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Acronyms and Definitions

2A, 2B, 3A, 3B: Unit 2 SGs A (E089) & B (E088) and Unit 3 SGs A (E089) &
B (E088)
3D: Three-dimensional,
Active support: Tube support at AVB or TSP, which prevents tube motion in the

in-plane and out-of-plane directions

ATHOS: An EPRI sponsored thermal hydraulic computer program for
steam generator flow analysis '

*

AVB: Anti-Vibration Bar

B01-B12/AVBO1-AVB12: AVB designations with BO1 the first above TSP #7 on the hot leg

side
B0O5 and BO6: Cross-section through the U-bend parallel to AVB BO5 and B06
Col: Tube column number
CDS: Certified Design S;I)ecification of SONGS Unit 2&3 RSGs

(5023-617-01, Revision 3)

ECT: Eddy Current Testing

FEI: Fluid Elastic Instability

FIV: Flow Induced Vibration

Free-span: Tube section betwe>en supports

G-value: Tube diameter in the U-bend region aligned with tube-to-AVB
intersections |

MITSUBISHI HEAVY INDUSTRIES, LTD.
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Thermal-hydraulic conditions:

inactive support:

ISI:
IVHET:

MHI:

P/D ratio:
PSI:
RB
R100C88:
'RSG}:
SCE:
SONGS:

|
TSP:

TTW:

T/H-

TSP #1-TSP #7: .

MITSUBISHI HEAVY INDUSTRIES, LTD.

The term "thermal-hydraulic conditions” refers to flow velocity,
void fraction (steam quality) and'hydro-dynamic pressure

- Tube support at AVB or TSP, which does not prevent tube

motion in both in-plane and out-of-plane directions
In-service Inspection
MHI tube wear analysis program

Mitsubishi Heavy Industries -

Newton, force (1N equals 0.225Ibf)

Tube pitch-to-diameter- ratio
Pre-service Inspection

Retainer Bar

"Tubé address (Row 100, Column 88)

Replacement Steam Generator '
Southern Califdrnia Ed?son

San Onofre Nuclear Generating Station
Tube Support Plate

Tuﬁe-to-TubeA Wear

Thermal and Hydraulic

Tube support plate numbers from the lower most to'the upper
most E '
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Executive Summary

On January 31, 2012, during the first cycle after steam generator replacement, San Onofre
Nuclear Generating Station (SONGS) Unit 3 was shut down due to indications of a steam
generator tube leak. Steam generator tube inspections confirmed one small leak on one tube
in one of the two steam generators. Further inspections of 100% of the steam generator tubes
in both Unit-3 steam generators discovered unexpected wear, including tube-to-tube as well
as tube-to-tube-support structural wear.

Tube wear was found in the tube free span sections, at anti-vibration bars {AVBs), at Tube
Support Plates (TSPs) and at retainer bars, and was labeled as follows:

() Type 1 (Tube-to-Tube Wear)

(i) Type 2 (AVB wear)

(i) Type 3 (TSP wear)

(iv) Type 4 (Retainer bar wear)

0

The cause of the first 3 types of tube wear is tube vibration. The causes of tube vibration are
the thermal-hydraulic-conditions in the SG secondary side and the condition of the tube bundle
supports. Type 4 tube wear is due to vibration of the selected retainer bars, rather than the
tubes.

Structures in a two-phase flow field have lower resistance to vibration when the fluid void
fraction (and hence steam quality) is high. High void fraction (high steam quality) results in the
two-phase flow mixture having low density, which in turn results in a high velocity of the
two-phase flow and in a low damping factor. Consequently, the dynamic pressure, which is a
function of the flow velocity squared, increases. As the dynamic pressure is a major factor
causing the structures in the flow field to vibrate, it is more likely for the structures to vibrate
when the void fraction (steam quality) is high (as it affects both the flow velocity and the
damping factors). -

Based on the investigation of the correlation between the void fraction (steam quality) and the
number of tubes with wear in a given void fraction region, a strong correlation between the
void fraction (steam quality) and the percentage of tubes with wear was identified.
Consequently, it is concluded that the thermal-hydraulic conditions in the SG secondary side,
namely high void fraction (steam quality) and high flow velocity, along with lack of sufficient
in-plane tube support, discussed next, are the main causes of the excessive tube vibration l&
and unexpected wear in the SONGS Unit 2 and Unit 3 SGs. The higher than typical void
fraction is a result of a very large and tightly packed tube bundle, particularly in the U-bend, Iéﬁ

MITSUBISHI HEAVY INDUSTRIES, LTD.
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with high heat flux in the hot leg side.

