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Abstract: In oil or gas stations there can be situations where many underground pipelines are present in reasonably close
proximity. This can lead to serious interference and shielding phenomena, and there are many grounding networks that can
cause substantial loss of the cathodic protection current. The mathematical model of the buried pipeline cathodic protection
potential distribution was established and the boundary element method was used for discretization of the equations. Then ex-
periment was designed, the buried pipeline cathodic polarization curve was tested, and the piecewise linear method was used
for processing. The numerical simulation software based on boundary element method BEASY was used for the design of ca-
thodic protection for a station. Three kinds of cathodic protection methods are considered, which are sacrificial anode cathod-
ic protection, impressed current cathodic protection, and combination of sacrificial anode and impressed current joint cathod-
ic protection. The results show that the boundary element method is an effective tool to solve the problems in buried pipeline
cathodic protection. The combination of sacrificial anode and impressed current joint cathodic protection can solve two prob-
lems effectively. The number of anodes needed for sacrificial anode protection is great and this technology is difficult to im-
plement in engineering practice. For impressed current cathodic protection, the distribution of the whole buried pipeline po-
tential is not uniform.
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Fig.3 Buried pipe network and grounding network model

P 3 A B AR AP, TR 405 A ) B AR £ 7 0
ERATOT R BT, R T 3 R ORI Oy 2
PEBHAR B AR A el i B AR PR A B AR A Ak
T E AR B A
3.2 4EYEPRARBARRIP

SR AP PE AR 2E AT SRR R4, BRI BT Ay S8 i
SRR AN E B AR, SR J5 X T JR R 32 21 AR 4
F18) A T S fan G e B AR, BV B A A 7 fm %

0025 Tt JIR P AR PR 3 e BRG] 4 PR
o R A ), 2L AR I S A3
WA . R T AT AR AP B AR, ELAE 4 0.1 m,
KERN LS m WK 2 m, BHUZERMES iR,
AP 21 F) R (7 (LR AHXS T CSE #Y

[ _.L;Wi

rﬁw i)
B4 5 HEmMmmERRR

Fig.4 Applying sacrificial anode preliminary

HT TS AT, ZEA A BEAR B A e S 5 1 e
BT PR A L F A BE . IR, b A5 0
Mo FLA e B A =779 mV |, RH 445 B L 24
=700 mV , JE AT B ZR A B AR HLAE, DRI ATOG L
IRPHAR N, FHAR I S ZE R 6 .7 Fs




- 164 - P E B bk

FI (B ARAFER)

2014 £ 12 A

i HBALE/mV

" | p-663.98

Far.f i ' '—689. 59
- | -715.19

y L -T40.80
- i | 1 T

B 5 #045 Hein 4 4 BB AR B S8 Hb W FR L 3 7R
Fig.5 Potential distribution of buried pipeline of

applying sacrificial anode preliminary

El6 MmHHEEMERE

Fig.6 Encryption arrangement of sacrificial anodes

& Hy BLALE/mV

L l L . ' -823.55
e T T, -851. 39
— " | -879.24
y A—— || -907. 08
[ 1, I -934.92

z S eesm——

7 AEHEFRRNER ERIEE R B AN
Fig.7 Potential distribution of buried pipeline as

sacrificial anodes encrypting arrangement

P 7 LA, AR DR ri (5 AR AL TR 373
Z N BATA TR BeoR 2 BIARGF A AR OR3P, e
IR, 2 A X5k ORI 3 B R 47 B4 Bt o i B A
PRAP RS BHIR BEAT E— 2D I, Al 8 Fzs . Bl
Rk 9 fis,

i

8 PR —TMERE

Fig.8 Further encryption arrangement of sacrificial anodes

AL E/mV
, : L. % g-869.16
LR N— | -897. 81
— |l | -926. 46
y — | I -955. 12
hs ~ Uil J-oss.7

9 EHEERHE—TMERENEMENBASLS
Fig.9 Potential distribution of buried pipeline as sacrificial

anodes further encrypting arrangement

1P 9 Al H M A () e (57 A Ak T PR 4P [ 2

P AT BE AR B R AT AT, (HJR R T S i
FHT KA R BH AR, it TR, 2 B et R4y, ik
i BAESE R IR AR 151
3.3 SMMERTFRBARRIP

SR FH AN e 3 B AR P47, BB ADLI T ) R AS S
S PR N R B PRSI A T AT A AR AR AL
&8 L P A i B BEVRR, A 57 T8 R S R R A /DN 8
Ty 1L 1 7 PN 45 B e vy B AR LR 47

