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Arizona Public Service Company
P.O. BOX 53999 ~ PHOENIX, ARIZONA85072-3999

102-02533-TRB/JRP
June 14, 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: 93-056-026

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.

Sincerely,

TRB/JR P/ap

Enclosure

Thomas R. Bradish, Manager
Nuclear Regulatory Affairs

cc: B. H. Faulkenberry
C. M. Trammell
K. E. Perkins
J. A. Sloan

930h180024 930hi4
PDR ADOCK 05000529
P PDR
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SUMM)ABYLIST
.June 14, 1993

Revision A

IV. SUBSEQUENT ACTIVITIES
A. ORIGINALSCOPE OF ECT FOR UNITi2;
B. ECT INITIALRESULTS

MISCELLANEOUS
PRELIMINARYLAB RESULTS
TUBE NO. R 117 G 40

R 116 C 41
R'9C 24
R 22C 13
R 103 C 156
R 105 C 156
R 117 C 144
R 127 C 140
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REV A June H; 1993

A. ORIGINALSCOPE OF ECT FOR UNIT2

+Q$ YAQ~
Original Scope ofeddy current testing for Unit 2's 4th refueling,,outage" was.;.developed

''8Q
based on: Technical Specification Surveillance requirem'eii5',",:EPRI.':,"re'commen'dations, and

consideration of the type and location ofpreviously-".identified'Saws and/or indicationsw~

Previous tubing indications that had been identified in Palo~Verde's 86s.ii'icluded:

~ Axialcracking found at the top of'.the tubesheet in Unit .l~g.-;,,.„

~ Axialcracking found at;,,the 01H~~Qaw distnbutio' ' UnitQ.
'g,:',, '<~@ Q '~-"4N,'9

~ Axialcracking found above,the;09H"&ee,span:in Unit 2@<

~j$g~~p~ <~ pbY+5
~ Wear at the,i'eg cp'mers„batw'in', and~verticaf;:straps.

~ Loose',:parts with an';:,.without asso'ciated:w'ear:

Problem's tdentified>by other utilities, vertdors,'and the NRC have included:

~ Circumferential and axial 'cractuiig at the tubesheet and/or tube supports.

.Q~Dentm j",and'cracking" n'ex't to the stay rods.

gg ~ Ci'evice 'cr'acking or attack in non-expanded tubes.

34
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REV A June 14, 1993

B. ECT INITIALRESULTS A

The fourth refueling outage for Palo Verde Unit 2 began on.March 14:1993>,due to a

steam generator tube rupture. The original outage was s'cheduled'to begin onMarsch 20,
'~',."l

1993. The initial examination plan for both steam generators w'as.'a,100% fulllength>l,,

bobbin examination with approximately 10%':,'of the tubuges'.to,be tested':using'MRPC for'"the

01H and TSH intersections. The tubes were to be examined fullII'engthwtth'!the exception
Qhax'pe'S,stg(Q 't@

of some row 1, 2 and 3 tubes which'were to'bi,':: e'xtutuneda through tlielU,'-:,benbd from both

the hot and cold legs.

After the manways were rmeiiioved, the"'"se'candarhy",'side of:steam generator 22 was filled
)

3 f
e

until the leaking tube'::co'uld be'identified~ Visus'albexamination confirmed that row 117 line

144 was the,,leaking tube. Eddy current probees anx'd:,a'Welch Allynvideo probe were used

to chara'cterize cthe",tube leak. Ba'se'd,on thie information provided by the probes, an

appifo'ximaately 8-inchilonsg mid span"aaxialaiIidication located 34 inches above the 08H

b

d r
a

a

a

.p 'support wcbaws,',ideiitified. A 2-"ihch long "fishmouthss rupture was found in this tube starting

'3'onae incwh::above':the;start of the~8"-itnch axial indication.

"-"4pa

ha

h e g

r

a

gThe eddy„ecru'rrenthtxestine j>program planned for the outage was begun on 4/ll/93. Initial
e~igi::,

'-'.-;"'~teosting resultms)identified a number of tubes with indications of axial cracking, the majority

o'f''w'hich were'located in the upper area of the hot leg in SG 82. The location and impact of

the indicate'ons are addressed later in this report.
V
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REV A June 1+, 1993

IV. SUBSEQUENT ACTIVITIES (cont.)

B. ECT INITIALRESULTS (cont.)

As a result of the initial testing, the scope of testing in both gemneratorsavYas,eeaxpanded. The

ECI'cope was systematically increased as additional fla@s:,were"detected in both>
Q,:c4% %g

generators. The details of the ECT program expansion, results,"'and,losel of detecta6iljiy~s

are discussed in Sections VIand VIIof this rePort.

r" s

s

s

e
e

a

'C.

g

s
h

s

g

a:sects,

g

s

s

S

e

S

h

et S

a

f

g

a

g

e

o

'vj'srs@cp

-37-



l'

f

I



0911 .

355.75**

TUBE j.j.7-40
/2» FROM PRXMARY FACEWHIP CUT AT 359 1

PIECE g17 — 13 1/8» (BELOW BATWING)

(REF. 'ONLX -- TUBE
DOESN'T GO THRU 09

t
"c 45»*

310.75
0811

PIECE g16 — 22 1/2»

PIECE gl5 — 23»

0711

45»

265.75

PXECE g14 — 21 1/2»

PXECE g13 — 21»

41ll PXECE g12 — 20 1/2»

0611
22,4. 75 PIECE g11 — 19 3/8»

,0.CV (~ .1: rp

42» PIECE g10 — 19 1/2»

05II
182.75 PIECE g9 — 21 7/8»

43 fl PIECE g8 — 18 1/2»

Onjj
139.75 PXECE g7 — 22 3/8»

41»
PXECE g6 — 18»

0311
98.75 PIECE g5 — 24 1/2»

43

55. 75

TUBE
SHEET

23 75»

2» TYP

0211 Y

15 1/2
40. 25

Oljj
I 16 1/2»

PXECE g4 — 16 1/4»
P"~~t» ttS-qO

PIECE g3 — 24»

PIECE g2 20» DRILLED WHXP CUT
BELL — 0. 5»
(t) AilhL t'tv> Rtgt: tQVlnf,0$ tlt (0
(3) VERTICAL TXG PASSES
FROM 24 1/4 TO 23»;
(2) SPRIAL TXG PASSES

P ECE g1 — 28 3/4» 23 TO 75»
.3/4» DRILLED OUT OF TUBESFIEET

* DXSTANCES BETWEEN CENTERLXNE OF TSP's (01H IS A 1» TIIICK
BAFFLE PLATE AND ALL OTHERS ARE 2» TIIXCK EGGCRATLS)

** DXSTANCE FROM PRXMARX 1'ACE TO CENTERLINE OF TSP
NOTES: NOTC'fI XN TUBE SAMPLE XS ON TOP END (OPPOSITE TS)
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AN AREA OF SHALLOW EGA ON TUBE O.D. - THE MAXIMUM DEPTH WAS ABOUT 5o
OF WALL.
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'GREY AREA XS "RXDGE" DEPOSXT BETWEEN TUBES 117-40 AND 115-40. THXS
PHOTO WAS TAKEN AT THE THXCKEST PORTXON OF THE DEPOSIT; WHXCH MEASURED
2.5 MILS.
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PHOTO OF IGA/IGSCC UNDER 0.6 MXL SCRATCH.
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LONG, SHALLOWSCRATCH WITH IGA/IGSCC AT BOTI'OM. THE SCRATCH WAS
APPROXIMATELY0.6 MILS DEEP, WITHA FEW MILS ATTACKAT BOY'OM.
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4

WHXP CUT END OF TUBE 116-41, SECTXON 19. SHOWXNG WEAR MARK CAUSED BY
CONTACT WXTH UPPER SCALLOP BAR. MAXXMUM WALL PENETRATXON WAS
APPROXXMATELY 50o ~
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MARYOF PRELIMINARYDYE PEMETRA

Results

gfe

ESULTS AFTER DESCALING/SWELLING r'/+/<~/"m
'

~j

u„-r- e-~l

Tube
No.

117-40,

Section
No
17

16

15

14

12

Yes (10%)*
15/
5%+

Yes
No

Yes

Yes
No

Crack Other
Indications Indications
Yes (50%)", Yes

27% ~

Yes (15%) I Yes
10% e

Scratches
Present

Yes

Yes

Yes

Yes
Yes
Yes

Reloads
Mixed IGA and IGSCC underaxial deposit ridge over about 12 inches
Multi k artial axial scratches with associated consistent crackin and or IGA
Three axial scratches (one partial length) —most with intermittent cracking; general light IGA
Deeper IGAat spalkd deposit regions
Three axial scratches (one paItial length) —n:ost with intermittent cracking; general light IGA
Deeper IGA~at e crate wear marks s ecirnen to be incrementaIfy qround'r" ""''eo l *
Multi k axial scratches —one vrith intermittent crackin
Muftipkaxial scratches some ossible minor wast~ac

C)

10 NA

Yes

Yes

No
'es

No

No
No
No
No
No

Yes

Yes
N/A
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes'/A

Multi k axial scratches'everal minor wear marks
Not tested used for base metal charactenzation
Mulliphaxial scratches
Multi Ie axial scratches —one vrith a short crack some ossible minor wasta e

.'Multi k axial-scratches some ossible wasta'ulti k axial scratches —one with a short crack
I Multi k anal scratches one minor wear mark

Multi le axial scratches
Multi k axial scratches —two with occasional minor crackin and or IGA

'wofull len th scratches —one intermittent one artialkn th axiaiscratch'ot tested

a»

L

C.

-d

o»e v >+»rt r

19
18

15

12

10

YesYes (5%"
Yes 5% ~ Yes

Yes

Yes

Yes
Yes
No
No
No
Yes
No

Yes (12% * Yes Yes
Yes
Yes
Yes
Yes
Yes
Yes

Tear-drc sha ed atterns in circumferential band'ne full len th axial scratch
Ve minor crack st outside scratch; two fuIIkith axial scratches —one Intermittent

Yes 'tvotult a~cd one ~artial len th axial scratches —one intermittent
"~™M

! T~wo artial ien th axial scratches with associated Intermittent crackin and some minor IGA
I One full lenclth intermittent axial scratch with associated intermittent crackin and minor tGA

'
Minorcracks and IGA more rominent near to end associated with axial scratches CCs

CD

U1

CD
CC
CD
CD

No

No

No

Yes
Yes

One full&one artial length intermittent axial scratches
Two full 8 tv'rtialk~nth axial scratches

No Yes Si nificant wear mark ri pled OD surface at one Iocation'ne full knath axial scratch

NIA
NA

No
No

Yes Minorwear marks three intermittent axial scratches
Yes Two full len th axial scratches
N/A Not tested
N/A Not tested

Percentage in parentheses is rnaximurn crac ll be sent Mondth'evisedIGA dor ep, maps wI ay
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PALO VERDE STEAM GENERATOR TUBE
DEPOSIT ANALYSES FLOWCHART

117~15 FS
117<0-15 OBH
117<0-9 FS
117<0-9 OSH
117<0-2 FS (Leach)
117<0-1 5 FS (Non-Leach)
117%0-2 01H FDB
11841-19A FS
22-13-282 FS
22.13-282 01H FDB

20 mg Samples

Balance

-3
.3

L ~ ARC
XRD
Emlsslon Spec.
Total Carbon

~ Seml+Uantltatlve

117<0-9 FS
117%0-9 05H
117<0-1 5 FS (Non-Leach)
116%1-19A FS

ICP (Al, 8, Ca, Cr, Cu, Fe)
(Pb, Mg, Mn Nl, Tl)
(Zn, Si, Mo, Sn8 P)

ISE (Cl 8c F)
FAA (Na 8r K)
Total Sulfur (per ARC)

e Elemente to be quantlf led
were established by prior
eeml+Uantltatlve anatyale.

e CI may be analyzed by IC
p ~ lectrode may be attained
on pro/ect.

LTC

117<0-15 FS
117-40-15 08H
117<0-2 FS (Leach)
11740-2 01H FDB
22-13-282 FS
22-13-282 01H FDB

LEACH TEST (per ARC)

LEACHATE LEACHATERESIDUE

pH 4 Cond. ICP (same elements
ISE (Cl Ilt F) as non-leached
FAA(Nab K) samples)
IC (Sq, pp~, Co Total Sulfur

Nq Nq )
(pef ARC)

ICP (same elements
as non-leached
samples)

~ Under cover IIae.
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'" Palo'Verde Unit 2 Steam Generator 22

(BB W) Tube 116 - 41 Tube Section 419
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90'8Q'70'16-4'1-16A ~ . ~ .
'~ . t:"~: ~: ~: ..: .. ':...:........

p

OP

N

.'N'~v'<

'll

IGA < 5% gradually dlmlnlshlng
ln intensity toward tube bottom end.

~S<,

Qy

v

po
,', .' '

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

QO

90'80'

1 6 4 t 1 5 Axial scratches, but no crack Indications.

270'o

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

90'80'70'0

1 1 6-4 I -14 Axial scratches, but no crack lndlcatlons.

A

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

D

i'M)

05R~





0'
1 6-41 -1 3 Axial scratches, but no crack Indlcatlons.

1800

270'O

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

90'80'

1 6-41 -1 2 Axial scratches, but no crack Indications.

B

270'

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

PO

90'

1 6-41 -1 f Axial scratches, but no crack Indlcatlons.

D

180'70'O

I ~ I

ggaa6vrr.; g3::,?.::":<~@egg)454'Pt.< g@;,:~: 4>.';~ @@@4;@eP0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23





00

90'

j Q-4 j - j O Axial scratches present, but no crack Indlcatlons.

B '.

180'70'0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

00

90'

j Q-g j -9 Axial scratches present, but no crack Indlcatlons.

180'70'0

0 1 2 3
'

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

j j 6-4 j "8 Axial scratches present, but no crack Indlcatlons.

180'70o

0 1 2 3 4 5 6 7 8 9 10 11 12 13
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90'80'70'

t 6-41-7 Axial scratches present, but no crack Indlcatlons.

A B
l

i
I

po

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

po

90'80'

1 6-41 6 Axial scratches present, but no crack lndlcatlons.

A D

270o

po

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1 1 6"41 -5 Axial scratches present, but no crack Indlcattons.
0090'80'rea where tube OD was rippled.

270'o

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Pf~YP1

'ZP4 4

~, +rW'A
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't 16-41-4 Axial scratches present, but no crack Indications.

180'70o

00

0 1 2 3 4 5 6 7 8 9 10 11 12
Minor Wear Marks

116-41-3 Axial scratches present, but no crack Indications.

0'80'70'o

0 1 2 3 4 5

1'1 6-41-2
Axial scratches present, but no crack Indications.

8
po

180'70'a
81d

c

Mount '

0 1 2 3 4 5 6 7 8 9 10 11 12 13
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10- Jun-93
pRELIMINM

EXAMINATON METHOD 2 3 4 5 6
PIECE NO.

8 9 0 2 3 4 5 16 17 18 19

Nondestructive Examinations
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measure ments
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

D
D

«'y,"o

D
D
D

D

D
D
P
D
D

D
D
D
D

D

D
D
D
D
D
D
D
D
D

D D
D D
D D
D D

P N'."'::!"",

D D

D 'ioy."N~

D
D
D

D

D

D
D
D

D

»« .>x»

D

D D
D D
D D
D D

D D

D
D

D
D

x>yyx

D
8?? >N

D
D
D
D

'«:gy»

D

<?,; .?o>

D D
D D
D D
D D

? .x>?x?;x >:4"<'> '.x

D D

D D
D D
D D
D D
D D
D D
D D

D

D
D
D

D
D
D

?yxt y?»
44<N

Hying

D
a P

D
D
D

D
D

D
D
0
D
D
D
D

D
D

D

Destructive Examinations:
Deposit

Collection
Tube Swellin

Sera e De osits x:ox?, c;>

P D D
D D 0:4Ãk: @N > D D

p >?.,yr'x:. ".

p

Fluroescent
Liquid Penetrant

Inspections

SEM/EDS
Metallo ~ra her

Microhardness

Descale
Initial Fluroescent PT
Post Decsale Swell

Post Swell Fluorescent PT N ?«?>>

??>: '

&3@:

X?:>xKxr

P*

P

D
%:a.'»

'.x?ywx

D D
D*

N/A

D D

D D
>x» >xox'™

D 0 D D D

D D D ':".:'.::"'.-:'? D
D D D D D

:xg>.c.

~L??
'":,::'~:<'»%:;>t

'u'«?«x«x r>? «:?» X?%q?'>?

