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Arizona Public Service Company
PALO VERDE NUCLEAR GENERATING STATION

P.O. BOX 52034 ~ PHOENIX. ARIZONA85072-2034

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: 93-056-026

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/JRP/ap

Enclosure

Thomas R. Bradish, Manager
Nuclear Regulatory Affairs

cc: B. H. Faulkenberry
C. M. Trammell
K. E. Perkins
J. A. Sloan
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN

A. EXPANDED SCOPE OF ECT

Initial Outage Plan

The fourth refueling outage for Palo Verde - Unit 2 began'-':;o',Marech~14, 1993:adiie,to a
ceggs+

steam generator tube rupture. The original outage schedule wa's,'"'.,'to.,begrin on March"20,i
4„:ggxs,

1993. The initial examination plan for both steam gener'ators was a'~400%gRll>length ~"
r!"i".;!is

bobbin examination with approximately,,10% of the tubes to age.":tested usxmbgs':.MRPC for the

01H and TSH intersections. The tubesiweregtteo;,bre,'examined full,::1eiigtbth':;.withtsthe exception

of some row i, 2, and row 3 tubes":which were exam ii'ied':,thi'ough the U-bend from both the

After the manways'w'erne:,removed'":,the secontdary side.',of, the steam generator 22 was filled

until the leahng tube could:,be identified;".gViisuaI"e'xamination confirmed that row 117
4'i@

column.144e wsads',.'the leaking tutbe';,Eddy"'curreiit':prowbes and a Welch Allynvideo probe was

used.':,to'gcharacterize::the.,tube leak. It',was,determined that the leaking tube had an

ed'"a'pyrwotximate.:,8e inch long'iiiidespan axial indication located 34 inches above the 08H

@':,':suppoitgh 2-inch„". ong.fishmo'iithir'upture was found in this tube starting one inch above

ytnthe's'tarttof the g in'eh!axial'nttdication.

>i!":pThe eddy c'urrent testing began on 4-11-93. Initialresults identified a number of tubes with

iiidications of"a'xial cracking. The majority of the indications were located in the upper

area of:the;hot leg side in SG 22. As a result of this initial testing, the scope of the testing
+w

in both generators was expanded. The scope was then systematically expanded «s

'dditionalflaws were detected.
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REV A June 22, 1993

VX. TROUBLESHOOTING ACTIONPLAN (CONT.)

A. EXPANDED SCOPE OF ECT (cont.)

First Expansion

Unit 2, Steam Generator 1:

:0;a~os.":.,::ex

During the third refueling outage, (U2R3) a mid-spaniaxial indicatxion~jwR'"assfound three,':! B~"

inches above the 09H support in row 117 colusmn 54. Sine'e;.'the. axial iiidicxatioattiin)U2R3

and the ruptured tube Were On the Same rOW,:the firStteXaminatiOsn',WaS perfOsrhed On rOWS

116 through 118 in each steam=generrtastor>Bobbiiitasn'O':MRPxC exuaminatYons performed on
rp<. "Qg X.'"'~.'4'!;:"X Q.. ~

these rows found a greater amou'netrof wear;.:indications in'the',.:08H a'n*d 09H supports than

expected. The next axialtiiidicationas;wer'e.foundjin.rows~104 and 105. As a result,
,A <

approximately 150'tiibes,were:,t'ess'ted,,surrousiiding th'es'e.,tubes and a symmetrical spot on

the other side tof the gener'a'tor,

C;„P.

Second"Ex'pansioiii;.~

+pTheetsecoxnsd.eddj~current'expansion:,consisted of testing all bobbin indications via MRPC

"~s
.'tos distiiiguish betweeen,wear and>axial indications. On tubes with indications located from

te'' > the''TfiH!t'o the 09H MRPCissas performed on the 0tH and TSH support locations. This

%its in order tie!satisfy The random approximate of I0% MRPC of the 0 IH and tuhesheet.
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REV A June 22, 1993

A. EXPANDED SCOPE OF ECT (cont.)
r

Third Expansion

a-'-'(te

Unit 2, Steam Generator 1: (cont.)

x C):hAyb

The purpose of the third expansion was to try and bound the SAI;,(sage,:.axial indicatioii)

band found in SG21 and SG22, using MRPC.'fter plotting:.:Re axial'iiidicaution's:~jt
.

Sx DNA„.+ 'aj:<$ .'sb

,rr,.'?:>.,sx,y, ~ex

appeared that they followed an "arc" that setaitedw around row",100,c'olumn 2S''and'continued

to row 100 column 165. The arc,was'three to teiistubews."m'::fromdthe penpheery of the tube

bundle. ~4/4'::q<

Fourth Expansion,..., Q» =:.'::~, '-",":!Pi,

v+ ca ~<xQiax x,, axe

The fourth expansion waseca".,checkerboard expanstont to MRPC examination of the upper
w~:..n~

supportstghis"%'as,done in an 'att'empt to locatte,any axial indications outside the arc not

found:;by the.bobbin''ex'htnination,in S021,. This expansion consisted ofapproximately 124

x d a x

e

The fifth:expaiisia'g: was'to bound axial indications found on the edge of the arc expansion

~".(txhird eXpandStcn):and tO See it'he arC COntinued belOW rOW 100.

QX:t't'

SixthaEvpansion
5@Ye

The sixth expansion consisted of testing tubes aiou»d the peril>hcI'y lit'tlt ~<~~ I fo +S

This was done to test within the arc region in the horizontal section» vt'he tuhing.
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

A. EXPANDED SCOPE OF ECT (cont.)

Eighth Expansion

Unit 2, Steam Generator 1: (cont.)

Seventh Expansion

The seventh expansion was to make the arc of interestilarger to match':,.th'.:.thermo-
'/pc'>p.

,A
hydraulic modeling performed using the ATHOS modeling.''program.'7&i,,arches','~p

QD

The eighth expansion extended the are';to match:;the refined modeling done in expansion
'"'~- 'e.

seven. This increased'(be arc to m:area''.of intexest iricluding row 70.

Ninth Exparision
t" Qa,

The;ninth expansion'',"'cPnsisted of testing, groups of tubes that were outside the arc, from
gp~

,
';tbe~BW1" support, down tithe 01Hjsupport.

QV@~3~
The tenth)expansion,tested tubes within the arc from the BW1 to VS3 support using the

ggQg PP y;i+ ~@+
4,-'flexible MRPC..probe. The testing was performed in the arc in four separate blocks

scattered around the area of interest.
~a'jW~

'Sp
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

A. EXPANDED SCOPE OF ECT (cont.)

Eleventh Expansion

Unit 2, Steam Generator 1: (cont.)

A'""".:."-,,
.g~~o

The eleventh expansion tested tubes fulllength withiii',the arc froo'blithe,075 down to ihe)"
A

01H support. This was done in order to check'for indic~atioiis: in the lo4"er~sections.of

tubing below the arc.

'Avelfth Expansion

The twelfth expansion tested:tubes in"groups oiitside the.arc. Testing of these tubes varied

from part length to fu8 length examination.":,The puip'o'se:..of this expansion was to outline

the amount and type of indications outside;':the are'a'.of interest.

5'.First

Expansioii<

Due,to the tube p~™iillingactivities, the eddy current examination was stopped in steam

~gene'ra'tor„"'22~:Eddy current testing continued in steam generator 21, however. The

"»;.,";.;-':,-;,expansion"""groups were consolidated when the tube pulls were completed. The first

exmansion consi'sted of the original arc and rows 116, 117, and 118.

:::."'?a

y
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REV A June 22, 1993

VL TROUBLESHOOTING ACTIONPLAN (CONT.)

A. EXPANDED SCOPE OF ECY (cont.)

Second Expansion

x4<'nit

2, Steam Generator 2: (cont.)
%x$+",sent. x

." 'ts %8:g

~ uk. 4:;:...g;.yThe second expansion was to test via MRPC all indications founred.".:by'he'teddy currerit',,:',"",'+'-''

'"'v
„ %9':i"„,:e

bobbinprobe.

Third Expansion

The third expansion was to incre'ase'.;.the oiiginal arc to match'.the seventh expansion in

steam generator 21. @@~it'$.:::-~

~

The fourth,:expansion was donelin.order"to have the arc in steam generator 22 match the'ctu:::+'G+h xsg~rs+

theriit'o;hrydraulic m'o'dating perfomi'ed,:using the ATHOS computer modeling program.

