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Before the Atomic Safety and Licensing Board ) May 25, 2006 (4:49pm)
” ) " | ' OFFICE OF SECRETARY
: RULEMAKINGS AND
In the Matter of ) L ADJUDICATIONS STAFF
o e ) Docket No. 50-271

ENTERGY NUCLEAR VERMONT ) : :
YANKEE, LLC and ENTERGY ) ASLBP No. 04-832-02-OLA
NUCLEAR OPERATIONS, INC. ) (Operating License Amendment)
(Vermont Yankee Nuclear Power Station) ) ' ' g

ENTERGY’S RESPONSE TO NEW.EN GLAND |
COALITION’S REQUEST FOR LEAVE TO0 FILE A NEW CONTENTION

Pursuant to 10 C.F.R. § 2.309(h)(1), Entergy Nuclear Vermont Yankee, LLC and Entergy
Nuclear Operatrons Inc.! (collectlvely, “Entergy”) hereby submlt this Response in opposmon to’
the New England Coahtlon s Request for Leave to File a New Contentlon, filed on Apnl 20, |
2006 (“April 20 Request”) The Apnl 20 Request is 1nexcusably late and the new contentlon it
proposes (the “April 20 Contentlon”) _falls_ to meet the admrss1b1hty requlrements of 10 C.F R §

2.309(f). Accordingly, the April 20 Request should be denied.

L BACKGROUND S
“The relevant background for the Apnl 20 Request is largely set forth in Entergy s May l

2_006 Response (“Ent_ergy s May 1 Response”) to the New England Coalition’ s (“NEC”) Requ_est

' Entergy Nuclear Vermont Yankee, LLCand Entergy Nuclear Operatrons Inc. are the licensees of the Vermont
Yankee Nuclear Power Statmn “vY™).
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- for I@_ave to File New Contentions, submitted on April 6, 2006 (“April 6 Request”). Briefly
| . surnmarized, on September lp, 2003, Entergy filed an‘ apphcation (“EPU Application”) to
.' iiné:rea‘se the m'a'ximum.authorized power level from 1593 megaWatts thermal (“MWt”) to 1912
| Mwt (extended power uprate or “EPU”) NEC filed a petltlon to intervene and request for a
'hearmg with respect to the EPU Apphcatlon On November 22, 2004 the Board admitted two
of NEC’s proposed contentions. LBP-04-28, 60 NRC 548 (2004). Hearings on NEC s two

o adm1tted contentlons are scheduled for September and October 2006. 3

- The April 6 Request sought the admission of three new contentions into thls proceedmg.

AA V’Entergy and the NRC Staff opposed the Apnl 6 Request. On Apnl 20, 2006, NEC filed anew
request seekmg' the admission of the April 20 Contentiont | 'Finally', on May 25, 2006,"the Board
. 1ssued it:sMernorandmn and Order (Ruling on the Admissibili‘ty of Three Additional
- Contentions), LBP-06-14,63 NRC __ (2006), in which it ruled that all three contentions

' propounded m the Apnl 6 Request are inadmissible.

L ARGUMEN_T‘

A. “‘The April 2 20 Request ls Untlmely

NEC’s Apnl 20 Request seeks to introduce a contentlon about the performance of the

steam dryer at VY whlch is also the subject of the thlrd of the rej ected new contentlons raised i in

: the Apnl 6 Request In fact the c]alms in that contention (“NEC Contentlon 7" as deS1gnated by

2 New England Coalition’s Request for Hearing, Demonstratlon of Standmg, Dlscussmn of Scope of Proceeding
and Contentions (Aug 30, 2004) (““Petition™).

3 Revised Scheduling Order (Apr. 13, 2006) at 3-5.




"' the Board in LBP- 06 14 see slip op. at 23) subsume the allegatlons in the April 20 Contention.

NEC Contention 7 states

ENVY Technical Specification Proposed Change No.263 w/
Supplements 1-42 does not comply with Drafts GDC- 40 and 42

. insofar as they require that protection must be prowded agamst the
dynamic effects of a LOCA. S

. Specifically, and in contradiction to Supplement 42 (providedto
New England Coalition 12 05/ 2005) and ENVY testimony before
the NRC Advisory Committee on Reactor Safeguards (11/15/2005,

11/16,2005, 11/29/2005, 11/30/2005, 12/07/2005,12/08/2005,
12/09/2005), and the Steam Dryer Monitoring Plan endorsed in the -
NRC Final Safety Evaluation Report at page 50, and NRC staff
endorsement of Ascension Power Testing as described in NRC
staff’s response to public comments on the SER at page 325, and

- NRC Staff’s acceptance of ENVY steam dryer inspection results as
- determinative of no further crack growth at SER page 337, New,
. England Coalition asserts that: =~ - .

a. The fatigue and the intergranular stress cdrro'sion cracks,

(IGSCC) which already exist on various Vermont Yankee steam
dryer surfaces will increase in number and grow in size because of -
the higher stresses on the dryer structure from ﬂow mduced '
vibrations under EPU condmons »

b. The increase energy content in the flow under EPU condltlons
will increase the 1nten31ty and duration of the dynamic loads that '
act on the dryer causing it potentxa]ly to fragment and generate
many loose parts. : '

c. The loose parts may migrate to the core region or the Main
Steam Isolation Valve (“MSIV”), potentially blocking fuel flow
channels and /or preventing the MSIV from isolating the =
containment following a main steam line break. The ultimate
" danger to the public from dryer failure is a core-melt with an early
A contamment by pass.

d Because the ascension to power tests, as described in -

Supplement 42, are limited to steady state conditions they will not
* provide any data that could indicate that the dryer would not fail

catastrophlcally following LOCA. :

April 6 Request at 6-7. The April 20 Contention reads: |
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The failure of modellng, testmg, and analysis, in support of
extended power uprate (EPU), to detect or predict recent discovery
of a § foot crack with multiple branches on the surface of the Quad
. Cities Unit 2 dryer 1nd1cates that the technical basis for ascension
‘power testing at the Entergy Vermont Yankee Nuclear Power
Station, largely based on the Quad Cities model and methodology,
is flawed and cannot reliably predict steam dryer durability or
performance under EPU conditions. Because a cracked or fractured
. steam dryer can result in an accident, , prevent mitigation of an
~ accident, or increase the consequences of an accident, with a major
catastrophlc effects on public health and safety, and because
Vermont Yankee is proceeding in an unknown condition, the
Atomic Safety and Licensing Board, (ASLB) must not permit-
. Vermont Yankee to operate at the EPU conditions until such time
as it can be definitively demonstrated that the ascension power _
- testing program at Vermont Yankee has not been mvahdated by
* _the experience at Quad Cities.

~ April 20 Request at 2-3.

Both contentions allege that the analytlcal methods used by Entergy at VY to pred1ct the

flow mduced loadmgs on the steam dryer under EPU operating conditions are ﬂawed This

' claim s s‘et out in more detall in the asserted bases for b_oth contentions. NEC Contention 7

alleges, among 'otller,tltings, that.Entergy has not developed an “adequate or technically

'defensibl ”? analysis shoWing that rapid steam dryer crack propagation will not occur.

Declaratlon of Dr. J oram Hopenfeld Supportmg New England Coalmon s New Contentlons

. (Apnl 6 2006) (“Hopenfeld Apnl 6 Declaratlon”) at 12-13 1[1[ 10g and 10h NEC further
clalms that the computer models used to calculate flow. mduced loads on the dryer are unrellable :
: and “can not predlct rehably hxgh cycle fatlgue due to ﬂuctuatmg loads durmg normal operatlons

',and fo]lowmg DBAs because they were not benched marked against full scal_e tests or at least

: properly scaled tests » Id at 13 14, 1] 101

Slmllarly, 1n h1s Declaratlon in support of the Apnl 20 Request Dr. Hopenfeld asserts:




”»

The replacement dryer at Quad Cities Unit 2 was subjected to the
state of the art Acoustic Circuit Model, (ACM) and stress analysis
codes. The NRC was assured time and time again (ML 060030127,
ML051290326, ML 060030125) that the analysis was conservative
and that the steam line gauge measurements would preclude any
possibility that the loads on the dryer would exceed their design
limits.

The damage to the replacement dryer only after several months of
.- operations demonstrates that the analytical tools and the =
" monitoring instruments that are currently used to predict vibrations
and dryer loads are not sufficiently accurate. This lack of accuracy
can be expected if one considers the overall complexities which are
- inherent in the interaction of high velocity flows ( 168 fi/sec) with
structures of complex geometries. :

The analytleal tools such as the ACM were derived from basic

. fluid dynamic equations that were tested on small-scale models.
Because of the presence of turbulence at these high flow rates, -
empirical parameters must be employed in the analysis, these
parameters are known to be very sensitive to the geometry and
size, and therefore unless the scaling laws are well understood,
extrapolation of data from small test models to a large structure
such as the dryer are subject to large uncertainties. From the
history of crack formation at Quad Cities and other plants, it is
apparent that the scaling laws of extrapolating data on dryer
behavior from tests at the GE facility are not known.

. % % *

‘ The methodology of predrctmg the loads on the dryer at Vermont
 Yankee is essentially identical to the methodology that was used at
“Quad Cities (ML060930689, Vermont Yankee-Revrs1on 1 to

. Steam Dgyer Momtormg Plan)

F’Declaratron of Dr.J oram Hopenfeld Supportlng New England Coahtron s Proposed New :
Contentron (Apnl 17 2006) (“Hopenfeld Apnl 17 Declaratlon”) at 3-4 Indeed, the Apnl 20
, Contentron can be viewed as a partlcular example of the claxms ralsed in NEC Contentlon 7

, agamst the VY methodology for momtormg and predrctmg steam dryer ﬂow mduced loadmgs

The only dlfference between the two contentrons is evxdentlary In the Apnl 20 Contention,




 NEC points to a recently discovered crack in the Quad Cities Unit 2 steam dryer (which NEC
claims’is due to flow induced vibration) as evidence that the Quad Cities methodology intended
to predict and 'detect such cracks (which FNEC claims is the same as is used at VY)is i'ncapable
of predicting their development.- |

, Becausev the April 20 Contention is encompassed within the scope of NEC Contention 7
and the only ditference between them is eviden_tiary, the April 20 Contention suffers from the
’same untimeliness deﬁciency that rendered NEC Contention 7 inadmlssible. As discussed in
| : Entergy’s Nlay 1 Response, Entergy deyeloped a method accepted by the NRC Stafl‘ for
ensunng that potentlal flow induced cracks on the steam dryer at vy durmg EPU operation are |
. detected early in thelr formation. The method consrsts of monitoring of v1brat10n durmg the
- recently co_mple_ted _power _as_censmn program, coupled with technmal analyses to show that the
: stress levels under EPU operatlon will not lead to fatigtxe linduced cracks. In'hoth_ contentions, N
NEC challenges the »adequacy of the monitoring program and the analyses eonducted by Entergy.
April 6 Request at 11-13; April 20 Request at 7-9.

The Board has ruled that NEC knew of Entergy ] proposed steam dryer. plan of action no
later than November 2005, ﬁve months before the ﬁhng of the Apnl 20 Contentron See LBP-
- _'06-14 shp op. at 25 Therefore, the clalms agaxnst the steam dryer momtormg program and
' ,techmcal analyses ralsed in the Apnl 20 Contentlon fall to satlsfy the tlmelmess of submlssmn '
»_requrrement in 10 C F. R § 2 309(t)(2)(m) Id. shp op. at 13, 25-26 Also, for the reasons

'drscussed in LBP-06-14 slrp op at 26 and in Entergy s May 1 Response at l9-22 the Apnl 20

4 A proposed contention based on allegedly new mformatron is adrmssrble only 1f inter alia, “[t]he amended or
“new contention has been subm_xtted ina tlmely fashion based on the availability of the subsequent information.”

10CF.R. §2. 309(f)(2)(m)
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- Contention fails to satlsfy the erght-factor balancmg test in 10 C.F.R. § 2 309(c)(1) for late-filed

'_ -contentrons Therefore, the contentlon is inadmissible.

. NEC attempts to clrcumvent the untimeliness of the April 20 Contention by alleging 'that
two new documents released on Aprll 11 and 12, 2006, prov1de the basis for the contentron

“[s]peclﬁcally, NRC Staﬂ’ s Technical Bas1s For Contmued Power Ascensron Of Vermont

Yankee Nuclear Power Statlon Up To 110% Ong;nal Llcensed Power (MLO609701 1 1) and,

| Vermont Yankee-Revrsron 1 to Steam Dryer Momtonng P]an (ML060930689) ? Apnl 20

Request at _3,‘7._ However, neither _doc‘ument supports that requirement. R_evision 1 to the Steam . -
' Dryer Monitoring Plan (Exhibit 1 hereto) contains no new information that would be relevant to

' the April 20 Contention (or indeed to any new contention) and NEC cites none. Nordoes the

crted NRC “Techmca] Basrs” document (Exhrblt 2 hereto) That document refers to an

- evaluatlon performed by Entergy based on “a more conservatrve damping assumptlon in its

, assessment of the steam dryer skirt at Vermont Yankee than that used at Quad Cities. Even with

this more conservative damplng assumptlon the stress in the sk1rt reglon of the Vermont Yankee :

steam dryer is calculated to be less than 1000 ps1 at 105% OLTP [onglnal hcensed thermal

'power] Therefore, there is eonsrderable margrn in the stress analysxs for the skirt. reglon at
- Vermont Yankee to aceount for damplng and other assumpt:ons » See Exhrbrt 2at 4 NEC

vhowever does not challenge the cited VY evaluatron or point to 1t as the basrs for 1ts proposed

5. With respect to factor (ﬁn) in10CFR. §2. 309(c), the extent to which the petltloner s paxtrcranOn may be

reasonably expected to assist in developmg a sound record, NEC has shown itself unable to meet its-
fundamental obligation to timely file direct tesumony on one of its two admitted contentions. . See New England
Coalition Statement of Position (May 17, 2006) at 6-8.. This failure at least raises a question as whether NEC
would be able to meet its obligations under 10 C.F.R. Part 2 on its April 20 Contention, were it to be admitted.




- new contention Therefore, these documents provide no grouncls' for ﬁncling the April 20
| , | h Contentlon to be timely. |
The March 2006 dlscovery of a ﬁve-foot long crack in the Quad Cities 2 steam dryer also
provrd_es‘ no basis for rendermg the Aprll 20 Contention timely. As will be dlscussed below, the
: Quad Cities 2 crack has no relationShip whatsoever with VY and provldesno support for a new
contention in this proeeeding.

' B  NEC’s April 20‘Co'n'tention does not Satisfy the Admissibility
" Requirements l'or_Conte’ntions in NRC Licensing Proceedings
- A'proposed late-filed contention must satisfy the admissibility standards of 1 0 CFR.§
'2.309(f)(1') (i)-’,(.vi).. :‘ LBP-05-32, 62v‘l_,\'IRC 813, 822 (2005),‘_ Sacramento Municipal Utilig District
.vvv(‘l{a'n'cho Seco Nuclear‘ Generating Station), CLI-93-12, 37 NRCV 355, 362-363 (l993l. This

.~ -regulation requires a requestor to:

@) Provrde a specific statement of the issue of law or fact to be
: ‘rarsed or oontroverted '

| (ii) Prov1de a bnef explanatlon of the basis for the contention;

(iii) Demonstrate that the issue raised in the contentlon is w1thln
- the scope of the proceedmg, ,

o (1v) Demonstrate that the issue ralsed in the eontentlon is material
~to the findings the NRC must make to support the actron that is
’ 1nvolved in the proceedmg, - o

(v) Prov1de a concise statement of the alleged facts or expert -
, oprmons which support the requestor's/petitioner's position on the -
* issue and on which the petitioner intends to rely at hearing,
together with references to the specific sources and documents on ‘
which the requestor/petmoner 1ntends to rely to support its pos1tlon
. on the issue; and

(v1) Prov1de sufficient 1nformat10n to show that a genuine d1spute
exists with the appllcant/hcensee ona materra] issue of law or fact.




This information must include references to specific portions of the
application (including the applicant's environmental report and
safety report) that the petitioner disputes and the supporting
reasons for each dispute, or, if the petitioner believes that the
application fails to contain information on a relevant matter as
required by law, the identification of each failure and the
supporting reasons for the petitioner's belief.

- 10CFR.§ _2.309(t)(1)(i)-(vi).. Failure to comply with any of the requirements may be grounds

- for dismissing a contention. Dominion Nuclear Connecticut, Inc. (Millstone Nuclear Power
Station, Units 2 and 3), CLI-05-24, 62 NRC 551, 567 (2005), citing Final Rule; “Changes to
Adjudicatory Proc_ess,"’ 69 Fed. Reg. 2,182, 2,221 (2004); Private Fueletorage= LLC

B (Independent Spent Fuel Storage Installatron), CLI- 99 10, 49 NRC 318,325 (1 999)

1.  The April 20 Contentron Lacks F actual Basis
The entlre basrs for the Apnl 20 Contention is NEC’s allegation that “on Apnl 7 2006

Quad Cities Unit 2 reporte_d that an mspectlon of the Unit 2 steam dryer revealed a crack,
approximately five feet in length with multiple branches in the skirt region ot‘ the dryer, 'plus'
additional lesser cracks on internal bracing. Thrs dryer had been instrumented with several strain
gauges, pressure: transducers and accelerometers which falled to predict or detect the crackmg ”
April 20 Request at 2 NEC’s w1tness Dr Hopenfeld clalms that “[b]ecause of the long hrstory

_ of crack formatron and growth that were observed at Quad Crtres in 2002 2003 and 2004 itis, in
my. professronal oplmon, qurte probable that ﬂow 1nduced vrbratron played a major part in

causrng the crack to reach a length of Sﬁ » Hopenfeld Apnl 17 Declaratlon at 4. Based on tlus

| o conclusron, Dr. H0penfeld opmes that “[t]he damage to the replacement dryer only aﬁer several

months of operatlons demonstrates that the analytrcal tools and the momtonng mstruments that

are currcntly used to predrct vrbratrons and dryer loads are not sufﬁcrently accurate ”1d. at 3.




- Since, in Dr. Hopenfeld’s view, “[t]he methodology of predicting the loads on the dryer at -
_ Vermont Yankee is ’eSSentially identical to the methodology that was used at Quad Cities,” id. at

o 4, the experience at Quad Crtres “clearly demonstrates that Entergy Nuclear Vermont Yankee

cannot adequately assure NRC or the pubhc that the plant can operate safely at the EPU

condrt_rons.” Id.

Dr. Hvopen.rfeld ostensibly bases his assessment of the causes of the Quad Cities 2 steam

3 dryer :crack on._l;‘IRC Preliminary Notification of ‘Event_or Unusual Occurrence PNO-III-OG-OI 0.
N --issued on Apﬁl 7, 2006 (Exhibit 3 hereto). See Hopenfeld Apri'l. 17 Declaration at 4, In that
" Prehmmary Notrﬁcatlon, the NRC adwses of the discovery of the crack and states: “This crack is
. currently beheved to have been caused by binding difficulties experienced during the 1mt1a1
e mstallatron last year, but the _root cause evaluatron rs still mprocess.” Exhibit 3 at 1. Nothing is

-~ said in that document to suggest that the crack is due to flow induced vibration forces exceeding

values ohtained from the model or instrumentation rnonitoring or._challenging the “analytical
tools” and their “momtormg mstruments” 6 |
Three days aﬂ'er the Preliminary Notiﬁc'ation was issued Ekelon presented to the NRC
the results of 1ts mspectlon of the Quad Cmes 2 steam dryer and reported 1ts prehmmary ﬁndmgs
as to the cause of the crack This document “Quad Crtres Umt 2(QC2) Dryer Update” (“Dryer

,Update”)' (attache_d as Exhrblt ,4‘ hereto), is avarlable in the »ADAMS-system with accession

" number MLO61:080570. In the DryerUpdate, Exelon concluded that an impact on the dryer by |

¢ pr. Hopenfeld points to the possibility that the five-foot Quad Cities 2 steam dryer crack was formed during the

installation of the dryer “must also be considered”. Hopenfeld April 17 Declaration at 4.- He does not pursue
‘this possibility, however, “since the on-line gauges are not capable of detecting the presence of cracks, the

history of this crack is not knowable”. ‘1d.’

10




 its support lugs while tvhedryer was being lifted caused plastic deformation of the skirt base _ring'
and sk1rt plate of the dryer and this loading caused the formation of the crack. Exhibit 4 at 25. |
| "I‘he,l)ryer Update also:concluded that, while flow induced vibration loads (“pressure oscillation .
loads”) provided cyclic stress necessary to propagate the crack, “[p]ressure oscillation "loading :
alone ... would not have initiat_ed a fa_tigue_crack.” E at 30—3 1. ) |
| . A formal root cause analysis performed by Exelon Nuclear of the causes of the .Quad

| Cltles Umt 2 steam dryer crack has been recently released. Exelon Nuclear Root Cause Report

‘ Q2R18 “Concerns Related to Steam Dryer” dated May 16 2006 (“Root Cause Report” X Exh1b1t

| 5 hereto (avarlable in the ADAMS systern under accession number ML0614203 ,07). ‘Itsi 1ssuance
B “lays to rest NEC’s argument disputing “that there exists defensible technical basis [sic] for.g‘oi‘ngé_ ’
- forward w1th ascension power testmg on the Quad C1t1es model until thorough root cause ‘. |
- analys1$ of the Quad Cltles Unit 2 failure has been completed and revrewed ? Apnl 20 Request atv
10, 11. Now that the root cause analysis has been completed NEC no longer has cause to
dlspute thetechmcal basrs for gomg forward wrth the EPU at VY “on the Quad C1t1es model”.

The Root Cause Report conﬁrms the prellmmary assessment that the crack was not - b

foxmed by ﬂow mduced v1brat10ns dunng plant operatlons but was due to deformatlon caused by
R ,the dryer skirt base'rmg being caught on the reactor pressure vessel dryer-support lugs Whlle the
N 'dryer was bemg llﬁed in May 2005. Root Cause Report at 3. The report states: “Analyses '
completed by General Electnc (GE) and revrewed by Exelon determrned that w1thout the
| addltlonal stresses and matenal degradatlon resultmg from the. May 2005 llﬁmg event the
_operatronal loads were not sufﬁcrent to 1n1t1ate cracklng in the U-2 dryer sklrt plate ” Id at 4

F urthennore, “the Umtvl _steam dryer, whlch did not expenence elther the fabrxcatlon ovahty or

11




installation lifting eyents, did not exhihit similer cracking when inspected in the Q1M19 outage
-in Mey 2006.” Id. Again, the results of Exelon’s inve'stigation flatly eontradict Dr. Hopenfeld’s
' unsupported assertion.’ .' |
To provrde a nexus between the Quad Cities 2 steam dryer crack and VY, Dr. Hopenfeld |
_ makes the unsupported conclusmn that the undetected development of that crack “demonstrates
that _the analytical tools and the morritoﬁhg instruments that are currently used to predict
: vibretion's and dryer lloads are not sufficiently acourate,’? Hopenfeld A_'prilr 17 Declaretion at 3.
_ mere is not_hing in the NRC_Preliminary Notification, the Dryer Update, the final Root Cause
- ‘ Report or_arry other rioComent to suggest that the analytical tools used to predict flow induced
. crack formation woold (or should) 'have. detected an irnpact ceused erack, or that those tools
prove_d: in any way inadequate.8 Dr. Hopenfeld provides neither support nor basis for'dra.wing
-~ any eonnection between the .“Qﬁed Cities model” and the “Quad Cities Unit 2 failure”. April 20
Request at11. | _
| Dr. Hopenfeld then leaps to the further unsupported conclusion that the methodology
‘ used at VY for momto_rmg and predlctlng the formatlon of steam dryer cracks must also be ;
inadeqoate, since W’s methoooiogy “is 'eSSehriolly identical t_o the methodology that was used at
Quad Cities”. Hopenfeld April 17 Declaration at 4. D‘r.‘l-_Iopenf.‘eld cites_.RevisiOn 1 to the VY
. Steam Dryer Monitoring.Pllan (Exhibit 1 hereio)‘ as "srlppo‘rt of his cleim that_'the‘metho'c'lology

used to predict loads on the dryer at VY is “essentially identical” ;o that used at Quad Cities..

7 While the Root Cause Report was issued aﬁer NEC’s Apnl 20 Request was ﬁled, the report demonstrates that

~ the filing of the request was at best premature and the Apnl 20 Contention is lackmg in basis.

s Dr. Hopenfeld acknowledges that the monitoring tools (mstrumentatlon) on the steam dryer are not intended to
“detect the presence of cracks. Hopenfeld Apnl 17 Declaration at 4. _

12




This is not only without basis (there being nothing in Exhibit 1 to support it),_ but_ is also
incorrect. While measured'data from Quad Cities vvere used to calibrate the VY model the
methodology s appllcatlon to VY is plant-specrﬁc See Exhibit 6 hereto (excerpts from
Attachment to Supplement 20 to EPU Appllcatron BVY 04-1 13 (October 7, 2004) ADAMS
Accession No ML04289041 7.

In short every prcmlse in the stramed sylloglsm constructed by Dr. Hopenfcld is
erroneous The “ﬁve foot crack” in the Quad Cmes Umt 2 steam dryer was not cauSed by flow
mduced vibration; the analytlcal tools were not intended to predict a crack caused by physical
' 1mpact the failure of the analytlcal tools to predict the formatlon of that crack does not suggest
»' madequacy in the methodology used at Quad Crtles, and the Quad Cities analytrcal model is not
identical to the one used at VY, so no conclusions can be drawn on the apphcatlon of that
methodology from one plant.to the other. |

The April 20 Request is based on a series of erroneous assumptions and conclusions. V'I“he
contention lacks factual basis and does not show “that a genuine dispute exists with the |
applicant/licensee ona ’rnaterial issue of law or fact” and thus fails to satisfy 10CFR. 1§
2.309(f)(vi). It must be dlsmrssed for, as the Board has noted “[a]ny contentlon that farls |
drrectly to controvert the apphcatlon or that mlstakenly asserts the apphcatlon does not address a

| 'relevant issue can be dlsmlssed » LBP 04-28 60 NRC at 557

-_‘2. : The Apnl 20 Contentlon is Imgermlss1bly Vagge and Sp_eculatlv '

As discussed above, the Aprll 20 Content1on makes a number of factual assertions that

are vague and unsupported These mclude

o The claxm that “[1]nformat10n that is new and substantrally drfferent from that which

preceded it [1s :contam‘ed in] NRC Staff’ s Technical Basis For Continued Power

13




Ascension Of Vermont Yankee Nuclear Power Station Up To 110% Original

Licensed Power (ML060970111) and, Verinont Yankee-Revision 1 to Steam Dryer

Monitoring Plan (ML060930689).” April 20 Request at 3. No such “new and

substantially different” information is identified in the contention or in Dr.
Hopenfeld’s April 17 Declaration. Nor is there any information (new or not) in those
‘ documents that relates m any way to the proposed contention.
- The claim that “both NRC Staff and Entergy Nuclear Vermont Yankee now take the.» |

) pos1tion that the failure of the Quad Cities 2 modehng and methodology to elther :

' predict or detect substantlal crackmg of the Quad Citles 2 steam dryer is irre]evant to
contmued use of the Quad C1t1es 2 modeling and methodology at Vermont Yankee.”
April 20 Request at 7. | NEC 'does not identify where such a position is stated by either
Entergy or the NRC Staff Nor is there any support for the claim that the Quad Cities

' _2 crackmg should have been detected or predlcted by the methodology used there to

. ,predict ﬂow 1nduced loadtngs on the steam dryer, or that the methodology was

mtended to detect or predict a fatlgue crack 1mt1ated by physical 1mpact
o The assertlon that “the methodology of predlctmg the loads on the dryer at Vermont
" Yankee 1s essentlally 1dentical to the methodology that was used at Quad Cities.”. Id

In reality, as discussed above, the modelmg at VYi is plant-speciﬁc .

- In short as was the case w1th NEC Contention 7 no supportmg ev1dence is offered for
the clalms raxsed in the Apnl 20 Contention no nexus is shown between the Quad Cities 2 steam

dryer s ﬁve-foot crack and VY and there is no descnptlon of the deﬁc1enc1es alleged to exist in

the VY analyses and momtormg program

14




It is well settled that vague C or conclusory assertions, even by an “expert” cannot support
the admission of a proffered contentlon Without more, such undeﬁned assertions fail the
Commission’s tests for speciﬁ_city and basis. 10 C.F.R.§ 2.309(f)(1)(i) and (ii); Baltimore Gas &

Electric Co. (Calvert Cliffs Nuclear Power Plant, Units 1 and 2), CLI-98-14, 48 NRC 39, 41

(1998); Fansteel, Inc, (Muskogee, Oklahoma Sitc), CLI-03-13, 58 NRC 195,203 (2003);

Dominion Nuclear North Anna, LLC (Early Site Permit for North Anna ESP Site), LBP-04-18,
60 NRC 253, 265 (2004).

| _ Failure to adequately support a contention’s bases requires that the contention be.

- rejected : Arizona Public Service Co. (Palo Verde Nuclear Generating Station, Units 14 2'and 3),'
CLI-91 12, 34 NRC 149, 155 ( 1991) The Apnl 20 Contention lacks an adequate basts and

should not be admrtted

III. CONCLUSION

The April 20 Request constitutes yet another NEC attempt to introduce into this ’
proceedmg at the eleventh hour an issue that is untlmely, lackmg in factual basls and .
‘impermissibly vague. Its unjustiﬁed untimehness bars it from admission, as the Board has -
already ruled in LBP-06-14 w1th respect to the essentially 1dent1cal NEC Contention 7. That
| "‘ ‘Board ruhng is the “law of the case’ and dlctates the reJectlon of the contentlon See _g_, Ohio

| Edison Co (Peny Nuclear Power Plant Umt 1), LBP 92 32 36 NRC 269, 283 ( 1992), aﬂ’d on '

other grounds, Cig of Cleveland v. NRC, 68 F.3d 1361 (D.‘ C. Cir. 1995). In addition, NEC has
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o failed to meet the Comr_nisSion’s other édmissibi_lity standards, and for that reason also the April

20 Contention is inadmissible. Entergy respectfully réquésts that April 20 Reqiies’t be denied.

Respectfully submitted,

MF//IM"’Q“D/

ay E. Silberg
Matias F. Trav1eso-D1az
Scott A. Vance - :
PILLSBURY WINTHROP SHAW PITTMAN LLP
2300 N Street, N.W. .
Washington, DC 20037-1128 :
Counsel for Entergy Nuclear Vermont Yankee,
LLC and Entergy Nuclear Operatlons, Inc.
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Entergy Nuclear Operations, inc.

March 26, 2006

Docket No. 50-271
~ BVY 06-031
TAC No. MC0761

ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Waeashington, DC 20555-0001

. Subject: Vermont Yankee Nuclear Power Station

Revision 1 1o Steam Dryer Mon'ltarlng Plan

References: 1) Entergy letter to U.S. Nuclear Regulatory Commission, “Vermont
' Yankee Nuclear Power Station, License No. DPR-28 (Docket No. 50-
271), Technical Specification Proposed Change No. 263, Extended .
Power Uprate,” BVY 03-80, September 10, 2003

2) Entergy letter to U.S. Nuclear Regulatory Commission, “Vermont Yankee
Nuclear Power Station, Extended Power Uprate — Regulatory Commitment
Information Regarding Steam Dryer Monitoring and FIV Effects,”

BVY 06-019 February 26, 2006

This ‘letter provides updated information pursuant to a regulatory commitment made in :

connection with the application by Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear
Operations, Inc. (Entergy) for a license amendment (Reference 1, as supplemented) to increase
the maximum authorized power level of the Vermont Yankee Nuclear Power Station (VYNPS)
from 1593 megawatts thermal (MWY) to 1912 MW1t. ,

Attachment 1 includes & revision (Revision 1) to the Steam Dryer Monitormg Plan (SDMP) that
was previously provided in Reference 2. The SDMP will remain In effect until License Condition
3.M expires.. The SDMP, together with the EPU Power Ascension Test Procedure (PATP)
provides for monitoring, inspecting, evaluating, and prompt action in response to potential
adverse flow effects on the steam dryer as a result of power uprate operation. These actions
provide assurance of the continued structura! integrity of the steam dryer under Extended Power

Uprate conditions. Attachment 2 provides the justification, consistent with License Condition

~.8.M.4 for why this change does not require prior NRC epproval.

A 00!
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~ There &re no new fégu!at’bry comrnitrnents contained in this submittal.
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VERMONT YANKEE NUCLEAR POWER STATION
- STEAM DRYER MONITORING PLAN

. N lntroduction and Purpose -

: The Vermont Yankee Steam Dryer Monltonng Plan (SDMP) describes the course of action for
monitoring and evaluating the performance of the Vermont Yankee Nuclear Power Station
" (VYNPS) steam dryer during power ascension testing and operation above 100% of the original
. licensed thermal power (OLTP), i.e., 15683 MW, to the full 120% extended power uprate (EPU)
condition of 1912 MWt to verify acceptable performance. The SDMP also addresses long-term -
- actions necessary to implement proposed License.Condition 3.M. Through operating limits,
. periodic surveillances, and required actions, the impact of potentlally adverse flow effects on the
structural integrity of the steam’ dryer will be minimized. ,

The SDMP also provides informatlon about the ‘equipment and oomputer analysls
methodologies used to monitor Steam Dryer perfonnance '

Unaoceptable steam dryer. performance Is a condmon that could challenge steam dryer
structural integrity and resutt in the generation of loose parts, cracks or tears in the steam dryer
that result in excessive moisture carryover. During reactor power operation, periormance is
demonstrated through the measurement ofa combinatron of plant parameters.