D D D D D

D
"" 'yvD: ?:?«»< D D

D D D D D

D
'5> xt«o

D
D

rx
?Lxx ..?<

»'?:«y>

D D 0

D D
D D '0

'::?: >,"?« '»>M:«''I

Deposit
Analyses

XRD
Emission Spec. Semi- uant

Perkin Elmer Total C
ISE CI8 F

ICP Pb S et.al.
Flame AA Na

Total S
Leachate

o>x'>««

''>y«?? r?k@'>:ox

y .?> r>>y
xgxoy«
xo:?oy?x:

'''»

xx

Oj??l M
::.ig:i

'ox»?4%

p> >?x' '»>

rx??gg
»»

'x«x

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

D

.«gJ? P 4":.'i~ Paly

Nlrb NN':i f4', Si".:.",,

?? y'C '
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j
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EXAMINATIONMEJQOD
PRELIMIRY

~UBF A~CO 6- 1—

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE

DONE SEE CRACK MAPS
DONE
DONE
DONE

DONE NDD
DONE NDD
DONE NDD

DONE NO DEFECTS NOTED
-'"-':"-~~80:: aT0":.B 'DGNE~~~~K<<"'g,!'< '<:"''<'<<"<'@<i '

ll."i!<it!�".".:

Destructive Examinations:
Deposit

Collection
Fluroescent

Liquid Penetrant
Inspections

Tube Swellin
Sera eDe osits

Descale
Initial Fluroescent PT
Post Decsale Swell

R/T ISOLATED BEFORE SWELL UPPER SECTION ONLY SWELLED BURST
DONE
DONE

DONE ON ID AFTER CLAMSHELL SECTION NO DEFECTS
P„b .«..".,:'..: "::.:.,::-.",:::,g@<j'r..',<,.'DNA?g ~<M~'<j.„'~NOT; Tg;BE DQjJE<'5~~~~~~7~<.>~~"'~gp<~<".'~a"~A''e'. a"y'p~'''Pgqg@Pgg; ".

SEM DS

Metallo ra

Post Swell Fluorescent PT DONE ON FLATTENEDCLAM SHELL & BURST SECTIONS NO DEFECTS
g"i'"." ""'i'''".4'"""'""''<i'A""i"'"~4'5"'@~'skcNs'NOT>rTQ'BE'DONE@<!~i~ «YjPwr, vr',.',~>g<FF4v"g "'":"'""j'Cj''-"
'jc<'y"."),: '.",< '::,"",y'<.;'.,I ".<'':.l<'.wg(< g~Q< @ NOT<TO BE DONE <~~@)+,<':.<NcPgPvw~g~ <@)3.~(,).

'ECTIONB2-1A FROM R/T NO DEFECTS

Microhardness
SAM PS

Deposit
Analyses

Anal. of Non Leached De osit

Leachate 8 Residue

!~!~!.'''i::::ig'<:::::G.''!'i:,-;":;:j""!::.'.:...,ijx@'<(.'.<'.''.':Ai'„'j:<)O'NOT'T0'.BE DQNE<':g„:::o''g.~ '"'>":~~~c.i(eg(~';": e~:.4<''P~jP8'„:.

i%@4!~ i:";:: '"::::::::I"i'.":::"!.":.''i<@;'i""'"~M~%~.";"::::::::::;4Y4NG75Y<:Q:BE;BBNE~'<"'i;""."'~~~~o+~%~xN:."&H<r.".<'%Ai<'.~?';;".i"':5'4."'::.'m

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

,'.:;:;;.;,igg::F",,'.:;.:;.'„::;.~::::: ~4;:,:.:";.;;,,',:.:,~'pgy,.;.%~,;.(gg;:„-y, NO'PTQ, BE'DONEVQ;:.,Qgv,:,44;,',~: .;w<„;y~~~%g~~c'~;~",~;.„.":

DONE NORMALMICROSTRUCTURE, NOT SENSITIZED
"'''-"'"'"""'-"0::"W"'"'""'""'%-4'%"'5%~4@i~NGT"TQ'BE DGNE''"' '"'"'«%P@R@<%5"'<'""@5"'4@"':
SiN«'>~:::":"':::!N a'<'.'!%@sN:V%4YP&s!4:".<~: XNGTATQ::BE"DG E.~i."::.a% K%'. '%SÃH.NW~:R~z."~~:".4X>''
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EXAMI~NAT0+ METHOD

8 RELi HARV
U~B SEC~OWN

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE

DONE SEE CRACK MAPS
DONE
DONE
DONE

DONE NDD
DONE NDD
DONE NDD

4:.M:.'.,~ ..';.@i%'-'"."',:,:-':'i:.'::-'':..ANN~'.."".':; i:-'";.NOCTO BE!DONE '~K~ -""".:.":,","::!"",:.:.'".:,'~+';,—,":.'~!~X:-:~N,

Destructive Examinations:
Deposit

Collection
Fluroescent

Liquid Penetrant
Inspections

Tube Swellin
Sera e De osits

Descale
Initial Fluroescent PT
Post Decsale Swell

DONE
DONE
DONE

: >@~>PNg$ j'::y?5»"., ";:<'".,'::~":~g:„'.:-„"'i:" '.;>.:::>'4F~."'''„Ng3>TQ: BE>Q QNP<;:::;%.;.;P;".: 4%'?'.;.>:.":;c:"::::: Pglhxg'4«:jc'. ~Yx.j,' ~$0~",.

SEM DS
Post Swell Fluorescent PT DONE SEE CRACK MAPS

:'":::: em~~'::-""'-:"'~Z":-":::-'':-'"-":'-"3"-"':'::-":~'"."::-::-':=:;-N0V:VO':BE~DONE.":.'-"::'-:.":::

Metallo ra kr »;< jj@>)g">gZxgjvgg;;,".>"> ":xv,'%:.::)'4;,'NQggTQ gE"DONE cv? 0:. kQcg':. x:gj'>0j >?4>:: +jg$8ÃQQ'9':@
~": '@4" """<":""':"-i'-"<."'>~~<~"-'"::~':':0-':" NQjjfg:BE>DONENg3:"":i-'''@'""i@">'::"'j.w~4j"''?~i"-':~>""-'4''":

Microhardness
SAM PS

? +'ii>>'>?"'<~~>~v:ww ~ ( w> NOT TQ BE<DO>NE""44r?@>"~%>'i. "''~<'?'>g~c~>" 4%>.

~~+@?(+PA'vP>.":: .~c>> ÃmvN~w:.'.>N@x> -':,::.:.',:~;,,:: '<

NQ'PTQ'; BE"Q0NE; ': '.;;.%a:.',"?'~~',",.;.'>'> ''jQ@~
"A~~P%44%: "':N -.":- -:-"."-"'.-"-:+''''::-..=""""'''i"~NQT'TO:BE"'OQNE::-':

Deposit
Analyses

Anal. of Non Leached De osit

Leachate & Residue >>g'~King(s'95(>>>$ '>~(P>','4'%:''%j ','::: ':.'!:>'!'' QT. fQ.QQ>QQNE@+@(j'@'j, .g:4>'>VS?'Pj +Y?'(%N j',> '; '.'..:.4 ?>:..

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

4'~:"'",'.'rN""-"'"~"":@'-"'4;'.":.-";:;."",':4MNOT~TG:.BEIDONEAw-'.".'"'+-.';:::>i-':"'::'>""::::""'::k~sigeiegy'':~;':":::gj':;.";...'.

4'.-'-'..k4."'>?M'"""<4-."-'-:: .o'-'~ '"' «%N¹TO>:
BBDGMBc<4%"-4c'A)5Ãp/K~>pip'~>484""-".'iV'gg-.~4@&8'P%":":".:"-

'"::" ""::~>~%NQT"''QJ3E,DONE.„..;;,~';:-'; . (?: CN&A4."::gk@e'..- "...~..&
~;:.4.'""~"'''"'5%%%:~"'~r'"""'"""'~~""-~-'NQ~TQ:BE DONE~>":~"('"."''>~Ã'''?VW@~~~4? ~'~~"'»i
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EXAMINATIO ME~TOD UBE S C IO 16-41-5

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE

BADLYBOWED BENT HAS A SEVERE SCRAPE SEE CRACK MAPS
DONE

SCRAPE DETECTED WALLTHICKNESS VARIATIONSNOTED AT UPPER END
DONE

DONE NDD
DONE NDD
DONE NDD

<~%~44i9K~R~-.: KC"".'.P:".:,:NPg!N":. M+NGT«<TQ.':BE!DO<NE%$R<Ih%~~$ !~Y~Y4k(S!i@'«I"..h%8::":;".",",.''+

«4')<'«?<'<<«»4c,'g <4N<?<(4»»wPz«":a JpA+<.NQ < O;B <DONE«p«<»»?«@?< <?<;?«»<«»..4i ., «.<4a<,,+„.%i4?««. »

Destructive Examinations:
Deposit

Collection
Fluroescent

Liquid Penetrant
Inspections

SEM EDS

Metallography

Tube Swellin
Sera e De osits

Descale
Initial Fluroescent PT
Post Decsale Swell

Post Swell Fluorescent PT

DONE WALLTHICKNESS VARIATIONSLEADTO "BULGES"TOP END
DONE
DONE

DONE SEE CRACK MAPS
~: ';:;:+lpga„.~4Prg<<.'+;:,',:::;:;.p',.««@y~".~a;:@@A~NOT?TQ BE<QONE'::y;P?«pppggPjcg'.~'jg::.y.'+gal@@>g,a4g
"":+."::u"-":"'-"''"'!'"':i''="-':-"": ':~<."''=::I"'Ni'":::-':'!:::::NOT'TQ'BE':CtONE+'''"@'"«<"

4%'~N:""""''4'""~@N45~:-"'@'>A>%Y5'.".'-"""

"'8~~%~%%ÃN%N':;.4.-". NOT!"To!BE!DONE:-$~<~ <SFPeP~<" 5%%ikk<:%~+'3%31+%%

Microhardness
SAM PS

g'j,.'@j»»«?~'..'j<«';»<«..'~«'~" .j«;g)P,'",:P.,":'NOT TO BE'DONP5?? ">"< .',Q<?y??"+i'.? g«(+P(P..»«gg)Q@.'....<'.+..".(

.;«q ~«» «::»"."..'.«':,'.":::.'mra«~zg':.@~ .»«, ~.r;.";:,'OT>TQ':BE',D'ONE;<"'? '",,e;,~««Pg.: . "::».':!?'": 'z<Nq~«~~»: «<v>'N".?".

Deposit
Analyses

Anal. of Non Leached De osit I

@'::::< «.":."(«<«««<.>,,"g~ ~~<";:~Qk«.',:,.»»«.:<'rs'v'' .«'<,'.g«,'i<p: i!:NOT@TO.'BE'OO NB&'~"":~""«?.?. i":.c?w": >: '?."?":.'I @<"gj,'<„»>'<'<???.;;<'?'r<',:

Leachate & Residue

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

«'-'a@P,.k~""~w~~»X:-''-">~%.:.'~%'c,"-Ã~NOT@TQ<BE..DONE@'~wC~~%A'.-W8".'%'.Ã~«4".-".";
, .':::,'::~cx»?A<<<<<g'« i«<?'~$ ,,jNOT+Q>.BE<DONE«««~ «?~~~p'<<«<'? .'.j<«?«'%.,<»j@. $j.P'N«:

'N@~j+y'.@)">«~~A+~~«g~?P4h«>~cic+~iP6vwjP?? NOT?TQ', BE:Qa NE@~4»P». «?P<j 'i<???? <''<::;?:i««?Pj«<»Pg«»«'~~~+
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EXAMINATIONMETHOD
0 ]/<et pgc p

UBE SECTIO~ -41-6

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

Redtetten Sutve e

Establish Tube Orientation
Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT

DONE
DONE

DONE SEE CRACK MAPS
DONE

5'4+~%' ~ 'c@"'A""'~r"'cr'~ '.8~:-NOT~iTG!BE",DG)E~Ar„.~~%44C~MNS'!i:." -": ''.:-;@"':".k
": ~ "~~~~'x."@'""~ 4""-":~~4+"&NQT4 O'.BE~DO E<""??~."'+ "

~pe@-:::-"~i~.
"':"~i"""'"'~""'ONE

NDD
"'-x'-': '-:::>":"'4~Wk~~+ @~M-"''""~~":-''e?NOT''TQ":BE<0'GNEISS~ c'.-"-@'""~d~:4i~'~7y"" '"'"-"-. '.

X-Ra Radio ra h
Helium Leak Test

Rotatin Field Probe ECT:'":::;::ll;'O'F~y,,~~~~.~~:~~MS%»':;.'N974TO::BE.:DONE@)Q<+-„';::.'4~<~+~.
~'~Z~<:"',~~'g,':IP~%~%+!e~~NQT<TQ;BE';DONE', ~W';.F44'g',;";.:~<,~kg:;;".-::::c:p;-a4@e;:4'~

.."'y~e.'4~%%<~:":~~sC," ~ y?~:.NO<T<<TG:BE::DONE@4<~NN~.ek'&"':.<&i4+X-:":~:":e:."~%%i%

Destructive Examinations:
Deposit

Collection
Fluroe scent

I iquid Penetrant
Inspections

Tube Swellin
Sera e De osits

Descale
Initial Fluroescent PT
Post Decsale Swell

DONE

DONE

SEM/EDS

Metallo ra

Post Swell Fluorescent PT DONE, SEE CRACK MAPS

~c.,'".,:,.„$ <p::.,;,)t:. $>@xx~w3?„'.$~9~?pz?'$ :.", NQT,,TO BE;DONE% /pe ?~&ye'.../gpy/ 8( +gkyecee„';,, +yy)pjppy
::;;y:ggxc."xx'...'i',.;,.~gg x<pg&g? y'Y8."""xc;e" x@ &~4!-'. ',Yc'"rN'OT;.TQ::BE::.DONEE: $M~xd";; g'ec",.:'..te-,,",~yggg'@@,::cte?,",,'.',y /g~e,".

':4"~x~e'"xc j'Cmg:"."xYc~<~~~a~~5i x'<4" .'.cxO'GTQYQ.: BE::DGNB~~JM.':,eee+g5 ~":>'c:::.':: 'y:"» ..'%4%

Microhardness
SAM PS

Deposit
Analyses

Anal. of Non Leached De osit I

<?,';t:(...'..„,..",e.,-;::::)c,);@@~?;.>::,'cy:,".@~"'~':,;:;@~ —...;,.:~"„",",;„N

Leachate 8t Residue

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

$"'i:': ')p?xc?Ax't x.':"„"';".;0');.:,';",'p~":~)I,","''.";ygi%<t~~i'N'OT:;TQ': BEt'DONESFp: ." 'j%4 ~?eyÃg'jjc'':,'?N e:.yy:.":.:::;.'.<)':>W~~~yy'".:c

='-"'-''~~y'~"'"~~""""""""'~<~~xxP""'"'"':-::-""" ''=hlOTTG BE'DGNE"<~<
y'xc'"jg?.':+..c'.".<equi,:„":,s'j'xx,~c'd+jl~sjxcppg+'NQ

i'TQ'E"'D'ONEP)j4e@c'jj'jp c?::y'pj6@yygygexy'pYAp>cjrdgy<?x..



