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Arizona Public Service Company

PALO VERDE NUCLEAR GENERATING STATION
P.0.BOX 52034 « PHOENIX, ARIZONA 85072-2034

102-02544-TRB/JRP
June 22, 1993

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk

Mail Station P1-37

Washington, DC 20555

Dear Sirs:

Subject: Palo Verde Nuclear Generating Station (PVNGS)
Unit'2
Docket No. STN 50-529
Preliminary Steam Generator Information
File: 93-05@-026

The purpose of this letter is to provide you data from the PVNGS Unit 2 Steam Generator
tube rupture investigation. Please note that this information is.in preliminary form and has
been marked as such. A summary list is also enclosed for your information.

Should you have any questions, please contact J. R. Provasoli at (602) 393-5730.

Thomas R. Bradish, Manager
Nuclear Regulatory Affairs
TRB/JRP/ap

Enclosure _
cc:  B. H. Faulkenberry
C. M. Trammell

K. E. Perkins
J. A. Sloan
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REV A - June 22, 1993

‘ - VI. TROUBLESHOOTING ACTION PLAN

A. EXPANDED SCOPE OF ECT

Initial Outage Plan

»

. i
Y

D
‘Was determined that the leaking tube had an

The eddy cuérfnt testmg began on 4-11-93. Initial results identified a number of tubes with
mdxcauons of axxal cracking. The majority of the indications were located in the upper
area o }ggfhot leg side in SG 22. As a result of this initial testing, the scope of the testing

%;.;r

in both generators was expanded. The scope was then systematically expanded as *

additional flaws were detected.
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VI. TROUBLESHOOTING ACTION PLAN (CONT.)

A. EXPANDED SCOPE OF ECT (cont.)

Unit 2, Steam Generator 1:

First Expansion

f"‘%

and the ruptured tube were on the samerg

pansmn consxsted of testing all bobbin indications via MRPC

t%‘iw{

ang;axml indications. On tubes with indications located from

véﬁs in'ord

E"};

er e sagsfy the random approximate of 10% MRPC of the 01H and tubesheet.
o %@
"







REV A - June 22, 1993

. V. TROUBLESHOOTING ACTION PLAN (CONT.)

A. EXPANDED SCOPE OF ECT (cont.)

Unit 2, Steam Generator 1: (cont.)

Third Expansion

< 8,
’ The fourth exﬁansxon was*‘a.checketbo ¥ paﬁsnon to MRPC examination of the upper

T o
s
Z

s wastdone in an attempt o- Jlocaté.any axial indications outside the arc not

%?%
21

supportsf;’l'lu

;9 R

\{.:,3-2-. S

“

The sixth expansion consisted of testing tubes around the periphery from RWH to VS3,

This was done to test within the arc region in the horizontal sections of the tubing.

|
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‘ V. TROUBLESHOOTING ACTION PLAN (CONT.)

A. EXPANDED SCOPE OF ECT (cont.)
Unit 2, Sieam Generator 1: (cont.)

Seventh Expansion

expanded to include row 90.
Eighth Expansion

tb matc ~

A,
\'-x

}“{}

@'ﬁ
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‘ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

A. EXPANDED SCOPE OF ECT (cont.)

Unit 2, Steam Generator 1: (cont.)

Eleventh Expansion

tubing below the arc.

Twelfth Expansion

A

The twelfth expansxo test':

i ent testmg continued in steam generator 21, however. The
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" REVA June 22, 1993

‘ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

A. EXPANDED SCOPE OF ECT (cont.)

Unit 2, Sieam Generator 2: (cont.)

Second Expansion

bobbin probe.

Third Expansion

R

&
~expan;?6n ggted tubes in groups outside the arc, from part length to full length
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June 22, 1993

‘ V1. TROUBLESHOOTING ACTION PLAN (CONT.)

A. EXPANDED SCOPE OF ECT (cont.)

STEAM GENERATOR 21

1ST MRPC EXPANSION (R116, 117, 118)
2ND MRPC EXPANSION (INDICATIONS)@%
3RD MRPC EXPANSION (ARC) f

.-

6TH MRPC EXPANSION\%

7TH MRPC BXP‘%I:I*S;[ON :




*
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VI. TROUBLESHOOTING ACTION PLAN (CONT.)