Scope

' The SDMP is pnmanly an lnrtlal power ascension test plan deslgned to assess steam dryer -

. performance from 100% OLTP (i.e., 1593 MW1) to 120% OLTP (i.e., 1972 MWt) and to perform -

confirmatory inspections for a penod of time following Initial and contmued operation at uprated
power levels. Power ascension to 120% OLTP will be achieved in a series of power step
increases and holds at plateaus oorrespondmg to 80 MWt increments above OLTP. Elements of
- this plan will be implemented before EPU power ascenslon testing, and others may contlnue
.after power ascension lestmg '

There are three maln elements of the SDMP

1. Slow and deliberate. power ascension with defi ned hold polnts and duratrons, allowing ‘
tlme lor ‘monitoring and analysis, : , A

2 A detailed power ascension monrtonng and analysis program to trend steam dryer
©.. - performance (primarily through the monilonng of steam dryer load signals and morsture

carryover),

3. A Iong term lnspectlon program to verify steam dryer perlormance at EPU operatlng_
. cond tions. , ,

Several elements of the SDMP also provide for completron of the necessary actions to satisfy
..the requirements of license conditions associated with the EPU license amendment. A
complete tabulation of the prowsions of the license condition and the |mplementmg strategy to
B complete them is oontamed in Table 3. : .
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Eower Ascensro

-~ VYNPS procedure EFlSTl-04-W1 1409-000, 'Power Ascension Test Procedure for Extended
Power Conditions 1593 to 1912 MWth,” (PATP) will provide controls during power ascension
testing' and confirm acceptable plant performance. Other procedures may be entered to

conduct specialized testing, such as condensate and feedwater testing. The VYNPS power.
“ascension will occur over an extended period with gradual increases in power, hold periods, and
engineering analyses of monitored data that must be approved by station management.
Relevant data and evaluations will be transmitted to the NRC staff in accordance with the
provrsions of the Ilcense condltlon The PATP includes:

1. ‘Power ascensron rate of 16 MWt/hr.

2. Hourly monitoring of steam dryer performance dunng power ascension (required by
‘ License Condition 3 M), - .

- Four hour holds at each 40 MWt; and

4. Minimum 96 hour holds at each 80 MWt power plateau to perform steam dryer- analysis
- allowrng for NRC review, as appropnate (required by License Condition 3.M).

Monitonng Plans ’

Table 1 outlines the steam dryer surveillance requirements during reactor power ascension
*testing for EPU. The momloring of molsture carnryover and main steam line (MSL) pressure data -
provide measures for ensuring acceptable performancé of the steam dryer. Frequent
monltor‘lng of these parameters will provide early detection capability of off-normal performance

Proposed License Condition 3.M will require that steam dryer performance criteria are met and
prompt action is taken if unacceptable performance is detected. Entergy has established two
performance levels (Level 1 criteria and Level 2 criteria) as described in Table 2 for evaluating

- steam dryer performance during EPU power ascension testing. The Leve! 1 criteria correspond

to the limits specified in the proposed license condition, while the Level 2 criteria are operatmg
v acllon levels that may lndrcate reductions in margm

'The companson of measured plant data against defined cntena denved from' the steam dryer
analyses described below provide a means.to assess continued sleam dryer structural integrity
under EPU conditions. ' y , :

Maln Steam Fluctuating Pressure Monitoring System(Betalls-oontained ln VYC-3001)--
"¢ Main Steam Line Strain Gages- :
Entergy has installed strain gages at two Iocatlons on each of the four MSLs in the | pnmary

‘containment and a data acquisition system (DAS) designed to reduce uncertainties in the

- evaluation ‘of steam dryer loads. These strain gages and the associated data acquisition
" system have been selected and oonf' gured to maxrmnze sensmvnty and rellablllty while
. reducing data uncertainty. ‘ v :

¢ Acoustic Circuit Model (ACM) : ‘

-~ The CDI' Acoustic Model has been lmproved based on results of the instrumented
~ Steam Dryer at-Exelon’s Quad Cities. Station. The revision has resulted in reduced -
- uncertainty and a more conservative representatlon of the peak frequencies.
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Finite Element Model (FEM)
In_response to industry operating expenence with steam dryer cover plate cracking, the
ANSYS FEM has been updated to include more refined analysis of key dryer structural
components such as the lower cover plate, the gussets, gusset shoes, and associated
welds.
Acoustic Circuit Analysis (ACA) System Uncertainty Evaluation
The VY Acoustic Circuit Model (ACM) has been updated. The revised ACM was developed
to bound maximum pressure loads from three sets of test data from the instrumented QC2
dryer testing performed In 2005. This updated ACM uncertainty assessment is based on the
enhanced VY strain gage and data acquisition system and the revised CDI Bounding
Pressure mode! parameters. The Scale Model.Test (SMT) benchmark evaluation and
prevrous 790 MWe QC2 benchmark assessment that provided the uncertainty bases for the
prior ACM have been accordingly deleted from this calculation. '
The overall system uncertainty Is based on the combination of the uncertainties of each of
the elements. The uncertainty in the ACM loads Is derived from the following sources:

o Uncertainty of the ACM to conservatively predict pressure response at the significant

frequencies
o Uncerainty introduced by differences in sensor locaticns between QC2 and vy
"o Uncentainty introduced as a result of the abniity of the ACM or Structura! Model to

" match load and structural frequencies :

o Uncertainty resulting from strain gage and measure uncertainties '
These uncertainties will then be combined by the square root sum of the. squares (SRSS)
method to assess the ACM load uncertainty.
As calcutated in VYC-3001 the overall system uncertainty is 38%. This value is used in the
determination of the reduction of the limit curve factor resulting in the final limit curve, shown
as Figures 1 through 8 of the SDMP. The contribution of each of the factors noted above is
as follows: _

Maximum Uncertatnty of the ACA Methodoloqy
ACM ability to conservatively match peak response at the highest frequencles 32%

Difference in sensor locations from QC2 to VY 7%
Ability of ACM or Structural Mode! to match response frequencies 15%

SG and DAS ability to measure pressure in Pipe : 11%
Combined Uncertainty by Square Fioot Sum of the Squares A 38%

CFD Load Uncertainty (Remains unchanged from Revision 0 of VYC 3001) -

The CFD predictions using the Large Eddy Simulation runs for VY are on average 118%
above the RMS values of in-plant data with-a-standard deviation of 82%. Thereforea - ~—
conservative estimate of uncertainty is 118% - 82% = +38%. This would support 0%

- uncertainty for the CFD load. Conservatively, VY has maintained a 15% CFD load

uncertainty in the Limit Curve Factor assessment.

The CFD anaiysts wnth the +-10% change in load step had an impact on the limiting stress
by 4%. Therefore the CFD frequency uncertainty is determined to be 4%. The total CFD

© uncertainty; uncCFD— sqri(15°2 + 4’\2) = 16%.
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Syslem Monitoring Hequrrements
o . During power ascension, steam dryer performance will be monitored hourly through the

evaluation of pressure fluctuation data collected from strain gages installed on the MSLs.
o The strain gage data collected hourly during power ascension will be compared against

the stress limit curve that is provided as Figures 1 .- 8 of the SDMP and Is based on

Entergy Calculation VYC-3001. If any frequency peak from the MSL strain gage data -

~ exceeds the stress limit curve (Level 1), Entergy will reduce the reactor power to a level

. at which the stress limit curve is not exceeded. -
o Additionally, Entergy will monitor data collected from acceleromelers mounted to the
main steam piping inside the drywell to provide addrtlonal insights into the strain gage

signals.

- o During hold points at each 80 MWt power leve! above current licensed then'nal power,

the collected data, along with a comparison -to the steam dryer lrmrt curve. will be
transmitted to the NRC staff. - :

o For any circumstance requiring a revision to the steam dryer limit curve, Entergy will -

resolve uncertainties in the steam dryer analysis and provide the results of that -
- evaluation to the NRC staff prior to further increases in reactor power. -
o Entergy will resolve uncertainties in the steam dryer analysis with the NRC stalf wrthln
'90 days of issuance of the EPU license amendment. If resolution Is not made within this
time interval, reactor operation will not exceed 1593 MWt. These planned actrons are in
compliance with proposed License Condrtlon 3 M.

' Molsture Carryover

Moisture carryover' trendmg provides an indicator of steam dryer integrity. At each 40 MWt
step, moisture carryover data will be taken and compared to the predetermmed acceptance

- criteria (Table 2).

Level 1 criterion (0.35%) is based on the maximum analyzed value. :
The data taken at each 80 MWt plateau will be evaluated and documented in thej
assessment sent to the NRC for information. '

Other Monilonng

Plant data that may be indi catrve of off-normal steam dryer perlorrnance will be monitored
during power. ascension (e.g., reactor water level, steam flow, feed flow, steam flow
distribution between the individual steam lines). Plant data can provide an early indication
of unacceptable steam dryer performance. The enhanced rnomtonng of selected plant

, parameters will be controlled by the PATP and other plant procedures

NRC Notifications

In accordance with proposed. Llcense Condition 3. M at drscrete power levels, and if the

_ steam dryer stress fimit curve (i.e., Level 1 cntenon) is exceeded, Enfergy “Will“provide

notifications to the NRC staff consisting of data and. evaluations performed during EPU’

~ power ascension testing above 1593 MWL, - Detalled discussions regarding new plant data;,

inspections, and evaluations will be held with NRC staff upon request.  The designated NRC - '

“ point of contact for such information is the NRC Project Manager for the VYNPS EPU. _
~ The results of the SDMP will be submitted to the NRC staff in a report within 60 days -

following the completion of all EPU power ascension testing. . In addition the final full EPU -

- power performance criteria spectra (i.e., steam dryer stress limit curve) will be submiitted to

the NRC staff within 90 days of llcense amendment issuance. - Contemporary data and
results from steam dryer monitoring will be available on-site for review by NRC inspectors as

- it becomes available: The written report on steam dryer performance during EPU power -




Page 5 of 19
Rev. 1

ascension testlng will include evaluations or corrective actions that were required to obtain
satisfactory steam dnyer performance. The report will include relevant data collected at each
power step, comparisons to performance criteria (design predictions), and evaluations
performed in conjunction with steam dryer structural integrity monitoring.

Lorig Term Monitoring

The long-term monitoring of plant parameters potentially indicative of steam dryer failure will be
conducted, as recommended by General Electric Service Information Letter 644, Rev. 1 and

consistent with Llcense Condition 3.M.

Moisture Carryover

Per VYNPS station operating procedure OP-0631, “Radiochemistry,” moisture carryover is

periodically monitored for moisture carryover during normal plant operations. VYNPS off-normal

~ procedure ON-3178, “increased Moisture Carryover,” provides guidance to evaluate any
elevated. moisture carmryover results including that resulting from potential vessel intemals

" damage. This monitoring will also provide insight into changes in moisture carryover values -

during changing reactor core configurations (control rod patterns)

' Strain Gage Monftoring

As the strain gages will remain operational ahd‘can provide for future data collection, additional
strain gage monitoring will be performed as determined appropriate during the remainder of the
operating cycle following EPU implementation.

‘ lnspectlons

The VYNPS steam dryer will be inspected during the refueling outages scheduled for the Spnng

2007, Fall 2008, and Spring 2010. The inspections conducted after power uprate

implementation will be comparable in scope to the inspection conducted during the Spring 2004
- refueling outage and will be in accordance with the guidance in SIL 644, Rev. 1. -

Repom’ng to NRC

Steam Dryer Visual Inspections: The results of the visual inspections of the steam dryer
conducted during the next three refueling outages shall be reported to the NRC stafi within 60

days following startup from the respective refueling outage.:
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Steam Dryer Surveillance Requirements During Reactor Power
Operation Above a Previously Attained Power Level -
, : Parameter A 8urveillance Frequency
| 1. Moisture Carryover o 'Every 24 hours (Notes 1 and 2)
2. Main steam line pressure data Hourly when initially increasing power above a -
from strain gages previousiy attained power level o
| anD |

At Ieast once at every 40 MWt (nominal) power step
above 100% OLTP (Note 3)

3. Main steam line data from - At least once at every 40 MWt (nominal) power step
accelerometers - ~ | above 100% OLTP (Note 3)
AND

Within one hour aﬂer achievmg every 40 MWt

(nominal) power step above 100% OLTP

Notes to Table 1:

1. 'if a determination of moisture carryover cannot be made within.24.hours .of achieving an 80 .
MWt power plateau, an orderly power reduction shall be made within the subsequent 12
hours to a power level at which moisture . -carryover was previously determined to be
acceptable. For testing purposes, a power ascension step Is defined as each power
increment of 40 MW, i.e., at thermal power levels of approximately 102.5%, 105%, 107.5%,
110%, 112.5%, 115% 117 5% and 120% OLTP. Power Ievei plateaus are nomnnaiiy every»
80 MWi.

2. Provided that the Level 2 performance criteria in Table 2 are not exceeded, when steady
state operation at a given power exceeds 168 consecutive hours moisture carryover
monitoring frequency may be reduoed to once per week.

3. The strain gage surveillance shall be performed hourly when increasing power above a level
-at which data was previously obtained. The surveillance of both the strain gage data and’
MSL pressure data is also required to be performed once at each 40 MWt power step above
1593 MWt and within one hour of achieving each 40 MWt step in power, i.e., af thermal
power levels of approximately 102.6%, 105%, 107.5%, 110%, 112.5%, 1156%, 1 17.5/5 and -
120% OLTP (i.e., 1593 MW1). If the surveillance is met at a given power level, additional -
survediances do not need to be periormed at a power level where data had previously been
obtained.

If valid strain gage data carinot be recorded hourly or within one hour of initially reaching a-
40 MWt power step from at least three of the four MSLs, an orderly power reduction shallbe
made to a lower power level at which data had previously been obtained. - Any such power
level reduction shall be completed within two hours of determming that valid data was not

recorded.
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Table 2

- Steam Dryer Performance Criteria and Requlred Acﬂons

'« Moisture carryover exceeds
0.1% ,

OR

"~ Moisture carryover exceeds
~ 0.1% and increases by - .
> 50% over the average of
the three previous =
- measurements taken at
> 1593 MWt

lor.

2 Spectra'

|« Pressure data exceed Level

Performance Criteria Notto be Requlred Actions i Performance Criteria Exceeded and Required .
. Exceeded Completion Times -
Level 2: 1. Promptly suspend reactor power ascension untif an engmeenng

evaluation concludes that further power ascension Is justified.

2. Before resuming reactor power ascension, the steam dryer -

performance data shall be reviewed as part of an engmeenng
‘evaluation to assess whether turther power ascension can be made
‘without exceeding the Level 1 criteria.

Level $:

.. 0.35%"
OR

1 Speclra

- Moisture carmryover exceeds

"¢ Pressure data exceed Level

1 Promptly initiate & reactor power reductlon and achieve a previously
acceptable power level (i.e., reduce powertoa previous step level)
within two hours, unless an engineering evaluation concludes that
continued power operation or power ascension is acceptable. -

2. Wit_hin 24 hours, re-measure moisture carryover and perdorm an
engineering evaluation of steam dryer structural integrity. Hthe
results of the evaluation of steam dryer structural integrity do not

support continued plant operation, the reactor shall be placedina hot |

shutdown condition within the following 24 hours. If the results of the
engineering evaluation support continued power operation,’
implement steps 3 and 4 below. ,

3. If the results of the engineering evaluation support continued power

- operation, reduce further power ascension step and plateau levels to
nomina! increases of 20 MWt and 40 MW, respectively, for any
addmonal power ascension

4, thm 30 days, the transient pressure data shall be used to calculate
the steam dryer fatigue usage to demonstrate. that continued power
operatnon Is acceptable : _

! The EPU spectra shall be determined and documented in an engineering calculation or report.
Acceptable Level 2 spectra shall be based on maintaining < 80% of the ASME allowable altemnating
stress (S,) value at 10" cycles {i.e., 10.88 ksi). Acceptable Leve! 1 Spectra shall be based on

‘maintaining the ASME S, at 10’

cyc!es (i.e., 13.6 ksi).-
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Table3 ,
Steam Drver License Conditions

Llcense .

' Condxtlon .

Requirement

lmp!ementing Actions _

- [eMia

Entergy shall monitor hourly the 32
main steam line (MSL) strain gages

during power ascension above 1593
‘MWt for

increasing pressure
fluctuations in the steam lines.

During initial power ascension above 1593 MWt
data from at least 32 strain gages will be collected
and evaluated by Entergy’s power ascension test
team to verify that acoustic signals indicative - of
increasing pressure fluctuations in the steam lines
are not challenging the steam dryer stress.limit
curve. Monitoring will be conducted hourly during

any power ascension above a previously attained .

power level.
(Reference ERSTI—04-W1 -1409- 000)

‘(Reference . PCRS tracklng item WT-VTY-2005-

00000-01803)

3MAD

Entergy shali hold the facility for 24
hours at 105%, 110%, and 1156% of
OLTP (i.e., 1593 MWi) to collect
data from the 32 MSL strain gages

‘| required by : License Condition
13-M.1.a, conduct plant inspections:

and walkdowns, and evaluate steam
" | dryer pedormance based on these
data; shall provide the evaluation to

the NRC staff by facsimile or
electronic transmission to the NRC

project manager upon completion of
the evaluation; an
 increase .power above each hold

and " shall  not

point until 96 hours after the NRC
project manager confirms recelpt of

the transmiss:on

.| designated - website.
‘Manager confirming receipt of the steam dryer data

The PATP has established test plateau increments
of approximately 80 MWt (corresponding to 105%,

110%, and 115% of 1593 MWt). Reactor power. will |

not be increased above the plateau for a minimum
of 96 hours. During the first 24 hours of steady
state operation at each plateau, strain gage data
will be collected from all available strain gages
(minimum of 32) and evaluated to demonstrate
acceptable steam dryer performance Additionally, |
moisture carryover measurements will be made at
each plateau and every 24 hours during power

ascension testing. At the 80 MWt plateau hold

points, Entergy will conduct plant walkdowns and
inspections of plant equipment, including piping and
components_identified as potentially vulnerable to
flow-induced vibration (FIV) in accordance with the
PATP and other plant procedures. Steam dryer
performance will be evaluated based on these data.

The 24-hour period and the 96-hour period may
overlap once the transmlttal is provided to the NRC
stafi. =

The eValuaﬁons of steam dryer perfdrmance. based
on the data collected during each of the 80 MWt
plateaus, as well as the results of walkdowns and
other measurements of FIV for various piping and
plant components, will be provided to the NRC staff.
Arrangements have: been. made for electronic
transmission through email and/or uploading to a
‘Upon the NRC Project

and performance evaluation, the 96 hours of hold |
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time will commence. Power will not be increased
above each of the 80 MWt hold points until the
expiration of the 96-hour hold.

If during the hold periods, or at any other time, the
NRC staff requests a discussion or requires:

clarification of the engineering evaluations provided
{in fuffilment of this requirement, Entergy. will

promptly arrange for such discussions.. Entergy will
maintain a power ascension control center,

including management oversight, available 24/7 on-

site during power increases to previously unaltained
power levels.

(Reference ERSTI-O4~VY1-1409-000) o
(Reference PCRS tracking item WT-VTY-2005-
00000-01803)

aM1ic

if é_ny frequency peak from the MSL

' strain gage data exceeds the limit

curve established by Entergy
Nuclear Operations, Inc. and
submitted to the NRC staff prior to
operation above OLTP, Entergy
Nuclear Operations, Inc. shall retumn
the facility to a power level at which
the limit curve Is not exceeded.
Entergy Nuclear Operations, Inc.

:shall resolve the uncertainties in the

steam dryer analysis, document the
continued structural integrity of the

steam dryer, and provide that

documentation to the NRC staff by
facsimile or electronic transmission
to the NRC project manager prior to
further increases in reactor power..

The steam dryer stress limit curve. provided
herewith contains Level 1 and Leve!l 2 criteria. If
frequency peaks from MSL strain gage data exceed
either Leve! 1 or Leve! 2 criteria, prompt action will
be taken in response to the potential adverse flow
effects that might result. Similar actions will occur if |
moisture carryover Is excessive and previously
established Level 1 or Level 2 criteria are
exceeded. The Level 2 criteria represent a
conservative action level for evaluation and close
monitoring of steam dryer performance—not & limit.
The Level 1 criteria represent analytical limits and
additional actions may be warranted.

If any frequency peak from the MSL strain gage
data exceeds the Level 1 steam dryer stress limit
curve, Entergy will reduce reactor power to a power
leve! at which the limit curve is not exceeded.
(Reference ERSTI-04-YY1-1409-000)

Prior to_any-further-increase-in-power above the |
reduced power level, Entergy will (1) resolve the
uncertainties in the steam dryer analysis, (2)
evaluate and document the adequate structural
integrity of the steam dryer, and (3) provide that.
documentation to the NRC staff. . Any revision to the
limit curve based on this evaluation will be- provnded
to the NRC staff.

(Reference. PCRS trackmg item WT VTY-ZOOS-
00000-01 803) :
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3.M.1d

In addition to evaluating the MSL

strain gage data, Entergy Nuclear

Operations, Inc. shall monitor
reactor pressure vessel water level
instrumentation or MSL: piping
accelerometers on an hourly basis
during power ascension above

OLTP. If resonance frequencies are

identified as increasing above
nominal levels in proportion to strain

‘gage instrumentation data; Entergy

Nuclear Operations, Inc. shall stop
power ascension, document the
continued structural integrity of the
steam dryer, and provide that
documentation to the NRC staff by
facsimile or electronic transmission
to the NRC project manager prior to
further increases in reactor power.

Accelerometers mounted on MSL piping will be :
monitored on an hourly basrs during power
ascension testing to. identify if resonances are
increasing above nominal levels in proportion to
MSL strain gage data. If abnormally increasing
resonant - frequencies are detected, power
ascension will be halted. Prior to .any further
increase in power, Entergy will (1) evaluate. and
document the adequate structural. integrity..of the
steam dryer, and (2) prowde that documentation to
the NRC staff. -

(Reference ERST1-04-VY1: 1409-000)

(Reference PCRS trackmg item WTVTY-2005-
00000-01803)

3.M.1.e

Following  start-up testing‘, Entergy
Nuclear Operations, Inc. shall

resolve the uncertainties in the

steam dryer analysis and provide
that resolution to the NRC staff by
facsimile or electronic transmission
to the NRC project manager. If the
uncertainties are not resolved within

‘80 days of issuance of the license
.| amendment authorizing operation at

1912 MWt Entergy Nuclear
Operations, Inc. shall return the

facility to OLTP

After collecting strain gage -data'at approxirnately

the EPU full power level, Entergy will resolve the |

uncertainties in the steam dryer analysis and
provide documentation of the resolution to the NRC |
stafi. If these actions cannot be achleved within 80
days of issuance of the license amendment, reactor
power will be limited to 1593 MWL. This uncertainty
evaluation may be prepared and provided to the
NRC prior to. reachmg EPU full power levels

-associated with any proposed revision to the steam

dryer limit curve. .
(Reference PCRS tracking item WT-VTY-2005- _
00000-01803) _

[BWza

rior -0 Operauon -gbove ()I.TF',|

shall - enhance ‘the .data’ acquisitiori
ystenit - in- order to reduce “the
easurement . unoenafnty
ssociated wxih me acoushg icircuit
odel (ACM): -

, 'tergy ‘Nuclear . Operataons. Ing;.
Shall - install 32" additional, " strain | b
agés on the main steam piping and | |

SOMPLETE.. - To ‘enhance:. performance ‘and
;__"_prove -lhe aocuracy -of:, the -steam’ dnyer '

DAS). Was upgraded tq reduce the uncerlainty
Lssociated ‘with the ACM: :
Réference Ente_;_'ngVYN’PS 'l‘emporaly~ ,A!teratlon '
A-2005-15 RN

‘[BM2b

¢ identified that challenge the fimit |

E“the event that- acoushc signa!s'
r
ascension _

rve -during: .power ;-

uOMPLETE AS pan. of the' eva!uauon performed :
- 1673MWt Entergy. Vermont Yankee. employed-a

hew revnsxon .of -the ‘Acoustic' Circuit" Model ‘In
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bove .. OLTP," Entergy.. -Nucleat
Opérations, “Inc... &hall; -evaluale
bteam dryer-loads @nd rée-establish
he “limit . cuive ‘based. ‘o tha:he
traiii gage. data; -and-shalf p,eﬂoa
: frequency-specrf'c aSSessmmt
CM . uncentainty - af jhe gwusua
signal frequency.

e

hssociation-with-the benchmarking of the new ACM
- freqisency, spegific assessment of the *ACM
incerlalnty ‘was. performed and. is’ contalned In
.,alculation WC-3001, Rev. ti
Referenoe ERSTI-04-VY1:1403-000)

e{erenée VYC:3001-Rev: 1)

et 2 e A8

3.M2.c

After reaching 120% of OLTP,
Entergy Nuclear Operations, Inc.
shall obtain measurements from the
MSL strain gages and establish the
steam dryer flow-induced vibration
load fatigue margin for the facility,
update the steam dryer stress
report, and re-establish the steam
dryer monitoring plan (SDMP) limit
curve with the updated ACM load
definition and revised instrument
uncertainty, which will be provaded
to the NRC staff. -

After collecting strain. gage data .at.approximately
the EPU full power level, Entergy will establish the
steam dryer flow-induced vibration load fatigue
margin for the facility, update the steam dryer stress
report, and re-establish the stress limit curve with
the updated ACM load definition and revised
instrument uncertainty. This information will be
included in the report to the NRC staff being made
in accordance with License Condition 3.M.1.e.
(Reference PCRS tracking item WT-VTY-2006-
00000-00249) :

3M.2.d

Juring . power .- ascension abovg-
LTP, it :an endiriéering. évaliation

SDMP, Entergy. Nuclear Operations]
né. “shall: perform the stmctura
”nalysis to; gddiéss fréquency

' ncertalntnes up.- ‘o 3;10%q 8N

ssure that. peak responses that | fal
vithin: - this.. uncerainty:: b band are
hddressed;

s-required “fnaccordance withithe'

A OMBELETE - As; part of the evaluation.periormed
t-1673MWE Entergy’ Vermont Yenkea® compléted
evisions 1. the VY. Stéam Dryer:mafel used in the
Finite: Element Mode} (FEM)3 Additional apalysis.of

reqbencf | Uncenafntles “:The ‘results “of "thss
'§$essment are: contained In. Calcu!at:on \Yc

3001,'Rev: 1) “: —
Refefence. Eﬁsﬁ -VY3:14 .:O;QDS'

aM2e

| dryer

Entergy Nuclear Operatzons. Inc.
shall revise the SDMP to reflect
long-term  monitoring  of plant
parameters potentially indicative of
steam dryer failure; to reflect
consistency of the facility’s steam
inspection program with
General Electric Services
Information Letter 644, Revision 1;
and to identify the NRC -Project
Manager for the facllity as the point

Jof  contact for providing SDMP

information during power ascension.

The revised SDMP provides long-term monitoring of
steam dryer performance in accordance with GE
SIL644 Rev. 1.

(Reference PCRS tracklng item WT-VTY-2006-
00000-00250)

fbMﬁL'isﬁ:"?h'e'sb ‘zﬁa* FKTPTB’"B' the
NRC Project Managet foi the. VYNPS EPU.as, the
jint ‘of .contact’ for. provxdapg SDMP Intogmahon
Huring power- ascension; _ .

Reference ERSTI-04- W1~'1"409-ooo)

COMPLETE For moisture wrryover. “procedurés
OP-0631 . and -ON-3178. - proyidé - for "long-term
.__omtonng and oontrols
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[aMar

Entergy Nuclear Operations, Inc.
shall submit the final extended

- | power uprate (EPU) steam dryer

load definition for the facility to the
NRC upon completion of the power
a‘scension test prbgram :

The final EPU steam dryer load. definition will be | .
included in the report provided to the NRC staff in |
accordance with License: Conditions 3.M.1.e. and
3.M2.c.

(Reference PCRS tracking: item WT-VTY-2006-
00000-00251)

ntergy - Nuclear ‘Qperations,’-.Inc.
hall.. submit; the’: ﬂow-lnduced

Ir :bl':aﬁon related pompnsdf the EPU

tartup test’ procedure 0-the ‘NRG
n Udiﬁg.:methcdology for- (ipdating
_e limit.curve; prior Yo initial’ pow %
‘scengnop above  OLTP;

:OMPLETE Entergy letter BVY. 06~019 forwards |
he - FlV-related -portions : of : the ERU. .power
scensnon ‘test. procedure o lhe NRG,:(Reference

ﬂ!:%:WJ.J&Q@&OQ)

E; fhethodology for ‘updating” The _§_team dryer
Ss limit eutve & 5 ae!QLo,w,S'

Were‘quisrte Generafereport resolvmg
incertainties fn the stean deyer ahalysisy

["C'ST &t Tepresentative data from 32, gtgaf___gagj
t elght MSL lo¢ations) B
sing a plant~speciflc ACN; @nalyze’ sy@ln ggge

E] iata to détermipe steany dryer.loads.__

;| nputACM loads inta & finite ele mem_,__?:'a,ej ta
_Heterriing dryé stresses;
te Perform & updated uncertainfy evaluatzon

Generate reyised steamic dz_y,er_ stress limit

urve(g):

Heference PGRS frac) _trﬁacﬁ ng i ﬁem mWI-V1Y ;g )61

oooo-oozsz)

ENGE

tress i‘mit, curVe 1o:be’ app!’ed; for
valuating:.* ;. e.sLea.me € Ameﬁ
'erjormance% :

e e s

OMPLETE The steam dryer stress limit curve to

f pe. apphed for evaluatmg steam- dryer; periormance

uririg power ascension. is pmvided herewith. - The
il curve’ was. de\te!oped on. the -basis . of
alciilation; VYC-3001 -which:is - incotporated by
eference into the: EPU PATP;

&merenseﬁBﬁT!%-W1J16§~. 000} -

TEFEE ]

st t

ﬂunng EPU power

pecified in the PATP;
Reference ERST]-M-Wi 1"69-0‘66)

+EPU FQMPLET E- SpecﬁnMId points and duratlons arg | -

[

Entergy.-shall prepare the. EPU

btartup- test procedure to include
hetivities to: be accomphshed diring
hold pomts.

d points‘are specified in the PATP.

F;)MPLETE Acuvitles to be- accomplxshed "during
|
Reférence EHSTl-M—W1-1409-000)
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tartup . test’ -procedire t‘o: ‘inciudg

Entergy shall .prepare. - the, EPU
lant parameters fo: betr.m!g.é.ﬂ

50| PLETE "Plant paramelers to be. monitored are
tpeclt“ edin Attachment g.to'the PATP;

Reference. ERSTI-04:VY1-1409-000)

nfergy- “shall., prepare - the. - EPu

nspections.and . walkdowns tg: by
onducted . for - steam, t’eedwaten
: nd condensate sxstems ang
omponents during the hold points:

startup | fest . prooedure tor - -include

SOMPLETE -~ Inspections -and -watkdowns 'to:"be
onducted. fof steam, feedw.ater, ‘and condensate
ystems .. and- components: ctunng “hold »pomts -6re
pecifed in’Attactiment §'to'the PATP: -
Reference ERSTI-04-W1 -1409—000)

V)

Entergy. shall - prepare- the.. EPU
tarup. . tést - procedure 1o include
methods. o' be . Used 1o L~ren¢p!eat
'arameters’

. o sl ol

COMPLETE - --Methods to-be- used to*trend plant |
bar-?meters are speclf ed in__Attachment, 9 Jg,p;e
PATP!

_ Rgeregcgﬁ'ﬁﬁmﬁﬁof

3.M.3(q)

ntergy " shall.: _prepare:. the- EPY
tartup.; test procedure 19 incjude
icceplance’ criteria: ifor. mcnﬁqnng
ind trending-plant’ parameters. ‘and
Aonducting ~the walkdowns: and
nspections;

COMPLETE <~ Aooeptance cnteria for monitonng
and. trendii ng plant parameters,.and conducting the
yalkdowns - and :inspections . are’.” specified Id
,ttachment 9 to;the ‘PATP. (Reierence*E_BSle;M-
1Y1-1409- 000}

Al ST B Reredr W

ntergy.shall__ prepare - tha - EPU
:'tartup test prooedure o lnclud’e
ictions <fo . be: 1aken i dcceptancé

Friteria are,,not sa’tlsf;ed*

i A 2 e Y,

.rQMPLETE Actions. to: be taken . acceptance
F!gference ERSTI-04:VY1-1 109-0001

i pt

PSR ALY

ntergy -ghall. prepare. the EPL{
tartup - ‘test: procedu_r_e 1o lnclude
rerffication’. ‘of - the " completion : of
ommitments. and *plarined: -actjons
pecified lin‘the’ license: amendment
_pplucatxon -and all. supplements td
applmtxon In“suppoit- ot the

".U ‘license amendment reqyest
rtaining to the steari. QmeJ

IMPLETE: .~ Venfncatnon of. ‘the . completion - ot
_‘ommttments and; plannedt actnons spectﬁed in the
jcense: amendment applxcat:on andall supplements
o ‘the appllcatlon 'ifi'spport of ithe -EPY hoense
; mendment request’ péraining t to,th_e_ steam dryer is
'_pectf ied In the RATP!

Reference ERSTI04-VYiTs TA05000)
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- | When operating ‘abov_e OLTP, the

operating limits, required actions,
and surveiflances specified in the
‘SDMP shall be met. The following
key attributes of the SDMP shall not
be made less restrictive without
prior NRC approval:

a. During initial power ascension
testing above OLTP, each test
plateau increment shall be

‘approximately 80 MWt;

b. Level 1 performance criteria; and

¢.. The methodology for establishing
‘the'stress spectra used for the
Level 1 and Leve! 2 performance
criteria.

Changes to other aspects of the

SDMP may be made in accordance | |

with the guidance of NEI §9-04.

These restricﬁons are provided in the PATP and/or
the SDMP.
(Reference ERSTI-04-VY1-1409-000)

IME

" During each of the three scheduted
refueling outages (beginning with .