Contemporary experience shows that out-of-plane vibration of the SG U-tube is more likely to
occur than in-plane vibration, because tube U-bend natural frequency in the out-of-plane
direction is lower than natural frequency in the in-plane direction. In the design ‘stage, MHI
assumed that the tube support in the out-of-plane direction with “zero" tube-to-AVB gap in hot
condition was sufficient to prevent tube from becoming fluid-elastic unstable during operation.
But, the recent SONGS e'xperi'ence shows that the flat bar AVBs does not provide friction
forces required to prevent tubes from vibrating in the in-plane direction and eventually

becoming fluid-elastic unstable under high local secondary thermal-hydraulic conditions such

as in the SONGS RSGs. In addition, MHI concludes that in the Unit-3 RSGs low tube and AVB
fabrication dimensional dispersion causes that the tube-to-AVB contact forces are not
sufficient to prevent the in-plane motion of tubes.

In order to ensure the structural integrity of the tubes after restarting the plaht, all tubes which
have a potential for. losing their integrity during the next operating period should be plugged
and thermal power output of the plant should be decreased. Plugging for the Type 1 wear
should include not only the tubes with the Type 1 wear but also tubes which are susceptible to
the Type 1 wear, for preventative reasons. Plugging for the Type 2 and 3 wear should include
the tubes with wear equal to, or greater than, 35% in accordance with Technical Specifications.
Plugging for the Type 4 wear should include 94 tubes which are adjacent to the retainer bars.
Decreasing the thermal power odtput will improve thermal-hydraulic conditions (will lower flow
velocities and void fractions in the critical tube bundle U-bend region) and thus will reduce the
possibility of the occurrence of tube fluid-elastic instability (FEI) leading to unacceptable tube
wear.

MITSUBISHI HEAVY INDUSTRIES, LTD.
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1. Introduction
After approximately 11 months of power operation following the steam generator replacement,

SONGS Unit-3 underwent an unplanned shut down on Jan. 31, 2012 as a result of leakage of
primary coolant to the secondary side from a tube in the 3B (3E-088) steam generator (SG).
The maximum leakage rate was at approximately 82 gallon/day (~13 liters/hour). Subsequent
investigation revealed that the direct cause of the leakage was tube-to-tube wear.

At the time of the Unit-3 leak, SONGS Unit-2 had already completed one cycle of power
operation (~22 months) after the steam generator was replaced in the refueling outage since
Jan. 9, 2012. Eddy-Current Testing (ECT) inspections were performed on all tubes in both
Unit-3 SGs and wear indications on many of the tubes were found. This report presents the
evaluation of the mechanistic cause of tube wear. and the countermeasures required for Unit-3
return to service.

2. Summary of RSG Design for SONGS

2.1 Overall RSG Design .

The SONGS RSGs were specified, designed and fabricated as replacements on a like-for-like
basis for the original steam generators in terms of fit, form and function with limited exceptions,
and were replaced under the T0CFR50.59 rule. The CDS for the design and fabrication of the
RSGs (S023-617-01, Revision 3) specified the limiting design parameters and materials.
Thus, replacement steam generator design with 3/4" tube diameter arranged in 1” triangutar
pitch, which was the same as in the original steam generators, and the larger heat transfer
area than in the original steam generators, was optimal. The other parameters/materials not
specified by CDS were established/ selected in the design process. The SONGS RSGs were
designed and fabricated to achieve an "effective zero gap” as required by CDS Rev. 3 in order
to minimize its potential for tube wear. The CDS also states that the tube support/tube bundle
assembly shall be fabricated such as to ensure no damage to the tubes and subsequent
operation of the RSG with minimal vibration.

