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SUMMARY OF THE 1% AFFIDAVIT OF JOHN L ARGE

SUMMARY : Here | provide a summary of ri§} Affidavit that follows.
PREAMBLES

| am John Large, a UK citizen and a Chartef@ohsulting Engineer with considerable experience in nuclear
engineering matters.

On December 8, 2102 | was ingtted by Friends of the Earth prepare a responsedertain ofthe Factual
Issues raised by the ASLB in its order of December 7, 2B@Rthis affidavit | have referred to the proprietary
versions of the documents submitted by Southern CalifornisofediSCE) in its response to the Nuclear
Regulatory Commissid@a Confirmatory Action Lette(CAL) of March 272012 angdmore generallyto other
relevandocuments and data available in the public domain.

REVIEW OF THE FLUID ELASTIC INSTABILITY AND TUBE WEAR

Section5 of my affidavit assesses the results of the tube inspectierandly®s undertaken by SCE and its
Operational Assessment (OA) consultants, laow their findings might be practicably implementeldhave
expressed my findings in the fmlving sections:

Tube Inspections: | presenta summary of the tube wear as related to thevémmtition bars (AVB), the tube
sheet plates (TSRnd tubeto-tube (TTW) inTABLE 1.

My principal finding is that tube wear occurst just at

i)  the tubeto-tube or TTW freespan locations; but also at

i) various tube restraint components, such asdtaner barsKBs), AVBs and TSPs, all of which
serve to restrain and/or provide points of fixity to the individual tubes.

So, it follows to comprehend and predict the risk of TTW, a thorough understanding of performance and
wear of the replacement steam generator (RSG) restraint components is required.

Causes of Tube and Restraint Component Motion and WearMy study of the various 8s leads me
to the following findings and opiniottat

i)  degradation of the tube restraint localiti®&BE, AVBs and TSPs) occurs in the absencélitl
elastic instability(FEI) activity;

i) TTW, acknowledged to arise fromm-plane FEI activity, geneally occurs where the AVB
restraint has deteriorated at one or more localities along the length of individual tubes; and

iii) the number of tube wear sites or incidences for AVB/TSP locations outstrips the TTW wear site
incidences in the tube frespanlocations.

| find that thed z egragh\dB assembly, which features stronglythre onset off TW, is clearly designed
to cope only without-of-planetube motion since there is littlesignedn resistance to movement in the
in-plane direction - because ofthis, it is just chance(a combination of manufacturing variations,
expansion and pressurization, dtigt determinethein-planeeffectiveness of thAVB.

iv) Uniquely, the SONGS RSG fluid regimes are characterizei-pjane activity, which is quite
contary to experience of other SGs used in similar nuclear power plants in adtiofiplane
fluid phenomena dominate.

Moreover, from the remote probe inspections whenr¢ipdacemensteam generatiRSG)is cold and
unpressurized, considerit impossibleto reliably predict the effectiveness of the many thousands of AVB
contact pointfor when the tube bundle is in a hot, pressurized operational state.

v) The combination of the omission of tleplane AVB restraints, the uniqua-plane activity
levels of te SONGS RSGs, together the very demanding interpretation of the remote probe data
from the coldand depressurizetlibe inspection, render forecasting the wear of the tubes and
many thousands akstraint components when in hot and pressurized servicechiathenging
indeed.
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Realistically, because of these difficulties and uncertainties | consider the outcome of the OA assessments
not to have the reliability and confidence that | would expect for the safe operation of a nuclear power
plant.

Retainer Bar Vibration and Tube Wear: | find that the wear athe tube row immediately adjacent to
theRB, although serious in itself, plays no significant part in the potential for TTW.

Phasing of AVB-TSP Wear -v- TTW: | reasonthat overall, the tube wear pcess comprises two
distinct phases: First, the AVB (and TSR}tube contact points weaiith the result thawhatverlevel
of effectiveness is in play declinesThen, with the Wbend freespansections increaselly loss of
intermediateAVB restrain{s), the individual tubeé the Ubend regiorarerenderedvery susceptible to
FEI induced motion and TTW.

Whereas the OAsommissioned by SCEroadly agree that the wear mechanics comprises two phases,
there are strong differences over the cause ofitsiephase comprisingn-plane AVB wear: AREVA

claim this is caused bp-planeFEI whereas, the contrary, Mitsubigand Westinghougdavor random
perturbations in the fluid flow regime to be the tube motion excitation cause.

Put simply

i) if AREVA is correct then reducing the reactor power to 70% will eliminate FEI, AVB
effectiveness will cease to decline further and TTW will be arrebt®dever, to the contrary

i) if Mitsubishi is right then, even at the 70% power level, the AVB restedfattiveress will
continue to declinghereby freeing up longer frespan tube sections that are more susceptible to
TTW; orthat

iii) the assertion of neither party is wholly or partly correct.

As | have previously state&5.5) | consider that AVBo-tube wear is nowholly dependent upon FEI
activity.

Tube Wear Ratesi Predicting the In-Service Period: SCE presents the findings of its commissioned
OAs in a positive light, claiming that at 70% power the restarted Unit 2 plant will maR&tube
integrity for 16 to 18 months of continuous running, that is considerably longer than the proposed 150 day
inspection interval.

However, closer study of the OAs reveals that the reasoning behind important aspects of the deterioration
period for the AVB effectivenessiUnit 2 is flawed, being overly dependent upannumber of
uncertainties that | identify and expand ugonmy affidavit Some account of these uncertainties has
been taken by AREVA inevising theT TW time-to-burstperioddown to2.5 months which is welbbelow

the 150 days inspection interval buithout much justificationit determines anftont-endsthe time-to

burst with a further 3.5 month AVB wean period, thereby delaying the onset of TTW and the
unacceptable level of risk of tube burst to allbatonth longer than the proposed inspection period.

I have little confidence in the outcome of the AREVA and other OAs projection of the time period
through which the Unit 2 nuclealant could be reliably expected to operate withainhcurring a tube
failure orb) running at a greater risk of a tube failure occurrifigis is primarily because

i) it is generally accepted that Unit 2 is following along the same path of deterioration as Unit 3
(AVB wear and loss of effectivenegreceding TTW), although #hreasons why it lags so much
behindarenot at all understootly SCEand, indeed, subject to disagreemeetween the OA
consultants

i)  moreover, the pattern of AVB breakdown is not clear from the more advaia¥dlegradation
of Unit 3, thus the extrapolan to Unit 2 is not robust again, there is disagreement between
the OAs on this; so, it follows,

iii) there is very little justificationni adding to theime-to-burstfor Unit 2 tubesa 3.5 month AVB
wearin period this is particularly sdecauseso thereis no certainty of just whee Unit 2 is
presentlyatalongthe path toward$TW wear

R3218AF2-REDACTED PROPRIETARY RESPONSE TOA S L S8FACTUAL Issues 15" AFFIDAVIT OF JOHN H LARGE 30f62



In account of these uncertainties, together with the uniqueness iofplene FEI in the SONGS RSGs
that | will touch upon later, | consider that restarting Unit 2dntinuous running, even at 70%, will incur
a great deal ofhangetestandexperiment

S5.9 TTW Tube Performance during Design Basis AccidentsDBA): | have also consideretube
structural integrity performance when subject to additional forces duridgfalowing certain design
basis accidents.

i)  From the OAs it is not clear to me that this importantlear safetyprerequisitehas been
adequatelyeviewedand included in the SCE response to the CAL.

S6 RESPONSE TOA S L BI8SUES

| have been instructet respond the Issues iv), v), vi), vii) and viii) raised by the Board in its Order of
December 7, 2012.

S7 Factual Issue iv)T Final Safety Analysis Report: | give my interpretatiorof the SONGSTechnical
Specificatiorthat for normal operation the DB&vent is limited to the burst ofsingletubeand that for all other
design basiincidents (SSE, LOCA, etc) all tubes are required to maistaiictural integrity throughout and
following the incident.

That said, | conclude théte conditions, uncertaties and risks that will accompany the proposed resstatt
continuous runningf Unit 2 significantly depart from those incorporated in the unrevised FSAR, particularly

i)  since there are no means of monitoring tube wall thinning whilst the plant isigesére risk of tube
burst is wholly dependent upon the accuracy and re

a) Outage lBnspection results obtained indirectly, using remote inference techniques, to predict
the extant tube wear and, importantly, the condition and contaesfof many thousands of
AVB -to-tube locations when in the cold and unpressurized state, and projecting these to the
hot, pressurized service operational state; and

b) using the dataredictionsof i)a) that are, in my opinion, drawn from uncertaimd empircally
unsound basedo seed models of AVMR-tube contact characteristics and tube motion, in
order to determine the tube wall wear rate, tube wall thinning and, hence, the risk of tube
rupture

i)  certain of the wear patterns and tube thinning seem toidpgeLend have not, to my knowledge, been
experienced in operational SGs elsewhsoethe rate(s) of tube wall thinning adopted by AREVA and
the other OAs are largely hypothetical; and

i)y  prediction of FEI activity, the placement and effectiveness of thesiagively plugged tube buffer
zones in delaying the advancement of TTW are, to my mind, similarly founded on a great deal of
uncertaintyand as | have previously noted

i) there is disagreement over the extent of other-fiteli fluid excitation sources, geularly at the TSP
and AVB contact points.

In other words, with such uncertainties prevalent, RSG tube integrity cannot be assured throughout the
inspection interval proposed I§CE, thus previous studies and analyses contained within the present
versian of the FSAR would be invalid for the restart and continuous running of Unit 2.

S8/9 Factual Issuesv) & vi) T SONGSSG Comparisonto Other Operating SGs. | identify a number of issues
with the representation of Figureg4nd 51 of the AREVATubeto-Tube Reportincluding

i) itis not exactly clear wibh properties are being represenbethe spider diagrarior comparison with
the other operational SGxyen so

i)  since it is most unlikely that AREVA has undertakarcomprehensive (ATHOS) simulation afch
of the five nominated SGs, the comparisons drawn are likely to be between aggregate or bulk flows
within the entire tube bundle of each SG;

i) as acknowledged by AREVA, the SONGS RSGs are dominatiedptgneflow regimes whereas all
other SGs are chatacdzed byoutof-planeflow regimes; and

iv) none of the comparative SGs has been identified.
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In other words, unless the spider diagsashFigure 43 and 51 somehow, and | cannot reason hane
making a direct comparison of the complex {plase fluid crosflow situation in the SONGS and other
five comparative plant steam generators, thieese figuresonly provide the bas of a somewhat
meaningless comparisan

S10 Factual Issue vii)i FEI SR = 0.75 Probability & 50% Confidenceat 70% Power: For the gearal and
specific reasons that | expounded upon throughout my Affidavit, | do not agree thataiimed
confidence level of 50% will satisfy the regulatory requirement.

A difficulty that | have with the AREVA and, generally, with the other OAs is thatreds the results of
analyses, particularly relating probability and confidence, are oéisolutelystated, very little of the
analytical procedurearriving at the results ampen to inspectionFor example, | refer to my previous
comments (S7) wherdecausef the uncertaintie$ very much doubt that in the present circumstances
tube structural integrity could be guaranteed to satisfy the 95% probability at 50% confidence criterion
but, that said, AREVA presents no substantial data that enablesempléoe and possibly resolve these
doubts

S1112 Factual Issue viii)) i Operational Assessmentvs Test and Experiment For this| deploy the NRC
guidelineson how these elements should be identiied evaluated in theontextof eight NRC assessment
criteria.

I generally find that

i) the requirement that aDperational Assessmeniust ensure thathe RSG tubing will meet the
criteria for structural and leakage integrityerthe inspection period has not been satisfigtlis
is because there is toouch uncertaintypvera number of important respects that | have referred
to earlier; and

i)  referring to the short section of the FSAR provided to me by SCE, which | understand is not to be
amended for the Unit 2 restart

a) there is no account of tlehangesha have been made in the evaluation of the tube structural
and leakage integrity, that is from the stage of predicting those tubes at risk of TTW and other
forms of wear, the tube thinning wear rates, through to the nature of the tube failure being
unigue b the type and extent of the wear pattern and tube thinning; and

b) the methods of deducing, mainly by unproven inference, from the probe inspection results
particularly to determine thén-plane AVB effectiveness includes unacceptably large
elements ofestandexperimentatiorthat are inconsistent with the analyses and descriptions
of the FSAR.

| provide a number of explicit examples where | consider that the circumstances and risks accompanying the
proposed restart of Unit 2 wittsult inunacceptable lels oftestandexperiment

S13 IN CONCLUSION

SCE6s assertion that reducing power to 70% will/l at
modes of tube and component wear is littte more than hypottbsisupporting Operational Assessitiseand

analyses have not proven it to be otherwise. | am of the opinion that trialling this hypothesis by putting the
SONGS Unit 2 back into service will, because of the uncertainties and unresolved issues involved, embrace a
great deal ofhangetestandexperiment

The terms of theConfirmatory Action Letteof March 11 2012, are versed such that to meet compliance the
response of SCE via itReturn to Service Repgdftmust include considerable changss conditions and
procedures that are outside the reference bounds of the present BSAR because the physical condition of
the RSGs, and the means by which this is evaluated and projected into ftgereice operation, have
substantially andievocably changed since the current FSAR was approved.

The fact that SCE fails to satisfy the requirements of the CAL is neither here nor there, although it illustrates the
scope and complexity of the response required. At the time of preparing thth€ AIRC being welversed in

the failures at the San Onofre nuclear plantelymusthaveknown that the only satisfactory response to the
CAL would indeed require considerablgangestess andexperimergto be implemented.
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Put another way, the extéves and rapid rates of tube wear experience at the SONGS Unit 2 and Unit 3 RSGs,
have necessitated an extensive raft of analysis, assessments and projections to qualify, or otherwise, that Unit 2 is
fit for purpose. Not only is this prequalifying work gue to the San Onofre nuclear plant, much of it has never

been undertaken befos®, it follows, its inclusion in safety considerations must be a new and hitherto
unconsidered componamwrequired to be incorporated into an updated version of the FSAR.

Hence| am of the opinion thabn a technical basis alone, the CAL must be considered to have been at the time

of its preparation, a de facto license amendment.

JOHN H LARGE
CONSULTING ENGINEER
LARGE& ASSOCIATES LONDON
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QUALIFICATIONS AND EXPERIENCE

| am John H Large of the Gatehouse, 1 & 2 Repository Road, Ha Ha Road, Woolwich,
London, United Kingdom, SEI8 4BQ.

| am a citizen of the United Kingdom.

| am a Consulting Engineer, Chartered Engineer, Fellow of the Institotidlechanical
Engineers, Graduate Member of the Institution Civil Engineers, Learned Member of the

Nuclear Institute and a Fellow of the Royal Society of Arts.
| head the firm of Consulting Engineers, Large & Associates.

Based in London UK, Large & Asciates provides engineering and analytical services
relating to nuclear activities, systems failure and engineering defects.