- the spring 2007 refueling outage),.

a visual inspection shall be -
conducted of all accessible,

- susceptible locations of the steam

dryer, including flaws left * as is*
and modifications.

The WNPS steam dryer will be inspected during:
the refueling outages scheduled for the Spring

12007, Fall 2008, and Spring 2010. The inspections

-conducted -after power uprate implementation will
be comparable to the inspections conducted during
the Spring 2004 and Fall 2005 refueling outages
and will be in accordance with the gundance in SIL
644, Rev. 1.

(Reference PCRS tracking item WT-VTY-2006-
00000-00253) '
(Reference. PCRS ftracking item WT-
00000-00254) '

.2006- |

| (Reference- PCRS' tracking item WT-VI'Y-20064

00000-00255)
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T The results of the visual

inspections of the steam dryer
conducted during the three

| scheduled refueling outages

{beginning with the spring 2007
refueling outage) shall be reported .

" to the NRC staff within 60 days
~ following startup from the -

respective refueling outage. The

- | results of the SDMP shall be
. submitted to the NRC staffina

report within 60 days following the

~completion of all EPU power
~ ascension testing. .

The VYNPS steam dryer will be inspected during

| the refueling outages scheduled for the Spring
2007, Fall 2008, and Spring 2010. The inspections

conducted after power uprate implementation will
be comparable to the inspections conducted during
the Spring 2004 and Fall 2005 refueling outages
and will be in accordance with the guidance in SIL
644, Rev. 1. The results will be documented in a
report and submitted to the-NRC within 60 days
follow!ng completlon of all EPU power ascension
testing.

(Reference’ PCRS tracking item WTVTY-2006- -
00000-00256)

(Reference- PCRS: trackung item WT VTY-2006-

-00000-00257) "~
‘(Reference PCRS tracking - item WTVTY-2006-

00000-00258)

M7

The requirements 6f paragraph
- 3.M.4 above for meeting the SDMP
" shall be implemented upon

issuance of the EPU license

‘| amendment and shall continue .

until the completion of one full

* operating cycle at EPU. If an
" unacceptable structural flaw (due.
to fatigue) is detected during the . -

subsequent visual inspection of the

‘steam dryer, the requirements of
-paragraph 4 shall extend another |
| full operating cycle until the visual
. inspection standard of no new

flaws/flaw growth based on vnsual
inspection is satlsﬂed '

When operating above 1593 MWt the operating
limits, required actions, and surveillances specified
in the SDMP -will be- met. Those key attributes of |
the SDMP specified in License Condition 3.M.4 will
not be made less restrictlve without prior NRC
approval. '

(Reference PCRS lracklng item WT-VTY-2006-
00000-00259) =

3MB8

“This Ilcense condi tlon shall explre

upon satisfaction of the

_requirements in paragraphs 5 6,

and 7 provided that a visual

- inspection of the steam dryer does |
_not reveal any new unacceptable

flaw or unacceptable flaw growth
thatis due to fatngue

| (Reference PCRS tracking item WT-VTY-2006_-

ooooooozso)
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MSLA Uppér

——LC_2 Ava_MSL_A_Upper - ——LC_t Ave_MSL_A_Upper

Figure 1: Steam Dryer Stress Limit Curve ~ MSL ‘A’ Upper
MSL A Lower

—LC_2 Ave_MSL_A_Lower , e C_1 Ave_MSL_A_Lower

Figure 2: Steam Dryer Stress Limif Curve — MSL ‘A" I_.giv'e'r
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MSL B Upper

 =—LC_2Ave_MSL B Upper «==LC_1 Ave_MSL_B_Upper

Figure 3: ‘Steam Dryeér Stress Limit Curve — MSL ‘B’ Upper

MSL B Lower

10505 Jeins

1.0E-06

~—1C_2 Ave_MSL_B_Lower ) ===LC_1 Ave_MSL_B_Lower’

Figuré 4: Steam Dryer Stress Limit Curve — MSL ‘B’ Lower
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MSL C Upper

—LC_2Ave_MSL_C_Upper ; | —tO_t Ave_MSL_C_ Upper

Figure 5: _Steam Drver Stress Limit Curve — MSL ‘C’ Upper -

MSL C Lower

—1C_2 Ave_MSL_C_Lower aweLC_1 Ava_MSL_C_Lower.

~ Figure 6: Steam Dryer Stress Limit Curve ~ MS!. ‘C’ Lower
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1.0E400

1.0E-01

$.0E-02

10803 §-

usirme) 2z

1.0E-04

1.0E-05

1.0E-08

| =—1C.2 Ava_MSL_D_Upper : " ===1C_1 Ave_MSL_D_Upper

~ Figure 7: Steam Dryer Stress Limit Curve — MSL ‘D’ Uppei

Fnﬁuency. Mz

) —~—1C_2 Ave_MSL_D_Lower ' -—lC_1 'Av._nét_p_uwer

'Fiqure 8: Steam Dryer Stress Limit Curve = MSL D Lower
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Vermont Yankee Nuclear Power Station
Steam Dryer Monitoring Plan |

_Basié for Compliance with License Condition 3.M.4

“Total number of pages in Attachment 2
{excluding this cover sheet) is 3).
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Bases for Compliance with License Condition 3M4

/Reference 'ERSTI-O4-VY1 1409-000' *Power Ascensron Test Procedure for Extended -

Power Condmons 1693 t0-1912 MWt (PATP)

2 Purpose.

This document assesses compliance of changes to the Vermont Yankee steam dryer

- monitoring models with' Vermont Yankee' License Condition 3.M.4.  In addition, an

assessment of the abllity of the ‘steam dryer to support operation at the next power
plateau is also included herein. ,

o _Dnscussnon

On March 4, 2006 Vermont Yankee Nuclear Power Stations (VYNPS) raised reactor
power from 1593 MWt to approximately 1673 MW, the first power ascension plateau. At
~ that power level the lower set of strain gages on the ‘A’ main steam line provided an
~Indication at 137 Hz that exceeded the Level 2 Acceptance Criteria of the Steam Dryer =
Monitoring Plan (SDMP). Entergy Vermont Yankee entered the corrective action’
. -program and performed an engineering evaluation which concluded that continuous

- operation at the first power piateau (1673 MW1t) would not challenge steam dryer

, integrity

‘Entergy Vermont Yankee uses an Acoustic Circuit Model (ACM) and an ANSYS Finite
- 'Element Mode! (FEM) to monitor performance of the steam dryer. To address the
aforementioned 137 Hz peak, these models have been updated in accordance with
. ‘requirements established in License Condition 3.M of the Vermont Yankee Extended

Power Uprate License Amendment Details of these changes are discussed later in this
document

: Thescope of the anaiyses performied and the results are included in Entergy Vermont

Yankee calculation VYC-3001, Revision 1. This calculation includes in part:
« _ Strain Gage Data from 1593 MWtand 1673 MWt -
Acoustic Circuit Model Benchmark Report
ACM Uncertainty Evaluation .
Stress Analysis Mode! Descnptzon
" Stress Analysis Results
- Limit Curve Development
. Revrsed ernit Curves

.' Based on the Improvements in the momtonng system and analysis techniques and
. evaluation of the VYNPS specific signals at 1673 MW, an engineering evaluation has -

been completed and has concluded that the strain gage signals are expected to remain

.. below the Level 1 Acceptance Criteria during operation up to and including the next

power-ascension plateau at 1753 MWt A summary of the changes to the models and

.- the'uncertainty evaluation, along with the new Steam Dryer Strain Gage Limit Curves is

contained in the Steam Dryer Monitoring Plan (SDMP) (Attachment 1 of BVY 06-031).
The details of these analyses, including any ‘proprietary documents. have been made

: ‘: available to the NRC Technical Staff for review.
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The changes made to the stéam dryer models and generation of revised steam dryer:
limit curves have been assessed against the requurements of License Condltlon 3.M4

which states: -

“When operating above OLTP, the operating limits, required actions, and
surveillances specified in the SDMP shalf be met. The following key attributes of the
- SDMP shall not be made less restrictive without p'n'or NRC approval:

a. During initial power ascension testing above OLTP, each test plateau increment

shall be approximately 80 MWE;
b. Level 1 performance criteria; and

¢. The methodology for establlshing the stress spectra used for the Level 1 and
Leve! 2 performance criteria.

Changes to other aspects of the SDMP may be made in accordance with the
guidance of NEI 99-04."

~ As described above, License Condition 3.M.4 specmes those attributes of the approach

to steam dryer monitoring that require NRC approval prior to being made less restrictive.

~ As addressed below, Vermont Yankee concludes that the key attributes have NOT been

made less restricted and, therefore, the proposed model and limit curve changes do
NOT require NRC approval.

The following changes have been incorporated into the VY approach to steam dryer
monitoring: '

1. Incorporation of strain gage accuracy improvements in aooordance with License

Condition 3.M requirements.

2. Use of an updated CDI Acoustic Gircuit Model (ACM) that has been modified to
be conservative in the areas of interest and benchmarked against instrumented
dryer data from several power levels at Quad Cities. - The ACM update to
address industry operating experience is required by the License Condition.

| 3. Revlslons to the Finite Element Model! (FEM) to incorporate refinement of model
: in areas of concemn related to past failures at Quad Citles and Dresden as
‘ requxred by the License Condmon

4. Generation of a new Uncenamty Calculation based on plant data and the :

changes above as required by the License Condition.

5. An updatéd Level 1 Limit Curve répresentmg a conservaWe reduction of the
. ASME design  fimit (136 ksi) by the values . obtained in the uncertaimy
assessment. , _

6. 'There have been no changes to the Computation Fluid Dynamics (CFD) Mode!
~or the role of the CFD analysis to provxde addmonal conservahsm for low
frequency flow sources.
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This‘ revision of the SDMP was evaluated against the_ci'i{eria in License Condition 3.M.4
to determine if NRC approval is required as summarized below:

a This: revision proposes no change in the test plateau increments from
those specified in the criteria. :

b. The Level 1 perforrnance criteria is defined as a limit curve for strain gage
results that represents a stress on the dryer equal to the ASME Design
Limit of 13.6 ksi minus the calculated total model and measurement

uncertalnty

The application of model refmements that provnde for higher accuracy in

" determining Vermont Yankee - specific dryer stress limits does. not
constitute a change in methodology. The updated limit. curves - still
represent the ASME criteria minus the calculated uncertaimy

‘C. ‘The methodo!ogy for establishing stress spectra for the Level 1 and Level
2 criteria is not altered by this change.

As required by License Condltuon 3.M the output of the strain gages is
generated as input to the Acoustic Circuit Model (ACM) analysis. The
ACM generates pressure loads on the Steam Dryer using the Helmholtz
equations. The ANSYS FEM code is used to generate stress Ioads for

affected components of the dryer. ‘

" The above changes were evaluated using the guidance provlded in NEI'89-04.

" Conclusion:.

1. Based on the analysls performed using VYNPS Strain Gage data taken at the
1673 MWt plateau and employing the improved models as required by the EPU-
- License Amendment the VYNPS Steam Dryer is not expected to reach Level 1
Acceptance Criteria prior to or at the next power ascension plateau (1753 MW1)

and Power Ascension can continue. -
2. The SDMP has not been made less restrictive by the changes made to the ACM
and FEM and prior NRC approval is not required to implement these changes.

Pfebarer: Crafg Nloho!s | W - 3/’? 5%5

-~ Name ¢  Signature aE ~ Date
-Reviewer:'James Callaghan . W | 3/2 / “ v
Name . " Sign=tre ~ Date ‘

Reviewer:. James DeVncentns W?M‘Z’" / ?/5’/09

Name : / Signature - Date




April 5, 2006

MEMORANDUM TO:  Darrell J. Roberts, Chief
Plant Licensing Branch I-2
Division of Operating Reactor Licensing
Office of Nuclear Reactor Regulation

FROM: Kamal A. Manoly, Chief /RA/
Engineering Mechanics Branch
Division of Engineering
Office of Nuclear Reactor Reguiation

SUBJECT: STAFF TECHNICAL BASIS FOR CONTINUED POWER ASCENSION
o OF VERMONT YANKEE NUCLEAR POWER STATIONUP TO
110% ORIGINAL LICENSED THERMAL POWER (TAC NO. MD0263)

Introduction

On March 2, 2006, the U.S. Nuclear Regulatory Commission (NRC) approved the request by
Entergy Nuclear Operations, Inc. (Entergy) to increase the maximum authorized power level for
Vermont Yankee Nuclear Power Station (Vermont Yankee) from 1593 Megawatts thermal

(MW1) to 1912 MW as an extended power uprate (EPU) equivalent to 120% of the original
licensed thermal power (OLTP). During the subsequent power ascension at Vermont Yankee,
plant instrumentation reached an initial administrative limit that required the licensee to evaluate -
the plant data before continuing the power ascension. On March 26, Entergy submitted its
justification for continued power ascension at Vermont Yankee up to 110% OLTP. The NRC
staff has reviewed the licensee’s justification for continued power ascension at

Vermont Yankee. Entergy will need to justify power ascension beyond 110% OLTP based on |

its review of plant data collected up to that power level. A narrative of the NRC staff’s review of
the licensee’s justification for continued power ascension at Vermont Yankee is provided below.

Backaround

Following receipt of the EPU license amendment, Entergy began‘ to slowly increase reactor’
power above OLTP on March 4, 2006, at Vermont Yankee in accordance with its power
ascension test procedure. The EPU amendment included a license condition that provides for
monitoring, evaluating, and taking prompt action in response to potential adverse flow effects
as a result of power uprate operation on structures, systems, and components (including
verifying the continued structural integrity of the steam dryer) at Vermont Yankee.

CONTACT: Thomas G. Scarbrough DCI/CPTB
' 301-415-2794
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The Vermont Yankee pdwer ascension procedure specifi es that (1) the power ascension rate |
be no-more than 16 MWt per hour; (2) steam dryer performance data be monitored hourly and
compared to acceptance criteria; (3) power level be held for 4 hours at each 40 MWt step

(2.5% OLTP) to obtain and evaluate additional plant performance data; and (4) power level be |

" held for 96 hours-at each 80 MWt plateau (5% OLTP) to conduct plant walkdowns.and to
- 'perform steam dryer analysis with NRC staff review. Entergy has made a regulatory.

commitment to not increase power at Vermont Yankee if the NRC staff rdentrf ies a safety
concern during its evaluatron of the plant data '

N As part of the plant data evaluatlon Entergy collects Main Steam Line (MSL) strain gage data
. to monitor pressure fluctuations within the main steam flow. The licensee inputs the MSL strain
‘gage data into an acoustic circuit model (ACM) to calculate pressure ioads on the steam dryer.
- and the resulting stress in steam dryer components using a finite element model (FEM). The
' Vermont Yankee Steam Dryer Monitoring Plan (SDMP) establishes a Level 1 limit curve for the
.~ MSL strain versus frequency spectra based on the American Society of Mechanical Engrneers -
(ASME) Boiler & Pressure Vessel Code (Code) fatigue stress limit of 13,600 pounds pér square -

inch (psi), and a Level 2 limit curve based on 80% of that fatigue limit. If the Level 2 limit curve

_is reached, the SDMP specifies that power ascension be suspended until an engrneenng
" 'evaluation concludes that further power ascension is justrﬁed If the Level 1 limit curve is
. »reached the licensee must reduce power: untll the curve'is not exceeded

- On March 5 Entergy notified the NRC staff that the MSL strain gage data from the “A” MSL at

Vermont Yankee had reached the Level 2 limit at 105% OLTP. Entergy’s evaluation of the MSL.

. strain gage and accelerometer data concluded that it was acceptable to maintain plant
~operation at 105% OLTP while the engineering evaluation was performed. The NRC staff
" independently evaluated the 105% OLTP data, and concluded that contrnued plant Operatron at

105% OLTP was reasonable and acceptable.

' chensee Justifi catron for Power Ascensron up to 110% OLTP

On March 26, 2006, Entergy completed its englneermg evaluatlon of the Vermont: Yankee 4
steam dryer and its justification for continued power ascension t0 110% OLTP. The

o engineering evaluation used (1) an |mproved ACM that is more bounding of actual steam dryer
- 'loads with reduced uncertainty; (2) an updated FEM: that refines the assessment of the gusset - -
. shoe area that was of concemn in a similar steam dryer at the Dresden nuclear power plant; :

(3) 2 more precise MSL strain gage data acquisition system designed to reduce the
measurement uncer_tamty in the acoustic signals; and (4) MSL strain gage data collected at

' 105% OLTP

o | Entergy venﬁed that the stress in the Vermont Yankee steam dryer components remains - .
- significantly below the ASME Code fatigue stress limit of 13,600 psi at 105% OLTP. Further,

the reduced uncertamty,m the ACM and the MSL strain gage data acquisition system allowed
Entergy to raise the limit curve for the MSL strain gage measurements while maintaining the

* resulting stress in the steam dryer below the ASME Code fatigue stress limit. The new limit -

curve has been mcorporated into a revision of the Vermont Yankee SDMP.
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- Based on its engrneenng evaluatlon Entergy has determmed that contlnued power ascension

to 110% OLTP will not cause stress exceedance in the steam dryer components that would

: challenge the structural integrity of the dryer.

v NRC Staff Evaluatron .

The NRC staff, wrth support from its consultants from Argonne National Laboratory, has
reviewed Entergy s engineering evaluation consisting of multiple analyses, data, and figures. -
The staff's review of the licensee’s generic application of uncertalnty assumptions for the
revised ACM and improved MSL strain gage instrumentation is contrnurng At this time, the

- staff has evaluated the licensee’s basis for continued power ascension at Vermont Yankee up

to 110% OLTP, including the calculation of the stresses on the steam dryer components at .-

' 105% OLTP and the establishment of new Irmrt curves for MSL strain gage data in support of .

operation up to 110% OLTP ‘ . _ _ :

'The Vermont Yankee steam dryer analysrs indicates that the steam dryer gusset shoe areais’

the most limiting stress location on the Vermont Yankee steam dryer for EPU operation. The
stress on this component at 105% OLTP is calculated to be 2321 psi from the ACM and 599 psi
from the Computational Fluid Dynamics (CFD) analyses. - If the MSL strain gage: ‘measurements
increase up to the new Level 1 limit curve in all four steam lines, the stress at this location is

~ projected to be 9866 psi. This stress is about 40% less than the ASME Code fatigue limit of -
13,600 psi. The Vermont Yankee SDMP provides additional margin in that power ascension

must be halted and the collected data evaluated if any portion of the measured MSL strain- .
frequency spectra reaches the Level 2 limit (80% of the 13, 600 psr Irmrt) for any of the four
steam tmes ' »

As part of its revrew ‘the staff compared the Vermont Yankee MSL stram gage Irmrt curves

* established for initial power ascension to the new limit curves based on the revised ACM and
" more accurate MSL strain gage data. Although the new limit curves permit a higher MSL strain

~gage signal than the initial curves, the allowed MSL strain levels continue to be low. Higher

- strain peaks at the resonance frequencies experienced at 105% OLTP were acceptable to be
~included in the limit curve based on their insignificant contribution to the total resulting stress.
* Since the only instrumented steam dryer among the operating U.S. boiling water reactors is that
* at Quad Cities Unit 2 and the original steam dryers at Quad Cities were the only dryers at U.S.

plants that have experienced severe damage under EPU conditions, the revised Leve! 1 limit
curve for Vermont Yankee was compared to the MSL data measured at Quad Cities Unit 2.

- The comparison indicated that the Vermont Yankee revised Level 1 fimit was significantly- below .
. the MSL data measured at Quad Cities Unit 2. Further, the Vermont Yankee SDMP. will require -

the licensee to halt power ascension if any ‘acoustic signal from the Vermont Yankee MSL strain .
. gage data in-any MSL reaches the Level 2 limit curve, which is 80% of the Level 1 limit curve

With respect to the Iow-frequency regions of MSL strain gage data, the staff will ensure that
Entergy closely monitors those low frequency areas during future power ascension where the

'Vermont Yankee Level 1 limit curve is above the _rneasured Quad Cities Unit 2 MSL data.
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--The NRC staff is reviewing the recently ldentrf ed cracking in the sklrf region of the steam dryer -'
at Quad Cities Unit 2.. The Quad Cities licensee has initiated an extensive effort to determine:
the cause of the cracking. Prior to the current outage; Quad Cities Unit 2 operated at up to
"117% of the original licensed power for about 6 months with substantial high-frequency acoustic
_loads on the steam dryer. Entergy has evaluated the applicability of the Quad Cities Unit 2 °
information to Vermont Yankee. The staff reviewed Entergy’s evaluation of the applicability of
the Quad Cities Unit 2 steam dryer cracking to Vermont Yankee. . Entergy applied a more
conservative damping assumption in its assessment of the steam dryer skirt at Vermont
Yankee than that used at Quad Cities..'Even with this more conservative damping assumptlon
the stress in the skirt region of the Vermont Yankee steam dryer is calculated to be less than
- 1000 psi at 105% OLTP. Therefore, there is considerable margin in the stress analysis for the
- skirt region at Vermont Yankee to account for damping and other assumptions. The staff does
not consider the cracking in the skirt region of the Quad Cities Unit 2 steam dryer to rarse a
safety concem with power ascensron at Vermont Yankee up to 110% OLTP.

Conclusron

Based on its revrew of the Entergy’s engineering evaluatron the NRC staff concludes that the
licensee has provided a reasonable basis for continuing power ascension up to 110% OLTP at
Vermont Yankee, including (1) plant performance limit curves that maintain MSL strain gage-

- data far lower than the Quad Cities data in the high-frequency acoustic range; (2) frequent -

monitoring of plant performance data, including hourly collection of the MSL strain gage data
and (3) plant procedures that halt power ascension if any portion of the measured MSL strarn
vs. frequency spectra reach the Level 2 limit curve for any Vermont Yankee MSL. On

March 31, 20086, the NRC staff informed Entergy that the staff did not object to the continued
power ascension process at Vermont Yankee up to 110% OLTP. The staff will continue to
discuss the steam dryer analysrs and its assumptions with Entergy as part of the review of the
revised ACM for generic use at Vermont Yankee and other nuclear power plants. The staff will
~ ensure that Entergy closely monitors the MSL strain gage data for any increases toward the
limit curves during the power ascension at Vermont Yankee. The staff will review Entergy’s
justification for continued power uprate operation, mcludmg further power ascension, based on
‘the plant data collected during thrs next power ascension step.
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" The NRC staff is reviewing the recently identified cracking in the skirt region of the steam dryebr

at Quad Cities Unit 2. The Quad Cities licensee has initiated an extensive effort to determine

.the cause of the cracking. Prior to the current outage, Quad Cities Unit 2 operated at up to

117% of the original licensed power for about 6 months with substantial high-frequency acoustic
loads on the steam dryer. Entergy has evaluated the applicability of the Quad Cities Unit 2

‘information to Vermont Yankee. The staff reviewed Entergy’s evaluation of the applicability of

the Quad Cities Unit 2 steam dryer cracking to Vermont Yankee. Entergy applied a more
conservative damping assumption in its assessment of the steam dryer skirt at Vermont
Yankee than that used at Quad Cities. Even with this more conservative damping assumption,
the stress in the skirt region of the Vermont Yankee steam dryer is calculated to-be less than
1000 psi at 105% OLTP. Therefore, there is considerable margin in the stress analysis for the

“skirt region at Vermont Yankee to account for damping and other assumptions. The staff does

not consider the cracking in the skirt region of the Quad Cities Unit 2 steam dryer to raise a
safety concern with power ascension at Vermont Yankee up to 110% OLTP.

_Conclusion

Based on its review of the Entergy’s-engineering evaluation, the NRC staff conblude's that the
licensee has provided a reasonable basis for continuing power ascension up to 110% OLTP at

" Vermont Yankee, including (1) plant performance limit curves that maintain MSL strain gage

data far lower than the Quad Cities data in the high-frequency acoustic range; (2) frequent
monitoring of plant performance data, including hourly collection of the MSL strain gage data;
and (3) plant procedures that halt power ascension if any portion of the measured MSL strain

. vs. frequency spectra reach the Level 2 limit curve for any Vermont Yankee MSL. On

March 31, 2006, the NRC staff informed Entergy that the staff did not object to the continued

~ power ascension process at Vermont Yankee up to 110% OLTP. The staff will continue to

discuss the steam dryer analysis and its assumptions with Entergy as part of the review of the
revised ACM for generic use at Vermont Yankee and other nuclear power plants. The staff will
ensure that Entergy closely monitors the MSL strain gage data for any increases toward the
limit curves during the power ascension at Vermont Yankee. The staff will review Entergy's -
justification for continued power uprate operation, mcludmg further power ascension, based on
the plant data collected dunng this next power ascension step..
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April 7, 2006
PRELIMINARY NOTIFICATION OF EVENT OR UNUSUAL OCCURRENCE -- PNO-ili-06-010

This preliminary notification constitutes EARLY notice of events of POSSIBLE safety or public
interest significance. The information is as initially received without verification or evaluation, and
is basically all that is known by the Region Il staff on this date.

Facility Licensee Emergency Classification
Exelon Generation Co. ___ Notification of Unusual Event
Quad Cities 2 ___Alert

Cordova, IL ___Site Area Emergency

Docket: 50-265 ___General Emergency

License: DPR-30 X _Not Applicable

SUBJECT: CRACKING IDENTIFIED IN UNIT 2 STEAM DRYER

DESCRIPTION:

The licensee has identified cracking in the Unit 2 steam dryer during the unit’s ongoing refueling
outage. The steam dryer is an internal reactor structure designed to remove moisture from
steam before it enters the main steam lines to the turbine. The steam dryer was installed in
May 2005 as the first steam dryer replacement in a U. S. reactor.

The steam dryers for both Quad Cities units were replaced because of cracking concerns
caused by acoustic loading and vibration from operation at Extended Power Uprate power
levels. The replacement dryers were designed and constructed to be more robust and resistant
to cracking than the previous steam dryers. The Unit 2 steam dryer was also mstrumented with
several strain gauges, pressure transducers, and accelerometers.

The initial inspection by the licensee revealed one large crack, approximately 5 feet in length,
with multiple branches, in the skirt region of the dryer. This crack is currently believed to have
been caused by binding difficulties experienced during the initial installation last year, but the
root cause evaluation is still in process. The Unit 2 dryer instaliation lessons learned were
incorporated into the Unit 1 steam dryer installation, and no difficulties were expenenced with its
installation.

The licensee has also identified several smaller cracks of lesser significance on various internal
bracing within the dryer. The steam dryer inspection is expected to be completed on April 9.

Evaluations of all of the cracks and indications also are continuing, and the licensee is
developing plans to repair the steam dryer. Region Ill (Chicago) and the NRC Resident
Inspectors are monitoring the licensee’s activities.

The State of lllinois will be notified. The information in this preliminary notification has been
discussed with licensee management.

Exhibit 3




Region 1lI received initial notification of the steam dryer inspection findings on March 29, 2006,
and additional information was provided as the inspection has continued. This information is
current as of 1:45 p.m. CDT on April 7, 2006.

CONTACTS: Allan Barker ‘ Mark Ring
630/829-9679 630/829-9703
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Background (cont )

Nuclear
QC2 replacement dryer was mstalled in May 2005

- Durmg fabncatlon some ovality was created in the skirt section of the dryer

During the installation, an interference was encountered with the
separator guide rods that prevented the dryer from fully seating -

During the removal of the dryer to correct the interference the dryer
impacted the dryer support lugs that are attached to the inside of the

reactor vessel at the 140°, 220°, and 320° locations

— Cause: lack of clearance between the skirt base ring/reactor vessel support
lugs and excessive clearance between dryer guide rods/dryer

Indications of deformation at 140°, 220°, and 320° locations were
observed at this time
Subsequent mspectnons during the current refuellng outage revealed
additional indications at these locations
- Deformatlon of the skirt base ring on the 1D at 140° and 220° Iocatlons
— Skirt panels dimpled at 140° and 220° |
— Neither of these conditions were observed at the 320° location
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Background (cont.)

Nuclear



f Background (cont.)

Nuclear
. Deformed areas were non-destructlvely (PT) examined on
~ the OD and skirt base ring with no indications identified and
. d_lsposmoned as acceptable for use for one cycle
- Repairs, modifications, and inspections of these areas were
planned to be implemented during current refueling outage
QC1 replacement dryer was installed in May 2005

— Based on QC2 lessons Iearned avonded ovality and installation |
issues |




Nuclear

- Tim Hanley |
Dlrector Midwest Operatlons PrOJects o




Dryer Ins pectlon Results Exele

. QC2 dryer mspectlons have been completed Nu_deaT
» Inspection scope encompassed and exceeded the

| requrrements of BWRVIP-139 |

Inspectlons a combination of VT-1 and VT-3
- — General exterior visual examination |
= Locations potentially subject to fatigue
- — Outer structural welds including: .
~ « Hoods, vanes, skirt, upper support ring, skirt base nng

- Inner structural welds including:
~» Cross beams (to upper support ring and support castlngs)

| - — Drain channels and tie bar welds

. Scope expan3|on
- — Skirt plates
- — Skirt base ring cut-outs gussets |
- Latch boxes B | |
_ . 10




f Dryer Inspection Results (cont.)

. Nuclear
14 total mdrcatrons documented in Indrcatron

Notrflcatlon Reports (INRs)

-7 mdrcatrons were m|nor in nature wrth no structural
srgnrt" cance:

e 2 documented the re-inspection of the deformed areas at the
220° and 320° location with no changes noted

2 documented surface anomalres that were classified as non-
relevant »

1 documented a small piece of debns that is captured in the
dryer internals (less than 2/10” in length)

1 documented damage to the 20° area at the separator guide
~rod cut out that required minimal repair

1 documented deformatron to perforated plates

T




Dl"yerlnspection Results (cont) |

Nuclear
The followmg 7 |nd|cat|ons will be discussed:

~— 3 documented small cracks in the end vane in three vane assembhes ”
(INRs 06-06, 06-08, and 06- 10) |

— 1 documented the rotation of the lifting eyes and damage to the I|ft|ng
- rod threads (INR 06-01)

=1 documented a crack in the latch box located at the 220° Iocatlon
(INR 06- -29) S - -

— 1 documented a crack in the vane assembly end plate near the 320°
~location (INR 06-04)

-1 documented a Iarge crack in the dryer sklrt and base plate at the
140° Iocatlon (INR 06-02)

12




| Dryer Inspectlon Results (cont )

| N
L'ft'ng Eyes INR 06-01 Separator Guide Cutoutu'dea-Ir

~ (4Locations) 0, | / (2 Locatlons)
2 NP 4 Reactor Vessel
| A B Support Lugs -
N o (4 Locations)
| Ban\l/(agtraac : SINRs 06, 08, 10
NR06-04 [ | N
270 . o
& VAN |
Latch = | Skirt Crack INR 06-02
Box Crack . 180

INR0629 - - 13




Dryer Inspection Results (cont.)

Dryer Vane Bank Assembly

- INRs 06-06, 06-08, and
- 06-10 document minor
indications in the vane
- bank assemblies for
dryer banks F, D, and B,
respectively

o | Arrows indicate areas of cracking




| Dl'yer Inspection Results i(cont) __Exelon.

- Nuclear
Small cracks N the end vane in vanous vane assemblles |

(INRS 06-06, 06-08, and 06-10)

Charactenzed as fatrgue cracking

[ 4 Located in the end vane in their respectlve vane assembly which is
| wrapped around and welded to the end plate (non-structural)

-  -'_- Indlcatlons appear to have initiated from the hoIe in vane that
accepts 5/8” tie rod protector

g — Dispositioned as no repair reqwred quI be mspected dunng the
- next refueling outage

;_ '~ Missing material cannot be confi rmed to be lost in the vessel
o conservatrvely captured by lost parts program

. Apphcabllrty to QC1

— Nota concern due to the small size of the cracks and Iack of a
dnvrng force at that location |

', —~ Cracks expected to be self rellevmg

= Will be mspected durlng the upcomlng planned outage s




Dryer Inspection Results (cont.)

Dryer Lifting Eye Assembly Nuclear
» INR 06-01 documented =~
ifting eye rotationand >
~ lifting rod thread
~damage
| 3" Lift Rod
Rod Guide
Fixture
Dryer Lifting Eye
- Assembly

16




D ryerlnspection | Res ults (cont.)

| ~ Nuclear
. Rotatron of the Irftrng eyes and damage to the Irftlng rod threads |
-(INRO601) . SRR . '
* — Four lifting eyes were found rotated out of ahgnment
| = Damage to the threads i in the I|ft|ng rod at the 45° location
+ Cause - installation issues with the setscrew in addrtron to an

Imadequate setscrew design that allowed the eyes to rotate W|th
- .setfscrew in place and tack weld intact

~« Corrective action — unthreaded stock at the top of the I|ft|ng rod is berng
ground flat and a longer set screw |s belng added to ensure posrtlve
| engagement o
. Applroabrhty to QC1 |

— Lifting eyes on QC2 dryer were removed after |n|t|al attempt to engage
- lifting rig and reinstalled - not requrred onQC1 |

| — Lifting eye unlrkely to separate from Irftrng rod due to unthreaded area atthe - .
top of lifting rod . |

| = In the unlikely event the lifting eye came off of the Ilftlng rod, Iost parts ;
o "analysrs has concluded that it would not prevent a safety functlon

- WI|| be mspected durrng the upcommg pIanned outage T -




Dryer Inspection Resul

M

ts (cont.)

/520080

Latch Box w ,_ | o |

. INR 06-29 identified crack |
in latch box




Dryer Inspectlon Results (cont )

| - Nuclear
. Crack inthe Iatch box at 220° Iocatlon (INR 06 -29)

— Function of the latch box is to limit bypass flow from the |nS|de of the |
 dryer skirt to the downcomer region .