MITSUBISHI HEAVY INDUSTRIES, LTD. .
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2.2 Tube Bundle Design

The major concern with the large U-tube SGs is their propensity for tube wear in the tube
bundle U-bend region. Consequently, minimizing tube wear was given the first priority in the
SONGS RSG specification, design and fabrication, and the tube support design and
fabrication was discussed by MHI and SCE in numerous design review meetings. As a result,
the tube bundle U-bend support design and fabrication was as follows:

1) Six (6) V-shaped AVBs (three sets of two) were provided between each tube column.

2) The AVB thickness was set such as to provide an effective "zero” tube-to-AVB gap under
'operating (hot) conditions. ‘

3) The AVB end-caps were welded to the retaining bars with the U-bend in the gravity neutral
position to achieve uniformity of the gap size and AVB parallelism, using spacers between
the AVBs sized based on a mockup test.

The tube bundle and AVB structure configuration and components (AVBs, retaining bars,
bridges and retainer bars) are shown in Fig.2-1. MHI investigated field experience with U-bend -
tube degradation using INPO, NRC and NPE data bases, and concluded that tube wear in the
operating U-tube SGs was mostly being caused by out-of-plane tube motion. Consistent with
this and Reference 7, only out-of-plane vibration of the SG U-tubes was evaluated because
tube U-bend natural frequency in the out-of-plane direction is lower than natural frequency in
the in-plane direction and out-of-plane vibration is more likely to occur than in-plane vibration.
No SG problems stemming from in-plane tube motion were identified by MHI and thus MHI
concluded that the design and fabrication processes described above were sufficient for
minimizing tube wear in the SONGS RSGs.

MITSUBISHI HEAVY INDUSTRIES, LTD.
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Fig.2-1 Tube Bundle and AVB Structure Configuration
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3. Description of Events

3.1 Unit-2

3.1.1. Abstract

During the first refueling outage following steam generator replacement, ECT inspection of the
unit 2 steam generator tubes identified a total of 10 tubes with wear depths of 28 to 90% of the
tube wall thickness. Six of the affected tubes were located adjacent to the retainer bars. The
“retainer bars are part of the floating anti-vibration bar (AVB) structure that supports the U-bend
region of the tubes. The remaining tubes had detectable wear associated with AVB support
. points elsewhere in the AVB structure. '

3.1.2. Séquence of Events

Fall of 2009

The original Combustion Engineering (CE) SGs were replaced with MHI SGs during the Cycle
16 Refueling Outage. ‘

May, 2010
Unit 2 completed the Cycle 16 Refueling and Steam Generator Replacement outage and
returned to service at nominal 100% reactor power.

January 9, 2012
Unit 2 started the Cycle 17 Refueling Outage.

February 5, 2012 ' y
Routine ECT inspections of the SGs identified wear indications greater than 35% at two tube
locations adjacent to the retainer bars.

MITSUBISHI HEAVY INDUSTRIES, LTD. A
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3.2 Unit-3

- 3.2.1. Abstract

During the first cycle after steam generator replacement, on Jan.31, 2012, Unit 3 was shut
down due to indication of a steam generator tube leak. Steam generator tube inspections .
confirmed one small leak on one tube in one of the two steam generators. Continuing
inspections of 100% of the steam generator tubes in both Unit-3 steam generators discovered
unexpected wear, including tube-to-tube as well as tube-to-tube-support wear.

3.2.2. Sequence of Events
Fall, 2010
The original CE SGs were replaced with MHI SGs during the Cycle 16 Refueling Outage.

February, 2011
Unit 3 completed the Cycle 16 Refueling and Steam Generator Replacement Outage and
returned to service at nominal 100% reactor power. '

January 31, 2012

During 100% power operation, a high radiation alarm from the condenser air ejector line
revealed a primary-to-secondary leak in a SG. SONGS operators responded by rapidly
reducing power and then shutting down the plant.