Prior to founding Large & Associates, from the 1960s through to the early 1990s | was a full
time, tenured academiic the Schoobf Engineering oBrunel University (London) where,
as a Senior Research Fellow, | undertook applications research on behalf of the United

Kingdom Atomic Energy Authority (UKAEAaNd other UK government agencies

A réesuméof my academic and professional consulting careers is available ladrtiee &

Associatesvebsite.

| present myself as a Consulting Engineer with c@rable experience of the nuclear
industry worldwide, being qualified by education, experience and professional standing to

provide expert opinion on this matter.
INSTRUCTIONS

On December 8 2012, | received instruction from Mr Shaun Burnie of Friends Batth

(FOE) to prepare a response to tbertain of Factual Issues that the Atomic Safety and

The Institution of Mechanical Engineers (IMechE) is the UK egemtdb the American Society of Mechanical Engineers

(ASME). A Fellow is the highest grade of IMechE membership and at the time of advancement a Fellow must be a

corporate member of the Institution and have been responsible for significant engineeriregramits and, typically, to

have practised as a corporate member for at least 10 years, elevation to corporate membership usually takes about 5 to 10 or
so years from graduation, depending on the workplace experience. In the UK professional engieparataig €hartered

via the CEng registration and have to have demonstrated the required level professional competence. The Institution of Civil
Engineers and Nuclear Institute are also corporate, chartering bodies in their respective field of TriterBstgal Society

of Arts is a learned society and election to fellowship is via recommendation of other Fellows.
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3.1

3.2

3.3

4.1

4.2

Licensing BoardASLB) had directedhe parties involvedn the matter of the San Onofre

nuclear generating station
L INKS AND REFERENCES

For ease of referendiais evidence includes hyperlinkbusTABLE A, which will relocate to

a specific bookmark in this document.

Other hyperlinks, such d&oot Cause Evaluatn, will link directly to a reference document

and, similarly, proprietary documents referred to tAttachment 4: MHI Document 5

04GA564for reasons of the nedisclosure agreementyill link to the nonproprietary

versiong for these linkgo functionthe host computer has to be internet connected.

Links to text locations in this document are shown as paragraph locat®is §fid,
similarly, specifictext locations, but not links, in referenced documents are shopttilis
5]/

ATOMIC SAFETY AND LICENSING BOARDGS FACTUAL | SSUES

| received a copy of thetAo mi ¢ Saf ety Li cein ASLB)Pecdnber7 d 6 s
Ordef on December 8, thereafter on December 9 and®a™2 | compiled two lists of
hitherto redacted or publicly unavailable documents that | believed necessary for me to

considerand respond to the issues specified in the ASLB Order.

The first of these lists of documents for disclosure related to documents held by the Nuclear
Regulatory Commission (NRC), mainly drawn from the repotfinof its Augmented
Inspection Team (AIT) at the San Onofre nuclear generating station (SONGS). The second
list related to the documents that Southern California Edison (SCE) had submitted to the
NRC in response to the Confirmatory Action Letter (CALjcluding requests for

undredacted copies of the main documents that had been previously publicly available.

United States of America Nuclear Regulatory Commission, Atomic Safety and Licensing Board, D&€kB6MCAL,
50-362-CAL, ASLBP No 3924-01-CAL-BDO01, December 7 2012.

San Onofre Nuclear Generating StatioNRC Aigmented Inspection Team Ref&900362/201200&nd
05000362/20120Q0duly 18 2012

NRC Augmented Inspection Team Follow Up Report 05000361/2012010 & 05000362/28b26fther 9 2012

Letter from Elmo E Collins (USNRC) to Peter T Dietrich (SGE)nfirmatory Action Letter-42-001, San Onofre Nuclear
Generating Station, Units 2 and 3, Commitments to Address Steam Generator Tube Degkéalatiop72012
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http://www.sanclementegreen.org/files/SANO%20Root%20Cause.pdf
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4.3

4.4

4.5

5.1

5.2

5.3

5.3.1

5.4

5.4.1

| understand that these lists were passed to the appropriate recipients, NRC and SCE, on or

aboutDecembed 0 and 11 respectively.

| received copies of theroprietary versions of tHteCE documents that had been previously
heavily redacted on Decemidéd. Other than a short text extract from the San Onofre Final
Safety Assessment Report (FSARpne of the other documents requested of SCE have
been provided Similarly, rone of the documents requested of iR have been provided

to me.

| should notehere that although nettisclosure of the documents requested from SCE and
NRC has been somewhat irksome, it has not impaired the strength of my opinion and

conclusions in this matter.
REPLACEMENT STEAM GENERATOR PROBLEMS AT SONGS

Prior to MuctioB{Uz2.1ln Laggé & Assodates mad been engaged by FOE on
November8 2012, toidentify andreport on any nuclear safety issues that could arise from
SCEds proposal to restart SONS&liveieditotFoE2 . Th
on December 7 2012.

In responding to the issues identified by the Board, | shall rely upon a number of items that
are best presented by me recountiadain ofthe findings of this previous repdrthese are

as follows:
BACKGROUND T FORCED SHUTDOWN OF UNIT 3

On January 31 2012, while the SONGS Un{tJ2) fuelling outage was in progress, the
virtually identical U3 was forcibly shut down when an alarm alerted SCE operators that
a breach had occurred with reactor primary circuit wasgiteg across theeplacement

steam generatoRSQG tube interface to the secondary steam circuit.
RSG TUBE I NSPECTIONS

Thereafterpostshutdown, nofdestructive inspection of all of the tubes in both U3

RSGs revealedignificantincidenceof tube wear.This wear not only ranged across the

Review,Proposal to Restart Unit 2 San Onofre Nuclear PowantPR3216A1, Large & Associates;riends of the Earth,
December 7 2012
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retainer bar (RB), antribration bar (AVB) and tube support plate (TSP) fretting modes
but, also, included a considerable number of fwb®be wear (TTW) extrados and

intrados incidences.

5.4.2 For example, each U3 RSGxhebited approximately 5,000+ indications of wear
localities, with many tubes having wear indications at more than one locality and of
differing degrees of wear severity, with a total of about 900 individual tubes affected in
each RSG

5.4.3 A total of 193 and 188 tubes in the U3 088 and 089 RSGs respectively had exceeded
the wall thinning threshold of 35% above which tube plugging was mandatbory
severe wear was at both TSP and tube-$ps localities the incidence of tube wear

in the U3 RSG$s sumnarized inTABLE A.

5.4.4 Because of the depth and length of certain of the tube wear scars, a number of tubes
were subjected to in situ hydrostatic pressure testing in March #42esulted in 8
individual tube failures, all lodad in one of the U3 RSGs.

5.4.5 There is some ambiguity about the rigor and sequencing of the SCE tube inspections of
the U2 RSGs: SCE stated that the first inspection, completed before the January 31
forced outage of U3, found no incidence of TTW in the UhiRSGs [p11, 5],
although it was silent about any other mode of tube wear being present. During March
SCE carried out additional inspections of the U2 usiigrao r e s reethed pb,i v e 0
12],” thereaftereportingthat two adjacent tubes hadstainedghallow TTW but, again,
it did not refer to the existence of other modes of tube wear.

5.4.6 In fact, it was not until June 18 that SCE fipstblicly acknowledged thah 1 2 % of t he
[U2 RSGJtubes showed wear gater than 10% throughv a | | i nffdi cati ond

5.4.7 It is now established that the first and additional rounds of U2 tube inspéctunaled
about 2,000 and 2,700 tube wear indicatiatispersed over a total of 734 and 861

7 SCE,Root Cause EvaluatipRef 201836127 Rev 0, REC May 7 2012

8 NRC Public Meeting 18 June 201 fact NRC revealed the extent of the U2 tube wear incidence much earlier that SCE
on February 4 or 5 2012.

9 There are a number of chronological narratives of the events leading up to the witbfiadlwWaRSGs at SONGS, for

example United States Nucléegulatory Commission Region 18an Onofre Nuclear Generating StatioNRC
Augmented Inspection Team Report 050003621 duly 18 2012ndSCE, Enclosure 23ongs Return to Service
Report October 3 2012.
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5.4.8

5.4.9

5491

5.4.9.2

5.5

5.5.1

10

individual tubes affected in eadh2 RSG respectively® However, these additional
inspections found only two adjacent tulble®ne of the RSGs (26889) had moderately
worn away (100 19% tube wall thicknessh the TTW mode The incidence of tube

wear in U2 isalsosummarized imMABLE A.

As a result of the additional inspection of the U2 RSGmta of six tubes required
isolating (plugging) from the high pressure primary circuit because of excessive fretting
wear of the thirwalled tube outer surfaces (in one insgrbe tube wall thickness had
reduced by 90%)Snce this high incidence and dispersion tube wear was entirely
unexpected, SCE plugged a further 192 tubes as a preventative strategy, including tubes
that had exhibited wear from and/or were similarly sk 0f fretting from contact with
theRBs and AVBs, as well as at the TSPs, all of which serve to capture and restrain the
individual tubes andube bundles inside the U2 RSGs. Following further analysis of
the U3 cause evaluation, a further 318 additiomiaés were plugged in U2, bringing the
total tube plugging to 205 and 305 tubes in 088 and 089 U2 RSGs respéctivese
different modes of tube wear are listedlisBLE A and shown schematically ByGURES

477 TSP,4BT AVB andTTW, 4ci RB.

The pointto bestresedhere is that the tube wear occurs not just at

i)  the tubeto-tube or TTWfree-spanlocations but also at

i) varioustube restraintonponents, such as the RBs, AVBs and TSH%f
which serve to restrain and/or provide points of fixity to the individual

tubes.

CAUSES OFTUBE AND RESTRAINT COMPONENT MOTION AND WEAR

SCE and its consultants engaged to undertake the Operational AssegSAatsll
generally agree that it was the presence of a themgthhulic phenomenon called fluid
elastic instability (FEI) activity in the higher regions of the RSGs that triggemneld

specifically resulted itube motion and intetube fretting or TTWgenerated wear.

Each RSG contains a single tube bundle of 9,727 individual tubes feeding up from thehmtrigentry, traversing over
a U-bend and down to the primary cold leg refuthere is some variance on the reporting of how many tubes were
plugged, for examplattachmet 6- Appendix A: SONGS U2C17 OutageéSteam Generator Operational Assessment
reportsthat over 300 tubes were preventatively plugged in U2 R8@achment 8 Appendk C: Operational Assessment
for SONGS Unit 2 SG for Upper Bundle TutoeTube Wear Degradation at End of Cyclediges the U2 plugged tubes to
be 2SG88 113 and 2SG8P 214, that is a total of 327 plugged tubesome of the plugged tubs have spliterdable
stabilizers installed.
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5.5.2 From my study ofthe OAs, certaimspectsof which | applaud for the attention to
painstaking detail, | generally agree that FEI was the causation of the advanced TTW
found in the U3 RSGs.

5.5.3  SCE summarizes its understanding of TTW in U3 t¢pii4, 13]**

55.4 fi . The mechanistic cause of the TTW in Unit 3 was identified as fluid
elastic instability (FEI), caused by a combination of localized high
steam velocity (tube vibration excitation forces), high steam void
fraction (loss of ability to dapen vibration), and insufficient tube to
anti-vibration bar (AVB) contact to overcome the excitation forces.
The FEI resulted in a vibration mode of the SG tubes in which the
tubes moved in the4plane direction parallel to the AVBs in the U
bend regionThis resulted in TTW in a localized region of the Unit 3
SGs. : . O

555 That said, the root cause of howtR&SG manuf act ur er Mi tsubi shi
(MHI) design permitted such vigorous levels of FEI activity has not been determined,
even byMHI itself which continues to be at a loss to explain which feature(s) of its
analytical and/or design processes was at faulhdeed, during the design stage, MHI
went so far as to state [p21,§4hat there wasi n e dle pagdibility of fluid elastic

vi brationo

5.5.6 As | previously noted, at first SCE only reported on TTW in the U3 R8&at time
making no reference to the other modes of tube and component wear found in the U2
and 3 RSGs.

AVB Tube Free Span
Nose

55.7 MHI considered that FEI aefty was suppressed in the region of the , 5 section

TSP localities 4A) and that this mode of tube wear arose not from FEI
but via crossflow induced random vibratioof the tubes the AVB-to-

tube wear 4B) was als related to random vibration of the tubes which

TSPs

was exacerbated in some caseshgywarpedhose sectiolVB itself;

and the AVB assembly retainbarto-tube wear 4C) arose because of

the flow induced vibration of the retainkar abrading directly against

the outer row of tubes (ie no tube motion), perhaps with this contact

O

11 SCE, Enclosure 25ongs Return to Service Rep@ttober 3, 2012.

12 Conjecture is that the MHI flow distribution modelling software-FlTvas incorectly adapted to model the triangular tube
pitching from its previous square pitched tube array geometry.
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being brought about by the thermaiBlated distortion (flowering) of the tubes in the
U-bend region of the bundle.

5.5.8 On its partfor its Confirmatory ActiorLetter (CAL)*®*responseSCE&s pr ®ci s o f
analysis omits to echo the findings buriedNtiHl Appendix 10 concluding that AVB
to-tube wear 4B) in U2 arose in FEI inactive areas of the RSG tube bundle, it being
excited by turblent flow forces (vortex shedding, turbulent wake, etc) which may
persist even when FEI is suppressed by the proposed reduction to 70% thermal power
[p369, Appendix 10}

5.5.9 i .  Whenconsecutive AVB support points are inactiged inplaneFEl
occurs the tube vibrates to be in contact with the adjacent tube. The
calculated wear depths at the contact point with the adjacent tube,
AVBs and the top tube support plates are equivalent to the wear
depths measured in Ut SGs

When consecutive 6 or 8 AVB pap points are inactive and-plane
FEI does not occuythe calculated tube wears at AVB support paiots
to only the turbulent flow forceare equivalent to thevear depths

measured in Unit2 SGs 0
my highlighting

5.5.10 FIGURES3A and 3B show the dispersal of the AVBs in theplanedirection.

5.5.11 The AVBs act to restrain the tubes in tbet-of-plane (OOP - (o~ P
sideto-side - across therows of tubeg direction by the tubes (,i;j ’ \/ Ut
ol

(2

reacting against the AV bar whichiself, reacts against the next .\«9“‘\ A A
lliii

| |

[

{ |

|

and successiveows of tubes In this way the system of ‘

=y
———

sandwichedAVBs obtains stiffnesand restraintia the inertia of gy, ||
the tube bundle. il

5.5.12 Normally, because the dominant direction of motion experienced in SG tubihghe int
out-of-planedirection (that is the least stiff axis of the individuabend section of a
tube), the restraint acting against tubetion in thein-plane(IP i along thecolumnsof
tubeg directionis considered of secondary importance.

13 Letter from Elmo E Collins (USNRC) to Peter T Dietrich (SGE)nfirmatory Actiorletter 412-001, San Onofre Nuclear
Generating Station, Units 2 and 3, Commitments to Address Steam Generator Tube Degiddatio272012
14 Attachment 4: MHI Documerit5-04GA564- Tube Wear of UniB RSG Technical Evaluation Repdvtitsubishi Heavy

Industries SO2817-1-M1538 Rev 0.
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5.5.13 The second rolef the AVB system is tocurtail the freespantube length between
successive AVBsPinning down the individual tubes in this way, effectively chops the
freeespan Ubend into (here 13) short sections between thethotoldleg top TSPs.
This raises thefundamental frequency of vibration of thabe free-span sections
betweeneach successivAVB restraint location with, in the optimum design, the
resonant frequency lmgy taken above any excitation frequency active in the fluid
(turbulence, vortex shearingtc)’® Even in situations where the OOP FEI is vigorous,
the lower amplitude motion of the pinned short sections ofdpa@ tube will tend to

governandinhibit tubeto-tube clashing and TTW.

5.5.14 In my opinion, this AVB geometry is clearly designed to eamly with out-of-plane
tube motion since there iso designedn resistance to movement in the-plane
direction. This because this type of AVB is designed to havezae r to-t hdbre gapb
functionality when in the hot, pressurized condition in ordemtnimize point contact
with the tubes and the undesirable formation of dings and dents in the tube wall.

5.5.15 The wear scars at the AVB incident sites demonstrate this to be so, with therscar
both the tubes and AV balbeing formed byn-planerelative maement in botlvertical

and horizontal directiorissee{ 5.7.23.