I

,1

I





I

0



EXAMINATIONMETHOD TUBE S+G~ION~6-4 -8

Nondestructive Examinations;
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE

DONE SEE CRACK MAPS
DONE

~~~~4:".:.'.~%@~RA.'.~?-,.~A"'.::~~,='NG 'TQ';.B -DO':: .:~k~~~4%4:e~-.'%~
DONE NDD

"++'~Vk~&m OTTQ>BElDQNE%-'>~%@a~
'W~'5X@'""'«'""'"-"M~"'%';";.-;%%NOTrTO':BE::DONE@;"'-".:"4'-".~~ +~4""'' '' k':

'>m&"''"X~~~~~%4~~~i%+ANG4TQ"'BE:.DGNE,:,.-.:k~F~~~F@4%47k&t."'M'4":%~%
M>? ~~@"~'CMMPX~~~~~a W?<'~- 'NOT&TO~BE>DONE'~'i g '@~~'? +» ~Q+Q~''~~ ~~

Destructive Examinations:
Deposit

Collection
Fluroescent

Liquid Penetrant
Inspections

Tube Swellin
Sera e De osits

Descale
Initial Fluroescent PT
Post Decsale Swell

'.:~g~',?~4<>y@+~":.~'4)R@»~ ".,?.„:, NG'P TQ;BE!DO>NE<!'>4".-'";.cg~w~m~~~~'$$~P" .N.. ~
"~'@"'..-,;:.,:","+~~:,~s~m'»' ""':<"::.-'-.',.:,.@:":?:;. NOTTO.:BE'.DGNE'<'"'':~:"'"N~~~~~a~PPi'"":<< '"~AN"'r""'"'"-

DONE

DONE

SEM EDS
Post Swell Fluorescent PT DONE SEE CRACK MAPS

Metallography

Microhardness
SAM/XPS

.'M" '<':.4~ >k.!'""-':". " "'>~::>4~:>P

'4%Nc%'%'"'4%>'>5'<?%' <%v': .Yi..'.NOT~TO:BE'.DQNER%%%4<'::>r:::rkks&M:.'.<."':"35%%A%r%~FÃwpMwra:.

Deposit
Analyses

Anal. of Non Leached De osit I." h<a4 a+K +<.".?„:~+v„:.<„.g+~>~pg@c.,<<'?? .g <, >< NOT>><TQ. BE DO NEg<(<.<. h>. Awjz<I< gag>N~ ~A, w„,<@<Ay<"„„PygY<~>

Tube Material
Characterization

Leachate 8 Residue

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

YP~$<@4~-WKVWZ4$%>~~84K~Ã'Nh'<NOTTG:BE:DBNE@<'~V'l?@C~ASAA

~<:
''.>: M~'a~?'<P::+'.?:.'>?'83M'??j<<':;";<<':,'2+<<>'.x",NOT<?TQ':BE::DONE~.'::."..">:;;- <, P<.„<:."'Mi"~?qgiA~ggp'g~<,"~» ~i+

i"'jkic)@,'g?gg6i,g~p~?N??g:?<><,i„:<):<>'kg<?'c".jNNO<TTO>: BE::OGNE@N„';;:..0$Ãx'<<<??>'< 8~;~ilia<+ <'@P<F<>Pp<<
QQP&<< <<: Npj'~>M~<<<Rg@c <'<c@/g@g NOTTQ B+DQNE@PjP~Pdigq?>NJFPP'c~> F< gÃ<<Pj <> @P@z/4 ~gg

@gal~:,l~r4.;.: e,,'",:4-.!le=.';;.':),";<g4e;4<4%! NGTeTO.BE DGNE';e:;.".-@PA~.;:(:.'::4k~gk<V~<",~~(@@eh".">
:: ".4-"-m -":~'~e< -I'< 4?'."~kNm ':NGX';TO::BBDGNENk!::;.'-::!"'"-.:F'!'-:~~>"..'.<4.':"'::., ml<'..;.:.",.:-.-.'.l".:::a"..:.':

PRELIMINARY





EXAMINATIONMETHOD TUBE SFC IO 1 6-41-9

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE

DONE SEE CRACK MAPS
DONE

-;:4.-,,'%>M4'~,;.8, NNGT;.;:TO::BE-,DSN&~MR<N".Mg@ke=':k:"Ã@%%.:4:;:m~':;
('...iP.'.,"jr'.'»'„ri'NQ: TQ+ErDQNE> "'~>?.,.'?((>~?;»%g~g'~ '+?~g'>$

(('>?»»c%%+~(P»@'ONE

NDD
% '-::::l':::."-':::="'::''":::>~"-:""::."-'"'Ki:"%W'""':~"':(N:NOT&TQ8EDGNEM-'::~NS"''"'Ã'-:""%'-:~%"'::::="'--'"4-":M",':-"

Destructive Examinations:
Deposit

Collection
Fluroescent

Liquid Penetrant
Inspections

Tube Swellin
Sera e De osits

De scale
Initial Fluroescent PT

DONE
DONE
DONE

:>, "j-'-':.'::"„":::::-";::„'"?.;:gg»~ng.',~y~~,, y'„:;$,:.„"'~~; j~PgPP~~~ g0T>'TQ'. BE DONE?? >',?":.r~N w~m~~gy.?~»~> ~q Q?>~ '?."":»," .~@»

SEM DS

Metallo ra

Post Swell Fluorescent PT DONE SEE CRACK MAPS
N'".::.:-""'!i:-'.':::",,.:,ii":;(',.;'":::",~ZN';;-';::::':::MAR~>%'p,'NOT-:TQ.'BE'':DGNE''.'-."';.:i".-FRIES'"..:.NN%$<i
'"; .;: .Kj,"(><?'..'.;:j ':; j,::. j';.':"j:.;~i'(?<,P(>A,';>'<v>.",jYNO'PTQ BE','D'Og E".:,.~,'?g„:: »">~~+j~~~$"„~~~»>~~+wp>((??'<gj~Q)%'~Pjwz

Microhardness
SAM PS

:-.""':>?(:."".""".'"'"""~::,'::.'»i"::'::><:."'""'(P<N:<N'?>'>"$(>iN"<:.?<NgT~TG:BE DONE~~?»j@jPP~~': »?jjk~?~~jPP"'~~>'"~~~»PP@~~~~>-"-:"

" ": "'"""':('» ':::: " '"'8 ': i"'»'""'" " ': g':'>4NQQ'TQ'BE'Q'QNE~? ':"" < ":""'. """"'" '" x'""g»? 6'i'?g/»??';c!%8'»c?

Deposit
Analyses

Leachate 8 Residue

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

@ri:-'<'-"i".'k::!Z%'4KPN!<>»>~~i.':'"'.''-'."':@%45~+m(K4NGRTQ! BE!DONE'"'.':%~~/3''"-"~""~.'»'~~"~~NÃ<CN~FY~~<'4~~~>"'.

":'-.>(::"::.-'':".:'':'~"'".CvCCPN":..": ''%%a%%k NOT@TO.:HE'BQNE'@@>='%""'$@Ãw~+~~4"'P~~~..»:.'~"' '-: ~W;.';:.>~'"l~%~%!'.:;4%,:hlOV.TG BE DGNE -': '<M'-'~
k~>;;i-',>4:::.;,;~~(?((~»',.'!Ada;".".'(? +@~@44@gs gQTjcTO>BE»ONE'.;":~~:~» &g>'~~~+::.~~»>~g'?S>(» ""'""'"::

.ay;.»~g@~!:;?::?: .»>„"(.,';:>: p~~@~;:cg»~>v?>~a„c.,p NQ @ Q gE DGNE~~»~M>»@."".~re~~(»»g%>i~~'" a~~~8-"g@~>%<
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EXAMINATION EIUOD UBE SEQ7L0~6- — 3

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT

DONE
DONE

DONE SEE CRACK MAPS
DONE

yr>'»yy«»r "'« " '»9%'AFQ 'Q" +<y p» P + 'T>«T0 ' 0 K)Q'" r<yrQ»»)y~ ~++)/pre+~<»+rex) ><<j)))<a?

DONE NDD
'i':"4~<-"'@m":-'"'"r%'wWF+XPPNOT(TG'8B(GB E+~~Ã~~4%%$+.'4RR.:R%

X-Ra Radio ra h
Helium Leak Test

Rotatin Field Probe ECT::"~P~»Wg~~, ', .~~Ykg~@~~%97i TQ)BE:DOMES%„'WPg@+~gM~'g"'r."''-'',':Mj„':;~3''<~
Y-=.;-r,:.M- -~~~y%W ''NGT=:TO.:BE'DGNE~~% m~~~~ y"~y@eCANNOT'JO'BE<

D'ONE'p '"":444~

Destructive Examinations:
Deposit

Collection
Fluroescent

Liquid Penetrant
Inspections

Tube Swellin
Sera e De osits

Descaie
Initial Fluroescent PT
Post Decsale Swell

DONE".
DONE
DONE

~ry.::: ".:::.::g>+4::<y:>»><>'+@@i~'<gr~+f~~44><~@'«r NOT<TO BE DONEE.:w"<»«gj>r)N".'".'%::)a)'ppg)yg<r>p;:;:;;:!'<;„'!r'<;,',p>

SEM EDS

Metallo ra

Post Swell Fluorescent PT DONE SEE CRACK MAPS

+Kg:,.~,.">g~».'w~)»),<«><)@~"~":.; y»",:,, y r~ NOTrTO BE DONE;;$<'y?>)~a>;. ~'.-,'.".'~.,",.',,'..~.",.<kg~.'::r', j$<$ :.y<<r'"Q$+p
).'":,)«g.g::,"«'))a::»'»»y»'»?<„»F@gP»'r'g»y:.">a<'~:«ay., NQT>>)TO:BE' ONE»><'~) y '.«'g~x<%"'K<«?~@4i?> 4 <' r?:j%:::>Pay@>,

.<, .<?re..egQY»+<,,Avaw >r>... @~~y,,~«,, NQTTO BE, DONEy,. +,,per«»?)a«>»g~,,@<<>)>>.,?..% .@p)<«<,rk wc,

.<»«RR',>y»«:.»y»««»Q''>P»»<+ra>yiz4N >',:. '@v«"y»+y«»)? NOT?TQ.: BE'ONE?<?» ?rN,"':5:;.@,.K)»g4. @»>.;i@@~'>)ETC»y '4k «@
rrr'+r.";:r>"„c,".,>'".,@A>; r~P+>~»)a@@»r$ @F>,,,,>a NO'p'fO;BE: DONE)vg~gj<rv ) ','a»?:,'<:; y»??,'„"."..",':.'wr~.„;<."?~':::;;yr,",<r><~y" <a

Microhardness
SAM/XPS

'-""-:""''::::":l':"-'!"'-":'-"~)~"":<='"'""""='l=:"-'-':;-:;-""-":-':-'';:---':-":NOT«TG'BEDONE+"'-.-:-r::;:~«A'dr'"""k:::kP4W>j@'::::::"'::@''<q

.";,;::..i!:;r'„".-.,~@.""..":<e<'! '„"".:.'o~%~,";,g: ':„"„'~~.':g ",,r',".,„..':-,...,,',",,.. NOT>g Q BE'DONE'»~i'".„"~i':'„4;~~~~r.".'r":".,."-':".!»r~%g'.migs,'„:.r$!r?<<'.,:;.yjPar>

Deposit
Analyses

Anal. of Non Leached De osit

Leachate 8 Residue

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

g?) %%'») rp><<. <> ~»~<ccc3jy,. y4'.r..+a«y'. ".,';,,'.:...,'.".':.'r".>NOfgTO!BEIDONE

'-<'.-'-'»~"«>~~" ',-- >-'k4'a«~"::::;-':: "-""''<»"-'-r"::.'-'-''':NOTTOBE DONE
~»~.~'"'>~':4'e:-::-.!"-"""'~'~4~"'@Pr'>??<A@~%'';":i&'~Y».i:~~~%";;4':"'"P:,'::i

'::Y'h%":"'.'"":;5NOTTQlBE.DGNES'mk&kk>&'"':..'.k~.:':~M'4%Fkr,.'-"''4rii''"~,"
a a~~<«a~ + ~~r~<~~»«««<a>ra>>>g~. ~«..NO7 TO.BEC ONE~<« <a r»»)~<<pc, ~ )ga r?) yQ .?y«)g gaa >.@ .)»+

>") )''~>4 ..'"<$~» "g'i"@gP~r~»'.~~:.""~NQ jaTO-:BE:DONE> "g$ ~«« ''»">'+gQ''@Ã>'<:><~"" g"'i~a>

pRFLIMINAFI'»
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Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements

DONE
DONE

DONE SEE CRACK MAPS
DONE

W::<>%M~<T'»''::,:,:
'

»><:.',«i'..NGT<T>O:BE!DONE'. ».:.. 5%4>4m~<~<:—,.'3<%: 'l'E<f<T
vga»>>«««p ~" ~g«~<>@c ««+<'.;.,<><c~j~ 4~1%><c>ger~~»~w/

'

Q
.

E> D»Q E>(<
«. ~~pic ~<«'jy~ <'>'g)j; «g~««~~~ (<c«>»~~>«««@'<~;, »

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Bobbin Coll ECT
MRPC ECT

DONE NDD
i@i~4"-:;:™N~c.."..:.W,'';n-~>i."444<'-,~"'4NSMG,"8 !MNB%v''-Q

Q')":,'«iii'"';:gg4lg::"y,-g"'otatin

Field Probe ECT l.".'"'!F>~.::4~~~PFiMA>,":>,":,9)="~r
«<«p~<«'jr«'~~>g'.<I'«)„:."":~' gAEWc~~>: @@%~NO @TO<BE>DQ>

"
E+<D<'>~<~~QRC~~%4>'~c>»E>'<<$ >'QM'>i„:c~«,«pp<'««>

~c ~>~«>~@~rig«: AgQ~g,,~ y', ~S~P»«~>> p~X+pgcNQT<f{),'BE'<QQNE<«Re>: ', ><g<+vÃck~«» ~+~k<j»',<jpLÃrc~s."+/@can:

Destructive Examinations:
Deposit

Collection
Fluroescent

Liquid Pene'trant
Inspections

Tube Swellin
Sera e De osits

De scale
Initial Fluroescent PT
Post Decsale Swell

~~~~~4~~~~~il '-,.'<i."':"'-'i'~WK~NQTrf0!BE>DQNESj@N'~~gg:~'"'--'.':::'-'»c""~>i'"'-"~'.:.i
DONE

." «~<@>++~)w+~>~«+~@«,.»,...,. y>«g)«~<,i",.NOT<„TQ BE DONE+~<,.gi»,.;s >» ««a?g+gr~~ ~»<,

DONE

SEM/EDS

Metallo ra

Post Swell Fluorescent PT DONE SEE CRACK MAPS
«>g@Y'::i.":i'".4.'eN':i'!8>%!4!':;::::;:-'.:T<i.'::i>ci';.:RNki:::;NNOTNTQ!BE'GNE«!~M)>«i»',",."'SN%4,"".<k@Ã:..44K.":"...-''..«$$ ;:;.

:'-"-''-'@':'""'":-'8"''@:'-'"'::-":'"-'-":~"":-'':': "'-"'-'":NGTTQ;BE<DGNE "P::'-':>-"""

--"""""'"-"':-"'M~-.-':":":-"'~~:-'icrohardness

SAM/XPS
'.'»'c'''' ':: '. ''«+gag '. ''',,'ging",E>'Eggs;::,",;::.'::q«q<«Npv::: NQT''<Tg:BE DONE .>««Sg .'«c<> ~<:''':." >pc«b'. «4» „;":,,''><:;,i,.g

Deposit
Analyses

Leachate 8 Residue

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

,@«»'.y.-,«~~ <„:. „<@4@«g«6::«r«.;<',;,>~«g:.'.,~:.",~ NOT<TO', BE>DONEE>%~'«~».>~~~~ ~>c~~."."icy'";",:„:
'«'.',»<@~4'..:,.;,,:;,<., 'c>:..>gj<~;;.g>)%gg+wqgjj@$ NQT»g g<BE>'D'QNPOPjÃ~4Nxr;,",Pig«A+%+>jr".~N@P+Ty~~«PPP<;

I';":.'.:.".-:;i::"'::,~i'ZP!«NPI!::.:":":=''

'rc~~":."'~::j%~~"'«<4 ': ~<%Ã'"W>«>"".-" ~"'":~4~jNOT«TO<BE'DONE~."'F'+'-rr'"'.":""~':"'".~~~'>.'~«~«'> '~Fi"-.

!«T<: ~:: """~ @«'-'"4>SI>."a>v@«:: '" "::~~ +"::~:-::@NGTA 9 BE;DONEE:"" ""~v-"@@'>'"~~'i"~~~"""'4".~~~-'."c FYc<'4

PRELIM <"~
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EXAMINATIONME OD UBE SEC ON 116-41-16 0
Nondestructive Examinations:

Receipt
Ins ections

Visual
Ins ections

Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE

DONE SEE CRACK MAPS
DONE
DONE
DONE

DONE NDD
.".,:.g<g+««>«'xe;.6'Qc",w~~'c>yg>«'.P?s~~~~j<g~ccyx x.gOTgfQ BE DQNE+R@y'y'>~BY+Ã ""p>'.,'g~~~>. 'v'"<g'g«p»> "";,„

'":::: '::'~y':':+"""-'"': Y."'-'-'"::::.'4%"~@~-.::""."'":NGT'TQ::.BBDONE":i%::iX~P>""'Yk(+PP"": -:~%'":4'::-'ll-''::='::::4

.:""$.".'.".y'.;"'."x::":NXNcc '.",'".:@%~$ <Y>xZ'v"',"v+>c«>M"pA'O'pTQ:BE<D'0 NENES'.y.::?'..'~"'AWP@?%5jyy'gy.,',";'c~p.
„'xx;;;v"', 'y"..~

Destructive Examinations:
Deposit

Collection
i=luroescent

Liquid Penetrant
Inspections

Tube Swellin
Sera e De osits

De scale
Initial Fluroescent PT
Post Decsale Swell

DONE

DONE

'?.",.'..«C>&«« .?>~v,.>«,:.~C,:..y:. «X?Xvv . ~>v,:.««,

SEM/EDS

Metallo ra

Post Swell Fluorescent PT LIGHT IGAAT UPPER END SEE CRACK MAPS

4@'<4"''-"'~"""'"'"'''-'"'-4':'%W''''4"'~-:-"'"'''->::-:-'NOT'~TO'BErDONE»': '"~%4<'~~(: > ".''4K%;F::-'"':.-':l
'-: 4%@x«x:":y!Ny&~'"::8''y':.'~<':-"j'wV~~w@x?<'@NGTvTQ"BE>DOTE'y~<" cr'"'"'"'::N~~

':'.««'px>g.;.i;.>.'.:,:@™Qy".,'.:c@~;.'pw4,:~'xyyxy.c":"»,'.,',NO'pTOrBErDQN+Dw.@«<xi<'M«x««"'&"".p@x%+x«xx:«%p;::;gj?yy

@'':""':--".-":-':l""".":..":"::.'".:lS'';."::::;~K%":,',zP'P'':'::""""'~='NOVTQ!BBDONE"-"''-'"'-"'-Ã$K:,
,",: ~..':>':;:.:::..< yy'c',-,'<>'~ggp'.'?"",:.vga",;j~?j~N-::4'x~~ ~«><~>x«NOT?yyTO. BE'>DONpasp$ <A<".:.c'~j@Fx«c'<v ~<'july@>jc~'@Ã ' '"::<":xp'"

