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2. 2Mo|=

< 2| 1 0HS7|LMT| Alloy 690 HMEZ M=zHE

Chemical composition of Kori-1 replaced SG tubings(Sandvik steel Alloy 690)

Sems: Ni Cr Fe C i Mn Co Cu s
(w/0)
) . . 0.015- 0.014(ave.) no
58.0(min.)| 28.5-31.0] 9.0-11.0 0.025 0.50(max.)| 0.50(max.) heat >O.0200.10(max.) 0.003(max.)
EPRI guide Cu S P N Al B Ti Mo Nb

(TR-016743-V2R1)
0.003(ma[0.015(ma

0.10(max.) x) X)O.OSO(max.) 0.40(max.)|0.005(max.) 0.40(max.) 0.2(max.) 0.1(max.)
Heat/Lot/tube no. | Check 59.6 29.1 10 0.019 0.26 0.26 0.012 0.01 0.001
767349/73225/14981 | Analysis 0.01  0.001 0.1 0.029 0.025 0.0004 0.32 0.01 0.01
Ladle 59.1 29.53 10 0.019 0.3 0.26 0.012 0.01 0.001
Heat:767221 .
Analysis 0.01 0.001 0 0.028 0.021 0.0004 0.29 0.01 0.01
Heat treatment (Quality Assurance Document) Mecahnical properties
ol ol [SiSsio2zs Yield strength Spec. 276~ 380 | 318
Heat treatment(anneal) Furnace min. 1105 C~max. 1115 C,
date:960618 2 min. holding Tensile strength Spec. 586 Min. 709
Elogation Spec. 30 Min. 47
Heat treatment(TT)/ Tube temp. min. 715 C~ max.732 Grain size
Tube batch No./ C
Quantity/date.: 1853/86/960625 for >10 hrs. ;I5ef1tz/1 ;C;to/t“be- 767349/732 6~8 7
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SCC on “wear” SG tube
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O]= SONGS-2, 39

Table 9-1

Replacement Steam Generator Data Sorted by Plant in the United States

Plant

SAN ONOFRE 2
SAN ONOFRE 3

/\._

No. Model
SG

2 MHI-116TT1  8/1/1983

2 MHI-T16TTT  4/1/1984

Comm. Op Tube Material

Date

-690 TT
1690 TT

Date Op. EFPY Repl.
Replaced Years Duration
(days)
4/111/2010 00
2/18/201M

SONGS Unit 2 Steam Generators
Wear Depths Summary

Steam Generator Co ) _ Tubes with
Anti-Vibration Tube Support  Tube-to- Retainer Foreign Total Indications
5G2E28 (Through- . L.
Bar Plate Tube Wear Bar Object Indications (out of 9727
Wall Wear)

fotal per 5G|
=50% 0 0 0 1 0 1 1
35-49% 2 0 0 1 0 3 3
20-34% 26 0 0 2 26 74
10-19% 705 108 0 0 0 813 406
< 10% 954 117 0 0 0 1081 600
TOTAL 1757 235 0 2 2 1984 734*

Steam Generator AntiVibrati Tube S ¢ Tubet Retai Fore rotal Tubes with

nti-Vibration Tube Suppor ube-to- etainer oreign ota icati

SG2E89 (Through- PP . g ot Indications

Bar Plate Tube Wear Bar Object Indications (out of 9727
Wall Wear)

total persGl
=50% 0 0 0 1 0 1 1
35-49% 0 0 0 1 0 1 1
20-34% 78 1 0 3 0 82 a7
10-19% 1014 85 2 0 0 1101 496
< 10% 14399 53 0 0 0 1552 768
TOTAL 2591 139 2 5 0 2737 861*

* This value is the number of tubes with wear indications of any depth and at any location. Since many tubes have

indications in more than one depth and location, the total number of tubes is less than the total number of indiations.
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O|= SONGS-2, 3°| O} &