5.5.16 If, as it happened with the SONGS RS@w® in-plane restraint (particularly in U3
following the flattening modificationin the manufacture of thé\V bars) is weak or
nonexistence (the intended design functionalthy@nin-planerandom vibration of the
AVB captured tubes will progressively redusmay residualand unintendedfAVB -to-
tube contact forcand with it, the AV bar-to-tube friction thereby freeingup and
lengtheningthe freespan section of the tube to be excited at a lower resonance
frequency with a larger amplitude vibration, thus promoting -toktebe contact and
TTW.

15 A direct analogy here is with the fingerboard on a violin: holding down a string at a lower position on the fingerbioard, say
the first position, produces a higher n@edmoving up the fingerboard, produces a lower note of lower frequency of
oscillation or vibration of the string. In effect, the finger pressing down and restraining the string is the etpsaralent
active AVB regtaint which determines the length of the fspan tubé if the AVB is effective, the fregpan length is short
and the natural frequency is high thereby rendering the tube less susceptible to the lower frequency FEI excitatfon forces.
the AVB is inefective (ie the finger relaxed off the string), the fspan length is increased and the natural frequency
lowered making the longer section of the tube more susceptible to excitation. The general rule is the greater the number of
AVBs that are ineffectie, then the longer the frepan and lower the excitation frequency.
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5.5.17

5.5.18

5.5.19

5.5.20

5.5.21

This provide a logical explanation why the U3 tube wear was more advancadrtha

U2, even though U2 had operatedservice about twice as long as U3. Whereas with
corrected andlattened AVB barsthein-plane AVB -to-tube contact foreein U3 were

low or zero as intended by tidez e r odesmragirategy, the contact forces i Were

higher due to the unintended residual clamping forces imposed by the uncorrected
distorted AV bars.

Uni ntentionall vy, this &6i mprovemento6 in thi

acceleration of the AVBo-tube and TTW wear over the unmodifie@.U

I n fact, MHI 6s analysis of the wvarious 1ins
the mechanisms in pldp81, Section 7}

~

n . . : The conclusions regardsing mechani
follows:

1 The concluded mechanistic cause of the Type 1{léaV’}is
tube FEI in the tube bundle-kknd region, which is caused by a
combination of the SG secondary side therhyalraulic
conditions (high fluid velocity and high void fraction) andctive
AVB support conditionsn the inplane direction.

1 The concluded mechanistic cause of the Ty{pé/B} and 3
{TSP}wear is random vibration of the tubes. The Typ&\2B}
wear is caused by the tube motion due to high void fractions and
high flow velocites. The Type @ SP}wear is caused by high
velocity flow across the straight leg sections of the tubes.

1 The concluded mechanistic cause of the TypB4wear type is
vibration of the retainer bar, which is the same as in the-PInit
SGs and is addressetdReference 4.

The tubeto-AVB contact forces of URE were more likely to be insufficient
to prevent the #plane motion of tubes and the UBIEGs were more
susceptible to plane tube vibration than Unz SGs because the average
contact force in te Unit3 SGs was found to be smaller than the average
contact force in the Uni2 SGs. The difference in the contact forces
between the Uni2 and Unit3 SGs was caused by the manufacturing
dimensional tolerance variations, mainly due to improvement of AVB

dimensional contral. . . 0
my additionafexplanationjandemphasis

I can summari ze MHI 6s findings as foll ows:
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5.5.22

5.5.23

5.5.24

5.5.25

5.5.26

5.5.27

5.5.28

5.6

5.6.1

TABLE 1 M H | SBBUGGESTED CAUSES OFVARIOUS M ODES OF TUBE WEAR™

TUBE MHI FEI TUBE RANDOM AVB ASSEMBLY COMMENTS
WEAR WEAR EXCITED
MODE TYPE VIBRATION

TTW 1 A in-plane A inactive AVBs tube irplane direction FEI positively identified in Ubend reQion
AVB 2 A FEI not positively identified

TSP 3 A FEI not positively identified

~ RB vibrates- no tube motion active
RB 4 A retainer bar
RB tubes exhibit no AVB/TSP or TTW

| consider tlese very important finding to have been overlooked by SCE in its
understanding of the tube wear causal mechaars indeedfor its justification of the

restrt of U2when responding to the CAL.
Thethreerudimentsunderpinninghesefinding are

1)  that degradation of the tube restrdmtalities (AVBs and TSPs)ccurs

in the absence of FEI activjty

i) that TTW, acknowledged to arise from higim-plane FEI activity,
generally occurs where the AVB restraint has deteridrat®ne or more
localities along the length of individual tubesd

iii) that (from inspection of the U3 portions DABLE A) the number of tube
wear sites orricidences for AVB/TSP locations outstrips the TTW wear

siteincidencesn the tube freespan locations.

| find that the AVB assembly, which features strongly in the onset of Ti$\WMearly
designed to cope only withut-of-plane tube motion since there Igtle designedn
resistance to movement in tireplane direction- because of this, it is just chan(e
virtually random combination of manufacturing variations, expansion and

pressurization, etc) that determiriesin-planeeffectiveness of the AV8
RETAINER BAR VIBRATION AND TUBE WEAR

TABLES A, 1 and?2 (see later) identify incidences in both U2 and U3 RSGs of tube wear
which, although relatively low in number, the tube wallckimess reduction is quite

severe, at one site in U2 reducing the wall thickness by 90%.
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5.6.2

5.6.3

5.6.4

5.6.5

5.6.6

16

FIGURE 5 is typical of each of the 24 antibration bar restraint assemblies located
around outside of the bUend region of the tube bundle ahown byFIGURE 3. The
restraint assemblieacting acrosshe bridging plates (that run from top to bottom of the
tube bundle), provide additional retention of the tube bundle during normal operation

and abnormal fault conditis.

Bundle Outer

The continuousetaining bar wraps around the tube bundle to Tube Row
whichis fixed the outboard ends of the AV bars. Tatining

§é'tainer Bar
RB

bar is pulled in, wrapped around the tube bundle by the

Retaining

hairclip-like retainer bar, this being captureth situ by being Bar kB
threackd through the first two rows of tubemd held in this Q

position by friction between theetainer bar and the inboard

Anti-Vibration Bars
AvB

top surfaces of the AV bars.

Because the tub®-tube clearance tightens towards the apex of tieend, onéhalf of
the total restrainassemblies require a smaller diametetainer bar in order to fit

between the tube rows.

In October 2012 MHI reported directly to the NRGts safety concerns about the

retainer bars:

. The Steam Generator tube wear adjacent to the retainer tess w
identified as creating aotential safety hazardThe maximum wear
depth is 90% of the tube thickness. The cause of the tube wear has
been determined to be the retainer bars' random-ftmuced
vibration caused by the secondary fluid exiting the tubelke. Since
the retainer bar has a low natural frequency, ba vibrates with a
large amplitude This type tube wear could have an adverse effect on
the structural integrity of the tubes, which are part of the pressure
boundary.

The plugging of the tubghat are adjacent to the retainer bars was
performed. MHI has recommended to the purchiE3€E]to remove the
retainer bars that would have the possibility of vibration with large
amplitudeor to perform the plugging and stabilizing for the associated

tubes. . ."
my [addition] anchighlighting

Part 211 Steam Generator Tube Wear Adjacent to Retainer Bars, October SNRCRegion 1, Defects and Non
Compliance, 10 CFR 21.21(d)(3)(i)
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5.6.7 According to MHI, it is the lower resonance frequency of the smaller diaretdererbars
that is susceptible to turbulent tybase flow exciting the bar into its prime resonance or
some harmonic frequency tkef [p10, item 3}* Whatever, a number of the tubes capturing
theretainerbar hadsustainedibraded wear from interaction with These tubes comprised
six tubes in U2 and four tubes in Wdth seven tubes total showing wear greater than the
35% limit of the tube wall thickness for which isolation from service is required by plugging
with, as previously note@n incidence siten one of U2 RSGs having worn through 90% of

its wall thickness.

5.6.8 | agree withthe findings of MHI that theube wear at the retainer bar localities arises
because of random flow inducédot FEI) vibration of theretainer bar itself, it being

entirely independent of any tube motion excited from other sources.

5.6.9 However, M ltbleither plagdhe loaal tubes and/or remove the retainer bars at

risk raises two issues unique to the retainer bar and itassgmbly:

5.6.10 i) Plugging of the atisk tubes is not a satisfactory solutibacauset is the
retainer bar that vibratesa random fluid flow processes at sub FEI critical
velocity levels- these are likely to continue in play or, indeed, exacerbate at
the proposed U2 restart at%(power, leading to througfiube abrasion, the
detachment of tube fragments, lodgiag other unpluged and irservice

tube localities, resulting in thesalledd f or e i gtubewehrj ect 6

5.6.11 i) MHI 6s recommendation that ¢tamlpitsde r et ai ne
fluid flow excited vibration should be removed is, of course, dependent

upon reliable malysis to identify thet-risk assembliesand, importantly,

5.6.12 iii) this restraint systenprobably also serves to contain the tube bundle
geometry during a main line steam break (MSLB) design basis, seceany
changeor removal of the retaining bar asddage would requirea full

safety justification

5.6.13 Since thetubes worn by theetainer bar do not exhibit any of the other wear mdies
TTW, AVB and/or TSP) | shareMH | quste reasonableassumption that the retainer
bar excitation and the resulting tulvear is independent ahd does not contribute to
the AVB/TSRto-tubeand TTWsites
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5.7 PHASING OF AVB-TSPWEAR -vs TTW
5.7.1 Now | shall examine the phasing of the wear mechanisms active in the RSGs.

5.7.2 To reiterate: in the U3 RSGs both TTW has developed in thaétve regions of the
tube bundlesand AVB/TSPRto-tube wear has occurred at localities where FEI is
inactive.In the U2 RSGs, apart from a single ttube incidence of TTW and setting
aside the separate cause-t®Bube wear, all of the tube wear is a¥B and TSP

locations.
5.7.3 At its simplest this is the causality dilemma of teckenor-the-egd?

5.7.4 The ChickenThat isdid FEI forced motion of the free span sections of the tubes (where
the TTW commonly occurs) lead to wear and hence relaxation of the ingstra

localities?

5.7.5 The Egg Or was it the other way round, with the AVB/TSP localities freaipgnd,
hence, providing the fregpan tube sections with the degree of freedom enabling

relatively large amplitude oscillatory motion?

5.7.6 | reason hat the high ratef tubeto-tube wear is preceded by a period whilst the newly
manufactured and tightly packed tube bundksars in or6 s | a c k. eThis gerefalf 6
slackening of the tube bundle progresses as certain of $ke localitieswear and,
separately, as thenintendedcontact relaxes between the AVBs and individual tubes,
the restraint conditiongarticularly in the Ubend region of the tube bundle, drift into a

guastrelaxedcondition.

5.7.7  In its analysis of the FEI conditions in the U2 RSGAREVA' recognizes and
develops an understanding of the interaction between the tubes and AVBs, noting that
the restraint againgt-planemot i on of the tubes offered by
AVB-to-tube contacsurfacedret and wear away! generally agree with AREX that
this AVB-to-tube slackening offrocess results in a decline in the AVB effectiveness as
anin-planerestraint, although | consider AREVA not to have demonstrated that FEI is

the root cause.

17 Attachment 8 Appendix B: SONGS U2C17Steam Generator Operational Assessment for-iaibabe WearAREVA
T A S L Brabeto-Tube Report
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5.7.8 MHI** come to nuch the same conclusian the AVG-to-tube wear progression and
accompanying loss oh-plane effectivenessalthough it considers theausations via

random vibration excited by twphase flow perturbations that are not at FEI levels.

5.7.9 Identifying the aatal cause of AVBRo-tube wear is crucial to understand and model the

timing of the second phase involving TTW.

5.7.10 a) Put simply the AREVA postulate leads to the approach that if the reactor
power level is reduced to 70% then FEI will cease, so AxBlane

effectiveness will also cease to decline further, and TTW will be arrested.

5.7.11 b) To the contrary, if MHI is correct then, driven by random flow
perturbations, decline in AVBn-plane effectiveness will continue to
advance even at the reduced 70% power Jahelrebyfreeingup longer

free-span tube sectioribat aremore susceptible to TTW.

5.7.12 | shall return to this issue 818} later, but here | wish to explore how AREVA
approacheds determination of the AVBo-tube wear rate.

5.7.13 To this end, simulations of U3 and U2 RSGs compare the -ANMB contact force
distributions as thesprogress through their respectivesiarvice periodd after 22
months of inservice operation the severity AVB (and TSP)wear in the U2 RSG-2
089 is similar to that found after 11 months ofrvice of U3.

5.7.14 The implication of this comparison is that the centrabdnd tube region of U2, at 22
months, could be about to respond to FEI forces and hence cammeperiod of
heightened TTWactivity. I n some respects, this may be
the manufacturing flattening process of the AV bars between U2 and U3 RSGs

{5.5.1%, althoughnot | suggesftor the precise @sons given by MHI.

5.7.15 AREVA concludes thafp15, 13’

5.7.16 i . . the.location and orientation of the two shallow TTW
indications in Unit 2 are consistent with the behavior observed in Unit
3 and indicates thah-plane fluid-elastic instability in Unit 2 began
shortly before the end of cycle 16 operation after 22 months of
operation 0

my emphasis

R3218AF2-REDACTED PROPRIETARY RESPONSE TOA S L S8FACTUAL Issues 15" AFFIDAVIT OF JOHN H LARGE 200f 62



5.7.17

5.7.18

5.7.19

5.7.20

5.7.21

5.7.22

5.7.23

5.7.24

18

nd-ProprietaryDistribution-Restricted per-Protective-Order

The other but independent QAy Intertek APTECH™ approaches this from a

statistical viewpoinfp24 - 26, Figures 3.2/3/4} showing that the incidence pattern for

the first phase of wear at the tube suppastvirtually identical and complete for UR.

sense of the progression of W#&vards the second phase involving TTW is givgn b

inspectionof TABLE A.

The 2¢ 39 and 4" columns of TABLE A showthe inddences of AVB and TSPto-tube

wearand TTW for the U2 and U3 RSGs and for each table segment, the successive

higher rows show the bands of increased wear ddpit possible to present the data of

TABLE A in a morecomprehensive form, for example by linking the number of AVB

wear sites to individual tubes, but for my purposes the present tabulation will suffice.

The first comparison to be made is the incidencAWB/TSP to TTW by comparing

across the columnghus:

i) for U2, this shows thatVB/TSP-to-tubewear is occurring in the absence

of TTW (ignoring thetwo tube incidencén 2E-089);

i) for U3, in which there is anincreased number of AVB/TS#®-tube wear

locations on tube#n which high incidence of TTW is established, the

suggestion ishat AVB/TSP-to-tube wear continues to arjssnd

iii) the implication being that new AVB/TSB sites are seededcamntinue to

developas a function of the #service hours of the RSG.

The second observation, ii), sgegsts that adjacent tubes are
repeatedly impacting in the-plane direction with a resulting
physical displacement of the tube at its AVB restraint location
Evidence of thisn-planemovement, both horizontally and «gmd
down {15.5.14, is clear from the elongated AVi-tube wear

scars as thm-planeeffectiveness of the AVB is degraded.

In this way, an initially st abRvéar

into instability as its AVBin-planerestraint is virtually worn away.

Wear
Scar

hbori

S———

Adapted from MHI

Attachment § Appendix C:Operational Assessment for SONGS Unit 2 SG for Upper Bundldédriibbe Wear
Degradation at End of Cycle I@ntertek APTECHor AREVA
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5.7.25

5.7.26

5.7.27

5.7.28

5.7.29

5.7.30

5.7.31

5.7.32

This impacting mechanism leads to a growing region of instability in TTW in the free
span section of the affected tubes alormglamnof tubes.