5 B PR AR LA Bl F s A B AR 10 s, Bl
W ORI A I R 2 AR | (5 AR
Bl BRI , v 20 4 By R AR 4 i, e — 21 % B PR AR Fh
5 M RERE R L, B2 0.1 m, K 1.5 m, 3
T2 m, Hl B PHAR A% RN 10 A, BIRLAY
SN 11 FR

38 HL

[y | l‘ II.—‘

(10

B 10 ShhneRimBARMR PRI

Fig.10 Impressed current cathodic protection design

B HLHALE/mV

-
I g-876.88
2 s L '—1 030

— | L -1183.1
y -1336. 2
b I—1489.4

r= R |

B 11 SMAnER iR AR (R P B 38 3 I R 432 43
Fig.11 Potential distribution of buried pipeline as
impressed current cathodic protection applied

P 11 R AE R A Ak T I R AR BT
N, (ELTE H A 2 BT A O A A L 3K B - 1565
mV b T PRAF RS PR 06 X 18 H, A5 2 AR 1Y
FERR AR (2 B 1 A A% B i s WL 3L A8 00N ) o 3
RETT SN H H A 2 A A Al B PE AR 1) s A R
Jr EPFAT R B 20 m, i LT 10 A 220 8 ALl
CEWSN W DR 1)) 1SR N S 1V R VA
12 fii7

PP 12 R A0, S A5 0 4 M FL 37 A - 860 ~
—1154 mVIA, b T B AR 3PS 1R A, Dttt i 5
ST DU A 0 45 24T S0 BIAR OR3P, (H2, A
AR AE ) L AL A A R A, BITAR R4 Hi o {5 2
AR, A AR AN I 2, TR I 1 775 58 A B AR £ 4
RERAE B AR



#38% HoM Bk, F A TRARAE 5 R A MAR Y 2T - 165 -
—_— & Hh HLALE/mV
' g-860.81 4 &£ 1B
PP PRl SR " W 526,06 . =
, . et (1) F1 5707 1 2 i e DX 35t A7 90 3 A5 326 191
p—— L FEE (P IR RO
éI:'

12 PRRIAZERHIERE M B AL S
Fig.12 Potential distribution of buried pipeline

as anodes rearranged

3.4 ShhnER R A4 HE PR AR BE S B 1P

1SR FH A e i B AR AR AP B XL T 12 7
J7 %8 L HAS X (045 M HL A - 860 ~ —1 154 mV, It
T BA AR ZAb - OF W4 1l i A7 55z 5 1B -
860 mV ,JAEH 5 E -850 mV , K AP A iy —se A5, S
U b LA I — R D B B AR 4R 5 (X B A B AR
ANENFE ST B P 5 45 b FL A0 85 P A FLE 43
A,

BT XX BE AR IR FE IR 12 0975 S8 e it fin i
A, aniEl 13 s, b i R A I, H 21
AR I, K A 2 8 Bl BH A, 38 F 57 BN
AR L ARG RE AR, AR A AL, BEHDL45 S an
14 FIiR

olroirs

-"--
=)

B 13 4R FRSMIN R R BR A R TP
Fig. 13 Sacrificial anode and impressed current

joint protection

- & Hh HL AL E/mV
Py L g oL 94
s ' 2 — e L 7990. 87
— . —-1039.8
Yy x - -1088.7

s iy B1s7s

14 SEYEPEARFNSM N AR SR ER & R EY
B E M B A5 T
Fig.14 Potential distribution of buried pipeline as
sacrificial anode and impressed current joint

protection used

PO 25 SR ] e, HE b A I A9 A8 L H 7 Ak T
941 ~ =1 162 mV Z[a] , J 1145 % RE 1% 15 2 18 1Y)
B A4, i ELAH E A n el Gt B AR O) 4 v 452 20 A LE
B B AR RO S - BRI 5 58 AT LJOH487 A
PTG AR AR

(2)) 2R A AR A b o ek 3t 36 (] By 47 mT LA fige
DRATIAE FRAR R i 22 b R AL 0 Al AN B B ) AL

(3)) SR FHATAE BE AR A S0 e i 2 [ By 37 ) 158
JEOUJE: : e AT A e i AR P it e A A AR
P10 X3 (— PR O 2 5 DX ) i e PR A 3

SEWK:

(1] ZR%E e R BRI, A5, BHAR 3 R X il = 36 37

ISR R AP R s [ D], Aol TR R, 2012,38
(4):53-55.
LI Zhenjun, AN Longhu, YAN Huaiyong, et al. Effect of
anode ground-beds on local cathodic protection in oil-gas
stations [ J]. Petroleum Engineering Construction, 2012,
38(4) :53-55.

