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Abstract With the rapid development of China's economy and the substantial construction of energy transmission networks,
high voltage transmission lines and oil and gas pipelines usually form a "Right-of-Way", especially in space restricted areas. AC
transmission lines can induce AC interference in the pipeline. When the AC current flows out from the defects of the pipeline’s
coating, AC corrosion will be caused. The safe distances between AC transmission lines and pipelines should be clearly defined
for keeping them away from each other at the routing stage, and possible interference on the pipeline will be avoided. In this pa-
per, safety indicators for AC corrosion were first identified, then numerical simulation was used to establish the buried pipeline’s
AC interference model. The safe distances in typical conditions were calculated. These include soil resistivity, pipeline coating,
voltage level of HVAC transmission line, three-phase imbalance and pipeline diameter. The results indicated that the higher the
voltage of the transmission line, the greater the safety distance required. For high-voltage AC transmission lines with voltage less
than 220 kV and phase current less than 1000 A, when the distance between the pipelines and the high voltage transmission line
was greater than 868 m, the AC corrosion risk of the pipelines could be ignored. The longer the parallel length was, the greater
the safety distance required. When the parallel length was greater than 40 km, the safety distance did not change much. Soil
resistivity and pipeline coating had obvious effects on the safety distance. The lower the resistivity of the soil, the greater the
safety distance required, and therefore greater safety distance was required when the pipeline was in farmland or saline soil. The
better the coating of the pipeline, the greater the safety distance was required, so a greater safety distance was needed for 3PE
coated pipeline. Three-phase imbalance current had little effect on the safe distances, which indicated that the main source of AC
interference for pipelines near safety distance was the position difference between phase lines, rather than the current imbalance.
The pipeline diameter also had little effect on the safety distance. It was due to the longitudinal impedance of the pipeline being
much lower than the leakage impedance, it had little effect on the longitudinal electric field. And on this basis, a safety distances
map and evaluation method were established. Then, this method was applied to the AC interference assessment of a real pipeline,
and the results showed that the interference risk of a pipeline can be estimated well from the safety distance. The results of this

study provide a method and reference for dealing with pipelines and high voltage transmission lines in “Rights-of-Way”’.
Keywords safe distances; AC interference; electromagnetic induction; AC transmission line; pipeline
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e 168 52 L TR St o B8 P TR PR TR A L TRIRRUR A Ab T i
Ja R IXHEATAE S A, TR T HAB R AT ARk B
TEHEAT VAR

33 ARAEEXRMEABERNLEER

VRN TR] g 1 32 Tt i L A B S 0 5 b A5 1 22 )
ML A PR B A 7 Bt L, Bl & R RS Tk
HLZR IR i, AR A, 33 KV A HE 2k
R AT W R A B2 s 114 8 4 B 25 548 me 110 kV i
LR 0 AT A PR B2 1) 1) 22 4 BE B R 566 m. 220 kV
A PR B Y IR AT AR PR K B I 1 22 B 587 m. 24
AT RBERT 40 kB, AN [R5 5 1 i Fi 2 B 1) 22 4
FEBS 2Z MR K (Z9/NT 10%), {HIE, YIFFTK R
e, ZHIEHE, . HFATKE/NT 10 kmbf,
33 kV, 110 kV LI 220 kV 194 B 53514 190 m,
250 m A1 350 m. XJEH TEIE ERSS TR R
2Rl ABC —AHAL R H RE IR 7 R 1 . ABC —AHAH
FAFHZE 120°, SERXIFRAVIEOL N HAHE EHEE . 2
&, TS L SEEREA 8, Hi=4 T
Wt MIHATEE B R, ABC AR B AR
Wi B8, R A S p T A B R TR AEAR K X, PR
LR B 2 HR R Y IFATIE B ALK R, ABC =4
PLE AR, FECL A B 2 53N
34 WHEREANFEENZEEBNZIG