Referring back torasLe A, the second comparison is with the total number of tubes

that have one or more wear sites, shown in the R/H cqlsoggeshg that:

Iv) since the range of individual tubes with one or more wear indications (734
to 919) is not particularly broad, the incidence of TTW is related to tubes in
which the restraint syems hae alreadybeencommitted to AVB/TSRo-

tube wear.

The similarity of the depth of AVB wear between U2 and U3 RSGs as this relates to the
projected steam quality and void fractienth this, separately wplane velocity,is
shown by MHI Figure 5.1-4/5, stronglysuggeshg that U2 is following the same AVB
deterioration process as A3 [p63, Figure 5.14/5].**

MHI provides a generalized summary of the relationships between TTW and the
restraint localitieAVB/TSP/RB [p18, Table 4.1-1]:*

TABLE 2 MH ISANVEAR TYPE LOCATIONS (MHI TABLE 4.1.11)

WEAR PATTERN WEAR LOCATION S
FREE- SPAN AVB TSP RETAINER BAR
TyrEL TTW YES YES (YE9) No
TYyPE2 AVB WEAR No YES (YE9) No
TyPE3 TSPWEAR No No YES No
TyrE4 RBWEAR No No No YES

YES wear indication found
(YES)  wear indicatiormay be present since some tubes with AVB wear have no indications at TSP locations
No no wear indication

In other words,in my chickerand-egg quandarythe outcome is notquite so
straightforward.

First, the egg arrives - that is slackeningof the tube bundle restraint systems

particularlyatthe AVBs

| agree with MHI £.7.1% that the fluid mechanisrmvolved is then-plang two-phase
fluid excitation of random, small amplitude vibration of individual tubes fretting away

the friction grip of the AVB surface interface to the tube
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5.7.33 A rough and ready guide to the number of AVBs that are so slackened by this
mechanism is given by the AVB incidences (in the absence of TTW) in the U2 RSGs (ie
1757 and 2591) ofABLE A.

5.7.34 Second, the relaxation of the AVB restraiptovides conditions conducive fan-plane
tube motion in the fregpan sectins to be triggeredThis lower frequency, higher
amplitudein-plane motion is sufficient for the unrestrained tube to impact against its
restrained neighbor. This i mpacting motio
AVB point of restraint thatwith repetitive impacts, deterioratde ineffectiveness

allowing thatsametube to be excited in its modified (lengthened) fspan section.

5.7.35 Again, a rough and ready guide to the number of AVBs that are so slackened by this
tubeto-tube bumping mechanis is given by the AVB incidences (in the absence of
TTW) in the U3 RSGs (ie 3357 and 3149), that is abouttbineé increase over the
tubes slackened by the first phase of degrad§fibry.3% .

5.7.36 Tubeto-tube bumping transmiteie instability along the columns of tubes, that is in the
in-planedirection running along the AVBs as if these were tramway tracks. It does not,
however,account for migration of frespan instability in theout-of-plane direction,

beingacross the rowsf tubes

5.7.37 This row to rowtransfercould be viaout-of-plane FEI or, more likely in my opinion,
providing that then-planefluid activity is sufficiently dispersed then done, could be
enoughto initiate and follow through removal of AVB (and TSP3traint effectiveness
across a number of tube columns and, as reported by MHsLE 2}, the fluid

mechanisms involved are not necessarily FEI.

5.7.38 AREVA acknowledges [p19, T4]that< redacted proprietary information

5739 f . <redacted proprietary information
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my eerrectionandaddition

5.7.40 On this basis AREVA reckofp44, 14}’ that

5.7.41 1 ..<redacted proprietary information
>0

5.7.42 However, whereas previously AREVA acknowledged tkatredacted
proprietary informaion

.. > o[p44, 141~

5.7.43 f . <redacted proprietary information

> . .0
my emphasis
5.7.44  As | have previously notedhe effectiveness of the-planecapture of the columns of
tubes by the AVB relates to the AV bato-tube clampingforce and, hence, friction
force between the tube and AV bar surfadesr SCE,via its consultants and MHI, to
establish how many of the presently active AVBs will advance to ineffectiveness via
tubeto-tube bumping, ihasto reliably predict the AV bato-tube clamping and friction
forces for all of the remaining active AVBs inea U2 RSG,ithast o do thda s O6bl i
remoted s-threughthetubew a |ptoldesandby inference when the RSG is cold and

depressurizedf

5.7.45 It is worthwhile pausing to note that, probably, the greater number of AVBs in the U3
RSGs were in the design intdsd gercgap) inactive condition, hence the accelerated
TTW incidence. To the contrary, because of the distortion and twisting of the AVBs of
the U2 RSGs, the state of the AVB restraints was random, being inactive (as design

intended) or active with vayus degrees of contact force in force.

19 Bobbin probes ten be subject top large signals generated by geometricalvalbdistortions at the ¥bend transition
locations, creating significant reduction in their detectability, which is probably why the second round of inspections
deployed, according to Sqp5, 12[*taé mor e sensitived method.
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5.7.46 To model the AVB effectiveness approximatetyredacted proprietary. . .> gap
elements need to be considered for each U2 RSG and, even by rationalizing this down
by a quarter modedf the tube bundleghe computer sources required areredacted. .
>[p56, ﬂ2]:.l'7’20’21

5.7.47 | have considerable reservations about the reliability of such modeling, particularly:

5.7.48 1) setting up the model relies upon the consistency of manufactude an
assembly of the various components of the tube bundle as delivered by
MHI, a challenge in itself but which has been cast into doubt by recent

findings of norconformance by the NR&;

5.7.49 i) there is insufficient explanation and justification of the AREVodel of
projecting AVB wear for its outcome to be adoptedextrapolaing to the
AVB wear rates and distributions, both of which are key to projecting short
term TTW and other tube wear sites in the restdd2dRSGsi AREVAOG s
explanation as to how this achieved [p57,'§2$, for the most part

confusing

5.7.50 i) the reliance upon the tube nofassical ding and dent location?
determined by eddy current transdwgis not a sufficiently robust as a final
check of the viability of the AVB contact foreaeagnitude andlistribution;
and there are similar reservations associated with theacwess to a
relatively large number of plugged and inaccessible tubdsimegions of

interest

5.7.51 iv) there is unwarranted confidence that the spatial geometry of the tubes and

components in the cold, unpressurized condition (ie that deduced from the

20 This is a finite element model which resolves the sum of forces, including the AVB contact forces, to zero. So far as the
AVBs relate, the gap distribution is determingctbnsideration of i) the tube diameter, i) AVB thickness, iii) TSP hole
location, iv) AVS twist or warpage, v) AVB flatness and vi) tube flathess. In the manufacture of U2 RSG AVB the
distortion caused by bendi rfgaresitual twist\¢dhpabedto the U3 AMBowhichh e &éhai r pi

resulted in a greater capture force, as evidenced by the increasedowdmbed d ent sé i n the tubes | ocate
the AVBs.

21 Westinghouse also acknowledged that o f t wa r eonfihed tng anadydisiofavead progression to no more than three
wears ¢ ar 5 %.5°[ p 2

22 NRC Inspection Report No 99901030/262Q1 ,Notice of NorConformanceNovember 20 2012this report found

failures in the MHI quality assurance program, including lack of dimensional control over the tubes used -in@®@ck
tube bundle being developed to explore and prove AVB madifications to the SONGSIRBiIBg.the manufacture ofeh
RSG tubing a stop notice was placed on the tubing manufacturer with respect to quality assurance procedures.

23 The fact that the AVB contact is denting the tubes shows that at some localities (towards and at the return noséeaection of t
AVB) the AVB design is doing exactly the converse of what was intended, this being that the AVBs would not touch and
clamp the tubes. Now, however, AREVA [p63,4@kpend upon the unintended outcome of this design failstew the
ABYVY o6effectivenessod which is, some might argue, clutching
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5.7.52

5.7.53

5.7.54

5.7.55

5.7.56

5.7.57

5.7.58

24

25

probe inspections) will reliably transpose to the same in the hot, pressurized
cordition 1 this is important when the tul®v/B geometry is offset, where
the AVB is twisted with respect to the tubfestc..and

v) as | have previously notgd[5.5.14, this type of AVBassemblywas not
designedto provide effective restraint in tha-plane direction so, it
follows, no specific contact and friction force levels were specified at the
onsef® or, put simply,in-planetube motion was not foreseen at the design

stage so nothing was put in place torteu it

To arrive at these findings | have concentrated my assessment on the ARIBe-
Tube Repoff following its prognosis that

i . the TTW in the SONGS steam generators was causeeplgnia tube
movement due tm-plane fluidelastic instability (FEIO

And

i . However, given identical designs, Unit 2 must be judged, a priori, as
susceptible to the same TTW degradation mechanism as Unit 3 where
8 tubes failed structural integrity requirementseaft 1 months of
operation [12]. Indeed, the location and orientation of the two

shallow TTW indications in Unit 2 are consistent with the behavior
observed in Unit 3 and indicates thatplane fluid-elastic instability

in Unit 2 began shortly before thaa of cycle 16 operation after 22
months of operation.

. The argument that incipient-plane fluidelastic has developed in Unit
2 is considered a more logical explanation for the observed T.T&V

my truncation . . .andemphasis

However, an direly contrary argument is put by Westinghouse in its @Aen
accounting for the TTW of the two tubes in [§iB7,13]>

=1}

all available data suggest that the tutmetube wear in the thend
free spardid not result from inplane vibrationof the tubes. There is
strong indication that itesulted from outof-plane vibrationof the
two tubes in close proximity to the level of actual contact during

operation. o
my emphasis

Westinghouse shows [p76, Figura@® the relationship betweaifear DepttandWear Volumédor various angles of
twist with the notching effect of a AVio-tube wear scar with & #wist angle being ~x3 deeper than for the untwisted case.

A criterion for the effectiveness of the individual AVB contact force was set at 3 Newton, based on the probabilistic base of
the compute contact forces, and a total number of consecutive ineffective AVBs for each tube was set to establish whether
the associated frespan section of the tube was stable or unstahléhe most limiting case the AREVA projection

identfied this to requira minimum of 4 effective AVBs [p104, 3.
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5.7.59

5.7.60

5.7.61

5.7.62

5.8

5.8.1

26

27

28

29

And [p88,112]: %

i . Since.the tubes westable inplaneat 100% power, they will betable in
planeat 70% power with additional margin.. . The evaluation showed that
thein-planestability ratios of all tubes in Unit 2 afdess thanl at 70%
power. Hencein-plane vibration will not occur in the Unit 2 SGs during
the upcoming operating cycle at power levels up to 708tnce all active
tubes will be stable against4iplane vibration in the next cycle, tubt®-
tube wear due to irplanevibration in the Ubend free span, as has been
observed in Unit 3, will not occur itUnit 2 during the next cycle of
operation.SG performance criteria will be satisfied for tlisgradation
mechanism until the next inspectidn.

my truncation . . .andemphasis
| note here that there athree clear conflicts of findings between the OAs: From
AREVA'" that AVB-to-tube and TTW result fromin-plane FEI, contrasted to
Westinghous¥ that there is nin-plane FEI but most probably it wasut-of-planeFEl,
and from MHI* {5.5.9 that certain AVBto-tube wear results in the absenafein-

planeFEI from just turbulent flow.

My opinion is that such conflicting disagreement over the cause of TTW reflects poorly
on thedepth of understanding of the crucially important FEI issue by each of these SCE
consultants and the designer/manufest of the RSGs.

WEAR RATES - PREDICTING THE |N-SERVICE PERIOD

The overall objective of théhree operational assessment (OA) commissioned by SCE
was to gauge the structural integrity and accident induced leakage of individual
tubed®2"2829 of the U2 RSGdollowing a period in service at a pspecified level of

thermal power (70%).

The fundamental OA structural integrity criteria is that the projected worst case degraded tube for each existing degradation
mechanism must meet the limitingustiural performance parameter with a 95% probability and 50% confidence

Structural Integrityis defined by the Electric Power Research Institute (EPRI)n-service steam generator tubes shall
retain structural integrity over the full range of norhoperating conditions . . . and design basis accidents. This includes
retaining a safety factor of 3.0 against burst under normal steady state full power operation-prisergndary pressure
differential and a safety factor of 1.4 against burst apptietie design basis accident primaoysecondary pressure
differentials . . . In the assessment of tube integrity, those loads that do significantly affect burst or collapse shall be
determined and assessed in combination with the loads due to preiisirsafety factor of 1.2 on the combined primary
loads and 1.0 on axial secondary loads.

Accidentinduced LeakageThe primary to secondary accident leakage rate for the limiting design basis accident shall not
exceed the leakage rate assumed imtoilent analysis in terms of total leakage rate for all sSteam generators and leakage
rates for an individual steam generator.

See SG Tube Integrity [p351.13.4.17{°
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5.8.2

5.8.3

5.84

5.85

5.8.6

30
31
32

33

SCE evaluated and interpreted the results of these independent assessments in its wrap
up report [p19, Table-3]:*

TABLE 3 RESULTS OF THE OAST COMPARISON SCETABLE 3-1

Degradation TTW with No Traditional Deterministic
OA Other Effective AVB Probabilistic TTW
Description Than TTW Supports TTW
Reference Appendix A-31 B-17 C-18 D-32
Degradation Mechanisms All but TTW TTW TTW TTW & AVB Wear
Type Probabilistic Deterministic Probabilistic Deterministic
Thermal Power 100% 70% 70% 70%
Inspection Interval 18 months 18 months 16 months 18 months

The inspection interval of 16 to 18 months range at 70% th@anadr (final row ofTABLE

3-1) is based on elimination of susceptibility of FEI (SR¥1ithin the tube bundl|ebut

S C Etabde doesot present the full range of results for the inspection interval produced by
the OAs

SCE also evaluated the inspectioterval if FEI was assumed to initiate at SR=0.75 rather

than atSR=1 which reduces the inspection period, again at 70% thermal power, to 8 months.

If, however, FEI tube motion activity is present immediately upestas (at 70% thermal

power) then théme period for failure of an unplugged tulbetherreduces to 6 montfisie

one month | onger t {savice 1SOOBypsriodhefarepnspeatitthe U2 i n
6 monthunplugged tube failure is triggered by the higher risk of initiating FEI matien

plugged tube causing TTW on a neighboring tube [p117,'$10].