L e Non-structural component

— Located on the same azimuth that was stressed dunng the lmpact
- event |

R Charactenzed as fatlgue crackmg

— Other three Iatch boxes and welds Were mspected WIth no |ssues
- identified

- Repalr conS|sts of excavatmg cracked area and re-weldlng

Appllcablllty to QC1

~ — QC1 dryer did not expenence an |mpact event
- Non-structural - o | ~
- W|II be mspected dunng the upcomlng planned outage

: ' 19 -




Oryer inspoction Resuts cont)_ Exelon

‘-'NR]06"-04 L Van_’e Assemb|v

YRGS BEVIZ ORI 2R 18/SD-BB-V1 1. 94

/3002006 144003 (3312008143215

L

140° Location _
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| Dryer Inspectidn Results (Cont )

+  Crack in the vane assembly end plate near the 320° location uclear

(INR 06-04)

— Located on same azwhuth of the dryer that expenenced sklrt base ring
damaged dunng the |mpact event

— Crack is in the bottom 2 inches of a ~6 foot weld

— Characterized as fatigue cracking with a comblnatlon of bendlng and
torsional loading

~— Inspection ldent|f ed an abrupt change in weld thickness at the crack
" location

— Similar locations mspected with no cracks identified nor were any other
‘cases of abrupt changes in weld thickness identifi ed

— Not a loose parts concern due to attachment to other dryer members

— Dispositioned as no repair required - re-inspect during the next refueling
outage

. Appllcablllty to QC1

- QC1 dryer did not experience an impact event
* lIsolated to this one location in QC2
— Not a ;Iost parts concern
— Will be inspected during the upcoming planned outage -2




o Dryer Inspection Results (cont.)

Dryer Lug




Dryer Inspectlon Results (cont )

Nuclear'
. Crack in the dryer sklrt and base r|ng at the 140°
Iocatlon (INR 06-02) »
- Approxrmate 6 foot crack extends from a cutout in the

~base ring into the adjacent skirt |
« Crack affected area was below the normal reactor water Ievel o

~ — Boat samples taken in four locations for analysis
. Prellmlnary cause |nd|cates |mpact event key contributor

e Appllcablhty toQC1

— QC1 dryer did not experience an |mpact event
. Ovahty issues were addressed prior to manufacturing

- Lost parts analysis concluded that if a lost part were
generated would not compromlse a safety funct|on

23




Nuclear

linary Cause

Roman Gesior

R "“Cidrpdrate Programs Director
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Prellmlnary Cause 2|
Nuclear

“« Multi- dISCIpllned team used to determlne cause of drye
damage -

a -Tools being used to determlne cause of fallure
— Metallurglcal failure analysis o
— Dryer lnspectuon results and observatlons |
- Stress analysis
- Failure Modes and Effects AnaIysrs (FMEA)

o — Event and causal factor chart
e Conclusmns RE
- — Load on skirt base rlng dunng |mpact event induced damage whlle
- plastically deforming skirt base ring and sklrt plate
-+ Reduced the fatlgue endurance -
) '+ Residual stresses from fabrication were also a contnbutor |
- Operatmg pressure oscillation loads from Main Steam Line (MSL)
“acoustics resulted in skirt/base ring stresses that when combined

with the reduced fatlgue endurance was adequate to propagate -
crackmg | | . |




| Preliminary---Cause
| Nuclear
. Other causes mvestlgated o
- De3|gn .
e Adequacy of FEA
S . Applied _Loads/damping_
« New design
« Base ring cutouts
— Fabrication .
. Flt-up/sequence of fabncatlon )
“+ Base ring distortion
. Matenals |ssues
Installatmn R
~ « Decision maklng after ft-up
. Impact with separator guide pins
'+ Load cell not functioning
- Operatlng transients -
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Preliminary Cause (cont. )
Metallurgical Analysis

A ~ 140° Location

M




‘Prellmlnary Cause (cont )
Metallurglcal Analy5|s

»_Nudear |

. Sample anaIySIs results

- Scannmg Electron Mlcroscope (SEM) results
show surfaces are characterrstrc of fatigue - |

'- - Fracture surface near the ID of the skirt base rlng |
is consrstent wrth torsional fatlgue N

— No evrdence of cold work rnduced stress
- corrosion cracklng |

»— No evidence of ductlle tearrng |
Imtlatron S|te has not been rdentn‘“ ed

- Secondary cracks that connect W|th the ma|n
o fracture emanate out of weld root
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Preliminary Cause

Metallurglcal AnaIyS|s

Weld details reqmre D

and OD penetratlon of

0.16" with 0.1” fi llet
relnforcement

 As built configuration

has significant fillet
reinforcement and weld

size not cause of failure

Nuclear
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| Prellmlnary Cause (cont )
Metallurgrcal Analysis

Nud ear

. Crack in the dryer skirt and base ring (1 40° location)
| Impact event induced a Iarge torsional load (>47,000 pounds) in the
skrrt base ring and bending load in skirt plate

 Load on base ring at reduced section (due to cut-out area) resulted in
~ localized high stress ,

— The load resulted in plastic deformation of skirt base ring and sku‘t
plate (dimples on skirt plate)

— The plastic deformation of the base ring and skrrt plate reduced the
fatlgue endurance limit of the material

— Pressure oscillation loads from MSL. acoustics prowded cyclic stress
"~ necessary to propagate crack

~ « The operating loads would also produce a torsronal Ioad on the base
ring through the support gusset
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' Prellmlnary Cause (cont )

- on.

_ Dryer Pressure and Stram Measurements -

Nuclear
Pressure oscnlatlon Ioadmg alone at 140° Iocatlon would

not have initiated a fatigue crack

- Other azimuths of dryer (MSLs C and D) with less plastlc
| deformatlon had no cracking .~ |

-« Similar configuration | |
= Higher pressure loading than the side that cracked (MSL B)

~— Skirt flat plate adjacent to MSLs has SIgnlﬁcantIy higher preSsure

-loads - however no cracking
~« Based upon in plant measurements

Area of skirt base ring cracking was the most S|gn|f" cantly

deformed during the impact event
Examlnatlon of the skirt at thls Iocatlon indicates dlmpl|ng

" The lmpact event resulted in residual stresses that reduced
'the endurance of the dryer skirt/base ring plate |
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Prellmmary Cause (cont )

. Dryer Pressure and Strain Measurements

|§kirt crackiné_ ' |

[140 Deg Mounting Block]

Nuclear
Skirt pressure transducers

- P22, P24, and P25
- Skirt strain gages

- 88, 81, and S2
“A” Hood pressure transducers
P3, P12, P15, and P17
“B” Hood pressure transducers

| P20and P21

- psi | Max-Min
Instrument | (rms) | psi
- P3(@0°) | 0.631] 3704
~P12(70°) | 0.690 3.976

P15~ | 0547] 3.192
P17 | 0232 - 1.550
P20(250°) | 0.499} 3.201]
- P21(290°) 0.883]  4.360]
P22 0.422 2.622

P24 0.225) 1.505| .
P25 0.344} 2.436
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Preliminary Cause (cont.)
Dryer Pr’ess‘f‘ure and Strain Measurements

Dryer Orientatior

Main Steam Lines
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Preliminary Cause (cont.)
: Drye’r'PreSSure‘and Strain Measurements

o | Nuclear
K Dryer pressure load becomes smaller movrng down from

steam nozzles

— Lowest outer hood pressure of 3 2 psr is greater than largest skrrt
~ pressure of 2.6 psi

- Sll(qrt pressure dr0ps from 2.6 psi to 1 6 psr from P22 to P24 lower on
- skirt |
- Pressure loads also drop when movrng cwcumferentrally away
from the nozzles
— Clrcumferentlal trend away from MSL P12 3. 98 psr to P15 3.19 psi
toP17-16p3| |
e Pressure is lower on 140° (MSL B) dryer srde than 40° (MSL o
- Aor 320° (MSL D) dryer side ,

— P3(MSL B) = 3.7 psi is less than P12, (MSL A) = 3.98 psi and P21
(sL D) 4.36 psi | |
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PreI|m|nary Cause (cont )
Dryer Pressure and Strain Measurements

Nuclear
. ‘Pressure measurements alone would |nd|cate that the skirt
‘ls more susceptlble at a different location

- Cracklng occurred at location of low measured pressure

~ Indicates that the residual stress due to impact event is a Iarger contrlbutor
than the acoustlc pressure oscillation ‘

— Therefore, cracking occurred at 140° location due to increased plastlc
deformation and residual stress

- Condition of high stress Iocatlons on dryer with no cracks
supports applied loads are conservative

« Number of fatigue cycles at EPU operatlon (>200 days)
with 155 Hz load would have resulted in cracks at thls
location if stresses exceeded endurance limit

« No dryer degradation at 40° azimuth where dryer did not
| get hung up on RPV wall support |
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o 'F|n|te Element Model

Prellmmary Cause (cont. )

| | Nuclear
. 2005 evaluatlon of |mpact event

- Stress |dent|f ed in the evaluation was extremely low and therefore
the deformation residual stress was not considered an issue

 _ Stress levels under-predicted due to S|mpI|st|c modehng of dryer
skirt base ring plate |

. Cutout not included ,
e Sklrt base ring support gusset was not included

'~ Recent model update with solid elements including cut—out and
. gussets indicate that the cycle operating stresses are low (<30% of
endurance limit)

= PT mspectrons of the deformed areas d|d not mclude the dryer ID

— An analysis was not performed to characterize the stress Ievel or
dryer loading due to the dryer being hung up |

- PT inspection results provided condition assessment that materlal
tensrle stresses were not exceeded ~
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,Prellmlnary Cause (cont )
N Conclusmns |

| | Nuclear |
. Load on sklrt base rmg durmg rmpact event
lnduced damage while plastlcally deformlng sk|rt
base ring and skirt plate
- Reduced the fatlgue endurance
= ReS|dual stresses from fabrlcatlon were also a
contnbutor | | |
e Operatmg pressure oscillation loads from MSL
- acoustics resulted in skirt/base ring stresses that
when combmed with the reduced fatigue
endurance was adequate to propagate cracklng
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_Nuc]eaf |

’ epair Strateg vy ,

© TimHanley _
~ Director Midwest Operations Projects
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Repalr Strategy

Nuclear | |

140° and 220° Iocatlons

— Removed a port|on of skirt base ring and sklrt panel and replaced |
- with plates of the original dimensions

- — Cutout size: ~26" by ~40" for the 140° skirt section

- — Similar repair was made at the 220° location; however, height is only |
12 inches, WhICh removes all deformation that was measured in the
dryer skirt |

~ — Restores dryer to as close to onglnal design confi guratron as
- possible

320° location

= Major portion of the deformed base plate was aIready being
- removed at the 320° location as part of the original modification to
~ address the cause of the impact event |

| . Removmg skirt ring gussets at all four Iocatrons

« These changes to the dryer have been mdependently
| reV|ewed by a third party |
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~ RandyGideon
R Plant Manager
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_Conclusions ' Exelon.

Nuclear
. Replacement dryer design is robust

' ~» Cracking that occurred in the skirt and base ring
- would not have occurred without the impact event

o Remarnder of |nd|cat|ons are not structurally
| srgnrt" icant

. Desrgn enhancements and reparrs have been
| analyzed and mdependently reviewed

g Dryer inspection results demonstrate replacement
dryer design is sufficient to accommodate EPU
operatlon -
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- L Executive Summary:

During the planned in-vessel visual inspection (IVVI) of the Quad Cities Unit 2 (U-2) reactor steam

dryer at the beginning of refueling outage Q2R 18, a crack was discovered in the dryer skirt at the 140°

azimuth location. ‘At the completion of all dryer mspectlons, cracks were discovered at various locations:
in the dryer assembly including the dryer skirt base ring, a vane bank end plate, chevron plates, and a
latch box. Several of these cracks occurred in areas adjacent to one of the two areas most severelyv
deformed during removal of the dryer in May 2005. : :

This Root Cause Analysrs (RCA) mvestrgatron scope was focused on deterrmmng the causes of the
dryer assembly cracking in the dryer skirt plate, the vane bank endplate, and the latch box. assembly
- RCA investigation into the events associated with the design, fabrication, installation and operation of
the steam dryer identified a series of factors that, when taken in aggregate, are the causes for the
formation of the identified cracks. The causes for each of the three cracks included in the scope of thls
RCA is summarized below: :

1. Steam Dryer Lower Skirt Crack at 140°: The root cause for this cracking is related to deformation -
- caused when the dryer skirt base ring caught on the reactor pressure vessel (RPV) dryer support lugs in
‘May 2005 (referred to as the “lifting event”). The exact mechanism of initiation of the cracks could not -
be determined, however the RCA concludes that this event introduced significant plastic strains that -
‘reduced the material’s fatigue endurance properties. When combined with the cyclic loadings that the

~ dryer experiences during normal operation, fatigue cracking propagated through the skirt base ring and

‘into the dryer skirt panels. - The lifting event occurred as a result of changes in design of the installation
hardware used in the replacement dryer. This change in installation hardware is considered a root cause.
These changes, combined with widened installation clearances introduced- during dryer fabrication
(referred to as “ovality”) allowed for enough movement for the dryer to become damaged on the RPV
support lugs during removal. The widened installation clearance introduced from fabrication ovahty is
also considered a root cause for the dryer skirt crackmg

2. Cracking in Gusset 19 of Vane Bank “E” at 320°: Root cause is: having very little weld metal
between the end plates, proximity to a weld transition (Stress Riser), fabrication stresses due to hood
assembly and weld shrmkage and the presence of operating vibration loads.

3. Cracking in Latch Box at 220°: Root cause is: high residual weld stress from weld end drscontmurty
and the corner locatron
‘ Correctrve actions mclude

e  Repair of the most severely damaged portlons of the dryer skrrt and base plate near the 140°
. azimuth.

o Replacem'eht of skirt and base-plate material in the 220° azimuth area, ‘which did not exhibit
cracking but was considered to have similar potential crack initiating factors as the 140° azimuth
areas. - : ‘

¢ Modification of the dryer base plate to reduce the potential for futurev liﬁing events.
e 'Modlﬁcatlon of the dryer gulde slots to reduce the potential for future llﬁmg events.
e Repair of the crack in the dryer latch box at the 220° azrmuth

Page 3 0f 43




. Evaluatlon of the visual indications (crack) in the bank E drying vane end plate. Evaluation -
-concluded that there was “adequate justification for continued operation of the steam dryer -
without repair of the cracking at the gusset to vane bank end plate locations ...” (Ref. 17)

‘@ Modified main steam relief valve branch lines with acoustic s1de ‘branches to reduce dryer cyclic
- loads. :

An extent of condition review mcluded inspections of other susceptlble areas of the steam dryer. All
dryer cracking was reviewed in accordance with IVVI program requirements regarding actions required
prior to restart from Q2R18, and approprlate inspections in future outages. The key analysis documents
for these determinations are listed in Attachment 8 of this RCA. No other degradation similar to the
three events in the scope of this RCA was identified. Analyses completed by General Electric (GE) and
~ reviewed by Exelon determined that without the additional stresses and material degradation resulting

.~ from the May 2005 lifting event, the operational loads were not sufficient to initiate crackmg inthe U-2
- dryer skirt plate. Therefore, similar cracking of the Unit 2 dryer is not expected to occur in the future.

“In addition, the Unit 1 steam dryer, which did not experience either fabrication ovallty or installation
llﬁmg events did not exhibit sxmllar crackmg when inspected in the Q1M19 outage in May 2006.

' The steam dryer degradatlon was not reportable however the issue has been discussed with the Nuclear
Regulatory Commission (NRC). A risk assessment of the identified condition was performed and
- determined the consequences of this event had minimal impact on reactor safety. Although
. unanticipated structural cracking was identified in ‘the dryer, the cracking did not represent an increase in
risk to.nuclear safety or off-site dose consequences. A Probabilistic Risk Assessment (PRA) evaluation
*‘found this event to be non-risk significant."
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- II. Condition Statement"'

Durmg the planned IVVIin Q2R18 the RPV steam dryer was removed from the vessel and mspected
" Initial inspection revealed a branching crack in the dryer lower skirt area approximately 6 feet in total =

 length at the 140° azimuth location (Refs. 10&11) Subsequent inspections also identified cracking in
the steam dryer vane bank end plate in the “E” bank (Refs. 12&13), and a crack in the lower right corner
of one dryer latch box (Refs. 14&15). These three conditions form the specific investigation scope
requrrmg resolution in thrs RCA, and are referred to in subsequent sections of the RCA as: :

> Event1l: Steam-Dryer Lower Skirt Crackmg near the 140° azimuth, identified in AR 472321.

> Event 2: Steam Dryer Crackmg in Gusset 19 of Vane Bank “E” End Plate near the 320°
azimuth, 1dent1ﬁed in AR 473034. .

» Event3: Steam Dryer Crackmg in Latch Box near the 220° azimuth, identified in AR 475369.‘

Additional dryer cracking was identified during: Q2R18, and although not specifically included in the
. scope of this RCA, all dryer cracking was reviewed and dispositioned in accordance with IVVI program
‘requirements. Speclﬁcally, actions . required prior to restart from Q2R18 were .completed, and
appropriate inspections in future outages were specrﬁed The key analysis documents for these
determinations are listed in Att. 8 of this RCA. :

Consequences & Significance: The dryer is a passive non-safety related component, however, it must
- remain structurally intact to preclude introduction of loose material into plant systems such that no -
safety-related systems, structures or components are prevented from performing their design basis safety
function. Addltronally, the dryer skirt must. function as a boundary to maintain the basis for reactor
water level sensing and protective actuations.- At the time of discovery, all dryer components, including
~ the skirt, remained constramed wrthm the dryer envelope and therefore there was no safety significance
to thrs event. :

This report focuses on the equrpment failure, the failure modes, and causal factors for the identified
dryer issues. The failure of the skirt plate has the potential to generate debris, for which a lost part -
evaluation (Ref. 20 is the Lost Parts Evaluation for this condition) was completed for Unit 1 impacts.
. This event is not considered a- recumng problem since the Unit 2 dryer is a newly installed replacement.
- OPEX reviews have not identified previous history with large cracking in dryer skirt plate material
- similar to that identified in Q2R18. Quad Cities Unit 1 has a similarly designed installed replacement
- dryer and Dresden Units 2 & 3 have similar replacement dryers that are not yet installed. These three
* additional dryers will be considered for extent of condition in this RCA.
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IIT, Event Descripticn:

Note: This event description provides a chronological narrative of the sequence of events as they
“apply to this RCA. This section also includes “Notes” intended to highlight the significance of the
information as it applies to the subsequent Analysis and Evaluation sections. Additional items
included in this RCA report, which may assist in general understanding of the events, include:

Att. 1: Event and Causal Factors Chart.

Att. 2: Event Timeline Table.

Att. 3: List of References.
'Fig. 1: General Steam Dryer Configuration

Fig. 2: Schematic of Steam Dryer Base Ring to RPV Lug Orientation

2004 Early 2005

Following several previous Quad Cities outages in which steam dryers were found with failed or
degraded dryer elements, a decision was made to purchase and install new steam dryers in both units. :

‘The steam dryer was fabricated and assembled at U.S. Tool and Die in PittSburgh PA under the
direction of GE. Due to transportation limitations, the steam dryer could not be shipped in one piece in
the required:timeframe. This required that the dryer be fabrlcated as two assemblies that were shipped

~_ separately and then assembled locally.

Note: During the design and fabrication of the new Quad Cities steam dryers, several issues
imposed constraints on the delivery of the first dryer for Quad Cities. Manufacturing delays
necessitated that the dryer originally intended for Quad Cities U-1 installation during Q1R18, be
delivered for installation in Unit 2 during Q2P03.

March 2005

The Unit 2 replacement steam dryer upper half (vane banks and support rlng) and the sklrt assembly
were welded together at J. T. Cullen in Fulton, IL.

3/30/05

The Configuration Change Review Checklist (CC-AA-102 Attachment 10F) for the dryer modification
EC351 168 Revision 0 was signed by the Reactor Services department representative.

Note: This was the initial end user’s review in the Exelon design process. This review is
considered a “cross discipline” review and a barrier to prevent negative impacts of design

_ changes This review was documented after dryer fabrication was almost complete This topic
is discussed further in the evaluatlon section.

3/31/05

Inspection of the dryer at J.T. Cullen following assembly determined that the as-built dryer dimensions
were outside the expected design tolerances. The diameter measured across the 0°-180° orientation
measured 245”, while the 90°-270° orientation measured 249”. Welding distortion was noted as the
cause. Laser measurements of the assembled dryer were conducted and confirmed that QC2 dryer base
was approximately 2 inches out of round. :

Note: Subsequent sections of this RCA refer to this as the “ovality” issue.
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- 4/25/05

" GE Deviation Disposition Request (DDR) 431002828-27: (Ref." 7) was approved, accepting the
- dimensions of the base plate as-is. Investigation determined the dimensional deficiencies resulted from .

o welding performed at J. T. Cullen, which resulted in distortion of the dryer mid-support ring, skirt and

base plate.' " The DDR noted that the dryer will fit in the vessel desprte this ovality. Normal clearances
were “compromised” so additional guidance constraints were placed in the lower guide block to limit
misalignment and assist in installation.

© Notes: 1. The add1t1onal constraints noted above are the guide rod spacer blocks installed under
Field Disposition Instructron (FDI) 0085 (Ref. 9)

2. This DDR addressed the dimensional issues due to the ovality but did not address
potential residual stresses in the dryer as a result of this distortion.
426/05

" The U-2 replacement dryer was transported to the station and. subsequently moved to the reactor
building refueling floor.

- 4/26/05

Exelon Nuclear Fuels determined that the replacement dryer dP will be less than the original dryer
(original dryer dP was nominally 0.3 psid versus an expected dP of 0.1 psid on the replacement dryer).
‘This change has an impact on Minimum' Critical Power Ratio Operating Limit, and on the ASME
~ overpressure results. Root cause analysis on these issues is assigned under IR 330331 (Ref. 37).

Note: The subsequent RCA concluded: “the root cause of the event was a lack of information on
the project team regarding the sensitivity of non-structural analyses to the dryer dP value.

5/4/05

The Conﬁguratron Change Review Checklist (CC-AA-102 Attachment 10F) for the dryer modrﬁcatron
EC351 168 Revision 1 was signed by the Reactor Services department representative.

Note: This was a second,user s review in the Exelon design process. This review is considered
a “cross discipline” review and a barrier to prevent negatrve impacts of design changes. This

~ topic is ‘discussed further in the evaluation section. This review was documented after the dryer
‘'was already fabncated and staged on the Quad Cities Reﬁaelmg ﬂoor

- 05/07/05 |
’.Umt 3 shutdown for Q2P03 for the main purpose of mstalhng the replacement dryer

5/1 1/05

- During initial mstallatlon in the U-2 reactor vessel an interference was encountered that prevented
setting the dryer onto RPV dryer support lugs. At approximately 2.5” above the dryer support lugs, the
overhead crane cables went slack and the dryer assembly shifted towards North (approximately 110°
~azimuth). - The dryer was lifted and the vessel area inspected without identifying the source of the
" interference. Upon restart of the descent, the dryer again stopped and shifted towards North.

The dryer was raised slightly to allow further detailed inspection. A camera inspection inside the skirt
revealed that the inner diameter of the dryer skirt base plate was interfering with the steam separator
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’ -gurde rods Although the overal] outer dlameter of the dryer assembly was not changed by the new -
- design (Ref.-1), the skirt inner diameter is smaller with the base plate protruding farther towards the
- center of the dryer than the original design. This resulted in the interference with the separator guide -
'~ rods,. with the skirt base plate contacting the two guide rods located at the 20° and 200° azimuths. '
 Installation activities were stopped and the Outage Control Center (OCC) was notified of the issue, and
- dlscusswns were initiated to determine resolution of this problem

~ Note: The U-2 replacement dryer exhibited limited clearance between the RPV dryer support
‘lugs and the cutouts provided in the base plate ring. As the dryer is lowered, the skirt base plate
must pass all four of the support lugs. The width of a support lug is 3 inches, while the width of
the base plate cutout provided is 4-inches, leaving a nominal %" clearance on each side of the
lug. This presented a known challenge and plans were to use additional care-to field verify that
acoeptable clearance existed, or modify the clearances as needed. While the dryer was lowered
into the RPV  for the first time, the GE Product Line Manager was stationed in the reactor cavity
‘to monitor the clearances. It was confirmed during this initial lowering that the clearance
between the base ring cutout and RPV lugs was small, but the dryer had been mstalled without
“incident until the mterference with the separator guide rods was identified.

5/12/05

When the mterference between the separator support rods and the base plate was identified and the dryer
could not be installed, it was decided that the dryer would be removed from the RPV to-allow

- modification of the base plate. ‘The OCC recovery and action plan for the dryer removal discussed the

~ tight clearance issue with the oncoming crew. Instructions were provided to the oncoming refuel floor
‘crew performing the dryer lift to watch the RPV lug clearance very closely due to the tight clearance.

During the lift for removal of the dryer, the base plate impacted the vessel support lugs despite the
increased scrutiny, including performing the lift slowly, as evidenced by multiple stops. Att. 7
describes in detail the sequence for the base plate contact with the RPV support lugs. At the time of this
dryer lift, the load cell display. for the overhead crane was not functional (overload cutout circuits were
functional), so there was no ablhty to estimate the impact load based .on floor observations. . Workers
reported visual evidence of a high load on the lift cables from the noise and rapid cable movement when
the load sprung free. When the dryer was set on the decontammatlon pad, visual damage to the base
plate was evident and the OCC was notified." .

: Inspectlon of the base plate. showed a downward deﬂectron/drstortlon in the dryer base plate from its

. normal flat horizontal shape. These downward bends were recorded as 3/4” at the 140° location, 5/8” at
" the 220° location, and '5/16” at the 320° location (Ref. 1). :

A detailed discussion of what occurred durmg this “Lift Event” along W1th pictures of the damage are
- provided i in Att. 7. .

5/13/05

'. 'Prompt Investlgatlon Report 334348 (Ref 4) on the dryer damage was performed and presented to MRC
. .on 5/13/05. This report rev1ewed the sequence of events, and detarled the observed damage as follows:

1. Markson the bottom of the base plate at the 20° position
2. Mark (burr) on the inside of the base plate at the 220° position =~
3. At the 40° and 140° positions, sersmlc shim blocks were noted to have shrﬁed and were
scratched '
4. Raised metal on 3 cléarance slots -
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5. Wear on oﬁe RPV support lug

Items 1 through 3 were believed to have occurred when the dryer shifted towards North as it contacted
the separator guide rod. The prompt mvestlgatlon described conflicts or problems with:

1. Original tolerances did not allow the separator guide pins to clear the ID of the dryer base plate
2. Traveler Package KCZKU-INSTALL-1 stated that special care should be taken to verify no
" interferences exist, as well as the need to maintain the dryer level and to watch the overhead
crane load cell for deviations
3. The overhead crane load cell was not functioning.

This prompt 1nvest1gatlon concluded that the base plate damage was caused by interference w1th the
separator guide rods and RPV support lugs. -

Note: The prompt investigation addressed the fact that the dryer cou]d not set into place due to
contact with the separator guide rods. It noted that the cause of the damage was not known at

this time (this was handed off to the subsequent ACE). The prompt did not discuss the eﬁ'ects of

the damage to the dryer from the lifting event.

5/1 5/05

To eliminate the interference between the separator guide rods and the skirt/base plate, cutouts were
~ provided in the dryer skirt and the base plate at the 20° and 200° azimuth locations. (W0732708-01 / GE

Field Deviation Disposition Request (FDDR) RMCN06243, Ref. 29). - The cutout of the partial
penetration weld was seal welded at the cutout and examined via PT exam.

The damage to the base plate was evaluated and found acceptable by GE, an independent third party
review, and.Exelon for use-as-is (Ref. 1 & 8). FDDR RMCN 06245 included instructions for the
material cleanup and disposition of the as-left deformations. The indications caused by the contact with
the RPV lugs during the dryer removal were removed from the metal surfaces. of the dryer and examined
via PT exam prior to reinstalling the dryer in the reactor vessel.

Note: This RCA reviewed this FDDR, and the supporting documentation, and noted a lack of
detail in documenting both the inspection and analysis activities completed to resolve this issue.
Because this RCA concluded that the transient imposed on the base plate and dryer skirt was a
causal factor for the subsequent cracks during operation, it must be concluded that the Q2P03
review (May 2005) was a missed opportunity to determme the actual state of the dryer. This
topic is discussed in more detail in the Evaluation section.

|

5/16/05

Unit 2 was started up and operated at EPU and pre-EPU power levels durmg the remainder of the fuel
cycle. No apparent complications to Unit 2 operation due to steam dryer issues were observed during
this operatmg cycle, and the dryer cracklng condition was not evident until reactor disassembly for
_Q2R18 in !March 2006. :

|
5125/05

An ACE‘%Ref. 2) for the steam dryer liﬁing event was completed and approved on this date. This RCA
reviewed this ACE in detail following the identification of cracking in Q2R18. The results of this
review are discussed in the Evaluation section.
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- This ACE also noted the fact that the crane load cell was not working at the time of the May 2005 dryer
- lifting event, concluding that that this was not a significant factor in the apparent cause. (Note: The
- load cell was repaired May 16, 2005 prior to placing the dryer back into the vessel (WO 805641-02)).

A GE Root Cause Analysis (Ref 6) was provided on 5/25/05 This report determined that the cause of

the” interference between the base plate and the steam separator guide pins was that the dryer design

process did not ensure that fit-up problems did not exist. This occurred because the Computer Aided
Design (CAD) model was not adequately developed. The  GE RCA noted that several GE design

~engineers had mltrally identified the potential for interference at the separator gu1de pins, but had failed
to revisit the concem prlor to completlon of the dryer design.

3/28/'06. E

Ry U—2 shutdown fdr' refueling outage Q2R18 While performing IVVI' during Q2R18, the cracks were -

discovered on the steam dryer that led to the initiation of this RCA. The scope of this RCA includes

o (references noted are for the original Exelon Corrective Action Process (CAP) Issue Report (IR)

_numbers, and the GE, Indrcatlon Notification Report (INR) numbers):

" Event 1- The ]arge crack in the dryer skirt at the 140° azimuth (Ref. 10, 11)

- Event 2- Dryer “E” bank end plate crack at 320° azimuth. (Ref. 12, 13)

- va‘ent 3- Latch Box crack at 220° azimuth. (Ref 14, 15)

. In addltlon all four steam dryer lifting eyes were discovered out-of-position, with one lifting eye
: -exhlbltmg thread damage to the lifting rod. This issue was originally in the scope of this RCA, but it
- was determined that the lifting eye concerns were not related to the dryer cracking issues. For this

-reason, the lifting eye issue was removed from the RCA scopeé, and transferred for evaluation as a
separate Equipment Apparent Cause Evaluation (EACE) (AR# 471848-05). A summary of the results

of thlS EACE appears below:

' SummagEACE 471848-05: Dryer Lifting Lug Rotation
Apparent cause: The design of the lifting eye retention method was inadequate to ensure positive
engagement. The design provided no ability for ensuring adequate alignment. The recess was located
on the lifting rod, which was contained within the threaded connection once the lifting eye was threaded
on. The design relied entirely on external orientation of the lifting eyes, which provided no positive

- verification. - In addition, the dimensions of the recess provrded minimal opportumty for successful
~ ‘engagement. '

o Correctrve Actions:

1_'. Modify/Install desrgn of Quad Cltres Unit 2 Steam Dryer Lrﬁmg Eyes to provrde more robust
anti-rotation. (Completed before start-up from Q2R18) _

2 Modify/Install desrgn of Quad Cities Unit 1 Steam Dryer Lifting Eyes per EC 360571
: (Scheduled for completion during Q1M19 in spring 2006).

- 3. Similar corrective actions wrll be completed on the Dresden replacement dryers prlor to
- mstallatlon : _
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- Identiﬁcation of Missed ng oﬁunities:

_ This RCA used the information presented in this event description (and the associated Event and Causal

"~ Factors chart in Att. 1) to 1dent1fy potential issues and missed opportunities for earlier detection, or

" prevention of the three events in the scope of the RCA. These items are listed below and became the
- subject of more detailed analysis described in the next section.

| Mlssed Opportunities for Earlier Detectlon or Prevention of Dryer Cracking:

l Inadequate inspection of the May 2005 damage: Actions were 1dent1ﬁed in Ref. 1 & 8 to perform

a liquid penetrant test (PI') of adjacent welds. The Field Deviation Disposition Request [FDDR]

. (Ref. 8) was not clear in identifying specific welds to be inspected — it just specified, “all
~adjacent welds in the areas that weére distorted shall be subjected to PT examination”. Interviews
“with QC personnel determined that only adjacent welds on the outside diameter (OD) of the skirt
were PT examined. The weld between the vertical skirt plate and the horizontal base plate on the
ID of the skirt was not examined either visually or via PT. This was a missed opportunity to
“determine the integrity of the base material and weld integrity on the skirt inside diameter (ID)
~ and thus we cannot conclusively eliminate the skirt ID as a crack initiation site. The lack of
inspection of the ID of the skirt also eliminated the potential to find the “dimpled” section of the
skirt at the 140 and 220° locations which may have led to ﬁthher analysis of the residual stress

~ placed on the metal

2. Inadeguate dlsposmon of May 2005 damage: In the original dryer des1gn effort, the lower skirt
“hardware was included in the modeling as a “super element”. That is, because the as-designed

load conditions on the dryer skirt are typically low and the size of the finite element model was

already excessively large, the skirt details below the water line were not included in the finite

. element calculations with fine nodal granularity. The entire lower area is modeled as a lumped
~ mass and stiffness matrices in the finite element calculations. This is appropriate if the service

* conditions stay inside the assumed “as-designed” bounds. However, once this portion of the unit
had been subject to permanent, localized damage; a rigorous evaluation would have considered -
whether the dryer was subject to future degradatlon This was not specifically mcluded in the

' dlsposmon of the damaged area.