Table 9-1

Replacement Steam Generator Data Sorted by Plant in the United States

Plant

SAN ONOFRE 2
SAN ONOFRE 3

A —— ndications in more than one depth and locations, the total number of tubes is less than the total number of indications.
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No. Model Comm. Op Tube Material Date Op.
SG Date Replaced Years
2 MHI-116TT1  8/1/1983 1-690 TT 4/11/2010

2 MHI-T16TT1  4/1/1984 1690 TT 21812011

EFPY

(=15

Repl.
Duration
(days)

SONGS Unit 3 Steam Generators
Wear Depths Summary

Steam Generator o ] ] Tubes with
SG3ESS (Through- Anti-Vibration Tube Support Tube-to-Tube Retainer Foreign Total Indications
Wall Wear) Bar Plate Wear Bar Object Indications (out of 9727
jotal per Gl |
2 50% 0 117 48 0 0 165 74
35-49% 3 217 116 2 0 338 119
20 -34% 156 506 134 1 0 797 197
10-19% 1380 542 98 0 0 2020 554
< 10% 1818 55 11 0 0 1884 817
TOTAL 3357 1437 407 3 0 5204 919%
Steam Generator S ] ] Tubes with
SG3ES9 (Through- Anti-Vibration Tube Support Tube-to-Tube Retainer Foreign Total Indications
Wall Wear) Bar Plate Wear Bar Object Indications (out of 9727
jotal perSG)
= 50% 0 91 26 0 0 117 60
35-49% 0 252 102 1 0 355 128
20-34% 45 487 215 0 0 747 175
10-19% 940 590 72 0 0 1602 450
< 10% 2164 94 1 0 0 2259 838
TOTAL 3149 1514 416 1 0 5080 887%

* This value is the number of tubes with wear indications at any depth and at any location. Since many tubes have



(] o ]

O|= SONGS-2, 32| Of= Agt

% Cause of degradation : Tube-to-tube wear caused by in-plane fluid-elastic
instability of the tube u bends.

/

** A design error resulted in the actual steam generators having more severe thermal
hydraulic conditions than expected.

ML15015A419 NRC SONGS Lessons Learned Report-2015
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Weld separation and cracking in SONGS

X/ X/ K/
0’0 0’0 0’0

3 (2009) - WM E T7|2Hd

Brittle failure mode exhibited in separation region
Failure propagated within the channel head base metal along fusion boundary

|:||-AH7|

v'Higher carbon content and hardness in fusion zone > weak weld bonding
v'Air carbon-arc gouging removed clad = higher carbon content

)

Divider Alloy 152 _
Plate weld joint (full Stainless Steel clad
. ! Channel Head Base
(Alloy 690) Ppenetration weld) ': Step-1 " Metal (Low Alloy Steel)
------------------------------------------------------- Clad Removal
tubesheet e b
STaIl Step-2
'- ; Divider Plate to be welded to alloy
Alloy : 4'/ 152 butter
152 Stainless steel ! ; i
i S Lo _Alloy 152 butter
Step-3
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Divider Plate/Channel HeadOj|A{2] # <

Stub Runner (SR)

Tubesheet (T:

Tubesheet (TS)

Full Penetration Weld —> <4/

-+

Observed
Cracking
Region
1.50" - 4.007
{40 — 100 mm)

Stub Runner {SR)

Full Penetration Weld —3 F~

Divider Plate (DP)
Fig. Sketch of the Tubesheet and Channelhead Complex
Highlighting the Stub Runner the Region of Observed
Cracking [2]

Fig. Sketch of the Affected Cross-section in the Divider Plate
and Stub Runner [2]

[2] Divider Plate Cracking in Steam Generators Results of Phase 1: Analysis of Primary Water Stress Corrosion Cracking and
mechanical Fatigue in the Alloy 600 Stub Runner to Divider Plate Weld Material EPRI 1014982, 2017
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