TRy P 2 s ANl P e A BB R, 2R
e 8 iR, ML, BEE A R 3G, 4
7 FL 2R 2 T ) 2 A HE S ARG, R i A

/e

XA RS, AL B C =AM ARG A

100,0_,7";.5 B3RV o BOA -
—e— 110 kV
—A—220kV : :
S oo S S S S S R Y I
£ I | I | 94
< soob. ; ; ; ;
W U T A A
A4 i ; ‘ i ; i b A
b ! ! ! ! ! !
N E LU S oo e Lol h
H ; ; ; ; ;
200kt . — S SO S o VAN
vof metamEEE—
i i i i i i i
0 100 200 300 400 500 600
ZEEE/m

7 ARBEXREELBREFNZEEETEER

Fig.7 Safe distances for various HVDC transmission lines



644

AimBlEER 2021 4E 12 H o EH 4

2£120°, HMCAH BEHGIE. B L2 P LU Asg i T
o E R RSy —J& AR T8 B A9 A TR
(25 (A AN ) P A i G s — R — A AN 46
(FLIRANEAG B ) P A S . Rz o as mT L,
FHL 0 AN A P AN ) s 22 4B B S ma 0N, BIE AR S
TR T, A E 2 A B 0 £ 27 B i &R
GEAHLR JUAATSE B 52, T 70 28 F AN ST A7 52 M A X
BUIN,

3.5 BRNREEENFI

TR E B 22 BE e o o, A
AL, R AR AR NV TE -5 i R R 2 ] Y 2 4z
B AN, AHAEAR/N, BV E YA AR X AR
AR KR A BN 1] BT e s BT 5

100.0

80.0

HATKE/km

0 100 200 300 400 500 600
Z4IEE/m
B8 BEXMNHABARATEENREEEZINMNITELER

Fig. 8 Safe distances for HVDC transmission lines with

various unbalances

100.0 [ =D 24@mm — —
| —e—D500mm | : : :
—A—D1016 mm | ; ; ;

80.0 [ N S S Bt et S S

0 100 200 300 400 500 600
ZEFEE/m

E9 BERNLEEEZmMATEER

Fig. 9 Safe distances for various diameters of pipelines

BAMRZ, WS BN HL 7 1) BRI AN
K, X2 4 B s ma /N

T EERME, ACERITE T ML T T
B P 2 X R A T AR TR e A s . HR, 5K
PR TR SEEINE 248, A SCHFR U AT T
FELI ) A5 P BB 19 B T XU T 0L, e [R)3% 22 [ml 2k
B BRI AR AT . A SRR TR bR AT A A X
KARMEAIW e R A, . X [R5 3UE
2R B, SR (R SR B ABC/CBA Y356 AH - HEA, 5 (9]
SR 7 I 3= I P 12 e o =< A 770 N = A <6
AR T A0SR P (9] R F ABC/ABC (1) [ A 7 HEA
HL RGBS N, T B2 s s Xt 17
AL, HOCHFIT R R R S E T
PHEEREROCRP?, RYEA 1 AT LOR r A b de
SN R BHR AR A, RS 2 A B (R AR AR S B
)2 4

S A AT

R T B UE IS A R, TR ] v e A
T TP BT T R A B IR IR e . P R
%I H A2 1016 mm, BEJE 17.5 mm, P& )2 K 3PE.
S BRAL T NGRS S EAATE 2 KRS
IEAT, HpsE IR EZ) 8 km( & 10), 55 —AbJf:
AR 20 k(& 1) B3I A5 3% B AL B 1 5 r
FHZE 357 80 Q-m. i L4k 6 HL R 45 94y 220 kv, I
TAERIAHEL TN 850 Ao | FH 42 4 B 2 X3 P > X Bt
AT B b RS 2 T 40T, BRGNS -

%140 T PEIFATREE A 8 km 1 20 km,
PIARIAE] 40 km, UL, WA RBIITRRKE,
B GIMTREH T T

5520 P ACPR TR v R B R L R A
LB MBI SRS B0 AR, I 2
TG, MR SEEN TR ERIERL, Mg
HLPHR Sl 2 R . BRIk, R s g i AR A A
- 1 v BH R 1) A2 b B bR - 48 R BH R B — S AR
(3K 6)0 AL LR ALk 850 A, SLPR - HEH
FHRN 80 Q-m. F54 )5 W HLYE 1000 A, 13 d B %
94 Q'm.