"%j:;;:;:g The fifthiexpangst'og::.twewsteed tubes in groups outside the arc, from part length to fulllength

ui xaminatious Yhe purpose of this expansion was to outline the amount and type of

indtrcntions outside the area of interest.
ups@.~4~

C<'su
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

A. EXPANDED SCOPE OF ECT (cont.)

0

1ST MRPC EXPANSION (R116, 117, 118)

STEAM GENERATOR 21
8:.'.p:Pc

2NDMRPC EXPANSIONgNDICATIONS)g 4":;,;500 +"'QP~('~~i.

4TH MRPC EXPANSION (CHECKERBOARD)>„'...„. 124

5TH MRPC EXPANSION (ARC:::."EXPAINSION)- '~i'~'SIi6~

6TH MRPC EXPANSION 4yj,"',:-:., '~;:i~ . 116 '"~
7TH MRPC EXPANRSION'%Qj~ y +~@ +g-'.if~ 75gg

8TH MRPC EXPANSION~ ~~ i::~p.~ 'ij(>g:. j'':jY625

10TH IMRPG EXPANSION O';:P„,, ~„-.—. 161
4~5)g %PQ+: Q "rP!'„'"..)y,

6507

(Y:~

-88-
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REV A June 22, 1993

A. EXPANDED SCOPE OF ECT (cont.)

4TH MRPC EXPANSION

STEAM GENERATOR 22

1ST MRPC EXPANSION(R116, 117, 118) . 1259 X,'-':~:;;,

2ND MRPC EXPANSION gNDICATIONS)g '"'.:.''':1135
%PP':~

3RD MRPC EXPANSION (ARC) g;;.~ ' 1'1 8""'j"'i''~",

3TH MRPC EXPANSION >Q!'',. "l''Qi::,:;: """'","'122|

@c"

2

3

':„':;;„p

qY;Q,

'v
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REV A June 22, 1993

B. ORIENTATIONTESTING

During the outage, all tubes were inspected using the bobbin coil"i'i'jethoed orf;.ECI; in
~i'..c";;.:;be %@

addition, selected tubes were examined by motorized rotatin'g'"pvat|ctake coil,:;:::(MRPC).

MRPC was used to characterize tube indications. In additioRn,':to,adetsectving tube flaws/, the
s„

MRPC also recorded indications at the low frequency;.'.(20KHz)."who/s/e'.;::ii|dications hav'<e!i".

been characterized as deposits on the tubes'euatside diaiiie/ter@Tahe MRPC>inspection also

detected several tubes with axial flawsr'aen'd:'de/Positsindications loc'at'ed betw'een"and at
~Yg?P

supports. The information obtained/'by'jidentifyjng'tabb'eiorientatione of

flawe/deposits

to

adjacent tubes or the tube bundle",,could be':ioised/ in determinin/gland evaluating the damage

mechanism.

In order~to,deteggijne the orientation of a:,tube's;flaws and/or deposits, a special inspection

technique corisisting'„:of;:,a magn'etic iiidexin/g/'referencing (MIR)probe was used. The

>Yeference~an/gle'tof the flaw."deposit:,is, found by inserting the MIRprobe into a tube

"<<adjaceiit';.to a tRaesrcg/et tu/be. Theetar'jet tube is then inspected by the MRPC.

'gThae msa/gi'te/tiC;field gereiie'x'a/t'ed by the high energy magnets located in the MIRprovides a

%i::,:texeference 'nbt".;the MRPC signal. In order to avoid distorting the flaw/deposit, the MIRprobe

ursa/p'ositioned b'iilow the area of interest. in the target tube. The MRPC probe is then
4$Pry'.„~

position'ed.'above the area of interest and withdrawn past both the flaw/deposit and MIR

probe as the data is being recorded. By knowing the relative positio» <if'lie tube whli the

MIRprobe and the target tube, which was inspected by MRPC. tlic <» ic»uiii<»i ot'the tlaiv/

deposit can be identified.

- 90-
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REV A June 22, 1993

C. VIDEO ANALYSIS

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

performed of the surrounding tubes. Avideo record was made by moving,a remove

camera through the fulllength of the channel created by the pulled"tube<In order to assure

areas ofspecial interest received a detailed inspection, a check''lis't'was prep'ared,,as shown

on table VI.C.a. The objectives of this inspection was to evaluate po'tehtial tube OD~

conditions such as Baws and deposits, as well as any'abnormal tube!bundIeiphysical",'',"':9'

configurations
'yA

""'>4k':~i%s:,v

+g:Qw

j+>@<c,
'4:

Q)

'c)p~(),

- 91-
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REV A June 22, 1993

e VI. TROVBLESHOOTINGACTIONPLAN (CONT.)

C. VIDEO ANALYSIS(cont.)

The followingvideo tapes were recorded:
qg,'.Aq

8 ki-:,

22-13 8c 29-24 (5/29/93)

116-41 (5-7-93)

116-41 (5-17-93) ~ "4~~!",::„

103-156 (5-15-93)

105-156 (5-13-93)

117-40 (5-8-93)

1.17-144 (5-19-93)

127-140 (5-13-93) +P,

~:„::::::p'

AQ4'(?

..

@V"
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

D. TUBE PULLING
'l~

Background:

Tube pulls previously had been scheduled, independentjy>of this';plan, in"order to

investigate the cause of axial cracking at the 01H support (low distribution plat«e)h~

Shortly before the unit's fourth refueling outage w'as:::scheduled''ta'.,star't:::a'„tube rupture

occurred between the 08H and 09H support oftube 117-1'44:,:(SG 22)subsequent eddy

current inspection identified axialiindic«ations'at, other mid-;span'and',su«pport locations
'«"~$„Q"~4~iij?:gr~Q Q V)P

in the upper bundle. In ordex:.".',to«,dete'r«mine theroot"caus'e:,of the,tube'rupture as well as

the axial flaws, the originally'planned tub'e::pull p'rogram (i'~+01H) was expanded to .

include tube sections fr'o'in".the upper:tube bundle:

x '.Q

5"

.i;S.,

~ 'msS„„. c'

i:('„.;:iPPy. g

g,;::;:«

g>.X
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

D. TUBE PULLING (cont.)

~ Tube Sample Categories

Selection Process:
<y)k~+),

cgk~,

Tubes selected for removal and laboratory examination fell<iiitofo'ur category: 0"':;,,>, .

h'

'.

Tubes with Flaws at uppet,Sundle'sujiports

'Pg'ji'.

A.:
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June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

D. TUBE PULLING (cont.)

~ Tubes Selected

Selection Process: (cont.)

ee
e

S

S

v ps

Starting with the list of all tubes with axial indications, each't'ube;.was evaluated'to~~>

determine which tube(s) would provide the mo.st infoimation wttxliutytli'exiilrdi'ntified.

categories. The steam generator inspi"ction process Includeved+a,,lx00%'bgorbbwin

examination, with selected tubes';inspected''by, MRpC. There"werse'tubes "where the

bobbin inspection did not record an'indicatio'n,but tw'ith'.;the MRPC an axial defect was

identified. To evaluate:,'that discrepancy, tw'ottubes'were selected which met that

Also, tubes were evalu'ated based on'their position relative to other tubes with axial

indications,'iiicluding axial dejtosits. (Refer:to section VI.B. Orientation Testing for

ieliiiivelttcation"ofpulled tubes to. adjacent tubes with indications at similar

,, '4..k
<.'.'=+~:".,"elevate'ns). In:.addition~tubes were chosen to represent different regions of the tube

s x

e

'fti,.:,, boih!e. Asgaiccbuthtgettcy, iixttra tubes were selected as backup condidates.

''-:, Table;VI!D::a;,.lists ihe primary and secondary tube pull candidates and the basis for

selectioiiiiA brief summary of the basis for selection is provided below. Figure VI.D.a.

'+j..;shows the areas of the tube sheet where tube sections were removed.

<

s'95-
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REV A June 22, 1993

VI. TROUBLESHOOTINGACTIONPLAN (CONT.)

D. TUBE PULLING(CONT.)

the 07H and 08H was selected for removal to evaluate this type I <~( t'ta(.l:uit)t).

4!(y

1. Tubes with Flaws at 01H: (22-13 & 29-24) e'y„'-:j'.;,,

In the 1993 inspection, three tubes wexe identified witliFaxia1"'indications"'at the 01H.

One tube exhibited significant growth from the(,'1991 inspecti'on xeseults. In addiiionedto

that tube, a second tube, one which contained an axial',inwdicatioii'''(xee'cod'rdedu.by MRPC)

which the bobbin reported as a distoxted suppoxt indic'atison':.(DSI), wpas:selec'the'd.