Microhardness
SAM PS

'.g:;.',:;'.„,..'Ly;::,;.::cgj'?>;.«~'yy','.::,:.'>«@xx>„:;;a).';.,"; y'«?:;.jNgri «,",:,::,'y>?g I NOTTg Ig j'DONEE"..'",."...",„"w'y',"~'%c(jj'„..cga;:.gy4;;:;:„;";:;?:>«? .;;:.:;:.;,«;.;.,: w,<

Deposit
Analyses

Anal. of Non Leached De osit i

Leachate 8 Residue

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

P%"::''- -:"''x::?'M4":-r&P"'-"'--'-"-"0"':"'""'NBFTQ':BECQNE-'"'=-"x~~"""-'"-~?~:~": ="""""-"-"':

@e'.Y«c""'" ."«'""'""'4'"@4>'i>'«K@@"'"~':"g@i?IOTAS]'g>BE: DQNE~~~@x'~p'~'""'~ppjA<Q~~~"""~"'x~yy ':!:;>y'@)r

%A":" '-Vj'hc'."<:"%Q'RpÃer::%~;:~"'«?:.y>%?<NOT> TQrBE.:QONE@~%@@P 'g~(gg@~o>~+yyp:'c>.': yA";c,":8''xx
.yxx%:<', <?':p,;. g 'j c y9>., 'y?xrgyx?>Q'~)ca 'g NOT TQ BE DONE)>'<~«c«v«'j~??? ~K~ccy~y Hv'j~,&Ay«'2':

-y'@x«.«y«%By.'::>yc?x«'v:..xÃ~: y.';M«>:y«FA„v+w.v,',NMTS.BE>DGNE >CAmmm%'«x>yxc>xt>@PmN~NA?:x>.'«'+«.«8N4$X
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EXAMINATIONMETHOD TUBE SECTION 116-41-17

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspecticns

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT

DONE
DONE

DONE SEE CRACK MAPS
DONE
DONE
DONE

DONE NDD

X-Ra Radio ra h
Helium Leak Test

Destructive Examinations:
Deposit

Collection
Fluroescent

Liquid Penetrant
Inspections

Tube Swellin
Sera eDe osits

Descale
Initial Fluroescent PT
Post Decsale Swell

DONE
DONE
DONE

SEM EDS
Post Swell Fluorescent PT LIGHT IGAALONG WHOLE TUBE SEE CRACK MAPS

5@'@-::<4;:!53@'.'.."':..';::::::";,;:::."':.:4;::".'etallo

ra SECTION B —DEEPEST IGP = 2 MILS ='%TW

. i'":A4g..",::::!.",.:5,';;;:;::","':: 'A.'. @Kg'ggg?P4t«":" No'PÃfO.'E'DON Er<P@Ng~@jy,,",„~,:ggP':: -'P'~gP::;~%r>:";g~ ~.@~r'~v'".;:

Micro hardness
SAM/XPS

Deposit
Analyses

Anal. of Non Leached De osit

Leachate 8 Residue

::$':;< g@gi<x$.;gag<;:::,:::,"'?;.;,')Fa~jb<y, ~xxgx<b<cv'Nmg NGTATO;:8E<D8NEc<rk<@vrAKNN.imp~

"<«<>cpw4'.j%+<.".<~:"5"'"'x"'0"'" <'x~<g@xv.'. gN>'<,'NOT...TQ'B DQQE@Pp~~NFr'@i",~>,',cjPpm "v'::<pm'~," 'imj>~g~<+

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

ModiTied Hue Test

4%4<@%~~-"'A%4%%Ãi'"';"-.';.'<-::Ni<@":~'~PNGT::."TO'BEiDONE44'~a~'"~;-'@"'»'"'..":8"".'M@~"~~'-"'%'-'':~
K~<'4".":@'-'.~W'%"'P::::4'':;:.:'.;.4:.:::;„",";:.',".;.,:4"-;5'.:;:~5ÃNO5TO::BE99NEQ:::-"'<Ã':~~4'~"'""""~~>giX@N/@%A<<A

''"'8 >~<4k~<"'%~~A+::<'.".<:.".".".'..<t<~~: 'M%~'44NOT+TQ BEDGNE~ '4~r~~'~'@~kPp;;~:4<.";~<8p+P~,a x
"~":=:~"4""si"~~+@"+g~@NOTTO'gE'DONE '~" "Q ."~ '"'~'~~~++4~~MsM

'""v'<."'"'oc""@<is>+~'~5 ii"".'".:"::"':~~a~'.NQTkTO:BE".DGNEN'~'""48'Ã~"~""~+ '"+4>V&~'%%@~>eW""

PRELIMINARY
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UBE SEC ION 116-41-18

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT

DONE
DONE SEE CRACK MAPS

DONE
DONE
DONE

DONE NDD
'.>;.« .,:;~~:k-~i, .:-,-;,,~>V...,.W.:",.l';,,~~ 07478:.BE<5ONE@e~M@> ~:.„:<,.~.~g.:-,~':.>.':".„-,..<a~ «c-,

X-Ra Radio ra h
Helium Leak Test

Destructive Examinations:
Deposit

Collection
Fluroescent

Liquid Penetrant
Inspections

SEM/EDS

Tube Swellin
Sera e De osits

Descale
Initial Fluroescent PT
Post Decsale Swell

Post Swell Fluorescent PT

Kp(,.'".M':".. 'i~2i+g4~~"~i.: « 'go%TO,SEf00NBWYg'4l"'>MgA~«" Pp&~4
'~X@.:".~+~~i''~~,~~~".'";~ <C~P%@iNO@TO BEoDONE<ap@~&g'cP~M~Ã+~W+'Ps~~ZC~~VN

DONE
':~~i~~-'":~%~~4.'X~g~ +."NOTTQ':BE-'DONE«,".'NN%$+%N4 ~~X~~(% .;;";~~/~

DONE
LIGHT IGA ALONG WHOLE TUBE SEE CRACK MAPS

ger~«c@i'„" ~~@,.gMps@g:„.".@PAL w'M~NRBN"N

OTTO�.

BE Q QNEcxyg'g«~«'«y~<M«iy@~~~~Ngw. ice.".".""+<@~Pi icy'>

Metallo ra SECTION B2 —2 MILDE~EP 5%WT IGP WHOLE CIRCUMFERENCE

Microhardness
SAM/XPS +'~gp~g«', „':,":;,",':~~«~" ">~~, ~«««+'~@'.ye.', NOT„TO'.BE Q ONE,":a'~sr. ';z~aw.+'~g~@q~""' 's„''~",«'+;

Deposit
Analyses

Anal. of Non Leached De osit

Leachate 8 Residue
,'.~~.'«".:g~ '.%: Qz@r"z v."">~««««'" F« '~+' NOT«TQ'@+<DONE%'$,: +;.'«>yj:g<'~gggj yg@':;~ ~if';.~~'::g, y.;.

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

'gg ~yk)ggh«@kij'gg q ~9P~g~«P NOT)TQ BE„QONE,,;:,'j@~'0 AP<w@«!k(YJ".~g(i'g~,:;:>~rA:,@Pgv," '

,'.~xP," "~« '", ™~::wo~~g~;,,gNQTqTO«BE:,DONE'.. q@q@!g».-. ~4@+x«qA~N~".~ ~.:;.pg%yk~:
"-,"'-"::i"-:::='::.:'".:"i'~'W-:;W.::::;~i:,;,.NNB|",::TOSEI'ONE!%WRP,":!MiPa";k',"':M~':::;i«W-,'".»':..

PRELIMINARY
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~>L- U~BS C 0 — — 9

Ilondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Suave s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE

TEAR-SHAPED DEEP WEAR MARKAT TOP END SEE CRACK MAPS
DONE

WEAR MARK= 16 MILS DEEP
DONE

09H+1.1=IN 7%
09H+1.1= 0.6 0.3 OL

DONE
DONE ONLYWEAR MARKSEEN

NQT'""TQ.BE,: DQ
'

~ „'w$sg~~ Ry. 'g4„"„~%~g.

Destructive Examinations:
Deposit

Collection
Fluroescent

Liquid Penetrant
Inspections

SEM EDS

Tube Swellin
Sera eDe osits

Descale
Initial Fluroescent PT
Post Decsale Swell

Post Swell Fluorescent PT

DONE
DONE
DONE

y P> N>g ~y'wgx gyy '"4',
> ~~~~~yp+ No 4TQ i BEAD 0 E: >q+< )'Aygv >gy+Q%g+f@pp@wp, >> gc A>4>>p

DONE
DEEPER IGA PATCHES LIGHT IGA ON WHOLE TUBE. SEE'CRACK MAPS

CONE„WEAR MARKAPPEARS TO BE MECHANICAL

Metallo ra

Microhardness
SAM PS

SECTION B-1A NO EVIDENCE OF COLD WORK AT WEAR MARK.,
SECTION A2 —DEEPEST IGP = 2 MILS = 5%TW

~ÃK4~Rs8>~~4 0"'4' '""c'.:: 444~':yP' 'OVA'TLQ:BE: DONE ''"""">y44~%4K Pm>KF: + y'Ni@i~
'y~&WSY'"'>."gy'."'c'"KPy>Ã>i>"«"~4"'".":NP>"ij"'"""P'A@pj" 'NQp'TQ.BE>DONEE'~@ps s@pqi j<giv~r@y."':r/<'jyiy:.'."',>,<@p>agqikPxvgg@

p@(Q;(".(g>;.'QF(g+p~'>yy.„"<c.".@>5<>.;.,'j++o':.';.>>'@'>>pz+)~P'N'O >TO>'BE",Do(E@(i>K.",s~+is>'Q><v'@:.<)>y,<+pQp'>4P>>>jpvp,'B>yp N(,"

SECTION B-1 NO HIGHER HARDNESSES NEXT TO WEAR MARK
2@'::.-":y;-:;.::i)'!s!@..+'.„..:-',:",;.'-„'~@",",':::-'',i.,:C~.'.<.,".C',:!".."j.-','.(0>TQ:BE:DQN >$:y~."..4kAgpgp r'„"-"„-'".",-",","..'>'>„.'„.,:~g'i",@",.jgPgy-.

Deposit
Analyses

Anal. of Non Leached De osit

Leachate 8 Residue

PENDING, FREE SPAN DEPOSIT
5".'7%4'",i-:.,:;::..M~"''."%>4k';::>'.''.:";NOT,:;;TO:''.BE'::DONERCNNPSFN%%4~~%~~%%':,l4'".%.:
.~"~-'-""'"''~K+'e~'"":~@~'".~""'~Kg~~"":"'Q-':I>IIOTTQ:BE:DQNE4>~~s'"~PS"'"~~'<"">Pl:>@:"""'"':":"'~P"'":A"

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

wW%4%. ~«S%%4F~"%5%4"":"'NNQV478'LBElQQNEÃ%~%4@4NNXNC"~"""-""AN'<-:".'"''
Fm~@~M<"" 45%i%'~+~»~~&MA::.'";-'".''>!:".%NOTA.G;BEfDQNEiY%%'''.~~3:~r+M4%@W~B'"'+44i
i%%F5%4~~8M's'-@>%@s'@M~<: "ÃNONOT~TQ'BE''OQNE:."J@4@i~4~'I): Cate>%%RNW&l@~~
'":-"~ '""""~i"""""i:&"""'-""-': -:::." @MS'.'NOT''TQ;BE>>DONE"..~."~%~PS".'+ %MS;~:
I" segA~y'+"hyL'."'"$'~4>~p":yv~>s>N{g~TO:gE:/ONER>::.4.5Ãyy: "se~p'" "":y<yg>:"'~~yy>+.

pRFLIgigAR'I'





REVISION 2

xUsz 2 9 -2 4

03H
98 '5** rWHIP CUT AT 94 15/16 FROM

PRIMARY FACE (3" BELOW 03H)
j-

43 <<*

PIECE g4 — 22 1/S

55.75
2" TYP

1" TYP . 15 2/2"
40. 25

A
I 16 1/2

PIECE g3 — 25 1/2

PIECE g2 — 23 3/4"

DRILLED WHIP CUT
BELL — 0 5"

TUBE
SHEET

23.75 PIECE gl — 21 1/4"

1.3" DRILLED OUT
OF TUBESHEET

(3) VERTICAL TIG PASSES
FROM 24 1/4 TO

P3"'2)

SPRIAL TIG PASSES
23 TO 1.3"
(I) <~~pl Tlb 'glgt: lo~riht)5
3o-x3

* DISTANCES BETWEEtl CENTERLINE OF TSP's (01H IS A 1" THICK
BAFFLE PLATE AND ALL OTHERS ARE 2" THICK EGGCRATES)

** DISTANCE FROM PRIMARY FACE TO CENTERLINE OF TSP
IPOTES: NOTCH IN ~ ~ ND+OPPOSITE TS)

6-
iU

Q f;

i"+j~i
'gi
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10- Jun —93 TUBE SECTION 22 —13 TUBE SECTION 29 —24

„EXAMINATIONMETHOD
PIECE NO
2 3 4 5

PIECE NO.
1 2 3 4

Nondestructive Examinations
Receipt

Inspections
Visual

Inspections
Dimensional
Inspections

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hotog~ra h
OD Measurements
ID Measurements

D
D

«)<y» .

a(M

D D

D D
D D
D D

D D
D D

D
D
D
D
D
D

D
D
D
D

D
D

D D
D D

D

D
'»»?aQ<i'

D D
D D
D D
D D
D D
D D

Eddy Current Bobbin Coil ECT
Inspections MRPC ECT

Rotatin Field Probe ECT
X-Ray Radiograph

Helium Leak Test

:;a»(e<'.

D

D D
D D
D D
D D

D

D D
«.?:r<(?:„:

D
W~<«a(r<«'., p

D
D

D D
D

Destructive Examinations:
Burst Testing

SEM/EDS
Metallography
Microhardness

SAM/XPSI

Tube Burst Testin
Stereov~riaoallne eoiion

~Photo ra h
Sera e De osits

D
D

:.gjrq:,o»'

'gN„j p
'4'.:i?»
+»»W~
((««.(»e»?

p g."»<.<h

p
D
D

( «Wee

P..:-?
(o;«»c ~ y

ro»O„'rrÃ<(

p (:+M

p @'?<(«<

<g»y<(o< r(gN»er

e»(»««»

Deposit
Analyses

r

XRD
Emission Spec. Semi- uant

Perkin Elmer/Total C
I~SE CIA F

ICP Pb S et.al
Ffam~eAA Na

Total S
Leachate

«<?AN,
1

1

1

:«>:e(a a'a4;

'<ry<»

re»:~': 'C$Y'< -":,':or»<<

<"'''xg: »aN"'4'>~pl~g

'73

,.J3
f'0
f

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

5~~a.'<yh
<wj~F, '@

e't~<@ yPog
g',"'„::„'..'M~)%

X,"'gg ~~a,'?

»:4'~ @SPAN

gj???'

To be taken from non-swelled ring adjacent to burst section. «e«< «

«
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EXAMINATIO~ME~OD uBF SFC~qKg~ 0
Nondestructive Examinations:

Receipt
Ins ections

Visual
Ins ections

Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE

>@++ xe4'1<+4: i~ i. ~NOTNO'B 'DQ 8$+P )44)- '
+p%44"@%@@4'"'~4

z~~~~i.~+v>~~alii~~'iiiz~~~~K~~+@.."~ ii r."" m.NgT>q'Oi BE,"GONE>~i<<~m~ ~pi~'~~gp@~

++~~~~s+P5>;++~~~~.,'.44 .miw+ij+~j>pj5am&~~~~i.~ Q.P. fQ'.
B E4QjoNE '>9~',w~M@~igP~."'~wiii@+i$~wi~P~~+ <:i"i".4g

~+"-'::'.'::,~~~,'~4~~4%$~ÃjÃii ."., ~k.-.,-.'::NGT.':TO BE!90NE""wP~V~A~~~4-'~~~~.;i$.-";"'::4~~4

NKg~~~~q: "''~4~~'%%% '..:N~<'NOCTO!BE'DONB%58 -w~'%4"'%@~~'>'""~'"A%
;;, +i':-":,';~<'"'..'~',.~~~ ",, .'".,",«w>MOTTO;BE!D'ONE~i " ': '~"" '%<rN~~M.::5YAN

":-, .;;.-,":,'-„'":,::".'„:",.NOT-'., O'BElDQ Ak~
Destructive Examinations:

Burst Testing 4%%@4 "~';":w~%<-""':-.'SIMBA~~.NM..O.':BE!88NEX~"""ke~w»;:,, 'W'~~~4'&4".':-:Ni.kTube Burst Testin
Stereovisual Ins ection "'5%8~'-"-'XiV~C>~~~~;-:.-"-'-'4:-PHOT«-'- O':BE'O'GNEkeeFWP$ 4Ã$$

!KN'-i~~FcÃ@:"C4'EM

EDS

Photo ra h
Sera e De osits

'',:::":4 ',"'"'.4::~ ~w<>X~~~"'~"><~>,"~~"-NGTA O'.BE".GONQ~@!'~ SPÃ "@%%<i'""~~'Vl'4<'"'~ÃN
~"s%':"''~'"') ~ '~+"""i++'l~+''"'~'"'~+i~i""..i~»"iNGTiT8'EID

ONE@'44/++''rs)Y~~s4~>.'gigFc".AF~ri~r~+ic(g%%<~i'etallo

ra
Microhardness

SAM PS ow:.: ~'.N444~c~idyiA4q+>>x;.Si@%%@.,j@i@:;":ÃF@NQTpTO'BE'DQNE'~i%(4')ejxgV~~)4~, x@:: +>p 'isA@pp. 4N

Deposit
Analyses

Leachate 8 Residue

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

@;.'..«5P..w'<@pi<.v.'.,5': ',i; ';g .NOY'fQ BE,"QQNpcg,;0'Pgb%%;,,~g(5 (-:::GsNM'jets(Q@g>'PgPc...+Pyr@.