MITSUBISHI HEAVY INDUSTRIES, LTD.
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4. Investigation of Wear Condition

4.1 ECT Inspection Results |

The basis of ECT data evaluations in this report (except Table 4.1.2-1 and Table 4.1.3-1) is
described in Appendix-3 of Reference 8. _

Table 4.1.2-1 and Table 4.1.3-1 are based on the information provided by SCE (Reference 9

and 11). l&

Wear indications obtained from ECT inspection are shown in Fig.4.1-1 and 4.1-2.

MITSUBISH! HEAVY INDUSTRIES, LTD.
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4.1.1. Types of Tube Wear :

Tube wear indications were found in the tube free span sections, AVB region and TSP region

and were grouped into 4 types as follows:

() Type 1 (TTW)
Wear in the tube free-span sections between the AVBs located in the U-bend
region. Most of the tubes with this typé of wear have also wear indications at AVBs
and TSPs. In this case, it is considered that the entire tube, including the straight
leg, was vibrating excessively. These tubes are shown in Fig.4.1.1-1.
(n) Type 2 (AVB wear)
Wear at the tube-to-AVB intersections only with no wear indications in the tube
free-span sections. Some of these tubes have wear indications at the TSPs as well.
In this case, it is considered that mainly the U-bend section of the tube was
vibrating. These tubes are shown in Fig.4.1.1-2.
(iii) Type 3 (TSP wear)
Wear at the tube-to-TSP |ntersect|ons only in the straight section of the tubes. In
this case, it is considered that only the straight section of the tube was vibrating.
The tubes with wear at TSPs without wear in the U-bend section are shown in Fig.
4.1.1-3; the tubes with wear at TSPs and with wear in the U-bend section are
shown in Fig. 4.1.1-4).
(iv) Type 4 (RB wear)

Wear at the AVB structure retainer bars in the tube U-bend section. These tubes
have no wear indications in the free span, at AVBs or at TSPs. In this case, it is
considered that the retainer bar itself was vibrating and the tube was not V|brat|ng
These tubes are shown in F|g 4.1 2 and in Appendix-1.

Table.4.1.1-1  Wear Type Locations

Wear Location

Wear Pattern
‘ Free Span AVB TSP Retainer Bar

Type 1 (TTW) Yes Yes (Yes) No
Type 2 (AVB wear) No | Yes (Yes) No
Type 3 (TSP wear) No No Yes No
Type 4 (RB wear) No No 4 No Yes

Yes : Wear indication was found

(Yes): Wear indication may be present since some tubes with AVB wear
indications have no indications at TSP locations
No : No wear indication

Tube wear indications at each AVB and TSP elevation for all wear categories are shown in
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Fig.4.1.1-5, 4.1.1-6, 4.1.1-7 and 4.1.1-8.
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Fig 4.1.1-1(1/2) Tubes with TTW indications in U-bend region