2. Tubes with Mid-span Flaws,.""""'q,'.':,'.:i;'.~ "'4„"':!~~(~~~>, "g
'"~F''g'"'.1

Ruptuxe Tube and,.Large Turbot'ugh Wall',:Flaw (:117-144"Bi~105-156)

The tube rupture"0'ccurred':mid;sIIan'below.;.,the 09Hs, In'addition to the ruptured tube, a
QW!'-the '@)~~ >y<

second tube with a mid-",span flaw comparable",:to.tthape rupture, was selected.
>< '~j4,

2.2:Axial;Fla@',detected by 1VlRPC but:not Bobbin (103-156 & 117-40)

W<":.",'i,";-!Qvo'tubves were selecte'dpvhicli:contained mid-span axial indications detected by

"'"i~i:;...,, MRPC but'riot by~bobbin'i'oil~eddy current inspection. Both indications werer

ue

0 0 e e
u

4

e re

a
'wg>g >'ieucoxdedajbetw'eeiii~the 08H and 09H.

+N!;;,,3)'ubes''itith Flhis at Supports (07H, 08H, dr 09H) (127-140)

':Intaddition to the recorded axial indications at mid-span, some axial indications were

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

- 96-
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

D. TUBE PULLING(CONT.)

flaws.

4. "Clean" %gabe (116-41)

In order to evaluate the detectability limits of eddy current, o'ne;:tube, which'::had no

indications identified between the 08H and 09H,support, was,selected. An additional
~X, g

criteria for this tube was that it would be located next>to tube(s)'jw'ith'recorded axial
g: S,''? (gC$Ã:C:,

'.'„,' "~-'Y'„p%,"~- 'k „p%,

'~V~'
gP)

'". P<mP

QC ~5--.w:

+ca.< M~

- 97-
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REV A June 22, 1993

E. ANALYSIS

In addition to troubleshooting data, several reviews and analyses w'e're,.performed to
@gal<'Pp

support/refute the probable failure modes. The analyses also'h'el jed the team:,more fully

understand conditions in the steam generator (thermo-hydr'auljcs, vitiation etc.) ",';''„'''~

1. Contact Forces

rP.,

Contact Force and Lateral DefiectionWalysis ~An analysis"w'as.initiat'ed'to evaluate
w4">:".!Q..

@'he

hypothetical possibility of, a'io'ck,-up of;a'tubepithin the„bundle'."":,The analysis

would be developed from designcharacteristics,of the"generator'tube and tube support

structures. A three diiiiensional fiiiiteelement::.model'of the tube bundle would be used,

with many tubes'liimped together for,model.simpli6cation. The analysis would include

the effect;of dead weight'.and thermal'loading;for::several load cases.

Basis ofStudies:Performed~%',,'":.j~

gag?.„'-„.Petailed.',,three,dimen5i'jinal finite;.element studies of the Palo Verde steam generator

tub'e'~bund1'i.".were initiated'iii".,oider to gain an understanding of the causes of tube

@defect.',.indicatiaiis.''.'found:::in the upper bundle regions. Besides evaluating normal

'>i!"::,''.>, "j::5 oper'a'ting 'design.,ge'ometry, thermal and How conditions, additional load uses were

consider'ed':for:hypothetical boundary conditions which might result from the presence

'o';..,'a corrosive environment. The load cases are summarized below:
'Q)Cq

'~~@;4'98-
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REV A June 22, 1993

E. ANALYSIS(cont.) /@4

1. Contact Forces (cont.)

Case A: Design Geometry, Thermal Growth and Plo)y,,Loxads,

Under normal operating conditions, tube-to-tube'''suppport coritact,forces do occur due~t

"vi!,':::.b~

to differential thermal expansion. However;<a 3-D aiialy'sis.of this"effewct'w'as;.:not

4j:iN!„,„
performed during the design phase.'Sm'ce.:,the tube wear indtcations were'.:occurring in

localized regions, a 3-D model'edv'aiusation+as's,"deem'ed appropriate~„.:.+

Case B: Dead Weight,Plug Th'ermal Lo'a'ding

This conditions'aS evnaluated,.je..,order totP'rovide::".,a:cqmPzarison of thermal loads with

normal dead'weight. ""~-'.:..,'':,;':.i.

g

b

~CasegsC ~Elastic:".I-Beam/Verxtical Support Lock-up (Zero Vertical Gap) with

Diiti'ngnonimai operating c'oii'ditions (gap = .31"), the i-beams and vertical supports do

@~l",i:;;:,<„'qi:,.",.: >''not.,c'O'mme into coontact. However, ifa zero gaP condition were to exist from to corrosiong

ze

s
e

s
g e

v
v

~+'..;, or iiia'ijufazcmtu'one,zioen-conformance, additional tube/support contact forces would
vatic

~~:,"::;',>>„develop b'ecacuwse of differential thermal expansion. It was decided to investigate this

"':fiypothetical" condition to see ifit would help explain reports of tube "bowing."
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

E. ANALYSIS(cont.)

Case D: Tube/Batwing Lock-up

1. Contact Forces (cont.)

This "hypothetical" condition was also evaluated!todsee ifsufhcient:::xeaction forceeis!

V'ould

develoP at tube/batwing intersectionscwhich tnighr!cause soveii'tte::tubeyseItotbow or

defect into adjacent tubes.

. d g~~ 5vÃk,.g

".",~!::...w 4 ''.,',:;:, .
+ "4;:<

c';:,".@

e
e g

e

d

e

s

a

e

vb e

a

v

e

:(''„'P..
b

."

@P+ j>i
'tj('rba

Qv
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

2. Crack Growth

E. ANALYSIS(cont.)

guKs>X>v

Failure modes which could produce axially oriented::mid;spa'nc:cracks wewreu',:,,;,+

investigated. Based on the orientation and location of the crack,and.:,the morphology,.eof

the rupture observed in the video probe inspection',",ociitside diain'etei'sa'twr'essa,:corrosion

~eQ> Q>"'e':;t5 > g~~4>i:t>, ~+X~<vgP

cracking (ODSCC) and fatigue were,,identified, as the mos't'probable''ifailure modes.

~';;..
e'„W,,d'nce

metallurgical examination'sidetenn ice d'OQSt>C
ate

be the faifuvr'ee mode, a review

ofpotential crack growth rate3>vas published in the indurvusstrp,literamre, was performed

to determine ifODSCC',:.could phro'duce,crack:.growthhrates consistent with thatA "~"'W X4i':~
indicated to have'.II'ccurred'in"the;ruptured:tube (Ril7/C144). Since R117/C144 did not

have any~detectable indi'cation durin'g'.,::the last','':insp'ection, a reasonable approximation
sP/

of thwe';:crack':growth rate could,'.be dertermined by assuming crack dePths just below the

dlevel,of detectian":at:;the lasthinspection,'"A more conservative approach is to assume
5('.'g>'.pg

<gg<'g",;::,;,esseritially iereo crack';deptth at the last inspection and base crack growth rate

4>~)y c~alc~u]atiovn's'~on the, current',bobbin depth divided by the total cycle length of 15

~:;=:-"g» '<<-'.g >':months:.,~e following,analyses were performed to determine the maximum operating

~i'-.< time"until"atre„"'-;jnspection of the steam generators must be performed to ensure the

""a~:P. safety margins are maintained specified in Regulatory Guide 1.121.
xa 't 'hp

g<e
e
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

2. Crack Growth (cont.)

E. ANALYSIS(cont.)

Crack Growth Analysis Action Plan

a. Develop Critictd Flaw Size Diagram a??i'?u "%',::j:,,-ai:-::i:::::::,??.

A critical flaw size diagram would be developed~fo'i"..':axjal cra'cks;;.to 'awseslst':,in

defining the maximum allowable!'ciack,size at the end of;twhe,:.oeperatiiig;cycle to
Q?z?.c,?~ hzWN'. ez Q %qXdp

zippy
.'x??s)?v

meet Reg. Guide 1.121 restuzt?re'd',margm's'~",~i,:,'::j'j?,

~,i) 1 '::.
b. Develop Crack Growth Raterzs",.4

Reasonable crack giowthrate prii'di'ctiona'biised out the most probable root cause

outside diameter',::Mess corr'o'sion ceracki'ng,(ODSCC) would be developed in order

to clualitatively assess;the predicteedt<crack"gr'owth rate.