If my premise{Y5.7.44 of tube bumpingalong thein-plane columnsis accepted,then
eitherin-planeor outof-plane FEI, or turbulent flow forceslone §£.5.9, could advance the

AVB -to-tube wear, and hence result in loss of AVB effectiveness, across sucomssive

Attachment 6: SONGS U2C15Bteam Generator Operational Assessn®0E. October 10, 2012
Attachment 6 Appendix A: SONG3J2C17 Outagé Steam Generator Operational Assessp#REVA October 1, 2012

Attachment 6 Appendix D: Operational Assessment of Wear Indications In therld RegionfoSan Onofre Unit 2
Replacement Steam Generatestinghouse Rev 3 October 2012

Fluid-elastic instability (FEI) is the interaction of tyahiase fluid flow across a tube array, such as the {gjaamn flow

across the SG tube bundle in the regiohefdbend. The individual tubes are excited into motion at a critical-tovgs

velocity with each oscillating tube generating a pressure field acting on adjacent tubes which, in turn, respond in motion.
This phased and coupled motion increases witle&simg crosfiow velocity leading to, if the tube bundle geometry

permits, tubdo-tube impacting and/or fretting with retainer bars, etc.. The onset of the unrestrained tube motion occurs at a
critical velocity, determined by the fluid properties andewrray geometry, representing a point at which the amount of
energy input to the tubes exceeds the amount of energy being dissipated by fluid damping, itself determined mainly by the
voidage or fraction of steato-liquid make of the fluid this is refered to as the stability raticatio ofeffectiveto critical

velocity- SR) where a unity valU&R=1)is the point at which FEI induced tube movement is expected to trigger

sometimes the term Excitation Ratio (ER) is used where the presence oftsg@r&iVBs are included in the system).
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5.8.7

5.8.8

5.8.9

5.8.10

34

35

tubes. The location and interception of zones of plugged tubesh wWave to be
appropriately locatedvill only serve to delalput not halthis advancé the length of delay
will be determined by thenducedwear rate at the AViBo-tube contact which, itself, is a

function of the tubé\VB geometry, the contact and fiiian forces in play, and so 6.

| have previously touched upon the difficulty of determining whether or not any particular
AVB is acting effectively as am-planerestraint{ 15.7.52, so to project the time period for
that particular AVB to wear down to a relaxed or ineffective restraint compounds the
difficulty with even more uncertaintyMoreover, the degree of restraint effectiveness, the
wear rates and time taken to thergual relaxation state for each of several thousand-AVB
to-tube contactshas to be mapped out for each of the U2 RSGs if, that is, the inspection
interval for the 2 nuclear plant is to be determined to be free of unacceptable risk of in

service tube faire.

| have previouslyeferedto this complex, uncertain and, most probably -inogar process
of loss of AVBin-planerestraint effectiveness, together with advance across rows of tubes

in regions obutof-planeFEl activity, asé s | a ¢ k eofrthe tulge bundlef 6

A R E V A @pmbability analysis ofthe inspection record®f the U3 RSGs claims to

overcome these uncertainties, reckortingt this6 s | a ¢ k etime t, fpr the tkrio@wn
instability zone expansion took about 7 months [p113'2REVA then with much the
same confidence, calculate e ty,, for tubeto-tube wear, or TTW, to arrive #te in

service tube tim#o-burst Ty, that isany one tubdailing in accordwith the tube structural
integrity requirement:

The reliability of AR E V Adpgroach is very much dependent upon #iteng of
preventatively plugged tube buffer zone location. For the U3 RSG the TTW pattern is
established (because TTW exists on many tubeghere is greateerdainty about where to

locate the preventatively plugged buffer zone

In this Evidence | shall concentrate on the AREVA approach to determining the Inspection Interval somewhat at the neglect
of the accounts of MHI and WEC. MHI, for examglpproach this with aarithmetic scang system comprising of the

nine criteria relates to one of the following characteristics-plgine fluidelastic vibration: (1) tub®-AVB friction, (2)

vit)lzation frequency, (3) #plane tube motion, (4) high void fraction, (5) regional effect, andoiiplingeffect[p10, Table

1].

The limiting structural integrity performance criterion (SIPC) for a tube burst is that the tube must meet x3 the normal powe
pressure differentiat ( P) between the priany and secondary (steam) circuits with the plant at normal operating power
(NOP). At 70% power, U2 would develop &Pyopof 9.1MPa (1,324 Ibf/if), so tubes should be resilient up to a minimum

3xr Pyopof 27.3MPa. Thistructural integrity criteriors tha the projected worst case degraded tube for each existing
degradation mechanism must meet the limiting structural performance parameter with a 95% probability and 50%
confidence
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5.8.11

5.8.12

5.8.13

5.8.14

5.8.15

5.8.16

36
37

R3218AF2-REDACTED PROPRIETARY

Because there is just the djoé two adjacent tubed)TW incident in one of the U2 RSGs

(2E0-89), the appropriatenessf the location of the preventatively plugged buffer zone for

U2 is morehit-andmiss In the absence ad multitube TTW pattern, AREVA had to

interpret(by inference from the bobbin and eddy curr@r | ingpettionsthe AVB-to-

tube wear patterns and, from this, extrapolate the desired location of the prelyentiv

plugged buffer zones in the U2 RSGs. Without much explanation [p113, AREVA

calculate theslackening ofperiodts, for FEI expansion in U2 to be reduced by half of the 7

month estimate for U3, thit 3.5 montl>°

The final element of the TTW tirde-burst composite is, simply, the periggfor the TTW

action to reach and unacceptable level of wear depth tesamiice, pressurized tub&or

this, AREVA admit that the uncertainties arising ipndmic (complex) modelling of tube

to-tubeimpactsare too great and so reverted to a simple esfihyadding a range fok, of

betweem?2.5 to 11 monthis

Thus,

AREVAGOGsS

=150 + tyw) IN the restarted Uat 70% power for the worst case flaa be between 6 to 18
months p114, 73}

TABLE 4A TuUBE FLAW BURST TIME T M ONTHS FROM RESTART

CAsSE SLACKENING OFF TIME TTW TIME TIME TO BURST
tso tew Ttb

U3 I 2.5t0 11 9.510 18

U2 3.5 25t011 61018

Finally, AREVA arrives at another interpretation by considering a combination of two

different extremes for the abrasion rate in account of dynamic lopdig§, FIGURE A-3].*

This approaclyields a further revision in the TTW tintg,:

TABLE 4B WORST CASE TUBE FLAW BURSTTIME EXTREMES T M ONTHS

CASE SLACKENING OFF TIME TTW TIME TIME TO BURST
tso trow Ttb
y2sae 3.5 45t08 810 12
y2tymame 35 2.5t05 6t08.5

AREVA has arrived at this final range of results for the #ioaburst Ty, on the basis of a

number of physical uncertainties and assumptions, so much so there is little confidence that

It appears that the U3 result has simply been factored by x50%.

Thedismpd pPr oach

adopt s

the abrading rate and wear time

Archardoés

rul e which,
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5.8.17

5.8.18

5.8.19

5.8.20

5.8.21

5.8.22

5.8.23

any form of reliable distribution would be expected fpla between the two sets of
extremes ofTy.  Put another way, the tube burst could occur at any time (randomly)

between, for the)2¥ ™ case above, 6 to 8.5 months from restatt@t)2 nuclear plant

Nor can there be that much confidenceimply extending the timeo-burst Ty, by front
ending with theslackening ofperiodts, of 3.5 months, as shown TmBLE 48. AREVA
arrives at this period fahe U2 RSGssimply by halving the U3lackening offeriodts,
(TABLE 4A) and, #milarly, to convert the static to dynamic loading for theé "t case

of TABLE 4B a simple x2 factor has been assumed.

AREVA collates the most optimistic outcome of
its probability [p110, Figre 83]Y (right)

neglecting those of its considerations that results in

< redactedproprietary information

the 2.5 month U2 restart-service period to TTW.

| have little confidence in the outcome of
AREVAOGs projecti onoughf

which the U2 nuclear plant could be reliably

expected to operate without incurring a tube failure
or running at a greater risk of a tube failure

occurring
This is because:

i) the root cause leading to TTW is the omission in the design of the Ad¥iBds
to cope within-planemotion of the tube$ since this was not specified at the
design stage, thia-plane effectiveness of the AVBs is, essentially, something
acquired by chance, being highly variable and inconsistent from one AVB to

another;

ii) the key assumption that the AVB tube capturing friction force can be reliably
deducedndirectly by the eddy curremirobereading of the AVB-to-tube gaps,
for thousands of AVBube locations, iaot at all robust

i) there are similar, indeed, if not egter difficulties in applying such

measurements made when the RSG is cold and depresstoileel RSG when
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5.8.24

5.8.25

5.9

591

5.9.2

5.9.3

it is in service, that is hot and pressurized, particularly when it is acknowledged
that thermajpressure distortion (flowering) is an acknowledgn-service

phenomenon in the higherliénd region of the tube bundle; and

iv) even if these uncertainties can be resolved, which in my opinion is highly
unlikely, there must remaistrongdoubtsabout the quality assurance at the
MHI manufacturing and necurement plants if, that,ithe recent NRQNon
conformance Notic8 relating to the tubing for RSG modips currently being
evaluated by MHI, were thaveequally appkdto the manufacture of the tubes
installed in the U2 RSGs

| am unable to go f ut®analsisofthe TTW timerbécausetite k AP
seems to make a fundamental error in deriving the U2 wear time rate from the whole of the
cycle lengh for the U3 wear [p38, T2](ie ignoring the AVB slackening off period). That
said, even in account of thjgpparentksignificant error the total time to burst remarkably
closely coincides at 16 months witihe other OA time to burst predictions BABLE 3
{95.8.3.

TTW TuBE PERFORMANCE DURING A MSLB EVENT

The AREVA and WECOAs consideredhe limiting structural integrity performance
criterion (SIPC - ie 3xr Pyop). However, SIPC is ondimensional in that only
differential pressure forces are included, whereas other external forces apply to the tube

bundle and RSG structural containment during certain fault sequences.

For example, during the design ba8#SLB event individual tubes are subject to
imposed bending force and stresses which add to the overall force composite acting in
the tube wallso, for these circumstansethe accident induced leakage performance

criteria (AILPC) applies.

In a separate asssment of the UBTW and TSP weaprofiles, AREVA identified a

number of tube wear modes, wall thickness wear depths and specific locations that
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5.9.4

5.9.5

6.1

7.1

7.2

7.3

7.4

38

39

failed AILPC3® Tubes found to be at risk included TTW [p69,%&hd TSP [p56, 18]
with a6 p -0 | r o failgré rdode.

SCE does not seem to have applied this U3 finding to setting a limitation on the
acceptable tube wall thickness wear for the U2 restart on the Ha8ihRC alone
which, for TSP and TTW modes of wear, will equally apply in U2 during an MSLB
design basis event.

| discuss further the additional forces acting on the RSG tubes during fault conditions

later*?
RESPONSE TO THEATOMIC SAFETY LICENSING BOARDGS FACTUAL |SSUES
My response to t &%saN@Hdws desatini:act ual i ssue

FACTUAL ISSUEIV) i FINAL SAFETY ANALYSIS REPORT

=]

Does the Final Safety Analysis Report (FSAR) analyze a steasnagen
(S/G) tube failure event?

If it does, how many tubes are assumed in the analysis and what is the
primary-to-secondary leak rate?

What is a conservative rate?
Please provide a copy of this section of the FEAR

| have not been able procure a copyhe amended FSAR other than a short extract that
has been provided by SC&s Attachment 1 of its December ¥hswer to the
Peti ti on effDécembétdl201@.n

The FSAR extract provided by S@Bmprises (what seesto be) pages 177 through to
186, t is not datedand there is no indication if it is a complete and unredacted copy
extract of the FSAR.

My instructing clientFoE sought to obtain the most recent amended version of the
FSAR, which | believe to be databout April 2009put without success| alsobelieve

that the San Onofre FSAR was, like many other documbaisgreviewed underthe

Attachment 3: AREVA Dcument 539180143001- SONGS Unit 3 February 2012 Leaker Outage Steam Generator
Condition Monitoring ReporfAREVA October 1 2012

United States of America Nuclear Regulatory Commission Atomic Safety and Licensing Board, In the Matter of Southern
California Edison Co. (San Onofre Nuclear Generating Station, Units 2 aDdi8). December 7, 2012
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7.5

7.6

7.7

7.7.1

1.7.2

7.7.3

40

Sensitive Unclassified Nebafeguards Informatio(SUNSI) arrangementand that it
may be being witheld (or caught up in the system) as a SUNSI grauseurity

Related Information

FoE has, however, obtained a list of FSAR amendments from the NRC Public

Documents Room (Washington DC) but this list does not go beyond May 1983. |
assume that this list is not a complete record because | certainly expachématiments

to the FSAR would have been made since 1983, particularly in account of the

installation and then proposed operation of the U2 and U3 RSGearli@r than 2010.

Therefore, at this time | am not able to provide the Board with a coffhosésections
of the FSARthat relatdo the issues that it raises.

However, | am able to outline my expectations of the requirementiseoFSAR as

follows:

The heat transfer area of the two RSGs in the SONGS Unit 2 comprises well over 50%

of the total reactoprimary system pressure boundary. This transfer area is entirely
made up of the 9,700 or so individual tubes in each RSG, so the tubes, individually an
collectively, represent an integral part of theclear plant barrier against fission
product relese to the environmentOf the two fission product barriers (fuel cladding
and RSG tubing) the RSG tube surface area is the substantive barrier in defense
depth.

d

in

Failure of this barrier, via leakage of a single or multiple tubes, enables radioactive

codant water from the reactor coolant circuit to pass into the lower pressure
steamraising circuit that feeds the tudpenerator machinery hall, thereby bypassing the

primary containment of the plantés nucl

| have used the terd | e a knahg @endext that it is defined by the Operatibigense
[pl.1-4, Ya.3] [p34-37, LCO 3.4.13]*°

United States Nuclear Regulatory Commis$ideshington D. C. 20555 Southern CaliforniasBd Companyan Diego

Gas and Electric Company the City Of Riverside, California the City Of Anaheim, Calfbmaiet N. 50361 San Onofre
Nuclear Generating Station Unit 2 Facility Operating LicerfS8fP-10 as amendédSan Onofre Nuclear Generating
Station, Unit 2, Improved Technical Specification based on NUREG 2 , fiStandard Technical
Combustion Engineering Reactors
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7.7.4

7.7.5

7.7.6

The performance criteria for RSG individual tube integrity comprises the three separate
requirements of i) tube structural integrifGIPC) ii) accident induce leakage
(AILPC), iii) operational leakage{15.9.1:5.9.3. These requirements are set out in the
operating license [p5-04, 5.5.2.11]°

i .SteamGenerator (SG) Program (continued) b. Performance criteria
for SG tube integrity. SG tube integrity shall be maintained by meeting
the performance criteria for tube structural integrity, accident

induced leakage, and operational LEAKAGE.

1. Structural ntegrity performance criterion: All kservice steam
generator tubes shall retain structural integrity over tai
range of normal operating conditionéncluding startup,
operation in the power range, hot standby, and cool down and all
anticipated trangents included in the design specification) and
design basis accidents. This includes retaining a safety factor of
3.0 against burst under normal steady stalepower operation
primary-to-secondary pressure differential and a safety factor of
1.4 agains burst applied to the design basis accident prirrary
secondary pressure differentials. Apart from the above
requirements, additional loading conditions associated with the
design basis accidents, or combination of accidents in
accordance with the desigand licensing basisshall also be
evaluated to determine if the associated loads contribute
significantly to burst or collapse. In the assessment of tube
integrity, those loads that do significantly affect burst or collapse
shall be determined and assedsn combination with the loads
due to pressure with a safety factor of 1.2 on the combined
primary loads and 1.0 on axial secondary loads.

2. Accident induced leakage performance criterion: The primary to
secondary accident induced leakage rate for design basis
accident, other than a SG tube rupture, shall not exceed the
leakage rate assumed in the accident analysis in terms of total
leakage rate for all SGs and leakage rate for an individual SG.
Leakage is not to exceed 0.5 gpm per SGlagyim thraigh both
SGs.

3. The operational LEAKAGE performance criterion is specified in
LCO 3.4.13, "RCS OperationaREAKAGE!

my emphasis

I note here that unless there is an amendment granted by the NRC to the present
Operating Licens§p5.0-14,95.5.2.111°t hen, irrespective of SCES®
Unit 2 at 70%, RSG tubes will still be required to meet the tube integrity criteria at the
6full p o w @rimargtp-secordary pressare differential
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1.7.7 My strict interpretation of TS 5.5.2.11b.1 is that unless the present Operating License is
amended then SCE is required to demonstrate tube structural integrity at the rated
thermal power (RTP) level which is 100%lus the instrument error margin of,
typically, 2%) and not the 70% RTP proposed by SCE.

7.7.8 It follows, that any contributory factor that relates or contributes to tube structural
integrity (eg tube wear rates, etc) will also have to be determined at the rated RTP of

100% unless, that is, a license ameadhpermits otherwise.