; JelesieTile e olé e ecel st o 1ok
CobGiaths 4 cobiete Bt e Gebsyetba b el srb the sboB 6! j00-96
SYeTiTataT o oN( To14 eiaNi e SSTETOATeIUTe sT oo 1o STec Moo e a1 toTa e -t {bTa: Srefi T6Ts S1e1)
sleisicieleislelele A ; o eTe]b10%6T0 81 v 0TeTa e 0je Lo oYs o180 b b1 e aTe o Ia)aTa a5 0)
‘Sfelifele) $1eT: 1810 eiet 16 g Cobowoot OO nh-.. (678 S16Xi 818 16/ 6ls: ole]i (oTe o181
S b Ll e L O BRSBTS 100101
15 ATAtS TS Ta T e a oTeTeolaTaIA T O O OO R T e O et ooy, o-te
[8,819/0101810] 011818 Bi0 b 1018 i 8i81014.818,018]4 18 0) 0014101 3t 1818, 819V
e e AT s e Te e &
. (aloTe.sl6 1 o 010 e Xez018 oT0) :
4 ST SO ) S0
CLUC000C0G00000C0 00000
(o) 1076, sieTurs o  eYer a0 a s 10 e eiaT0]0)
Bolo'sloateiaraisinsle sl alsloraiol ale"als)
Siele.sielee W-mom-... e; X
I OEagetr BGOE
Bl 1ol 0016) STk, {elals: wha». OBt
e oxariTo'o' o ‘e) aleXe ale 31e 0]bls 87011 01 8
an.- DOUODTO OOO0UO0O0
I O ®] o g0 Tele eleTileln 0l (ke o) &
feToY- S B R SIS o o ichoT -
i @, ‘e -u!ﬁovv. ﬂu:»-\rm.-fbnﬁwl % BOUHETET0 1°0-91}4
felo/ele) ialeleTs ) elelb 0 e ols wTole 31 o1o%
! ; o o10) i 7610 s18710:0) IOl TaIa; S1oe s 0ree)
e e = 3 JOEGE it U EROBUR OIS0
to D0 8] CHTOO0 B oo o0 ConoB00
o QX ) folaYeloTe eTe e Yo TATeToYa I A ST AT%%)
Sieue) ! ..«K.%w« (is]e oTeulere) sieluIa s sie L)
S crecreio leserlpneieiionicnsiiine sl
[ 3 3 Oo0C0000 ..omwurw..i: SB00
(6 &«W&-xv COOCOTOC OO0 #U00
L S QOO ORI R Ol el L LoD
Hoehig <l .nymv(w» e S R e e e e e R e [00-18 |
P QGO0 X DGO DO B0 S G OO,
potdod CIOUOE0OTE0000 000G
g < elela] QOCOL BC OO0 C000 PUODOT 00
. 3 D OOO0 DCOC0OC000JO00TO00 GO0 COT0
H—F === - soEe SOEOT Bt 008ECa sOPSDasCOSas] 100-981
000000 D000 G 000N LOOD 0 T GO0
Fiigi Ry aoood .mi»o-:é-i-.a.!- oS00 oLot o
Vo eislolsly Slsioleléreleinale eleiRle et e 6] w%.. CROBEORCGOCH
eisleiciusiclolsieitieielpicioislenisieielstielslsloivielaleloisiols
e ey RO SO R GOm0 0 190-11
U T i o) zwn. mm.Nw.. »N%&c folaYa STaluTol
o ;91910)6.8[0,910;619:618.0/9,819.3) UC
ok e e 1 w&. X 87610 s T [ols. sYo 0 16%e, 5
b mm e m - Stoleror= - R SO St =
T f TeTeloTiiete sl AR O opOR a0, 190-901
Lo i *aTeiaT oleliTs 0re1e) 00 o
SODOLD ‘e o olvIeTs; B Y0 s
(i e 1 O COCODOR TR0 00 } O
IIIII o CoECE a0 v,ﬁm...t < E0 190-161
TR0 | SHCOGOB 000000 on
[ T | | OB EOCOCH 00K paver ¢
, e
e A Ll 2
[ T Lok feld sieiclel
ji i g Yy no#
S P T A B i e v £
e e .Wo 50
b e e 810
e B e [ e = s,
P bR e e G
S R B | e oot
M=~ r-rasT-r T
L T R R | ]
L e SERR e | |
il e i e s My il T
s 85 8&s52c8s m :Gw M
L b L L L L L s H 3
geeedeed m & = =

MITSUBISHI HEAVY INDUSTRIES, LTD.




3B-SG

"all ‘SILSNANI AAVIH IHSIGNSLIN

Row-141
Row-136
Row-131
Row-126
Row-121
Row-116
Row-111
Row-106
Row-101
Row-96
Row-91
Row-86
Row-81
Row-76
Row-71
Row-66
Row-61
Row-56
Row-51
Row-48
Row-41
Row-36
Row-31
Row-26
Row-21
Row-16

Row-11

-

-«

LEGEND
O:0%

@ TTW 1 ~ 10%
®TTW 11 ~ 20%
- TTW 21 ~ 30%
@ TTW 31 ~ 40%
®TTW > 41%

Ulsis el

O
(o]
00

e

4

xé:, 5

coy
o

i

ez,

%

G000
e )