(2] FREEIE, JEE W0, RV, 45, DX B AR PR3 AR 1

S PRI T]. MARU# IS, 2005,24(5) 241-
44.
CHEN Hongyuan, FAN Zhigang, LIU Lingli, et al. The
application of partial cathodic protection technology in gas
transmission station [ J]. Oil & Gas Storage and Trans-
portation, 2005,24(5) .41-44.

(31 XURH, WRUEIE XU, 45, il 37 DXt B A

PRIEOR[T]. iz, 2005,24(7) :28-31.
LIU Lingli, CHEN Hongyuan, LIU Minghui, et al. Local
cathodic protection for pumping and compressor stations
[J]. Oil & Gas Storage and Transportation, 2005, 24
(7):28-31.

(4] Z=ifgdhp v, E80, %, XU AR 4 55 2R 5 40 7
[J]. JEim SR8, 2013,31(2) :73-75.

LI Haikun, XIE Tao, WANG Ying, et al. Practice and
analysis on regional cathodic protection [J]. Corrosion &
Protection, 2013,31(2) :73-75.

(5] ®WI. filb s DB (1], A TR,
2010,36(5) :48-50.

ZHAO Changying. Cathodic protection applied for oil
gathering station zone [ J]. Petroleum Engineering Con-
struction, 2010,36(5) :48-50.

(6] fri&sg JROME. JTEHKAE AN A st 5 4 RCR

P LI]. MOEHRS,2008,41(6) :67-68.
HOU Zhigiang, XING Shaohua. Design of cathodic pro-
tection and evaluation of protection efficacy for ballast
tank [ J]. Journal of Materials Protection, 2008 ,41(6) :
67-68.



- 166 -

¥ E G K FFIR(AAFFR)

2014 £ 12 A

(7]

(8]

(9]

[10]

XU, R, AT 5 S0 I AR R 4 R
BRI AR ()], Ai TS5 4, 2011,28
(6):9-11.
LIU Fuguo, WU Suru. Study on numerical simulation
calculation for applied current cathodic protection of plat-
form [ J]. Petrochemical Corrosion and Protection, 2011,
28(6) :9-11.
R, e, TAEAR A5, Ao B PR A ORI 1
SEAERULT]. S P, 2011,32(8) :646-648.
SONG Gaowei, HUANG Yanbin, DING Huadong, et al.
Testing and numerical simulation of vehicle cathodic pro-
tection system [ J]. Corrosion & Protection, 2011, 32
(8) :646-648.
LIU G C, SUN W, WANG L, et al. Modeling cathodic
shielding of sacrificial anode cathodic protection systems
in seawater[ J]. Materials and Corrosion, 2013,64(6) :
4724717.
W EH, =oT, A, A, XU BIAR R b R A
RURLM G [J]. b i 5 B 7 2 4, 1998 18
(3) :221-226.
MENG Xianji, WU Zhongyuan, LIANG Xuwei, et al.
Improvement of algorithm for regional cathodic protection

model [ J]. Journal of Chinese Society for Corrosion and

[11]

(12]

[13]

[14]

Protection, 1998 ,18(3) :221-226.

Wi, =ty 3 DX St 91 D 50401 % B AW Aoz
BARAHTTEL D] BB VYR A1 A A KRR T
B ,2009.

CHEN Jing. Numerical simulation of regional cathodic
protection of gas transmission station and research on op-
timization of anode location [ D]. Chengdu: College of
Petroleum and Natural Gas Engineering in Southwest Pe-
troleum University, 2009.

BRICHAU F, DECONINCK J. A numerical model for
cathodic protection of huried pipes [ J]. Corrosion,
1994 ,50( 1) :39-49.

Jeor UH. T 2 B R R 4 il e o 2 RO R T 5
[D]. JCHR . VY R A il R A il 5 RAR TR B,
2007.

LONG Xueyuan. Research on output parameter adjust-
ment of buried pipeline cathodic protection station [ D].
Chengdu: College of Petroleum and Natural Gas Engi-
neering in Southwest Petroleum University, 2007.
SULEL AT AP R (M ] dE st
Bl7 Tl i A, 2008 :60-62.

(%% hE3k)



