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Corrosion Behavior of Steels in Geothermal Steam Power Plant

Junichi SARAI, Motokazu KANEZASHI, and fwao MATSUSHIMA

Synopsis:

Corrosion resistance of various ferrous materials has been examined in a geothermal - power station.
Tests mere conducted in the atmosphere, cooling water, hot water and, in a test loop simulating the steam

well.  Increase amount of chromium is beneficial in hot water and under steam well conditions, giving

little corrosion andfor erosion occur above 13% Cr.

Weathering and other low alloy steels give better cor-

rosion resistance in the atmosphere, whereas their use is of little advantage in the cooling water.
(Received June 20, 1974)
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Fig. 1. Schematic flow chart of geothermal steam

power stationi®.

Table 1. The ratio of water and gas of discharged
fluid and composition of the gas.(Vol 95)1®
Well R::li; I(_)Ii;(%as Gas composition
N
° | H,O | Gas | HS | CO, | R*
1 99-59 | 0-41 124 | 850 | 26
2 99-63 | 0-37 14-8 82-5 2-7-
3 99-40 | 0-60 7:0 90-9 2-1
4 99-55 | 0-45 10-8-| 873 19
5 99-81 0-19 27-3 70-0 2-7
6 9975 | 0°25 19-6 782 2:2
7 99'67 | 0-33 20-2 771 2-7

*¥ R :residual gas.

Example of detouched piece of demag-
ed casing.

Photo. 1.
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Table 3. Composition of steam condensate. (mg/{)19

No pH | H,S Fe | 8O, Ct [Si0, | K
1 5-27 | 46-5 {0-062| 0-31 } 8:25 | 0-20 |0-12
2 | 6-43 | 41-t {0°017| 048 {127 | 0°16 |0-28
3 |[5-58|21-90-202|0-16 | 1'6 tr 011
4 |505{34-3{0-075(0-46 {38 | 012013
5 | 543 | 579 ,0°204| 0:65 | 7°1 tr | 014
6 [595|1820-168| 0-32 | 6:95 | 0-02 |0°15
7 | 550971 {0-070( 022 |06 |0-11 |0-06
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Table 2. Composition of discharged hot water. mg/{)® ‘

Well No pH H,S Fe SO, Cl Si0, K

1 3-5~50 tr 67-0 534~-1855 5°4~149 503~1578 50~25C

2 7-5~8°6 tr 2:0~4-4 338~ 438 7-8~10-0 1825~-1987 25~ 45

3 4-3~5-4 tr 212~48] 1488~1589 9-0~13-8 788~ 928 100~110

4 4:0~6"6 tr 28-5~178 597~1317 | 12-5~14-2 163~1850 60~ 80
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Table 4. Chemical composition of specimens exposed to atmosphere and cooling tower. (%)

Material ¢ si|Mo/ P [ s |ou| N | o |[MosoLal | v
Carbon steel 0-14 . 0-06 | 0-58 | 0-013 ' 0-028 | 0°06 | 0-015| 0022 | tr 0022 —
Weathering steel | 0-09 , 0-27 | 052 | 0-068 | 0°609 [ 0'30 i — | 0-74 | 0-09 — 008
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Fig. 3. Effect of Cr on corrosion rate of steels in
discharged hot water.
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Fig. 4. Schematic diagram of the test loop.
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Table 5. Result of test loop.

