FE, 5 545 16 45 Hb L (37 PSP 76 1 5 19 (8] 119
A 23 43

2 RS AR

R 53 M I 4T L R X T — T S X S L 3
TRAE AR AR, FRATMBOE 1 72— W 4 — 4Ry
KriRLEy, £ 1000 km, & 200 km, % 500 km, 7
FRERAL AR R E ok TR AR R B R 250 km
b, WA X IRREE Ry 25 km,  TEE M 250 km, TREIK
IR R 5 km, 55 R 500 km, K5I K BLSREL
4 S/m, K HbE [R] W R G2 AR — R, X
Kb HL % 0.0025 S/m, G0 2 iR .

| 1000 km
[ _
e Bk ]
N LI /) y=4 8/
25km — .
500 km
1 Fisth 500 km
250 km

y=0.0025 S/m

ﬁ:km
2 BE—WATHESREIREE

Fig. 2 Schematic diagram of the conductivity model of

coastal-fault zone

XTSI AT T R G H,
RAEA 0.8 A/m. 75 J& 31 I 2474 S 3 00N i 375 119
SZMR, R R 240 X S R S 50 R 0.1 S/m
0.01 S/m. 0.001 S/m#1 0.0001 S/mLL & 0.0025 S/m,
Sy BIBEAT A BROCTSR BUH DL b S Rl S BT RL
Wr 24y 5 2 LR E TP A (2 PR L)
{E. AR B AL S5 i SR Z M RN R, 23l
A2 FhRFECEEL, S5 SRANE 3 FR

e TC W 24T B, BT 2T 5 b L R
0.0025 S/mHst, & 3(a) fIE 3(b) T LAA H, BIE
i b e VR R [ S A T T B AR & 0.32 V/km

MAEERI AT, A 2 FESLABITHE T

(1) 24 Wiy 284 DXl Hh e 23 0 T o () ol b R 23R T
Vi o — W ST 22 (1) 1 ol e B4 VAR AT T SR ) SR Ak =
AW RAR, WAty b (Rl XSk L g 2T AR,

W T T 1 !

16 [ S o —e—o00025 5m ]

14 N I i |—*—o0.18m

; : - +—o001sm

1.2 o R | R e g

L e R T S SR e e .
Bosf g R e .
2 o6
o™ K

Y7 I 0T . I A - R .

0.2 T e .

0.0 | sebssessseseses

oo I

0 200 400 600 800 1000
BB E /km
() SH TR SES TP EHT

8 ! ! ! !

P TR RSN — SR S— |—=—o000255m H

N o N [—+—0.0001 S/m

' i i {|—+—10.001 s/m

E/(V/km)

02 0 200 400 600 800 1000
EEE /km
(b) 5 M2 B8 S AR T o e Bt
B3 AREHRGEESETHEE—BRERNER
Fig. 3 Electric field effect of coastal-fault zone under different

conductivity



664

AimBlEER 20234510 H S8 EH S

W i Al , R — W Xl gt
PIREBEERA, W 3(a) IR

(2) 24 Wr 24 DX ol F S 3R A0 T o i) ol b R 2R T
Vi — W 2y X S L S TRV R AL P A AR E, FE BT
WAL IME, Wi xRl XS A R R
YEHT, HBrRar i R 3 AIL, TR — Wl X
CRHLT AR, i 3(b) R

3 1 53550 L i Bl AR B 0 | il b — DRy R
370 55 A2 it b A0 760 et b — DA S 0 A A e 22 A ) L 4
AR, MR EERAT L, e 7 2 Ak fili i v 4 A
JUT-2R 32 B Wi 4 R i, i fk - — W7 245 1 5
Ak it b 000, 37 A {1 it 2 D 284 FL S S A DR/ T R
Pl b — Wy L5 30 S Ak W 284 ) P 373 B o TR SR H R
Hs /N R, AR RIS = R AR, &
NG A A