7.7.9 The RSG accident induced leak performance expectation of the FSAR is most probably
that stated in themproved Technical Specification Conversfofor SONGs [p510, 1
2]:41

7.7.10 @ . The seam generator tube rupture (SGTR) accident is the limiting
design basis event for SG tubes and avoiding an SGTR is the basis for
this Specification. The analysis of a SGTR event assumes a bounding
primary to secondary LEAKAGE rate equatie operational
LEAKAGE rate limits in LCO 3.4.13, "RCS Operational LEAKAGE,"
plus the leakage rate associated witaibleended rupture of a
single tube . . . The analysis for design basis accidents and transients
other than a SGTR assume thet8kes retain their suctural
integrity (i.e., they are assumed not to ruptjireo

my emphasis
7.8 With this information | am able to respond
7.9 i .Does the Final Safety Analysis Report (FSAR) analyze a steam generator

(S/G) tube failure evedto

7.10 My expectation is that the FSAR wilkflect uponsuch analysisnd this will be the
limiting design basis SGTR event involvingsingle RSG tube bursting when the

nuclear plant is operating

7.11 | would, in éaccordance with the design and licensing s 17.7.3, also expect the
design basis to consider a coincident event involving eitherLOCA, MSLB or

FWLB with a SSE' During and following such an evenRSG tubes are required to

41 NRC Attachment 1, Volume 7, San Onofre Nudganerating Station, Improved Technical Specifications Convet3$isn
Section 34 Reactor Coolant System (R€Sune 2010
42 These design basis events are
Loss of Coolant Accident LOCA (RSG tube crushing mode)
Main Steam Line Break MSLB
Feedvater Line Break FWLB
Inadvertent Safety Valve Dump ISVD
Safe Shutdown Earthquake SSE
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7.12

7.13

7.14

7.15

7.16

7.17

maintain structural inegrity andnot rupture. These events will introduce stress
loading to the RSG tubes in addition to the acting pressure differential (primary

membrane) stresses acting in each tube wall.

Additional (mechanical stres§SG tube loading from an SSE evene @ horizontal
shaking mode) would be expected to be at a maximum in thegeretube sections in
the top region of the dend of the tube bundlé ineffective AVB support would

further heighten these SSE generated stresses

The principalRSGtube loadig during a LOCAIs generated by the rarefaction wave
initiated in the primary at the break location. This wave travels through the primary
circuit and will generate a differential pressure across the hot and cold legs of the U
bend, resulting inmn-planemovement that gives rise to significant bending stress across
the Ubend tube sections and largeplane reaction forces at thtop TSP locations.

The RSG tubing may also be subject to shaking loads caused by the LOCA break
hydrodynamics and reactor caat circuit motion.

MSLB, FWLB and ISVD events introduce secondary bending stresses in the lower
portions of the RSG tube bundle. For the MSLB event very highptvase fluid cross
flow velocities would be expected to instantaneously develop in thend region,
triggering vigorousFEI thatcould, particularlyif the AVB restraint are ineffective

promoteviolenttube to tubeclashing and the potential for a multiple tube failure event.

| note that SCEO®6 ¢ dogesnotpapmamrtly, inctudera eeassessment U 2
of the additional loadings and material stresses incunretie RSG tubesluring a
coincident design bas&ccidentevent. If it is accepted that the raef TTW and AVB-

to-tube wear hee been reliably forecast for the proposeeservice period | do not

accept this to be so then a reassessment of compliance with the tube structural
integrity criterion should be undertaken for the wear scars that are projected to develop

throughout lhe inservice period.

Moving on to the Is&pwgr doéos second item of

i . Ifit {FSAR}does, how many tubes are assumed in the analysis and what is
the primaryto-secondary leak rate?
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7.18 All in-service, pressurized tubes of both RSBsuld be consided in the analysis
with, for the design basis SSEOCA, etc. coincident event taking account of tube
position (ie particularly the higher-bend tube sections) and the effectiveness of the
restraint (AVBS).

7.19 As | have previously noted, in the SGTR everdirggle tube rupture is the limiting
design basis, whereas in all other incidents -B8SEA, etc., all tubes are required to

maintain structural integritthroughout and following the incident

7.20 The Operating License does not spetiifg permissible leakagate forthe single tube
SGTR event {.1G3. In any event, action would be required to reduce the leak or to
bring the nuclear plant to MODE 3/5 states if he p e r aleakagenexdeedtled the
150 gallons pedaylevel specified in the Operating License [p37 LCO 3.4.13P*
and, of course, the presence of (radio)activity in the steam raising Cinvoitld be

detected and alarmed at, for example, the eosér air ejector monitoring point.

7.21 For accident indced events {1.11} the leakage is not to exceed 0.8llgn per minute
per RSG and 1 gpm through both RSGs.

7.22 The Operating License alstipulatesthat account oflegradation RSG tubstructural
integrity shouldbe evaluatedd head of the next o&6r upbh0ti med o
15,95.5.2.11df°

7.23 i .In addition to meeting the requirements of d.l, d.2, and d.3 below,
theinspection scope, inspection methodsdanspection intervals
shall be such as to ensure that SG tube integrity is maintained until
the next SG inspection. Aassessment of degradati@hall be
performed to determine the type and location of flaws to which the
tubes may be susceptible and,dzhsn this assessment, to
determine which inspection methods need to be employed and at
what | ocations. 0

43 United States Nuclear Regulatory Commis$ideshington D. C. 20555 Southern California Edison ComBanyDiego
Gas and Electric Company the GifyRiverside California the City Of Anaheim, Californocket N 50-361 San Onofre
Nuclear Generating Station Unit 2 Facility Operating LicerfS8fP-10 as amended.

44 The Operating License states [p37]*this to be8.4.13 RCS operational LEAKAGE shall be limited to: . . . d. 150
gall ons per day primary to secondary LEAKAGE through any o
45 For SG tube rupture), the source terrthinprimary coolant consists primarily of the level®o$e Fuivalent 1131

radioactivity levels calculated for the design basisdent. This, in turn, is based on the limiting values ifféobnical
Specificationsnd postulated iodine spikdsor accidents in which the source term in the primary coctenssts of the
Dose Equivalent-131activity levels, the SG tubepture yields the limiting values for radiation doses at offsit&tions.
In the calculation of radiation doses following nent, the rate of primary to secondary LEAKAGE in the irB&tis set
equal to the operational LEAKAGE rate limitsCO 3.4.13. For the ruptured SG, a double ended rupture of a sirglds
assumed.
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my emphasis

7.24 And, similarly, [p3.4-51,1LCO 3.4.17]:

7.25 i . Al Verify tube integrity of the affected tube(s) is maintained until
thenext refueling autage or SG tube inspectiono

my emphasis

7.26 As | previously discussed 818, the methodology and data available for predicting
both the conditions conducive to AVB wear, the wear rate and the eventual loss of AVB

effectivenesss not at all robust.

7.27 I have similar very serious doubts about the reliability of determining the TTW rate and,
particularly, the period of time projected for individual tubes to reach a condition that
would threaten the structural integrity of individtabesi the basis of the methodology
for arriving at the timeo-burst requires substantiation of the underlying assumption
that the wear rate is a linear and aatonlinear phenomenqgif*® and that the local
AVB geometry, eg where there exists a dominant -tob&VB offset to one side,

reliably translates from the cold, unpressurized to the hot, pressurized coffdition.

7.28 In other words, with such uncertainties prevalent, RSG tube integuiyot be assured
throughout the proposed inspection interval proposed by SCE.

8 FACTUAL ISSUEV) T SONGSSG COMPARISON TO OTHER OPERATING SGS

8.1 n. Figure43 i n the report entitl ecdené Oper ati onal
Steam Generators, SONGS U2C17 Steam Generator Opatation
Assessmentfor Tub@Tub e Wear 0 [ HoeTube Repaat]f t er Tube
compares the velocity ratio and void fraction ratio to several successfully
operating | arge S/ Gs, and it notes that n
hydraulic conditions in the-bend regbn of the SONGS replacement
[S/Gs] exceed the past successful operational envelopelientd
nucl ear [ S/ Gs|] based onroTpheRepatnt | y avail ab
at17.

How similar to the SONGS S/Gs are these other S/Gs?

46 Benchmark trials should also be undertaken to confirm the wear rate characteristics of the Inconel Almifie@0ysfor
the SONGS conditions, including steam side water quality. It may be necessary to take these trials further than the baseline
tests undertaken by Westinghouse [p21343].

a7 WEC report that evea small tube offset differential (>10%) between the adjacent AVBs, the wear rate was determined by
the nearest AVB, although it is not clear whether offset in the cold, unpressurized state directly translated to the hot,
pressurized state [p22, ¥4].
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8.2

8.3

8.4

8.5

8.6

8.7

8.8

R3218AF2-REDACTED PROPRIETARY

Do the other steam geneoas, for example, use alloy 6{&c 690)tubes
and have similar spacing, similar support structures, &tc.?

Figure 43 (shown righ} of the Tubeto-TubeReport does
notplot, as it purportsfp17, 13}"6 may f apcoviding s o
a peripherythabdef i nes the opérat.i
particular plant.

As | see itthe diagram is endeavoring to portray the energy
balance that determines the onset of fluid elastic instability
(FEI). Essentially, FEI resdtwhen(via fluid dynamic
forces acting the tubéfe energy input exceeds the amount
of energy that can be dissipated by that rate system

dampingavailable.

There are a number shortfalls with this depiction:

Operational Envelope

ParameterC

The input energy is the dynamic velocityd(+” ) of the twoephase fluid impinging on

the tube. The energy dissipation is dampingwhich is strongly related to the two

phase mix of the fluid, here water and steameasribed by the void fractianIncrease

in steam content, a greater vdidction, reduces the damping and, correspondingly, the

increased volume results in an increase of the impinging velocity.

The diagram represents only two groapsinot 6 m adfagtorsreferred to g AREVA.

The two groups representagle described as tHeulk Velocity Raticand Mean Void

Ratio that, logically,represent the factors making up input and output energy transfer

respectively Of these the Mean Voidis straightforward being a linear outcome,

whereas th&ulk Velocityis the energy outcome offarce deriving from the square of

the impinging velocity” 0 j ¢ .

It is not clear if the vertical axis of the Figu4e3 represents the velocity or, more

correctly, the square of the velocifyy 0 j ¢ , that is being more representative the

comparison between the SONGS and other SGs.

The next difficulty | have with Figure-8 is what exactly is meant by tiBailk Velocity

andMean Voidparameters
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8.9 For example considerthe Bulk Velocity SCE shows [p43,
Figure 83]* the velocity contoursi( predicted active in the
SONGS U2 RSG at 100% powerhe plot (right) shows the

greatest velocityA present in the top section of the Hegin the

U-bend region with the dispersal of this velocity represeotgd

of-plane (LH diagram, left side) andéh-plane (RH diagram) -

these are regionsre where FEI is predicted to have been most

active in the tube bundle.
8.10  AREVA states thafp17, ]:*’

8.11 i . At 100% power, the thermalydraulic conditions in the-bend region
of the SONGS replacement steam generators exceed the past
successful operational envelope foibend nuclear steam generators
based orpresently available data 0

my emphasis
8.12 The inference here is that Figuré4s comparing likewith-like, but that would require
AREVA having undertakermn ATHOS flow analysi&® for each of the comparative
SGs. This | consider unlikely because this AREVA would have required access to
very detailed information on the design geometry and flow paths througheut t
comparative SG tube bundlésbeing a designer/manufacturer of steam generators
itself, 1 very much doubt that AREVA would have had access to such proprietary

information from competitor manufacturers.

8.13 So sinceit is unlikely that AREVA would have caed out an ATHOS computer
simulationfor each of thefive (A to F) comparative nuclear plants, then Figw®id
unlikely to be directly comparing twphase fluid flow velocitydistribution in the

critical FEI regions of the SONGS and comparative pl&tibe bundles.

8.14 I can only surmise that thEigure 43 comparisonis betweenthe mean or average
velocity within the overall tube bundle for SONGs and each of the comparative plants.
Moreover, since the velocity distributions within each of the compargbhants

because of different design geometries, flow areas, etc, will not be identical, it is very

48 Of course, if no presently operating SGs have experiéng#aneFEl [p16, T4} then it may be that computational
routines such as ATHOS have never been testbis respect. However, | have insufficient experience of ATHOS to
comment further on this detailed aspect.
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unlikely that the mean or average velocity presented in Figlrprdévides even a crude
basisof comparison of the FEI potential of the SONGS RSGs.

8.15 Much the same may be concluded for tidlean Voidcomparison of
Figure 43. The SCE plofright) of steam qualityjp39, Figure &1]*’
indicates the complexity of the twghase fluid in the SONGS RSG
tube bundle agin presenting the same uncertainties, if not
impossibility, in drawing meaningful comparisons with the
comparative plants.

8.16 In other words, unless the spider diagram of FiguBesbmehow, and | cannot reason

how, is making a direct comparison of the coexpiwo-phase fluid cross flow situation
in the SONGS and other five comparative plant steam generators, tréy provides

the basis o somewhat meaningless comparison.

8.17 On the Boarddés issue of similarity ebetween
plants, | can provide no further information because the documeritatientifying the

plants has not been disclosed to me.

8.18 Steam generator manufacturers now fabhermally treatednconel Alloy 690 over the
earlier usedAlloy 600because it has impved corrosion resistance, Howevaitloy
690 has a lower heat transfer coefficient thaloy 600 so to compensate for this
replacement steam generators have more tubes to increase the net heat transfer surface

area.

8.19 Indeed, this need to increase the hestsfer area (ie putting more tubes into the RSGSs)
and, with this, reducing the steamside flow area, may have been a strong contributory
factor to the enhanced FEI activity in the SONGS FSKereover, the loation of the
additional tubing, particularlyn what | would describe as the lower swirl space
immediately above the tube support shesy have contributed tand/or determined

the uniquan-planeflow characteristics of the SONGS RSGs,

8.20 Alloy 690 tubes are deployed in the all four SONGS RSGs.

49 SONGS Document 90200, RevA¥erage and Maximum Thermtdydraulic Parameter Comparisons between Songs
RSGs and Similar PlantsRef 18 of tte Tubeto-Tube Report’
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9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

FACTUAL ISSUEVI) T 70% POWER LEVEL APPLIED TO SONGSAND OTHER SGS

i . Figure 51 in the Tubdo-Tube Report compares the same parameters
as in Figure 43, but for operation at 70% power. It appears from
Figure 51 that the bulk fluid velocity for SA»§ is at the high end of
the experiential range.

Given the likely differences between the SONGS generators and those
cited in the discussion, can one conclude that operation at 70% power
is conservative®#

| have previously aired my reservations andbdeabout the spider diagram representation
of Figure 43 {118.2t0 8.17% - muchthe same applies to Figurel5

AREVA claims [p43, 14] that Figure 5L demonstrates:

fi . A.decrease to 70% power places the SONGS steam generators back
inside the operational envelope of demonstrated successful
performance relative tm-planefluid-elastic stability of nuclear

steam generators with largebde nd s . 0

my emphasis
Once again, AREVA is not comparing lieath-like. This is e
because the basis of the comparison being made by Fig8rasd}
5-1 is with the parameters thaétermine the activity of FEI. As | \

have previously discussed, for FEI to result in tubetion (ie

instability), as well as the appropriate levels of dynamic velocity and

damping, the tubes have to be sufficiently unrestrained, particularly

in the direction of the impinging twphase cross flow.