3.. Deﬁcnenc:es in Design Change Develogment* A fundamental change in the design of the dryer
caused the outer diameter of the dryer shell skirt plate to be reduced, in order that the drain

channels could be on the exterior of the dryer assembly. (Note that the outer diameter of the
" horizontal skirt base plate was the same. The vertical skirt shell plate was reduced.) Exterior
- drain channels were used in an effort to reduce minor crackmg commonly experlenced in the
area of internal drain channels in earlier designed BWR steam dryers. In addition, because the
more robust replacement dryers were heavier, the designers looked for non-structural areas -
where weight could be reduced: For these reasons, the ongmal design use of 2 continuous gulde
- channels for both of the dryer guide rods, and (4) guide channels for the RPV. support lugs were
eliminated. These channels were each changed from being a continuous vertical guide path
along the height of the dryer skirt, to being two-point (top and bottom) alignment connections
(Dryer guide slots for alignment with the RPV guide rods), and Base Ring cutouts to pass
- through the RPV support lugs. The original guide channels for the RPV support lugs had the
same 4” wide clearance as the new dryer’s base plate notches. The implication of this is that the
tight tolerance on the rotational alignment is enforced at all axial positions during movement. It
is this enforcement of rotational alignment that was compromised by the removal of the guide
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channels. The 4” wide notches in the base plate only “enforce” this alignment while the base
plate is at the elevation of the RPV lugs, setting up the potential for misalignment at other dryer
elevations. This, in conjunction with the small clearance (the RPV lugs are 3” wide, so the
average clearance is %" on each side) increase the probability that an impact would occur, by
making a higher demand on the users to obtain the simultaneous alignment without impact. Thus
a negative consequence of the revised dryer design sacrificed a tolerant and self-correcting

- configuration for a less tolerant configuration that invited interferences. '

. Fabrication “Ovality” Issues: Fabrication deficiencies had already been identified prior to the
May 2005 lift event. These deficiencies resulted during the welding of the two halves of the
QC2 dryer at J. T. Cullen. This assembly process resulted in distortion of the dryer mid-support
ring, skirt and base plate. ‘

The distorted as-built dryer base plate condition was identified, evaluated and addressed prior to
shipping the dryer to Quad Cities under a Deviation Disposition Request (DDR) (Ref. 7).
Corrective measures were taken to prevent this distortion in the assembly of the subsequent dryer
assemblies (QC 1 dryer). The distorted QC2 dryer was evaluated and accepted for use, with
actions to install additional guidance constraints on the lower guide blocks. (Refs.7&9).  This
evaluation focused on vessel clearances for installation and removal of the dryer but did not
address potential for induced stresses on the dryer components resulting from the distortion.

. Despite the completion of these corrective actions to accommodate installation and removal of
the distorted QC2 dryer, the assembly distortion still contributed-to the eéxcessive clearances
between the dryer and dryer guide rods, and was cited as one of the two apparent causes in the
ACE for the May 2005 events. These conditions indicate two missed opportunities: :

e The potential for installation alignment issues was recognized aﬁer the “ovality” was
identified but corrective actions were not successful in preventing the lift event.

e The potential for internal metal stresses induced from the “ovality” was not formally
~addressed in the DDR, FDDR, EACE, or EC’s reviewed during this RCA.
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o IV. Analysis:

Several root cause analysis techniques were used in this investigation. Initially, an Event
and Causal Factor Chart (Att. 1) was created to document the known sequence of events,
~and conditions. This document was used to identify an initial strategy and direction,
 including the decision to divide the concerns into three issues (Dryer Skirt Crack, Dryer
End Plate Crack, and Lifting Lug Concerns). The investigation team then used Failure
Modes and Effects Analysis (FMEA) to identify potential failure modes. These potential
* failure modes were documented on a Complex Troubleshooting Failure Mode Tree

(FMT) (ref. MA-AA-716-004, Att.2 pages 3 and 4).  Each failure mode was then broken
‘down into potential causes with associated validation and action steps. These actions
were then prioritized according to the probability of the failure mode being a causal

factor and the availability of data (some validation steps were able to be completed early
in the investigation while others required additional time for analysis). The FMT’s for
‘Event 1 and Event 2 appear in this report as attachments 5& 6 respectively.

. The Lifting Lug Concerns were later determined to be a separate issue from the Dryer
- Cracking and transferred from the scope of this RCA to EACE AR# 471848-05. For this

“reason the FMT related to the lifting lug issues is not included as an attachment to this
RCA. Similarly, as the Q2R18 dryer inspections continued, and additional issues were
identified, the Latch Box Cracking near the 220° azimuth was added to the RCA scope as

"Event 3 based on a potential linkage to the other two issues. A new FMT was not created

~ for this event because it was evident that the analysis and strategy used for Event 1 (Skirt

- Crack) and Event 2 (End Vane Bank Crack) were appropriate and bounding for Event 3

(Latch Box Crack).

The FMT charts 1dent1ﬁed a set of low probablhty and hlgher probability failure modes.
* The lower probability items were set aside allowing a focus on the higher probability
items which included:

e Design related i issues where the analysis used might have underestimated the
loads the replacement dyers would be subject to, and also underestimated the
stress conditions resulting from the skirt base cutouts.

. ,Des1gn related issues that eﬁ'eeted the resulting “lift eve'nt”
o Fabrication errors, which resulted i in the skirt base rmg ovality.
o Instal]atlon damage resulting ﬁom the “lift event”

.“These probable failures modes were reviewed usmg addltlonal RCA tools such as:
. TapRoot®, Cause and Effect Analysis; and Barrier Analysis. The RCA also utilized a

. significant amount of technical analysis including metallurglcal'testmg of samples of the
U-2 Dryer skirt and baseplate, and computenzed structural ana1y51s This analysis is

- descnbed in more detail below A
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'A. Structural Analysis Summary: »
Detailed finite element models of the dryer skirt and other dryer components were
developed or upgraded. Multiple elastic and inelastic finite element analyses were run to
simulate the conditions that would have caused the observed deformations.  These
'simulations were used as sensitivity evaluations such that some postulated loadings could

" be eliminated (i.¢., if the loads and stresses resultmg from some scenarios couldn’t have
caused the observed deformation, the scenario could be eliminated). Some of these

analyses were used to approximate the material COHdlthl’l resulting from these events and

to assess the extent of the possible degradation.

1. The original full steam dryer finite element model contained a super element for the
submerged portion of the skirt and water. The skirt in the super element did not have the
detail of the base plate cutouts or gussets located on either side of the cutout. A local
_solid 3D detailed finite element model was created for analysis of the failure location.
“The analysis validated that the cut out modeling was not 51gn1ﬁcant in determining the
skirt stresses & modal response. (Ref. 29)

2. More detailed elastic-plastic analysis of the skirt cutout and gusset areas at 140° was
completed. This analysis predicted 17.3% strain at the top of the gusset in the skirt panel.
Strain at the edge of the gusset in the cut out was 4%, which corresponds to 55-60 ksi
using elastic-plastic analysis. (Ref. 21) This analysis also estimated the amount of
loading needed to cause the observed deformatlon from the list event to be 47, OOO
- pounds. : :

' 3. An analysis was cbmpleted _to estimate the corresponding reduction in the fatigue
stress limits in the 140° azimuth Dryer Skirt Crack as a result of the lifting event.
Excerpts from this analysis report (Ref. 40) appears below:

.. given the hlgher plastic strain and complementary i increase in strength of the
: deformed base ring location, the expected fatigue endurance properties would be
significantly reduced due to mean stress effects. This effect can be calculated
directly from the equatlons used by Manjoine, et al [Ref. 41 of this RCA].
Although the region of interest was cold worked by the installation event [referred
to as the “lifting event” in other sections of this RCA], the evaluation of the mean
stress effect was performed based on the fatigue properties of annealed material.
Therefore, the evaluation should be viewed in qualitative rather than quantitative
terms. For conservatism, the loading was considered as stress controlled in the
determination of the mean stress effect, i.e. the range of P1 + Pb +Q was assumed
~ to exceed 27.2 ksi. The impact of an assumed residual (mean) stress of 60 ksi
- would be a 30% reduction in the allowable while the assumption of a 70 ksi yield
strength to represent the local mean stress would reduce the allowable by 50%.
- These levels of reduction in fatigue properties are very likely given the
- deformation and the constraint imposed by the several intersecting welds present
- at the base ring cut out corner-solid gusset-sklrt region where crack initiation
- occurred.” :

~ “In Summary, the plastic deformation would be expected to lead to a high residual
mean stress. Consistent with the understanding of fatigue behavior in the presence
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of high mean stresses, the fatigue endurance limit would be reduced. Based on the
conservative evaluatlon the reduction in endurance limit would be expected to be
a maximum of 50%.”

3. Hydrodynamic and acoustic IOading' on the dryer were re-evaluated. Ref. 21 noted
that the turbulent water loads acting on the dryer skirt were not analytically evaluated, but
the skirt is in a relatively quiet region near the vessel wall. This indicates that any loading
on the skirt from the feedwater flow and separator flow will be a turbulent buffeting from
the mixing of these flow streams below the skirt. Since the replacement dryer skirt design
should be more able to resist these turbulent loads (replacement dryers used 3/8” thick vs.
1/4” thick plate and the drain channel design/fabrication moved the weld away from the
discontinuity), it can be concluded that the water loading on the replacement dryer skirt
would not present any fatigue issues.

The July 2005 report on “QC U-2 Replacement Steam Dryer Stress and Fatigue Analysis
Based on Measured EPU Conditions (Ref. 35) was reviewed and it was noted that there
are additional hydrodynamic loads, assessed to be too low to be of consequence. An
acoustic load frequency at 155 Hz appears on the strain gauges and accelerometers and .
based on the magnitude of the response in power spectral densities is the most dominant
mode in the reactor. This mode has been attributed to the Electromatic relief valve (ERV)
. stub tube resonance and is included in the load basis for the analysis..

Fuxther modal analysis concludes that the failed skirt does not have modes in the low
frequency range. This means that while the loads may be impacting the dryer, they are
not driving structural resonances. In addition, these frequencies would affect the entire
dryer, not just the skirt panel. This results in a conclusion that these loads arenota
causal factor in this RCA. ,

4. A detailed stress analysis of the dryer lifting event was completed (Ref. 36). The
analysis report concluded: “In this analysis the lifting forces were applied unevenly in
various configurations on the full dryer finite element model in order to assess if the .
lifting event could have caused crack initiation in the vane bank end plates and/or latch
box. The results indicate that no lifting cases could initiate a crack in either the inner
vane bank end plates or latch box corner.”

'B. Follow-up Inspections Summary

1. The inside of the dryer skirt at the 20° azimuth where previous damage from impact
with the separator guide rods had been noted were re-inspected and evaluated. This
evaluation concluded that the damage was small with no deformation of the base ring..
While the minor damaged was repaired, the conclusion remains that impact in this area
was not a causal factor in any of the crackmg events in the scope of th1s RCA.

‘2. The inside diameter of the dryer skirt ring was re-mspected and evaluated at the 140°, '

220° and 320° areas. The 140 ° area already required repair of the identified skirt and
base ring cracking. The 220° aréa had a similar amount of base ring and skirt plate
deformation as the 140° area, but no observable cracking. The similar deformatlon was
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_the major factor in the decision to cut out and replace the deformed material at the 220°
-area despite no observable cracking (Refs. 27 & 32). The 320° area had gusset:
deformation less than half that at the 140° location, and no ID skirt or base ring
deformation so this area was analyzed to leave “as is”.

C. Metallurgical Anilxsis Summal_'x: ‘

" Cut out samples of the cracked areas of the dryer skirt were sent out to GE’s
metallurgical labs at Vallecitos, CA. The purpose for. the testmg was to determine the
following: :

1. Site of crack initiation

2. Mode of crack propagation -

3. -Material characteristics germane to the 1nvest1gatlon
4 leely cause of cracking

The results of these examinations were documented in “GE- NE-0000-0052-9666, QC U-
2 Replacement Steam Dryer Metallurgical Evaluation” (Ref. 19). In addition GE
completed a separate evaluation of the Transgranular Stress Corrosion Cracking -
(TGSCC) ldentlﬁed in these meta]lurglcal samples in the report listed as reference 16 to -
. this RCR. ' :

' 'Excerpts of the Executive Summéry and selected sections from the metallurgical report is
report are reproduced below: :

Executive Summary of GE Metallurgi'cal Evaluation Ref. 19):

During inspection of the replacement steam dryer at Quad Cities Unit 2 during

- Q2R18, cracking was observed in the skirt and base plate at the 140 degree .
location. Samples were removed from the dryer and sent to GE’s Vallecitos
Nuclear Center for further evaluation.

Visual examination of the samples showed a relatlvely smooth straight fracture in
the skirt plate, consistent with a fatigue mechanism. Examination of the sample
taken from the base plate to skirt plate weld confirmed the fatigue cracking mode.
No evidence of ductile tearing (i.e., overload) was found. Near the inner diameter
(ID) of the base plate, the fracture exhlbxted slight twisting, which suggests there -
was a torsional component to the loading by the time the crack progressed to the
ID. The cracking appeared to have initiated in the base plate regionand -
progressed upward into the skirt plate. Although no clear initiation site could be
1dent1ﬁed the fracture most llkely initiated near the OD of the base p]ate

: 0pt1cal mctallographlc examination of the skirt plate-to-base plate weld cross
sections showed two key features: (1) the root areas of the ID and OD welds
contained lack of penetration; and (2) transgranular, branched cracking -
characteristic of transgranular stress corrosion cracking (TGSCC) initiated from

~ the root area and propagated into the skirt and base plate in both the 140 and 220
degree sections. Neither feature, however, could be identified as an initiator of the
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observed fatigue cracklng Some increase in hardness was noted in the skirt plate,
consistent with the observed deformation. The material chemistries were
consistent with austenitic stainless steels. :

Based on the observations, the material failed by mechanical fatigue, initiated
towards the OD of the base plate region. Given the deformation observed in the
samples examined, the stresses introduced into the cut-out region by bending and
. the location of the cracking, it is hkely that the lifting event contributed to the
observed failure. -

'Excepts from Discussion Section of GE Metallurgical Evaluation (Ref. 19):

Subsequent SEM (Scanning Electron Microscopy) examination of the fracture
surface confirmed the transgranular nature of the cracking, consistent with
fatigue. All regions that were examined were consistent with a fatigue cracking
mechanism, with no evidence of ductile overload found. Some lack of penetration
~ was noted in the weld root, which is consistent with the partial penetration weld

- geometry specified for the skirt to base plate weld. Inclusions in the weld root
were also identified; based on the EDS [Energy Dispersive Spectroscopy]
analysis, these inclusions most likely resulted from the onglnal weldlng process
and were not associated with the failure.

: _Optxcal metal]ography confirmed that the welds were fabncated with at least two
passes, which is consistent with the partial penetration weld geometry specified
for the skirt to base plate weld. In addition, lack of penetration in the weld root

was observed in all of the six cross sections examined. Optical metallography also
confirmed that the material was in a solution annealed condition, with some
evidence of strain hardening in the base plate, as determined by microhardness.
The areas of apparent strain hardening are consistent with the deformation from

the lifting event. The cracking mode was transgranular with small secondary
cracks, consnstent with a fatxgue mechamsm

One additional observatlon was the presence of transgranular cracking in the weld

root region of both the 140 and 220 © samples. Given the branched nature, a]ong
with the presence of multiple indications in both the skirt and base plate regions,

the most likely cause is TGSCC. TGSCC requires three factors to be present: _ 1
(1) wetted environment; (2) aggressive species '(e- g., halogens); and (3) stress.

‘Wetted envnronment At the 140 degree locatlon, the weld root crevice was
exposed to the environment - :

Aggresswe species: Given that the partial penetratlon weld was made by a flux-
core process and weld fluxes typically contain fluorides for fluidity and wetting,
the presence of fluorine in the weld root is not unexpected. In addition, the

manufacturer of the weld flux confirmed that approx1mate]y 3% fluorine was
present in the welding flux. :

~ Stress: Significant stress would be present from we]dmg [The deformatxon from
the lifting event was also a source of stress.]
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Since all three factors are present, TGSCC is the most likely cause of the

observed transgranular, branched cracking in the weld root. Two factors,

however, indicate that TGSCC did not contribute to initiation of the fatigue
cracking: (1) On the fracture face, the transgranular cracking was consistent with
fatigue. There were some secondary cracks, but no major network of secondary
branched crackmg that would characterize a TGSCC crack was found, and (2) the
initiation region (see Figure 3-3(b) in Ref. 19) does not appear to be in the root of .
the weld. The directional features indicate initiation on the OD surface. The
laboratory examination confirmed that the primary fracture was one of _
mechanical fatigue; however, the exact initiating location could not be identified. -

Key Conclusions from GE Metallurgical Analysis

The GE metallurgical analysis proved to be a key component in this RCA. While
the exact initiation mechanism of the dryer skirt plate could not be identified, the

results did eliminate several of the potential failure mechanisms, and supported a

determination of most probable causes. This included the conclusions below:

1. Skirt plate cracking is consistent with fatigue cracking.
2. There is no evidence of ductile tearing. '

3. Cracking appears to have initiated in the base plate region and then
propagated into the skirt plate.

4. The fracture most likely initiated near the OD of the base plate.

5. TGSCC was observed in samples from both the 140° and 220° regions,
but in neither case was the TGSSC identified as an initiator of the fatigue -
cracking.

6. Deformed areas exhibited some increase in metal hardness
7. Matenal chemlstrles were consistent with austenmc stainless steel.

D. Interview Summaries:

. Interviews were completed with a number of key positions associated with this RCA.
This included personnel from: Exelon Reactor Services, GE Installation, and GE Design
personnel A summary of the information from these interviews appears below:

A, Reactor Services:
l Use of Crane Load Cell Scoreboard:

Originally mstalled as a corrective action from an OPEX event where a Dryer was
attempted to be removed with only 3 of 4 hold-downs unlatched.

Typical use of the scoreboard is that the weight of the component will be known
and significant deviations will indicate a potential hang up of the load.
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If a significant chénge in expected load displayed occurs the “Technical Director”v

- (TD) would be monitoring the display and would signal an emergency stop.

For the Dryer installation the TD’s were GE Supervisors.

The Signal person for the load moves was typlcally a Venture Boilermaker
assigned to the GE crew.

Would an avarlable scoreboard have made a difference in this event? Unsure —
The Dryer lifting rigs are all metal components so any increase in load would
occur very quickly, likely before a response could be made by a lift crew, even in
slow speeds. In other lifts where synthetic lifting slings are used, the response

time might be longer. (In this case, there is a potential that a load cell change

could be responded to when the dryer metal starts to deform, and possibly before
the deformation would become permanent.)

The load cell display has been unreliable since installation. Several outages
mcluded lifts made where the scoreboard was inoperable.

2. Dryer Issues

" What are the “key pomts” in a Dryer lift (term noted in several IR’s associated
with this event)? A: Aligning the Dryer guides with the guide rods, and the .
interface between the RPV lugs and the Dryer support ring are considered key

points of this lift now and historically.

Rx. Services was aware that the full- length guide channels that existed on the old
dryer no longer existed on the new dryers.

Rx. Services had limited formal involvement wrth the design of the new dryers -

- (i-e., did not participate in the project team)

Rx. Services personnel signed off on the new design because they believed that it

* could be made to work with some additional care. They also were aware that GE

personnel would supervise the initial Dryer insertion and that modifications would

'be made if needed to support successful installation and removal of the

replacement dryers. (Some of the fit up issues would need to be field verified
especlally during the ﬁrst installation). ' :

Initial insertion of the new dryer allowed for a person to be located in the
Refuelmg bulkhead to assist in alignment. This option will not be available in_

future lifts because they will be done underwater for dose control.

'B. GE Personnel
Dﬂer Prolect Installatlon Personnel

1.

What was included in the pre-job brief for this evolutlon? A: The pre-job bnef
prior to the initial dryer move focused on the movement from the refuel floor to

- the vessel, since this was an abnormal move and resulted in various load path

" issues. It also included discussion of the dryer clearance issues and that the dryer
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design was different and would require significant monitoring while being
- installed.

2. What process document covered this lift (procedure, traveler, etc.)? A: The -
' traveler provided the direction for initial installation of the dryer - Rev. 0 for the
initial move and Rev. 1 for the final installation following modifications. The
removal for modifications was performed per the station reactor disassembly
procedure. :

‘3. What were con51dered “key points” in thlS hﬁ? Were they formally documented?
A: There were hold points when the dryer base ring was at 6-inches above the
RPV lugs and again when the mounting block was 6-inches above the RPV lugs.

| 4. Why was the ineperable load cell scoreboard considered acceptable? A: It is not
unusual for load cell/displays to be malfunctioning at various plants.

DQ’ er Pi'o'iect Design Personnel }
" The Dryer demgn was changed from full-length channels was to accommodate
relocating the drain channels from the inside of the dryer skirt to the outside of the
dryer skirt. To be able to fit in the vessel, the skirt diameter was reduced to make -
room for the drain channels on the outside of the skirt.. Full- length guide rod
channels prevnously mtegral to the skirt could no longer remain,

E _' ¢ The replacement dryer desxgn uses a 4-point contact design which also minimizes

weight increase. The new dryers are more structurally robust through the use of
heavier material. The increased weight has to be maintained within the structural
capabllmes of the existing RPV dryer support lugs." :

 This installation hardware is consistent with the design of newer GE BWR’s.
There has been no experience of a similar “Lift Event” in these newer BWR’ s.

K  The ovallty event was noted as a factor in degrading the alignment of this QC U-2
replacement Dryer. -
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V. Evaluation:

This evaluation section is organized as follows:
A. Table of all Causal Factors that this RCA concluded influenced this event.

B. Additional discussion of the basis for cause determination.

C. Discussion of other event conditions that were evaluated as potential causal
factors, but rejected, how they were eliminated as causal factors, and their final
disposition (no action required, addressed in “Programmatlc/Orgamzatlonal Issues,
addressed in “Other Issues” section)

‘The final section C is needed because this RCA requn'ed extensive technical and
analytical review and in some cases, cause determinations relied on elimination of other
- causes to support the RCA conclusion of root and contributing causes.

A. Table of Causal Factors

Pronlem Statement

Cause (describe the cause and identify
whether it is a root cause or contributing
cause)

Basis for Cause Determination

-Event 1: Crack &
deformation of
dryer base plate

| and skirt

identified in

Q2R18.

CFla: Lift Event— Design
factors:

1) New dryer skirt base ring had
cutouts to fit around RPV support
lugs, previous design had full
length channels.

2) New dryer has two dryer guide

slots at top and bottom of skirt vs:

full-length channel in old design.
Root Cause

Event 1: Crack &

CF1b. Lift Event - Fabrication:

Note: The basis for cause determination is
similar for CFla, & CF2b and are combmed
below:

¢ Root cause supporting analysis concluded
that the skirt region cracking would not
have initiated had the Q2P03 dryer lift’
event not occurred. ,

o Lift event resulted from changes in dryer
‘installation hardware, not from personnel
errors during dryer removal.

e . Tolerances between the dryer guide rod

identified in

deformation of | Ovality Results in Looser slots & guide rods allows for rotational
dryer base plate | Installation Clearances - - movement of dryer resulting in skirt base
and skirt Distortion/ovality of dryer base plate cutouts not aligned with RPV
| identified in plate further degraded alignment |  support lugs. _
Q2R18. control provided by dryer guide |e¢ Tolerance in guide components was
| slots. further degraded by ovality issue.
‘Root Cause  See Evaluation of Lifting Event Causal
Factors CF1a, CF1b (section after this table)
for more details on basis. -
Event 1: Crack & | CF2: Disposition of damage‘ from |4 EDDR accepted condition as-is but did
deformation of Q2,P23 lift event concluded “use not fully evaluate the material effects of
dryer base plate | 23 is”. GE FDDR, and site ~ the damage (focus on fit issues).
and skirt review concluded:

¢ Assumed damage occurred in low stress
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Problem Statement .

Cause (des;rfbe the cause and identify
whether it is a root cause or contributing
cause)

Basis for Cause Determination

Q2RIS.

|  Modify base ring for

separator guide rods

e Runforlcycle
Repair/modify base ring for
RPV Lugs in Q2R18

Cbntributing Cause

regions. . Na
Inspections limited to visual & PT in the |
outside diameter areas. No detailed
inspection of insi_de diameter.

* Since follow-up analysis in this RCA did
- not identify an exact initiation mechanism

for the cracking, a more detailed analysis

during Q2P03 is unlikely to have changed |

the outcome. (For this reason, this issue is
considered a contributing cause rather
than a root cause).

Retained as a contributing cause because
of small possibility that more detailed
inspections could have detected cracks in
the skirt or base plate, specifically on
inner diameter areas.

See “CF2: Disposition of Lifting Event Prior
to Start-up from Q2P03” (Second section
after this table) for more details on basis.

Event 1: Crack &
deformation of
dryer base plate
and skirt
identified in
Q2R18.

CF3: Analysis — Operating Cycle
Impacts .

Contributing Cause

Operating pressure oscillation loads from
MSL acoustics resulted in skirt base ring
stresses that when combined with the
reduced fatigue endurance caused by the

“plastic deformation from the lift event,

was adequate to initiate and propagate -

. cracking.

Considered a causal factor in crack

“initiation and propagation but not a root

cause because analysis has concluded that
the operating loads are not sufficientto - -
initiate cracking on their own.

Att. 4 of this RCA presents a comparison-
of the U-2 pressure sensor data with the
areas that expérienced damage, which -
supports the conclusion that operating

. cycle impacts were not initiating factors

or root causes to this event.

Event 2: Crack
found in vane
bank of “E”-bank

CF4 - Cracking in Gusset 19 of
Vane Bank “E” End Plate Near
the 320° Location - most

- The basis for the cause determination is -

photographic observation by the root
cause team and GE’s evaluation
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Problem Statement

Cause (describe the cause and identify
whether it is a root cause or contnbutmg
cause)

Basis for Causé Determination

near 320 °
azimuth -

probably due to assembly, and
residual welding stresses,

'minimal weld thickness,

proximity to a weld-stop (stress
riser) and the presence of
operating vibration loads

Root Cause

(Reference 17).

The “Lift Event” was rejected as a causal
factor for this event using a detailed stress
analysis (Reference 36)

Event 3: Latch
Box Crack at
220° azimuth

CF5 - Cracking in the 220° Latch
Box — Per Ref. 18, the most likely
cause of the cracking is fatigue
cracking, the presence of a weld
end discontinuity and likely high
weld residual stress at the corner
location.

Root Cause

" The basis for the cause determination is

the analysis and evaluation discussed in
Reference 18, which concludes that the
most likely cause of the cracking is the
presence of a weld end discontinuity and
likely high weld residual stress at the
corner location.

The “Lift Event” was rejected as a causal
factor for this event using a detailed stress
analysis (Reference 36)

B. Discussion of the Basis for Cause Determination for Three RCA Events.

Event 1: Crack & deformation of dryer base plate and skirt.

1. CFla, CF1b: — Llftmg Event Causal Factors

~A. Lifting Event: The May 2005 “Lifting Event” where the dryer was damaged from
- impact of the skirt base ring with the RPV lugs was a causal factor that contributed to the

dryer cracks discovered in Q2R18. An apparent cause evaluation (ACE) was completed
and approved in May 2005. This RCA reviewed this ACE and determined it to be an
. appropriate starting point for further analysis to determine why the event occurred.

' The ACE (AR 334383) concluded:

“Two apparent causes were identified for this ACE. First, lack of clearance
between the Dryer base ring plate and the Separator gulde rods resulted in damage
to the ring plate and shifting of the Dryer that caused minor damage to two of the

* seismic support blocks. Second, excessive clearance between the Dryer guide
rods and the Dryer (guide slots) allowed the Dryer to move enough that the close
tolerance notches in the Dryer skirt base rmg plate no longer aligned with the RPV
dryer hold-down lugs. This allowed the ring plate to catch on the underside of the
lugs and result in deformation of the ring plate in three areas.”
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ThlS RCA con51ders the lack of clearance between the dryer skirt base ring and the ,
separator guide rods to be an initiating event, but not a causal factor because the dryer is-
designed to be installed and removed as many times as needed to support plant =
operations. The interference with the separator guide rod was the reason for dryer
removal in this case, but not the reason for the lift event. Therefore the next level of

y” focused on the excessive clearance with the guide rods, and the close tolérances
between the skirt base ring notches and the RPV lugs.

This RCA did consider the p0551b1hty that the cause of the impact was related to human ’
performance issues with the crew removing the Dryer in Q2P03. This consideration
arose from the fact that the U-2 Dryer was installed without damage twice during Q2P03 '
and removed once during Q2R18. (The Q2R18 removal was under the same
configuration and close tolerances as Q2P03 since the modifications to improve this
condition had not been completed yet). Information from interviews with personnel
_involved in the successful moves of the U-2 dryer, support a position that while the dryer
~ can physically be removed under the configuration existing in Q2P03, the tolerances are.
such that an unacceptable risk of impact exists even with a reasonable measure of care.
This information coupled with the results of the previously approved . ACEledtoa
conclusion that the causal factors of the lift event were more related to the hardware
clearance issues than crew human performance. Therefore the RCA pursued a “Cause
-and Effect Analysis” on the changes to design of the dryer installation hardware which
resulted in the increased clearance with the guide rods, and the close tolerances between
the skirt base ring notches and the RPV lugs noted in the ACE.

‘Cause & Effects Analysis — Design Changes to Dryer Installatlon Hardware (CFla)
1. What were the changes? :

Dryer Guide Device Clearance: The previous dryer had two guide channels that ran the-

outside length of the dryer. Once the channel was engaged onto the RPV dryer guide
rods, little movement occurred as the dryer was installed into the RPV. Similarly, these
full-length channels allowed for less movement when the dryer was removed, when -

compared to the new dryer design that uses dryer guide slots at the top and bottom of the

Dryer Skirt. On the replacement steam dryer there are only 4 points of contact between

the dryer and guide rods: * - two at 0 and 180° on the base ring, and: -two at 0 and 180°

" on the mid-support rmg When the mid-support ring is not engaged with the dryer guide
rods (i:e, the support ring is higher than the top of the upper dryer guide rod brackets),

there are only 2 points of contact between the dryer and guide rods, at 0 and 180° on the

base plate. Stated another way, only when the dryer base plate is 2 or more below the -

. bottom of the RPV dryer support bracket (vessel lugs) will there be 4 points of contact.

Thus, there are only 2 points of contact between the dryer and guide rods any time the -
dryer base plate is at the same elevation as the RPV dryer support brackets (vessel lugs).
" The dryer is therefore much less constramed in terms of the dryer/guide rod interface in
the replacement design than it was in the original design, especially when the dryer base
‘plateis-at the same elevation as the RPV dryer support brackets (vessel lugs).

Skirt Base Ring Cutouts for RPV- Support Lugs: The previous dryer used a channel
mechanism to allow the dryer skirt to pass along the 4 RPV lugs. The new dryer design
~ had cutouts at the skirt base rmg that were nommally 4 inches wide to fit around a RPV
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lug that is 3 inches wide. This allowed a one-lnch margin (one half inch on each side) to
install the dryer onto the RPV lugs.

2. Why were the -changes made?

* The new dryer installation project was completed to address past experiences with
structural damage to the old dryer during operation at Extended Power Uprate (EPU)
conditions. The new dryer was an original equipment manufacturer (OEM) replacement
of a more structurally robust designed dryer. The reason the design was changed from
full-length channels was to accommodate a change to relocate the drain channels from
the inside of the dryer skirt to the outside of the dryer skirt. Since the OD of the dryer
had to remain the same diameter so as to be able to fit in the vessel, the skirt diameter
was reduced to make room for the drain channels on the outside of the skirt. The full-

length guide rod channels that were previously an integral part of the skirt thus could no
longer remain integral to the skirt. It was decided to not incorporate the full-length guide
rod channels into the replacement dryer design and instead use the 4 points of contact

- design so as to minimize the weight increase of the replacement dryer. (As the dryer is
made more structurally robust, the weight increases as heavier material is used, and the

‘increased weight had to be maintained within the structural capablhtles of the RPV dryer
support lugs )

- 3. Why were the potentlal adverse consequences to the installation hardware changes
missed? .

Barrier Analy31 The barriers expected to prevent adverse consequences from
this de51gn change included: :

a. A de51gn product provided by the vendor desxgner where all potential adverse
consequences associated with the change are addressed.

" b. Review and'vapproval of the vendor provided product by Exelon design !
personnel using the process defined in CC-AA-10, “Configuration Control :
Process Description” and other associated procedures.

. Review of the de51gn product by the end user (in this case Reactor Services) to
determme if there any adverse 1nsta]1at10n concerns created by the design change.

~ In this case the vendor provrdmg the design product is GE who was also the Original

- Equipment Manufacturer (OEM). Interviews with-a GE design person indicated the use
- of slots versus channels was considered an acceptable option based on trouble free
application of this design in the dryers of more recent vintages of GE BWR’s. The GE

- designer believes that the use of slots in the new dryer was, and is acceptable but in the

case the QC2 dryer, was further degraded by the “ovahty” fabrication issue.

' Site des1gn personnel review efforts were focused on structural factors, the
instrumentation unique to this partlcular dryer, and similar technical items.- The de51gn
engineers have little “hands on” experience with dryer installation. The Exelon
Engmeermg Change (EC) review process accounts for this gap in hands on experience by
using cross discipline reviews from personnel who do have this experience. In this
design change, the end user, Reactor Services completed Att. 10F of CC-AA-102,
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’ “Conﬁguratron Change Revrew Checkhst for Use by Other Departments” indicating they -
understood and accepted the impact of this change on their départment. Follow-up
interviews with GE and Exelon Reactor Services personnel indicated that the change in
installation hardware, and resulting closer installation tolerances, was a well-known
_issue. These personnel believed the change could be accommodated with additional care
- during installation. One example of this additional care was that during the initial
installation, personnel were in the reactor refueling cavity bulkhead to closely watch the
- lowering load. This option was known to not be available in future Dryer installations
~ since they are performed under water after the dryer has been exposed to operating
conditions that elevate the radiological dose rates. The intent was to determine if the
dryer could be successfully installed despite these tighter tolerances, and pursue

" modifications if needed for future installations.