:Kii:".,":.4%8<'<54%aiai~'444 . SNi@RFPSPM'"... NGT.."TQ BE D9 NB~@.': .' ~ M''SY::A': ':<@i'4+iFN'4"@i<'SeeÃC+

PRELIMINARY
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EXAMINATIONMET 0 QUPg SFC~IOD~J9-g 0
Nondestructive Examinations:

Receipt
Ins ections

Visual
Ins ections

Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto r h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE

DONE SEE CRACK MAPS
DONE
DONE
DONE

01H+0.05 ~ 0.6 (98%
OMAH+0.05 = NDD

DONE
DONE NO DEFECTS NOTED

DONE NO LEAKS

Destructive Examinations:
Burst Testing Tube Burst Testin DONE BURST PRESSURE = 9 662 PSI

SEM DS

Metallo ra
Microhardness

SAM/XPS

Stereovisual Ins ection
Photo ra h

Sera e De osits

DONE SHORT AXIALIGA CRACKS NEIGHBOR THE FRACTURE
DONE
DONE

CRACK PROFILE PENDING
EDS PENDING

SECTION XXXX,PENDING
n'j~!+jjkPxc,'„'',;:>."'K~g'g:.:z.".g:„''"g>@;;.';;:.!:;;~;4gNQ'PTQ, BE)<DONE>P>;,„"~;(>„'""„'.~>g )'<p'g@@g<~~Q~g>>>g((@y

Deposit
Analyses

Leachate 8 Residue p4<y..g ..»'...;:; gqg...:,>> pP$g.;,.P.;.>~4. >>>h',. gg sNQT:, TQ
~

BE DQNE:....&.A:,@Pc'.6 ...$%>@c+j+@Y8.,A(,, cc/wYY: x.

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test
Y<(>>~>"p@p y'@yysggxgy.; .,:,Yj''>>>; .;<'<kYgkgg:;F>>:.>>.„" NOYATO.BE>QQNg:%.Cr'~N ",'A;%'%, '4:"3Nc'gg >> Nsp">>":,<'Kw<"

~„'!;;i;.'::;:;::;,';.,."i .'':c.':-:".''~<~i:&"::;:"':'::::::,:"'':.$i':g";ifÃ>.

PRELIMINARY
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EXAMINATIONME OD

Nondestructive Examinations:

UB5 SEQIION~9-24-3

Receipt
Ins ections

Visual
Ins ections

Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Suave s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coll ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE

DONE SEE CRACK MAPS
DONE
DONE
DONE

DONE NDD
DONE NDD
DONE NDD

DONE NO DEFECTS NOTED

Destructive Examinations:
Burst Testing Tube Burst Testin '..-""':-"MS~." 'c":~ '~-."'~Wm&MgmNQ j@T8;BE'.DONE%!%~A<~~%>-"l%""-'x':":@'~'~"''"~'"'>

Stereovisual Ins ection '@4)354-"„'-:-;-;":>,':,'":,"''„:;",".4%4.::-'.Y;:.,'":,;:"::::.".'~",.".''.".::

SEM EDS

Photo ra h
Sera e De osits

'+~c "+'-''-'.".': '""""""""'""""~'x'". '" '44>NGVx>TO BEc DBNE"'~4 "xx%%'~»4''+A'>i~
xx'>''x.%<:

xc>x~$ "'q%:%"; @'B+Yjcj:::x'.&V()QQPETO:BE+DONEx:,gs'x .':rz',,": pig';x..".:jw, c: pp"';wz~y@gwe>

Metallo ra
Microhardness

SAM/XPS

:"@gw:;a>,"c"xk'>;:.<ceil'~'j~~"."'c'gp".;.j<x<"4>'x>~@ .,cx'. >~'NO'pTQ. BE, DONE~>clxxxw.'o"'~g~x~%wpÃg>Q >'xc""::er, xc'>x:.".c; ""'

::c'-.'.%"."'.'c:8:":.";>x'-i'.'':k

Deposit
Analyses

Leachate & Residue

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch [$A.;.:",>.".'.xc".,.<''x,"@:g;:";,',.+x; ),>>)%<~phg>xp
' pc;:c:c NQf['TOcBE''ONE>cx ~; x>>...c P>%>cx'> '+we,.4 >p:xc '4x >+A,.c >~% '>, >x

..'".'icrohardness

j':c'":::ckxgpp'":c:>c,":: .">g:c<tcpxkj'xjg$g':jg;,">x»+xxc'c> NQTj>TO>:;BE' QNEx i~,: i„"„:.<,,",".,'~:,:j' g@'.chgmwgxiiggwgir,'>>4

Modified Hue Test c~:;:."::-.'.":";.":.::c."-:;::i~:;::".::CCSA'5'':."c5h'5'~"'.Nc;%4':cN87>c>TQ..:.BE'':BGNEN~~~'"'."'~<.''~~.'ÃNVP"'~X'""~%%">
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06/ll/93 09:46 804 832 0604 B & 'ir SPIS
@002

e Crack Oepth Data 29-24-2B.2.2.b ;Mtmga!overdhcrackQb22bmh
0/10/93

axial %throughwall
assuming 43 mills)

depth

0.025
0.05

0.075
0.1

0.125
0.15
0.175
0.2

0.225
0.25

0.275

23%
25oib
19'h
31%
19ogo

22%
40%
17'Yo

N%
9%

0.9375

0.75
1.25
0.75

D.875
1.825

D.6875
0.9375
0.375
0.125

10
11

9
17

2)

29-24-282.2.b

00I

10ah

20%

ar 30%

40%

50'k
I

60%

Oe
7Ão

80ok

90%

100%

Ct
O

Crack Length, ineho

CV

O O P

lrI
P4
P4
c5

g Pa

0 Q
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REVISION 2

TUBE 2 2 - 1 3

03H
98.75** ~ WHXP CUT AT 94. 15/16" FROM

PRXMARY FACE (3" BELOW 0311)

PIECE g5 — 14

43 tt*

2" TYP
55.75

02H

16 1/2

PIECE g4 — 16 5/8"

PIECE g3 — 18 1/8"

PXECE g2 — 21 1/2"
DRILLED WHIP CUT
BELL — 0.1"

TUBE
SIIEET

23.75"
2't.5" tubcal>cct t>lux
0.25" cln<ltli»g)

PIECE gl — 23 3/4"

3/4" DRILLED OUT
OF TUBESIIEET

(3) VERTICAL TIG
PASSES FROM 24 1/4
TQ 23"
(2) SPRIAL TXG PASSES
23 TO 3/4"
(lh AVihi Tiu S" R I gE 1~ w AROS

* DISTANCES BETWEEN CENTERLXNE OF TSP 's (0111 IS A 1" TIIXCK
BAFFLE PLATE AND ALL OTIIERS ARE 2" THXCK EGGCRAT"")

*+ DXSTANCE FROM PRIMARY FACE TO CENTERLINE OF'TSP
NOTES: NOTCH XN TUBE SAMP E NQ.~PRO ITE TS)
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PALO VERDE STEAM GENERATOR TUBE
DEPOSIT ANALYSES FLOWCHART

117-40-1 5 FS
117-40-1 5 OSH
117-40-9 FS
'I17-40-9 05H
117<0-2 FS (Leach)
117<0-1 5 FS (Non-Leach)
117%0-2 01H FDB
116-41-19A FS
22.13-2B2 FS
22-13-282 01H FDB

20 mg Samples

Balance

ARC
XRD
Emlsslon Spec.
Total Carbon
Semtguantttattve

11740-9 FS
117%0-9 05H
117<0-1 5 FS (Non-Leach)
116%1-19A FS

ICP (Al, B, Ca, Cr, Cu, Fe)
(Pb, Mg, Mn Nl, Tl)
(Zn, Sl, Mo, Sn 8 P)

ISE (Cl 8c F)
FAA (Na 8 K)
Total Sulfur (per ARC)

~ Elementa to be quantlf led
were eatabllahed by prior
aemtquantltatlve analyala.

e Cl may be analyzed by IC
F ~ lectrode may be attained
on proJect.

LTC

117<0-15 FS
117%0-15 OBH
11740-2 FS (Leach)
11740-2 01H FDB
22-13-2B2 FS
22-13-2B2 01H FDB

LEACH TEST (per ARC)

LEACHATE LEACHATERESIDUE

pH 4 Cond. ICP (same elements
ISE (Cl Il'c F) as non-leached
FAA(Na E K) samples)
IC (Sq, pp~, Cp Total Sulfur

(per ARC)

ICP (same elements
as non.leached
samples)

e under cover gaa.
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10- Jun-93 TUBE SECTION 22 —13 TUBE SECTION 29 — 4

EXAMINATIONMETHOD

Nondestructive Examinations:

PIECE NO
1 2 3 4 5

PIECE NO
1 2 3 4

Receipt
Ins ections

Visual
Ins ections

Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

D
D

hV('r'ear:?(

D
D
D
D
D

D
D
D

D
D

D

D
D
D
D
D
D
D
D
D
D
D

D
D
D
D
D
D
D

D

D
D
D
D
D
D
D

D

D
D

o>'

D D
D D D
D D D
D D D
D D D
D D D
D D D
D D
D D -'"-"'S.:

D D
D

Destructive Examinations:
Burst Testing

'EM/EDS

Tube Burst Testin
Stereovisual Ins ection

Photo ra h
Sera e De osits

>«(:o "
D

D D

N.",::::': D D ';::::..-::;

.',%Y«

D
D

k%o(',.;.'AC..':,

'Km '«:.iy'.F";:

~Metallo raphy
Microhardness

SAM/XPS

', aet tc

(y«„y..«:;;,yy>>h

i;?~+ '445

Deposit
Analyses

Tube Material
Characterization

XRD
Emission S ec. Semi- uant

Perkin Elmer Total C
ISE CI8(F

ICP Pb S et.al.
Flame AA Na

Total S
Leachate

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

((y((;a

g(ek 1

'r
'(ra "M

?;a%

yy"a

a> h;"a

heathy'>>r>a:

(:ere.

g-any>:

h(.'«'?

(e«?«t>

>('a

'jets(?$

:?y(y4
'%$9«o

* To be taken from non-swelled ring adjacent to burst section.
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TUB~S~OO~N22- 3-

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s

Establish Tube Orientation
Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE

DONE SEE CRACK MAPS
DONE
DONE
DONE

01H 0.1 ~1.1 N 43%
01H-0.1 = 0.3 0.3 SAI

DONE
DONE NO DEFECTS NOTED

DONE NO LEAKS

Destructive Examinations:
Burst Testing

SEM DS

~Metallo ra
Microhardness

SAM/XPS

Tube Burst Testin
Stereovisual Ins ection

Photo ra h
Sera e De osits

DONE BURST PRESSURE = 8948 PSI
DONE SHORT AXIALIGA CRACKS NEIGHBOR THE FRACTURE

DONE
DONE

CRACK PROFILE DONE AVG= 31%TW MAX= 56%
EDS PENDING

PENDING
«6« i'<:pg~<g~ow5.„.:i?~6M««8''' ':,"'4j 'C4"':>, ":."''::i''NQT>2TQ:

BE<@�'ONE'„''

"$'W<';::""'jo~>>66':<2<4~4'j:"8".6'"6<''.>"«2<% ".',"."",~«, ".>O

PENDING

Deposit
Analyses

Tube Material
Characterization

Anal. of Non Leached De osit

Leachate & Residue

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

PENDING TSP AND NON-TSP REGIONS

"'""''~~""':-"'i%:-':le'":i:.%'>:-'>: "'~'-'@''"":""'NOT2>TtQBE:BONEM '"'--"-" .~via!~~~''~''-:":""-"~5%<4~': '"'4"::

''kg''»'+'«::.::0'4~~~ WRWe'<«':~<a."" F~:::6<a:::«NO>T>'TQ: BE>DONE>$$ ~~~6<~«<6~j«~~'jNjj~g'2«''"'2~P~~"a':" ~'2'.,"i% i'«'e'

PENDING

:a«h6>«:>)6:<."«<'<««>«<gp+,."a&~>2@j%: ~+', .'< 'jjp6j2t"::::;.,'6@j@T<TO:-BE:Q'Q'NE<C'>«:«$+Q«o>@;~.gpgg.«>> p@S< «2.";,"<>~»;". "q",,
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EXAMINATIONMET OD Uj3E SEC ION 22-13-4

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins ections
Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE SEE CRACK MAPS

DONE
DONE
DONE

DONE NDD

DONE NDD
5"":"'i::::.-",;<I~i-:,'A%%'":'.: .":-:i"~',:: "'":.w4!MOTTO!BElDGNEnÃ"'-':4!>-',$%':":'i"'"''"

Pk'Pikk'M'i'-"i'l","'Jg+p~>+g"g:.««

~««@< <+"'' ' <'~dr>«p'"r'"'gw%<<'~«'QT<<>TG ' EiDONE~ @A)~«> >~/N x~g+%@ii>$g7<>«~ >vow>piP~:

Destructive Examinations:
Burst Testing Tube Burst Testin '~"y:"'@~<fr>''"'"- .~< ':""'::p<"~ < "i"':NQT~TO:BE"DQNE~«~@~~ ~w~@.>'j'~4."<

SEM DS

Metallo ra
Microhardness

SAM/XPS

Stereovisual Ins ection
Photo ra h

Sera e De osits

'%-~~;%%:.'»'t-::"'.+NO.":: =':::-:-":'::,':'::;4~X'Q7:TG.'BF>DONE~X'~WPP'='~W~~'~="<
''>%'~mX'i:'"e"".l''"""'"'"::;-'!':"+"',<<NOCTO:BE: DONE""iW~<>4~

'~~~:~~. "i ~:-:"-':c"!~A~P""='-'-'-i'"""~'"':":-':"":i'O'NGT":TO:BE"DGNE"r:"'.""'-"'4"''"%"'" "~i""'="'-'4a"-"">~<N~@"."

F&>',~XV",'R$K%>,":""':i,:::-:Ys,""'.""..'-.'"-.:.':.'.'::'.,"':X-,":-".,".''";-'.!:;';'<NQTTG.:BE,DONE:,':~KX~Vn""«':i'=":""-'""""'-"-44~.:."::-.~~,

Deposit
Analyses

Anal. of Non Leached De osit

Leachate 8 Residue

@>4~> i«,'"<iM':::"j'':::i''''-'<'.".:':.L''i''::.NN@P.:!g9k>'j+irNG7<TO < BE<DGNE4<~«"i«'i';::j>.".@w~~j'j~ .j~~>>g,"i:~@Pj> «/P:, N

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test
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EXAMINATIO~E~OD UJ3F SEC~0~22- 3-5

Nondestructive Examinations:
Receipt

Ins ections
Visual

Ins actions
Dimensional
Ins ections

Eddy Current
Inspections

X-Ra Radio ra h
Helium Leak Test

Radiation Surve s
Establish Tube Orientation

Visual Examination
Macro hoto ra h
OD Measurements
ID Measurements
Bobbin Coil ECT

MRPC ECT
Rotatin Field Probe ECT

DONE
DONE SEE CRACK MAPS

DONE
DONE
DONE

DONE NDD
<; ",~,.'.~M4~M~~~Y~M4<g~~ OT;,, 0 BE«DOg << "~ ")M "„;„~~<+@-'"„"~+~.".~j,:.

DONE, NDD
'-"~:" ~ %F '%A«~JR ":$NG ..>To!BE!DGNE"~CKSMr.. ':,;a@Ãg@,'-„'~44!