June 22, 1993

A. EXPANDED SCOPE OF ECT (cont.)

STEAM GENERATOR 22

IST MRPC EXPANSION (R116, 117, 118)
2ND MRPC EXPANSION (INDICATIONS)

3RD MRPC EXPANSION (ARC) "
4TH MRPC EXPANSION
STH MRPC EXPANSION

-89.
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' VI. TROUBLESHOOTING ACTION PLAN (CONT.)

B. ORIENTATION TESTING &

bt

A

During the outage, all tubes were inspected using the bobbin coiliﬁe“g%m%q;
G

% 25
MRPC also recorded indications at the low frequené?:yf 2(2§§Hz)3'\

been characterized as deposits on the tubes’ S%iggde diamgt:é; The M
% %

TS
&gi.-., %?,;: ,ivc"‘
ntation of ﬂaév?s/deposns to

43

CEPAEN
L
In order:to.d

B

v/depositis

)

7 &
rgference

eM

B,

posmoggggfabove the area of interest and withdrawn past both the flaw/deposit and MIR
3;;'
probe as the data is being recorded. By knowing the relative position of the tube with the

MIR probe and the target tube, which was inspected by MRPC. the orientation of the tlaw/

deposit can be identified.







' June 22, 1993

‘ C. VIDEO ANALYSIS

Following the removal of the tube pull candidates, a secondary side v1deo inspection was

configurations




w
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[

‘ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

'

C. VIDEO ANALYSIS (cont.)

The following video tapes were recorded:

22-13 & 29-24 (5/29/93)
116-41 (5-7-93)
11641 (5-17-93)
103-156 (5-15-93)
105-156 (5-13-93)
117-40 (5-8-93)
117-144 (5-19-93)
127-140 (5-13-93)

. _92-
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‘ V. TROUBLESHOOTING ACTION PLAN (CONT.)

! D. TUBE PULLING

Background:

Tube pulls previously had been scheduled, independen_}y %i\ th%i p{an,

investigate the cause of axial cracking at the OIH support (ﬁow %(vif istribution plate)%\

ns froq}gghe, upper tuge bundle.. \%@

ST o b
. % 4
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REV A : June 22, 1993

VI.. TROUBLESHOOTING ACTION PLAN (CONT.)

D. TUBE PULLING (cont.)

Selection Process:

* Tube Sample Categories

Tubes selected for removal and laboratory exarﬁingtion fell:

h ¥

1. Tubes with Flaws at 01H

-94.
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June 22, 1993

. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

D. TUBE PULLING (cont.)

Selection Process: (cont.)

e Tubes Selected g

%
1 Starting with the list of all tubes with axial mdxcatxons, eac
%\.

a2

'ﬁd‘]acent tubes with indications at similar
o{v.f

Ha ntmgency, extra tubes were selected as backup candidates.

%
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REV A June 22, 1993

' V1. TROUBLESHOOTING ACTION PLAN (CONT.)

D. TUBE PULLING (CONT.)

1. Tubes with Flaws at 01H: (22-13 & 29-24)

that tube, a second tube, one which contamgd an aXI%# ly
N X

P

second tu with a mid:s

Sz
& z_{_. \
-h.

‘%

'INvo mgg were selec;}d;‘whxch;I contamed m1d-span axial indications detected by
S

ddition to the recorded axial indications at mid- -span, some axial indications were

B
“Ini

found?;t upper bundle supports. One tube which contained arc axial indication at both

the 07H and 08H was selected for removal to evaluate this type of degradation,

-96 -







REV A . June 22, 1993

‘ V1. TROUBLESHOOTING ACTION PLAN (CONT.)

D. TUBE PULLING (CONT.)

4. “Clean” Tube (116-41)

R

In order to evaluate the detectability limits of eddy cirzent, o"n,Q tu

be,

»

‘.?:':E_' >, ) «}%
indications identified between the 08H and 09H,support, W?%g‘sg}lﬁ

flaws.