The;;initial,flaw slzee"."based o'n the assumed ECT detectability threshold would be

""'"q',determiiiedaand used inz.Ithse crack growth analysis.
C~g ( i?v

d;"'?IDestwe?'rmine Lensghth?'''Obf Operating CyCle

Thee,:operautingw? time prior to exceeding Reg Guide 1.121 limits would then be
'i;<.>A

determm'ed based on the assumed initial flaw size and crack growth rates.
v

(s:?'??v
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

E. ANALYSIS(cont.)

~

'.
Thermodynamic Model for Quality/Velocity Distribution'4>';.';!N~:::,h

In order to evaluate the environmental conditions within:,the taiibe;bundle'a~ij>>

thermodynamic model was used, The thermodyneamic model has become well""j;"',:;yQ,

established for use on ABB/CE steam generators. The,.model aiialyzesi'th'ew>>
'>

ji'@"avis+it~
thermodynamic conditions throughout„the tuBe bundletanddaevvaluates ihe

~<i'i':":.">htw,
environmental conditions whhinitlje buridle'.iThe,mendel w'ogld'bemused at PVNGS to

&i+~>g "rt 4k.;",':::;":,:.'re'„'w

develop velocity, quality and,chem'ica1:concentraetioiisi'':The results w'ould be used to

correlate areas ofdegradationtiri'Ithe steasmIgenerators with'asrea of severe environment.

Analysis of two""phase flow„'induced„'vibr'ation w'as;performed to evaluate the

possibility,.'.;athat high stre'ss,was'revsdeen't:",:in the'~Unit 2 steam generators. The analysis

was,.based'oibn'."mwathematical':momdels used fox.modeling steam generators

dth'e'rmalhydrauliczbehavior.

sg s s
g s

y~1npartic'ular';t%hebstability.":ratio fotr a tube in tube row 117 was to be evaluated for a

a
e

r u

h e

tie.,:.„-numb'er of specific models'for tube/tube support interactions. The analysis was

pvearnfomied',by,two'''iiidespendent groups to ensure the results could be uniformly

'fe:.::5X>.,

')4p"
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June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

E. ANALYSIS(cont.)

3. Thermodynamic Model for Quality/Velocity Distribution'"'(co'ntf)
~egr.';<&+8;.

a. Athos IICode Description
p "'t"

ATHOS (Analysis of the Thermal-Hydraulic OfSteam ()esnerar'tom),is a three-'j~iW

dimensional, two-phase, steady state abnnd transient:code for the'rinal-hydraulic

analysis ofrecirculating U-tube"s't~(am,'generators. The co'de"::was devefoped for the

Electric power Research institiite„(EpRI)':by'(CHAMofNorth Amrerica. ATHOS~

~was further modified by Comb us tin'n.:Engineering"(Cr. E) to iitcorporate modeling of

plugged, sleevedj''xe'moved an'd'pulled tubes. The,CE version of the code also

includes caPeaobibty to'tn'ogdel;:sludgeitdeyositSs'on';thee'tubesheet. Amore detailed

descrjption of the'mathematicalfuaand.physical>models, finite difference equations,

sthe,,codre,:straucture and s'ojution parocedure is presented in Reference 1.
a gi.s,A'seitaA. j!vy

e
?

g

a

o?'ia

$
'
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June 22, 1993

E. ANALYSIS(cont.)

3. Thermodynamic Model for Quality/Velocity Distribution'(cont,)

a. Athos 11 Code Description (cont.)

oui'... y;;„
The ATHOS code has been checked and verified by Combhiistioii>Engineeringutiari8

"g~Pr. b,
js~.tSd ve:dy+4~r@d.ted%~ sr

others (References 2,3,4,5,6,7). The ch'eck-out s'tu'dbi'estinclud~eCh'cxoempearingsthe

ATHOS geometry pre-processor.'cx'omputed values of-the,"steam geiieruator

geometric parameters against-'hind calculationsqchxecks on the rn'ass, momentum,
><4'':i~!ii<.

and energy balances, and''.,consisten'cy.-and plausibilitxj,'ofsteady-state and transient

solutions for a nuiiibeerhof diffegrgentrecasesi<Fowr code verification measured data from

several small-":scale experiments';lmodellsteam".,'generators, and fullscale steam

genera'tors were compared'with''rATHOS're'suits. In one case, an analytical solution

was av'ailable for comparison writhe ATHOS calculations. In general, the agreement

e'-:i::.i::,.:'i abxetweeh the"ATHOS retultsalsrnrd:avml able experimental data was good. In addition,

con'sixsxte'net,trends"weEe founed'.in'tall parametric studies. More details of ATHOS

j':,verificatiog may b'e foue'ndtin References 2 through 7.
'ch:it i

j;.y/t

gfgx

'b'av'.,
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REV A June 22, 1993

E. ANALYSIS(cont.)
4u$

3. Thermodynamic Model for Quality/Velocity Distribution"'(co'nt.),

b. S.G. Level Oscillation

A review of SG 22 operating data revealed that, the steamigeneratox,.had a history>

of feedwater flow and the downcomer water level'oscillationsYithe„,dowjicomer

water level data indicated that,,the.,l'evel,had fluctuated ap jioximate~lj:+Spercent

ofNarrow Range (NR) with"a'',period of,'oriijand;..half miitutes. bu'r'ing the Eddy

Current and video inspecti~ons of the,SG 22~,deposit',.'indicati~ohs on the outer tube

surface have bee'n':."disicovered.~The,linea'r',',depositijndications are located in the

upper tube buiidle, mo'stl j,'::.b'etw'een'tube supports,07H and 09H. Following the

discov'ery of the tube;damage arid".deposits '.theimal hydraulic analyses wei;e
'i

i@!,

pe ormed.'.to understand':the root;cause:of the observed phenomena and to

+i"~)jnvestigate i':possible link between feedwater flow oscillations and tube

degradations. The',:analysespvere performed using the ATHOS IIcode.
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

E. ANALYSIS(cont.)

ATHOS Analysis

pt
3. Thermodynamic Model for Quality/Velocity Distribution'(cont.)

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

'"Qi)j~ g

The ATHOS model of the Palo VerdetUntt 2 steam generato'ramcludess.',specittcosartions

for the geometric details, transpho'ittco2elatton'scend,operatingr c'onditiouR Details of

the geometric specificationsiagre inpour:;to the ATHOS!Geormetfyl Pre-'Processor

(ATHOSGPP) program, The nece'ssary gee'oinetrictdata calcaulated by ATHOSGPP

which includes the':,:.finitee',differencae 'gr'id;,stea'm',:generatorf shell and shroud details, and

all the geometric paTaraameters~utilized';by the','ATHOS code are written on a tape. The
'dq '~P'~~lg

finite di6'er'ence grid selected for the model isji4 x 10 x 27 in the circumferential (0),

radial '(R),andi'axial (Z) direc'tions, respectively. The arrangement of the finite

diffe'i'enec~egrid in thi'.»'.':;R-Z and'R-Oijilaane is shown in Table 1 and Figure 1. The steam"'g""<

gg..,; "':gcnerataor"."'o j'eiating coiidittones,:ustilized for the analysis are included in Table 2 for the

r
s P

g

e

h
e

p

r

ggP

,,
''-''~ta>~ ~'.'::: yfoui-,''steady statetcases investigated.

«'~~ For'Case 1'land,.2,the"downcomer level was set at the normal operating level (NWL)

'"';<,::;:>-„which is '449.72 inches 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

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

457.25 inches and 442.19 inches, respectively.
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REV A June 22, 1993

E. ANALYSIS(cont.)

a

k

s

4. Effect of Level Oscillation

KX"'."<k
A study and analysis on the effects of Feedwater flo::oscillatiot|s, of 5%'"p'eak-to-

peak, on the steam generator (SG) and the subsequent SG'level os'cillations will+bee

investigated. From the data coBected to date, it appears, that SG'¹2tliaxs)av!)urge peak-'to-

peak level oscillation than the other SG's in the other units'f::and Untt!S,,SG ¹1'+
k

g
w

vS

b
a

S
y S

Two potential 'adverse effects,frkoviii"::)lowoscilli'iuori'that can sontrib'ute: to initiation and

propagation of axial cracks a'rdeiit,

(1) Inducing altemat&gjkeilingfsaxnd'conseqiiintly ridge deposits in the high void

fraction zoneMhe ridge dep'o'sits,are;crevice's',that can concentrate damaging

cheIQIcals.
'w(sNiy

A4 iy'P
-:(2) s, Enhancin(EFltV mechanismsi(eithe(r unsteady momentum or iluideliastic

iris'tab'ilia) due'todiow re'jim'e changes.