«,'.«<". ™c> ~+<?q~~++g~g~ NQTTO".BE>D'ONE~)«($~~~~~'('-'<«+~«)> . ~y.?'+ ~c.:«< ) i,.",

Destructive Examinations:
Burst Testing Tube Burst Testin ..'+.,'%%?«>?<c:w<o>~ ";,s)(%p, A«««+@NOT«<TQ BE«GONE'~N@cw >><>&/.? . i~pe'~M>~<::.«NA. «>%~

SEM DS

Stereovisual Ins ection
Photo ra h

Sera e De osits

~ «NGTTG BE GON&%%8 "-~~M~WK~
+?>w+~g<>)«,>«P<<+<'(«ix «<««w(>+ <q",:. ""P 0@? OTTQ BE'DQNfppyzrF+xPg@gw+Py< 0+?P/v, ««'g,. (@«<4'?(«zz

"xt«:'??> '+4K.<',j":";"xiÃ?4>~+jr~>'(>%'?<,'.P<'?~<?>MY~NOT>jfo.BED(jNE>~P«) '@'' «<>'.>>:.':j<m«(w""?)g;j",i"'')«g>«'„'j<'@Pi

«,:@::?',~~@<>F)«I<'?".?«<wg~@'.;?..>)«>'<«?~<«~?w'P«(~/NOT.;TQ'BE,DON~M~P~««>), >(«<;<j~w«'::~~~)?'Pj<N~~ ')<<.:rii':>))'g>'jyP

Metallo ra
Microhardness

SAM XPS

«?~k<'?g?? j(>'; > v+"'NN )<?>4>. < +, .">@)?')«0 ~,"j. 's~!?i(+>Yc''«NOTqTQ: BE:.QQNE';<'«<>«<j '"Qc?«?>>L«)?. p+r< <(>< K,> «>>."...g . «g.. 4? «?(p

Deposit
Analyses

Anal. of Non Leached De osit

Leachate & Residue ';::: ',";<@„,<$«>',@+ ))+ >:.';',@&++i'~)w„',::;>;;;:.N{+:TQ'E DO jjE>'Q <«))< <..:"x<~'i)P$~)+Q'>'(<<Pg«';,.:< )>«)))<i('<PLY+

Tube Material
Characterization

Bulk Chemist
Tensile Test

Dual Etch
Microhardness

Modified Hue Test

NQ~~ i~g@<:.><«(«..'„:.«<««'~k@~~@P~<~&~+«<.,„< NOTTQ.BE!DQNE«xg.'::<)(> i<::„.:;::;.~+~@jjs<"'."«~<:w'4<< <,'.") <."(i<!~<"':g

., )<«<>,>?««+':< > %; .. N@NNPg/j >: Yv<4@$Q;« '>«<«r'.:,' QT)«TQ
<

BE.,'DONP,',...cK .«(@yy«<y@Fj vg'>Pm>Pi "g'j%(~r?'jY@P«)Ãgw«<

<i.''"%~"':~~""'-'"~-'~~~~~Z~:::-:"'OTTG BE DONE-~"''-~~'-'8""-'"""":-""'"-""~<~"""'<@~~""~"-':

.<,'~?x«'««««>g@~x '««<I«~w '4'45 ghM>,, gg~yxj'.; '. NOT'Q B+DQNE )<gt,';gg<«%ipgY$)@8..+:QF<'<N>??>gg.'j 4«"g '.'',,
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JUH- 8-93 TUE 16'34 LYHTECHCEHTER FAX HO. 8045226860 P. 02

Crack Depth Data.22-13-28.2.2.d j;re~rmr alorrerd'screak'L13b22d.xia
6/8/93

axial %throuhwah
assuming 43 mills)

depth

0.025
0.05

0.075
0.1

0.125
0.15

0.175
0.2

0.225
0.25
0.275

0.3
0.325

12%
9%
12%
25%
44
56%
53

48oao

45
47%

0%

0.5
0.375

0.5

1.75
2.25
2.125
1.9375
1.9375
1.8125
1.875
0.25

0

24
23

21
19
20

0

Sl

47'4

0
0%

g 10%
20%

P 30%
II 40

50%
epos

c 70%
80%

a) 90%
100%

22-13-28.2.2D

Crack l.ength, inches
EA LO kr2 srh

srl CV 4A Cs20 a e- e e Pl CV Q N N
0 0 0 0 0 0 0 0 0 0 0

rr

h

~

S ~

~

~

II ~
~

~

~

~~ ~

~

VI~Mr
$
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TUB< L.vs-xylo Ir Le V J. ~ w M a ~ ~

08lf
310.75**

WHIP CUT AT 347 1/4" FROM PRIMARX FACE
(BELOW BATWING)

PIECE g17 — 25 3/4

PIECE g16 — 22

45<<*
PXECE f15 — 17 5/8"

Ojfi
265.75

'PXECE g14 — 24 1/2"

41" PXECE f13 — 14 7/8"

OGH
224.75

PXECE g12 — 27 7/8"

42 PIECE f11 — 15 1/4"

051i
182.75

PIECE P'10 — 26 7/8'I

43" PIECE g9 — 15 1/2"

041f
139.75

PIECE gS — 2G 1/4"

PXECE g7 — 15 7/8"

03jf

43ll

98.75 PIECE g6 — 21 5/S"

PIECE g5 — 3 3/16"

PIECE g4 — 17 1/4"

{,'i j zeiiih~iiiit-~cg«c
yvwAA05 lo~l ..I -,-.

55. 75

TUBE
SffEET

23.75"

2" TYP

02H
Ai

TYP 1S lz
'f0.25

Olff

I 16'l"

PIECE g3 — 25"

PIECE g2 — 17 3/8"
Uj QX(4g pl~ r CRI gb ldmtt~,O

l o I - I ties

(3) VERTICAL TXG
PASSES FROff 24 3/8
TO 23 1/8;DRILLED WHIP CUT

BELL — 0.5"
(<) SPRIAL TXG

PXECE gl — 27 15/16"
TO .75

3/4'i DRXLLED OUT OF TUBESliEET
DISTANCES BETWEEN CENTERLXNE OF TSP'S (01H XS A 1" THICK

GGCRATE
*

'J-:! p'Fc!3; 'Qc!
R
N

~ C

~I,~FF, G

„~q(

r"'RATEOSITE- TS)
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6 in/sec Bobbin 24 in/sec Bobbin Hi Resolution HRPC
percent location
thru wall from end

08H+ 884
77~o
3 6~o

7.86
8.11
9. 54

384
70<

9.37
8.59

46%- 9.10 70o 10 37 0 54 X 0 ~ 10

ll
I

h3
0)
Vl
Ul

gl

08H 75%
18>

10. 34
12.15

77%
134

Seen by all coils
2 different locations
Coil

10. 08 (9) 19% 10. 08
11. 54 (10) 48'2. 28

(11) 764 12.24
(12) 714'0- 15

88% 10.32 0.27 X 0.17
89% 13 '1 0.95 X 0.19

D
SKI
03
In

m
zn

07H DNT

06H — 37%

13.02

10.80

DNT

35%

12. 75

10. 67

NDD

384 10.56

NDD

79% 11. 00 0. 23 X 0. 16

TSH NDD NDD NDD NDD

7-
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+283-285-5669 ABB-CE NCT 255 P85 MAY 26 93 18.32

Bobbin (6ips) 37%
Bobbin (24ps) 38%

Bobbin (6ips) 77%
Bobbin (24ps) 70%
Bobbin (6ips) 88%

Section 17

'team Generator 22
Tube R)03 l 156.

Lab ECT Summary

MRPC 70% 054" Long

Hi-Res 46%

Bobbin (Gips) 58%
Bobbin (24ps) 13%

08H

Bobbin (6ips) 75% ~Bobbin (24ps) 77%

Section f6

Section 15

MRPC 71%
MRPC 87%, 0.95" 8 0.27" Lang

Hi-Res 52%
Hi-Res 76%

MRPC 88%; 0.46" 8 1.2$ " Long

Hi-Res 76/o

MRPC 73%
MRPC 75%

Hi-Res 71%

Hi-Res 43%

Section 14

07H

Section 13

Section 12

MRPC 78%, 0.19" Long

Bobbin (6ips) 37%
Bobbin (24ips) 35% Hi-Res 38%
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TUBE PULL CA%I'DIDATES

TUBE NO. R 103-L 156

'OCATION

OF FLAXVS
TSH-0.14"
068+0.S3"
078+1.0" to+36"
07H+21" to+35"
078+1.0" to+36"

088-0.95"
088+0.72"
QSH+14.38" to+25.50"
088+15.00" to+18.51"
BiV1+1.77"
BWV1-1.76"

AXIALEXTENT
TSH-0.16" —TSH-0.13"
06H+0.7S" —06H+O.SS"

07H+1.0" —071 I+36"
07 H+21" —07 H+35"
07H+1.0" —07 H+36"

.'tlL'LTIPI.Eli'E.iR90 Dk:G. t!!PART

OSH-1.00" —OSH-O.SO"

OS H+0.4" —OS H+1.04"
QSH+14.3S" —OSH+25.5".
OSH+15" —08H+1S.51"

BiV1+1.55" —BiV1+2.01"
BiV1-2.0" —BiV1-1 40"

CIRC.
EXTENT

3tt

Q 2lt

Q.25"
0.25"
0.78"
0.25"
EACH

Q +It

0.3"
0.2"
0.2"
Q

'I ~ ~

EST
o/o TW
o SCI

16

PDP
PLP

DNTS

22

29

PDP
>IAI

17

20

DIAivIETERCHANDI'GES:

06H+ 30.07 - POSSIBLE BULGE

TOP OF TUBESHEET SIGNAL= 43.77 VOLTS
BULGE SIGNAL= 3.75 VOLTS

% OF TUBE SHEET SIGNAL= 7.7%

4

h4

~t!I
gh

~ h
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04/93 i ARIZONA
'CUMULATIVE REPORT

PUBLIC SERVICE g PALO VERDE, UNIT 2

STEAM GENERATOR: 22
OCATION: ALL
.ITERZA: ROW 103 COL 156

PAGE:
DATE:
TIME:

1 OF 2
04/30/93
14:49:30

ROW COL

103 356

DATE

H
H
H
H

"H

H

. H
H
H
H
H
H
H
H
H
H
H
H
H

H
H

H
H
H
H
H
H
H
H
H
H

'

H
H
H
H
H

H
H

H

H
H

H

H

H

01H-.01H
TSH-TSH
TEH-TEC
01H-02H
05H=06H
04H-OSH
03H-04H
02H-03H
TEE-TSH
TSH-01H
TEH-TEC
06H-07H
TEH-TEC
TEH-TEC
06H-06H
07H-OSH
07H-08H
TEH-BW1
07H-08H
TEH-TEC
OSH-BW1
TEH-TEC
OSH-BWl
TEH-TEC
TEH-TEC
07H-OSH
OSH-BW1
07H-OSH
TEH-BW1
08H-BW1
OSH-BW1
OSH-BW1
08H-BWl
08H-BW1
OSH-BW1
TEH-TEC
TEH-TEC
TEH-TEC
OSH-BW1
OSH-BW1
TEH-TEC
TEH-TEC
TEH"TEC
TEH-BWl
OSH-BWl

01H-01H
TSH-TSH

01H-02H
05H=06H
04H-OSH
03H-„04H
02H-03H
TEH-TSH
TSH-01H
TEH-TEC
06H-07H
TEH-TEC
TEH-TEC
06H-06H
07H-OSH
07H-08H
TEH-VS2
07H-OSH
TEH-TEC
OSH-BWl
TEH-TEC
08H-BWl
TEH-TEC
TEH-TEC
07H-08H
OSH-BW1
07H-OSH
TEH-VS2
OSH-BW1
OSH-BW1
OSH-BW1
OSH-BW1
08H-BWl
OSH-BW1
TEH-TEC
TEH-TEC
TEH-TEC
OSH-BW1
OSH-BW1
TEH-TEC
TEH-TEC
TEH-TEC
TEH-VS2
08H-BW1

EXAM EXTENT
LEG PROGRAM ACTUAL

RPI
RPZ

RP I
RP I

00067
00067
99999
00109
001'09
00109
00109
00109
00109
00109
00029
00109
00106
00105
00067
00109
00109
00103
00109
00105
00109
00106
00109
00106
ooao5
00109
00109
00109
00103
00109
00067
00109
00109
00067
00067
00105
00029
00106
00067
00109
00029
00105
00106
00103
00067

REM CAL PROBE

610RP
610RP
610UL
610RC
610RC
610RC
610RC
610RC
610RC
610RC
610UL
610RC
11412
11812
610RP
610RC
610RC
630UC
610RC
11812
610RC
11412
610RC
11412
11812
610RC
610RC
610RC
630UC
610RC
610RP
610RC
610RC
610RP
610RP

812
610UL

412
610RP
610RC
610UL
11812
11412
630UC
610RP

TSH-
TSH-
06H+
06H+
06H+
06H+
06H+
07H+
07H+
07H+
07H+
08H-
OSH-
OSH-
OSH-
OSH+
OSH+
OSH+
OSH+
08H+
OSH+
OSH+
OSH+
OSH+
08H+
OSH+
OSH+
OSH+
OSH+
OSH+
BW1-
BWl-
BW1-
BWl-
BWl-
BWl-
Bwa+

LOCATION

0 ~ 14
0 ~ 14
0.83
O.Se
0.89
0 '2
0.99
1.00TO+
1.00TO+

18.80to+
21.00TO+
0-95
0.95
0.92
O.84
0.43
0.72
0.79
0.80
0.80
0.81
0.81
0.85

14.38TO+
15.00TO+
16.39TO+
16.56to+
19.64
20.36
20.59

2 ~ 15
1.80
1.76
1.74
1.70
1 '5
1.77

36.00
36.00
22 '
35.00

25.50
18.51
19.22
28 '

17

VOLTS

2 '6
2 '6
0.66
0.45
0.77
1.00
0.75
0.71
1.09
1.58
1.09
0.76
0.70
0.87
1.03
0.79
0.70
0 '1
1.01
0.80
1.05
1 ~ 04
1 ~ 48
0.89
1.80
0 '7
1.46
1.08
0.22
1.45
1.44
l. 18
0.72
0.47
0 20
0. 6 l
1.27

CURRENT
MIL DEG CH

3
3
0

32
0
0
0

26
86

170
86

0
165

0
146

0
0
0

134
0
0

164
0

81
163
129

0
12

151
16

NDD
NDD
TPC
NDD
NDD
NDD
NDD
NDD
SCI
SCZ

16
WAR

21
21

'WAR

DNT
PDP
NQI
PLP

17
WAR

22
WAR

21
16

WAR

WAR
'WAR

29
WAR

WAR

PDP
MAI
SAI
PDP
'NBI
i'1BZ

il8I

vbi'~AR
P.

I

)li 1

1
1

P 2
P

P 2
P 2
P 1

1
11

P 1

6
P 2
P 1
P 2
P 1
P 2
P 2
P 1
P 1
P 1
P 2
P 1
P 1

11
1

P 1
11

1
1

1

P 1
IP 1

"I
~ ~ ~ P 4

3 i ' ~

CLEAR
:. (4
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CUMULATIVE REPORT
04/93'RIZONA PUBLIC SERVICE, PALO VERDE, UNIT 2

STEAM GENERATOR: 22
OCATZON: ALL
'.ITERZA: ROW 103 COL 156

PAGE: 2 OF 2
DATE: 04/30/93
TIME: 14:49:30

ROW COL DATE LEG
EXAM EXTENT

ACTUAL REM CAL PROBE LOCATION VOLTS
CURRENT
MZL DEG CH

'103 156 08H-BWl 00109 610RC BWl+ 1.92 8.04 172 P 1

NUMBER OF TUBES SELECTED PROM CURRENT OUTAGE: 1
NUMBER OF DATA RECORDS SELECTED FROM CURRENT OUTAGE 46

NO TREND ANALYSES REQUESTED

REPORT OPTIONS:
Only examination results matching criteria are included
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>co~ - 85-5669 RBB-CE NCT
ZLG Pi9 JUN GV 'M l4iOZ

8)earp Qenerator 22 Tube R303 L456Section 13 Dg~

~~1.88'ave for Future Use

Modified Huey Specimen

Ouet Etch Specimen

~, *
Li

14,88"

10 Tensite Test Specimen

8ulk Chemistry Specimen
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+283-285-5869 ABB-CE NCT wl8 P20 JUN G7 '93 3A:GA

Steam Generator 22 Tube R403 L156
Section 14

60'iew 90'iew 180'iew 270 View

Ridge-tike
Deposit
Buitdup

24.5" Eggcrate
Support

Woar Contact

Eggcrato
Support
Contact

0.75'
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I

3tgam 4 e( eratoi'2 Tobe R403 L1 56
Section .0 6

C

O'iew 90'iew 245'iew 285'iew

Eggcrata
Support
Contact

Gggcrate
Support

Woa Contact

0 50

0.75'idge-like

Deposit
Buildup

10
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+283-285-5669 RBB-CE NCT 35$ F82 JUN |8 '93 18:13

103/156 08H Support Descaled

Support Contact Locations
With Wear

45'0'85'A

C

Scratches

A- Transverse mount for SPM surface examination
3- Transverse mount for wear depth, corrosion, and hardness, to be Ni plated
C- Transverse mount for scratch depth and hardness section to bc Ni plated

OBSERVATIONS:
~ Scratches extend below the support location and not above the support
~ Deepest strach about 1 nil deep
~ Wear locations 6 ml]s deep

%ORK IN PROGRESS
~ Part Aprepaired for SEM surface exaaunation
~ Parts B and C cut and ready for Ni plating
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+285-285-5669 ABB-CE thCT
558 P85 JUN 18 '95 18: lw

3
50$ (166 Section 16 (Lower Part)

.SQ-&8'w

Deposit flake off

Scratch under deposit

Heavy deposit build-up

35"

u

hler"

Flake os, wh)te deposits
around edges, occasional

orange specks, some
mottled tube surface

Deposit flaked off

0.25"&
Scratches under deposit
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+2'-285-5669 ABB-CE NCT 345 PB3 JUN 89 '93 12'18

580'iew 300'iew

Steam Generator 22
Tube R)03 L556

. Section 47

8.5"

25.5'0"

17-20 708-93
17-19 698-93
17-1 8 688-93
17-1 7 678-93
17-16 668-93
17-15 658-93
17-14 648-93
17-13 638-93
17-12 628-93
17-11 618-93
17-10 608-93
17-9 598-93
17-8 588-93

100

90

0
~V

Section 17 (180'}

IVSVV

Im IGABs'lawBurst

IGAAboveeurat

5,5"

17-1 518-93
17-2 528-93
17-3 538-93
'f 7-4 548-93
17-5 558-93
17-6 568-93
17-7 578-93

10Q

90
80
70
60
50
40
30

20

10

0

SecOoa 17 (270'-300'}

Ivtz
IIt IGNalovteurat

Q IGAAoovaBurst

Deposit

BVrat Flttittg
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TUBE j 05-156 l((U0 L~ J.'EJ1 c c

—WHIP CUT AT 347 7/8" FROM PRIMARY FACE

PIECE $ 16 25 1/2tl (BELOW BATWING)

081I
310.75** PIECE g15 — 21 3/4"

45>>* PIECE f14 — 20 13/16"

07II
265.75 PIECE g13 — 24 5/16

41ll PIECE f12 — 13 5/8"

061i
224.75 PIECE f11 — 25"

4 2 II
PIECE g10 — 17 1/4

0 51 I
182.75 PIECE P9 — 26 3/4"

0411

43 II

139.75

PIECE g8 — 15 11/16"

PIECE g7 — 26 1/2"

4 11I
PIECE g6 — 13 15/ 16

03H
98.75 PIECE g5 — 25 1/2"

TUBE
SI IEET

23.75"

43"
2" TYP

0211

1" TYP 15 /~

Y 90.15
01R c

16 '/(.

