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A study on the performance improvement of cathodic protection

system by deepwell anode installation method

YEON-GIL CHOO

Department of Marine System Engineering

Korea Maritime University Graduate School of Industry

Abstract

According to overseas papers, the economic injury caused by corrosion is 3
~5% of GNP. As korean industrial structure have highly depended on heavy
and chemical industry, the economic injury 1s supposed to 4~5% of its GNP.
So far, we didn't spend much time to be concentrated on corrosion, even if it
1s very important in many fields. So that, this paper analyze many factors
which lead to corrosion with regard to corrosion circumstance of underground

pipeline

This study 1s intended to examine the theoretical background on the
corrosion and protection principle of underground steel pipeline, and 1is
intended to enhance the economic feasibility and efficiency of cathodic
protection through comparison, analysis, and verification of numerical
analysis results and on-site experiment results by carrying out numerical
analysis through exclusive cathodic protection system program in order to
Investigate proper separation distance between anode holes etc. in case
of installing many anodes at the same time, in case of remote anode bed

and close anode bed, and in case of installing anode horizontally to and



vertically to the protected structure (buried steel pipeline), and by

carrying out the real field experiment of underground piping in the

similar condition.

The summary of study results i1s as follows.

(1)

(2)

3)

(4)

In case distance between holes i1s close, efficiency lowers due to
mutual interference with many anode holes, therefore it is necessary
to maintain comparatively uniform electric potential by keeping anode
holes at intervals of 25 m or over.

It was verified that the distribution of protection potentials was more
uniform as separation distance from piping was increased in case of
vertically burying anode. And protection with separation of at least
40 m was effective.

According to the results of comparing the cases of vertically and
horizontally burying 3 anode holes, the efficiency of protection system
could be increased as anode was installed vertically to the piping or
the separation distance from the piping was increased.

In case of installing many anode holes, if intervals between holes are
narrow, output ampere was decreased because of mutual interference.
And as quantity of anode holes was increased, efficiency was
decreased. Therefore, 1t was economical and efficient to keep anode
holes at intervals of at least 30 m, and to install 3 holes or below, if

possible.
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2.2.1 23 - SRk
ZFeht&-(Anodic reaction) A (2.1)°] F=wtgozA HAES @A Hol &0l
EAH Y Fao] LA Hrt

Fe — Fe+++ 2d6 (2.1)

3-8 (Cathodic reaction)S AAE AR 3= (consumption) ¥Hgoln A3t

FHOR WEY] A3 ANl A vhe A4S 2ulstE AL M Aol A
B57] el FFurgel o A4E At 2ED 5 b SFso] Ful
e,

ma, FIurgol Fho) Al Avke 9y, $IWNee ¥4 §76 we

OH' +2¢ — Hy (pH<5, AR 8oy = oo (2.2)
2H,O + 2¢ — Hy + 20H (pH=6 T4 =t &Zg &) ——--(2.3)
AH'+ Op + 4e — 2H0 (PH<5, 214 &) ———-mmmmmmmmme e (2.4)
2H,0 + Oz +4e — 40H (pH=6 74 == &#e §d) ——- (2.5)
M+e MO i i i i i i i i (2.6)

2 A g WEHL o AAE HrolEe HE AN

Fig. 2.2 The diagrammatic model about Metal M
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2.3.2 3 A =4 (sacrificial anode cathodic protection)
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Fig. 2.8 The current flow of corrosion cell when sacrificial anode 1s connected
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Fig. 2.9 An example of the method using sacrificial anode
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2.3.3. Y E-A Y (impressed current cathodic protection )
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Fig. 2.13 The setting drawing of deepwell anode
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Fig. 2.14 The setting drawing of shallow bed anode
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Fig 4.1 Potential in case of CP by a anode hole (Output current: 5A, The

distance between pipeline and a anode hole: bm, resistivity: 8000%2-cm)
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Fig 42 Potential in case of CP by three anode holes (Output current: 5A, The distance
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Fig. 45 The effect of increase of anode holes (The separation distance

50m, Output of the rectifier 5SA—10A—15A)
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Fig. 47 Potential behavior according to the separation distance between

anode holes horizontally(3holes, 15A)

_39_



°)
fg

WoH

~

B

12t} Table 4.2, Fig. 4.8& & o] A X

)

o} 49

o =
= ~

3

ON/OFF

Avtol o},

4571

e

o

rvze)

Table 4.2 Potential distribution according to the number of anode holes

OFF
-731
=702
=794
-1039
-800
-706
=720

ON
-835
-838
-946
-1683
-1005
-837

£1(60 V, 58 A 1 hole)
=750

OFF

=709

~-696

-8
-1077
-811

=707

-745

ON
-945
-993
-1133
-2336
-1149
-946

9160 V, 10 A 2 hole)
-810

79
(m)

-300
-200
-100

100
200
300

No.