¥

=48 =
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. V1. TROUBLESHOOTING ACTION PLAN (CONT.)
|

E. ANALYSIS

{Q% h
;c-'--:-‘-k

In addition to troubleshooting data, several reviews and analyse§’ wexgperformed to

e

support/refute the probable failure modes. The analyses also helpcd the team

more fully
- 3\,

tlated?to evaluate

IS‘W%%;l
N %gm@% W
the hypothetical possibility of a’lock—up oﬁa‘mQ%; ithin the;bundlé: The analysis v

structures. Athree.diffigﬁmggal ﬁmte' lementf..

the effectfof dead welgh _and thermat‘ gadmg for several load cases.
;z‘:‘? Q%% gjy
E: 3
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‘ V. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

1. Contact Forces (cont.)

Ther Aal GrowthL g}:}ng
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. VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)
1. Contéct Forces (cont.)

Case D: Tube/Batwing Lock-up
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. VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

2. Crack Growth

g}
Sy

15
uld produce craclc: growthsxates con51stent with that

indicated to have.oc urred.m-the}rup%red be(

of tfl},gfgﬁrac Yrowth rate coul :be detenmned by assuming crack depths just below the

& B 2
,.& >

EA more conservative approach is to assume

Q.;we-:--&).

iy ssen“tiiilly 78

‘ - 101 -
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‘ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

2. Crack Growth (cont.)

Crack Growth Analysis Action Plan

: "_“,mltial ﬂaw sm%&pase

ermme Len ‘

'v.,e,“ ¥

w\ &\:@
detemuned based on the assumed initial flaw size and crack growth rates.

-102 -
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REV A - June 22, 1993

. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

. ANALYSIS (cont.)

=

o W&?i’x
develop velocity, quality and hemxcal concentratxo s::The results would be used to

ﬁ R
‘ethel‘malhydrauhci eha

'“.13-3-.#

an y, tWO' 1$§Iependent groups to ensure the results could be uniformly

[

- 103 -
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. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

’

E. ANALYSIS (cont.)

W

i
3 i 3;@5’
,Iunon procedure is presented in Reference 1.
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REV A . June 22, 1993

‘ YVI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.) ,‘ &‘%
F
3. Thermodynamic Model for Quality/Velocity Dlstrlbutlon‘;(c ,,nt ) %@

a. Athos II Code Description (cont.)

Ast" gen Srator
NG, ¥V

.--\.,w

and energy balances, and.cgnsxstency and plausxb1hty¢ %;\gdy-state and transient

. solutions fora numb’ér of dnfferent cases;

..’5\ {

gen;ﬂrators were compa{ed Wwith .;I’I;gOS re§ylts In one case, an analytical solution
G2, % S "G{h??\ ey

was avgilable for companson with ATHOS calculations. In general, the agreement
: s

d: a}aﬂable experimental data was good. In addition,

. several small- S igle expenments,model steam<generators, and full scale steam

éﬁ{‘gfw't{-
r between the ATHOS results" i

.
K

31

were foun’d-




"

n
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REV A June 22, 1993

‘ V1. TROUBLESHOOTING ACTION PLAN (CONT.) .

E. ANALYSIS (cont.) .

b. S.G. Level Oscillation

A review of SG 22 operating data revealed that the stearmge ef‘ﬁtox: had a hlStOI'y?

{ ekdowncomer

.-‘-‘ 55

A

Sit: lecatlons on the outer tube
( eposxtzmdlca;:(;ns are located in the

B
. e supp;‘:{g&sy Ot;iI%fI and 09H. Following the
dlSCOVCl’y of the tii ﬂ{e%;gzx};mge an V‘;ggeiaosxtsf:;thennal hydraulic analyses were

the roothcause*of the observed phenomena and to

i N
Current and video mspecuon of thq;,S%g}} 22;:depo
. e i

v* i

‘ ‘ i - 106 -
|
\ |
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REV A ‘ June 22, 1993

‘ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.) &gg
- A\
3. Thermodynamic Model for Quality/Velocity Distribution*’(cgglgg_).% %

b. S.G. Level Oscillation (cont.)