AV Bars

In other words, FEI also has directional dips these beingn-planeor out

of-plane or both. #

In fact, AREVAdiscusses this at some length, concluding [p16.'94]:

i .Prior to the observations at SONGS Unih8,in-plane instabilityhad

bee observedinanyi end nucl ear steam gener at
my emphasis

So, it follows, if none of the five comparative steam generators had previously
experiencedn-planeFEl,whi ¢ h i s ARE Yhéndhere ia sosleduction t he,
drawn from Figure 8.
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9.10

9.11

9.12

9.13

10

10.1

10.2

10.3

10.4

It is, | suggest, important to note the unique nature ointpdaneFEI that has affected

the SONGS RSGs and no other steam generators. This could only have arisen from a
difference or differences between the generally consistent designs of steam generator
of other manufacturers and that of the SONGS RSGs.

Whereas | can confidently opine that the lack of any formalised AvBanerestraint
effectiveness, i® | e f t  t{¥b.8.2Th asm ptaged a major role, there may beeoth
secondary influences and factors that have rendered the SONGS RSG uniquely

vulnerable tan-planeFEl.

A complete understanding of the causation ofithelaneFEl is essential to ensure that
the SONGS Unit 2 plant is acceptably safe to restad, ace restarted, predictably
safe to continue in operation over the proposed 150 day inspection intérgalhe

contrary the understanding presented by SCE is neither compreh&osigenvincing.

In my opinion, amply sweeping the FEI issue under terpet on the basis @¢in- or
out-of-plang FEI will not reoccur at 70% power is not only disingenuous but
foolhardy.

FACTUAL Issuevii) T FEI SR=0.75PROBABILITY AT 70% POWER

i . Section8.0intheTuke-Tub e Report stat aginsdhat AHA[t] h
projected maximum stability ratio of 0.75 with 0.95 probability at 50%
confidence over the next i-to-Supeecti on inte
Report at 104.

Does a confidence level of 50% meet the reasonable assurance requirement
intheregh at i ons ?0

For the general and specific reasons that | expounded upon throughout my Affidavit, |

do not agree that the confidence level of 50% will satisfy the regulatory requirement.

Also, asl readit, the meaning ofhe first-half of the introductory pagraphthe Tube
to-TubeReport[p104, 11} only to applyto FEI stability at the time of staup of Unit
2, whereas to the contrary the sectwadf of the paragraph acknowledges that:

. .. Some effectivim-plane supports are needto maintain a stability ratio of
0.75 In the most limiting case, 4 effective supports are required. This
requirement applies to approximately 12eb€ndso
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10.5 In other words, theTubeto-Tube Report acknowledges that ABV weaand
effectiveness will continue as U2 progresses through tHseriice period, that is the
AVB wear advancing through the preventatively plugged zones as | have previously
discussed {§.8}.

10.6 Again, | pause to reflect that insiteasoning AREVA requires at least four effective
AVB-to-tube contact (clamping) points to safeguard 120 tubes. However, these active
AVBs are only available by default because the original deSignegragintent was
not achieved (ie the AV bars distion remained uncorrected). To undertake and
commit to a probability based on a characteristic (the AVB beifglane active) that

was never part of the design intent is piling uncertainty upon uncertainty.

10.7 Also, | refer to Section 9 of theREVA Tubeto-Tube Reportparticularly [p114, T3]
which predicts the Hservice, pressurized tube-burst time of 2.5 months, being
shorter than the proposed inspection interval of 5 mofith8 days)i | consider this
both generally {$.8 and in some detail {§.8.12to 15.8.24 1 this period for U2

seems to have been arrived at by quite unscientifically halving the same period for U3

10.8 A difficulty that | have with the AREVA’ and, generally, with the other OAs is that
whereas the results of analyses, particularly relating probability and confidence, are
often stated there is very little tfie analytical proceduresriving at the resultsare

open to inspection.

11 FACTUAL ISSUEVii)) T OPERATIONAL ASSESSMENT-VS TEST AND EXPERIMENT

111 i . Throughoutthe Tub®>-Tu b e Report, the term Aoperat.
used.
Howistheterni o per at i onal assessmento different
terms Atesto and fAexperioment o used in 10

11.2 In its Steam Generator Operation Assessn®@E refer [p9 12]*° to the Songs Steam

Generator Program(undisclosed>? and which is likely to conbrm to the Nuclear

50 Attachment 6SONGS U2C17 Steam Generator Operational Assess®@s October 3 22
51 SONGS Steam Generatorogram, SO235G-1
52 SONGS Technical Specifications Sections 5.5.2.11, ASteam G
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Energy Institutd $§NEI) Steam Generator Program Guidelim@s Under the general
headingintegrity Assessmerthe NEI guidelines state thgt11,93.3]>

11.3 i . Licensees asseasbe integrity after each steam generator tube inspection.
The assessmeimicludes:.. . .

1 Operational AssessmeiitA forwardlooking assessment which
demonstrateshat thetube integrity performance criteriill be met
throughout the next inspection intat.o

my emphasisand truncation . .
11.4 As | have previously identified {123, the requirement for an operational assessment
is also stipulated in the Operating Licefis& 0-15, 15.5.2.11df° To reiterate:

11.5 A .In addition to meeting the requirements of d.l, d.2, and d.3 below, the
inspection scope, inspection methods, and inspection intersiaddl be
such as to ensure that SG tube integrityna@ntaineduntil the next SG
inspection. Arassessment of degradati@mall be performed to determine
the type and location of flaws to which the tubes may be susceptible and,
based on this assessment, to determine which inspection methods need to
be employed and at what | ocations. 0

my emphasis

11.6 And, similarly, [p3.451,LCO 3.4.17]:

11.7 i . A.lVerify tube integrity of the affected tube(s) is maintained untihtn
refueling outage or SG tube inspectiono

my emphasis
11.8 Clearly, the regulatory expectation is that@m p e r a t i sormears tarbabjecive s
exerciseto demonstrate and veyifthe performance of the nuclear plantn these

respects the OAs should not rely upon elemendstofarsdforé e x per.i ment at 6

11.9 Moreover, in the steam generator casese OA objective is quite spéic, being to
demonstrate that the structural and leakage integrity requireafehéstubings complian
with limiting structural integrity performance criterion (SIP@hich does not rely upon any

element otestandor experiment

11.10  On the face of itthe Tubeto-TubeReport’ shares this objectivity, givinigs basis for

the operational assessment tdE2, S1.01"

53 NEI 97-0 6 , iSG Program Guidelines, 0 Rev. 3, January 2011
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11.11 A . an operational assessment (OA) maustperformed to ensure that steam
generator (SG) tubing witheet established performance criterfiar
structural and leakage integrityuring the operating period prior to the next
planned inspectianThe OA projects anelvaluatedube degradation

mechamsms which have affectedtBeGs t o dat e. . . 0
my emphasis

11.12  But, put to the testneither the AREVA nomany of the other OAare underpinned by

this basic prerequisite of objectivity.

11.13 NRC 10 CFR §50.59 Changes, Tests and Experiméhtdefines the key wordsf

c hanmg eédosedk p e r askowst s 6

(@}

11.14

=]

(1) Changemeansa modificationor additionto, or removalfrom, the
facility or procedureghataffectsa desigrnfunction,methodof performing
or controlling thefunction,or an evaluationthat demonstratethat
intendedunctionswill beaccomplished.. .

(6) Testsor experimentsiot described in the final safety analysis report
(as updated) means any activity where any structure, system, or
component is utilized or controlled in a manner \whgeither:

(i) Outside the reference boundsd the design bases as described
in the final safety analysis report (as updated) or

(i) Inconsistent with the analyses or descriptioimsthe final
safety analysis report (as updated). . 0

my emphasisandtruncation. . .

11.15 The NRC also publigts a guidance on howhanges testsand experimentgCTE)
should be evaluatell,setting outeight evaluation criteria [8-11, $,>° with each10
CFR 850.59 evaluationansidering the followindevaluation GuidelindEAG to EDG)

[p8, S3]°°
fi . - systems and components affected by the change {($\thateffect of the
EAG change on their capability to perform their siiea or intended functions?);
- parameters of the accident analysis affected by the change (Are all the
EBG relevant design basis accidents and transients identified?); and
- potential effects of system or component failure (i.e., the questibat "
ECG would happen if..." is explored and answered in the evaluation)
EDG - how the evaluation criteria are
54 19 CFR § 72.48hanges, Tests, and ExperimeM&C 10 CFR § 50.59
55 NRC Rart 9900 10 CFR GuidancH) CFR 50.59 Changes, Tests and Experimbtarch 13 2001
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11.16

11.17

11.18

11.19

11.19.1

11.19.2

11.20

| can review each of the eight evaluation criteria for pote@ii& impacts on the FSAR
although notg/7.2.

In the following tabulationg have emphasizedthose sections of thRC guideline
text* relevantto my responsdollowing eachof the evaluation criterjamny response is
versed in terms f S Refuéngo Service Repdftand, overallit is not intended to be

far-reaching nor comprehensive.

TABLE 5A CRITERION 1) - CTE IMPACTS - 10CFR §50.59

INCREASE IN ACCIDENT FREQUENCY

If the CTE would result inmore than a minimal increase in the frequency of an accident previously

evaluatedin the FSAR (as updated). The intent of the criterion is to allow changes to be made without apg
unless there is a discernible, attributable increaseeguéncy of an accident. There must be some reason
believe that the CTE would result in a more than minimal impact upon the accident frequency (asibecg
affects the integrity of the reactor coolant systemor theability of SSC to remove decay heator makes an
initiating event more likely to occur). Departures from the design, fabrication, testing and performar
standards in the General Design Criteria are not compatible with a "no more than minimal increase" stand

Single and Multiple Tube Failure: The individualOperational Assessmerggesented

by SCE have individually failed to demonstrate a clear and proven relationship between
reactor operational power level, the rate(s) of TTW and-Teé®ld AVB-to-tube wear

and thein- and out-of-planefluid flow forces that promote tube and other component

motions that result in wear.

This renders the compliance with SIPCL{Y33 uncertain, so much so thatrimains
doubtful that there is not an increased frequency daficeEmt involving a single or
multiple tube failurein normal operational anduring and/or followingdesign basis

fault events.

The absence of a robust demonstration of tube integrity for both normal and design

basis accident conditions includes EAG, EEEEG and EDG evaluatioguidelines

TABLE 5B CRITERION ii)- CTE IMPACTS - 10CFR §850.59

INCREASED L IKELIHOOD OF OCCURRENCE

If the CTE would result in more thanmginimal increase in the likelihood of occurrence of a malfunction of
an SSC important o safety previously evaluatedn the FSAR(as updated).As for frequency, the intent is
that there be some reason to conclude that the CTE has resulted in an increase in likelihood, rather t
licensee having to prove that it could not happen. Inintalg t hese assessments, t
consider the effects of the proposed CTE on performance of all affected SSC and make a determinatio
whether there has been an increase, and provide the basis for the determination. Spkifie galincluded in
NEI 96-07.
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11.21

11.21.1

11.21.2

11.22

11.22.1

11.22.2

11.22.3

11.22.4

Retainer Barsi Plugged TubesPhysical Integrity: SCEconsiderthat plugging the

tubes local to the selfibrating retainer bars [p32[7],"* to be an adequate solution to
continuing tube wear and loss of tube integrity. However, since it is the retainer bars
themselves that are vibrating, and not the tubes, then wear of the albeit plugged and
depressurized tubes will continue with the possibility that-dkeleris will be gaerated

and swept into and redistributed elsewhere in the RSG tube bundle.

SCEhas not preseatl any analysis of the further degradation of tubes adjacent to and in
contact with the smaller diameter retainer batkis analysis should consider tube sear
through, debris generation and the potential consequences of fobgegh tube wear at

other locations in the tube bundle.

In this respect, the potential effects of a component failineevaluation guidelines
EAG and ECB have not been nietvithout sugorting analysis of the entire retainer

barto-tube degradation cycle, the outcome depends on an elemexgasfiment

Preventatively Plugged Tubes: The protection ofn-servicetubes identified to be at
risk of FEI is via the preventative plugging obas to form buffer zonésthese buffer
zones are intended to delay (not necessarily halt) the advancing FEI during the proposed

150 day inspection interval for U2.
This scheme of things is illustrated by.§.18§ and [p110, Fgure 83].%"
There are a number of unresolved aspects relating to this, particularly, that

i) in U3 the TTW is establishednd the incidence higlso it is relatively
straightforward to optimize the location @reventively plugged buffer
zones but in the two U2 RSGs there is only one example of TTW, so the
location of the preventatively plugged zones is crucially dependent upon

accurately forecasting the AVB wear sites that have yet to develop;

i) unlike AREVA'" which considers FEI the driving fluid mechanism for
AVB-to-tube wear, MHI* reckons the tube motion excitation source to be
random, twephase flow perturbationand not FEI' such a difference of
opinion from two authoritative bodies suggests that a great deal of
uncertainty about the cause of AM&tube wear persists; and
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11.22.5

11.22.6 The wlole process of mapping out and quantifying the AVB (and Ti$&jube wear

11.22.7

11.23

11.24

11.24.1

lii) in either case of ii) above, it is necessary to madelfdout-of-plane FEI
commnents to predict the TTWANnd hence the tube structural integriiyt
the accuracyand reliability of the ATHOS software to do so for a) such
extensive buffer zone pluggind) the geometric dgn of the SONGS
RSGs and c) at 70% RTP is unproven.

and the loss of AVB effectiveness, and then TTW, is wrought with uncertainty, so much

so that the proposed application of its outcome must include a great deat arfid

experimen

I n these iIimportant respect s, SCEOGs
guidelines of EAG, EBG, ECB and EDG.

TABLE 5C CRITERION iii) - CTE IMPACTS - 10CFR §50.59

INCREASED RADIOLOGICAL CONSEQUENCES

If the CTE would resulin more than a minimal increase in consequences of an accident previously
evaluated in the FSAR(as updated)The term "consequences" refers to radiological consequences,
consequences are with respectoftsite release and onsite release, to the extent that ongleases are
evaluated in the FSAR for a particular accident or location (as for example, the control room). As discus
the implementation guidance, a CTE involves no more than a minimal increase in consequences if the re
dose (with the chang&) no greater than the current licensstablished value plus ten percent of the differeng
between the regulatory value (specified in the regulations, e.g., GDC 19 or Part 100) and the current valy
provided that the result does not exceed the vedtiablished in the Standard Review Plan(SRP) guidance
the particular design basis event if applicable. Applicability is with respect to the particular type of acciden
whether the plant was specifically licensed using the SRP. Also as notédetitgs to require NRC review of
changes with more than a minimal increase in consequences. Consistent with a "minimal” concept,
changes in predicted dose (on the order of 0.1 rem) do not require prior approval, even if the above gui
are notmet. One special case of consequences concerns doses to operators outside the control room, as
under the Three Mile Island (TMI) action plan, where the applicable standard for "minimal” is whethe
GDC 19 values would continue to be met.

Multiple Tube Failure: A multiple tube failure event, as described {Y1$ would,

Propos

for all phases of the reactor-aore fuel cycle, result in a significant increase in the off

site radiological consequenceser the single tubburst event currently considered in

the FSAR

The greater frequencgnd potentially increased radiological consequemdesuch a

failure justifies a revision of the FSAR.
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11.25 TABLE 5D CRITERION iv) - CTE IMPACTS - 10CFR §50.59

INCREASED RADIOLOGICAL CONSEQUENCES FROMSSCM ALFUNCTION

Similar to the third, and is if the CTE would resultrmore than a minimal increase in (radiological)
consequences of a malfunction of an SSC important to safepreviously evaluated in the FSAR (as
updated). The abovedtiussion as to understanding of "minimal” also applies to consequences of malfuncti

11.26  Multiple Tube Failure: A multiple tube failure event, as described {Y1$ would,
for all phases of the reactor-aore fuel cycle, mst likely result in a significant increase
in the offsite radiological consequences.