1
2
3

B

17l ONZ$19} OFF4 97}

)

H]_Tﬂ_

=
=

3 AFE 58 AdA 10 AR

(clamp-on meter)® A F7]9 =4

9o AT=RE 1 Ao

= Atstadd. A

9 Hloly
14 Ao} v}

9]

0]

w2 7R

ol
=

F7EA = 1 71 ¢

=z
jud

Table 4.3, Fig 4.99} o™ 43

ZolA o 100 myt "olA % ko] A9 A9

o

zkel o7 Agl )

=
=

F7HA] =

=z
jud

A3}e} v}

ol

_40_



Table 4.3 Potential distribution according to

(Output should be set as 5.8A)

the number of anode holes

Al 4960 V, 58 A 2 hole) 29160 V, 58 A 1 hole)
e (m) ON OFF ON OFF
1 ~300 ~813 709 -835 731
p ~200 ~822 696 -838 702
3 ~100 ~930 778 ~946 794
4 0 1721 1077 -1683 ~1039
5 100 -1016 -811 -1005 ~800
6 200 ~838 707 -837 706
7 300 775 Lu5 750 720

Table 4.4, Fig. 4.10 ¢4+ RA-WD-06-01 B7F7]E ON/OFFA|7|™AA &=

o ANrs

Table

F7HAI AL

A=

44 Potential distribution according to the number of anode

W) 5

holes(ON-OFF)

e

Z 9 300 m ke WA E =

A5 A

ol

g3t Aol

o | AT | 60V, 42 A, Shole | 60V, 27 A, 2 Tole | 60V, 1A, 1 hole
(m) ON OFF ON OFF ON OFF
1 | -300 795 -634 765 -691 692 | -660
2 | -200 | -1062 845 | 1057 | -912 955 | -900
3 | -100 | 2280 | -1159 | -1694 | -1085 | -1209 | -1007
4 0 5014 | -1434 | -3824 | -1365 | -1840 | -1201
5 100 2160 | -1083 | -1826 | -1026 | -1305 | -968
6 | 200 1330 | -1027 | -1237 | -1018 | 1117 | -1024
7 | 300 ~873 705 -816 -691 765 | 723
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Table 45 Potential distribution according to the number of anode holes
(Output should be set as 1.0A.)

o | e | GOV A Bhole | 60V, LA, 2hole | 6OV, 1A, I hole

(m) ON OFF ON OFF ON OFF
1| -300 716 -634 ~723 691 692 | 660
2 | 200 ~900 -845 -967 -912 955 | -900
3 | -100 | -1361 | -1159 | 1287 | -1085 | -1209 | -1007
4 0 2073 | -2004 | -3824 | -1365 | -1840 | -1201
5 | 100 1390 | -1053 | -1363 | -1026 | -1305 | -968
6 | 200 1120 | -1027 | -1111 | -1018 | 1117 | -1024
7 | 300 747 705 733 -691 765 | -723




Al Ofj - 2 7| (RA-W2T-03-03) ON/OFF
== ON(60V,10A-2hole) ~=@— OFF(60V,10A-2hole) === ON(60V, 5.8A-1hole) === OFF(60V,5.8A-1hole) - HEADZE
0
-500
[
E 1000 N
= /
e
=
8 -1500
° \/
o.
|
|
-2000 \/
|
|
|
-2500
-400 -300 -200 -100 0 100 200 300 400
Distacne (m)

Fig. 4.8 Potential distribution according to the number of anode holes(ON/OFF)
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Fig 4.10 Potential distribution according to the number of anode holes
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Table 4.4 Potential distribution according to the separation distance between
pipelines and anode beds

A9 (F=1) A (F=2)
Yo | G
ON OFF 7 9] A} ON OFF 492
1 -300 -1,015 -829 187 -1,008 -823 186
2 -250 -1,038 -847 191 -1,034 -846 188
3 -200 -1,080 -875 206 -1,081 -875 206
4 -150 -1,046 -841 205 -1,054 -848 206
5 -100 -1,183 -901 281 -1,214 -917 296
6 -50 -1,511 -1,005 388 -1453 | -1,020 433
7 0 -1,769 -1,129 641 -1,608 | -1,115 494
8 50 -1,313 -763 258 -1,244 | -1,025 219
9 100 -1,189 -1,090 99 -1,196 | -1,094 102
10 160 -1,137 -1,041 9% -1,163 | -1,063 100
11 200 -1,117 -999 118 -1,117 | -1,033 84
12 250 -1,109 -998 111 -1,121 -993 128
13 300 -1,081 -953 128 -1,108 -977 132
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Table 45 Potential distribution according to the separation distance