~ associated with this event shared some similarities with those of another recently

o Results” (Ref. 37) was reviewed. This RCA was completed in May 2005 when it was

- _differential pressure (dP).  This RCA contained corrective actions intended to reduce the

- This evaluation concluded that for these changes to the dryer 1nstallat10n hardware:
o .OEM (GE) personnel had provided the design for use in the Exelon EC process.

o The desngn change process had been followed as specified in the governing .
procedures ' : A

. Appropnate end user” personnel (in thlS case Reactor Services) had been
included in the design change review.

. ,These Reactor Services personnel had s1gn1ﬁcant experience.

- Despite these factors, unanticipated negative consequences occurred that were assocrated
with these design changes :

~ This evaluation pursued the organlzatlonal and programmatlc factors that had influenced
these negative results. At this point in this RCA, it was known that causal factors

- approved RCA, an investigation of Electromatic Relief Valve Solenoid Failures (Ref.
38). A review of the corrective actions associated with the ERV RCA identified that
several of these actions would be well pos1t10ned to address the weaknesses identified in
this RCA.

_ Addmonally, a second RCA “QC2 Replacement Steam Dryer Impact on Fuel Analysis

determined that the replacement dryers would not meet the design requirement for

. probability of negative consequences associated with 1 maJor design changes and projects. ' : |

" Corrective actions will be needed to prevent recurrence of the dryer lifting event specific

" to the RCA (since dryer removal will occur each future refueling cycle). Actions will also
‘be needed to address the organizational and programmatic issues that allowed the

* negative design change consequences to occur. . The subsequent section, “IX. Corrective

Actions to Prevent Recurrence”, and “X. Corrective Actions”, presents corrective actions

associated with the lifting event Section “XII. Programmatic/ Organizational Issues”

details the corrective actions to address the more global concern related to preventmg

unanticipated negatwe outcomes of desrgn changes.
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CFl1b: Cause. & Effects Analysis — Fabrication Induced Ovality

The additional movement and reduced tolerances allowed by new installation hardware in
the QC U-2 dryer was further degraded by a fabrication problem which resulted in the
skirt being approximately 2 inches out of round (“ovality issue”). The orientation of the
~ out of round position further allowed additional movement between the dryer guide slots
and the RPV guide rods. The concern related to the ovality impacting installation
clearances was recognized. The DDR (Ref. 7) resolving the ovality issue noted —
“Dimensional analysis of the as-built hardware indicates that the dryer will fit in the
vessel. Clearances normally available have been compromised, so additional guidance
constraints will be placed in the lower guide block, to limit misalignment and assist in
installation.” The additional guidance constraints were in fact installed as documented in
Ref. 9. These constraints helped reduce potential movement between the dryer and the
vessel wall, but did not have any impact on lateral movement. It is believed that this
lateral movement contributed to the “lift event” by allowing the dryer to rotate about one
inch due to the slop between the dryer guide slots rods and the RPV dryer guide rods.
This minimal rotation contributed to the dryer skirt base cutouts for the RPV lugs, bemg
out of alignment with the RPV lugs, which allowed for the skirt base plate to impact on -
the bottom of the reactor lugs as the dryer was being lifted out of the reactor vessel.

Note: Att. 7 contains more detailed descriptions and pictures regarding the movement of
- and damage to the U-2 Dryer during the Lifting Event.

CF2: Disposition of Lifting Event Prior to Start-up from Q2P03

Given that this RCA concludes that damage from the May 2005 (Q2P03) lifting event
was a primary causal factor for the cracking identified during Q2R 18 inspections, and the
damage from this event was a known issue, it is logical to conclude that this disposition
was a “missed opportunity” to prevent the dryer skirt cracking. This section describes the
evaluation performed for potential causal factors associated with the reviews completed
after the lifting event that occurred.” The table below describes the major reviews and
milestones that occurred, during and shortly aﬂer Q2P03.

Q2P03 Lift Event Follow-up Decision Tlmelme

D‘ate ’ Time - Event
5/11/05 2300 Lift event occurred
| (approx.) o :
05/12/05 | 0156 OCC notified
05/12/05 | 0700 Prompt Investigation Initiated (Ref 4) -
05/12/05 |NA | Exelon comment matrix for review of FDDR RMCN
I ’ 06243 notes need to assess:
1. “cold work and/or residual stress in the weld ?
2. “magnitude of the plastic strain to determine the
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; potential susceptibility.” ‘
05/13/05 | ~0700 | Liquid Penetrant testing performed on selected
(prior to damaged and/or repaired areas of Dryer
.1nstall) ' Ref 1) |
05/13/05 | 0710 Dryer Repalred Modified and set mto the RPV
| 105/13/05 | 0900 - | Prompt Approved by MRC.
.| (assumed)
05/13/05 |NA FDDR RMCN06245 Issued by GE to Resolve Llft
- Event Damage. Implemented under Exelon WO
v 742798-1 (Ref. 8).
05/14/05 |NA .| PORC approval of EC 351168- Rev.2— incorporating
, B FDDR RMCN 06243 into the Exelon EC process.
05/16/05 | 0345 U-2 Start-Up from Q2P03
05/24/05 | NA Exelon Corporation concurrence letter for FDDR . -
-, RMCN 06243 issued. (Ref. 30) _
05/25/05 |NA ACE on Lifting Event Approved by MRC (Ref. 2)

This RCA reached the followmg conclusions regardmg the Q2P03 assessments of the
lifting event:

1.

There was no evidence of any formal review (HU-AA-1212, or similar process) to
specify what areas of the Dryer areas were to be inspected afier the lift event.
Non-destructive examination (NDE) personnel performed liquid penetrant
examinations of damaged and or repaired areas at the direction of GE refuel floor
supervision. (Ref. 1) These examinations included outside diameter areas, no
inner diameter areas were inspected. ‘ '

Only anecdotal evid_ence of evaluation of cold work or elastic strain impacts could
be found. Personnel who were involved in the review of the GE FDDR (Ref. 8)
recalled discussions of these toplcs, and conclusions that the ductile nature of
stainless steel, and low stresses in the skirt/baseplate regions, made future
problems unlikely. This RCA found no documented, formally reviewed structural

analysis reports or evaluations completed prior to restart from Q2P03.

F ormal structural ana]yses (Ref 29&36), and metallurgical evaluations (Ref 19) were
“completed as part of this RCA. Because these analyses could not 1dent1fy the exact
- initiation mechanism of cracklng, a detailed analysis during Q2P03 is unlikely to have
" changed the outcome, (formal analysis would have concluded the unit could be restarted
without major replacement of dryer skirt components). For this reason, the weaknesses
‘ associated with the Q2P03 lifting event disposition are not considered a root cause to this
event. The weaknesses are retained as a contributing cause because more detailed
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_inspections could have detected cracks in the skirt or base plate, specifically on the inner
diameter areas. In addition, more detailed inspections in the inner diameter regions
would have better identified the magnitude of the deformation, which may have resulted
in a different conclusion of corrective actions needed.

Event 2: Crack found in vane bank of “E” bank near 320° azimuth

The basis for the determination of minimal weld thickness, proximity to a weld-stop
(stress riser) is photographic observation by the Quad Cities root cause team. Reference
17, Figure 1, last image, shows that the weld buildup is smaller than adjacent portions of
the weld and also shows the weld-stop. Additionally, hood assembly and weld residual
stresses may have been produced due to the alignment of 6 vane panels in the “E” hood
and the weld shrinkage when welding the hood panels and gussets to the vane panel end
plates and trough. (This results from differential thermal expansion and contraction that
occur from the temperature difference between the weld bead and the cooler base metal.)
These factors are postulated to, in the presence of operating vibration loads, have initiated
the crack.

'Event 3: Latch Box Crack at 220° azimuth ,

- The basis for the cause determination is Reference 18, which notes “that the crack
appeared to have initiated at the corner where one latch box to skirt panel weld either
began or ended. Also, the weld end appears to have a discontinuity in the form of a small
crater. It is well known that the beginning or end of a weld bead could have some
discontinuities that could serve as a fatigue crack initiation site. The other contributing
factor could be the corner location where the two welds are meeting that could produce
high fit up stress at that location. The presence of high weld residual stress could lower
the fatigue stress threshold and may result in the initiation of a fatigue crack. Therefore,
it is concluded that the most likely cause of the cracking is the presence of weld end
discontinuity and likely high weld residual stress at corner location.”
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. C. Discussiou of Evaluation of “Other Conditions”

Conditions in the table below were determined to not be CF’s for this event, but warrant .
additional discussion for clarity purposes, and to ensure priority.issues are resolved even -
- if they did not contribute to these events. The table summarizes these events. For some

. of the more complex issues, a more detailed discussion appears at the end of the table.

Condition Description

Issues, Basis, Resolution

1C.I1: Crane_loed cell unavailable.

Effect of not having load cell dfsplay avaiiable was
not effectively resolved prior to the lifting evolution.
RCA inconclusive if load cell could have prevented -

event but there are clear opportunities to enhance the
use of this barrier in future.

CA’s specified in “Other” Section -

(More detailed discussion appears at the end of this table.)

C2:
Not Include Detail For New
Dryer Design Below Water Line

Finite Element Model Did -

RCA determined extenswe issues in conﬁguratlon
control between the as built replacement dryers and

* the GE analysis model (one example - base plate cut-

outs were not mc]uded in analysis model).

Structural analysis aSsociated with the RCA -
determined that this lack of configuration control did

" not contribute significantly to this event (Ref. 29)

(More detailed discussion appears at the end of this table.)

C.3: Metal Stress Inducing

-1 Factors - Design: Used super
element model for new dryer
design.

Base plate and skirt gusset load concentratlon not
modeled. '

. Model assumed full penetration welds for the base

plate to skirt, while the design and fabrlcatlon installed

-~ partial penetration welds.

Analysis model did not. mclude cutouts in the sknt

- base plate.

. Structural ana]ys1s assocmted with the RCA
“determined that this lack of detailed analysis did not

contribute significantly to this event (Ref 29)

| C.4. Metal Stress Inducing

| ovality of dryer base plate

Factors - Fabrication: Distortion/- |

- Stress induced in the dryer skirt & skirt base plate due

to two halves of dryer being force fit together,
resulting in ovality of the _sklrt and skirt base plate.

‘Stress contribution to skirt cfackirié would be limited

to elastic distortion of the base ring.

Impact of residual stresses was not specifically
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Condition Description

Issues, Basis, Resolution

analyzed in Q2P03 because skirt is a low stress region.

e A follow-up evaluation associated with this RCA .
(Ref. 33) was completed and concluded that the small
plastic strain and residual stresses directly attributable
to the ovality issue did not contribute to the observed
cracking. :

(More detailed discussion appears at the end of this table.)

C.5: Structural — Fabrication:
Welding of base plate to dryer

| skirt showed lack of penetration..

o Dryer material sample showed a lack of weld
‘penetration at skirt and base plate connection

e Metallugical Analysis completed for this RCA
concluded that the lack of penetration was not -
completely unexpected for this type of weld. This

analysis also concluded that this issue was not a causal' .

factor for the observed cracking.

e More detailed discussion and excerpts of Ref. 19, the
GE Metallurgrcal Analysis were included in the -
~ previous “Analysis™ section of thls report and are not
repeated here.

C.6: Structural — Fabrication:
Use of halide containing weld
wire coupled with cracking
allowed SCC initiation.

¢ _ Dryer material samples from both the 140° and 220°
- regions indicated a presence of TGSCC.

e Metallurgical Analysis completed for this RCA
concluded that the TGSCC was not an initiating factor
for the observed fatigue cracking. TGSCC.in the 140°
region was more extensive than the 220° region. It is
believed this condition was caused by the water
introduced to the area after the fatigue crackmg

- occurred in the 140° area.

e More detailed discussion and excerpts of Ref 19, the |

-GE Metallurglcal Analysis were included in the

.. previous “Analysis” section of this report and are not

repeated here.
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.C.1: Crane Load Cell Display Unavailable Allowing Excess Forces On Dryer

The Reactor Building Overhead Crane (RBOC) is provided with a load cell that will

sense the weight on the crane hook with an output signal to a crane power interlock

switch. The set point of this switch is 250,000 Ibs (125 ton), equal to the rated crane
capacity. The load cell signal also provides input to a digital readout, which if properly
 calibrated, will provide the accurate weight of a lifted load. There is a primary readout on
the control unit located on the crane trolley, which cannot be viewed remotely. There is,
however, a secondary display that can be viewed from the crane operator’s cab as well as
the refueling floor.

During the review of the Steam Dryer lift event on May 12, 2005 (Q2P03) it was

determined that this lift was performed with a non-functioning digital readout display

~ from the load cell (secondary display). (Note: The 125-ton crane power interlock was
functional, only the display function was inoperable). Procedure QCMM 5800-05

“Reactor Building Overhead Crane Utilization”, Step 3.3.1 states:

“if the ... readout does not display any digits, WRITE a Work Request for repair.
- This does pot render it inoperable if all view angles around the lift can be verified
to ensure no interferences are encountered.”

- There is no evidence that a Work Request (WR) or an Issue Report (IR) was initiated at
this time, however, a prior request was initiated on 4/21/05 (AR# 327007). This request

-(WR# 176082) was closed to WO# 805641-02 for calibration of the load cell and repair

- of the digital readout, which was completed on 5/16/05, approxunately 4 days after the
dryer lift event.

Per discussion with the contracted crane maintenance vendor, it is understood that the
digital readout will provide accurate indication of a slight change in load (= 200 Ibs) on
the crane hook, which would be indicative of a load hang-up It is also understood that
monitoring of the load could easily be accomplished by using a dedicated person to watch
the display for any increase in load indication. This person would be located near the
signalman, thereby being within sight of the crane operator without distracting either the
signalman or the crane operator from their respective load handling responsxbllmes The

~_ person monitoring: the load display can terminate the lift at any time a change in load is

observed.

Based on the speed of the hoist in slow speed < 2ft/mm ) and reasonable reaction times
by the load monitor and the operator, it is expected that the lift could be suspended with a
- minimal amount of load on the contact points due to hang-up of the load.

The ACE conducted at the time of the event (Ref. 2) concluded that since the rigging is a

* “metal to metal” contact throughout, any load cell deviations would be instantaneous and

would not allow for operator action to prevent possible consequences ...” This RCA,

~ however concludes that had the load cell secondary readout been functioning and a
dedicated person assigned to monitor and halt operation of the crane at a predeﬁned

criteria the damage could have been mmlmlzed :

~ The finite element v_analysxs conducted to estimate the force necessary to permanently
deform the skirt base ring % of an inch would be around 47,000 Ibs. Since the load cell
can sense load differences as small as 200 lbs., and the the skirt base plate would deflect
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in an elastic manner at some lesser force before it would plastically deform to the % inch.
deflection, the lift could have been stopped prior to any permanent deflection. :

During interviews, it was evident that the lack of a functioning load cell drsplay had
become an expected norm and the procedure had been written to allow the use of the
RBOC without the load cell functional. It is also reasonable to conclude that with the

- heightened sensitivity to the dryer clearances due to the changes in design and to-
fabrication problems (ovality), that miore emphasis should have been placed on the
operation of the load cell. :

C.2 Finite Element Model Did Not Include Adequate Detail For New Dryer Daign

A potential failure mode that was identified and subsequently re_|ected was that the finite
element model for the dryer could be inadequate for the new dryer design. If this allowed
‘an inadequate margin condition to exist without the model showrng the problem then a
design rnadequacy would go undetected.

The evidence indicates that the cracks occurred primarily because of residual stresses -

associated with the dryer lift / impact event. Normally, the dryer modeling would not be:

used to ensure margm to mis-handling events, except p0551bly in very low dimensional
clearance margin conditions’ such as this (where a user error is likely).

Durmg RCA, several vulnerabilities were discovered, which the dryer mode] was not
detailed enough to detect. One example is that the gussets placed adjacent to the notches
in the base plate, could cause ring deflection(s) to be transferred to the skirt panels, |

 allowing a cyclic loading. A second example was that the cutouts for the RPV lugs were

not modeled. This prevented the opportunity to detect local stress conditions that may be
present in the skirt or base ring in the vicinity of the cutout. Since the model did not v
detail these conditions, additional detailed finite element modehng was needed to better
evaluate this possible cause.

Additional detailed finite element analysis (FEA) completed inaGE) report titled “Quad
Cities Unit 2 Replacement Steam Dryer Analysis, Detailed Stress Analysis of Skirt Base
Plate Cutouts and Gussets ” (Ref. 29) concluded that:

“The analy51s results show that the effect of the cutout on the skirt response is

insignificant and the original stress analysis without this detail is adequate. In

addition, the fatigue stress levels at the cutout in the base ring for all '

configurations (original, as found, and repalr design) are very low compared. wrth
- the endurance limit of 13.6 ksi .. .

,“The inelastic analysis results show that the lug/base plate lmpact resulted in
significant levels of irreversible plastic deformation that could have eontrlbuted to
crack initiation due to a combination of residual stress mherent in plastlcally
deformed structures and flow-induced vibratory stresses.”

The conclusrons of this analysrs supports elimination of lack of deta11 inthe FEA'asa

- potential cause, and supports the RCA position that stresses from the lifting event were
causal factors in Event 1. :
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E C.4. Metal Stress Inducing Factors - Distortion/ovality of dry#r base plate (Ref 33) - |

GE completed additional analysis of this condition in support of this RCA. Excerpts of
this analysis appear below, which support a position that stresses from ring ovality did.
not contribute to the events in this RCA:

leen the sequence of events, it is reasonable to conclude, as stated in the DDR
disposition, that the distortion of the base ring was a consequence of welding the -
additional supports into the upper steam dryer structure. Weld shrinkage between
‘the dryer banks could have transmitted a load into the skirt tending to make the
structure, including the base ring, slightly oval. However, when considering the
potential effects of this distortion relative to the failure observed at the 140°
location, there are two important points. First, it should be recognized that, at 247
inches diameter and only one inch thick, the base ring is a relatively flexible -
component. Two inches deviation in a 247 inch diameter is only about 0.8%
diametral distortion, which represents neither significant workmg of the material -

- nor residual stress. In fact, a large fraction of this projected maximum distortion . .
of 0.8% is elastic rather than plastic deformation. Circumferential strain, which
would be more indicative of permanent plastic deformation, is essentially a net of
zero since the diameter is approx1mately the same amount undersize 90 degrees
from the oversize points. In any event BWRVIP-84* allows up t6 2.5% .
permanent plastic strain for the purposes of straightening stainless steel
components. The plastic strain attributable to the diametral distortion is much less

. than this limit.

" The second consxdefatidn is that the failure occurred at the 140° azimuth, which is
approximately midway between the minimum and maximum diameters. ,
Therefore, the failure occurred near a neutral point where the diametral distortion
and stress would be minimal. However, it is recognized that in this region

~ especially in the cutout in the base ring, the balance between the oversize
diameter and the undersxze diameter would tend to produce some amount of
bending of the ring. This produced some incremental amount of torsional load in
the cutout region that would be additive to the overall stress applied in the failure

location. Nevertheless, it is concluded the small plastic strain and residual stress
directly attributable to the observed diametral deviation had no role in the failure.
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VI. Extent of Condition:

Cause being addressed

Extent of Condition Review

| CF1a - Guide Channels
Not Used in New Dryer
Design

The Quad Cities Unit 1 and Dresden Units 2 and 3 replacement steam
dryers also do not use channels. The modification to the Quad Cities

"Unit 2 (QC2) dryer of wider base ring slots has been incorporated into

the design of these three dryers and the attention required during lift to
the possibility of “hanging up” the dryer base ring on the dryer (RPV)
support lugs has been communicated to Dresden, and will be
communicated to the industry through the OPEX process.

CF1b - Ovality Results in
Looser Installation
Clearances

The Quad Cities Unit 1 and Dresden Units 2 and 3 replacement steam |
dryers were/are constructed in two halves, shipped and welded

| together at J. T. Cullen. Measurements showed that the dryer skirt
‘was oval following the welding. The looseness caused by the ovality

is postulated to be an element in the dryer removal event. The lessons
learned regarding rigging and welding to prevent the dryer from
becoming oval have been mcorporated in the fabrication of these three

dryers.

CF2: Analysis &

.| Inspections of Damage
from Q2P03 lift event
concluded “use as is™.
FDDR, and site review
concluded: ’

e Modify base ring for
separator guide rods

¢ Run for 1 cycle
Repair/modify base

Q2R18

GE

ring for RPV Lugs in

‘The evaluations, examinations and analyses performed immediately

after the dryer lift event in Q2P03 did not have sufficient rigor. As
noted in the Evaluation section, it is likely that these weaknesses,

| especially in the analysis area, would not have changed the outcome

of the evént, however there is some finite possibility of a missed
opportunity to prevent this event from this CF. The Programmatic/

‘| Organizational issues associated with this CF are unlikely to be

repeated in dryer components, given the limited population of similar

dryers, but there are extent of condition concerns related to other RCA

reports reviewed as part of this analysis. Several corrective actions
recently initiated in these other RCA are well aligned with this CF,
and should be expected to have a positive impact on this concern.
These items will be addressed in more detail in the subsequent
Corrective Actions section of this report. :

CF3 - Data Collection

| From Instrumented Dryer
Acoustic Loading @ 150
Hz

Vibrations are present to a degree in all the Units. They are measured
and used in the analyses or compared to analyzed levels.
Consequently this should not be an issue for other stations / units.

CF4 —Issue 2: Bank “E”
- End Plate Cracking

Section 1 of Reference 19 reads in part: “Following the discovery of
cracking <in Gusset 19>, all remaining locations were inspected. All

.of the other gussets were found to be acceptable with no evidence of

cracking.” Therefore, it is concluded that this is an isolated incident.

CF5 ~Issue 3; Steam

Dryer Latch Box Cracking

Latch box protectors have been ihsta]led under EC 351167, Rev. 1 for
Unit 1 and EC 348286, Rev. 0 for Unit 2. No othcr latch boxes were
found cracked during these installations.

Page 35 of 43




VIL Risk Assessment:

Plant-specific risk -
consequence

Basis for Determination

Industrial Safety —
Minimal Risk _

Although the load cell display was not functlonmg, the circuitry does not .
allow a lift of over 125 tons nominal. Given the safety factor of 5 required
for the crane and other lifting members, the members would have. been able to
w1thstand the load up to the crane lift cutout w1thout failing.

Nucle‘ar Safety —
| Minimal Risk

Dryer component cracking could result in lost parts. Various lost parts
analyses have been performed in the past (most recently for a steam dryer 94
Ib. lifting lug for Unit 1 and a steam dryer 9” x 6 plate for Unit 2). The most

significant consequence has been determined to be a risk to production. No
| risks to nuclear safety have been found. Additionally, the Quad Cities Risk -

Management Expert and the Corporate Model Owner have reviewed the
Steam Dryer Gusset Cracking Condition (IR 473034), the Steam Dryer Skirt
Cracking Condition (IR 472321) and GE-NE-0000-0052-6385-R0, Lost Parts
Analysis for Dryer Lifting Lug and Dryer Skirt Panel Unit 1, to prov1de '
support for the PRA modeling. Basically, the risk assessment review found
the risk increase associated with these condrtlons to be minimal and not nsk
srgmﬁcant, as documented in Reference 26. -

Regulatory Impact
— Minimal Risk

| There is Regulatory Impact from the standpomt that the Station has assured

the Regulator that a more robust dryer has been installed, that the loading on
the dryer is understood, the dryer has been shown analytically to be able to
withstand the loading and that there should be no cracking of the dryer.

| However, dryer cracking was found during Q2R 18, resulting in a decrease in

the credibility of the Station with the Regulator. Note that the dryers are non-
safety related, seismically designed. Due to the location of the cracking and
the measure strain hardening of the dryer material, the cause of the cracking is
_]udged to be the lift event. Inspection of the Unit 1 dryer during Q1M19
determined that this undamaged dryer did not have cracking comparable to

.the Unit 2 dryer supporting the conclusion that the dryers were designed

adequate to withstand the loads (mmus a lifting event) as comm1tted to the
Regulators.

| Minimal Risk

Production / Cost —

Based on the followmg, there is mmlmal hkellhood of recurrence of this dryer ,

cracking event:

a. GE’sroot cause analysrs of the dryer 140° sknt cracking, Reference 21,
identifies the lift event and consequent material strain hardening : asthe .
probable cause,

vb». - Dryer analysis using measured vibration loads and conﬁrmed using strain

‘gages shows that the dryer is able to w1t_hstand the opérating loadings and
c. ~ The Unit 1 dryer (without a lift event) as-found condition following
approximately 10 months of operation, about V% that time at EPU power

- levels, was acceptable and as expected.
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VIIL Previous Events:

Previous Events

Previous Event Rewew

None

-l Many OPEX reports were found that identified cracking and most of

them identified flow induced vibration or undersized welds as the .
cause. No case was found of dryer damage due to or durmg lifting of

the. dryer

IX. Corrective Actions to Prevent Recurrence (CAPRs):

' Correctlve Action to Prevent Recurrence

residual weld stress from
1 weld end discontinuity and
comer location.

Root Cause #eigg Addrossed (CAPR) Owner ' Dﬁe Date.

{ CF1a - Guide Channels 'CAPR 1 - Modifications to improve | Completed ‘Completed
Not Used in New Dryer | installation hardware on U-2 Dryer during Q2R18
Design .| [i.e., increased lead-in on dryer

| mounting blocks, install lug spacer
blocks, etc.] - EC 348286, Rev. 1
CAPR 2 - Modlficatlons to improve
installation hardware on U-1 Dryer S _ :
| {i.e., enlarging base ring RPV lug- | ~ - Completed
| cutouts) - EC 351167, Rev. 1 | ComPleted dum,‘; QIRIS
CF1b — Ovality Resuilts in CAPR 3 - Modifications to improve | Completed Completed
Looser Installation ' installation hardware on U-2 Dryer ‘ during Q2R18
Clearances [i.e., guide rod block extension] - EC '
| 348286, Rev. 1 _
CF4- Vane Bank “E” End | CAPR 4 - Analysis to justify leave | Completed | Completed
Plate crack, caused by | «a5 5" position (Ref. 17). . ' during Q2R18
little metal between end : ST :
plates, and proximity to a

| weld transition (stress
riser). _

R CFs- Latch Box cracking | CAPR S - Repalr to this area. - EC 'Completed - | Completed :
at 220°, caused by high 348286, Rev. 1 during Q2R18
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‘X, Corrective Actions:

installation hardware on U-2
Dryer [i.e., increased lead-in
on dryer mounting blocks,
install lug spacer blocks,
etc.] - EC 348286, Rev. 1

Verify that available clearances are
acceptable to prevent damage during
future dryer installation and removal

Q2R18. The U-2 Dryer is slightly

issue. This action will validate the
effectiveness of CAPR 1 & 3.

activities. The U-2 dryer was modified-
with improved installation hardware in

different from U-1 due to the “ovality”

~ Cause Being Addressed ) Corrective Action (CA) or Action Item (ACIT) Owner Due Date
CF2: Analysis & . This RCA concluded that recently See ATT.9 | See Att. 9
Inspections of Damage approved corrective actions for a
from Q2P03 lift event RCA related to “Quad Cities
concluded “use asis”™. | Electromatic Relief Valve Solenoid
('La‘ck of rigor.in analysis, | Actuator Failures...“ (Ref. 38) are
limited follow-up ~well aligned with CF2 for this RCA,
inspections.) - and are appropriate corrective actions
for this RCA. The corrective actions
are comprehensive, and will establish
revised programmatic controls to
ensure additional rigor is applied to
situations similar to the Lifting Event.
These corrective actions are provided
: : as ATT. 9 to this RCA.
CF3 — Operating Loads on | ynit 2 - Install Acoustic Side Complete Completed .
Dryers During EPU | Branches (ASBs) to reduce vibration during Q2R18
| Conditions | levels - EC 359004, Rev. 1
Unit 1 - Install Acoustic Side A8452DEM | AT 435858-
Branches (ASBs) to reduce vibration 37 due
levels - EC 359006, Rev. 1 05/26/2006
XI. Effectiveness Reviews (EFRs):
CAPR/CA being addressed Effectiveness Review Action Owner Due Date
CAPR1&3- Remove and re-install the U-2 - Rx. services. Q2R19
| Modifications to improve replacement dryer during Q2R19. ‘ May 2008

AT 472321 - XX (est. after RCA approval)
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'Remove and re-install the U-1

Completed in

preventing future cracking. )
AT 472321 — XX (est. after RCA approval)

' CAPR 2 - Modifications to Rx. services »
improve installation- replacement dryer during Q1M19. The gx&; of" dryer
hardware on U-1 Dryer U-1 dryer was previously modified = . | installation
{i.c., enlarging base ring | with improved installation hardware in problems
RPV lug cutouts)— EC ‘May 2005. This action will validate encountered.
351167, Rev. 1 effectiveness of CAPR 2 by
: » demonstrating that the dryer can be

removed and installed without damage.
Validates major RCA Inspection of the U-1 replacement - | Programs’ Completed
1 conclusions regardmg cause | dryer during Q1M19 concluded: ‘Engm cering g‘iﬁﬁw 10
{ of 3 cracking events in the - | 1): U-1 does not exhibit the skirt- - | similar damage to
U-2 Dryer. (CF’s la& 1b- cracking present on U-2 during Q2R18 U1 Dryer
| for Event 1, CF4 for Event' | which supports the position of this (Ref. 39)
2, CF5 for Event 3) RCA that the U-2 lifting event was the
: cause for the skirt cracking.
2) No evidence Vane Bank or Latch -
Box cracking which supports position
| that Events 1 & 2 of this RCA do not
represent generic design weaknesses or
operating cycle concerns for the
_ ‘ replacement dryers. A
- | CAPR 4 - Analysis to Future inspections in Vane Bank “E” | A845INESFR | During
'| justify leaving Vane Bank | area during next U-2 outage to verify Q2R19
“E” cracking “as is” (Ref condition remains acceptable to leave 1 [5/31/2008]
17). as is. o
» AT 472321 — XX (est. after RCA apprdval) i
| CAPR 5 -Repair to Latch | Future inspections in Latch Box area AB45INESPR | During -
Box cracking at 220° - EC | during next U-2 outage to verify repair Q2R19
348286, Rev. 1 - completed in Q2R18 was successful in

[5/31/2008}

XI1I. ‘l-’rogral'nmatic/Organiza'tional Issues:

Th1s RCA. 1dent1ﬁed two. programmatlc/orgamzatnonal issues:

A.The orlgmal disposition of the hﬁmg event in Q2P03 (May 2005) lacked rlgor _
and was potentlally a missed opportunity to prevent the dryer skirt crackmg

B. Multlple examples of unantlclpated negatlve consequences ﬁ'om the
replacement dryer desngn
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Item A, the ongmal disposition of the llﬁmg event, has been extenswely discussed in’
previous sections of this RCA since it is considered a contributing cause to these events
(CF2). As such, there is no need for additional clarifying discussion in this section. . Item
B, related to unanticipated negative consequences of the replacement dryer design '
change, will be discussed in more detail to provide specific examples and to clarlfy the

~ impacts of this issue. .

‘Both issues are included in the table at the end of this section, which summarizes the
issue and associated corrective actions. :

) Unanticipated Nggative Design Consequences:
This RCA noted several examples of negative consequences from the design of the
A -replacement dryer. This includes: :

1. Separator guide rod interference with the dryer skirt ring. This issue resulted
when the replacement dryer design did not ensure that fit-up problems did not
~ exist. This issue became an initiating factor for the lifting event.

-2. The change in dryer installation hardware from full-length guide channels to'
 guide slots and base ring cutouts was a causal factor (CF1a)- for the lifting event.
This issue resulted when the potential negative consequences of the design change
~ were not identified despite completing the requrrements of the design change
process, and assoclated cross disciple reviews.

3. The initial’ response to the ovality issue included a modlﬁcatlon to install gulde :
rod spacer blocks (Ref. 9) to address clearance concemns. . This initial modification
was completed prior to dryer installation, but was insufficient to prevent the
ovality problem from becoming a causal factor (CFlb) for the liﬁing event. .

4. . The replacement dryer differential pressure (dP) did not match the design
specified value. - This issue was the subject of a separate RCA - Ref. 37. The
" unexpectedly low dP of the replacement dryer dP had negative impacts of: a)
Increased complexity and costs associated with fuel analysis for subsequent
operatmg cycles, and b) Degraded moisture carryover performance from the new

dryers

‘The number of unantlcrpated negative consequences from the replacement dryer desrgn
clearly demonstrate a programmatic and organizational weakness. The consequences of
- these items clearly warrant correctrve action.: : :

As noted in the “Evaluation” section, the issue of unanticipated negative des1gn ‘
consequences identified in this RCA shared some similarities with two other RCA’s:

o Electromatic Rellef Valve Solenoid Failures (Ref. 38).

QC2 Replacement Steam Dryer Impact on Fuel Analysis Results” (Ref 37)

.A review of the correctlve actions associated with these RCA’s 1dent1ﬁed that several of
the items in progress would be well positioned to address the i issue identified in this RCA.
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‘Attachment 9, section B., lists these corrective actions already tracked by AT’s under
Refs. 37 & 38.

In September of 2005 a Common Cause Analysis (CCA) was completed on modifications
. (AR 317566) which identified a need to improve the effectiveness of inter-departmental
_reviews associated with the design change process. Corrective actions associated with

. the CCA were implemented in fall 2005, so they would not have impacted the events of
this RCA, which occurred in May 2005.- A follow-up action is recommended to perform
_ an effectiveness review of the CCA corrective action implementation to determine if they
have been successful in improving the use of the inter-departmental reviews in
identifying and avoiding unanticipated negative consequences of design changes.

