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Cathodic Protection System and the Maintenance of

Harbor Facilities at Mizushima Works

Masaharu Hashimoto, Katsuaki Okamoto, Tokayoshi Morikawa
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Synopsis:

Harbor structures at Mizushima Works, extending in total length of about
22 km, are now systematically controlled, maintained and protected against cor-
rosion mainly by means of the impressed current cathodic protection system.

The satisfactory effect of the system on steel pipe piles and steel sheet piles
in the seawater, has been ensured by potential measurement, test piece examina-

tion and thickness measurement of exposed steels. The corrosion rate has been

controlled to under one tenth of the unprotected corrosion rate which is slightly
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over the guide line set up by the Japanese Ministry of Transportation for corro-
sion without cathodic protection.
This report describes the systematic corrosion control, and increased anode

life and power economy due to the protection, in addition to the test results.
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Fig. 1 Key plan

Table 1 Cathodically protected length of harbor facilities

= AC
Vear ‘Wharf Revetment Sum Protective .
(m) {m) (m) current {A) DC puwer source
{Rectifier)
1963 186 0 186 300 RE
o Drainage terminal
1964 696 0 696 1700 L
ﬁﬁﬁﬁﬁﬁ N |bme===s
1
1965 0 0 0 0 e__f_9 9 _Al_9e S __
1966 522 0 522 3966 669 0do b dodd 0 é‘
1967 626 211 837 1125 Anodes
1968 136 0 456 2310 Fig. 2 Impressed current system with single power source
1969 932 261 1193 5470
1970 849 Q 849 3145 .
Control transformer
1971 0 2220 2220 0
931 9 144 4 890
1972 >0 0 /AC line
1973 0 0 0 360 Z
Drainage AC lipe
1974 186 10 859 11044 11060 el Clectrode
1975 591 2282 2873 13530 \ o' Mini rectifier /“ /
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Fig. 3 Impressed current system with multiple power sources
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Fig. 4 Schematic illustration of cathodic protection
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Fig. 5 Manual of measurements

BAHEBAMCE L Thinhot, 2O BMFRRY FHENCHRS
&, MEERBOKRICER TS L0173 8, L RUTFEBIC L
Lo 60 &, TOME 7Y HEi s, FoMode, Fig 1o
DHEFD29 4, QWO B EHIWTHLBRRARICL S DT,
AR L DRI, FREROERL B, ERies o
THOEELR S TREBCER LTV, ZORKEERA AV FY
PH2 S Ao FCRBARAE IR, AR5 L TORED
LA FREE AR UERT 5 2 L7 ST X 0 N
BOBGIRHEE DT, 0HECHELEL TV,
BREGr—z2L L7, ORECYSICHEETRE 6% L
THBUBRELER A HD, —F4, O QHEROMCBHRME L
TEEREZBERECHS O P L BUTRENE L2EFR LA L h
(IAEEEEAE, ThHLERRAMRRABBL TN JHEE
BB, LlEdB~0k SR T L e bR SRIRAL R D TR
FHNCHIE R T - T 5,

4.2 FAIME-RICLDBEDRORER

PaEPROBBHEL LT, BuAEOGIZF 2 M E— 25 W
THESRFERT L ELT-TH5,
KESHWHEFEPACE Fig. L WRTEHSCSHEOF I M E—2%
BAHT T 0 BT S | LvF, BEIEEYT, HERROIEE
ZiT-T\Wa,

4.2.1 FREIRR

SREMC R oML Fig. 6 [CRT, ORI

#H P — RS RS 55-41
TR~ 20 mmg % 50 mmL
EHEE: 3.4cm®

BE : 9 82g

ThaD, WEREFIIESERICEER D ¢, BEMIC O
»TCWw3, Lil, HHARBRICIHEGROBICEEE LI A
THfT bR TED, BEAII 2K - Twicy, REBEFOIA
iz Fig. TR L5, HELYRO BN RS, HEITR
BE, Y RS RSY ERICEU T T B,

85HDF A b E—AORWRITE LFEL 21, B 22 8, R
L2 I STV, ThBORE, FEMIEELCHEDF 2 b
E-2ThY, HBEREAYEAL, HEECL I BESETRE
BLALoe, V- FEOCTIC L 03BITFREBE L -icichTH
Do