Pyl
I

0

A p A5 1) LR BE AR, Q- m; py g SEBR
R B, Qm; DFAURIIRI, As 1 A5k

(6)



UL PR X A T e M ) 22 A B BT Y

645

SEmBEL

8/Vn

10 HhAEPESEEL 220 kVIELRKRE —KIEEHT

Fig. 10 First parallel section between pipeline and 220 kV transmission line

g

EEREL

A

20 km
11 FEBEEES 220 kKVEHBLREE S KERHT
Fig. 11 Second parallel section between pipeline and 220 kV transmission line

PREJHLTE, Ao

953 MRS 2 A IFAT K E 8 km Al 20 kmZs A&
K 4, ATA0IFATRE N 8 kmiNf, 50 Q-m 4 38 fH &
FRA 24 B BS A 340 m, 100 Q-m 338 H i 28 42 E B
9180 m, I HZ M 2 M I kA3 2] 94 Qm - HEH
BEREREE PP A 22 40 B 0 199 me [R3H, AT KN
20 km A, 50 Q'm HHERBHA TR 2FE RN 520 m,
100 Q-m T BEH A2 PR Bl 325 m, ALk 2 ME
7 A5 51 94 Q-m 5 H BHR IR v 1 4 A E N
348 m.

—a— BT EER
—o— WIFINER

8 I 8 km

0 2000 4000 6000 8000 10000 12000 14 00016 000
EE/m

B2 E—AKEEFTEETHARSE
Fig. 12 AC current density of pipeline in first parallel section

B4 51 AT BUE B 5 A /N R R
K470 m, KT 199 miy&amlih, B ELL T%
REANTTESITR . 5 2 IR B I S 2k
BEIFATER G 38 X, 45 OIFAT, IR 309 m,
/NT 348 m YRR . NIk, ATREAE RS TRE hUX
58

X AR G291 53 T A TR B A B AR T RN B R
SEnE 12-13 rn. BRI, 55 1 ARK B If AT
Bl RAS IR IR A 7.6 A/m*, /T 30 A/m> B BR{H
A LS e RS T LA 220 TS 2 AR B A T B K

35

—— BT EER

20 km —o—HMEER

25000

20 000

15000
HE/m

13 FTAKEEHTEETHRREE
Fig. 13 AC current density of pipeline in second parallel section

0 5000 10 000 30000



646

AimBlEER 2021 4E 12 H o EH 4

LA R 33.2 A/m?, KT 30 A/m? AUBRIE, %
T TR AN BEZ M . IR I 45 R A ) S L
SR REE . BRI rT UL, SRIA SO %
ES RS M 7y RN

5 e

1 296 1o R 52 T i L, 28 9 o 4 04 A5 T b RN 7 A
MIASTE TR, B E R AR TR 5T T A
TR RS e R SIS T L iR s, 15
TR E5E

() XFT 220 kV S LAT oy FE A2 i i FELAR 1% (BRAH R
/T 1000 A), Y3 E 5 H R FE R T 868 mi,
TETE T 32 2 I AU 7T LA 220

(2) 98 A BH AR TR L e I B IR . 7R H
T (50 Qm), IFATEERR T 20 km Y TENL, AT LALL
600 mfiENZ A E, £+ (1000 Qm), JHFTK

CEPUIN

FE/NTF 10 ke B, 55 S 32 I B FEL 288 066 o) A5 T 1Y) FL oA
AT E N, vIAE BRI A TR RS, YIE1T
K T, AT 25 m LR E .,

(3) B 5 B S 2 o ) 4 e e AR s v . 7E
Al £rh, 220 kV A DUT f 4k 5 3PE B2 E
AT BR K FE I %2 4 B 85 Ok 587 m; S5 FBE )2
I AT BR A B I 1 2 4B BN 327 m; S A4l
T D72 AT R B ) 2 4Bk 167 m