Section B of the table below summarizes the intent of the actions in progress from the

‘ ‘ other RCA’s and lists the actions to be tracked under this RCA.

. Programmatic and Organizational -
Weaknesses -

- Corrective Action (CA) or Action Item (ACIT)

Owner

Due Date |

| Item A: Review & Disposition
of Lifting Event Damage
‘During Q2P03

Asnoted in the previous Corrective
Actions section, this CF will be
addressed by recently approved

See ATT. 9

See ATT. 9

corrective actions associated with the
ERYV Actuator RCA..

‘These actions are intended to improve the
application of formal decision-making
processes under conditions similar to the
lift event in this RCA. Formal decision
making processes will enhance the level
of rigor. These actions are listed in Att.
9, Section A of this RCA.
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" - Programmatic and Organizational
‘ Weaknesses

~* Corrective Action (CA) or Action Item (ACIT)

Owaner

Item B: Unanticipated.
Negative Design
Consequences

Similar issues identified and tracked under
other RCA’s (Refs. 37 & 38) are listed in
Att.9. These CA’s are expected to improve

| the effectiveness of inter-departmental

reviews of design changes, and to improve -
the coordination of major modifications that
become Exelon projects. New CA’s spec1ﬁc

-to this RCA are listed below.

1. Quad Cities to iinplement Rev. 1 of HU-
AA-1212, “Technical Task Risk/ Rigor
Assessment...” which includes guidance on
how to select what type of third-party '
review(s) are required.

2. Design Eng. to complete an effectiveness
review (EFR) of the corrective actions’ '
(CA’s) implemented from CCA 317566.
The overall intent of this EFR is to determine

| if the CA’s have improved the use of the -

inter-departmental reviews in identifying

- and avoiding unanticipated negative

consequences of design changes.

(An example directly from this RCA would
be:. More detailed Reactor Services review
& challenge to ensure the design is usable for
dryer installation activities.) .

See ATT.9

AT 472321
— XX (ACIT) .

approval)

A8400PM ~
QDCDW .
AT 472321
— XX (ACIT)

A8452 11/17/06

NESDP -

(est. after RCA

XII. Other Issues:

Other Issues identified during
investigation

. Corrective Action (CA) or Action Item

(ACIT)

- Owner.

L Due Date

1. Crane load cell unavailable
during Lifting Event

| established thresholds are

a. Evaluate methods to improve
the use of the load cell as a
method of early detection of load
“hang up”. This needs to include
establishing expected load values,
and abort criteria when pre-

reached.  These methods should
be incorporated in to QCMM
5800-05, or cher‘suitable‘

Rx SerVices_ ‘

‘AT 472321 -
XX (ACIT) -
{est. after RCA
approval)

11/10/06
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- Other Issues identified during
investigation

' Corrective Action (CA) or Action Item
(ACTT)

- Owner

_Due Date

documents. These methods
should also discuss appropriate
contingencies if the load cell is
unavailable, and suitable

management review and approval -

levels for invoking these
contingencies. Results of this
evaluation should be presented to
MRC for closure.

2. Crane load cell unavailable
during Lifting Event

'b. Evaluate historical reliability
of RB Overhead Crane Load cell
(display. Determine if actions for
improving future reliability are
warranted. Present results of this
evaluation to PHC for closure.

Plant

-|{ Engineering.

AT 472321 -

XX (ACIT) (est.
after RCA
approval)

09/29/06

X1V, Communiéatibns Plan: Preliminary NER and OPEX information has already
been provided for communication within Exelon and the Nuclear Industry. Final
~ communication actions are being tracked by the AT items below:

Lessons Learned to be Communicated Communication Plan Action Owner - Due Date
Provide NER to share lessons | 4735109 - AS430TP | 06/01/06
learned within Exelon
Provide an OPEX to share = | _ N
lessons learned with the rest of | 472321-10 06/08/06

: | the'industry

| A84010PEX
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Lifting Eye (1 of 4)

Lifting Rod
(1 of4)
~ Mounting Block for
~ Latch Assembly
dofd N N/ t |
: A
o ' | Dryer Guide Slots
Skirt Base Ring _ \ o ; -
- Skirt " Dryer Support -
Ring
Drain Channel |
o Cut-Out for RPV Lug

(1 of 4)

" Fiqure 1: Steam Dryer




Separator Guide
Rod Cutout
(2 Locations)

320"
N\,

" RPV Lug Cutout
(4 Locations)

5/8” Bend

o - 3/4” Bend
- Impact on RPV :
Dryer Support Lug

Figure 2 Steam Dryer Plan — Impact Locations



Design & Analyses of
New Steam Dryer

Upper & Lower Halves

2004-2005

Dryer Loading is High
~ Cycle Flow Induced
Vibrations

GE Used Super-Element to

Model Skirt Below Water
Line — Detail of Lower Skirt
Area Not Developed

Planned Full Penetration
Weld Revised to Partial
Penetration Plus Fillet Weld
" On Both Sides of Skirt Plate

Guide Channels Not Used in
New Dryer Design

Cut Out For RPV Dryer.
Support Lug Judged

Acceptable Based On Low ..

Stress in Model :

@U. 8. Tool & Die
- Prior to March 2005

Fa&icaﬁon of New Steam Dryer-

Fabrication - Upper & Lower
Halves Welded Together

A Large Amount of Welding
is Required to be Performed
to Assemble the Dryer Parts

Weld NDE Records Lost for

300 welds — Consequently,
Needed to use Reduced Wel

+ Capacity for Analysis

ATT. 1: 472321.02 Root Canse Report Effect and Casual Factor (E&CF) Chart

@J.T. Cullen
March 2005

A 4

Laser measurement of assembled
dryer determines base plate is
approx. 2 inches out of round

4/4/2005

the Lower Guide Block.

‘and gusset supports.
5/4/2005

Results in
Increased Residual
Stress

DDR 431002828-027 (Ref, 7) Dispositions
the Nonconformance “Use-As-Is” with
Additional Guidance Constraints Added to

GE issued FDI 085 to install
new guide rod spacer blocks

Installation - Dryer is Lowered »
Into QC2 Reactor Vessel
‘WO 00732708-01

5/11/2005

Guides on the dryer support ring -
impact the RPV Dryer Support Lugs
on the way down & bend the spacer
blocks. ’

Dryerbasenngh:tssteam
separator guide rods. Dryer can
not be lowered any further.
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: Installation - Decision made | " Disposition of Dryer
._y| toremove dryer from vessel »|  Installation Issue and
_ 51272005 - Damage -

Operating Cycle: U2 @ | Removal of Dryer from

» - EPUPowerLevel - vessel in Q2R18
(2800-2900 MWth) " 3/28/2006

5121105 to 12/30/05

‘While removing dryer

from vessel, the dryer base
ring hangs up on the

vessel drver sutvort lues.

ACE, GEFDDR, and
analysis concluded to: -

e Runfor 1 cycle

the crane was required to
place a force onto the dryer
that caused an audible noise.

IR 334383: Dryer Base .
Ring found damaged.
- 5/12/2005 -

ACE 334383-03:
New Dryer Design:
o Did Not Consider -
Separator Guide Rods
* Did Not Adequately
Address Fit-Up
5/25/2005

ATT. 1: 472321-02 Root Cause Report Effect and Cgsual Factor (E&CF) Chart

* Modify base ring for -
separator guide rods

o Repair/modify base ring
for RPV Lugs in Q2RI18

Extent of NDEand

: o 4/2006; Metallurgical
mf::}:“ﬁ‘.:wl';c:z of Evaluation results of Boat
‘Damage’ ™ Samples show the crack was -

Data Collection From
Instrumented Dryer .
Acoustic Loading @ 150

4/2006: No Cracking
Identified at 220° Skirt
Location (Similar
Deformation) or 320°
Location (Less Deformation)

due to High Cycle Fatigue

Metallurgical Evaluation

of Skirt to Base Plate
‘Weld shows Lack of
Fusion

Metallurgical Evaluation
of Skirt to Base Plate Joint
Identified Transgranular
. Cracking

Event2
AR 473034: Dryer
Cracking in Gusset
19 of Vane Bank “E”
End Plate Near the
320° Location.

Most probable cause is having
very little weld metal between

- the End Plates, proximity to a

Weld Transition (Stress Riser)
and the Presence of Operating
Vibration Loads

Att. Page 2

Inspections note weld end
discontinuity near the area
of cracking. Most

. probable cause is high
residual weld stress from
weld end discontinuity
and corner location.

Event3
‘AR 475369:

Cracking in
220° Latch Box

Steam Dryer -




Attachment 2 — Event Timeline:

-dryer from vessel

DATE EVENT/ ACTION "SOURCE COMMENTS
L L : DOCUMENT(S) :
.~ | Priorto Upper and lower halves of | « NR~=common = | None
-] 312005 dryer are fabricated at U.S. information.
B Tool and Die in Plttsburgh,
. { PA
3/2005 Upper and lower halves of .« NR~common- | None
o dryer are welded together information
| atJ. T. Cullen, Fulton, IL .
4/4/2005 Washington Group begins ¢ Integrated Steam | None
L laser measurements of Dryer Project J.T.: |
Assembled Dryer atJ. T. Cullen ‘
Cullen Fabrication-
Facility Daily
E . . _ , ) . Activity Sheet - :
4/14/2005 | QC2 Dryer Base plate is + DDR 431002828- | Disposition provided 4/25/2005,
- T approximately 2 inches out 027 states, "Clearances normally
ofround. | o EC 351168 - available have been compromised,
R ' s0 additional guidance constraints
will be placed on the lower guide
block to limit mlsahgnment and assist.
: L : . ~ : in installation.”
~1.5/4/2005 : | GE issues FDI to install ¢ FDI 0085 Modification of replacement steam
. -1 new guide rod spacer ’ dryer to install “additional guudance
‘blocks and gusset supports. constramts
5/11/2005 | Lower Dryerinto Vessel - | « WO 00732708-01
5/11/2005 | Guides on the dryer support | « WO 00732708-01
| ring impacted the RPV - e AR 334383
Dryer Support Lugs on the « FDDR RMCN
way down & bent the 06252
.- | spacer blocks '
-5/11/2005 | Hit Steam Separator Guide | « WO 00732708-01 | .
| Rod with Dryer Base Ring — | « AR 334348 | APParent Cause per ACE:
Dryer could not be lowered | « FDDR RMCN. 1. Lack of clearance between dryer
any further. 06243 | = basering and separator guide
o Separator Guide’ rods due to wider skirt base ring
- Rod Interference |~ plate (same OD, smaller ID).:
A ggg::;s&épon 2. Excessive clearance between
Number AI10139) | dryer gwde rods and the dryer.
e Apparent Cause - « Root Cause lnvestlgatlon (AR
~* Evaluation (ACE) 00330331-03) was supposed
334348 , to address Steam Dryer desugn
(but did not).
..~ « Poor Design was only cause
| Corrective Action per ACE:
‘o Modify dryer per EC 348286
- _ , . 1 L (see 26A6787 Rev. 2 3/7/06)
: | 5/12/2005 | Decision made to remove ¢ WO 00732708-01 | - ' :
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SOURCE

DATE EVENT/ ACTION. COMMENTS
. - DOCUMENT(S) : _ ‘
5/12/2005 | While removing dryer from e WO 00732708-01 | Apparent Cause Evaluation (ACE)
vessel the dryer base ring ¢ AR 334383 | Performed under AR 334348
hung up on the vessel dryer | « FDDR RMCN
support lugs - “Lift Event” 06245
e Prompt Inv.
: : : Report
5/13/2005 | Reinstallation of dryer into ¢ WO 00732708-01
vessel. '
§/16/2005 | Repair of the Reactor ~¢ WO 00805641-02
Building Overhead Crane’
Load Cell ‘
5/16/2005 | Operated at EPU and Pre- ,
Q2C18 EPU power levels NR — common
information .
3/28/2006. | U-2 Steam Dryer Lifting ¢ WO.00794824-01 | Op. Eval. scope included IR’s:
Lugs Rotated s AR 471848 » :
¢ INR Q2R18-IVVI- | 4718481472321 /473034 / 473344
06-01 : :
- o Operability Eval.
#EC 360272
3/28/2006 | Removal of dryer from ¢ WO 00794824-01
' vessel. ‘ ' .
3/29/2006 | U-2 Steam Dryer Lower o WO 00794824-01 | Root Cause Investigation Requested
Skirt Cracked @ 140° ¢ AR 472321
« INR Q2R18-IVVI- | “Event 1*
, : 06-02
3/30/2006 | U-2 Indications Identified on | ¢« WO 00794824-01 | “Event 2°
Steam Dryer Gusset * AR 473034
¢ INR Q2R18-IVVI-
06-04
4/05/2006 | U-2 Steam Crack at 220° « WO 00794824-01 | “Event 3"
Latch Box ¢ AR 475369
¢ INR Q2R18-IVVI-
06-29
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. Attachment 3 — References

- [Ref.

Document Title / Description
# | Reference Number | : .
|1 | WO 00732708-01 | Replace Unit-2 Steam Dryer Per EC 351168
: EC 351168 - s : ‘ ' :
2 [ AR 334383 May 2005, ACE on Q2P03 Dryer Lifting Event
3 FDDR RMCN GE disposition of steam dryer interferences between the vessel
' 06252 steam dryer support lug and the lug spacer block. .
4 | AR 334348 - | May 2005 Prompt Investigation of Q2P03 Dryer Lifting Event
5 FDDR RMCN 'GE disposition of Steam Separator Guide Rod. Interference
_ 06243 with the Base Ring of the Steam Dryer Skirt. -
6 | GE Report Number | GE Root Cause Summary: Separator Guide Rod Interference
| AT10139. : _ o o
7 DDR 431002828- | GE Disposition of “Ovality” Issue: Steam Dryer Final
027 . ' . Dimension Approximately 2 Inches Out of Round.
8 FDDRRMCN | GE disposition of May 2205, Q2P03 Lift Event
06245
9 | FDI0085,Rev. 0 - Engmeermg requlrements and instructions for the _
andRev.1 .| modifications of the replacement steam dryer to be installed at
‘ ' QC Unit 2 prior to the Q2P03 dryer replacement outage. '
(Modified Jack Bolts, Installed Guide Rod Spacer Blocks, and
: : Gusset Supports.) - .
10 | AR 472321 - | Q2R18 Identified Crack In The U2 Steam Dryer Skirt.
(“Event 1” of this RCA.) _
11 |[INR Q2R18 IVVI | Steam Dryer Skirt @135 Degrees
06-02 : (Note: Most Later References Specify 140°)
12 | AR 473034 Q2R18 IVVI - Indications on Steam Dryer Gusset (E-Bank
L : - | End Plate Crack) (“Event 2” of thls RCA))
13 - | INR Q2R18-IVVI- - _Steam DryerBank EID =
L 06-04
‘14 | AR 475369 Q2R1 8 Identified 220 Degree Latch Box: Crack
v .-| (“Event 3” of this RCA)
15 INR Q2R18-IVVI-v 220 Degree Latch Box Crack
. 106-29 :
16 | GENE 0000-0053-. | GE Review of Transgranular Stress Corrosion Cracking in .
: 1962 Skirt to Base Weld Root Area -
17 | GE-NE-0000-0052- | GE Evaluation of the Bank E Drying Vane End Plate Crack
- 19728 " | (“Event 2” of this RCA.) -
18 | GE-NE-0000-0053- | QC U-2 Replacement Steam Dryer Analysis Evaluatlon of
0232 ‘ Latch Box Cracking and Fatigue Impact of Swing Arm &
I " | Latch Protector Welds (“Event 3” of this RCA)
19 | GE-NE-0000-0052- | QC U-2 Replacement Steam Dryer Metallurgical Evaluation
9666 3 : '
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: Ref,

Document

ED

_ Title / Description
#- | Reference Number : 2
20 | GE-NE-0000-0052- | Lost Parts Analysis for Potential Lost Dryer Lifting Eye and -
" | 6385-RO Dryer Skirt Panel Quad Cities U-1
|| GE-NE-0000-0053- | Root Cause Analysis for QC2 Steam Dryer 140° Skirt
21 2926 Cracking (“Event 1” of this RCA)
22 | DDR dated Dryer Support Ring 3/8” Out of Flat due to Weldmg
L 02/20/2005 Distortion. - '
23 | GE LFW0505-2, Quad Cities U-1&2 Replacement Dryer Skirt Cutouts:
| May 20, 2005, DRF | (Discusses modifications needed to both U-1 and U-2
- {0000-0034-3781 replacement dryers as a result of Q2P03 Issues.) -
24 | GE Transmittal No. | As-Built Dimensional Analysis, QC-2 Steam Dryer (Report
‘ JXD4E-023 dated | describing why the U-2 Replacement Dryer will fit in the
4/28/2005 vessel despite the ovality issue) -
25 | GE-NE-0000-0034- | Replacement Steam Dryer Reactor Vessel Bracket Stress
: 4803-02- ‘Report for Quad Cities 1,2 and Dresden 2,37, April 2005.
- | RM Documentation | Risk Assessment for IR 473034 and IR 472321, Steam Dryer
26 |No.SA-1477 Gusset Cracking and Steam Dryer Skirt Cracking, As51gnment
: 03 Root Cause Report.
27 | GENE 0000-0052- | GE Steam Dryer — Recommendatlon for Repairs at 220 ° &
| | 8407 & 8408 ~ | 320° Locations (2 documents — same topic)
28 |FDDR _ Q2R 18 Addition of Dryer Guide Rod Block Extensions
: | RMCN08436 ' : o
29 | GE-NE-0000-0053- | QC U-2 Replacement Steam Dryer Analysis Detailed Stress
2910 ' Analysis of Skirt Base Plate Cutout and Gussets, April 2006
30 | Exelon-ENG-DRY- | Exelon Concurrence with GE Resolution of U-2 Steam Dryer
099CR ' Collision Damage. Dated May 24, 2005.
31 | GENE-0000-0052- Q2R18 Steam Dryer ID Welds Flaw Evaluation, April 2006.
7988 Rev. 2
32 |FDDR :“RJng and Skirt Assembly” dated 04/05/06 (Speclﬁcatlons
RMCNO08404 - and drawings for repair to 220° area.)
33 * | GENE 0000-0053- .| QC2 Steam Dryer — Base Ring Diametral Distortion
10605-1 - (April 2006 re-assessment of ovality issue)
GENE 0000-0053- | QC2 Steam Dryer Repair Crevice Assessment (Discussion of*
~ 10606 acceptability-of skirt plate repairs using backing rings).
{35 | GENE 0000-0043- | QC U-2 Replacement Steam Dryer Stress and Fatigue Analysis | -
1 3105-01-P . Based on Measured EPU Conditions (July 2005) '
36 | GE-NE-0000-0053- | QC U-2 Replacement Steam Dryer Analysis Detailed Stress -
2456-P Analysis of Dryer Lifting (April 2006)
137 | AR 330331 RCA: “QC2 Replacement Steam Dryer Impact on Fuel
| o Analysis Results”
38 | AR 435858 { RCA: “Electromatic Relief Valve Solenoid Actuator Failures
o due to failure to correct the source of the MSL vibrations ...”
39 | EC360876 Review of Q1M19 Critical Steam Dryer Inspection Findings
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0000-0053-2954,
Rev. 1 - RCA Ref. 40
(above)

Ref. | Document Title / Description
# Reference Number
‘40 | GENE 0000-0053- | Request for Additional Information: QC U-2 Dryer Inspectlon,
2854, Revision 1 Start-up & Power Ascension Plan — RAI 9 (b):
Discussion of the corresponding reduction in the fatigue stress
limits in the Dryer Skirt Crack.
41 [ Ref.3 usedin GENE | Manjoine, M.J. and Tome, R.E., "Proposed Design Criteria for

High Cycle Fatigue of Austenitic Stainless Steels,"
International Conference on Advances in Life Predlctlon
Methods, ASME, 1983, pp. 51-57.
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. Attachment 4: Comparison of QC 2 Replacement Steam Dryer Pressure Sensor
Data with Q2R18 Dryer Damage.

R'eason For Evaluation / Scoge"

" Note: The references:in this attachment refer to the items lrsted on the ﬁnal page of this
attachment not the RCA Report references listed in Att. 3

Quad Cities Umt 2 (Q2) new steam dryer was installed in May 2005 under EC 351168

(Ref. 1). During installation of the new steam dryer, AR 334348 (Ref. 2) identified that

the new steam dryer would not sit in the dryer guides properly. The dryer was repaired

~ and the skirt base plate deflection was documented inGE Traveler (Ref. 3). The skirt
“base plate deflection at the 140° AZ location is %, at 220° AZ location: 5/8”, and at 320°
“location: 5/16”. At the 40° AZ location, no plastlc deformatlon of the skirt base plate was
noted. ‘At 140° AZ, the skirt base plate cutout plastically deformed %” downward with

_ V1s1ble inside diameter (ID) deformation and skirt panel with dimple at top of gusset. At
220° AZ, the skirt base plate was deformed 5/8” downward with visible ID deformation
and no evidence of dimpling. At 320° AZ, the skirt base plate was deformed 5/16”
downward w1th imperceptible plastic ID deformation

Q2 steam dryer is mstrumented with strain gages, pressure sensors, and accelerometers.

- GE Specification 26A6395 (Ref. 4), sheets 15, 16, 17, and 18 provides the sensor o

“locations with respect to the Dryer orientation in the reactor vessel and its relative
elevations. During unit start up testing to full power, AR 347867 (Ref. 5) identified that
various strain gages and accelerometers were failing. After completion of the testing, Q2
ran at full power for > 200 days before coming down for a planned refueling outage
(Q2R18).

Further, mspectlon of the steam dryer in Q2R18 indicated damage to the dryer skirt (AR

472321) (Ref. 6) and dryer lifting lugs rotated (AR 471848) (Ref. 7). The #7 skirt panel

and base plate at cutout cracked after ~200 days of EPU operation. At 25 Hz, the skirt
base plate and the skirt panel #7 have undergone 4.3¢08 cycles

Purpose of this evaluatlon is to a) review Q2 start up test data and compare it w1th the
- damage seen on the steam dryer skirt at locations close to the main steam lines (MSL)
- and b) to see whether the as-built/as-installed dryer with known damage to the skirt base
~ plate could affect the pressure distribution in the steam space external to the dryer and
affect the main steam line frequency pattems at the full load operatlon of the unit.

Detarled Evaluatron

" The new steam dryer orlentatlon ‘was taken from reference 4, sheet 17 Drawing M-3121
(Ref. 8) 1dent1ﬁes main steam line nozzle orientation. It should be noted that “A” MS
nozzle at 70° is closest to 40° dryer skirt base plate cutout. Similarly, “B” MS nozzle at
110 is closest to 140° dryer skirt base plate cutout; “C” MS nozzle at 250° is closest to
220° dryer skirt base plate cutout; and “D” MS nozz]e at 290° is closest to 320° dryer
skirt base plate cutout.
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‘Following Table shows the pressure sensors located external to the steam dryer, MSL

" locations, and other pertinent data. Also, Document Number AM-2005-012 (Ref. 9)..
- shows actual pressure data taken from Quad Cities Umt 2 start up testmg This pressure
. -data isused in developmg the overall evaluation. .

Q2 dryer pressure sensor locatrons

P3 A hood, opposrte «g» MS nozzle o
P22, P24, & P25 skirt below “B” MS nozzle..
P12 A hood, opposite A MS nozzle.

P20 F hood, opposite ‘C” MS nozzle.

P21 F hood, opposite D MS nozzle.

P15 & P17, hood Closure Plate- B & C hoods.

TABLE
No. ) :
1 | Main Steam Lme (Ref. 8) A A - B B C D
2 |MSLAzimuth - 70° 70° 110° 110° 220°. 200°
~ 3 | Dryer Skirt Base Plate : 40° | 40° 140° 140° 220° 320° -
“Cutout Location - - . y L
-4 Initial Skirt Base Plate _ . None None % Inch - % Inch 5/8 Inch 5/16 Inch
Damage - ' : :
‘5" | External Pressure Sensors P12 NA |- - P3 N/A P20 - P21
on Dryer : 1 ‘ ‘ -
6 | External Pressure Sensors N/A P25 -~ N/A P22 N/A " N/A
- on Dryer Skirt above Water : ' » a :
Line . ) : . -
-7 { Min, Pressure, psr - - -2.069 -1270 [ - -1.887 -1.379 -1.613 -2.261
. 1 (Ref.9) . L ’ . - : .

8 Max. Pressure, psi -1.907 | 1.166 - | 1.817 - 1.243 1.588 2.099
. 1 (Ref.9) : | . . .
9 . | APressure, psi 3976 | 2.436 . '3.704 2.622 3.201 - 4.360
10- | RMS Pressure Measured, | 0.69 0.344 .0.631 - 0422 0.499 0.883

psi (Ref.9) - R S : s ' :
11 | ERV(s) on MSL : S B 2-0203-3B & .1 2-0203-3C 2-0203-3D
: o . : ‘ 2-0203-3E - S :
112 | ARson ERV " | Nome |- ' 435838 435838 - 430555 and
B o . N B C . 435838

Conclusrons/Recommendatrons*

© a) Revrew of reference 4 shows pressure sensor locations on the dryer from hrgher to
lower elevation in the following order: P1, P2, P3, P22, and P24. Further review of this
‘reference shows that the préssure sensors P3, P6, P9, P12, P15, and P17 are located 65”
below the top of Bank “A”. Review of the pressure data from reference 9 for these
sensors indicate that pressure reduces when moving downward and when movmg away
from steam nozzles. Pressure at 140° location (P3) is lower than pressure at 70 or 290
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locations (P12 and PP21). Skirt pressures are lower than hood pressures as seen from
pressure sensor data of P22, P25, P3, and P12. ‘Steam pressure measured at the skirt (P25
and P22) is lower by order of two when compared with the pressures measured at the -
hood (P12 and P3). Further, the Table shows that steam pressure will be highest for the
“D” MSL nozzle, then “A”, “B” and the lowest steam pressure will be at “C” MSL
nozzle. (i.e., Pressure loads closer to “D” & “A” steam nozzles are greater than the ”"B” & . -

“C” steam nozzles).

b) Based on the pressure data, it can be concluded that although the dryer sklrt base plate
at 320° AZ has a 5/16” bend and the highest measured pressure (P21 = 4.63 psi), no crack
‘was found. However, at 140° AZ, the dryer skirt base plate has highest bend (%”) and
lower measured pressure (P3 = 3.704 psi), yet a large crack in the skirt plate # 7 was
noted. Therefore, it can be concluded that pressure oscillations alone could not be the
primary cause of the crack initiation and/or propagation.

Further, review of Quad Cities Unit 2 Electromatic Relief Valve (ERV) ARs indicate that
ERYV 2-0203-3D on “D” MSL has seen more damage than 2-0203-3B and 2-0203-3E on
“B” MSL and 2-0203-3C on “C” MSL. However, ERVs on “B” and “C” MSLs also have
seen some failures. This evaluation confirms the conclusion reached in Report AM-2005-
014 (Ref. 10) which states that “Tables 1 and 2 seem to provide reasonable results in that -
~ the normalized flow through Main Steam Lines “A” and “D” are higher than “B” and “C”
for both units. This is expected since the “A” and “D” Lines are the shorter Main Steam

Lines.”

References:

1) EC 351168, Rev. 2: Unit 2 Steam Dryer Replacement.

2) AR 334348: PSU — Steam Dryer would not set all the way down.

3) ' GE Traveler, Project KCZKU, Traveler No. KCZKU-Base Ring Deflection. -

4) GENE Design Specification 26A6395, Rev. 2: Dryer Vibration Instrumentation

5) AR 347867: New steam Dryer Strain Gages/Accelerometers are failing.

6) AR 472321: PSU Q2R18 Crack in the U2 Steam Dryer Skirt.

7) AR 471848: PSU Q2R18 U-2 Steam Dryer Lifting Lugs Rotated. .

8) QC Drawing M-3121, Rev F: In-service Inspection Isometric Reactor Vessel

9) Document Number: AM-2005-012, Rev 0 An Assessment of the Uncertamty in
the Application of the Modified 930 MWe Acoustic Circuit Model Predlctlons
- For the Replacement Quad Cities Units 1 and 2 Steam Dryers. :

10) Report AM-2005-014, Rev. 0, dated July 20, 2005: Quad Cities Unit 2 New
Steam Dryer Outage Startup Test Report. _

ATT. Page 10



PROBLEM STATEMENT:

Event 1. Crack/deformation of Dryer Skirt Ring
| near 140° Azimuth - |_NR Q2R18-IVVI-06-02 .

* Att.5-Event1: Fallure Mode Tree Ref: MA-AA-716-004 Att.2

'FAILURE

FAILURE

FAILURE

FAILURE FAILURE
MODEA1 MODE 2 MODE 3 MODE4 - MODE &
.Operating : _ _ -
o : conditions ~Fabrication Damage during Operating -
Design flaw . caused errors or material installation - conditions
L " mechanical deficiency activities (chemistry or
- damage

flow pattern)
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Att, 5— Event 1: Failure Mode Tree Ref: MA-AA-T16-004 Att.2

Féilpre Mode No. 1

Description Desiglﬂaw

- Results

- _ : Owner
| *Expected resutts are based te
_ ’ ; op,;raﬂon a’:sdesl;r':e‘d, not a:rf‘a?tyesd " Stat"”
Cause(s) ValidatlonlActlon Steps _ Expected. " Actual
. RIGOR(A B, C.D;N/A) D | |
Finite element model error Valldate mode! IAW GE method reqmrements Model'valid '1) Validated | GERCA -
allowed unacceptable stress | ' ‘ o complete
level to be accepted Independent review or model output Review confims | 2) Validated
: ‘ R Rich Hall -
complete
RIGOR (A, B, C, D, N/A) D
Incorrect tolerances to allow ' :
for: : ' : ’
1) fit-up 1) Determine the role of Design i in the known 1). Impact had 1) Conﬁrmed as | RCA - complete
impact of new dryer with RPV lugs, and separator | role in crack aCF. : '
- 2) heat-up/operational - | guide pins. Structural analysis and metallurg|ca|

movement :

testing to determine if this mmated crack.

2) Review for evidence of rubbing of components
due to expansion or operational forces.

initiation. -

2) No evidence.

2) No evidence.