PIECE g3 — 26"

PIECE g2 — 25 3/4"

PIECE g1 22 1/2~. 3/4" DRILLED OUT
OF TUBESIIEET

DRILLED WIIIP CUT
BELL - 0'1'
(3) UERTICAL TIG
PASSES FROM 24 3/8
TO 23 1/8;

(I) SPRIAL TIG
PASSES 23 1/8
TO 75
(i) av«t. ries I'>Rt Towl0~5 ~OI.(J,

PIECE g4 1 4 3/4 /$ (I ) NB41LAAcAL 5 <kl8 I

To wh(t,95

* DISTANCES BETWEEN CENTERLINE OF TSP ' (011I IS A 1" TIIICK-

*ANO'MT
'(($ Y(
(

T.
E

I
P

~ GGCRA'I'ES )

,
'Eg ~ F.+>EGG

P
RATE
SITE TS)
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TUBE PULL CANDIDATES

V

TUBE NO. R 105-L 156

LOCATIOiNOF FLAAVS
088+0.72"
088+13.87" to+31.0"

08H+21.54" to+25.62"

AXLE,LEXTENT
08 H+0.70" —08H+1.0"
08 H+13"- 08 H+37.0"

08 H+'21.5" —25.0"

CIRC.
EXTENT

0.15"
0.25"

0.25"

EST
% TW

PDP
0-96%
XiIAI

DIAiivlETERCHANGES:

NONE ABOVE TSH
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CUMULATIVE REPORT
04/93I ARIZONA PUBLIC SERVICE, PALO VERDE, UNIT 2

STEAM GENERATOR: 22
OCATION: ALL
.ITERXA: ROW 105 COL 156

PAGE: 1 OF 1
DATE: 04/30/93
TIME: 14: 49: 08

ROW COL DATE LEG
EXAM EXTENT

PROGRAM ACTUAL PROBE LOCATXON VOLTS
CURRENT
MIL DEG CH

105 156 H
H-
H
H
H-
H
H
H

'H
H
H
H
H
H
8
H
H
C

8
8
H
8
8

8
H
8

TEH-TEC
06H-07H
OSH-06H
04H-OSH
0&H-04H.
02H-03H
01H-02H
TSH-01H
TEH-TSH
TEH.-.BW1
OSH-LB1
07H-08H
OSH-BW1
OSH-BW1
08H-LB1
TEH-TEC
TEH-BW1
09H-TEH
TEH-TEC
TEH-BW1
TEH-TEC
TEH-BW1
08H-BW1
TEH-TEC
TEH-BW1
TEH-TEC
TEH-TEC
TEH-BW1

06H-07H
OSH-06H
04H-OSH
MH-04H
02H-03H
01H-02H
TSH-01H
TEH-TSH
TEH-VS2
08H-LB1
07H-OSH
OSH-LB1
OSH-BW1
08H-LB1
TEH-TEC
TEH-VS2
TEC-TEH
TEH-TEC
TEH-VS2
TEH-TEC
TEH-VS2
OSH-BWl
TEH-TEC
TEH-VS5
TEH-TEC
T"H-TEC
TEH-VS2

RP I
RPI
RPI

RP I
RPI
RPI
RP I
RPX
RP I
RPX
RP I

RP I

99999
00108
00108
00108
'00108
00108
00108
00108
00108
00103
00108
00108
00108
00031
00108
00029
00103
00097
00029
00103
00029
00103
00031
00029
00103
00029
00093
00103

610UL
610RC
610RC
610RC
610RC
610RC
610RC
610RC
610RC
630UC
610RC
610RC
610RC
610RP
6 10RC
6 10UL
630UC
610UL
6 10UL
610UC
6 10UL
610UC
6 10RP
6 10UL
610UC
610UL
610UL
610UC

OSH+
08H+
08H+
08H+
OSH+
OSH+
08H+
OSH+
08H+
OSH+
08H+
OSH+
08H+
08H+
0&H+
OSH+
OSH+
OSH+
OBH+

0.72
0.76
0.76

13.87TO+ 31.41
16.74to+ 37.3
21.54TO+ 25.62
24.28
24 '0
24.60
25.28'5

~ 51
25.78
25.85
26.26to+ 30.6
26.49
26.58
27.81
27.81
27.88

0.34
2.50
0.87
2.68
0.06

13.94
4 '4
4.32
4.58
3.67
3.26
4.80
4.64
3.49
1.80
2.00
0.74
4.91
0 ~ 78

0
138
135

76
0

42
67
68
73
83
78
73
59
46
66
49

120
71

117

TPC
NDD
NDD
NDD
NDD
NDD
NDD
NDD
NDD

11
WAR
WAR
PDP
PDP
MAX

84
87

PID
74
81
80
91

SAI
85
96
46

PID
51

P 2
P 1
P 1

11ll
P 1

1
1

1
1

1
1

1

1

1
1

1
1

1

NUMBER OF TUBES SELECTED FROM CURRENT OUTAGE-'

NUMBER OF DATA RECORDS SELECTED FROM CURRENT OUTAGE: 28

NO TREND ANALYSIS REQUESTED

REPORT OPTIONS:
Only examination results matching criteria are included

...QONAM.ZAJ
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~cVa-265-5669 ABB-CE ACT
318 PG3 JUN- 67 '93 13:56

P

t1l

Steam Generator 22 Tube R106 L166 II Q~ p pSection 43

45 View 90'ievt 180'iew 270'iew

Eggcrate
Suppcrt
Contact

Eggcrate
Support
Contact

'l0.5

;~ Li

~
pg
'4.ri

4'u'=
~ I

~ ~

51
~ 4 '.

+p, 'ye

1~~

'r(S

c+

1 jh
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+283-285-5669 ABB-CE NCT 318 P84 JUN 87 '93 13:56

Steam Generaior 22 Tube R106 L156
Section 14,

I

QBQjga P

p'.6"

Save for Future Use

20.81

Modi6ed Huey Specimen

1'ual Etch Spocimen

10'ensile Test Specimen

1" Save for Future Use

Dulk Chemistry Specimen

(
1@( )i .r('i(.('.$( w'

j ~

%( ~
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+ZG3-Z85-5669 ABB-CE MCT
318 PG5 JUN G7 '93 13:56

Steam Generator 22 Tube 8405 L156
Sectiao 16 O>ggy

~O'iew 270 View 235 View 90 View

Deposits Removed
from Tube Surface

for Analysis

'h

,. thai.(t
K

K„lr

21.75

Descale for
Visual Exam

Eggcrate
Support
Contact D.75

Eggcrate Support
Contact Wear

SEIVI/EDS
Analysis

D.75'«
4

SEM/EDS
Analysis

9.5'0 5"
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XRF/XRD Data

X-Ray Huorescence Tube 105/156 (Surface Scrapings)

Section 15
Pe304

Cu
Nio
ZttO
MnO

Cr203
Mo03
TiO
PbO

Sn02
Si02

Al203
P205
SO3
Cl

K20
CaO

MgO

wt.%
88.07
2.52
0.75
0,26
6,68
0.13
0.07
0,20
0.12
0.08
0.35
0.22
0.03
0.17
0.10
0.05
0.08
0.17
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Whip Cut End

347 7/8x

/8" 12" 25

:?3k(P «}Y?',}q

h}.IYP
' t IX:}h

:.i? ~ } '.': '".

'. YX}

YX?'So

- -ia

-fndication—
N M 7x

C5
I8" 25361

}h"

*
a

}«YX

«'}}X

}},F„"X

311'34"

'alo
Verde Unit 2

Steam Gen&?'a'to?'2
Tube 105-156

Tube Section 016

Midspan Above OBH

X = Axial Flaw w/ Deposit
D = Deposit Only.

COLUMN

155 156 157
RON

107 107-156

a'I:X:}

106 106.155 106-157

105 105-156''vY(,}+

104 1O4.15S 104-157

103-156'03

1P2 102.155 102.157
h

>0} ~ }o}-}ss

E

ht
-'a'

>oh

a XX
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+283-285-5669 ABB-CE NCT 277 F85 NAY 28 '93 11:46

Steam Generator 22
Tube R)05 L166

Section 16 Burst Test Part

,
EGA/ICSCC

270'iew Auger/XPS
-'D'A"

- SEM Montage/EDS and Radial Polish
MM'0'ocation

Opposit Burst
.SEM/EDS of OD Surface

"LL' SEM Montage, EDS of OD Surface

'KK"47-893
'JJ'6-B93
'll'5-893
"HH" 44-893
'GG'3-893
"FF'2-893
"EE'1-893
"DD" 40-B93
'CG" 39-893

'BB'8-B93
*AA'7-893
"Z" 36-893
'Y" 35-B93

'X'4-B93
'W'3-893
'V'2-B93
'U" 3'j-B93

90

80

70

30

10

Section 16 Below Burst (90')

90'glCC)

Q N'(fGA)

5.0

55=%8~~88NN00'+'+4+ w'lt4~woEK<++HK+rl
Section 16 Below Burst (270')

27IPQGSCC)

Q 270 GAGA)

3$ "

40

So

lC 20

10

0

O'EM/EDS o
and Tr er4e iet oVrtt

~..~3 '

a FittiAQS
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+283-285-5669 ABB-CE NCT 277 P86 NAY 28 '=93 ii:46

Steam Generator 22
Tube, R405 L556

--&ection-16'Up jer" Part

270'iew

g
~ ~

I,

'. 'r.i
lp

'l 29-893

"S'8-893
"R'7-893
"Q'6-893
'P'5-893
"0'4-893
'N'3-8S3
"M" 22-893
'L" 21-893
"K"20-893
"J" 19-893

't'8-893
'H'7-893
'G'6-893
'F'5-893
'E'4-893

100

90

80

70

60

p 50

40

10

100

90

80

VO

20

10

Sectioa 16 Above Burst (0')

0'(IQSCC)

6 0'pc~

0$ "

2.0'echon

16 Above Burst {270')

270 QGSCC)

8 270'gGA)

7A'r.gg~gAg2:Qa<yggcn
tK W H ~ rl H

"C" Auger/XPS Specimen

Q g ~ g A g g Q l4 (7 gg ch
R g'M

'a+
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0
Steam Generator 22

Tube R305 L)66
Section 16 Burst Face Crack Depth Diagram;

0%

25%
50%

75%

100%

Tube outsfde Surface

Tube inside Surface

1.2'

)GAtlGSCC

Oucble
l

Average Depth $7.2%
Max.'Depth 98.&
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+283-285-5669 ABB-CE MCT 255 P86 MAY 26 '93 18:33

Steam Generator 22
Tube R105 L356

Section 36 Burst Test Part

270'iew

Auger/XPS
-'D'MM

90'ocation
Opposit Burst

SEM/EDS of OD Surface

"A" - SEM Montage/EDS and Radial Polish

"LL' SEM Montage, EDS of OD Surface

'KK'7-B93
'JJ'6-B93
'll'5-B93
"HH" 44-B93
'GG'3-893
'FF" 42-893
'EE'$ -B93

'DD'0-B93
"CC'9-893
'BB" 38-893

"AA"37-893
"Z'6-B93
'Y'5-B93
'X'4-B93
'VP 33-893
'V" 32-B93

"U'1-B93

"B'EM/EDS of Deposits on 90'D Surface
and Transverse Met Mount

c
*

~

f'escaled Surface for Bvrst F(ttlngs
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+283-285-5669 ABB-CE NCT 255 P87 MAY 26 '93 18:33

Depth 105f$ 56-36

Tubct aOS/156 Section: 16 Below thc Burst

Mount No..
16KK47-B93

16JJ 46-893

161I 45-B93

16HH 44-B93

16GG 43-893

16'2-893

16EE 41-893

16DD 40-B93

16CC 39-B93

16BB 38-B93

16AA37-893

19z 36-B93

16'5-B93
16X 34-B93

16% 33-B93

16U 32-B93

16U 31-B93

- -Location
270

270'70

2704

270'70'70'7Q'70'70'O

270'70'70'70'0'0'04

90'10'0'0'0'0'0'0'15'15.

904
9Qo

90'0'Q4

90'5'04

- Measurment (in)
0.65
150
1.20
1.95
0.80
1.60
1.00
150
0.75
1.80
0.75
0.65
1.2S
DAO

1.25
050
1.10
055
1AQ
1.10
050
lAS
0.65
1.60
0.50
0.70
OW
1.15
0.90
1.05
1.25
D50
0.90
0.70
OAS

0.70

-"Mils-
6.5

15.0
12.0
195
8.0
16.0
10.0
15.0
7.5
18.0
7.5
6.5
225
4.0

12.5
5.0
11.0
65
14.0
11.0
5.0
145
65
16.0
5.0
7.0
6.0
aid
9.0
105
125
5.0
9.0
7.0
45
7.0

155
35.7
28.6
46A
19.0
38.1
23.8
35.7
17.9
42.9
179
15.5
29.8
9.5

29.8
11.9
26.2
ass
332
26.2
11.9
345
15.5
38.1
11.9
16.7
14.3
27A
21.4
25.0
29,8
11.9
21.4
1&7
10.7
16.7

IGA
IGSCC
IGA

IGSCC
IGA

IGSCC
IGA

IGSCC
IGA

IGSCC
IGA
IGA

IGSCC
IGA

IGSCC
1GA

IGSCC
IGA

IGSCC
IGA
IGA

IGSCC
IGA

IGSCC
IGA

IGSCC
IGA

IGSCC
IGA
IGA

IGSCC
IGA

IGSCC
IGA
IGA
IGA

"~ % Yhroughwall Comments

j w~

~ l

~ <
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+283-285-5669 ABB-CE MCT MAY 26 '93 18:34

Depth 1 05f1 56-1 6

Tube: 105/156 Sect ton: 16 Above the Burst

Mount Nb". Locatio
168 14-B93 Oo

PO

270'70'O

PO

270'70'O

p41

270'70

po

250'504

300'00'00'40'15'15

280'80'250

225'O

PO

270'50'50'15'70'25

0

200'6G

15-E93

16H 17-B93

16! 18-B93

16J 19-B93

16K 20-B93

16! 2'1-E93

16M 22 E93

tt" Mcnsunnent (inY "Mls"
045 4S
1 40 14.0
1.00 10.0
1.70 17.0
090 5.0
1.50 15.0
0.70 7.0
190 13.0
0.90 9.0
155 15.5
1.00 10.0
155 155
130 . 13.0
0.60 6.0
155 15$
0.60 6.0
13,0 11,0
120 12.0
1.60 16.0
1.10 11.0
180 15.0
0.75 75
190 13.0
050 5.0
1.60 16.0
1,20 12.0
1~5 13>
1.25 125
0,90 9.0
lDO 13.0
1.30 13.0
0.45 45
180 15.0
1.10 11.0