(4) BEZ 2 H A2 T i L 2 B S 2 ) 4 v e A R B v
e IR KT 40 km BF, AN [R) S5 9% 04 i v 28
MR 22 A K (A2, MR ERRE, 2
illad LT

(5) i FL AR B AN YA B RIAS T A AR X 22 A B 5
A N TR o s XA A 2SS KA

(6)F 2 A B PPN 73k i FH T B 52 B4 I 1 A2 T
THoHT, G550 s AR e 4 I B AT DAAR T b ) O
TE TP

[1]  BEIEF, tH200k, A, & BB M I TIRE AR R IR S RS )], AR 5%, 2012, 2: 3-5. [TENG Y
P, ZU H B, DONG S J, et al. The current situation and trend of research on AC stray current interference[J]. Pipeline Technique and

Equipment, 2012, 2: 3—5. (in Chinese)]

[2] ZHU M, ZHANG Q, YUAN Y F, et. al. Study on the correlation between passive film and AC corrosion behavior of 2507 super duplex
stainless steel in simulated marine environment[J]. Journal of Electroanalytical Chemistry, 2020, 864: 1—14.
[3] ZHANG S X. LI Z L, YANG C, et al. The AC corrosion mechanisms and models: A review[J]. Corrosion, 2020, 76(2): 188—201.

[4] LUCCA G. AC interference from a faulty power line on nearby buried pipelines: influence of the surface layer soil[J]. Iet Science

Measurement & Technology, 2020, 14(2): 225—-232.

[5] BUCHLER M. On the mechanism of cathodic protection and its implications on criteria including AC and DC interference conditions[J].

Corrosion, 2020, 76(5): 451—-463.

[6] WEI B X, QIN Q Y, BAI Y L. Short-period corrosion of X80 pipeline steel induced by AC current in acidic red soil[J]. Engineering

Failure Analysis, 2019, 105: 156—175.

[7] MORAN A, LILLARD R S. AC corrosion evaluation of cathodically protected pipeline steel[J]. Corrosion, 2019, 75(2): 144—146.
[8] Bz, WRELIN, miok, 4. i SCEIE 5w Hhi e e B 2 I AR DGR [T]. T2, 2013, 32(1): 82-84. [ZHAO J Y, PAN H L,
GAO Q, et al. Relevant standards for distance from oil and gas pipeline to high-voltage power line[J]. Oil & Gas Storage and Transpor—

tation, 2013, 32(1): 82—84. (in Chinese)]

91 #HE, A0, #E5 . HHAEE 5 R S AR Z M4 A 2 [J]. R 5 /54, 2016, 37(1): 56-59. [YANG C, LI Z L, CUI
G. Safe distance between buried pipelines and high voltage AC transmission line[J]. Corrosion and Protection, 2016, 37(1): 56—59. (in

Chinese)]

[10]  WANG C, LIANG X, RADONS R. Minimum separation distance between transmission lines and underground pipelines for inductive
interference mitigation[J]. IEEE Transactions on Power Delivery, 2020, 35(3): 1299—1309.
[11]  GB/T 50698—2011, BN & 18 22 i T B BB A AR HE [S]. [GB/T 50698—2011, Standard for AC interference mitigation of buried

steel pipelines[S]. (in Chinese)]

[12] DD CEN/TS 15280—2006, Evaluation of a. c. corrosion likelihood of buried pipelines— Application to cathodically protected pipe—

lines[S].

[13] KIM D K, MURALIDHARAN S, HA T H, et al. Electrochemical studies on the alternating current corrosion of mild steel under
cathodic condition in marine environments[J]. Electrochimica Acta, 2006, 51(25): 5259—-5267.
[14] KIM K D, HA T H. Alternating current induced corrosion[J]. Corrosion Engineering, Science and Technology, 2004, 39(2): 117—123.



UL PR X A T e M ) 22 A B BT Y 647

[15]
[16]
[17]
(18]
[19]
[20]
(21]
[22]
(23]

(24]

[25]
[26]

[27]

(28]

[29]

[30]

[31]

(32]

FU A Q, CHENG Y F. Corrosion of pipeline steel in the presence of alternating current and the new CP recommendation[C]. 8th
International Pipeline Conference. 2010: paper No.64380.