between pipelines and anode beds

e A1 (F=3) A9 (F=4)
NO (m)
ON OFF 7 9] =} ON OFF 492

1 -300 | -1,020 -826 195 -1,018 -833 185
2 -250 | -1,058 -860 197 -1,050 -862 187
3 -200 | -1,095 -879 216 -1,089 -880 210
4 -150 | -1,071 -853 217 -1,052 -844 208
5 -100 | -1,235 -916 319 -1,215 -907 308
6 -50 -1,441 | -1,017 424 -1,375 | -1,009 366
7 0 -1475 | -1,106 369 -1,415 | -1,104 311
8 50 -1,256 | -1,022 234 -1,348 | -1,010 211
9 100 -1,206 | -1,105 101 -1,185 | -1,090 95
10 160 -1,175 | -1,065 110 -1,121 | -1,049 72
11 200 -1,129 | -1,038 91 -1,125 | -1,037 88
12 250 -1,120 -979 140 -1,131 -994 138
13 300 -1,123 -977 146 -1,117 -973 144
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Table 4.6 Potential distribution according to the separation distance
between pipelines and anode beds

e AL (F=5) K
NO (m)
ON OFF 9} ON OFF 912k
1 -300 -1,019 -826 193
2 -250 -1,053 -858 195
3 -200 -1,101 -879 222
4 -150 -1,075 -857 218
5) -100 -1,224 VA 310
6 -50 -1,349 -1,008 340
7 0 -1,377 Ve, 4 274
8 50 -1,227 -1,020 207
9 100 -1,192 -1,089 103
10 160 -1,163 -1,054 109
11 200 -1,128 -1,037 92
12 250 -1,131 -989 143
13 300 -1,125 -976 149
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Table 4.7 Change of resistance and the output current rate according to
space of anode holes(3holes)

E ] A &H(10,000 Qem) EFr] 4 EH(20,000 Qcm)
HAm) | 3% 24 | BAAR | 0Am) | 3% 24T | 29aR
5 2.51 0.43 5 5.03 0.43
10 1.80 0.60 10 3.59 0.60
15 1.56 0.69 15 3.11 0.69
20 1.44 0.75 20 2.87 0.75
25 1.36 0.79 25 2.73 0.79
30 1.32 0.82 30 2.63 0.82
35 1.28 0.84 35 2.56 0.84
40 1.26 0.86 40 251 0.86
45 1.24 0.87 45 2.47 0.87
50 1.22 0.88 50 2.44 0.88
55 1.21 0.89 55 242 0.89
60 1.20 0.90 60 2.39 0.90
65 1.19 0.91 65 2.37 0.91
70 1.18 0.91 70 2.36 0.91
5 1.17 0.92 75 2.35 0.92
30 1.17 0.92 30 2.33 0.92
85 1.16 0.93 85 2.32 0.93
90 1.16 0.93 90 2.31 0.93
95 1.15 0.93 95 2.31 0.93
100 1.15 0.94 100 2.30 0.94

% ZHAFY  0ASe & FEATY/T A0 F FHAF
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Table 4.8 Change of resistance and the output current rate according to
space of anode holes(2 holes)

E R AF (10,000 Qcm) E ¥ A3 (20,000 Qem)
HAm) | 2& FAY | 2EAF] | A m) | 2&) FAZ | =97
5) 2.48 0.65 5) 4.96 0.65
10 2.05 0.79 10 4.10 0.79
15 1.90 0.85 15 3.81 0.85
20 1.83 0.88 20 3.66 0.88
25 1.79 0.90 25 3.58 0.90
30 1.76 0.92 30 3.52 0.92
35 1.74 0.93 35 3.48 0.93
40 1.72 0.94 40 3.45 0.94
45 1.71 0.94 45 3.42 0.94
50 1.70 0.95 o0 3.40 0.95
95 1.69 0.95 95 3.39 0.95
60 1.69 0.96 60 3.37 0.96
65 1.68 0.96 65 3.36 0.96
70 1.68 0.96 70 3.35 0.96
75 1.67 0.97 75 3.35 0.97
30 1.67 0.97 30 3.34 0.97
85 1.67 0.97 85 3.33 0.97
90 1.66 0.97 90 3.33 0.97
95 1.66 0.97 95 3.32 0.97
100 1.66 0.97 100 3.32 0.97
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Table 4.9 Change of the output current rate according to space of anode holes
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