RCA - complete
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Att. 5 Event 1: Failure Mode Tree Ref: MA-AA-716-004 Att2

Féilure Mode No. 1 B Description Design Flaw
v ' : Results Owner
*Expected results are based
operation as designed, potas faled Status
Cause(s) - Validation/Action Steps Expected ~ Actual
| RIGOR (A, B, C, D, N/A) D |
Inadequate load definition Revuew of model for design margln preventmg No plastic - | Confirmed GE RCA -
C | caused localized high stress | plastic deformatlon deformation complete
during design operating ‘ predicted
conditions -
RIGOR (A, B, C, D, N/A) D
FDDR RMCN 06243 | Confirm conclusions of FDDR RMCN 06243 that | Material strength | Confirmed as GERCA-
incorrectly allowed use of amount of metal removed still leaves adequate adequate not an initiating | complete
the machined ring slot with | strength per design requirements including ' event, :
strength reduced more than | dynamic loads :

assumed : a) How did the load redistribute
: b) ‘What material impacts when grinding (GE
‘materials, what impact fatigue life for
- comp that exceeded 0.2% plastic strain)

Note: Unless metallurgical
analysis specifies the
presence of IGSSC, .
grinding and machining are
not a CF,
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Att. 5~ Event 1: Failure Mode Tree Ref: MA—AA—716-O04 Att.2

ATT. Page 14 '

Failure Mode No. 2 _Description: Operating conditions (mechanical)
L R ; : g Results . Owmer -
*Expected results are based on system . Status
operation as designed, not as fafled
Cause(s) - - ValldationlAction Steps Expected -~ Actual i
RIGOR (A, B C,D, N/A) D

Low quality steam output at Confirm mechamcal load from mmsture carry- | Adequate . No moisture RCA screened as

the steam separator causes | over is less than the design limitfordryer - - | margin exists carryover low probability.

high moisture momentum components including the cyclic eﬁ'ect of 0.3 Hz concems R

load to dryer core power cycles. identified. Closed -

_RIGOR (A, B, C, D,N/A) D

Transient event Review cycle history curve for SRV or BPV. No blowdown or | Review of power | RCA screened as

ADS/TG blowdown and transients and confirm that transient loads do not | transient loads.in | history did not low probability.

rapid pressure change or exceed internal load limit and dryer lift limit excess of limits | identify any '

dryer overload ' - S | transients of _

- ’ concem. Closed

Single MSIV closure at. Review cycle history curve for asymmetnc MSL Steady-state or S

power causingan = ﬂows or hlgher single MSL ﬂow noise transient .

asymmetric load .| asymmetrics
insignificant




| Att, 5—Event1: Failure Mode Tree Ref: MA-AA-716-004 Att2

Descnption gerating conditions (mechanical)

Failure Mode No. 2

- Results

High Flow Control Line
(FCL) causes high core dP

Refer to Attachment 4 for examples of risk .- Re Owner
* d resuits are based o m
and rigor determination for steps below omn e deI:gm' = detda ° 'f‘a mte Stat_us
Cause(s) Validation/Action Steps Expected Actual '
RIGOR (A B, C, D N/A) D
, ' RCA screened as
Cyclic power loads induce Evaluate MSL flow swings causing cyclic loadmg Fatigue load has | Closed | low probability
high cycle fatigue of total dryer: dP to lnduce fatigue large margin based on factors
o ' : ’ | including
MSL resonance : : v : evaluation in
Power changes from sitting with RR bistable flow | Fatigue load has Att. 8
RR bistable flow power - ‘ ' large margin
-| swings cause cycle dryer
Ioad ' Closed
RIGOR (A B, C,D, N/A) D
Power/Flow Anomaly Compare core average exit quahty (CAEQ) to CAEQ change Closed RCA screened as
| previous cycles (moisture carryover) from previous low probability.
High subcooling causes Iow ’ o cycles minimal
core exit quality Compare FCL for cycle-to previous cycles -
C : Closed
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Att. 5 -‘EVent 1: Fail_'urevM'ode‘ Tree Ref. MA-AA-716-004 Att,é |

Failure Mode No. 3 Descriptipn Fabrication error or material deficiencies

Resuits

’ Owner
. d resufts are based :
omen a':sd‘;s!g:reed; noet a: 'f‘asllﬁte'm Status,
Cause(s) - ValidatlonIAction Steps Expected - Actual
| RIGOR(A,BCDN/A)D . TS
‘_ . - g '11.GERCA- -
Distortion/ovality of Cullen 1. Calculate the loads lmposed by ﬁt-up wnth as- | 1. Noloads | Confirmed as not camplete
fit-up and weld of base to built ovality. (GE to address this in analysis) - | exceed deSIgn aCF ' '
| A skt . ‘ " limits. |
‘ | 2. Determine impact of ovality in reducing 2. Ovality impact Conf' rmed as a |2 RCA team-
clearances and influencing lift event. ofreduced  |CF ‘complete
: ' clearanceis a
CF. '
RIGOR (A, B,C,D,N/A) D
Incorrect or substandard .| Confirm that materials match the design requests | 1. Records 1. Confirmed - GE analysis -
materials were used or and that sub component supplier confirm proper : complete
supplier errors or.process certifications/procurement records materials and
control failures - ] ' ~ | controls
2. Metallurgical | 2. GE testing
analysis indicates that the
cconfirms no materials are
material | consistent with
{ deficiency. drawings and

| CMTRs.
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Att 5 - Event 1: Failure Mode Tree Ref: MA-AA-716-004 Att.2

Feilure ModeNo. 3 B Descriptidn Fabricaﬂon error or material deﬁciencies- C : :
v L N L o o Results - ~ Owner
_ » : *Expected results are based on system . Status
’ I , operation as designed, not as fafled ’
Cause(s) - e ValldationIActlon Steps | __Expected | ~ Actual
RIGOR (A, B,C.D, N/A) D -
Incorrect eompenent , o Confim dryer fabncatlon records match No . | | DDR reviews no | Summary review
fabrication or techniques approved processes : - | discrepancies issues as CFs completed. RCA
C o S , . v identifiedas | problems, screened as low
‘ : : ‘ | CFs. : probability. -
| Closed
RIGOR (A, B, C, D, N/A) D
| Incorrect fabrication Confirm fabrication sequences did not cause No DDR reviews no | RCA screened as
D sequence _ interim overstresses such as unsupponed spans discrepancies issues as CFs low probability.
: temporary jackmg etc. identified as problems. ‘
- ' | CFs. o '
: . Closed
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Att. 5 Event 1: Failure Mode Tree Ref: MA-AA-716-004 Att.2

Féilure Mode No. g »

Description Damage during installation

. Results

Owner
» . operation a3 designed. potas fafied Status
~ Cause(s) Validation/Action Steps Expected Actual
RIGOR (A, B, C,D; N/A) D 1&2. GE RCA
: - complete’
Interference/overioad 1. Calculate the loads on the skirt ring, gusset, No overstress No
stresses cause excess load | skirt panel : - | during lifting determination of | 3. Vallecitos
during lift ' : incident - overstress, but | complete
- 2. Confirm dryer internal loads with single point liting event ' ,.
Uneven lift loads “hung up® and weight distributed does not No overstress impacts on Rich Hall (ITPR)
concentrate load localized | overstress skirtring during ' material is most | Complete
area at 140° location causes _ installation probable
distortion - 3. Metallurgical analysis of dryer materials. activities initiating event.

Rotation/torsion applied -
during installation caused
localized overstress

RIGOR (A, B, C,D, N/A) D

Obtain deécription of “manual rotation” used,
calculate possible torsion loads

Torsion induced
loads were
minimal

Torsion induced
loads were
minimal

RCA screened as
low probability.

Closed
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Att. 5 Event 1: Failure Mode Tree Ref: MA-AA-716-004 Att.2

Féilure Mode No, 4 _ - Description Damage durind installation '
A : S Results: = _Owmer -
*“Expected results are based on system
' o : . _ omon ar:sd‘;slg:r:d, n:vt a: ?alled ‘ Status
Caus_e(s) - » Validation/Action Steps Expected - Actual i
| RIGOR (A, B, C,D,N/A) D |
Uneven weight dis_tributidh Calculate loads/flex caused'by sitting on 2 RPV | No gusset or | Confirmed GE RCA
- | while sitting on 2 RPV lugs | lugs ' o ‘ | skirt ring complete -
¢ | caused load concentration ' : _ . overstressed
exceeding limits | (Note: Considered a lower priority analysis '
BT : unless other analysis is inconclusive).
RIGOR (A, B, C, D, N/A) D Load cell Not a CF |
R ‘ ‘ : _ ‘inoperable is not Site RCA -
RB Crane load cell visual Determine impact of inoperable load cell on lift a CF but complete
display not working during’ event. = included in : '
D dryer installation. ‘ | “Other” section,
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At 5 —Event 1: Failure Mo'de Tree Ref: MA-AA-716-004 Att.2

Failure Mode No. 5 _Description_Operating Conditions (chemistry or flow) -
: _ S » , ' ' Results . Owner
‘ *Expected results are based to
. - ’ : ' ' opepr:ﬂc?n a':s d:ﬂg:':d, no: a:'f:lyesd " Status ]
- Cause(s)" ____Validation/Action Steps Expected - " Actual B
RIGOR (A, B, C, D, N/A) D |
Core design issues, powei' | Compare core operating cohditions to as named | No discrepancy | Closed RCA scr’ee_ned,as;
distribution increased local service conditions , ' between design low probability.
A moisture butwasdamaged | = : ' and operation .
by moisture momentum ' :
Closed
RIGOR (A, B, C, D, N/A) D
Steam Separator local | Inspect steam separator for blocked flow path No blocked Closed RCA screened as
~ | blockage caused uneven R ) : separator tubes _ ' low probability.
B loading (increased flow in ‘
" | part, decreased other)

Closed
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Att. 6~ Event 2; Failure Mode Tree Ref: MA-AA-716-004 Att. 2

PROBLEM STATEMENT:

.| .Event 2: Crack was found in-adjacent
' -vane bank end plates (in the "E”
vane bank near 320° of the Dryer)

Ref: IVVI-06-04
FAILURE FAI‘LURE. - FAILURE FAILURE " FAILURE
MODE1 - . MODE 2 ' ~ MODE3 ) MODE 4 MODE §
S . ‘ v - Installation/ -
Fabrication Inadequate Material Operational Removal
- Defect . Design Defect ' Conditions In Overload/
' ' ' Overstress
Condition
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 Att. 6 —Event 2: Failure Mode Tree Ref: MA-AA-716-004 Att. 2

Failure Mode No. 1 Description Fabrication Defect :
. S , - S ' Results B - -Owner
) Expected results are based on system operaﬁon as Statn S .
- C ) ] designed, not as failed :
Cause(s) . : Validation/Action Steps -~ Expected | Actual
RIGOR (A, B,C,D,N/A) D
High stress condition or Inspect failed area visually for locationor No crack . | Potential CF: GERCA -
stress riser created by indication of any crack initiation or defect initiation site or | INR Page 2 last | Complete
inappropriate weld orother | -~ - _ ' defect identified | picture shows a
A | fabrication error o . location where
S o S ' there is very
little weld
-| material and this
point appears to -
be the initiation
site for the -
crack*

* Based on these mspectmn results it can be concluded that havmg very Ilttle weld metal between the end plates at gusset 19 contributed to the
initiation and propagation of the crack in this location. This incomplete weld combined with hood assembly fit-up and weld shrinkage stresses, and
the deformation and loading associated with the interferences during dryer removal are the most probable cause of the orack initiation that would -
then have been driven to its current size by operating vibration loads.
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" Att. 6 - Event 2: Failure Mode Tree Ref: MA-'A'A-_716-004 Att. 2

Failure Mode No. 2 ___Description Inadequate Design _
- ‘ S Results. Owner
L m . .
. » dExpected nl:::s fa;l:l based on system operation as .- Status
- Cause(s) : __Validation/Action Steps ’ Expected Actual '
Crackoccurredinarea | RIGOR (A, B, C,D,N/A) D Stress is within | Confirmed
subjected to overstress | - B allowable limits ' v GE RCA
A (Finite Element Analysis .| Stress analysis to identify loading/stresses in area ’ ~ | complete.
incorrect) , -
Failure Mode No. 3 Description: Material Defect »
‘ . ’ : Resnults ' Owner
. T iapetel et bl moytemoperstonss | Status
Cause(s) _ Validaﬁon/Action Steps Expected Actual
| - . |RIGOR(A,B,C,D,N/A) D B | .
Defects in plate material - C - Failure not due | Closed RCA screened as
A created stress riser or highly | Inspect plate for evidence of fracture initiation .to material low probability.
localized stress : location, fretting or fatigue C - | defect ' -' '
Closed
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At 6— Event 2: “Fai'ltire Mode Tree Réf: 'MA-'-AA-716'-OO4 A2

Failure Mode No. 4

_DeScriptionﬁ Qpéraﬁonal.ll Conditions :

Results

_ , Owner
‘ | . v dzxpectedn;?:slt:’:l:l based on system operaﬁon as Status
Cause(s) . . Validation/Action Steps Expected Actunal o
Operating conditions caused - [ RIGOR (A, B, C, D, N/A) D Operating .| RCA screened as
vibrations that exceeded the - conditions were | Closed | low probability.
A design capabilities of the Venfy appropnate operatlng condmons were appropriately : ' . '
~ | vane bank end plate | modeled in. analysls modeled | Closed
Failure Mode No. 5 - ‘Description Installation/Removal in Overload/Overstress Condition :
1 : S o o : : o ' Results- Owner
- o e e mopio | Status
Cause(s) . Validation/Action Steps ‘Expected Actual )
Excessive loads were placed . | RIGOR (A, B, C D,N/A) D Theloadwas .| - I B )
on the vane bank end plates ‘within the design | Analysis - | GERCA
A when the Steam Dryer was Determine the load that was apphed to the vane | limits of the vane | concludes this is complete -
| resting on the Steam bank end plate.dunng the incident. bank end plate not a CF. -
‘Separator GuideRods =~~~ | . : o ' : o '
Excessive loads were placed | RIGOR (A, B, C,D,N/A) D The load was Analysis , :
on the vane bank end plates | o ' - within the design | concluded this is | GE RCA
B | when the Steam Dryer was ~ | Determine the load that was applied to the vane | limits of the vane | not a CF complete
stuck on the RPV lugs bank end plate during the incident. bank end plate ‘
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Att 7: Diver to Dryer Lug Tinpact Analysis (Lifting Event

- Background: Durirlg the initial installation of the Quad Cities Unit 2 dryer, the dryer

became “hung up” on the dryer lugs. During the initial dryer placement, it was
discovered that the dryer base plate interfered with the separator guide rods. As a result,

the dryer was removed to allow the base plate to be modified to prevent the interference.

During the lift, the dryer base plate became hung up on the dryer lugs. The interference

. resulted i in damage to the dryer lugs and local yreldmg of the dryer base plate

Evaluatlon There are four dryer support lugs on the ID of the reactor vessel and four
guide slots in the dryer base plate.” The guide slots are intended to allow the dryer base
plate to move by the dryer support lugs during lowering and lifting. The support lugs and
guide slots are located at 40°, 140°, 220°, and 320° azimuths around the ID of the reactor
vessel and the OD of the dryer base plate; respectively. '

‘The dryer base plate and the reactor vessel lugs were examined following the incident
‘(Ref. Work Order # 732708-01). The base plate was found deformed (i.e. — bent)

downward at the 140°, the 220°, and the 320° locations. The 40° dryer location was not
damaged. The base plate near the 140° guide slot location was bent down by % inch, the
220° was bent down by 5/8 inch, and the 320° was bent down by 5/16 inch. The base
plate near the 140° was bent on the right hand side, when looking at the dryer, and the

. other two locations were bent on the left hand side when looking at the dryer This is-

shown schematlcally in Figure 1.

The v1de_otape of the in vessel dryer support lug inspection was reviewed and stills
extracted as shown in figures 1 through 12 below. The 40° lug (Figure 3) had a corner
deformation on the right hand side of the lug, when looking at the lug from-the vessel ID,
even though the dryer base plate at this location was not damaged. The support lug
located at 140° (Figure 4) also had a corner deformation on the right hand side of the lug,
when looking at the lug from the vessel ID. The 220° (Figures 5 and 6) and 320°
(Figures 7 and 8) support lugs were damaged on the lower left hand corner. - The worst
deformatlons were on the 220° and 140° location. :

The design of the base. plate cutouts and the dryer guide rod slot would allow the dryer to
rotate and potentially allow the cutout gussets to impact the dryer support lugs Based on
the geometry of the vessel lugs and the base plate cutouts, it does not seem reasonable

that the dryer would impact two lugs on the right side and the other two on the Ieft side.

This conclusion would lead to the possibility that there were two different impacts, or

- events. However, based on discussion with individuals who were present, there was only
" one impact event. That is, the dryer was not lowered or rotated and then lifted agam -

This leads to the poss1b111ty of multrple impacts during a single event.

The-as-bullt elevation of the top of the dryer support lugs is excerpted_ from the reactor

- vessel as-built drawing (CBI drawing 69-4824) and is provided in Table 1.
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AHT: Dryer to Dryer Lug Tmpact Analysis (Lifting Event)

Lug Azimuth Locatlon | - As-Built Elevation

40 , 1 o 616 - 13/16 “
140 . 617 -1/32¢
220 ' - 616-11/16¢
320 R , _616—13/16
Table 1 ’

" Dryer Support Lug As-Built Elevatlon :
(Measured from the support skirt)

This drawmg indicates that the lowest lug is the 220° lug, and the hxghest is the 140° lug
This assumes that they are all approximately the same length. The data indicates that the-
220° lug is 11/32” (0.344”) below the 140 degree lug. Also, the 40° and the 320° lugs are -
o 7/32” (0. 219”) below the 140° lug

As can be seen in ﬁgures 7 through 11, the lugs were also damaged when the dryer was-
. lowered into the reactor vessel. This damage indicates that the combination of dryer

~ support lug as-built location and size combined with the dryer base plate cutout as-built

. location and size, and the as-built clearances between the dryer guide pins and guide |
slots, resulted in a lack of clearance and mterference between the dryer support lugs and -
the cutouts when lowering the load. Since a review of all of the as-built locations and -
sizes and combinations thereof is difficult and yields results that are subject to the
- stacking of multiple accuracies, it is sufficient t note that the potential for the interference
exists based on the evidence of damage to the lugs from lowering the load. -

- A plausible sequence « of events can be established using the evidence of damage to the
dryer support lugs and the dryer base plate and the as-built elevations of the bottom of the
dryer support lugs. It cannot be established that this is the exact sequence of events, but

“only that this is a likely scenario that is comcldental with the estabhshed facts. '

Since the 220°‘ dryer support lug is the lowest lug, itis presumed that the dryer base plate
- cutout contacted this lug first. (Note the contact point for all of the interferences would
be the gusset plate that is located on the either side of the base plate cutout.) Also, since
-the dryer contacted the left side of the lug, the dryer is rotated clockwise when looking
down from the crane. The initial impact on this lug is supported by the lower elevation
- and fact that the damage to the dryer support lug at his location was the worst for all of

. the support lugs (See figures 3 and 4). It is not necessanly supported by the amount of

damage to the dryer base plate

The dryer would cqntmue to be hfted as it yielded both the support lug and the dryer_base'
plate at the 200° location. Once the dryer had been lifted approximately 1/16”, the dryer -

. would contact the 320° location at the left hand side of the lug. The dryer also should

‘have impacted the 40° lug on the left hand s1de however it d1d not. Thiscanbe . -
explained by reviewing figures 7 and 8. '

' Attachment page 2_6



Att 7: Dryer to Dryer Lug Impact Ahalysis(Lifting Event)

Note that the damage to the 40° lug when lowermg the load occurred on the right hand
‘'side of the lug. This indicates that when the dryer is positioned such that it passes by all
of the lugs, it is closer to the right hand side of the 40° lug. Therefore, the largest
clearance between the 40° dryer support lug and the dryer base plate cutout would be on
the left hand side of the lug. Then, ifthe dryer is rotated clockwise, it may not impact the
left hand side of the 40° lug since that is the side of the greatest clearance.

Once the dryer base plate contacts the 320° support lug, the load is shared between the
base plate locations at 220° and 320°. This would help to limit the amount of base plate
deformation at the 220° location. The dryer would continue to lift and possibly rotate
such that the 220° to 320° section of the dryer would be lower than the 40° to 140° side.

. The dryer released from the 220 and 320° lugs and swung, or tilted, while rotating back

counter clockwise. During the tilt or swing, the dryer impacted the support lugs at 40 and

140 degrees. The release mechanism is supported by the edge displacement damage to

 the 320° lug, which makes it appear that the dryer slid laterally away from the lug,
causing material on the lug to move downward (Figures 5 and 6). As stated previously,
the dryer, once it was free to swing, impacted the lower right edge of both the 40 and
140° support lugs. The dryer impacted the lower part of the 140 degree support lug and

-impacted only the edge of the 40 degree lug. The reason the dryer impacted below the

. 140° support lug is due to the higher elevation of the lug and the tilting of the dryer. The

- dryer scraped the lower right hand side of the 40° vessel support lug (Figure 1) because
that lug is slightly higher than the 140° support lug. That is, the dryer did not wedge
under the 40° lug because of the lower elevation versus the 140° lug, but it did hit the

- edge of the lug, as seen in Figure 1.

- Conclusions

Based on this evaluation, the following summarizes the interference event that occurred
during the initial dryer installation:

1. Dryer base plate guide slots impact multiple dryer support lugs during the initial
~ lowering into position.

2. Dryer base plate interferes with the separator gulde pins and cannot be placed in
final position. This causes the dryer to be lifted to fac111tate modifications.

3. Dryeris rotated clockwise during the lift (slightly, less than 1 inch). -

4. Dryerbbase plate guide slot gusset interferes with dryer support lug at the 220°
location. - This results in a %” high by 3/8” wide damaged area in the dryer
support lug and a 5/8 inch downward deflection of the base plate.

5. Dryer base plate guide slot gusset interferes with dryer support lug at the 320°
 location. This results in part of the dryer support lug belng sheared off and the
dryer base plate deflection of 5/16”.

| 6. Dryer tilts noticeably along the 0 and 180° ax15, prior to releasmg from the lugs.

7. Dryer releases, swinging back towards 220 and 320° location.
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Att 7: Dryer to Dryer Lug Impact Analysis (Lifting Event)

8 Dryer rotates and swings info the 140 and 40° lug.
9. Dryer impacts the 140° lug below the right lower edge of the lug.

* 10. This impact results in a sharp crease in the dryer support lug and the formation of
an edge on the base plate gusset. The corner of the 140° lug is pushed in and:
partially shears off. -

11. During the tilt/rotation, the dryer 1mpacts the nght bottom corner of the 40° lug,
shearing off the corner.

12. The dryer lift is completed without further incident.
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Att 7: Dryer to Dryer Lug Impact Analysis (Lifting Event

- Separator Guide
Rod Cutout
(2 Locations)

5/16” Bend RPV Lug Cutout

(4 Locations)

5/8” Bend

_ . 3/4” Bend
Impact on RPV '
" Dryer Support Lug

Figure 1
Steam Dryer Plan — Impact Locations
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_ S _ ~ Figure 2 o _
General Relationship Between Dryer Cracking (Top), Dryer Guide Slot Cutout at
140 Degrees (Center), and Dryer Su_pport Lug at 140 Degrees (Bottom)
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Lower right hand
corner indicates
1 scraping damage

E _ - . | Figure 3 .
'Damage to 40 Degree Lug, Lower Right Hand Corner Damaged During Impact.

Lower right hand corner
damage due to impact of
dryer

‘ o , Figure 4 e
Damage To 140 Degree Lug, Lower Right Hand Corner Damaged Due to Major
' - Impact :
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Lower left hand corner
damage indicates dryer
stuck below support lug

Figure 5 |
Damage To 220 Degree Lug, Lower left hahd Corner

Same damage as
-viewed from the
bottom of the lug

o - ‘Figu're 6 _ v
Damage To 220 Degree Lug, Lower left hand Corner (View from Bottom)
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- Damage to lower
left hand corner

‘indication is from

|-‘top to bottom.

| due to dryer.” Note .
| some damage -

| Da_magé to 320 Degree Lug, Lower Left Hand Cormner

Figure 7

_ . » Figure 8
Damage to 320 Degree Lug, Lower Left Hand Corner (View From Bottom)
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Same -
damage as
previous

-figure, seen
-from the
‘bottom of the

lug.




Damage to
“right hand
side of lug, -
'too low to
be caused
by spacer
block.

Figure 9 |
Damage to Right Hand Side of 40 Degree Lug, Due to Base Plate When
' ' Lowering

~ Attachment page 34



Att. 8: Q2R18 INR Resolution Matrix*

IR

INR Numbei'

Current
Rev -

Pmpése‘dﬁesoluﬂon
_(Not| Final)

Resolution Document

"271343

EATAT YA4)

0

ina Lugs at45, 135 225 2315 Deg

(3

A
-QZR"HW 6-03 -mmm_

Repair Per FDDR RMCN08456
|Xepair

WO 68138401, FDDR RMCN08456 Rev B
JCO - Possib reptaoe QZR1 9 . GENE-0000-0052-91 52 RO

360359

|_475009 02R18-{ 0 JJet Pump 08 (WD-1) “JJco- Possibly replaoe Q2R19 : .
| 473344 1Q2R18-] -0 Steam Dryer Intemal Weld SD-BF-V06-2H-ID -JAccept As [s wifuture inspection [ LPA : GE-NE-0000-0052-7988-R0 360356
| 473619 [Q2R18- - 0 - |Steam Separator Upper Support Ring Gusset Accept As Is wifuture ins| GENE-0000-0052-8398-R0. 360359
-473615 |Q2R18-] -0 Steamn Dryer Intemal Weld SD-BD-V06-2H-1D Accept As Is wiuture lnspectton / LPA GE-NE-0000-0052-7988-R0 . 360356
| 473622 |Q2R184 1 Steam Separator Shroud Head Boft 14 and 35 Rotate and perform V-3 " [Video files 481701 481101, 481301, 481401 360359

4736268 |Q2R18+4 ~ 0 [Steam Dryer [ntemal Weld SD-BB-V04-2H-ID Accept As Is wifuture inspection GE-NE-0000-0052-7988-R0 : 360356 -

| 473923 |Q2R184 -1 Steam Dryer Intemal Debris_ Accept As s wifuture inspection / | LPA Lost Parts. Analysis EC 360467 360356] -

473871 |Q2R184 0 Steamn Dryer Intemal Area (Separator Guide Cutout) Increase clearance FDDR RMCN0B8242 |WO 681364-01, , FDDR RMCN08242 Rev A 360356
473839 |Q2R18-IVVI 0 Separator Lower Support Ring Gusset Accept As IsJQUMm inspection’ GENE-0000-0052-8398-R0 i 360359
474491 |Q2R18-VVi-06-14 0 Jet Pump 10 Wedge Assembly - Accept As Is w/future inspection GENE-0000-0052-0152 R0 _ 360359
474070 |Q2R18-IVVI-06-15 0 Jet Pump 07-Wedge Assembly “|Replace swing gate as planned WO 823272-01 360359

473844 [Q2R18-IVVI-08-18 "0 Feedwater Sparger End Bracket ] Planned Tack Weld per FDI 0194 GE-NE-0000-0052-8396-R0 360359] -
474084 |Q2R18-IVVI-06-17 -0 Shroud Repair Yoke at 290 Degrees. Accept As Is - Installed condition GE-NE-0000-0052-8402-R0 360359
474485 [Q2R18-IVVI-06-18 | ~ O Dryer General Visual (220 to 320 rees) NRI - No action required - .- IR 474497 comments - 360356
474497 |Q2R184VVI-06-19 -0 Feedwater Sparger 13816 Degree End Bracket & Pir{Planned Tack Weld per FDf 0194 GE-NE-0000-0052-8396-R0 360359
474501 |Q2R18-1VVI-08-20 . 0_-_|Steam Dryer Skirt Baseplate at 220 Degrees Repair Per FODR RMCN08242 WO 681384-01, FDDR RMCN08404 Rev A 360356
475003 |Q2R18-4VVI-08-21 0 Steam Dryer WL @ 220 Degrees - No Action Required - uncharniged i IR 475003 comments ) 360356
475328 |Q2R18-1VV}-08-22 0 CS Lower Elbow to Shroud Pipe 290 Degree Az!muth inspect next RFO ) ] INR Exelon Level 1l review 360359
474514 |Q2R18-IVVI-06-23 -0 Steam Dryer Base Plate Distortion at 320 Degrees _{No change- Accept As IS EC 360356 : 360356
474517 QZ_TQB-IWI-D&Z# 0 Steam Dryer Surface Anomalies at SD-SKI-V11-10 - [NRI - No action required - IR 474517 comments 360356
474977 1Q2R184VVI-06-25 0 Shroud Head Flange Ring Segment (EDM Hols). Accept As |s - Previously eval'd GENE-771-110-0595 RO 360359
| 475862 |Q2R18-IVVI06-26 | - 0 - |Core Support Flange Ring OD “JAccept As 15 wifuture Inspectnon GENE-771-110-0595 (May 1995) - | 360359
475332 |Q2R184 1 0 Shroud Head Flange Ring OD - : GENE-0000-0053-0964-R1 3680359

Q2R1 84 1

475339

02R1 B-I

D 40 140 and 320 D

RPV Jet Pump Annulus FME

Remove FME

Lost Parts Analzs;. EC 360467

360358

460359

0
476657 |Q2R184 1 Steam Dryer Exit Plenum Perforated Piate Accept As Is GENE-0000-0053-0964-R0 360358
477326 |Q2R184 . 0 CS Sparger S3c Drain (two plugs missing tack welds}Accept As Is ‘| GENE-0000-0053-0964-R0 360359
N/A  |Q2R18-§VVI-06-33 0 Tie Rod Loose and Missing Nuts (As designed) NRI - No action required INR - Future reference onty Mention In EC. 360359
476540 {None - IR only SHB #9 suspect based on UT criteria Accept As |s wiuture inspection iR, GE Lefter DRF B13-01903-8 360359

The highltghted items are specifically incduded in t}te scope of RCR 472321
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Att. 9: CA’sto Address Pr»og}ram_’m‘atic/ Organizational Issues

A. CA’s from ERV RCA (Ref. 38) aligned with Q2R18 Steam Dryer RCA CF. 2
Background: CF #3 to ERV RCA: Organizational effectiveness and decision-making.

Descnptlon - The organlzatlonal contributors taken in aggregate demonstrate weaknesses in
~_managing information, over-reliance on contractor-performed analysis, and applying a systematic
" approach to decision maklng for complex high-risk situations.

Causes Bemg Correchve Actlon (CA) or Actuon ltem (ACIT)) Owner | Due Date
Addressed
CF#3 Provide tramlng to Corporate Engmeenng personnel on | AB081 9/20/2006
Organizational the requirement and application of OP-AA-106-101- TRLS
effectiveness and | 1006 for complex decision-making (CA¥ 23 révises OP- |.
decision-making. AA-106-101-1006). .
- Complex engineering decisions which involve historical

data, repeat equupment failure, risk and-complex

analysis shall require the use of OP-AA-106-101-1006

Ogerational And Technical Decision Making Process. -

' CA #20° _ :

CFi#3 ) Provide training to Quad Cmes Engmeermg personnel AB461 9/02/2006
Organizational on the requirement and application of OP-AA-106-101- | ESPT '
effectiveness and 1006 for complex decision-making (CA# 23 revises OP-

~| decision-making. AA-106-101-1006).

Complex engineering decisions which involve historical
data, repeat equipment failure, risk and complex .
analysis shall require the use of OP-AA-106-101-1006

'Ogerational And Technical Decision Making Process.
CA#21.

| CF#3- from Ref. 38 | Update HU-AA-1212 Technical Task Rlsklngo A8053VP | 6/16/2006

.| Organizational -~ Assessment, Pre-Job Brief_Independent Third Party BWR
effectiveness and. Review, And Post-Job Brief to provide a link to OP- (BRWRD)
decision-making. - 101-1006 for complex engineering decisions and/or

: products which involve historical data, repeat equipment
fallure risk and complex analysis.

1 S - CA #22 : )

‘| CF#3- from Ref. 38 | Training CRCs shall evaluate the need of providing .| ABOGSEN | 6/16/2006
Organizational - training to Exelon FLSs and above on the use and DES
effectivenessand appllcatlon of OP-AA-1 06-101-1006.

| decision-making. '

- ACIT#4 :
CF#3- from Ref. 38 | Submit update to OP-AA-106-101-1006 Operatlonal And | ABOGBEN | 6/30/2006
Organizational - Technical Decision Making Process Attachment B, DES . : '
effectiveness and “Recognize Conditions” to include lessons leared from

- | decision-making. the ERV root cause and documentation of all personnel

' ' : mvolved in the final product.

Closure to include new assignment for processing of -
- procedure change to Operations peer group.
CA #23
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Att. 9: CA’s to Address Programmatic/ Organizational Issues

B. CA’s from ERV Actuator RCA (Ref. 38) & Replacement Dryer Fuel Impacts
RCA (Ref. 37) aligned with Q2R18 Steam Dryer RCA — “Negative Design Impacts «

Causes Being Addressed

Corréctive ‘Action (CA) or

“Action Item (ACIT))

Owner

"Due Date

CF#3 - from Ref. 38

Organizational effectiveness.

and decision-making.

.Change the design input

requirements to include upfront
challenges to analysis and
assumptions as part of the design

review. The documents include CC- -

AA-103-1003 Owner’s Acceptance
Review Of External Configuration

Change Packages and CC-AA-309
Control of Design Analysis. These

front-end challenges shall be applied

to all design changes and
modifications independent of level.

CA#25

ABOBBENDES

7/28/2006

"CAPR3 — from Ref. 37

Revise HU-AA-1212, “Technical
Task Risk/Rigor Assessment...” to

“include guidance on how-to select

what type of third-party review(s) are

required. AT#: 330331-21 (complete)

Revision issued
by NCS. '

complete

CAPR4- from Ref. 37

Revise PC-AA-1008, “Issue
Chartering”. Add step 4.3.3.2to
require project teams — in the project
scoping phase - to review all CC-AA-
102 attachments in order to determine
scope additions and affected '
organizations. AT#: 281476-07

NCS ABO7OPM

08/31/06

ACIT6- from Ret_‘. 37

Evaluate the results of this root cause

investigation for inclusion in the
Project Management TAC.
Specifically, investigate training
project managers on how to identify
which departments to include on a

NCS A8070PM

Compiete _

project and when. AT#: 330331-22 "
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- Root Cause Report Quahty Checkhst

- ATTACHMENT 14 — of LS-AA-125-1001 (A'IT. 10 of specific RCA 472321)

7.  'Is the timing for completion of each corrective action commensurate w1th the
' 1mportanoe or risk associated with the issue? .

Page 1 0of 2
A. Critical Content Attributes - : YES NO
1. Is the condition that requires resolution adequately and accurately identified? X '
2. Are inappropriate actions and 'equipxhent failures (causal factors) identified? X
3. Are the causes accurately identiﬁ_éd, including root causes and contributing causes? X
4. * Are there corrective actions to prevent recurrence identified for each root cause and do . | X
they tie DIRECTLY to the root cause? AND, are there corrective actions for
contributing cause and do they tie DIRECTLY to the contributing cause? -
5. Have the root cause analysis techniques been appropriately used and documented? X
Was an Event and Causal Factors Chart properly prepared? X
Does the report adequately and accurately address the extent of condition in accordance' X
with the guidance provided in Attachment 3 of LS-AA-125-1003, Reference 4.3? _
8. Does the report adequately and acclirately address plant specific risk consequences? X
9. Does the report adequately and accurately address programmatic and orgamzatlonal X
issues? ] .
10. Have previous similar event_s been evaluated? Has an Operating Experience database X
search been performed to determine whether the problem was preventable if industry
experience had been adequately implemented?
B. Important Content Attributes’ o
1. Areall ofthe iinportant facts included in the report? X
2. Does the report explain the logic used to arrive at the conclusions? - X
3. If appropriate, does the report explain what root causes were considered, but eliminated X
" from further consideration and the bases for their elimination from consideration? ‘
4. Does the report identify contributing causes, if applicable? X
Is it clear what conditions the corrective actions are intended to create? » X
6. Are there unnecessary correctlve actions that do not address the . root causes X
or contributing causes? - C
x .
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 ATTACHMENT 14
Root Cause Report Quality Checklist

Page 2 of 2
C. Miscellaneous Items - 'YES | NO
1. Did an individual who is qualified in Root Cause Analysis prepare the report? X R
2. Doesthe Executive Summary adequately and accurately describe the SIgmﬁcance of ther (X
event, the event sequence, root causes, corrective actions, reportablhty, and previous -
events? .
X

| 3. . Do the corrective actions include an effectiveness review for corrective actions to
prevent recurrence? : '

4, Were ALL corrective actions entered and verified to be in Action Trackmg?

.5. Are the format, composition, and rhetoric acceptable (grammar, typographical errors;
.. spelling, acronyms, etc. )? . _

*New AT itemsvare created by CAP organization after MRC approval of RCA.
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‘& Acoustic Model Developed (CDI) |
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