2

X

2
e
(87
e

e
32

O
2]

oTe;
oiels

000
-
o)
O

8’

oK
5
oreT
% e .,
L
K

40
afe slal0]e;
o8 e
DGO

O

GoO0

@Yl
[p1e1V}
3e)
t.c

P

oﬁ.‘éz;

i

,....‘..
oy
50
3
(8’

e)
©

.&;“.. 5

L

e

Of
®}

%
®:

30

3

s

%

%
o
2

(8]
13

S

YOO
o
IO

e Te ]

Cot o
00

)id

i

faze
3]
A

o)

i

’q'

18]
2

-}
5

£5

1%5

fo)

30

O .I}‘
e

1A
oy
‘0,
i
3
X
s
(0
o;‘
X

00

g
WO
00
(8]oTe:
e
oo}
i
0o

%

fo] 51

®)
60

o
b

o

7o)
SE

.

23
A
-‘ o

et

Fe S

91-Col
86-Col
81-Col
71-Col
66-Col
51-Col
46-Col
¥
41-Col

136-Col
131-Col ¢

Fig 4.1.1-1(2/2) Tubes with TTW indications in U-bend region

Page 21 of 474

S023-617-1-M1538, REV. 0

] HoIsIap Aseyaridoud-uop|

(6)795VYD¥0-G1°ON JudawnI0Q

(lzd) (



INon-proprietary Version (

) (P.22)
Document No.L5-04GA564(9)

3A-SG

LEGEND

0%

AVB 1 ~ 10%
AVB 11 ~ 20%
:AVB 21 ~ 30%

——d==3=

oo e o1e; oK J X
COR0O0O0 TI8I6Tbls L T81e BLaTr Yols ToTsie ) %
) e eioreis TXeIwe b o P
- 4 QG ERRO Y e UM i el el e st clelen Sl ol L
VS 3% v aa rasat e T TaralasYaTols ots
X 50 OOOUGHOOOU OO OCTOTO OO 00
ST S B L R LR S L L
767010107 HEon T Ioiel O30 ..MH-N.R&.E»% »-ha..n -“»o,.»m&.» Yo %&c\i\nw? COOT
-~ GO RO CHEOEa e OO a0 OB U e S GUEE S OOOB GE H0NR CORBUEBOBBIOE0S 190-16
OB00C OB OO0 80 00 C8CoU0 300000008000 G0 0oToT OUGT B 0D
GO -.,csoo‘)n. SoOO0 G000 3000 08 000000 00 CR 00O B0 00 OB COO0 PO O TORO G
o’e Yo aTaoY0 0T8N, oah_-». (s:6]s]]s 015 0108 0.0} OOOB0GOCY GO COBTOO0 X O0C000RIC
e Yoo el Teii Yele seTs10%e s1als 10)s:eXsx: Taie) ola)s fola.a o1 Jo'a) 88111810 S1a1t Jo10 o1 eleZils’e ole)
Crcie: L e G s (8 S S (S e T o Vo) G e S ) A e e (o el 100-95
L1819 ogoBhoOUOd IeTeiaTeTceielerele el eToTc 1o LuIoTu ol visli Norulal o
o75%0) 0! eielerels) (707 B10]PIoTe a0 P Lo 0T 8 n] P 0 e COOROOEL S0 o/8)
0! lsie\eiel a8 0Y6I01a78) 8 016) Lelbisisi X Co
o nuwau!.m%w«ko L gke SNk L) Pt ORISR [00-19
Be]816; ejeli [efe;: . S111810 910:0101018/014 816 918, WOUK PO OUTBUY)
GO0 G0 8 0 s S OO S GO e s > Sioi A e Teta T
@7a8] 18761 JoTRIaTe] L0701 87Tt 0 e, sleli (o161 €114 (8Ts o105 POL (¢ T8 ]3] 816501858
D00CC 000 OO0 GO OO UL 00 LD DO OR 0000 GO GO T0 I0CCEO3000
SECEcscowes ARl cnbe Gothoa GO ERe soad oo Bal el FheseS 0 100-99
CHOGOOM S COL0 80 SOLGR 0D 8 OO0 G0 CHOROOCO D 00 [0 8181 0T0[6 011 afe aYeIn
sisie)slels;0]e! o] 1 ielelsteielecs) TSI Sie! X Isisisielers oo o oiars e v 0l slelulaisiejele; Jois[e/eleie)
7 o o] 0% VL, 6L XY X i Iel Y X TeTelsates inie sieliiele sis) 11 T Ble;1 18’8, 8:0)i (oYe SIo%
1870 8) Y YI: P CUSCCCUOGO0COODT0U0D O CRITK (&
3 b SHOW O CEE 68 20 =
OO0
Te