<"„'.,":.>The'tyobjective'',,o5this study aend analysis is to show the effects and/or correlation (if
'"':"""js"',.'.'~ '""l:„'::,l(~ anyr)":.to'gth(esrupturedd tu6e. The relationship between this phenomenon and the ruptured

"''':„':;!~~.;,':.:Ss" tube mary;::,be a cdon'tributing factor in the root cause analysis of the tube rupture. The

"'lp'results of thee'study and analysis may explain the uniqueness of this phenomenon to

unit::::2.only.
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REV A June 22, 1993

E. ANALYSIS(cont.)

5. KCT Methodology Review

The primary method used to identify and define 86.tube degra'dation':was eddy cuiieiit
z4 'tiki+-. >4K "<iN!::~

testing. Concerns regarding the validity o'f"our ECT'm'e'thodology"and.detect'ability

were identified (i.e., the possibility<that-'.:,the. apparent increas'e,in;degradation indicated

by 1993 ECT results, was a furicti'op;ofproblems':with,ECI'imethodology).

As a result, the ECT methodolo'gy,::,:',would',be, reviewed and'a/tention would be focused

on ECl'ignal/noise rat'io standards",lIimits o'(8etecta6ility, and sensitivity.

4,':,."",„,,

.:r 'gWQ
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

E. ANALYSIS(cont.)
<4b

6. Secondary Side Inspection

A secondary side inspection of the upper tube bundle in::steam.'gsenerator"2Z!'was

performed. The purpose of the inspection was to: 1) look for'.,'.:indications of the t'ube

bundle or individual tubes being restrained; from thermally expandiiigs''nd.2) compare

the over-all condition of the upper bundle with the condition"ntobserved during a similar

inspection 2 operating cycles previous b(U2R'2):~The„two indiv'idua1s.performing the
X"'s'iptttt!tnQ 5

"tripp'nspection,one Rom APS aiidtone'from ABB/CE''hadlparticipated in the previous

inspection of the same, steam generator. This, allowed a direct';comparison between the

two inspections ta';be m'a'de,,The inspes'ction coiisissted of,:the followingsteps:

~ Observed gap betw'een top of VS3::.and 5"c'rbeescent plate and bottom of I-beam.

~,<Used feefer','gauge to verify,'.clearance between the crescent plates and structural

dars

<g;"::;'.;:„'j "'Q~,":;.'.<Ob'se'eer'ved"'number oflocal vp'eitical support strip deformations for comparison with

e
ee

<'>!:::,:,,, ~""'P„~ % Qbsearved,proximity of batwing wrapper bar to shroud. Look for evidence of

'4.'i:.:gperfomi~ed general observation of condition ofupper bundle. Look for distortions,

"':changes from previous inspections.

~ Observed condition of separator can splitter vm]es (as was slt»> it) I ~llil I )
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REV A June 22, 1993

E. ANALYSIS(cont.)

7. Chemistry Review 4 Evaluation

6. Secondary Side Inspection (cont.)

~ Viewed area on can deck near "J" tube discharge.'for:',any'deposits or debris.

Investigation and research ofpertinent chemistry data."an'd,': aramet 'rs:has been~

concluded. The followinginformation'oiiilines whether the Chta'!reviewed:mdicates a

:C...'@< Y

~ Feedwater Flow.Rate

A review of: the':feedwat'e'r, Qow'ata,;fox Unit 2!Cycle 4 was conducted. The data

indicated the aver'age;mas's'flow'.to:each'"generator was about 8,750 Klb/Hr.The

m'ass flow,",to S/G 1 wa'siappro~iinately>100 Klb/Hrhigher than the mass flow to

~"::8/G 2. This'is:,:a:,difference of,:i@15%X

'Cjw:&g+

gY

CW
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

E. ANALYSIS(cont.)

~ Blowdown Flow Rate

/t?:b

7. Chemistry Review 4 Evaluation (cont.)

In the past, the steam generator blowdown flow rates foi. nits'".','1,;,2 and 3 hav'e)j':.„:9~@

varied, as a result of chemistry data and blowdown;philosophtey,,Uiiit'(2'.hais

typically had longer periods of .abnoxmal rates of blow'down,than"Uiiits.,l and 3.

The typical blowdown regime';has beaewn 2„::hours,of abnormal blowdown each night,X """"""+W
and twice a week high rat'e;::blowdown foritwo m'urftutes. per:heart leg and cold leg. In

1992 Unit I andsg!sbegan the'twice a week two minute lugh rate blowdown for hot
stag .

leg and cold Ie'8:,follow'essd:by a two'lidur abnoimal blowdown. Other changes in the

blowdown flow riatesvaried, dependent uwp'on trabnsient chemistry conditions.
e

w

as r s
e c:;$„

zBlowdowii;:effectivenescs''had been,.evaluated through a number studies. The 1986
'si:,"

""""a~4,'lithium injection;:,test and:;the'EPRI'sponsored ATHOS model both suggested a

ie.
dg"""""g~>@ sigune[ficanst'contribustion from'.the feedwater to the blowdown. A review of the plant

>downcowiiier:vs. hot~leg":.da'ta along with the EPRI tracer injection test supported the
'ibk;<i;

s

sr
r

s

't't;: Jtbove,findings;~The""ABB tube bundle chemistry model considered these

otbgervahbohs,:and predicted that the blowdown water contained 80 90% feedwater.

g,';p Blowdown flow tests conducted in Unit 2 during the EPRI tracer injection study

~~!,.''",::('August 1992) showed the normal S/G blowdown flow rate to be nearly

equivalent between S/G 1 and S/G 2. However, the abnor»I;il,"/4 l Illtiwtl»ivn

flow rate was a factor of 2 higher for S/G 2 than S/G I.
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REV A June 22, 1993

E. ANALYSIS(cont.)

~ Hideout Return Studies (cont.)

A

7. Chemistry Review 4 Evaluation (cont.) Qjc,)

'i!i're

Hideout return data (1991 - 1993) obtained'inaccordance wtthit74DP9ZZ06';.",t)use

Hideout Return, is much more extensive and pro'ides for quanti6c'attonteof grams

returned for 12 species and an estiination of crevicedpHf((MtULTEQ)(and is also

v. Pw„-'-::,
summarized as Figure VA,2;:aa, Inc1umdseCh'iiilthe table is;:v

- The average grams returned.:tduringt'Ithe shutdown &'am,,ea'cnh generator, and
rv:.",/PA>

- The MULTEQ"PPXedictred ciesvtce,PH duerjnsg oPeration as determined from
sodium, chwljride, sulfate;,calciuetrii":,:magrie'sium, silica, potassium, etc.

~ Sulfate Source 'y>',:g

An asses'sment of sulfite,in the secondary 'cycle was conducted due to the
e

a

,'.;.',.t.'%implications:i)f.,sulfate causing,intergranular stress corrosion cracking (IGSCC).

3

e

v

S

u
vs

e z
'i~i'.';:g - Uni ':2 t am enteeerator Can Deck Resin Contamination Action Plan

"
;:zTtehnricttt:al step was to„determine the quantity ofresin remaining within the steam

b z

u e p
"""i'.,'~generator.'Depending upon the amount ofresin remaining, it would be necessary

"'to,:detteim'inc whether there were any cation resin functionality groups remaining.

The'cati8n resin functional groups are sulfonic bearing which may decompose to

"-':,:-':::$@>,sulfuric acid when exposed to steam generator temperatures. Ifthis had already

"" taken place, the remaining cation resin willbe inert. Any inert resin present will

not cause a problem from a chemical poiju of vieiv. A»i(!» 1";:i)) iYill ll()t i)()se a

problem either.
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REV A June 22, 1993

E. ANALYSIS(cont.)

7. Chemistry Review &Evaluation (cont.)

nit2 t ~ n rat r anD kRe in nt
"" ti n 'i nPlan'i '.

Therefore, ifthe above go/no go tests results in sinkiiig'xesin,-, it would b'ei'.";::'::+

necessary to rule out the possibility of fouled::::resin. This'coiBd'be::,done by
to,':~'emoving

the iron fouling by acid dissolution or:uItrasonic cleaning, riiisihg, and

then repeating the salt test~;:,":.:.".; "'ij:,;:.-„(pI:.:.!g», "'!a

~ HPRI Tracer Test ""':i': ~:, ~ i,"'.g~,,: 4 "'<~74::~

P"'Rh'~ "S '%>.<>>.> '~if'PS.
Ahideout evaluation'.test wa's,peiformed;a't.,Unit 2,from 8/18 to 8/22/92.

