1032 % &

% 71 & (1985) % 8 %

(TR UTH T ITHIT

W X
LRUTHTT TR

B L PAZE

Ry 59 TERIC L 5 REMEE D

© 1985 1Is1]

BB O® @R B e

Corrosion and Plugging Behavior of Carbon Steel Pipes with
Special Reference to Microbial Corrosion

Synopsis:

Toshinori OzAKI and Hiroshi ASANOC

Various feed water pipes which were used for supplying cooling water to turbines in hydroelectric power
stations for three to twenty years showed severe plugging problems because of tuberculation. Beneath

tubercles, locally corroded large pits were observed.

Results of water and corrosion product analysis suggest that bacteria might be associated with the tuber-
culation. Qualitical analysis of the tuberculation suggests the preventive ways of plugging ar corrosion

penetration.
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Table 1. Sampling sites and operating condition
of feed water pipes.

Specimen | Power ) P?pe Years in | Velocity
No. station Materials | diameter service (m/s)
(mm)
M-1 80. 9 10 4.3
2 | Miya- | Carbon 80.9 10 4.3
-3 shita steel 43.8 3 4.8
-4 (Tadami | (SGP) 43.8 3 4,8
-5 R 28.0 20 Unknown
River)
-6 22.0 3 4,8
S 1 SUS 304 53.0 4 2.7
-2 Shingo SGP A 52.3 9 3.9
-3 (Agano Plastics 44.0 9 3.9
-4 River) Copper 10.0 29 0
(OFCuT)
Inagawa
1-1 (Agano | SGP 53.0 20 4
River)
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a. ¢200 mm diameter pipe
Photo. 1.

Table 2. Nominal composition of feed water.

Power station Miyashita Shingo Inagawa
River Tadami Agano Agano
pH 6.9-7.0 6.7-7.5 6.8-7.2
Electrical conductivity
50-55 75-80 65-70
(#S/cm)
Total hardness (ppm) 32-33 32-40 3245
Ca hardness (ppm) 9-10 14-17 11-15
M alkalinity (ppm) 15-19 13-19 16-17
Dissolved oxygen (ppm) 4.8 4.5 4.7
Cl- (ppm) 7 10-11 8-10
NH{(ppm) Tr 0-0.4 Tr
COD (ppm) 3,241 5.2-6. 4 5.6-7.0
S-3(ppm) Nil Nil Nil
SO~ (ppm) 7-13 15-16 9-10
NO3 (ppm) 0.6-0.8 1.6-2.1 1.7-1.9
Total Fe (ppm) 0.2-0,6 0.5-0.6 0.4-0.6
S.S. (ppm) 12-14 8-10 8-9
TDS (ppm) 48-57 6782 64-69
Total carbonates (ppm) |[1.79-18 4 12,0-14,0 | 9.7-11.1
HCOj3(ppm) 1.43-14.5 9.3-11.2 | 8.0-8.4
Total Mn (ppm) 0. 06 0. 08 0.06
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752> Tw»%. Photo. 1 372 DHTHby, ¢5~15mm o
oSO ENEEYE O TV ARETFERLTVS. Lk
DEEPIFNCTAE Lo AR 0T 5 K IR EIEH
KEECHEN, S SMABEFER LUHERBE IR 58
KEVWIHSRBEIT.

e

b. ¢300mm diameter pipe

Appearance of tuberculated feed water pipe.

(SGP operated for 10 years.)
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a. Cross sectional view
b. Internal appearance
c. After removal of tubercles

Photo. 2. Appearance of a tuberculated feed
water pipe. (SGP operated for 10 years.)
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a. Cross sectional view of tubercles
b. Bacteria coloney inside the tubercles

Photo.- 3. SEM photographs of tubercles.
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Tubercle

Metal Surface

a. Tubercle

b. Localized corrosion

Photo. 4. Cross section of tubercles and localized corrosion.

Table 3. Chemical composition of tubercles.