=
e
R B ety S0980 (00-1
Al , SRatRE
e TLT: b
W A Y R ERAS it nnmmwm.wo-ww 1°0-9
b ERSERTACD
oo o 200 ﬁwm%-w-.s
o0 00 eleleTeiole;
@ +-rt-an AR RCIE R 0E0 (00-11
oo RO B SO
[ e COOORTOCO OO ODTUTNL CoHOG00,
PR slusle eleileieleisluiele sleivleieis el iele 16 )
- -—T=-r—-1- FOECH SR BOSLORCOEIOBOD 100-91
56000 ‘).vso.mwa 5LO00 m)oﬁs.o GO0 0000
.9, 9.91¢.. KPR A, BEX
[ 1 sisiilem sl elosinceislorely Sl sleicloiol
frisfiiipnnpnagaig el M«M SOCOBGO0ON S
“mamreorn TSI R RO FIHRIER? 100-12
Foiigi Ty ‘elarieieTel] ?ostT. OOCIO RO U000
OO OC OO UL JOMTOO
(A TR DOTICE0To00000 1818, o
T T T T e (& sYer 115, »mom?n o0 % 1°0-92
o SUL0E00PCR00
8] .)@Gw«w« s1uTele,]6:
i IO ODOD GO OO0
—-d pecudEosetecket 1°0-1¢
O S T s D A
inle; Jeio1e i) il eiol KOO
— - SEd S cel il iy 5
| (4187 [are]bio1eTo1 0 8] &)

>3] .”h
;2 OEE 88 O
CEOO00 GO OO0
-,Oﬂm~. LU0
SibY) Tole) eloli (816 eis)s
Lerao iy e
S HOR S O ) SO
St s s TSTeleTaTeTel Tle XA STeto Lo
Tule[e) s aluia]e, sTefe ele elelulaTe 8
X £
8 o0

o]
G

SOC0C
RO o R s

r YaleTalele olalnla]

”..ww
25

$iu1es;
)r's]8)

&

1£:8: SiChn L 8100 61 et
B O0CO0UCOD000U000GO00
S
; -Gm TeXo, Yo TeTeleTe T o) el oT0)
& 3O 0% w.No@c »ho-»uN«cmnw‘ »mﬂ\_.n.-o
TIST Teieta mwk”u et eieTas

OJCSO0T

s efeliTa

oy &&.mwémm
SOEHEE GO
Tolardralerc el

POl
eleieels

GO
Q0
By e e O 00-18
G CO00G00 SO0 0UOO00000 100
gochodcota elo,eleluTee. ela L oYe sT0I)
GOGE000G0 P alv) oXe: n.m‘-

COORCOO0C00000CD,
mw&kﬂ,m«@ ot
Gl

:

c
o.-..,.u».»\-.,
JOOLOUO0
LROBO0 1 o8
el el N

Y,

ORET0

e TeTbraTeT Tates elt oTeT e Ts Lo .
(3 e e S T 0 -
e Baocy] 170710

o0

€00 190-18

1°0-9L

aTeteTae)

950" 100-06
?Moﬂum.
i

TED 100-101

Fig 4.1.1-2(1/2) Tubes with wear indications at AVBs and at retainer bars
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Fig 4.1.1-5 (3/4) Tubes with wear indication (at AVBs)
MITSUBISHI HEAVY INDUSTRIES, LTD.
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Fig 4.1.1-5 (4/4) Tubes with wear indication (at AVBs)
MITSUBISHI HEAVY INDUSTRIES, LTD.
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Fig 4.1.1-7 (4/4) Tubes with wear indication (at AVBs)
MITSUBISHI HEAVY INDUSTRIES, LTD.
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Fig 4.1.1-8 (1/7) Tubes with wear indications at TSPs
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Fig 4.1.1-8 (2/7) Tubes with wear indications at TSPs
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Fig 4.1.1-8 (5/7) Tubes with wear indications at TSPs
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4.1.2.