TANG D, DU Y, LU M, et al. Study on CP criteria for mild steel in the presence of AC interference[C]. The 69th NACE Annual
Conference, 2014: paper No.3802.

HOSOKAWA Y, KAJIYAMA F. New CP maintenance concept for buried steel pipelines— current density— based CP criteria, and on-
line surveillance system for CP rectifiers[C]. The 59th NACE Annual Conference, 2004: paper No.04047.

HOSOKAWA Y, KAJIYAMA F. Case studies on the assessment of AC and DC interference using steel coupons with respect to current
density CP criteria[C]. The 61st NACE Annual Conference. Houston: NACE, 2006: paper No.06161.

MARTIN B. A history of stray current corrosion[J]. Corrosion & Materials, 2006, 31(3): 12—14.

HAYDEN J L R. Alternating-current electrolysis[J]. American Institute of Electrical Engineers, 1907, 26(1): 201—-229.

MCCOLLUM B, AHLBORN G H. The influence of frequency of alternating or infrequently reversed current on electrolytic corro—
sion[J]. Institute of Electrical Engineers, 1916, 35(1): 301-345.

HEWES F. Four phenomena affecting cathodic protection and corrosion rates[J]. Material Protection, 1969, 8(9): 67—71.

HAMLIN A W. Some effects of alternating current on pipeline operation. Materials Performance, 1980, 19(1): 18—27.

HEIM G, PEEZ G. The influence of alternating currents on buried cathodically protected high pressure natural gas pipeline[J]. Gas-Erd—
gas, 1992, 133(3): 137—-143.

PRINZ W. AC induced corrosion on cathodically protected pipelines[J]. UK Corrosion 92, 1992, 1.

PAGANO M A, LALVANI S B. Corrosion of mild steel subjected to alternating voltages in seawater[J]. Corrosion Science, 1994, 36(1):
127-140.

NACE SP21424-2018. Alternating Current Corrosion on Caththodically Protected Pipelines: Risk Assessment, Mitigation, and
Monitoring[S].

N5 WV, iisCre W, %hk2z W BIRARF0E: Ak 2R f B 552 (M. fe2F Tl ik, 2005. [BAECKMANN WV,
SCHWENK W, PRINZ W. Handbook of cathodic protection: theory and practice of electrochemical protection[M]. Chemical Industry
Press, 2005.(in Chinese)]

WA BRI . 10 3 O A 7 M. BB ol JiA, 1981, (HARRINGTON. Field computation by moment method[M]. National
Defence Industry Press, 1981. (in Chinese)]

VAR . AT IR B 1E 3B AT I R A7 A Tl A5 T 1 L RE S [0]. F IR, 2008, 32(2): 78—80+92. [JIANG J. Electromagnetic
influence of normally operating AC power transmission line on Gas/Oil pipeline parallel to transmission line[J]. Power System Technol—
ogy, 2008, 32(2): 78—80+92. (in Chinese)]

BARR, B/NT, BHESE . T £ 100KV RF 8 TR B Gl 0 2 5 0T H 3 9 A 2 G S 2 W) 9 DR — 9 22 23 ik 0], W 4
A&, 2019, 43(9): 3305-3310. [LI B L, GE X N, LI Y L, et al. A fast second-order difference method for calculating magnetic inductive
influence of + 1100 kV HVDC transmission line on buried oil/gas pipeline[J]. Power System Technology, 2019, 43(9): 3305—3310. (in
Chinese)]

Fet2, S8, LA . ST L2 s BRH E b S v U T LRGSR S SR DGR (1] URIHR , 2010, 34(06): 10—
13. [JIANG J, GUO J, LU J Y. Relation between transmission line parameters and electromagnetic impact on petroleum/gas pipelines

due to single-phase earth fault in AC transmission line[J]. Power System Technology, 2010, 34(06): 10—13. (in Chinese)]

AR ERE R LEE)