*

+a+~~ Q< . 4,
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

7. Chemistry Review &Evaluation (cont.)

The test had a two fold purpose:

~ EPRI Tracer Test (cont.)

1) Measure the impurity accumulation (i,e. hideo~iit)":m;,the crevicepegion's'of the

steam generator and p~ '~~::,'.:i.g::;..":;.~» ~ P.'.-'~%';:~~+, ~.P

2) Measure the abnormal"',and normal blowdown.:flow rates, from each steam

~ Sampling Meth'o'dology. "~<~~~

Prior;t8)1993, the hot'-:leg sample point was,;:iised to monitor and control steam

.~A.;<.', C c': g ~

'»C .

Q'gen'erator'''chemistry. The"downco'mer,sample is currently used due to information

4'gathered from"vaoous so'urces.;These sources include a lithium tracer study

<y!'j.;~.'iii>t„coridu'cted''by APS "and,,CE;an EPRI sponsored tracer injection test performed by
»

~~'NWT Corporation'(EPRI S401-1 topical report, March 1993), a blowdown flow

<Yi:,"model',.developed,:,by CE (CRDRC Report 4039/1, January 1993) and comparisons

of'Site Chemistry's steam generator blowdown sample database.
%,'. j;.'.; ~pp

:g%g.

CO;::.„.'g

gV
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REV A June 22, 1993

E. ANALYSIS(cont.)

~ Condenser Leaks

«8'.

Chemistry Review 4 Evaluation (cont.)

A "Condenser Tube Leak Assessment" was~conducted bgy!Systems Engineer'iiig-';~~,>
acas Fg»

p
The assessment separated tube leak rates into twudo,'categories',"',before'<andtafter

lathing was installed in the condenssers to stabilize the'ubing.
'l,'e'.pi Q„

~ Operational Secondary CbemisIiy&istog'>'"i'~l:"-'~Nj.

a

a

a
u

. ~A review of steam,generato'r'o'peratm'g',,chemistry has b'een completed for all three

.,P4j~
units. This reyr'ew 'aisao';considered:nchang'de'slrro. operhtionai conditions and

s

"QPn.

',pp
'/~a

e

ed
e

g

aa

aa

ea
"

aa'x
eh g
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June 22, 1993

E. ANALYSIS(cont.)

8. Deposit Formation

Deposits create opportunities for tube degradation. The.'depo'sits','act as the<e'equivalent

of-a crevice due to the stagnation that occurs under the de'posit. S'econdly, the depr'sit

provides a "host" location for the concentration of''chemicals aiid'.conxtaiiiinants which

differs from the bulk chemistry. Lastly,,the deposits may c'o'ntribute tbe':htgher'ttibe wall

temperatures. Actions to be takeri:'include'8 .„,!~w

~ Conducting ECT to ideritdytdeposxits:.(PDPs) "'<i5,:,
%pe"4.

~ Conducting video'"jiispecxtion'of''ddetposits through pulled tube location
e

e u

s

cx
e

u

~ Conducting labtnod'ivory exaiiimati'on of,deposits",:'p"

:. Xg
~ Perfoi'ming visual and~licrographic:cxharacaterization of the deposits

,,'..$ Condu'ctingichemical analysis,'.of the-.'deposits:

m
ac

h
e

x

c

c

x

e

">'<,",'revice an'd''fke-span, 117-40, 08H
Q~"'„'~P;> g":tet Q>+VS,. exjgaea(a+

4".~ "" micr'evice'satiid free-span, 117-40, 05H

crevic~e and free-span, 117-40, 01H

~V',.:.".'-.icrevice and free-span, 22-13, 01H

100g of sample to be sent to Alliance laboratory for XRf) (X. iav <let'r;ictiou j and

semi-quantitative spectroscopy.
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

E. ANALYSlS(cont.)

2) Balance of sample

8. Deposit Formation (cont.) 4i::."::i:„.;';:;,

"S

a) Acid digestion and deposit characterizatton of 05K'sam'pie«one uppei>gy~
Ace

bundle free-span, and one low'er,:bundle crevice sample,'";;:;.''.:-~g> '4j~~

b) Leachate test, then ICP,::(induc'tip'ely„coupled pl'asma)'oii':residue and solute,

gii$
$$

Qi.'„~y

~is~<j:<..
"4'")', p"

: ?:C,.;... q.'Cy

.'j;c,:.„.

%~~A..

"~i:=:. 'j( '4', 4i~N~

'+Qjp.)„,

'4,,,;p
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REV A June 22, 1993

E. ANALYSIS(cont.)

a. Tube Metallurgical Analysis (cont.)

v ~'c.

9. Other (cont.) 4j:.,:c., h~

CiP~,„'ci,":",:.:!4'4,XQ

'jrPt;.u

~ Receipt Inspections: Radioactive tube sections were"rueceisved',.by the

laboratories and documented by tlie.Health Physics, technician, Tub'e",sections

were measured for length and:;checked foroorientatioi'i:.;aund,section'.'markings.

~ Visual Inspections:.~Tube'ssections were',visually examined with a low power

stereomicroscope to idenfify an'd."characterize any''tube de~gsradation on the tube.

Tube deposit'v'is'ua'al',charaucteiistics w'ere.',also determined, and any apparent
r; oc

damage'frbotn'..the tube"piilling„proaacess wags'no'ted. The tube sections were

re
photographed m:,thee as-receivedtteondition: Areas of interest were also

satb.:.":tphotogr'auphed for revieiv,and'record:purposes. Those areas could be selected
+ u,e

'wi::iX fox funhear~invuestigation in':adduition to planned areas of interest.
tr

'~s."'s-".,",;,;., ~ 'Eddy;:'.Current Yesting,(ECT): Tube sections were selected for ECI'esting

".:i~> usinglb'oth the bobbin coil and the motorized rotating pancake coil (MRPC) to

~:„::,-":;::;~~,pu'reciselyvverjfy"and locate tube defects for investigation. Qualified

ECI'<i'pebersonn'e'I':performedthe inspections and analyzed the data. The ECI'ata was

theri::;auesed to both identify defect areas and to correlate to field ECT findings.
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REV A June 22, 1993

E. ANALYSIS(cont.)

a. Tube Metallurgical Analysis (cont.)

9. Other (cont.)

~ Radiography: This was performed on tube, sections with.'.d~efeect areas of
Cj.'"'nterest

Th.e primary purpose was to~v'arity tiie':defect iocastton tanvd:"dan'ensionai

characteristics. Radiograpltyi's!a!not sensitive to.co!rotston forms!oF'a j'ti!i.:::Qs!c ''tu !;,at~'e:::5!n. ii"
degradation such as intersgsranular attack:,'.t(le');oar intergranuliii"'stress corrosion

~ DimensionalsMeasnueretnentts:"'„Tsshese'meeasurements were Performed to

Zk >''>X,.i'.). >W,~..
determme'tliameetrical"annd',tube waI1>thicknessivariations, and to characterize+vg",Ra+ ra',.'Qt 4, +

rC
any!tube bend or';bow. This infoimatioun'was needed to verify tube wall~" q.::gg

„~"..4''"''":tnhicknseSs sPecificatioanS,'and t'o„;locat'e any bowing which could have

"%:„,,.::.:„.„contributedrtor degradatioii': processes.
a

s s

s

se

ir

*
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REV A June 22, 1993

E. ANALYSIS(cont.)

a. Tube Metallurgical Analysis (cont.)

9. Other (cont.)

~ Deposit Removal and Analysis: Selected'.:areas of tub'e';deposit,formatioiis":':'~
'$g~.h

were identified and removed froni'the tube by"'inaechanical'scrapii'i j:fox,fitture

chemical analysis. Deposh lo'cations„andphysictd ch'aiacteristtcsiwere noted.

Deposits were then subiiiitted for che'mic8'::analysisbto ident'ifjj'he chemical
a~~ e

composition and any''cheemicalycownttaminants wthich;couldhhave contributed to a

postulated corrosionv degradation m'ecshanismgThe extent of deposit chemical

analysis'in'eluded the'following':.",':.;, ~,

;,ggtX-Ray Fluocrtescence/Dityratnctton -"":pet'formed to determine elemental
pj's~

'<covmnposition and',crystalline phases'of deposit chemistry.