Run 1 Run 2
: s *2)
No Shape and size Corrosion behavior Cont'd Corrosion behavior
Material i NG Material
Entrance Exit lddie Entrance Exit Middle of pipe
of pipe
2-3 12500mm! S.*V4B| STPG 38 | OK OK OK O STPG38 | OK OK OK
3-4 [1200 S. 4B 4 4 4 O 4 ” 4 OK
4-5 B. 4B 4 4 4 O ” 7 4 Groove directed
to the flow
5-6 B. 4B ” Vs o 7 V4 4 s
6-7 | Reducer 4B /2 v 7 OK Cor. X STPA 24 7 7  pit
7-8 500 S. 2in.| SUS 405 7 7 OK O SUS 405 |(pit) #  Groove and a
string pits direc-
ted to the flow
8-9 |[2500 S. # | STPG38 | Fair 4 Fair O STPG38 | OK #  Droplet gouge
) and pit
9-10 | 500 S. 7 | STPA26 | OK 4 OK O STPA 26 4 4 Small pit
10-11 {1500 S. # | J-55 Fair 4 O J-55 7 4 Groove directed
to the flow
11-12 B. 7 | STPG 38 | Cor. pit - Cor. X STPA 24 | Cor. Cor. Broken
12-13 B. 7 | J-55 7 OK X 7 Fair pit 7
13-14 |1 716 B. 7 | STPG 38 4 7 X ” Cor. Fair Groove directed
to the flow
14-15 |4 000 B. # | STPA 25 4 4 OK O STPA 25 | Fair OK Small gouge
15-16 B. # | STPA 24 4 4 Fair O STPA 24 | Cor. # Gouge
16-17 B. 7 4 7 4 Cor. X STPG38 | OK 7 pit
17-19 (4 200 S. # 4 ” “ OK O STPA 24 | Fair # pit
18 B. # | STPG38 | — — O STPG38| — —  Cavitation
*18-20 |2 943 B. 7 4 Cor. Fair O v — OK Pock-marks cor.

*1) 8. :Straight, B.:Bend.

*2) QO : continued,

X : change the sample..
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1Y EREARERS :run 1 2369 hr Table 6. Types of attack on steels.

run 2 3976 hr Materials Types of attack

&5 6345 hr E

e STPG 38 - groove and a string pits directed
2) g : 10231 /br | to the flow
3) ¥wﬁﬁ:%mmm J-55 ”
R STPA 24 | smooth gouge
4)  ACFHERE : 155°C STPA 25 | pit
SEATEH - 55 ke STPA 26 | pit

5) ]\l:l»_l—‘ﬁ)[[,jj : 55 kg/cm? SUS 405 ' pit

6) BMEEhE : SME 50°8mm
7 BB Fig 4oven |k ran 2 Cgag B LABORMBIC, L A/B OXSERLTS
n, ZhiX run 1 © STPG38, run 2 ‘¢ STPA24 %
BUE Lo E2RLTWVS.

B E TableS LD THRLA. run 1 &7
B BHMERERL, BREOMLWES run2 TL D
Z AR X B, MR E BRI L. 1
RIEWERPIEZ Photo. 2 1TRT. [HRTAELEEAE
XD LMMTEDRED, KHIFBL Table 6 DL >
CEEDLND. B Cr 441 LA b b o
MARSHALL LYDOFFE LTSS, HED2XIC X 51
R ECERIE O EVvic X 5 RER O Zb Flas
H, —BLCESIRT 2 LIXTER VS, Bluky L v iRE
(a) droplet attack (STPG 38 : run 1) ABMEFL XS Cr &R L &b ictESh B Emic

H5B. LH»L, SUS405 (13Cr) BV THEFOILE

(b) pit (SUS405:1un 1 & 2)

(c) droplet gouge (STPG 38:run 1 & 2) (d’) cavitation (Reducer :run 1 & 2)

Photo. 2. Typical forms of corrosion in the test loop.
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(¢) inlet attack (STPA 24 :run 2)

(f) groove (STPA 24 :run 2)
" Photo.

Photo. 3.

Attack near weld in the test loop.
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(g) gouge (STPG 38:run 1)

(h) groove (STPA 24 :run 2)

2. Contn'd
Table 7. Hardness of weld.
Phase Hv (10 kg)
Deposit metal 157
HAZ 134
Base metal 119
ST LB, THOFEEEGEOMBMELITL 5D

DB, BEERIC BT 5 MM E ik £ D thD R KAER R T
ZFDES I BEAE Ul iXES T V. Photo. 322

bhb X5 TEESE, BEEs, B Em X5
INTW5E. Bk pHAEEBETH B T LB LhEE

BERTRIMILBEIN S Z EAEFEhS. L L,
BEBNX FONMAETLTVR L Er b, BERE
BORFHEZETI, BRREOKDOFHELETITR .
¥ 72 Photo. 3 TRENFEEEBOLIATELELLTY

ZEDH X % Table 7 ZR¥25, BESFEIHS
PR, TOREBTRENEE>TWE X ST
ha. 7oL, THIEEREMABEL TV L EK5
PVITEOZ BRI EREZT 2 EEE®RLTY
5.
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Fig. 5. Corrosion mechanism of casing tube.
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