Tube Wear in Unit-2 (for reference only)

The tubes in Unit 2 have experienced wear at 4 locations, i.e. wear in the free span area, wear

at the AVB bars, wear at the TSPs and wear at retainer bars, as well as wear due to a foreign

object. Table 4.1.2-1 shows the number of tubes that have shown wear at these four different

locations as well as foreign object wear and is provided by SCE (Reference 9 and 11).

Table 4.1.2-1 Number of Tubes with Wear in SONGS Unit-2

SG 2A SG 2B
Wear Type Total
(2E-089) (2E-088)
Tube-to-Tube ‘
2 0 2"
Wear
AVB Wear 804 595 1399*
TSP Wear 119 180 299*
Retainer Bar Wear 4 2 6*
Foreign Object 0 2 2"
Total 861** 734** 1595**
Notes:

*)  The total number of tubes with wear at a given location

**) The total number of tubes with wear at any location

For purposes of analysis in this report, MHI has Categorized the tube wear into the four types
of wear as defined in Section 4.1.1 (Types of Tube Wear). Table 4.1.2-2 shows the number of
tubes in the Unit 2 RSGs that fall into each of these types of wear.

Table 4.1.2-2 Number of Tubes with Type of Wear in SONGS Unit-2

Wear Type >G 2A >G 28 Total
(2E-089) (2E-088)

Type 1 (TTW) 2 0 2
Type 2 (AVB wear) 802 595 1397
Type 3 (TSP wear) - 53 137 190
Type 4 (RB wear) 4 2 6

Foreign Object 0 2 2

Total 861 736 1597

MITSUBISHI HEAVY INDUSTRIES, LTD.
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In this table each of the tubes is only counted once with priority given to Type 1 followed by
Type 2, Type-3, Type 4 and Foreign Object. The data in this table is based on the ECT data
evaluations described in Appendix-3 of Reference 8 which includes both bobbin ECT and A
rotated ECT data. The total number of tubes differs from that in table 4.1.2-1 because, as
explained in Appendix 3, Reference 8, the data in Table 4.1.2-1 for wear at AVBS and TSPs is
based solely on bobbin ECT data. ' ‘
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4.1.3. Tube Wear in Unit-3

The number of tubes for each type of tube wear in Unit-3 is listed in Table.4.1.3-1.

The tubes in Unit 3 have experienced wear at 4 locations, i.e. wear in the free span area, wear
‘at the AVB bars, wear at the TSPs and wear at retainer bars. Table 4.1.3-1 shows the number
of tubes that have shown wear at these four different locations and is pfovided by SCE
(Reference 9 and 11).

Table.4.1.3-1 Numbers of Tubes with Wear in SONGS Unit-3

SG 3A SG 3B
Wear Type Total
(3E-089) (3E-088)
Tube-to-Tube
165 161 326*
Wear
AVB Wear 871 ‘ 896 1767
TSP Wear 214 250 464*
Retainer Bar Wear 1 3 4*
Total 887** 919** 1806**
Notes:

*)  The total number of tubes with wear at a given location
**) The total number of tubes with wear at any location

For purposes of analysis in this report, MHI has categorized the tube wear into the four types
of wear as defined in Section 4.1.1 (Types of Tube Wear). Table 4.1.3-2 shows the number of

tubes in the Unit 3 RSGs that fall into each of these types of wear.

Table 4.1.3-2 Number of Tubes with Type of Wear in SONGS Unit-3

SG 3A SG3B
Wear Type Total
(3E-089) (3E-088)

Type 1 (TTW) | 165 161 326
Type 2 (AVB wear) 714 737 1451
Type 3 (TSP wear) 15 20 35
Type 4 (RB wear) 1 3 4

Total 895 921 1816

In this table each of the tub<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>