- 4Mousmsbauer Spectroscopy - pe'iformed to determine the oxidation state of
~~the iroen'::':jn'.the deposits'.".',:This was necessary to positively identify the

+",';„.:;::~~,presence of,.'magnetite which was expected to be the prime deposit

e'~"
Leachant Analysbis - included Ion Chromatography, Inductively Coupled

w'jp., 4!!::::.:.:;::,.':p$ t,",:.„'",Wplasmba!'andlPlame Emission Spectroscopy to identify inorganic anions
'':(i"..e'):.,Cal;/SO4), metallic cations (Mg, Cu, Cr, K, Ca, Pb, Al,Sn, etc.), total

g::;:."p;.~„::,~ ~:::-".;:;:,:;„:..sulfattae and organic acids, This information was important in order to

~j':detuermine the crevice chemistry on the tube surface and understand the
ip
potential chemical corrodents.

r~r
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REV A June 22, 1993

E. ANALYSIS(cont.)

a. Tube Metallurgical Analysis (cont.)

4(,
0

9. Other (cont.)

~ Burst Testing: This was performed on selected tube's'e'c'tionsbyhich had Scent

identified as having tube defects, 'su'ch as axi'al"'crack indications.'Wear,:scar

areas might not have been, burst:,t'ested, but were''-subjected,to ch'ar'acterization
«%+i'a~",:~. Q

using the test methods. desciibed belo'w~j3urst::testing,was intended to

pressurize the tube and:measure",the pressure r«equired to";,burst open the defect
g~~„."p>

area. Once the:,,burst was',completed:Kthe open. crack surface was examined in

detail (fractography)'to'.determin'e'!tl>e ty'pe'.;:of..cracking (i.e., intergranular

cracking, fatigue,'.cracking)"'a'nd,".depth'„of.:.attack. The surface condition of the

.,i::;;.,tube',.burst surface was;:also closely''examined to determine ifthere were any

surface defects present iiid,:associated with the defect. The burst pressure was

J4J'correlated with".;the defect depth profile and analyzed for conformance with

indiistry st'andards foi"'acceptance. This data was used in tube integrity analyses

g+p.'+for justifi'cation for alternate tube plugging studies. The burst surface was

"«~,closely,:exammed via the followingmethods:

'5@pq

'<:',::::;.'::,:,::p:, - "'<L'ow Power Stereomicroscope - the surface was examined and

'subsequently photographed to observe the general axial extent depth of
""",::,'"„.'.,:.'::::.P cracking or wear. Notes were taken regarding the orientation of cracking,

surface condition, and extent of secondary cracking observed that was
4

opened as a result of the burst pressure.
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REV A June 22, 1993

E. ANALYSIS(cont.)

a. Tube Metallurgical Analysis (cont.)

9. Other (cont.)

e

Sectioning Diagram - a sectioning dtangram was deyelO'P'ed efor deciding::;i'~%Po
which sections were to be studied under'stlie,'.scanning:.electreoii::microscope

(SEM) and by Auger Electron Spectroscopy"'(A'ES) and'X-:Ray ~'-,'"~

Photoelectron Spectroscowpy'''(XPS).':,

SEM - provided high':,mwagnificataionn."examination'.,of the''ecr'ack or wearP '"""":"." '4 ""@'""""'''""":e:.:"e.

surface. This allowed the".mode of:,crasckiiig'.to,be determined, i.e., IGSCC

or fatigue crackingyiIf"the crsar'cking was inte'r'gra'nvula'r'then it was clearly
visible under:,the SEMj~as,.the 'sou'rface had a "rock candy"-like appearance.

The exaeminattonswsas crucial,for that:.aspect!'alone. The crack depth profile
'as

alsesos,",determined:.iisiiig the'..SEM. This'information was important both

~for eddy current data an'aiy'sis aiid!corrwosion attack characterization. The

@4.",<SEM also had:the capability'"'of,perfoiming qualitative chemical analysis of
thee:,'defect surface''and any',assoc'iated deposits through the use of the

"><'>a&~

>Znevrbvy;,Dispersive Sprectrosoopy (EDS) equipment. EDS was based on
+<„e C?;xi;<X;:::;;P

'x-ray Quon'x'escence;that'"reswulted from bombarding the sample with an
se"

"A'ES -'ro'vide'd",','.eleqmental analysis of thin corrosion films. This

microanealyttscal technique was vital for identifying the chemical
"<i;:;::,:g~ ~<:.,.:~"-"-"'.":,.'':.,.'i,'',l,:",.cowntaminants at the crack surface, as well as the degree ofnominal material

'de jiqetyiwo'ri, such as chromium or nickel. This information was needed to
"""','::i::,:.",:,asses's the nature of the crevice environment, such as whether the crevice

"-„:,:weass acidic or alkaline.

XPS - provided elemental/compound analysis of thin corrosion films. It
q'4j,.i:,s:gV

could add additional vital information regarding the chemical attack at the

crack surface by identifying how elements were chen) ic;>lly cou>bu>ed.

This information was useful in id<:»tifyu]< corrosi<iu
~

«<l»<.t:: ivlii<h were

also indicative of the local crevice enviromnen(.
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REV A June 22, 1993

E. ANALYSIS(cont.)

a. Tube Metallurgical Analysis (cont.)

9. Other (cont.)

Metallography - performed on defect a'reas by se'cv'tionirieg.:;.inaterial cro'ss';.'-'"'-'gs;:

nab d~g:t:r'areev

sections, polishing, etching to,.:show contrast>with graesin;:boeuandaries, and
'%"'%N "m~"""',tee

viewing under light optical microscope to ver'dy":.thee modes:.."of~crackinog. The
A:;::-,~~ 'ps 4 .4~(5„

extent of crack branchirig" depth of IGA, surface c'os'ndition'anmd".grain size/

characterization weri!ilso deteimiiiecd..'

'Ibbe Material Char'a'cterization: This w'o'rkwas specified to be performed to

Q '"""""Q
V'eterminethe,material'i'property conformance to sp'ecifications. Material that.

gt:@Jr:4~ Q
s'ras

was not int.'confo'rmance wsithrtube material specifications might have been
"W"~"'":~g"'t're'"r

more susceptible to failuigree'!by.;eitheericorrosiie or mechanical means.

g

u

a

ay

g
a

~

~

-"'4;:Dual Etch - performed to ass'ess mat'erial grain size and carbide
.>:re'3

~p'' ""~ distribution. Thoses'::provpertiesbhad been shown, both through corrosion

4%)'$,:,;. ~ literatgure,and field datas"::;to,.have influenced the corrosion resistant

PxoPertiesse"!uneder sP'ecific':environments.

%!rMosdifiedr Hisute'y',,:,,"pestirig - performed to determine bulk materiai

„egg: ... ++:::,.:'::,jp~, "'«.'":-".') eseensitization levels in tube sections (grain boundary carbide levels). The

deguree,.of m'a'terial sensitization had been shown in literature to affect the

%'>""''<~::,'::material';corrosion susceptibility in various environments.

~(«';.'',:,.,... Bulk';.'Chemical Analysis - performed to verify nominal chemical

gi's,, Qs:.'.,composition of the tube material. Discrepancies noted would have also
.yA'affected the material corrosion resistance and mechanical properties.

Tensile Testing - performed to verify mechanical properties.
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June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

9. Other (cont.)

E. ANALYSIS(cont.)

a. Tube Metallurgical Analysis (cont.)