(%)

T.P No. M-1 S-2 I-1
Fe 52 —_ —
Mn 0.6 14.6 0.1
Cu 0.4 0.03 0.02
Zn 0.07 0.8 0.1
Al 0.3 2.5 0.3
K 0. 06 0.3 0. 06
Ca 0.03 0.2 0.03
SiO, 2.5 12.2 3.4
Total S 0.7 0.2 1.0
X-ray Diff. a,3-FeOOH, a, r-Fe; 03, Na,Si0;- 5 H,0

TWB I bbb, ZORRYET RO Kb L&
HIhRREBY R, v 1 AFdciziEF—% LT
L. Tl OB FERSC X v BET L LR
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REGEETHL Z L0 DEEMA 25V 7 O—FE & %
Ihb.

R Z SOCFARI B L O XREYT#E R %L Ta-
ble 3 IR, ZZCHISEEME L IREA SIS
BLBbhBELBEIFBRE S hich 2k, FLTHT
Dy e ETHR A fo KO TEIT Lic R A RPCR L. &
X0, B SERWEL L DORBH VOB X O
KBt Th 52, Mn L Total S (SO +8S) 23D
TRREZRL TV IHASERTHS. Tidbb, Ta-
ble 2 O KBEHWFER L b Abhd Mn, SO* 1 vk X
OS2 M VIIER L2 5 BECERE THLOTLH

Table 4. Penetration depth and deposit thickness.

Specimen Penetration depth (mm) | Deposit thickness (mm)
No. Average |Maximum Average | Maximum
M-1 0,74 2.5 6.0 8.5

-2 1.04 2,7 8.0 10.0
-3 0. 48 1.7 6.0 10.3
-4 0. 30 L1 5.0 6.7
-5 0.43 1.2 6.0 9.5
-6 0.37 1.4 1.0 11.0
S-2 0.54 1.7 9.0 10.5
I-1 L0t 2:3 14.0 18.5

NEEZ SR TR EORIIELBEL T 5.
REEEZSTRRECBTA2EEEMBEEE O 1 filn
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O LRBEI LFBOEBREICOWTRT. 22T
BREBRIOFHEI LY OREHIREFE L EOREE
BIVEHL, ToRKERERLZEOBRARELD
BE L7z, Table 4 X b BEE O RAMHILE D Fi5
fExt L 2.3~3.7 fF&R L, o S TERANRTMC
HEITL T B ERRL Ty 5. Fig. 1 12306 No.
M-2, 10 F£EFRARZRMEC KT 5 RABRRE X0v
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Fig. 1. Distribution of observed Maximum
penetration due to Tuberculation.
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Fig. 2. Time dependence of estimated maximum
penetration depth by extreme value statistical
analysis.

bbb, £ T EHERBEEO %Y 5cm? B Xy)
D, TORARREIYBEREK L ey, tF5E
BiFcEREGHAE RS, ZOBEE » BREE T=
10m #CHAMLEERE I0m HY0 ERILAEI %
SRS AR LEE % & Fig. 2 M3 6hi. N
IDEE I0m YK 51T 5 HERKBRAES dnex
(mm) F{ERAPR ¢ F) & ORI KRR LT
5.

dmax =2‘310g t+0.79 (£2$ :809%) e ( 1)
dmax=2-810gt+1.l (g"’éé$.90%) ~~~~~~~~ (2)

7oL, &&eFik Fig. 2 LB 5005 0&
I EHLAEEBETHS. LRRAHEE S Lieksl)

5
20 years

_ ]
£
£ 10 years
o
2 3
c
% 3years O
B o
c 22—
g O
€
=
E
3 1
=

0 |

0 50 100

Pipe Diameter, mm

Fig. 3. Influence of pipe diameter on maximum
penetration depth.
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Fig. 4. Relationship between Localized corrosion
rate and service periods.
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h SO L LA O LR EAENCHER LI
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Pipe Diameter :

;j\¢ 22mm
} ¢ 45~53mm

/
7
2| T ¢80mm
/7
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Thickness of Deposition, mm
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Time, years

Fig. 5. Influence of pipe diameter on deposit
thickness.

(full plugging)

Ratio of Mud Deposition, Rd
A

Mud Removing‘—‘-' Mud Deposition
]

0 50 100

Pipe Diameter, mm
Fig. 6. Relationship between pipe diameter
and ratio of mud deposition.
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Fig. 7. Relationship between Reynolds number
and ratio of mud deposition.
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