3 H&ZE&EEB A R Pr
3.1 BUEERE
FRPE E K Hu g 5 v $2 R AL 2016—10—12 22:12:00

®1 BRLGBFRETH

TF R 2 2016—10—15 08:50:00 45 o i Hb 4 3 B dis, 6
MEH K FEBGAS) 6, BEBULBERTEIT 20 J7 G357k
-3 R 140 i HL AN H ARV E M B AR5
W RGP BhIR (P 5% BRI 20 22 1), anl&l 4 Bios .
PFFEM /7%, RMAFENEREEOR , W REAEdE %R 56
A EZE o, A BRI, BOR Rk #E
Syt H I ZE RS IS BRI 2 A, e A TR
RIS MV R 2 3R] ) 453 PSP (I 43 9347

LA

IR T ARV, IR MEE, HARL
JRIMAEE F 2013 4 1 A JFRH A T, KRBT
A H BRI, PR FINARFEN AL, 2K
426 km, HAETAH H B, 7M. FE 3 ABIHRAAY 55.
H AR LR T 26 b A Pl T o 0 25 8 ) i 5y, 24
b B PUIGBEAR T, WS XL 5.

AR R LS A B = A S AR MR AR
b b X1 A P 35 4 P R RS e 2224, e
PEEER R o e e . DhE s il . JRdb A, B
FHIMBE . edbRee . Wiy . ek A A 8 A~ IX

3.2

Table 1 Extreme value changes of the electric field at the boundary

- SRR i b, — DBy S 100 SR A i b Fifi Hb, — TR0 100 A W 4
W4y B 5238 /(S/m)
Fii 0 L A4 A /( V/km) W ER A A V/km) LB /( V/km)

0.1 1.60 0.95 0.02
0.01 1.55 0.51 0.15
0.0025 (JCHiZY) 1.53 0.32 0.32
0.001 1.55 0.22 0.45
0.0001 1.61 0.10 0.60

28000 -3860

27980 [ -3880 [

27960

27940 -3900 1

|_
E 27920 [ S -3920 |y
f 27900 [ T
-3940

27880 [

27860 [ -3960 [

27840 [ 3080 |

27820 1 1 1 1 1 1 1 1 1 1 1 1

10-11 10-12 10-13 10-14 10-15 10-16 10-11 10-12 10-13 10-14 10-15 10-16
HEA HHA
(a) H &R (b) H 2

B4 2016-10-11 £ 16 BHIZHE

Fig. 4 Component of the magnetic field from 2016—10-11 to 16th (a)Data of H,(b) Data of H,



Hh L AR PR T A LA - — DR Rty 3 AU

665

B, AR N 6 ff, BRI N H A%
i, BOEXT NI, yiET B, 2 )7 W K6
b, SRR PG 880 km, R LI 450 km, Hb R
JZEJE 500 km, AL X el /0 220 B SR BRI
%2,

3.3 HIZSTRYHE

SR BB 1L AR VR 1A 31 PR P ) 7 b R B Y R SRR
Jof A, GPASERY b R INAR Sk 0.003 Hz., TR {E K
1000 nT fELs, — 4k r 30 K (WA ) 43 an &l 7 fr
N, Gt HREAT BRI S AR S L g oA

KM T (b 37 A R 8 B s, L IR AL 1 i+
b7 AR GEAE AN I AT S 22 [0 1 5 ek Ly
Yy, TR 7 95 A AL R AE E i K AT 38 6 Vikm, [El
9(a) AR AY |- 3R 100 R O Bl ) T 2 Ak (T 7 b R R
Ly, T RIS I E & L Z
)80 T 284y X Sl BRI, R i DX I 708055 5

5 KFRBEMRREEREE

Fig.5 Geological and pipeline survey of east China coast

®2 IDRESERAEHSY

Table 2  Structural parameters of 3D conductivity model
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Fig. 10 Pipeline PSP and electric field distribution along pipeline
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Fig. 11 Comparison of the monitoring PSP in Rizhao with Yanzhou
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