ATHOS Analysis

N ey % k4
sary g omitrwdata calc ilated by ATHOSGPP
N\

By, ™
ﬁmte dxff ence gnd seIe%{ed for the model 1sgl4 x 10 x 27 in the circumferential (0),
evg“ *

2 For

'5"5..'4‘

patcd
px:
: &

whlchqié 449:97.\2 mches above the top of the tubesheet. Homogeneous two-phase flow

was<modeled for Case 1 and algebraic slip was modeled for Case 2. Cases 3 and 4

o
represent homogeneous flow models with downcomer levels NWL + Narrow Range,

457.25 inches and 442.19 inches, respectively.

‘ - -107 -
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V1. TROUBLESHOOTING ACTION PLAN (CONT.)

June 22, 1993

E. ANALYSIS (cont.)

4, Effect of Level Oscillation

chemx
g

i%‘{,
ity) due‘tof

N %

E,ﬁ;f

- 108 -

~

}&?«!\ . R" K
0 ﬂlatlp%?gf of 5‘? peak-to-

"':.?;"%\

of: this studygand analysis is to show the effects and/or correlation (if

Ex]

o~
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. VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

< -1
S. ECT Methodology Review

g :-. x*"% ,Q B
Crease:in; degradanon mdxcated
“\’sg;iy “‘éﬁi“’, §§ .

apparent in
}

-108 5
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REV A co June 22, 1993

‘ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

[N

E. ANALYSIS (cont.) -

6. Secondary Side Inspection

3
\- '.
“ 2T N

A secondary side inspection of the upper tube bundle\m.vs%t\cam«gcnerator 22>was

i. : 22
the over-all condition of the upper bundle w1th,the condltloh%observe -durmg a%znmlar
'533

k.
By Sih,
-The mspecuon congisted of the following steps:

g 3

. . Obsem?ed gap between top' of VSQL” nd 5‘crescent plate and bottom of I-beam.

§§
: o %
er;gauge to ven£ *clearance bétween the crescent plates and structural

i {% g}}

‘iﬁanges from previous inspections.

~» =+ Observed condition of separator can splitter vanes (as was done in Unit 1)

' ' - 109 -
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REV A June 22, 1993

' V. TROUBLESHOOTING ACTION PLAN (CONT.)

E.. ANALYSIS (cont.) * s

. . Qég;fﬁ--»%
6. Secondary Side Inspection (cont.) W

» Viewed area on can deck near “J” tube dlscharge'for any dgi)osxts or de%és.

7. Chemistry Review & Evaluation A,

Investigation and research of pertinent chemlstry data ani

e, %
concluded. The following mfonnatlonfqptl' 1es whether th&gata‘tcvx

R4
5
G

A‘b
s -.-.,§ ;
A review ofit 1¢ e‘feedwa

S

, Cycfé 4 was conducted. The data

e,

enﬂ
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‘ V1. TROUBLESHOOTING ACTION PLAN (CONT.)

x

E. ANALYSIS (cont.)

7. Chemistry Review & Evaluation (cont.)

¥

* Blowdown Flow Rate

4

or:Units: 2and3 have%%;;y
A ", Qz ' . }

: =by atwolhic
Q"ﬁg‘h % {% %
blowdown flow raté;varied, depgpde

r'x""s'>and predxcted that the blowdown water contained 80-90% feedwater.

ey

equivalent between S/G | and S/G 2. However, the abnormal S/G blowdown

flow rate was a factor of 2 higher for S/G 2 than S/G 1.

. ’ | 111 -
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. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

7. Chemistry Review & Evaluation (cont.)

+ Hideout Retum Studies

) Hideout return data is considered the most accurate mdlc%tﬁor of the chemxstry

¥
was a difference in the hldeout retum charactenstlc%%f the’ s‘;xy)steam generators. A

% % .
for shutdown}that , ccurred:pnor tq;fl"anuary 1991 were reviewed

rccen shutdown dat

Gy, W %
: i%g%ddmox}, saq}ples were ggke from the flow dxstnbuuon plate (hot leg).