~ Additi nal Te tin While most work was.'::focused oii"examining tube defect'~

areas, additional work may be pe'r'formed as the<investigatioii':;proce'eds.,and

further areas of interest are, ide'ntifi«ed. This may'include'.descaliii'g::;o'f tube

sections for surface ch«aracterization,"lieut«d'. j'enetrant,testin'j-::f~or eddy current

verification, and sec'tio'i'iing of'sit'ected defect areis:,(not':burst areas) for depth

r

««
In summaiy,":.:steam'ge'rierator"',tube.,failure"'a'n'alysis can be an effective method

foil'determining''tub«e degradation,mo'des"'and providing data for corrective

+",,4action".,evaluation. The::investt'gation~process undertaken by PVNGS, ABB/CE

""""":":,::.!,";.~ and BWNS;;was vigorous'and:resource intensive. Results willbe carefully

.+y'""""'5<);g "'evaluated agams't;plant'data, past field experience and laboratory studies

'<'i';:4 involv'ing Inconel 600'tube corrosion.
ii'y'@,.g

c(g94yr
C;«,.C ««

'g: pp.
9: r, «Spb.5,

'j
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REV A June 22, 1993

E. ANALYSIS(cont.)

b. Sludge Samples

9. Other (cont.) '4@~5;he%

Samples were obtained from the tube sheet region, througti':,:thi.'.',handholes, ofSO~
A;

t':." '. W

21 and 22 hot and cold leg region and o'n the flow":zdistrtbution"plates'of;:$ 6.21 and

22. The samples were annlyzedtfnithe:Uznit 2.che'mistry Iab':;for leadt(Pb), by+ cg'Q h',.k~
inductive coupled plasma,(ICP);:;Qualh~atfv'e;::and',quantitative aiialy'sis (including

d':.::i:.,. "'"'.'::,;::...,

Pb) was performed by CE'"amnd Bdr'y)ti:,

Initial results'tndicatend,appr'ogimatzely.,':.1400'ppm, from the PVNGS sample
+xia

e(sg+

~ anna'a1y'sis. These res'ults were„'que'stioned. 'The instrument vendor (Lowman

S
vV v b

Labs) w'as:questioned M:to,the viabilityof the lead wave length (Pb-2 line 283)

"cr'ithatiUnit2 lied!used. Due to the interference that a large quantity of iron gives

+< tvoitlh'e.,pb-:2 line (220)rtdie pb iline-was identified by the vendor as the

y
a

p

p

8

g

v

~

y

't i, appropiiate line to use. At the Pb-I line, the lead value of that sample reduced

"'-'',";.::;:... 'to'. apeproxunedately 100 ppm. Subsequent discussions determined that the Pb-1

1iiie,would be used.

gsp

-128-



I

C 0



REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

9. Other (cont.)

~ ~Le (cont.)

~gp

b. Sludge Samples (cont.)

Z r

e

A split ofSG-21 sludge has been sent,to B&V[,'who.,determined that'::based on
gg!~~<;„. ts,, ta %i:::~a„+Yit,-,,

the Pb-1 lining, 78 ppm of:,lead awas:pxesent. In paraHel',-w'ith resolv'ing the Pb
't.':.;s:.':

line to be used, additional sa'mples weie'pulled'throughout the secondary

system and Unit 1. Sairiples were,.also taken from<the flow distribution plate

e

The samples wei'i„'digested,.jii"aIIua.regwina:.(Nitric and Hydrochloric acid). PVNGS

a,'4'~
r

s a s
'a'tine >bt Stodge frotn'SG;11 (obtained during Unit i' last outage, 1R3i was analyzed by

B8c%, whose';results showed -78 ppb, Pb, with the majority of the material
z

y

a

S e

(99+'5) ras"magnetite.
g
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REV A June 22, 1993

VI. TROVBLESHOOTINGACTIONPLAN (CONT.)

9. Other (cont.)

E. ANALYSIS(cont.)

"%(s:',<.vs/.s

c. Chemical Source Identification Study va:.
4'„-,

The scope of the study was to identify sources„;of lead, coapgper,;:s'ulfur, molybdenuiii

(Pb, Cu, S, Mo) that exist or have exi'st'ed on the"w'etted surfac'es:of tlie',:'.Uiiie2

secondary systems. The speciftc'sy'stems to be examined'iue„AF, AS '':,CD, CO, CT,

BD, PT, FW, GS, MT, QH, SC:-',SG. The'tthprensholdo fconcern f8rthe listed

elements should considewr a.tsignificwant tpercentageaoxf thew element in a given

component (e g<S!FQi'.;an appri'.ctiiible w'carted surface area (e.g. several square

inches), or a~"single everit':rselated.inrtiusion that;occurred during 1990 through the

present.

v

a

e
g

e

w

:,: Th" tiviti ' e erf "'e'e,„,

w

b

e

C

x

v

V

li)!v'Ac~ref'iewofpotential Pb, Cu, S, Mo sources

%':;~ - Che'mical use~review board (CUP items)/Authorized Material List

<~w'Beconndar'rry System Components
't4''bx e

- To.ols

'v'~".",,.::,!:,',-Secondary transport analysis

- Bulk chemicals
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REV A June 22, 1993

E. ANALYSIS(cont.)

9. Other (cont.)

c. Chemical Source Identification Study (cont.

$ c')A review of Site Documentation

- Engineering Evaluation Reports '4» '~.q~~ "~.,",.'g<.

- Material Nonconformance Rewports's':Ply, 'pi" '%~>@„Yst

- Site Mod/Documerit,',Change','Processes 44",';,'"...;,.:.,"„y

- Condition Reasoning'Dnor'c'umen'i::Rreviews~

s

y a
y

gi'::I Sll+4$'!+Areview<ofdtadiation Protection (RP)/As Low As Reasonably Achievable

- Refer to previous Pb review
~<?.':)g, .

wg?.'
d
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

E. ANALYSIS(cont.)

0

9. Other (cont.)

c. Chemical Sourceidentification Study(cont.) a4!iigi>, eel''0

5) Identification ofPlant Component Inspection ~~l>::":y~g;:i~@,. ~4.';:i:,",'~

- Resin trap strainers

ace.8

- Feedwater heaters (L'P'tarn'd,HP) tq'jg.;..<

+jAreeview of':,CE's fabrication:methods. and their records relating to the fabrication

"'.of:.:the SGs was paerformed» The p'uerpose of the review was to determine ifa link
c

a

,,.;:!p +j.'%existed';becRveen the':initial,fabtrication and the observed failures.

@~t..".&@ @'~.:~ 4ii@Pi;.,review'pj'occess„tincluded discussions with some of the personnel who were

k4 'iiiiol~vedJin'hthe:design and fabrication of the Steam Generators.

.gW!:, The APS'Unit 2 steam generator tube rupture is postulated to be unique to Unit 2.

aalu":"If:notunique, the tube degradation appears to manifest itself more rapidly in Unit

2. This postulation is based upon prior steam generator experience ai «II three units

of the Palo Verde plant.
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

9. Other (cont.)

E. ANALYSIS(cont.) .t,4
Op

d. Fabrication Review (cont.)

The APS task force set out to define possible'''.cause(s) forithe;..see'mingly advanced

tube degradation in Unit 2. Among the "possible causes,identi6ed',was'the;shop

fabrication, particularly as it related t'o..the tube support assembly and::,.tHe tubing

operation.

Special emphasis.was givein'''to.',the evaluation':of the tubing manufacture, the tube.

bending operation an'dithe,tubing'in'sertion'."into the>steam generators.

":NA'":.

gN"8@
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REV A June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

E. ANALYSIS(cont.)

e. Wear Analysis/Review

9. Other (cont.)

s

a h

b

e

e

'.y,e;x,

Acursory review of the 1993 Unit 2 steam generator eddy',"craurrent;.examination:;-j>"

afl
was conducted by the steam generator'morking gro'upzThe resv'icy,.,revealed, an

increased amount ofwear in the'2l'!and,22 steam generators!. This weapwas

primarily located in the upper,'tribe bundle@or'::iii,;depthx eview oi'.the wear in the

generators was performed to:;categor'ixe thewear~L-: ta

1993 wear indtcatioiis of;greater tthan. 20%':were studied. 1991 bobbin coil data

were reanalyzedtford indications t that ch'a'nged by,'agreater than 10%. The results of

the two';:inspections were then'compared iii!juxtaposition. From this comparison a
g

g

a

a

"":>fX .

: gdeiverminaetiun,of the actuhl!rate of'increase of tube wear would be determined,

gPr'osblem areas iri;the generatorbedehnatifted, and corrective actions initiated as

'c$»x

ee

a p

e
x
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June 22, 1993

VI. TROUBLESHOOTING ACTIONPLAN (CONT.)

9. Other (cont.)

E. ANALYSIS(cont.)

f. Loose Parts Analysis

Tube wear caused by loose parts was identi6ed:,as a possibli ',faduvre,mode. To~<,--,:!:-"-'-
'%~<a~

investigate this possibility, the followiiigwas peifonned:

1. During performance ofvideo inspe'ciion from inside, th'e iiiptured:ttube, observe

for indication of a foreign object on the outside',of the~tube and morphology of

2. Review>low;frequencye':channei'of:,."eddy cou'rrent'signal for indication of the

; es, et;.. ~

Xe..K~.

(PP~„. c'a 4i

v

e
b

ae

g

s a

e

e

e

S

s t

'4"';.

4ae'eP

QP
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