10.7
33.3
23.8
40.5
11.9
35.7
16.7
31.0
21.4
36.9
23.8
36.9
31.0
143
36.9
14.3

26.2
28.6
38.1
26.2
35.7

17.9
31.0
11.9
38.1
Ã.6
32.1
29.8
21A
31.0
31.0
10.7
35.7
26,2

IGA
IGSCC
IGA

IGSCC
IGA

IGSCC
IGA

IGSCC
IGA

IGSCC
IGA

IGSCC
IGA
IGA

IGSCC
IGA

IGSCC
IGSCC

IGAJIGSCC
IGA

IGSCC
IGA

IGSCC
!GA

IGSCC
IGA

IGSCC
IGSCC

IGA
IGSCC
IGA

IGSCC
IGSCC
IGSCC

% Throughwall Comments

i ~

4,

~4

n
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+283-2SS-5669 ABB-CE NCT
25S PBB t%Y 26 '93 |8:34

SteaAl Generator 22Tube RIOG LapseSection 96 Upper Par

70''rack

'Lg p

'T" 29-893
'S'8-893
"R" 27-B93
'Q" 26-893
'P" 25-893
"0'e-893
"N" 23-B93
"M'2-893
'L'1-893
"K'%393
'J'9-893
"t'f8-B93
'H" 17-S93
'G'f6-B93
'F'5-B93
"E'4893

'C Auger/XPS Specimen

Area ot Deposits

Area of iGp/MA
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+283-285-5669 ABB-CE NCT
255 P18 MAY 26 '93 18:34

De pth 5 05/5 58-16

Tube: 105/156
Section: 16 Above the Butst

Mount No.
16N 23-B93

160 24-B93

16P 25-893

16Q 26-B93
16R 27-893

16S 28-B93

167 29-B93

Location

270'25

270'70'o

po

270'70'''70'70'o

po

270'easurment

gin)
1.50
1.60
175
0.90
1.10
1.60
0.70
1,60

0.$0
1.20
0.45
1.20
0.60
1.20
0.75

MIs
15.0
16.0
17$
9.0

11.0
16.0
7.0

16.0
0.0
5.0

12.0
4.5

12.0
6.0

12.0
7S

% Thmughwail
35.7
38.1
41.7
21.4
26.2
38.1
16.7
38.1
0.0
11.9
28.6
10.7
28,6
143
28.6
17.9

Comments
IGSCC
IGSCC
IGSCC

IGA
IGA

IGSCC
IGA

IGSCC

IGZ
IGSCC
IGA

IGSCC
10A

IGSCC
IGSCC
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+283-285-5669 ABB-CE t1CT
318 P06 JUN 67 '93 13:57

Steam Generator 22
Tobe R105 L156

'Section 46

8.5"

Upper Part of Section 16

Lower Part of Section 16
Used for Burst Test

2.76"
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r Mfrr%AA4fte ' A4 hh

Jug +@A'zM&<e 7 ~k /uk/1~4/~,Q~
~PmPp~

S~oa X6
Fe304

Cu
NiO
ZGO

MaO
Cs203
ALOD
TiO
pro

Sn02

Sip'203

PROS

SO3
Cl

Leo
CnO

18gO

wf.%
61.26

2A6
Z.S4

X3.79
0.26
O.l
O./

O.XS

O.X3

XO.Z3

0.76
Z.24
O.X6

O.X2

0.36
X,X7
X43
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REVXSXON 2

I

310. 75**

——NllIP CUT AT 345 I/If" FROll PRXMARY FACE

PIECE ¹16 ? af f/Lf II (BELOW BATHING)

PIECE ¹15 — 2

45ll* PXECE ¹14= — 2g f/8 ""

?65.75 PXFCE ¹13 — 2P t'/g

4 111 PIECE ¹12 17 D/i(o

06ll
224.75 PXECE ¹11 — 2 ct I/

42" I(
PXECE ¹10 — 17

182.75
0 5l l PIECE ¹9 — 2 f g /i

4 3 1 l

139 75
0'I ii

PXECE ¹8 — )3, J /g

PXECE ¹7 — 2Q 5/cf ll

PIECE ¹6 — 17 3/Q

98 '5
03 II I

———~ PIECE ¹5 — pig P/g"

TUBE
S I lEET

23.75"

4 3 II

2" TXP
55 75

I1" TXP . 15 6,

y~
'l0. X5

0 lii I-'
16 V<"

PIECE ¹4 P g 3/ell (,I) l'lt.=dl!Al'aQL gC(
[pl'1ouAf,l)$

l lQ-llIQ

PXECE ¹3 — 2C> i/q

PIECE ¹2 ~ y f /> ll DRILLED NllIP CUT
BELL — 0.0"
(3) VERTICAL TXG
PASSES FROI'l 24 3/8
TO 23 1/8;

(l) SPRXAL TIG
PIECE ¹1 — 28 3/'f PASSES ?3 1/8~ 3/II" DRILLED OUT TO /5

fl(r3<f.'lP,C TI'/IVAN)$ lip-fife
l. WQR;

)XSTAHCES BET'l'lEEH. CEHTERT jHZ; OPi '

@ZAN. E PLATb,. ljLLIOTllERS ARE-'" Q$Q
))ST;Hgg P~ROMl 9RXMARX FACE '~Oi 'CENTER N' . 0

T''J H 'gib"CI'1LI~N"+FgQAHP.LE~S QN TOIL't D

'I
~

A'E
,;G

'P

1" TllXCK
)
CRATE
OSITE TS)

~sos
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i44
6 in/sec Bobbin 24 in/sec Bobbin Hi Resolution MRPC
percent location
thru vallfrom end

LXN
+

Pi

914
36%

25. 92
24.58

524 25.87
16% 24.89

464 24.10 524 28.72 2.56 X 0.18
79% 24.28 78o 28 32

D
W

In
m
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CUMULATIVE REPORT
04/93i ARIZONA PUBLIC SERVICEi PALO VERDEi UNIT 2

TEAM GENERATOR: 22
OCATZON: ALL
RITERIA: ROW 117 COL 144

PAGE: 1 OF 1
DATE: 04/30/93
TIME: 14:48:27

ROW COL DATE LEG
EXAM EXTENT

PROGRAM ACTUAL REM CAL PROBE LOCATION VOLTS
CURRENT
MIL DEG CH

117 144 H
H
H
H
H

H
H
H

H
H

H
H
H
8
H
8
H
H

H
H
H
H
8
H
H
H
8
H
H

07H-OSH
06H-07H
05H-06H
04H-05H
03H-04H
02H-03H
01H-02H
TSH-01H
TEH-TSH

OSH-BWl
09H-BW1
TEH-09C
TEH-09C
OSH-BW1
TEH-BWl
TEH-09C
09C-TEC
TEH-09C
OSH-BH1
OSH-BWl
TEH-09C
088-09H
TEH-BW1
09H-BWl
TEH-09C
098-BH1
OSH-BW1
TEH-BW1

07H-08H
06H-07H
05H-06H
04H-05H
03H-04H
02H-03H
01H-02H
TSH-01H
TEH-TSH

OSH-BW1
08H-BW1
TEH-09C
TEH-09C
08H-BWl
TEH-BW1
TEH-09C
TEH-TEC
TEH-09C
08H-BH1
OSH-BW1
TEH-09C
08H-BH1
TEH-BW1
OSH-BW1
TEH-09C
08H-BW1
OSH-BW1
TEH-BWl

RP I
RP I
RP I
RP I
RP I
RP I

RPZ

RPZ
RP I
RPZ
RP I
RP I
RPZ
RP I
RPZ
RP I

00107
00107
00107
00107
00107
00107
00107
00107
00107
99999
00018
00107
00000
00000
00018
00103
00000
00003
00000
00018
00018
00000
00107
00103
00107
00000
00107
00018
00103

610RC
610RC
610RC
610RC
610RC
610RC
610RC
610RC
610RC
610UL
610RP
610RC
610UL
610UZ.
6 10RP
630UC
6 10UL
610UL
610UL
610RP
610RP
610UL
610RC
630UC
610RC
6 10UL
6 10RC
6 10RP
630UC

OSH+
08H+
OSH+
OSH+
OSH+
088+
08H+
OSH+
OSH+
OSH+
OSH+
09H-
098-
09H+
BW1-
BW1+
BH1+
BWl+
BHl+

28.53to+
32.21TO+
33. 17
34.07
34.54to+
35.80to+
36.32
37.39
39.00
43.09
43.92

0.79
0.26
0.29to+
1.66
0.37
0.49
0.62
0.66

43.4
43.55

43.7
39.4

13 ~ 9

0. 08
89.91

1.49
7.02

44.85
252.8
321.1
313.0

1 '2
11.37

1 '5
3 ~ 24
0.66
3.75
1.31
3.83
4 ~ 37
1.79
4.54

0
17

106
37
14
20
17
17
72

9
76
84

0
52

149
40
77
88
32

NDD
NDD
NDD
NDD
NDD
NDD
NDD
NDD
NDD
TPC
PDP
MAI

58
93

SAZ
100
100
PID

81
DNT
MAZ

62
MAI

91
SAI

96
MAI
SAZ

97

11
P 1

1

1

1

P 1

1
P 1

1
P 1
P 1

P 1

1
P 1
P 1
P 1
P 1
P 1
P 1

tJUMBER OF TUBES SELECTED FROM CURR.NT OUTAGE: 1

NUMBFR OF DATA RECORDS SELECTED FROM CURRENT OUTAG-: 29

tJO TREtJD ANALYSIS REQUESTED

REPORT OPTIONS:
Only examination results matching criteria are included

I ~ L a,1 4o2a~

CONAM NUCLEAR, INCA
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+285-285-5669 ABB-CE NCT 318 PZS JUlh GV '93 14h86

Steam Generator 22 7ube Rq17 Lq44,
Section 12 gg

3. Save for Future Use

17.94"

MoCkfied Huey Specimen

Dual Etch Specimen

10'ensite Test Specimen

i" Save tor Future Use

Bulk Chemistry Specimen
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+283-285-5669 ABB-CE 5CT
318 P26 JUN 8'( 'a x~ vv

Stearo Generator 22 Tube 8447 L444
Section 46

O'iew

3,P

90 View

GEM
Montage

Deposit-tike
Ridge

180 View 2?0 View

10'uger

Specimen
for Rockwell

088cged

24.25'GVO

for
Futuro Uoo
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TusH 127-140 BEV1SLON 2

09H'55.75**

45ff*

b

WHIP CUT AT 351 3/4" FROM PRIMARY FACE
(3" BELOW 09H)

PXECE f16 — 27 5/8"

08II
310.75 PXECE f15 — 24 5/8"

07II

4 5ff

265.75

PIECE gl4 19 1/8

-PIECE gl3 — 25 1/4"

41" PIECE g12 — 19 1/4"

,
06II

224.75 PIECE gll — 22 1/4"

42" PIECE f10 — 20 1/8"

05II c
182.75 PXECE g9 — 21 1/8"

04 II

4 3 II

139.75

PXECE g8 — 22 1/2"

PIECE g7 — 21"

41"
PXECE g6 — 18 15/16"

4 3 If

98.75 PIECE g5 — 19"

PIECE g4 20 1/16

(I) frtBf flips!!Chf SC!gf gC
70>tcI!05 l~!" l3$

55.75

TUBE
S IIEET

23.75"

2" TYP

02H
AI

1" rVP
'<0. 75

01II C;—

I 16 '/i"

PXECE g3 — 23 9/16"
DRILLED WHIP CUT
BELL 0 1 ff

PXECE g2 - 17"
(3) VERTICAL TIG PASSES

24 1/4 TO 23 1/8;
(I)SPRXAL TIG PASSES

23 1/8 TO .75
PYECE gg 2ll Eggs (i1 AA|AL rlr. i.atiii, tav i ilia iiS-ISO

<~3/4" DRILLED OUT OF TUBESIIEET

**
NOT

A
''", PRON Pfl)llA Y PACE TO lC .0 !f

'ACIIJXNTU E'SAMPLE ZS ON 'gO
! I j t.i'L' I','3! '. f . ~l,

I

I ~

S I'A
: ~4

4,l
" A. ~ f Lrl fAel,W I,'i a i 4 '«u

A'FI"bEWL I',8 /LE OUl'EIIS AP ', '('g 5 I: XS ]
fpI P, 'if1'

oI gc c
( 0

THICK

ATE
ITE TS)
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08H

07H

Hi Resolution MRPC LXN

68%

12.28

12 '1
61%

69%

12.52 70+o =12.30

11.22 , 64% 12.58

89+o 12 ~ 02 0 38 X 0 18

85% 11.65 0.25 X 0. 14

6 in/sec Bobbin 24 in/sec Bobbin
percent location
thru wall from end +

IO

tA
I

IO
M
Ul

I
Ul

06H

051(

NDD

NDD

NDD

NDD

NDD

NDD

NDD

NDD

D
tO
IO
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+ZQ3-ZSS-5669 ABB-CE t1CT
VIS P1'I JUN Qr '93 Ig:QQ

90'iew0 View
3'fO'iew

Steato Generatar 22 Tube R f27 L040
Section 9

l
41

'70'iew
Dgg~~

4 II

5o

7. 5I

-'ili
4f.It

rpr

444>~i"

4

ia
:Iffik

10

25'ggcrate

Support
Contact

D.75'ggcrate

Support
Contact

W4
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+285-285-5669 ABB-CE NCT 518 P12 JUtd 87 '93 idt88

Steam Generator 22 Tube„R127 L440
Section 34

1~

O'iew 90'iew 180 View 270 View

10.75"
1 5 25

Eggcrate
Support
Corttact

075'.3 Metal
Surface
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+c83-285-5669 ABB-CE I"ICT

~LB Pi3 JUN 67 '93 lW:GG

Steam Generator 22 Tube R427 L440Section 12\

6.5" Save for Future Use

$ 9.25"

Modified Huey Specimen

Dual Etch Speclmeo

r
V

1

Tensile Test Specimen

l'ave for Future Um

Bulk Chemistry Specimen
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SCANNING ELECTRON MICROSCOPE PHOTO OF LABORATORYBURST TEST FRACTURE
SURFACE &&AABOVE ARROWS IS IGSCC
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0

Tube outside Surface

Steam Generator 22
Tube R)27 L540

Section 13 Burst Face Crack Depth Diagram

mPN .'

IV
(9
M

I
MI
Ul
I

,Ol
gl
IO

3>
IXI
IXI
IA

m

n

Tube inside Surface

fGAjlGSCC

Ductile

Average Depth 39.9%
Max. Depth 400%
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+283-28S-5669
ABB-CE MT

ZVV Pea mV 28 SZ II:46
Depth Measurrner'tts

Tube: R127 LZ40
Section: 13 Burst (07+)Locatio

I
2
3

S
6
7
8
9

10
II
12
X3

14
15
16
17
18
19
20
21

22
23

(in)

crs cD tlt

Messurment
O.IO
0.20
035
O.XS

0.35
0.6S
0.60
IDS
1.68
1.66
1.10
1.60
1.3$
0.60
0.60
0.4$
0.30
ODS

OAS
0,$2
OAS
OAO

0.1$
Av

. Mits

5.0-
8.8
3.8
8.8

169
IS.O
33.8
42.0
41.5
274
40.0
33$
15.0
1.5.0

11.3
7D
8.8

XXD
13,0
Xl.3
10.0
3.8

% Tlttoughvrall
6.0

11.9
20.8
8.9

20.8
38.7
3S.7
80A

100.0
98.8
65.$
95.2
80A
35.7
3S.7
26.8
17.9
20.8
26.8
31.0
26.8
23.8
8.9
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+283-2BS-S66g ABB-cE NCT
31B P14 JUN 97 >gZ 14:01

I

Steam Generafot 22 Tube. R127 L140
Section 43 Qi~g

c/ p0 View 90 View 380'iew 270'iew

Doooo!od for
Burst Test Fittings

~h

14

25,2 5%

r-gorxata
Support
Contact

1.25'EM

Montage
Specimen

Burst Test
Section (14")

Eggcrato
Support
Contact

Deocotod for
Burst Test Flttlngs

1.P
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0%

25K
50%

75%

100%

Tube outside Surface

Tube inside Surface

Steam Generator 22
Tube R127 L140

Section 13 Burst Face Crack Depth Diagram

0.58'gfCj.&

x ~ibex,g ~
Pf)+

xx

Q«44>~

na

N
I

b3
6)
Ul
I

Ul

IQ

CO
In

Pl

n

i~Gscc
'- Dvc$9

Average Depth 39.9%
Max. Depth 100%
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+283-28~3-hsb9 HSB-CE MCT 318 P16 JUN 67 '93 1W:82

Steam Generator 22 Tube R)27 L140
Secfion 46

O'iew 90'iew )80'iew 270'iew

12.5'2.5'2.5'escsl
od for

Burst Test Fittings

Burst Test
Section

5E

Eggcrrtto
Support
Contact

Auger/XPS
Analyses
Specimen

0.25"

SEM Montage
Spscirnen

Descried for
Burst Test Fittings
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0%

25%
50%

75%

100%

Tube outside Surface

Tube inside Surface

Steam Generator 22
Tube R127 L140

Section 46 Burst Face Crack Depth Diagram

1.0'

M
(9
M
I

MI
Ul
I

Ul
Ql

IGAtjGSCC

Duct[le

Average Depth 58%
'ax.Depth 89.3%
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