4.2.2 BEBRONHY

BEAS XU EFEBOF A - ADERFHT T, wic

JIHERIgEIHE Vol. 17 No. 2 1985



188

REERFATERRE I kT 2E SRR L e

5.5mmY EV cable
Rubber cap .
R . Y type .
Unpro_tected\ {test piece guide) MP ype MP H type
test piece +4.500 (m) +4500 (m)
g n
M16 screw of , it
insulation bond Unprotected ~200 +2.000 || 1
test pi —_— :
p o g S0 +0.000
. . rotecte g
Test plece tesl picce |
S —2.000
=
Insulation —4.000 |
bond | - ,/Unprotected
= —-6.000 L test piece
. Gl I 1
/ g ~—8.000 !
Protected
—10.000 i test plece
Protected 20 ¢ —=10.500 §|.
; — s
test plece -J,—
Fig. 6 Test piece Fig. 7 General arrangement of test pieces
M Protected tesl piece > Number of samples
o Protect | Unpro -
+40h~+35 1 - . ed tected
. Unprotected test pieces n 2
+25~+15 = -amp i 8 8
— 12 12
0515 e Y ) . 19 19
E :’7/ > S
5 -us--35 1 B i 17 17
B I : 4 4
= / ’ 0 0
S —45-~—55 1!
N= e —a . . 13 13
— /
©  —65~-75 o ! i
£ t \ ! 1
(=} ~
& —B5~—05 1 ¥ 5 -
! 0 0
! Vi
—105~—-115 , 1 1
——— Protected sample, average 1 1
—12.5~—13.54 — -2 " , range 0 o
’ Unprotected sample,average i 0
— 145~ — 1551 / —— " , range 1 1
tot. 95 | tot. 95
0 (].i];") U.'](l [].IIS U.IE(] 0.25
Corrosion rate (mm/year)
Fig. 8 Corrosion test results of test pieces
CERARE, BARF, BaEirkbdis, C: THEERABRA
e WXT__ () Wi BER
RAME (mmjyean =" o 3108 d: BEEOER (gfon®)
W S EERE (nY)
B (gt h) = e (2)
4l / Sxt t aREEEER] (h)
Co -PogEA&E T: , 8760 (h
ek (o) = 2BAEZ L DHARE 10p (3) £, 8760 (b)
PHEAEE 423 BAROATHEREER
P: EERBRA BaEONEHEL Fig. 8 ioRT, ZO#E, FHEHBRE D

HgFRIEEREE Vol. 17 No. 2 1985

— 06 —



AR A

TEs DA R A 189

+200- - I !

AN N

N H 1
; ]
Design condition+ 1.95 m !
(upper limit of cathodic protection)

+0 e

m)

=30 b x/// o

Depth {

—4.0

—60 e f /

—-70F - . -

50 60 70 80 90 100

Corrosion protection rate (%)
— -
Fig. 9 Effect of exposure depth on the corrosion protection
rate of cathodically protected specimens
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Fig. 10 Carrosion rate of steel sheet pile in the seawater (5
years submersion al Kure}
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Photo 1 Apperance of the corrosion test pieces after six vears’
submersion in the seawater at the export quay
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Table 2 Results of measuring corrosion rate of foundation piles
Above groundwater level Under groundwater level
Quan;i- )
lant Pi ; ty o YEﬂl: In | Average | Amount | Yearly Average | Amount | Yearly
Name of plan fles size tested | service |wall thick-| of corro. | corrosion |wall thick-| of corro- | corrosion
piles ness sion loss rate ness sion loss rate
(znm) {mm) |(mmjyear)| (mm) (mm) | (mm/year)
Cold reduction mill 50Bdx7.1¢ 2 13.25 — — —_ 6.90 0.20 G.015
Plate mill 626x7.9¢ | 2 14.42 — E — — 7.8 0.02 | 0.0014
Plate mill 508 px7.1¢ 34 16.83 —_ — — 6.94 0.16 0.0095
Plate mill 318 ¢ x6.4¢ 22 16.83 6.23 0.17 0.01 6.24 J ¢.16 (0.0095
No. 1 continuous casting machine | 318x6.4¢ | 10 15.75 - — — 618 | 022 | 0.014
Total — 70 15.42 — 0.17 0.01 — | 015 | 00w
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Fig. 13 Power consumption {Figures in parentheses indicate
power consumption on the sea side.)
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