. ry of peak ncexggauon data (prior to 1991) is presented in Figure

R

%

- The calculated molar ratios of sodium divided by chloride, and

)
L4

- The ratio of each units' SG 1 to SG 2 for each impurity (SG 1 divided SG 2)

. | -112-
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‘ V1. TROUBLESHOOTING ACTION PLAN (CONT.)

- E. ANALYSIS (cont.)

7. Chemistry Review & Evaluation (cont.)

3

« Hideout Retum Studies (cont.)

'¢ %
1des for qua?i?sxﬁcﬁ;anzof grams

L 543’“2»
) w
returned for 12 specxes and an esumatxon of crev1§°é,pH EI;\/IULTEQ%and is also

sodium, c:hli‘}"g de, sulfatg

N Qé;

The %%pc)n resin functional groups are sulfonic bearing which may decompose to
o .

sulfuric acid when exposed to steam generator temperatures. If this had already

5 jfaken place, the remaining cation resin will be inert. Any inert resin present will

not cause a problem from a chemical point of view. Anion 1ezin will not pose a

problem eithcf.

- 113 -
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‘ V1. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

7. Chemistry Review & Evaluation (cont.)

amon*rcsm, 01; vcation resin with no functional groups remaining. If

.n’r‘<

2. fﬁ?:esin may be fouled with iron, etc. which would make it more dense.

|
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‘ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

7. Chemistry Review & Evaluation (cont.)

i,

e EPRI Tracer Test
*#*m; .

. kﬁ\z‘m'w EHE
A hideout evaluatxon cst was performcd

2 from 8/18 to 8/22/92.

+
e
o

atU

- 115 -
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. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

7. Chemistry Review & Evaluation (cont.)

e EPRI Tracer Test (cont.)

The test had a two fold purpose:

steam generator and
2) Measure the abnormal"and

ri°6”ﬁ1’ial blowdown fic

- 116 -
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. VI. TROUBLESHOOTING ACTION PLAN (CONT.)

.

E. ANALYSIS (cont.)

7. Chemistry Review & Evaluation (cont.)

» Condenser Leaks

*‘?ﬁ

The assessment separated tube leak rates into two:

t:ategomas,t @
O S

Operational Secondary ChemlstryJ—h??ox;y

A,f:‘_, ):9’2, X -
B D S, WP
A review of steam\generator operatmg«‘chemxstry has been n completed for all three
..t ‘*%

. C 17 -
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i ’ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

. 8. Deposit Formation

R

Deposits create opportunities for tube degradation. The dgposxt

‘t“gy
provides a “host” location for the concentratxon of* %he_ icals an

NS,,(Lynchbur VA)-

<I;:»‘ 2

‘*«ére' ice and _:'ree-span 117-40, 08H

| crev1éi and free-span, 117-40, 01H

'vﬁ_,fi"*‘crevxce and free-span, 22-13, 01H
-

100g of sample to be sent to Alliance laboratory for XRD (X< rav defraction) and

semi-quantitative spectroscopy.

- 118 -
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. | VI. TROUBLESHOOTING ACTION PLAN (CONT.)

Wy

E. ANALYSIS (cont,)

8. Deposit Formation (cont.)

2) Balance of sample

- 119 -

@







REV A June 22, 1993

. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)‘
9. Other

‘ a. Tube Metallurgical Analysis

failure analysis were developed by APS N ucleaf?Bngmeermg an%(‘i ti:l;h In%% ice
%l'?’lehkétnc Power?Research
L, Aippen.dxx?C The sﬁipose of the%ixammauons
‘ were intended to detcnmn a) tube%ggradauon me:;\amsms ##b) correlations of

‘ . laboratory eddyécji; t d;%g‘ wf?h ﬁel %Z\fa, and‘cz%tube mtegrlty testing via

2

\s
‘ Inspection group and utilized thefguldance prov1ded"
Institute (EPRI) report NP3574 ;

}.».

e,
ulled tubmg *The tube examinations were

e

+ 3 ﬁ )
‘ congucted at two ¢ tfferent Iab facxl'tlesgABB CE in Windsor, CT and B&W in

nsultatxon w:tt}the A__,,S Root Cause Failure Team to determine if more specific

‘detailed description and purpose of each tube examination method is described

&
below. Specific tube section examination results are described in the following

section.
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. VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)
9. Other (cont.)

a. Tube Metallurgical Analysis (cont.)