11.26.1 {11.24.3% applies

11.27  TABLE 5E CRITERION V) - CTE IMPACTS - 10CFR §50.59

CREATION OF DIFFERENT ACCIDENT TYPE

If the CTE would create the possibility of an accident of a different type from any previously evaluated

the FSAR (as updated). The intent of this criterion is to require review of changes that would create con
that would have been viewed as design basiatetad the possibility existed before Thus, the assumptions
typically used for design basis events, such as no credit fesafetyrelated systems, postulated loss of offsite
power, singlefailure, etc. are applicable. On the other hand, accidentsnidgnabe theoretically possible once
the CTE is made ifmultiple independent failures were postulated would not be viewed as creation of &
accident of a different type.

11.28  Multiple Tube Failure: A multiple tube failure event, as described {Y1$ would,
for all phases of the reactoraore fuel cycle, most likely result in a significant increase

in the oftsite radiological consequences.

11.28.1 {11.24.% applies

11.29 TABLE 5F CRITERION Vi) - CTE IMPACTS - 10CFR §50.59

INITIATE FAILURE OF NUCLEAR SAFETY SSC

If the CTE would create the possibility of a malfunction oS8C important to safety with a different result

from any previously evaluatedin the FSAR (as updated). This criteri@mtfises upon the "effect" of the CTE,
and whether the result of any malfunctions that might have been created by the CTE has already been q
or bounded by the analysis in the FSAR (as updated). Only iéffeet is different from those already
considered would this criterion require prior NRC approval for a CTE involving a new type of malfunctig
Note that the likelihood of malfunction may be increased if new failure modes are introduced (even
effects have been previously evaluated in the F&&Rupdated)), and this situation would have to be evaluat
under criterion (ii).

11.30 AVB Dig In Tube Wear: SCEdoes not detail the nature of the
various locations of tube wefp22, 12].** However via the OA
undertaken by Westinghousa,number of AVBto-tube wear
localities are identifiedwhere the preset twist of the AV bar
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11.30.1

11.30.2

11.30.3

11.31

11.31.1

11.32

56

creates a wear scar that is up to x3 deeper than a scar produced by an untwisted AVB
{footnote 24} andsee[p76, Figure 218)** and other examples where the AV bar has

sharply cut into the tube.

This wear pattern, referred to Rattern 2by MHI [p56, Figure
4.2-3],** is likely to include a distinct, workardened notch in
the tube scar, being a defect that has not been previousl
considered in the FSARThere are acknowledged difficulties in
predictingligament rupturgressures and leak raties this type

of tube wear®

During normal operating conditions, or under design basis
accident conditions, it is possible that fluid jets could produce damage in adjacent tubes

via both droplet impact and cavitatienosion

In this respect, the potential effects of a congurfailure evaluation guideline EC
has not been meit is achangeand its outcome depends on an elemeseixperiment

Replacement Steam Generators: Replacement of the original Combustion
Engineering SGs with the MHRSGs is likely to have influencethe plant response to a
loss of coolant accident (LOCA). Moreover, the unexpected heat transfer
characteristicsshown by the ATHOS analysighe extensive level of RSG tube
preventative plugging andhe subsequent modifications created by the proposed
reduction to 70%all could affect LOCA response, particularly in capacity and rugke

rate of the emergency core cooling system (ECCS).

In this respect, the potentiaffects of failure of the RSGs to perform adequately in the
event of a LOCA havaot beerdemonstrated, sine EAG evaluation has not been met.

- it is achangeand its outcome depends on an elemeexperiment

TABLE 5G CRITERION Vii) - CTE IMPACTS - 10CFR §850.59

EXCEEDING OR ALTERING A FISSION PRODUCT BARRIER

If the CTE would resultn a design basis limit for a fission product barrieras described in the FSAR (as
updated)being exceeded or alteredAs discussed in the implementation guidance, the determination of
need for NRC review is based upon whether the €&BElts in exceeing or altering one of the design basis

limits, established in the FSAR (as updated), for maintaining integrity of a fission product barrier. Effeq

NUREG, Validation of Failure and Leak Rate Correlations for Stress Corrosion Cracks in Steam GeneratorBnédrey
Technology Division, Argonne National Laboratory, December 2001
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changes to SSC, including mitigation and support systems, need to be assessed with respect tthevhe
changes lead to exceeding or altering one of these limits. Depending upon the type of facility and its oper
status, the particular fission product barriers and design basis limits may vary, but should be evident frg
safety analyses presedtm the FSAR (as updated). For operating power reactors, the barriers are the fuel
reactor coolant system boundary and containment, and the design basis limits are the values for s
parameters as DNB ratio, RCS design pressure, or containmégrt gesssure. The parameters applicable to
specific facility should be ascertainable from review of the FSAR (as updated). Facility changes are jud
terms of whether the analysis results meet the criteria, such as not exceeding a design Hasianiyrfission

product barrier. There is not a "minimal" or amount of remaining margin standard to be applied. Effects
this criterion are to be judged using the methods described in the FSAR (as updated); methodology chan
evaluated using cetion (viii).

11.33 SIPC: This CET evaluatiomelates to that part of the reactor coolant system boundary
formed by the RSG tubes and, primartigtermines ithe limiting structural integrity
performance criterior(SIPQ for individual tubeshas been reaed SCE claims [p12,

11" that its submissiongif ul fi || the TS requirements

integrity wi.ll be maintainedo

11.33.1 This is not correct in that the OAs state kot not demonstrate by angis open to
inspection, that SIPC has been satisfied to 95% probability at 50% confidence for a) full
(100%) power operatigrsee {.7.7% and b) at the proposed 70% power operation

11.33.2 Inthis respect evaluation criteri®@DG ha not been met.

11.34  TABLE 5H CRITERION Viii) - CTE IMPACTS - 10CFR §50.59

DEPARTURE FROM A METHOD OF EVALUATION

If the CTE wouldnvolve a departure from a method of evaluation describeth the FSAR (as updated) used
in establishing the design bases dn the safety analysesUnlike the other seven criteria for evaluating CTE
this criterion is specifically directed at changes to evaluation methods.

The implementation guidance discusses the meaning of "evaluation method,” and notes that the FS
updated)(or documents incorporated by reference), mestribe the method and the change must affect this|
description, torequire evaluation. Then, in accordance with criterion (viii), if the method is used i
establishing the design bases, or in the safablyses, prior NRC approval is required if there is a departy
from the method as described in the FSAR (as updated). A departure occurs if some part of the me
changed, such that the result of the analysis using that method is not conservedgsentally the same. The
"essentially the same" language is intended to allow licensees to benchmark revisions to methods f
without prior NRC review even if the results are not "conservative" when the changes are small, would hg
effect upon te acceptability of the analysis, and #maount of change in the results is not used to justify th
limits and requirements are met. "Conservative" is to be judged with respect to the results obtained frg
method. If the result from the revised methiedfurther from the established limit than under the| previoy
method, the revised method is in the fsmmservative direction. When judging conservatism of a change
methods, a predicted result closer to an established limit is conservative, inetieaisttess opportunity for
other changes without triggering the need for NRC review and approval. (In contrast, a facility change,
when evaluated (with no change in methods) results in a value further from the limit, is a "conservative" fg
change. The difference is that it is the facility change that causes "more margin” in the actual expected re
contrasted to aanalytical result arising from a change to methodology).

It is also not a departure if the licensee uses a different méthbtas already been reviewed and approved |
NRC for the intended application, if used in accordance with the conditions and limitations specified i
approval. A different method must be used in its entirety to fall under this provision of theharges to parts
of methods are covered by the "essentially the same" standard noted above. Additional guidance for ag
whether a change to an evaluation method is a "departure” as defined in the rule is provided in th@NEI
guidance.

The elemats of the evaluation method include such items as treatmamceftainties, correlations, and
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representations of phenomenaln contrast, items such as flows, temperatures, pressures, equipment resy
times that are physical characteristics of thelifgcare viewed either as facility changes or input paramete
that are to be evaluated using the other criteria, not as "methods of evaluation." Changes to input para
that are described in the FSAR (as updated), are to be evaluated as changéxcilitythend could be made
without NRC approval as long as criteria (i) throgi) and the TS are met.

Further, any changes to analyses and methods are also subject to design control process requiren
accordance with 10 CFR Part 50, Appendix B

In sum, criterion (viii) is intended to preserve the basic assumptions of the evaluation method that provi
confidence that the analysis results are appropriately conservative, even if the results of the analysis ar
applicable limits or regjrements.

Use of different methods without specific NRC review is acceptable only if those methods have
previously found acceptable by NRC for the intended application, or the results are conservative or essg
the same.

11.35 70% Power Operation: SCE proposes to return U2 to service and operate it at 70% of its

thermal power rating.

11.35.1 Such a reduction in the continuous running output of the nuclear plant represents a
considerable departure for current practice and, hence, will require a substntial
evaluation of the nuclear safety case, particularly the reactor coolant circuit flows,

reactor nuclear kinematics, and so on.

11.35.2 In this respect, the potential effects of tblsangeon other systems and components
does not seem to have beBAG evaluatedand, similarly the accident sequence

analysis has not been presentedarsBBG failure

11.36  Reactor Shut Down Procedure: SCE state [p50, 94.1]" that the plant operating
procedures have beehangedto enable perators to commence a reactor shutdown at a
leakage level less than that allowed by the Technical Specification, although there is no
statement of any assessment undertake to determine potential impacts of this revised

procedure.

11.36.1 In this respect, the patgal effects of thischangeon other systems and components
doesnot seem to have been evaluated, so an EAG evaluation failure, similarly the
accident sequence analysis has not been presented, so EBG failure, and the description
of the changeis ambiguouswith respect to how thehangeis to be met by other
requirements, such as operator training, additional actions necessary, etc., so evaluation
failure EDG.

11.37  In-Service Vibration Monitoring:  SCE refers [p52, f114]to upgrading the vibration
and loose parts monitoring system (VLPMS) but it is not stated how this is to be achieved

and how the transduced signal output (alarm points) are to be acted wogknring to
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[p110, Figure &]" it is not at all clear at which stage of the slackewmfigand/or TTW
phases the alarm points will be calibrated.

11.37.1 Further information should be provided on the role and dependencies upon the VLPMS,

so evaluation failure EDG.

12 IN SUMMARY : In my opinion?’ thechangestess andexperiment¢CTE) inherent in the
SCE proposal to restart Unit 2:

12.2.1 a) involve a significant increase in the probability or consequences of an
accident previously evaluated;

12.2.2 b) create the possibility of a near different kind of accident previously
evaluated; and

12.2.3 c) involve a significant reduction in a margin of safety.
13 S C BBROPOSAL TO RESTART UNIT 2- CAL AND DE FACTO LICENSE AMENDMENT
13.2 I n conclusion: SCEO0s asserti esaldviatgbutnoteduci n

eliminate, the TTW and other modes of tube and component wear is litle more than
hypothesis the supporting Operational Assessments and analyses have not proven it to be
otherwise. | am of the opinion thatialling this hypothsis by putting the SONGS Unit 2

back into service will, because of the uncertainties and unresolved issues involved, embrace

a great deal athangetestandexperiment

13.3 Theterms of theConfirmatory Action Letteof March 11 2012, are versed such tbateet
compliance the response 8€Evia its Return to Service Repdrttogether with the OAs
and other attachments, must include considerable changes of conditions and procedures that
are ousidethe refeence bounds of the present FSARIs is because the physical condition
of the RSGs, and the means by which ihisvaluatecand projected into future #service

operation, have substantially and irrevocably changed since the current FSAR was approved.

134 The fact that SCE fails to satisfy the requirements of the CAL is neither here nor there,

although it illustrates the scope and complexity of the response required. At the time of

57 This opinion is in accord with NRQYRC Regulatory Issue Summary 2@AAttributes of a Proposed No Significant
Hazards Consideration Determinatigdovember 20, 200l AdamsML011860215
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13.5

13.6

14

preparing the CAL, the NRC being wekrsed in the failures at the San Gaafiuclear
plant, must have known that the only satisfactory response to the CAL would indeed require

considerable change to be implemented.

Put another way, the extensive and rapid rates of tube wear experience at the SONGS Unit 2
and Unit 3 RSGs, have cessitated an extensive raft of analysis, assessments and
projections to qualify, or otherwise, that Unit 2 is fit for purpose. Not only is this
prequalifying work unique to the San Onofre nuclear plant, much of it has never been
undertaken before so, fitllows, its inclusion in safety considerations must be a new and
hitherto unconsidered component required to be incorporated into an updated version of the
FSAR.

Hence, the CAL musffom a technicaktandpoinilone, be considered to have been at the

time of its preparation, a de facto license amendment

I John H Largeleclare, under penalty of perjury, that the foregoing facts are true and correct
to the best of my knowledge and belief, and that the opinions exphessiecare based on

my independent andest professional and personal judgment.

Executed or22 January 2013

Boralnl)

JOHN H LARGE

CONSULTING ENGINEER
LARGE & ASSOCIATES LONDON
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APPENDIX |

UNIT 2AND UNIT 3TuBeE WEAR

Table 6-1: Steam Generator Wear Depth Summary

SG 2E-088
TW Depth AVB V\{ear TSP TTW RetqineAr Bar Forei_gn (_)bject Tota_l Tupes )M'th
Indications Iindications Indications Indications Indications Indications Indications
TW = 50% 0 0 0 1 0 1 1
35-49% 2 0 0 1 0 3 3
20 - 34% 86 0 0 0 2 88 74
10-19% 705 108 0 0 0 813 406
TW < 10% 964 117 0 0 0 1081 600
Total 1757 225 0 2 2 1986 734"
SG 2E-089
TW Depth AV_B Wear TSP TTW Retgine_r Bar Foreign iject Totz_il Tupes _with
Indications Indications Indications Indications Indications Indications Indications
TW = 50% 0 0 0 1 0 1 1
35-49% 0 0 0 1 0 1 1
20 -34% 78 1 0 3 0 82 67
10-19% 1014 85 2 0 0 1101 496
TW < 10% 1499 53 0 0 0 1552 768
Total 2591 139 2 5 0 2737 861*
SG 3E-088
TW Depth AVB Wear TSP TTW Retqine_r Bar Foreign iject Total Tul;es yvith
Indications Indications Indications Indications Indications Indications Indications
TW = 50% 0 117+ 48 0 0 165 74
35-49% 3 217 116 2 0 338 119
20 - 34% 156 506 134 1 0 797 197
10-19% 1380 542 98 0 0 2020 554
TW <10% 1818 55 11 0 0 1884 817
Total 3357 1437 407 3 0 5204 919*
SG 3E-089
TW Depth AVB Wear TSP TTW Retqine_r Bar Foreign iject Totgl Tupes _with
Indications Indications Indications Indications Indications Indications Indications
TW = 50% 0 91** 26 0 0 117 60
35-49% 0 252 102 1 0 355 128
20 - 34% 45 487 215 0 0 747 175
10-19% 940 590 72 0 0 1602 450
TW < 10% 2164 94 1 0 0 2259 838
Total 3149 1514 416 1 0 5080 887"

* This value is the number of tubes with a wear indication of any depth at any location. Since many tubes have indications in more than one
depth category, the total number of tubes with wear indications is not the additive sum of the counts for the individual depth categories.
** All TSP indications 250% TW were in tubes with TTW indications.

TABLE A TuBE WEAR DEPTH SUMMARY T UNITS 2AND 3

Source Table-8%®

58 SCE, Enclosure Z0NGS Return to Service Rep@rttober 3 2012
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APPENDIX I

FIGURES AND DIAGRAMS
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Broached tube
support plate aperture

Tube and Contact
Wear Points
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