%ny and locate tube defects for investigation. Qualified ECT
B,
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. V. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

9. Other (cont.)

a. Tube Metallurgical Analysis (cont.)

;%4 :

R

degradation such as mtergranular an%k'(IGA) or mtergranular stress corrosion

'I’h1s in orm uonfwas needed to verify tube wall
B 4
specificationg:and to, lgcate any bowing which could have
tiy$">
Srocésses.
"

‘ -122 -
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REV A June 22, 1993

. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)
9. Other (cont.)
a. Tube Metallurgical Analysis (cont.)

» Deposit Removal and Analysis: Selected Aeas of\t%b

@
were identified and removed from the tube by mechamcal scrapmgs o future

‘-"‘.-\i":!"
Feteristics ‘Were noted.
Deposits were then subm'xt;}:‘d fo?‘éhemxcal analysw to 1dentxfy the chemical
Hom 4

composmon and any chemxcal contammants whlch could>have contributed to a

&5
w;,:;:';

'} ”'“32}»% :
Mossbauer Spectroscopy performed to determine the oxidation state of

Ty

T hlS was necessary to posmvely identify the

%}%

,“pd’Flame Emission Spectroscopy to identify inorganic anions
e CI? SO "), metalhc catlons Mg, Cu, Cr, K Ca, Pb, Al Sn, etc.), total

potennal chemical corrodents.

@
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. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)
9. Other (cont.)
a. Tube Metallurgical Analysis (cont.)

. i
» Burst Testing: This was perfonned on selectgd tube s"

areas might not have been, burst“ested but werg’ subjected to charactenzatxon

"' s

‘0 .

i 5depth profile and analyzed for conformance with

CO élated withi:the deféc
%:“' -5 ‘2\. 4‘

“subsequently photographed to observe the general axial extent depth of
cracking or wear. Notes were taken regarding the orientation of cracking,
surface condition, and extent of secondary cracking observed that was
opened as a result of the burst pressu;‘c. |

|

L’Ll
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REV A June 22, 1993

. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

*

9. Other (cont.)

a. Tube Metallurgical Analysis (cont.)

which sections were to be studled under the canmng Iectroxi'xmcroscope

w:::mr, }h

be iietegﬁ%ﬁied ie., IGSCC

e

T ’ : ’«m
at;oﬁ* as crgcxgl’for th -’aspect*alone. The crack depth profile "
K R w“{.\" e

he~SEM This; information was important both

2y f.- I
W; N

n d ;rosxon attack charactenzatlon. The

orescence that tesulted from bombarding the sample with an

R & .g-

»z_:-ray u

AES. pro\“rided "mental analy81s of thm corrosion films. ThlS

% -

as ac1d1c or alkaline.

4

2y
XPS - provxded elemental/compound analysis of thin corrosion films. It
could add additional vital information regarding the chemical attack at the
crack surface by identifying how elements were chemically ¢ ombmul
This information was useful in identifying’ corrosion products which were
also indicative of the local crevice environment.
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REV A ‘ June 22, 1993

V1. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont. 43
(cont.) K\

9. Other (cont.)

a. Tube Metallurgical Analysis (cont.) £

Metallography - performed on defec?t? areas by sect ) ] 3
rain; boundancs, and

sectlons, pohshmg, etchmg to,show contrast Wlth grain:be d
gy
of}crackmg The

h-

i, E% N
was nowﬁoﬁommce wit mb; matenal fgecxﬁcanons might have been

% ”'\"!.Q-C e,

oy
d1§tnbut10n. Thos .propemes had been shown, both through corrosion

St ufe.and field, dita

i

estmk performed to determme bulk materlal

J

&.composmon of the tube material. Discrepancies noted would have also
“ffected the material corrosion resistance and mechanical properties.

Tensile Testing - performed to verify mechanical properties.

- 126 -
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REV A ' June 22, 1993

| ‘ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)
9. Other (cont.)
a. Tube Metallurgical Analysis (cont.)
% K=
» Additional Testing; While most work wzi"s’s{ cused on'e

A
areas, additional work may be perfoxmed as th

%*1"*‘{’1.'%

‘aﬂure analysxs can be an effective method .

"w.-v;

I . - 127 -
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‘ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)
9. Othe;' (cont.)

b. Sludge Samples .

L
o tﬂsf

\i ,
ié:Unit 2°chemxstry labf or leadg(Pb), by
}?P; o \*k. N

,Als:quesnoneg% as; to the viibility of the lead wave length (Pb-2 line 283)

i,

b
1C gg;ii Due to,the interference that a large quantity of iron gives
ie »:2 line (220) sthie Pb-1 line was identified by the vendor as the

s %%ﬁ’
%mgx
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‘ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

¥

E. ANALYSIS (cont.)

9. Other (cont.)

b. Sludge Samples (cont.)

* Lead (cont.)

*~<- ot

G y‘
samplezresul@s were as: ggnows b, ”‘3%% ¥
o . ‘ \.\5(;& 2
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REV A June 22, 1993

. VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

9. Other (cont.)

¢. Chemical Source Identification Study

5

¢>§'1*:,>&

A

EDFrFWGSMTQHsé”"*’

"b

- Bulk chemicals

®
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REV A June 22, 1993

’ VI. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

9. Other (cont.)
c. Chemical Source Identification Study (cont.
2) A review of Site Documentation

- Engineering Evaluation Rgpons

- Work Ordersﬁ’a%&%g > i
. " TN R N :
-TemporaryA Aodifications?: N
k- N \‘%z:g;g" :

o
<fi“Induslry document;search

- 131 -







REV A June 22, 1993

. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.)

9. Other (cont.)

¢. Chemical Source Identification Study (cont.) 4 .
B,

5) Identification of Plant Component Inspectloréﬁ

- Pump suction strainers
- Resin trap strainers

- Condensers

k! f the SGs was’ rfonned’%;me pmpose of the review was to determine if a link
;‘Q -$~< o ek J,? :

: exlsié'd‘between thé initial fabrication and the observed failures.
5 “’*«’@, “‘*mﬁ’

1f:n0t unique, the tube degradation appears to manifest itself more rapidly in Unit

2. This postulation is based upon prior steam generator experience at all three units

of the Palo Verde plant.

I -132-
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REV A ‘ - June 22, 1993

. V1. TROUBLESHOOTING ACTION PLAN (CONT.)

E. ANALYSIS (cont.) Py |
9. Other (cont.)

d. Fabrication Review (cont.)

fg-.-.:%’o'-\ E " {-‘iii{ _._» .
it relat d*to the tube support assembly and ‘e tubmg
2 ¥

Dy

he evaluatxon of the tubmg manufacture the tube -

‘ -133 - !
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E. ANALYSIS (cont.)

9. Other (cont.)

e. Wear Analysis/Review

ﬁ& i
-dg{)tﬁ“ evxe&oﬁthe wear in the

generators was performed<

*a;%\ %} ““f%

‘%{
épr%? blem areas in;th the generatomdentxﬁed and corrective actions initiated as

I , 134 -
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REV A : June 22, 1993

. VI. TROUBLESHOOTING ACTION PLAN (CONT.)

o)

. ANALYSIS (cont.)

9. Other (cont.)

f. Loose Parts Analysis

as perfoﬁ??ned

Vw

investigate this possibility, the follow*(i%z’g%w

B

><,z{
/’rw“
e

0
&, N

\ 2. Revxewﬁfﬁﬁfrequeqc
o -
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